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degrees Centigrade
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COPCs contaminants of potential concern
CP Control Point
cy cubic yards
DO dissolved oxygen
DOD United States Department of Defense
DOE United States Department of Energy
DOE-NV DOE Nevada Operations Office
DOT United States Department of Transportation
DQO Data Quality Objective
DRO diesel range organics
DRSD Drill Site D
DRSE Drill Site E
DRSF Drill Site F
EML Environmental Measurements Laboratory
EPA United States Environmental Protection Agency
EPA-R&IE EPA’s Radiation and Indoor Environments National Laboratory
EPI Environmental Physics, Inc.
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ERDA Energy Research and Development
°F degrees Fahrenheit
FS fish
g gram
gIL grams per liter
GEL General Engineering Laboratories, Inc.
GPS global positioning system
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GW groundwater
HRBSC health risk-based screening concentration
ICP/MS inductively coupled plasma/mass spectroscopy
I.D. inside diameter
LOEL lowest observed effect level
LOAEL lowest observed adverse effect level
m meter
MCL maximum contaminant level
MDA minimum detectable activity
mg/kg milligrams per kilogram
mg/L milligrams per liter
MILR Milrow
ml milliliter
mm millimeters
MOA Memorandum of Agreement
MSJMSD matrix spike/matrix spike duplicate
NAD83 North American Datum of 1983
NCA North Creek Analytical
ND non-detect
NOEL no observed effect level
NOAEL no observed adverse effect level
O.D. outside diameter
OEW ordnance and explosive waste
OSWBR EPA Office of Solid Waste and Emergency Response
PAHs polycyclic aromatic hydrocarbons
PCBs polychiorinated biphenyls
PCi/g picoCuries per gram
PID photoionization detector
ppm parts per million
PVC polyvinyl chloride
QAJQC Quality Assurance/Quality Control
QAPP Quality Assurance Project Plan
Rad radionuclide
RI Remedial Investigation
ROTHR Relocatable Over the Horizon Radar
RPD relative percent difference
RSO 1 Reference Stream 1
RSO2 Reference Stream 2
RSO3 Reference Stream 3
RSO4 Reference Stream 4
SD sediment
SEM simultaneously extracted metals
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ACRONYMS AND ABBREVIATIONS (cont.)

SGZ Surface Ground Zero
SIM selective ion method
SL soil
SOP Standard Operating Procedure
sp. species
SVOC semivolatile organic compound
SW surface water
TAL Target Analyte List (i.e. metals)
TB trip blank
TBC to-be-considered criteria
TOC. total organic carbon
ug/L micrograms per liter
USEPA see EPA
USFWS United States Fish and Wildlife Service
UTL upper tolerance limit
UXO unexploded ordnance
VOC volatile organic compound
WACS White Alice Communications System
WQS water quality standard

-.. WWII World War II
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EXECUTIVE SUMMARY

The U.S. Department of Energy (DOE), through the Alaska District, U.S. Army Corps of
Engineers (Corps), contracted an investigation of possible chemical impacts at drill sites on
Amchitka Island that were used during underground nuclear testing in the late 1 960s and early
1 970s. Field work in support of this investigation was conducted during the summer of 1998.
This Site Characterization Report presents the results of that investigation. This work was
performed for the Corps under Contract No. DACA85-94-D-0009, Delivery Order No. 0021,
under fimding provided by the DOE.

The field sampling program was directed at evaluating present impacts, if any, from
emplacement and exploratory hole drilling activities related to underground nuclear testing. Of
particular concern was the potential for residual effects in freshwater drainages as a result of
drilling mud releases and spills that occurred during the drilling operations and nuclear blasts.
Another primary objective of the investigation was to characterize the contents and integrity of
the remaining mud pits, to provide information for determining whether the mud pits pose a
significant future risk to site drainages. The field program also included an investigation of
potential polychiorinated biphenyl (PCB) contamination at the World War II era “Aircraft
Graveyard” debris dump site near Kirilof Wharf, and sampling of freshwater fish for
radionuclide analysis in support of DOE’s overall program to evaluate the environmental effects
of underground testing.

Chemical sampling to evaluate the effects of past emplacement and exploratory drilling activities
included sediment and water sampling from the thirteen open mud, pits at the drill and test sites,
several potentially impacted lakes, and eight streams that drain the sites. Sediment and water
samples were also collected from four reference streams to provide representative background
conditions against which potential adverse effects could be assessed. Benthic sampling was also
conducted in each of the streams to perform macroinvertebrate community assessments and
bioassays to evaluate sediment toxicity. This information, combined with the chemical results,
was used in a Triad Analysis to provide a more sensitive assessment of whether historic drilling
mud releases are continuing to affect stream sediment quality and habitat. Resident fish were
also collected from each of the drainages and analyzed for constituents of concern to evaluate
whether bioaccumulation of drilling mud contaminants is occurring in the food web.

The drilling mud remaining in the open mud pits was typically found to contain elevated levels
of diesel, chromium, and copper. Elevated concentrations refer to values exceeding the project
comparison criteria of both background and Ecological Risk-Based Screening Concentrations
(ERBSCs). A few of the pits also contain elevated levels of nickel, cadmium, and zinc in some
of the drilling mud-samples. Relatively low concentrations of diesel-related polycyclic aromatic
hydrocarbons and volatile organic compounds were found in some pits, and low levels of PCBs
(in excess of human risk-based concentrations) were detected in some of the mud samples from
the Cannikin Test Site and Drill Site D mud pits. Water contained within the mud pits is
considerably less contaminated than the underlying drilling mud. Only in a relatively small mud
pit at Drill Site F were any constituents of concern (aluminum and copper) consistently detected
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in water at concentrations above ERBSCs. Elsewhere, the mean concentrations in water samples
from each pit were well below ERBSCs, although isolated samples contained aluminum or
manganese at concentrations that exceeded these levels.

— In spite of historical reports of voluminous releases or spills of drilling mud to several site
streams and lakes, virtually no visible evidence of drilling mud remains in the she drainages. It
appears that erosion and flushing has removed most of the mud over the intervening three
decades. Chemical sampling of the sediment and water in the streams generally supports the
visual evidence. Taken as a whole, none of the streams show pervasive chemical contamination
in either the sediment or the water. Only a few of the stations had any chemical concentrations
that exceeded those detected in the reference steams. The uppermost stations (closest to the
mud pit sources) in a few of the streams tend to have the most evidence of sediment
contamination. Notably, the sediments from some of these locations have elevated levels of
chromium and/or copper, and DRO concentrations well below ADEC action levels but
exceeding biogenic levels found in the reference steams. The greatest identified sediment
impacts, based on chemical sampling, were in upper Rainbow Creek (Station 3), along the
southwest shoreline of Cannikin Lake where drilling mud was found, and in White Alice Creek
at the station just downstream of Cannikin Lake. In each instance this contamination was not
reflected in the corresponding water samples, nor were the steam sediment and water samples
affected farther downstream.

• Toxicity testing on steam sediment samples also identified very few locations where drill she
steams showed greater toxicity than the reference steams. The one notable exception was from
Rainbow Creek Station 3, where the sediment was found to be toxic in the laboratory tests. The
benthic macroinvertebrate communities at she steam stations were also generally comparable to
those in reference streams. The benthic sampling did not indicate major impacts at any site
stream or station location, including Station 3 of Rainbow Creek.

Combining the results of the chemical sediment sampling, toxicity testing, and benthic
community assessments, the Triad Analysis identified no clear indication of degraded conditions
at any of the steams that drain Drill Sites D, E, and F. Similarly, most of the streams that drain
the Milrow, Long Shot, and Cannikin Test Sites ranked comparably with the corresponding
reference streams. The only exceptions were the middle stations on Rainbow Creek and the
White Alice Creek station immediately below Cannikin Lake. These stations are considered to
be potentially impacted from historic drilling-mud releases, because the Triad results show a
strong concordance between chemical contamination, toxicity, and macroinvertebrate
degradation.

Chemical analyses of resident fish show very little evidence of residual contamination from the
historic drilling-mud releases. Possible exceptions are inorganic arsenic and Aroclor 1260.
Inorganic arsenic was detected at slightly elevated levels in some of the samples from White
Alice, Bridge, Rainbow, and Clevenger Creeks. Aroclor 1260 was detected at low
concentrations in several fish samples from Cannikin Lake and White Alice Creek, in one
sample from Rainbow Creek, and in two samples each from Clevenger Creek and the steams
that drain Drill Sites D and F.
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Groundwater, surface water, and sediment were sampled downstream and downgradient of the
Aircraft Graveyard to evaluate whether PCBs are migrating from the site. No PCBs were
detected, even though relatively high concentrations were previously detected in groundwater.
The 1998 results indicate the site does not appear to pose a risk to the adjoining wetlands and
Kirilof Bay, and suggest that previous results may not reflect true site conditions.

Fish were sampled from Cannilcin Lake, White Alice Creek, Cloudberry Creek, and a
background lake near Base Camp for the radioisotopes americium- 140, plutonium-23 8,
plutonium 239/240, and cesium- 137. Only cesium- 137 was detected; it was measured at low
levels in all six of the samples tested, both in gut samples and in the gutted fish. The highest
concentration measured (0.739 pCilgm), from Cloudberry Creek, was somewhat higher than the
background sample. Cesium-137 levels measured in fish from Cannilcin Lake and White Alice
Creek were comparable to the background sample.
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DRAFT
DEPARTMENT OF ENERGY

1998 DRILL SITE CHARACTERIZATION REPORT
AMCIHTKA ISLAND, ALASKA

1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

Through the Alaska District, U.S. Army Corps of Engineers (Corps), the U.S. Department of
Energy (DOE) in early 1998 contracted the planning of an investigation of possible chemical
impacts at drill sites used during underground nuclear testing by its predecessor agencies on
Amchitka Island. Field work in support of this investigation was conducted during late summer
1998. This Site Characterization Report presents the results of that investigation.

Amchitka Island is located near the far western end of the Aleutian Islands, approximately 1,340
miles west-southwest of Anchorage, Alaska (Figure 1-1). It is part of the Aleutian Islands Unit
of the Alaska Maritime National Wildlife Refuge, which is administered by the U.S. Fish and
Wildlife Service (USFWS). Since World War II (WWII) Amchitka has been used by U.S.
government agencies for a variety of military and research activities. From 1943 to 1950 it was
used as a forward air base for the U.S. Armed Forces. During the late l960s and early l970s it
was used by the U.S. Department of Defense (DOD) and the U.S. Atomic Energy Commission

~ (AEC) as a site for three underground nuclear tests. Most recently, during the late 1 980s and
early 1 990s, the U.S. Navy (Navy) constructed and operated a radar station on the island.
Amchitka is dirrently uninhabited, and access is restricted to USFWS and other government
personnel and contractors.

The nuclear testing activities on Amchitlca necessitated the drilling of both exploratory and
emplacement boreholes. Drilling mud used during this drilling may have contained diesel fuel
and possibly metals-containing additives. Spills and releases of drilling mud into freshwater
drainages at the drill sites have been documented by the AEC. During and after the nuclear
testing period, the AEC, Environmental Protection Agency (EPA), and DOE performed
ecological and environmental studies. However, no study prior to 1998 provided a
comprehensive assessment of the levels of contaminants (if any) in drilling mud that may remain
at the sites, contaminant levels in the impacted surface waters and sediments, or impact to the
fish and invertebrates in the affected freshwater drainages. An additional issue addressed during
the 1998 investigation was the potential for polychlorinated biphenyl (PCB) contamination to
have resulted from releases at the “Aircraft Graveyard” site near Kirilof Wharf

(1 ‘~

\~J sECTION 1.0 INTRODUCTIoN Revision No.0
U.S. Army corns of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page 1.1

DOE 1998 DRILL SITE CHARACTERIZATION REPORT X-0926-04



As outlined in the August 14, 1998, Management Plan the scope of the 1998 field work
included:

• Sampling and analysis of surface water and sediment in drilling mud pits associated
with the underground nuclear testing program, and lakes either used for drilling mud
storage or possibly impacted by releases of drilling mud.

• Sampling and analysis of surface water and sediment in streams potentially impacted
by releases of drilling mud, and in unimpacted reference streams for comparison.

• Determination of .the abundance and diversity of benthic invertebrates in streams
potentially impacted by releases of drilling mud, and in unimpacted reference streams
for comparison.

• Performance of bioassays using sediment from streams potentially impacted by
releases of drilling mud, and in unimpacted reference streams for comparison.

• Measurement of chemical concentrations in fish tissue samples from streams
potentially impacted by releases of drilling mud, and in unimpacted reference streams
for comparison.

• Measurement of radionuclide concentrations in fish tissue samples from Cannikin
Lake, White Alice Creek at the Cannikin site, Cloudbeny Creek at the Long Shot site,
and one reference lake.

• Sampling and analysis for PCBs in surface water, sediment, and groundwater samples
from the “Aircraft Graveyard.”

This Site Characterization Report documents the findings of the 1998 field work conducted
between August 26 and September 17. This work was performed for the Corps under Contract
No. DACA85-94-D-0009, Delivery Order No. 0021, under finding provided by the DOE. The
scope of work executed under this Delivery Order is described in the August 14, 1998,
Management Plan, Department ofEnergy 1998 Drill Site Investigation, Amchitka Island, Alaska.
This document was prepared as an addendum to the Final Report, Amchitka Army Air Base,
Phase I Remedial Investigation, Amchitka Island, Alaska, Management Plan, issued on
December 16, 1996. The August 1998 DOE Management Plan referred to the December 1996
Management Plan for detailed information regarding specific sampling and sample handling
procedures. Appendix A to this current report summarizes the field modifications to the
activities and procedures described in the August 1998 DOE Management Plan.

1.2 SITE DESCRIPTION

This section presents a history of the drilling and nuclear testing activities on Amchitka as well
as a description of previous environmental studies. The primary source of the information
contained in this section is the document titled The Environment of Amchitka Island, Alaska
(Merritt and Fuller, 1977). This document, which was published by the Energy Research and
Development Administration (ERDA), describes the bioenvironmental studies carried out by the
AEC on Amchitka during the nuclear test period. The studies were conducted between 1967 and
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1973, a period that began just prior to the Milrow test of 1969 and continued for a short time

fl after the Cannikin event of 1971. Only limited bioenvironmental studies were conducted for theLong Shot event (the earliest of the three tests). Information on environmental sampling events
conducted in 1993 and 1997 was provided by the DOE, of which the ERDA became a part in
1979. Other historic information summarized in this section was obtained from construction
design and as-built drawings of some of the nuclear test and drill sites, AEC documents
regarding demobilization and cleanup activities on Amchitka following the tests, and air photos
of some or all of the sites from the years 1968, 1969, and 1986.

1.2.1 Location and Site Description

A total of three nuclear tests were conducted on Amchitka Island. The Department of Defense
(DOD) in conjunction with the ABC conducted the first nuclear test (Project Long Shot) in order
to provide data that would improve the United States capability of detecting underground nuclear
explosions. The 80-kiloton Long Shot device was detonated on October 29, 1965. The second
nuclear test (Project Milrow) was conducted by the AEC as a means to study the feasibility of
detonating a much larger device in the fhture. The 1-megaton Milrow device was detonated on
October 2, 1969. The third nuclear test (Project Cannikin), in which a 5-megaton device was
detonated, was conducted by the ABC on November 6, 1971. Project Cannikin was a test of the
Spartan antiballistic missile warhead. The locations of the nuclear test sites arid drill sites
discussed in this section are shown in Figure 1-2.

In addition to the three sites that were used for nuclear tests, six other sites were considered for
possible nuclear testing. The other potential sites were designated A, D, E, F, 0, and H; Sites B
and C were Milrow and Cannikin. Large-diameter emplacement holes were drilled at Sites D
and F but were not used. An exploratory hole was drilled at Site E. Site H was graded in
preparation for drilling activities which did not occur. Sites A and G were located and staked,
but no further preparation was made. It was estimated that, at Sites B. C, D, E, F, and H
combined, about 195 acres were disturbed by drilling or preparation for drilling. This figure
includes access roads and spoil-disposal areas (Fuller and Kirkwood, 1977).

Amchitka Island can be divided into three distinctive physiographic regions: the southeastern,
central, and northwestern regions, which have corresponding variations in ecological habitat. As
shown in Figure 1-2, the Long Shot, Milrow, and Cannikin test sites are located in the
southeastern portion of the island, at elevations ranging from 125 to 205 feet above mean sea
level. Drill Sites D, E, and F are located in the central region of the island, at elevations ranging
from 300 to 500 feet. No sites investigated as part of this study are in the northwestern region.

The southeastern region of Amchitka is a lowland that has low relief. Many small shallow ponds
are interconnected by streams and narrow channels with low volume, gradient, and velocity. The
land cover consists of tundra, which forms overhanging banks on streams that provide cover for
fish. The stream substrate is predominantly soft organic muck, which supports an abundance of
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vegetation. Few gravel or rocky areas are present except near the stream outlets. Streamfiow
varies seasonally, with the lowest flows in the months of March to September. Once the water-
holding capacity of the tundra mats is re-saturated after the dry season, direct stream flow effects
from precipitation can be seen. The anadromous salmonid migration coincides with periods of
higher stream flow. Although the vegetation and overhanging banks provide good habitat, the
fish populations are limited by the lack of gravel for spawning habitat.

The central region of the island is higher in elevation. Ponds in this area are similar to the
southeastern region but confined to a large plateau along the center of the island. Streams
draining the ponds are typically better developed and have steeper gradients. Some of these
streams are graded to the present sea level, whereas others drop to the sea over sea cliffs. Many
of the streams in this area have a bedrock substrate along much of their length. Gravel deposits
are typical near the stream outlets, and accumulations of silt and clay occur in the quieter reaches
of the streams. Anadromous salmonids are restricted to spawning in gravel near the outlets of
these streams. Landlocked forms spawn in isolated gravel deposits much farther upstream. Most
ponds in this area are phytogenic and lack an inlet, outlet, or both.

Three other sites related to the nuclear testing activities were investigated during 1998. These
include the Milepost 13 and 14 lakes and the Rifle Range mud sumps that reportedly were used
to store drilling mud. The lake known as “Milepost 13 Lake,” located about midway between
Cannikin and Drill Site 0, was reportedly used for drilling-mud storage. Similarly, “Milepost 14
Lake,” located immediately northeast of Drill Site D, was also reportedly used for drilling-mud
storage. About one mile east of Milrow a series of drilling mud pits known as the Rifle Range
Road Mud Sumps were also investigated during 1998.

In addition to the investigation of the drill sites, test sites, and mud storage areas, the 1998 field
work included sampling at the “Aircraft Graveyard.” This is a WWII-era scrap metal and debris
dump located about 1,000 feet north of Kirilof Wharf, as shown in Figure 2-1. The site is one of
eleven shared or uncertain liability sites under a Memorandum of Agreement (MOA) between
the USFWS, Navy, DOE, and DOD. A site thought to be the Aircraft Graveyard is mentioned in
the AEC document Planning Directive: Mobilization, Restoration, and Monitoring, Amchitka
Island, Alaska, dated June 1972. The document refers to the site as:

“A WWII Dump on a side road near the Kirilof Dock. Most of the residue originated
during WWII.”

The Aircraft Graveyard has been the subject of several investigations that included the collection
of samples for chemical analysis. The results of these studies, which are summarized in Section
4.10.1, suggested that the Aircraft Graveyard site had been impacted by PCBs. Although not
related to the DOE drill and test sites, the Aircraft Graveyard was included in the 1998
investigation at the request of the USFWS to ifirther evaluate the potential for PCB
contamination.
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1.2.2 History of Site Use

Amchitka Island was occupied by the U. S. Army during WWII, beginning in 1943. The island
served as a forward air base between Adak Island to the east and the Japanese-held Kiska Island
69 miles to the west. During the occupation, facilities were constructed for house and support
nearly 15,000 men. The Army abandoned the island in August 1950. The U. S. Air Force
operated a weather station on Amchitka in the early 1 950s, a White Alice Communications
System (WACS) site from 1959 to 1961, and a temporary radio relay site in the 1960s and
1970s.

The ABC occupancy of Amchitlca, between 1967 and 1973, included use of the Base Camp area,
especially around Baker Runway, and development of the Milrow and Cannikin test sites, and
Drill Sites D, B, and F. A small construction camp also was installed at the northwest end of the
island; it was also used as the Control Point (CP) for the Milrow and Cannikin tests. With the
exception of the test sites and drill sites, facilities constructed by the AEC were located in areas
disturbed by previous occupants of the island, primarily areas disturbed during WWII and areas
occupied by DOD during the Long Shot project. In addition, the AEC rehabilitated and used
structures built during WWII and used for the Long Shot project.

Available DOE records regarding ABC activities on the island focus primarily on the three test
areas and three drill sites. Little infoimation has been found on day-to-day operations in the
Base Camp area or at the CP. Specific records on the use or storage of potentially hazardous or
toxic materials other than drilling-mud additives have not been found. However, personnel from
the U.S. Bureau of Sport Fisheries and Wildlife (BSF&W), the predecessor to the USFWS, were
present on the island continuously during the A.EC’s occupancy, and intensive studies of the
island’s ecological systems were conducted throughout the ABC’s stay on the island. No records
from these agencies have been found regarding the release of any toxic materials into the island
environment other than drilling-mud spills into various streams and lakes.

The AEC conducted an extensive restoration program prior to demobilizing from the island. The
primary goals of that program were to restore areas disturbed by AEC operations to the condition
they were in before ABC use, and prevent future environmental damage from areas and facilities
used by the ABC (ABC/NV, 1972). The ABC identified 120 sites that required restoration based
on discussions with the BSF&W (ABC/NV, 1972). Following completion of the restoration
activities, BSF&W signed off on all 120 sites.

The primary focus of the 1998 investigation was to investigate the current status of impacts from
the use of drilling mud in the emplacement and/or exploratory holes at the three test sites and
three drill sites. The boreholes were drilled using methods that employed drilling mud, some of
which may have contained additives such as diesel fuel, ferrochrome lignosulfonate, and chrome
lignite to control viscosity and mitigate loss of drilling mud in the borehole. The composition of
the mud used for the drilling on Amchitka is described by Valdez, et al, 1977 as:
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“... 91 to 93% water and 6 to 8% oil with such additives as bentonite, lignite, cement,
sodium bicarbonate, paper, and Q-BROXIN ([a registered trademark of Georgia Pacific
Corp.] ferrochrome lignosulfonate) to maintain the desired viscosity and consistency. A
pH range of 10 to 12 was attained with this mixture.”

In general, the AEC tried not to use drilling mud for the exploratory holes, because these holes
were intended in part for hydrologic and chemical testing, and the presence of drilling mud in a
hole would affect the results of the testing. Drilling mud that contained diesel was used for all of
the emplacement holes (emplacement holes were drilled, or at least started, at all sites).

The three test sites each contain at least one exploratory hole, an emplacement hole, and various
monitoring holes. Cannikin was the only test site where a post-shot re-entry hole was drilled.
The mud used in drilling the post-shot hole was reportedly left in the hole when it was sealed.
The drilling history at the three drill sites where no test was performed is summarized below:

• Drill Site D was developed by the AEC as an underground test site but was never
used. The ABC drilled a 4,550-foot-deep, 10-foot-diameter emplacement hole and
two 7,000-foot-deep exploratory holes at the site.

• At Drill Site E the emplacement hole was abandoned after drilling 10 feet. There was
one 7,495-foot-deep exploratory hole drilled at the site.

• The Drill Site F emplacement hole was abandoned after drilling a 7.5-fool-diameter Q
hole to a depth of 531 feet. A 7,012-foot-deep exploratdry hole was drilled at the site

The drilling mud was commonly stored near the drill sites in bermed pits, the walls of hich
were prone to leakage or outright failure. Many of the mud pits used during drilling ~ere
backfilled following use. The status of pits at the sites is summarized below:

• The Milrow test site does not contain any open mud pits; four drilling mud rI’
identified in ABC drawings have been backfilled. The historical information state’
that a nearby lake (Heart Lake) was also used for drilling mud storage. A former muJ
pit located approximately one mile east of Milrow was investigated in 1998. The
Rifle Range Road mud pit, as it was designated, contained an estimated 1.890 C> of

drilling mud.

• Based on 1986 air photos, the Long Shot test site contained three or possibly four
side-by-side mud pits. These mud pits were not backfilled so that they could be
sampled as part of the site’s long-term monitoring program. They were excavated in
a low lying area that is drained by a shallow trench. Based on the 1998 investigation,
approximately 5,480 cy of drilling mud remains in the mud pits.
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• The Cannildn test site originally contained 4 or 5 drilling mud pits. When the DOE
visited the site in 1997, only one open mud pit was observed. The remaining mud
pits were thought to have been backfilled. However, during the 1998 investigation
two additional open mud pits near an exploratory boring were discovered. The mud
pit closest to the SGZ contains an estimated 3,000 cy of mud. The two mud pits near
the exploratory holes contain approximately 355 cy and 133 cy, based on field
measurements.

• Drill Site D contains three large drilling mud pits that were not backfihled. DOE
records indicate that drilling mud was mixed at Drill Site D and piped to other drill
sites for use. Weekly reports of AEC activities on the island during site restoration
and demobilization indicate that the drilling mud was removed from the mud pits
before the AEC left the island; however, the mud pits were left open with the
concurrence of the BSF&W. Based on the 1998 investigation, the following
estimated quantities of drilling mud remain in the three mud pits: south pit, 2,350
cubic yards(cy); northwest pit, 7,820 cy; and northeast pit 4,870 cy.

• Drill Site E was thought to have originally contained a single mud pit. The historical
information states that the mud pit slid into the nearby stream and is no longer present
at the site. When the DOE visited the site in 1997, neither the drilling pad nor a mud
pit was observed. However, during the 1998 investigation the drill pad and two small
mud pits were located (north and south). An estimated 415 cy of drilling mud
remains in the northern mud pit. The south mud pit contains approximately 4 cy of
mud.

• Drill Site F originally contained four drilling mud pits. These features were visible in
the available air photos (taken in 1968). When the DOE visited the site in 1997, only
one partially-backfilled mud pit was observed in the vicinity of the drilling pad, south
of the emplacement hole. The remainder of the mud pits have apparently been
back.fllled. Based on the 1998 investigation, the remaining, partially-backfilled mud
pit contains an estimated 310 cy of drilling mud.

Historical data indicates that freshwater drainages at all six drill sites (Milrow, Long Shot,
Cannikin, and Drill Sites D, E, and F) were impacted by drilling mud spills or releases.
Information about spills at the individual sites is summarized below. Most of this information
was excerpted from the document The Environment ofAmchitka Island, Alaska (Valdez et. al.
1977; and Fuller and Kirkwood, 1977).

• At Drill Site D some drilling mud may have splashed out of holding ponds at the time
of the Milrow test. The pond walls cracked and failed during the Cannikin test.
Drilling mud residue and silt from pond walls covered the bed and banks of Falls
Creek. A subsequent intentional release in 1972 of 20,000 to 25,000 barrels caused
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fhrther damage to this stream. At that time, the upper portion of Falls Creek
contained heavy deposits of silt and was “devoid of fish and macroinvertebrates.”

• The mud pits at Drill Site E were constructed on what proved to be unstable soil, and
a failure in 1968 caused “a massive slide of semiliquid soil down the stream bed.”
This slide reportedly “grossly altered” the morphology of the upper two-thirds of the
stream channel.

• The ABC document titled Planning Directive, Demobilization, Restoration and
Monitoring, Amchitka Island, Alaska, (AECINV, 1972) indicated that the Limpet
Creek drainage, as well as an additional potentially-impacted stream drainage due
west of the drill site, “suffered pollution from mud escaping from the sumps” at Drill
Site F.

• The ABC Planning Directive identifies three streams as impacted by drilling mud
from Long Shot. Fuller and Kirkwood (1977) attribute “oil contamination ... in a
stream draining the site” to “ruptured banks of settling basins.” At least in the case of
Bridge Creek, this explanation is contradicted by the fact that the mud pits are
excavated into the native soils and do not have banks that could rupture overlying
bedrock. Nevertheless, drainage of surface water from the mud pits may have caused
some of the stream impacts.

• Small losses occurred from the Milrow mud pits into Clevenger Creek in January Q
1968, and large spills occurred between mid-May to mid-June 1969. Reportedly,
ground motion from the Milrow detonation liberated much of the oily residue of the
drilling mud that had been taken up by organic matter and vegetation in and along
Clevenger Creek.

• Contamination of White Mice Creek, near the Cannikin site, occurred from summer
1968 until just before the Cannikin test of November 1971. An inspection in June
1970 revealed that the bottom of White Alice Creek was covered with caked and
peeling mud and silt, and the odor of oil was very apparent. In mid-July 1970 there
was evidence of spills of supematant liquid from five locations. At least four were
intentional releases, since two originated from drain pipes installed in sump walls and
two others from trenches cut through these walls.

Releases of drilling mud affected all forms of stream life, because of the toxicity of the mud and
because the stream beds were temporarily clogged with fine sediment. In the case of White
Alice Creek and Falls Creek, the drilling mud releases had long-lasting impacts due to the high
concentrations of drilling mud and extensive siltation of the stream bottom. The recovery of the
macroinvertebrate populations was delayed because of the siltation of the stream bottoms. This
in turn delayed the recovery of the fish population, because it restricted the source of food
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available to the fish. According to Valdez et. al. (1977), it appears that fish and
macroinvertebrate populations recovered once the stream was flushed of the residual drilling
mud.

In spite of the apparent frequency and volume of releases of drilling mud, it was recognized in
the 1 970s that in most cases the stream environment would rehabilitate. According to the
document The Environment ofAmchitka Island, Alaska (Fuller and Kirkwood, 1977):

“In those instances where contamination was limited to sporadic releases of drilling
wastes or supematant from drilling sumps, stream morphology was not altered; effects
were primarily on populations of fish and invertebrates and changes in habitat, such as
siltation of spawning gravels. The effects were largely transient in nature; toxic
contaminants and silt were flushed from the streams during heavy flows, and fish and
invertebrate populations have an opportunity to recover. Valdez et al. (Chap. 14, this
volume) describes the results of a series of drilling-waste spills into Clevenger Creek
from Site B (Milrow). In 1968 and 1969 toxic releases into the stream almost eliminated
fish (juvenile Dolly Varden) and macroinvertebrates from the affected section of the
Clevenger Creek drainage. Recovery of fish and invertebrates was nearly complete by
1974.

Studies of mud-spill effects and subsequent recovery of freshwater biota in other
drainages contaminated by drilling operations were not as detailed as those in Clevenger
Creek. There is good reason; however, to believe that restoration of normal habitat and
biotic populations will ultimately take place in all drainages except that below Site E.
where irreversible morphological changes in the stream occurred. In all instances where
stream biota were adversely affected, parts of the drainages escaped contamination.
stocks of fish and invertebrates remained available for recruitment to the affected portion
once stream flushing had made the habitat suitable for recolonization.”

In addition to the drilling mud pits at each of the drill sites discussed above, freshwater lake’
referred to as the Milepost 13 and Milepost 14 Lakes were reported to have been used for drilling
mud storage. Drilling mud is known to have been transferred from one site to another .i.i

pipelines. In addition to these two lakes, the Rifle Range Road Mud Sumps, located southeast of

the Milrow test site, were used to store drilling mud.

1.2.3 Previous Environmental Investigations

An extensive scientific investigation of A.mchitka was conducted during the l960s and 1970s to
characterize the environment of the island before and after the AEC conducted underground
nuclear testing. Much of the scientific information collected during that investigation is included
in The Environment of Amchitka Island, Alaska (Merritt and Fuller, 1977). This publication
compiled research on the geology, hydrology, climate, geomorphology, and land and marine
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biota of the island, as well as information on environmental contaminants and the nuclear test
effects. C~~)
While the information contained in this volume is valuable, it generally does not include site-
specific chemical analyses. Site-specific environmental investigations that were available as
background information before the 1998 investigation are discussed in the following subsections.

1.2.3.1 1993 DOE Chemical Sampling

In 1993, the DOE performed investigations at the three nuclear test sites that included the
collection of soil, surface water, and groundwater samples. The investigations were part of
initial efforts to characterize possible chemical impacts at the sites. The sampling program
included analysis for Target Analyte List (TAL) metals (includes 23 metals), volatile organic
compounds (VOCs), and semivolatile organic compounds (SVOCs). The soil samples were
collected from the surface of the emplacement hole pads near ground zero at each site. Surface
water samples were collected from lakes, mud pits, and streams near the test sites. The
groundwater samples were collected from monitoring wells installed near the test sites as part of
a long-term monitoring program. A summary of the 1993 analytical results is provided in
Appendix B.

The only 1993 DOE sampling results that are directly applicable to the 1998 Drill Site
Investigation are surface water samples from some streams, lakes, and mud pits. No sediment or
drilling mud samples were collected by DOE during 1993. The 1993 surface water sample
locations that were resampled during 1998 and the number of samples collected in 1993 are
listed by site below.

Cannikin Ice Box Lake (in White Alice Creek drainage, one sample) and
White Mice Creek (one sample)

Milrow Heart Lake (one sample) and Clevenger Creek (one sample)

Long Shot Three mud pits (one sample each) and Reed Pond (nearest pond
southeast of mud pits, one sample)

Metals, VOC, and SVOCs were detected in the 1993 surface water analyses. The metals’ results
are included in the discussion of the 1998 results in the appropriate subsections of Section 4.0 of
this report.

VOCs were detected in only two surface water samples: 2 ugfL toluene in a sample from White
Alice Creek, and 2 to 4 ug/L of benzene, toluene, chlorobenzene, and trichloroethene in a sample
from Heart Lake at Milrow. One SVOC (diethylphthalate) was detected in the surface water
sample from Heart Lake, at 23 ug!L.
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1.2.3.2 1997 DOE Chemical Sampling

The DOE visited Amchitka again in 1997 to conduct an investigation for radionuclides in plants
and sediments collected from streams draining the three nuclear test sites, as well as from one
reference stream. In addition to radionuclides, approximately half of the stream sediment
samples were analyzed for a list of 32 metals and total organic carbon (TOC). Three samples of
drilling mud were also collected from the Long Shot mud pits and analyzed for 32 metals and
diesel range organics (DRO). A summary of the 1997 chemical results is provided in Appendix
B. The 1997 sample locations also sampled during 1998 and the number of samples collected in
1997 are listed by site below.

Cannikin White Alice Creek (three samples)

Long Shot Southern drainage stream (Cloudberry Creek; one sample) and four
mud pits (two composite samples and one duplicate sample)

The results for these 1997 sediment analyses are included in the discussion of the 1998 results in
the appropriate subsections of Section 4.0 of this report.

1.2.3.3 1997 DOE Radiomiclide Sampling

In 1997, the EPA’s Radiation and Indoor Environments Nationak Laboratory (EPA-R&IE), by
interagency agreement with the DOE Nevada Operations Office (DOE-NV), conducted
radiological sampling of aquatic plants and sediment on Amchitka. This work was designed to
identiiS’ the presence or absence of manmade radionuclides in aquatic plants and stream
sediments near the three underground nuclear test sites, and determine whether they could be
attributed to cavity leakage or worldwide fallout. Samples of aquatic vegetation and sediment
were collected primarily from streams within the drainage basins associated with the Cannikin,
Milrow, and Long Shot test sites. Reference samples were collected from a stream located
southwest of Drill Site D. Samples were also collected from ponded water in the three mud pits
associated with the drilling of the Long Shot test hole. Results from these analyses are not yet
validated and therefore not presented in this report.

1.2.3.4 Aircraft Graveyard

There have been several previous sampling events at the Aircraft Graveyard. These have
included the analysis of samples for both organic and inorganic compounds. In requesting that
the DOE perform the 1998 sampling, the only contaminants of concern identified by the USFWS
for this study at the Aircraft Graveyard are PCBs. For this reason, the following discussions of
past sampling events present the results of PCB sampling only.

sECTION 1.0 INTRODUCTION Revision No.0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page I-I I

DOE 1998 DRILL SITE CHARACTERIZATION REPORT X-0926-04



The USFWS collected a single composite soil sample at the Aircraft Graveyard in 1985. No
PCBs were found above the method detection limits. In 1993, the USFWS collected two surface
soil and two sediment samples from the Aircraft Graveyard. Low levels (from 0.001 to 0.08
mg/kg) of individual PCBs were found in each of the four samples.

In 1995, Foster Wheeler Environmental Corporation performed a Site Inspection on Anichitka
that targeted the eleven MOA sites in the USFWS Database. A comprehensive sampling
program was conducted at the Aircraft Graveyard including a geophysical survey and the
collection of surface soil, surface water, sediment subsurface soil, and groundwater samples.
Screening samples were collected first and analyzed in an on-island laboratory (using
immunoassay test kits) to target potentially-contaminated areas. These potentially-contaminated
areas were then resampled for analysis by an off-site laboratory. Off-site analyses reported just
less than 0.5 mg/kg PCBs in one soil and one sediment sample, and 3.7 and 19 ug/L PCBs in two
water samples. The results of these investigations are included in Section 4.10.1 of this report.

1.2.4 Current Site Status

Since 1980 Amchitka Island has been part of the Aleutian Islands Unit of the Alaska Maritime
National Wildlife Refuge. Protected status for the island was originally established by Executive
Order 1733 in 1913, which created the Aleutian Islands Reservation, a “preserve and breeding
ground for native birds, for the propagation of reindeer and fir bearing animals, and for the
encouragement and development of the fisheries.” The Alaska Maritime National Wildlife
Refuge is managed by the USFWS of the Department of the Interior. Although Amcliitka Island
is part of the wildlife refuge, Executive Order 1733 also stated, “The establishment of this
reservation shall not interfere with the use of the islands for lighthouse, military, or naval
purposes, or with the extension of the work of the Bureau of Education on Unalaska and Atka
Islands.” This provision ensures that future human occupancy will be limited to defense-related
needs.

Under the Alaska National Interest Lands Conservation Act, about 22,000 acres on Amchitka
were designated as National Wildlife Refuge Wilderness Area. The USFWS continues to focus
on non-intensive use and protective management of the island, focusing special concern on the
plight of the Aleutian Canada goose. It is anticipated that the island will continue to be used for
biological research.

During WWII there were reportedly about 2,000 structures on Amchitka. About 400 of these
were demolished at the end of AEC operations on the island in 1973. In 1986, the Corps
completed a cleanup project that resulted in the demolition of most of the remaining WWII
buildings and debris in the Base Camp area. A few structures were saved for historical purposes.

When the Navy left Amchitka in 1993, portions of the retractable over-the-horizon radar
(ROTHR) equipment were removed from the island. Although the radar was designed to be
relocatable, the substantial effort expended to remove the system indicated that the Navy did not
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intend to reoccupy the island in the near future. At the current time the Navy is considering the
demolition of some or all of the structures they constructed on the island in the late 1 980s.
Therefore, they apparently have no intention of reoccupation.

Based on foreseeable human use of Amchitka, the only current users are trespassers from passing
fishing vessels that visit the island on occasion and USFWS researchers who spend very limited
periods on the island. Near-term occupants of Amchitka will primarily be personnel conducting
wildlife research, environmental investigations, remediation, or demolition work. This
occupation of the island would consist of a limited number of personnel working for tours of
duty that are far shorter than the exposure duration involved in a typical residential or industrial
use scenario. The scenario of occasional visitors should be protective of transient future use.
The primary concern is ecological exposure, rather than human health issues.

1.3 OVERALL PROJECT OBJECTIVES

The primary objective of this 1998 Drill Site Investigation is to provide an assessment of the
current and potential impacts to the freshwater environment on Amchitlca caused by DOD and
ABC drilling activities. A secondary objective is to assess whether the Aircraft Graveyard is a
source area for PCBs that may be migrating from the site. Specific objectives include:

• Provide chemical data on the levels of contaminants in the surface water and
sediments from streams potentially impacted by drilling mud. These data will be
used by IT Corporation to assess the potential risk to ecological receptors in the
streams.

• Use data developed from taxonomic identification studies, bioassays, and a triad
analysis of stream sediments to: (1) provide an assessment of the current population
and diversity of invertebrates in the potentially impacted streams; (2) compare these
populations to populations that exist in unimpacted reference streams; (3) determine
whether COPCs are present in the sediment at levels that cause a measurable impact
to invertebrates in bioassay tests; and (4) determine whether there is a statistically
significant correlation between COPC concentrations and impacts on invertebrate
abundance or diversity.

• Provide chemical data on the concentrations of contaminants in drilling mud,
sediments, and surface water in remaining mud pits and lakes used for mud storage.
Also provide estimates of the volume of mud remaining in the pits and the condition
of the pit walls. The data will be used to evaluate whether any future remedial
actions may be warranted.

• Provide data on the concentrations of chemical COPCs in the tissue of fish collected
from four reference streams that drain the three drill sites, and three test sites.
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Compare the results of the analyses to assess the possibility of current impacts to fish
by COPCs from historic drilling mud releases.

As a secondary objective, provide data on the levels of radionuclides in the tissue of
fish collected from streams that drain the three test sites. The results of the analyses
were to be compare to the results of fish collected from two reference streams, assess
whether radionuclides are present at levels exceeding those that would be expected
from worldwide fallout from atmospheric testing. Fish were also collected from
Cannikin Lake for analysis of radionuclides. A scarcity of fish in most streams
required modification of this objective.

• Provide an assessment of whether PCBs are migrating at levels of concern from the
Aircraft Graveyard in sediment, surface water, and/or groundwater. Previous
investigations have suggested the presence of PCBs at the site. PCBs have been
identified by the USFWS as a concern due to studies of birds, mammals, and fish on
Amchitka with identified levels of PCBs that are higher than in ecological equivalents
elsewhere (Merritt and Fuller, 1977).

The specific data quality objectives (DQOs) of the 1998 Drill Site Investigation, and the types
and quality of data needed to meet these objectives and fill the data gaps, are described in detail
in Table 1-1.

1.4 REPORT ORGAMZATION

This Drill Site Characterization Report is presented in six sections, including this introduction.
Section 2.0 summarizes the scope of the field investigation and the field and analytical
procedures used during the investigation. Section 3.0 presents a synopsis of the environmental
setting of the island, based on observations during this investigation and the results of the AEC
bioenvironmental studies during the late 1 960s and early 1 970s. Section 4.0 is divided into
subsections that describe the results (both field observations and laboratory analyses) at each of
the sites investigated during the 1998 field season. Section 5.0 summarizes the conclusions of
the 1998 Drill Site Investigation. Section 6.0 is a list of the references used in this report.

In Sections 1.0 and 2.0 of this report, tables and figures are presented at the end of each section.
Section 4.0 is divided into subsections (4.1,4.2, etc.) for each of site. Tables, figures, and photos
pertaining to a given site appear at the end of each respective subsection.

Appendices to this report present data and documentation supporting the discussions in the text.
Appendix A is a summary of the field modifications to the activities and procedures described in
the Final Management Plan. Appendix B contains figures and tables summarizing the results of
applicable previous sampling of surface water and sediment by DOE. Appendix C consists of an
assessment of the laboratory data quality. Appendix D presents the calculation of naturally
occurring background concentrations of metals. Appendix E (included only in selected copies of
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this draft report) is an electronic “disk” file, in Microsoft Excel 6.0 format, of the laboratory
results for the investigation. Appendix F contains the Triad Assessment Report prepared by IT
Corporation based on an evaluation of the results of the invertebrate taxonomy, bioassays, and
sediment chemistry results. These appendices are contained in Volume I of this Site
Characterization Report.

Two copies of Volumes II of this report, which have been provided to the DOE, contain
additional supporting documentation from the 1998 investigation. Appendix G presents
tabulated results of all laboratory data printed from the Excel file in Appendix E. A single hard
copy and electronic copy of the laboratory report have also been transmitted separately to the
DOE. Appendix H includes copies of all Chain of Custody forms. Appendix I consists of copies
of the fleld.notes. Appendix J includes copies of the ecological reconnaissance forms completed
as part of the investigation of site-related and reference streams.
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TABLE 1-1
DATA QUALITY OBJECTIVES FOR THE 1998 DOE DRILL SITE INVESTIGATION

DATA~us~:~4~:
~ - - -~

Determine surface •Visual assessment •Qualitative documentation. •Determine the presence or absence of
water and sediment •Sediment and surface mapping, and photographs drilling mud in mud pit and lake
quality in drilling mud water sampling •Level I field screening data sediment
pits and lakes used for for VOCs •Determine the presence or absence of
drilling mud storage •Level II measurement of drilling-mud additives in mud pit or

water quality parameters lake surface water and sediment

•Level Ill analyses for •Determine whether ecological risks
appropriate COPCs potentially exist by comparing to

available screening levels

•Support development of remedial
alternatives, if required

Determine surface •Visual assessment •Qualitative documentation. •Determine the presence or absence of
water and sediment •Sediment and surface mapping, and photographs drilling mud in stream and lake
quality in streams and water sampling •Level I field screening data sediment
!akes potentially for VOCs •Determine whether COPC
impacted by releases •Level II measurement of concentrations in site-related streams

background surface water quality parameters :~~5th0se in comparable reference
water and sediment •Lev~l III analyses for
quality in comparable appropriate COPCs •Determine whether ecological risks
reference streams potentially exist by comparing to

available screening levels

•Support a triad approach to determine
the potential effects of drilling mud
on impacted streams

•Support development of remedial
alternatives, if required

Determine •Sediment sampling •Level III analyses for Acid •Support the ecological risk
bioavailability of Volatile Sulfides and assessment
COPCs in sediment in Simultaneously Extracted
streams potentially Metals, and total organic
impacted by releases carbon
of drilling mud

Determine benthic •Reconnaissance by .Qualitative documentation, •Determine whether invertebrate
invertebrate biologist/ecologist mapping, and photographs, abundance and diversity in site-
abundance and •Collection of benthic including completion of related streams is significantly
diversity in streams invertebrate samples Rapid Bioassessment field different than in comparable
potentially impacted forms reference streams
by releases of drilling •Taxonomic identification •Support a triad approach to determine
mud, and in and tallying of invertebrates the potential effects of drilling mud
comparable reference on impacted streams
streams

Determine toxicity of •Collection of •Level II bioassay tests •Determine whether possible COPC
sediment in streams sediment samples for related toxicity of sediment in site-
potentially impacted bioassay tests related streams exceeds that in
by releases of drilling comparable reference streams
mud, and in •Support a triad approach to determine
comparable reference the potential effects of drilling mud
streams on impacted streams
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TABLE 1-1 (cont.)
DATA QUALITY OBJECTIVES FOR THE 1998 DOE DRILL SITE INVESTIGATION

DATAUSE~

.~ ‘O~CflV~k~ ~xt~t ~i~fS4 rrQUKLflW -.

Determine •Collection of fish •Level III analyses for •Support the ecological risk
concentrations of samples appropriate COPCs, but only assessment
chemical COPCs in if COPC concentrations in
fish tissue from surface water or sediment in
streams potentially the site-related stream
impacted by releases exceed background
of drilling mud, and concentrations in the
from comparable associated reference streams
reference steams

Determine •Collection of fish •Level III analyses for •Determine whether radionuclide
concentrations of samples appropriate radionuclides concentrations in fish tissue from test
radionuctides in fish site streams exceed those expected
tissue from test site from worldwide fallout from
streams, and from atmospheric testing (based on
comparable reference comparison to fish from reference
streams streams)

Determine •Collection of fish •Level Ill analyses for •Determine whether radionuclide
concentrations of samples appropriate radionuclides concentrations in fish tissue from
radionuclides in fish Cannikin Lake exceed human health
tissue from Cannikin ingestion benchmarks
Lake

Determine stability of •Visual assessment •Qualitative documentation, •Determine potential for catastrophic
remaining mud pits mapping, and photographs releases of water or drilling mud from

remaining mud pits

•Support development of remedial
alternatives, if required

Determine whether •Visual assessment •Qualitative documentation. •Determine the presence or absence of
Rifle Range Road •Discretionaiy mapping, and photographs drilling mud in mud pit sediment
Sumps have been sediment and surface •Level Ill analyses for •Determine the presence or absence of
backfilled water sampling, if appropriate COPCs if drilling mud additives in mud pit

warranted discretionary sampling is surface water and sediment
authonzed •Determine whether ecological risks

potentially exist by comparing to
. available screening levels

•Support development of remedial
alternatives, if required

Characterize potential •Visual assessment •Qualitative documentation, •Determine whether ecological risks
off-site migration of •Groundwater, mapping, and photographs potentially exist by comparing to
PCBs from the sediment, and surface •Level II measurement of available screening levels
Aircraft Graveyard water sampling water quality parameters •Support development of remedial

•Level Ill analyses for PCBs alternatives, if required

ldentit~’ the presence •Visual assessment. •Qualitative documentation •Safety of field crows
of OEW/UXO •Magnetometer based on visual assessment

survey and magnetometer surveys

NOTE: Quality assurance objectives and sample quantitation limits for individual analytes are presented in Tables 6-2
through 6-5 of the August 1998 DOE 1998 Drill Site Investigation Management Plan, and in the Shannon &
Wilson’s December 1996 final Quality Assurance Project Plan for the Corps Phase I Remedial Investigation.
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2.0 SITE INVESTIGATIONS

This section summarizes the scope and procedures used during the 1998 Drill Site Investigation
on Amchitka. The work was performed in general accordance with the August 1998 Final
Management Plan, Department ofEnergy 1998 Drill Site Investigation, Amchitka Island, Alaska.
Where activities or procedures described in either that plan or the Corps December 1996 Phase I
RI Management Plan were modified, the modification is described in attached Appendix A.

2.1 SCOPE OF FIELD INVESTIGATIONS

The 1998 Drill Site Investigation included:

• Sampling for chemical analysis of surface water and sediment (drilling mud) in
former mud pits at each of the drill sites and test sites where they are still present, and
in lakes that reportedly were used for mud storage.

• Sampling for chemical analysis of stream water and sediment in streams draining
each of the drill sites and test sites, and in four reference streams.

• Sampling these same streams to determine the abundance and diversity of benthic
invertebrates and to collect sediment samples for bioassay’s.

• Collection of fish for chemical analysis from these same streams.
• Collection of fish for radionuclide analysis from as many of the planned streams as

contained a sufficient number of fish (this was limited to White Alice Creek,
Cannildn Lake, and Cloudbeny Creek at Long Shot, plus a background sample from
Pumphouse Lake).

• Sampling surface water, sediment, and groundwater from the Aircraft Graveyard for
PCB analysis.

Table 2-1 lists the number of features (mud pits, lakes, and streams) that were sampled at each of
the drill sites. Conditions encountered in the field differed somewhat from those anticipated
when the Management Plan was written, resulting in a greater or lesser number of mud pits,
streams, or lakes being sampled than had been planned. Modifications to the scope of work are
described in Appendix A.

The samples of sediment, water, and fish from each of these features were analyzed for different
suites of parameters, as specified in the Management Plan and listed in Table 2-2. Table 2-3
summarizes the number of samples analyzed for each parameter, for each type of feature, at each
site.

Sample locations are described in each subsection of Section 4.0 and illustrated in figures
accompanying each subsection. Where applicable, such as for samples collected at various
stations along the length of a stream, tables in those subsections list the latitude and longitude of
each sample location (determined with hand-held Global Positioning System [GPS] receivers).
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Those tables also include the elevation of each stream sample location, interpolated for the
topographic maps of the streams.

The field investigation was conducted between August 26 and September 17, 1998, by a crew
consisting of the following:

Shannon & Wilson, Inc. Management and field work (11 persons)
EcoMunition, Inc. UXO avoidance (4 persons)
Fairweather, Inc. Emergency medic
Security Aviation Aircraft support
Clearwater Environmental, Inc. Camp services

Also present in the field during this investigation were Mr. Frank Maxwell of the DOE and Mr.
Mike Murray of IT Corporation, under their support contract to the DOE. Both of these
individuals assisted, substantially in the field effort in addition to their role as oversight
personnel. Mr. Doug Dasher of ADEC was also present during most of the investigation, during
which time he participated in research for ADEC and provided a limited oversight for the field
investigation.

During the course of the field work, Shannon & Wilson also collected samples for the,U.S. Army
Corps of Engineers in support of the Phase II Remedial Investigation of the former Amchitka
Army Air Base (under Delivery Order 0020). The results of that work have been reported
separately and are not included in this report. In addition, camp and logistics support was also
provided for a field team from the ADEC, who performed sampling for radionuclides as part of a
separate investigation.

2.2 ANALYTICAL PROCEDURES

2.2.1 Types of Analytical Procedures

Analytical procedures used in the field in support of the 1998 Drill Site Investigation included:

• headspace gas screening with photoionization detectors (PID5) for field screening of volatile
organic compounds (VOCs) in soils, and

• measurements of water quality parameters (temperature, pH, conductivity, dissolved oxygen
[DO], and turbidity) at the time of collection of groundwater and surface water samples.

All other analyses were conducted in an off-site analytical laboratory and consisted of Level III
analyses. The suites of laboratory analyses performed on samples from a given category of site
were agreed upon during project scoping and described in the final Management Plan. There
were no substantive deviations from that plan. Table 2-3 summarizes the numbers of analyses
performed on samples from each medium at each site.
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2.2.2 Analytical Laboratories

The project chemistry laboratory was the Bothell, Washington, facility of North Creek Analytical
(NCA). All soil and water samples were analyzed in Bothell, with the exception of the
5035/8260 field-extracted volatiles analyses on sediment samples, since only the Portland facility
of NCA was set up to perform these analyses. All chemical analyses of fish tissue were
performed in the Portland facility, except as noted below.

Analysis of inorganic arsenic in fish tissue was performed at the Battelle Marine Sciences
Laboratory in Sequim, Washington.

The radionuclide analyses on fish tissue werç performed at the Charleston, South Carolina,
facility of General Engineering Laboratories (formerly known as Environmental Physics, Inc.).

Identification of invertebrates in the stream sediment samples was performed in the Somerset.
New Jersey, office of IT Corporation, under subcontract to DOE.

American Aquatics Testing, Inc., in Allentown, Pennsylvania, under subcontract to IT
Corporation, performed bioassay tests using the stream sediment samples.

Organic content and grain-size analyses on stream sediment samples were performed in Shannon
& Wilson’s Fairbanks, Alaska, soil laboratory.

2.2.3 Analytical Methods

The following sections discuss the laboratory procedures used for the chemical analysis ot
sediment and water samples, chemical and radionuclide analysis of fish tissue samples. and
invertebrate taxonomy and bioassay tests.

2.2.3.1 Chemical and Physical Analyses of Sediment and Water

Chemical and physical analyses of sediment and water samples were performed using the
following methods:

Gasoline Range Organics (GRO) AK 101
Diesel Range Organics (DRO) AK 102
Volatile Organic Compounds (VOC) EPA 5035/8260B
Polycyclic Aromatic Hydrocarbons (PARs) EPA 8270C SIM
PCBs only EPA 8082
Modified TAL Metals EPA 6020/60 lOB
Total Organic Carbon E415.l
Acid Volatile Sulfides EPA August 1991 draft
Simultaneously Extracted Metals EPA 6020/August 1991 draft
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Organic Content ASTM D 2974
Grain Size ASTM C 136-92

Tables within each subsection of Section 4.0 list field sample numbers and reported
concentrations of all analytes detected in project samples. Detection limits for nondetected
compounds are presented in the electronic file contained in Appendix E of some copies of this
report. Two copies of Volume II, which in Appendix G contains tables of all laboratory results,
have been provided to the DOE.

The following subsections discuss pertinent issues regarding the test methods performed for this
project.

2.2.3.1.1 Gasoline Range Organics

Alaska Method AK 101 quantifies C6 through the start of C10 as gasoline range organics (GRO).
Gasoline was not a COPC for the Drill Site Investigation. The only samples that were analyzed
for GRO were three sediment samples collected from Cannikin Lake downhill from the area
previously referred to as a landfill. GRO was analyzed in those samples to test for a broader
range of possible contaminants than the COPCs associated with the drilling mud.

2.2.3.1.2 Diesel Range Organics

Alaska Method AK 102 quantifies C10 through the start of C25 as. diesel range organics (DRO).
DRO was analyzed because the historical information and results of past sampling had
documented the presence of DRO in the drilling mud used on Amchitka. Since ecological risk
benclm~arks are not available for whole diesel fuel, the risk associated with diesel fuel can only
be assessed using a surrogate approach, unless constituent concentrations are known. For this
reason, diesel constituents including VOCs and PAHs were also analyzed in all potentially
diesel-impacted media. DRO was analyzed in both water and sediment, because low levels of
DRO can often be detected in water or sediment when the diesel-associated VOCs and PAHs are
not present above their detection limits (i.e., DRO is a more sensitive test). However, naturally
occurring organic compounds can be quantified within the diesel range, which complicates the
interpretation of instances where low levels of DRO are reported. As discussed further in
Sections 2.3.1.5 and 2.3.2.5, DRO suspected to be of biogenic origin was reported in both water
and sediment from reference streams.

2.2.3.1.3 VOCs

Analysis for VOCs by EPA Method 8260B was conducted to provide data for assessment of the
possible risk posed by the potential presence of alkylated benzenes from diesel fuel. The results
from the 1998 Drill Site Investigation were similar to those from obtained samples of diesel fuel
believed to be of WWII age during the Corps 1997 Phase I RI. Benzene and toluene was
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detected in only three mud pit samples. However, ethylbenzene, xylenes, and several of the
other alkylated benzenes were detected in several samples (including trimethylbenzenes; butyl-,
propyl-, and isopropylbenzenes; and isopropyltoluene). A list of the individual VOCs included
in Method 8260B is provided in Table 2-4.

In accordance with current EPA and Corps guidance, EPA Method 5035 was used to preserve or.
extract sediment samples for analysis of VOCs in the field at the time of collection. Samples
with “low” levels (0 to 200 ug/kg) of individual volatile constituents were preserved in the field
using an aqueous acid solution. Samples with “high” levels (greater than 200 ug/kg) of
individual constituents were extracted in the field using methanol. This preparation method,
described in greater detail in the August 1998 Management Plan, involved collecting both a low
level sample and a high level sample from each sampling location. The laboratory analyzed
either one or both of these samples, depending on whether the results of the first analysis were
within the applicable range for the method. The data tables in the various subsections of Section
4.0 present the highest valid result for each sample or the lowest valid reporting limit for
nondetected compounds.

All water samples from the drill site mud pits, lakes, and streams were analyzed for VOCs. A
minimum of one sediment sample per drill site was analyzed for VOCs. Reference stream water
and sediment were not analyzed for VOCs. Other stream sediment samples were analyzed for
VOCs only if the sample location exhibited evidence of possible hydrocarbon contamination.

2.2.3.1.4 PAils

All drilling mud, sediment, and surface water samples collected during the 1998 Drill Site
Investigation (except reference stream samples) were analyzed for PARs by EPA Method 8270C
SIM (selective ion method). Samples from reference streams were not analyzed for PAHs, since
they are not commonly found as naturally occurring compounds. A list of individual PAHs
included in Method 8270C SIM is provided in Table 2-5.

According to Kent Patton of North Creek Analytical, eight of the 16 PAHs fall within the range
quantified as DRO by Method AK 102, and another two PAHs are probably quantified within
this range. This group includes:

Acenaphthene Chrysene Phenanthrene
Acenaphthylene Fluoranthene Pyrene
Anthracene Fluorene
Benzo (a) anthracene Naphthalene

Naphthalene is on the analyte list both for PAHs and for VOCs. The data tables in the various
subsections of Section 4.0 present the highest valid naphthalene result for a given sample, or the
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lowest valid reporting limit for a nondetected compound, regardless of the test method. For
consistency, naphthalene is listed in the “volatiles” section of those tables.

2.2.3.1.5 PCBs

PCBs were originally a COPC only at the Aircraft Graveyard (the MOA site at which a follow-
up investigation was performed in conjunction with the 1998 Drill Site Investigation). A field
modification to the sampling plan added analysis for PCBs for three surface water and sediment
samples collected from Cannikin Lake downslope from the area that USFWS representatives
thought might be a landfill. PCBs were analy~ed in those samples because of the potential for
PCBs to have been used and disposed at the test site. The reporting of low levels of PCBs in two
of those sediment samples resulted in the additional analysis of sediment samples from the
Cannikin site and White Alice Creek for PCBs, to evaluate the extent of PCBs at the site. The
results of these additional analyses included two more detections of PCBs, and so an additional
group of drilling mud samples from Drill Site D were analyzed for PCBs to assess whether the
drilling mud was a potential source of the PCBs identified. Sediment samples from three
reference steams were also tested for PCBs. Table 2-6 lists the individual PCB analytes in
Method 8082.

2.2.3.1.6 Metals

The list of trace elements and heavy metals (which are collectively referred to in this report as
metals) analyzed for the 1998 Drill Site Investigation, presented ip Table 2-7, is a modification
of the EPA target analyte list (TAL) metals list. This list of metals, which does not include the
entire TAL but includes additional metals, was developed by IT Corporation based on a review
of metals detected in sediment surface water, and drilling mud in previous DOE sampling
events. Metals were retained as COPCs (and included in the list to be analyzed during the 1998
investigation) if they either exceeded ecological benchmarks in previous sampling, or if no
ecological benchmark is currently available.

2.2.3.1.7 Total Organic Carbon

Total organic carbon (TOC) was determined for all stream sediment samples. TOC is a measure
of the amount of organic carbon (both naturally occurring and as a result of the presence of
hydrocarbons such as diesel fuel) in sediment. TOC impacts the bioavailability of contaminants
such as PAHs. Ecological risk-based screening levels are typically expressed as a contaminant
concentration normalized to the organic carbon content of the sediment; thus the need to quanti~
the carbon content. TOC was not determined for drilling-mud samples from the mud pits, since
the diesel fuel in the mud would have biased the results high. In addition, little organic carbon
would be expected in bentonite-based drilling mud (if the diesel were not present).
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EPA Method 415.1 reports the organic carbon present in the sample but not other elements that
are present in peat or other organic matter. As a result, the TOC does not equal the organic

~) content (determined by ASTM D2974; see Section 2.2.3.1.9).

2.2.3.1.8 Acid Volatile Sulfides/Simultaneously Extractable Metals

Acid Volatile Sulfides/Simultaneously Extractable Metals (AVS/SEM) is a method used to
assess the bioavailability of metals. This is done by determining the acid volatile sulfides and
metals that are solubilized during the acidification step. SEM are extracted with a weaker acid
than is used during the analysis of total metals in a sediment sample; thus it can be expected that
SEM concentrations will be lower than the corresponding total metals concentration for the same
sample. This method measures the capacity of the sulfides in the sediment to bind metals and
provides an indication of whether that binding capacity is completely utilized. If the SEM to
AVS ratio is greater than 1, the available metals exceed the binding capacity of the sulfides and
the metals are available for uptake by organisms. Conversely, if the SEM to AVS ratio is less
than 1, the metals are completely bound by sulfides and not available for uptake by organisms.
The metals are analyzed by EPA Method 6020 following the extraction step. All stream
sediment samples, including reference streams, were analyzed by this methodology to support
the ecological risk assessment being performed by IT Corporation. The only metal COPCs
specific to the 1998 Drill Site Investigation for which the AVS/SEM procedure is applicable are
cadmium, copper, nickel, and zinc. These were the only metals analyzed by the laboratory by
the SEM methodology. Mercury and lead are also commonly included in AVS/SEM analyses
but were not COPCs for this investigation.

2.2.3.1.9 Organic Content

Organic content determination by ASTM Method 1) 2974 is a method to determine the amount
of plant organic matter in a sample that is lost by ignition at 750°C. In a few rare cases, some
mineral soil is also subject to transformation at this temperature and would be included in the
reported result. The weight loss after ignition is expressed as a percent of the dry weight of the
mineral soil fraction of the sample. Since this method results in the ignition of the entire organic
fraction of the sample and not just the carbon, the organic content measured by this method will
be greater than the TOC value determined by Method E415.l (described in Section 2.2.3.1.7).
Also, since the amount of organic material is expressed as a percentage of the weight of the
mineral soil, it is possible to have an organic content higher than 100 percent.

2.2.3.1.10 Grain Size

Grain size analyses were performed by ASTM Method C 136-92 on the sediment samples that
had a substantial mineral soil fraction. The sample is first washed over a #200 sieve (about 0.07
millimeter openings). The fraction of soil lost through this sieve represents the silt- and clay-
sized particles. The soil retained on the #200 sieve is dried and then sieved through a nest of
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other sieve sizes. The soil retained on each sieve is weighed, and a grain size plot is drawn that
graphically depicts the percentage of soil (on a dry weight basis) that is coarser or finer than each
sieve size. Since organic material has a considerably lower specific gravity than soil grains, this
test would be inaccurate for samples with a high organic content. Accordingly, grain size
analyses were performed only on samples with an organic content less than about 16 percent.

2.2.3.2 Chemical Analysis of Fish

Fish samples were to be tested for selected COPCs found at elevated levels in stream sediment or
water. Based on test results from stream water and sediments, the fish samples from drill/test
site and reference streams were analyzed for metals, PARs, PCBs, and inorganic arsenic.
Selected fish samples were also analyzed for lipids. PCBs were added to the list of analyses after
they were detected in Cannilcin Lake sediments, to determine the presence or absence of PCBs in
fish from Cannikin Lake and from project streams. Inorganic arsenic was added after initial
metals results showed relatively high concentrations of total arsenic in fish.

Chemical analyses of fish samples were performed using the following methods:

Modified TAL Metals SW6020
PAHs SW8270C SIM
PCBs SW8081
Inorganic Arsenic EPA Draft Method 1632
Lipids Percent Lipids

Tissue preparation and extraction methods varied for different test methods. Discussions of the
analyses are presented below.

2.2.3.2.1 Metals

Fish samples were prepared using EPA Method SW 200.3. This method specifies sample
preparation procedures for the determination of total recoverable elements in biological tissue.
Up to 5 grams of frozen whole fish sample were transferred to a flask and digested with nitric
acid, hydrogen peroxide, and heat. This digestion results in a clear solution that is then analyzed
by EPA Method SW6OIOB/SW6020 series inductively coupled plasma/mass spectroscopy
(ICP/MS), in accordance with the procedures described in the 1998 DOE Management Plan. For
comparison, the same metals were analyzed in fish, sediment, and water. The list of metals was
developed by IT Corporation based on a review of metals detected during other DOE projects.

2.2.3.2.2 PAils

Fish samples were prepared using a procedure developed in accordance with EPA Region 10,
Puget Sound Water Quality Authority guidance document “Recommended Guidelines for
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Measuring Organic Compounds in Puget Sound Water, Sediment, and Tissue Sample?’,

(fl February 1996. The method requires that approximately 60 grams of whole fish be placed in ablending device, ground, and homogenized until tissue becomes a paste. The paste is combined
with sodium sulfate to prepare an extract that is then analyzed using EPA SW8270C SIM.

2.2.3.2.3 PCBs

During project planning PCBs were not considered as a COPC for fish on Amchitka. However,
PCBs were tested for and detected in two sediment samples from Cannikin Lake as well as in
drilling-mud pits. Consequently, it was decided that fish samples should be analyzed for PCBs
to determine whether they were present and, if so, to what extent. The test method for PCBs is
the same one used for sediment; however, the extraction procedure for fish tissue is performed
differently.

2.2.3.2.4 Inorganic Arsenic

After initial metals results revealed relatively high total arsenic concentrations, it was decided to
perform inorganic arsenic analyses to determine the concentration of the form(s) of arsenic
believed to be potentially harmful to fish and mammals. The organic component of total arsenic,
arsenobetaine, is not believed to be bioavailable to animals. Inorganic arsenic is typically on the
order of 1 percent of total arsenic.

An aliquot of fish homogenate (blended whole fish) for each sample was sent to a Battelle
Marine Science Laboratory for the analysis. The preparation of tissue sample involves talcing 1
gram of wet tissue and digesting it in 10 ml of hydrochloric acid solution. The digestate is then
heated in an oven for several hours. EPA Draft Method 1630 was then performed on the extract.

2.2.3.2.5 Lipids

The percent of lipids by weight was measured in six fish samples. Aliquots from the laboratory
prepared blended fish samples were used. The samples were selected to represent the different
size ranges of fish collected during the project. The whole fish was homogenized, including
guts, heads, fms, and tails, prior to testing.

Lipids were originally scheduled for testing from a variety of fish before it was evident that only
one species of fish (resident Dolly Varden) would be collected for the project. The percent lipids
would be expected to vary between species.
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12.3.3 Radionuclide Analysis of Fish

Fish samples were to be collected from the steams draining the three test sites, ~o lowland 0
reference streams, and Cannikin Lake for analysis of radionuclides. However, priority was given
to collecting fish for chemical analyses, and there were insufficient fish to allow both chemical
and radionuclide analyses except in White Alice Creek (downstream of Cannikin Lake),
Cloudberry Creek (Station 1, near Long Shot), and Cannikin Lake. Sufficient fish were present
in the other streams to allow fish to be collected for chemical analyses. A background fish
sample for radionuclide analysis was collected from Pumphouse Lake (Lake Aldine), located
about 0.8 miles south of the east end of Baker runway in the Base Camp area.

The detonation-related radionuclides of potential concern for fish tissue are cesium- 137,
plutonium-238, plutonium-239, plutonium-240, and americium-241. Alpha spectrometry was
used to quantify the levels of americium and plutonium. Plutonium was quantified as plutonium-
238 and plutonium-239 pjj~ plutonium-240. The alpha spectrometry method used was
developed in accordance with the Department of Energy’s Environmental Measurements
Laboratory (EML) Methods Manual HASL 300 E-U-04, and the EPA’s Environmental
Monitoring and Support Laboratory’s Radiochemical Analytical Procedures for Analysis of
Environmental Samples, 1979. This method was described in a standard operating procedure
provided in Appendix E of the August 1998 Management Plan. Test results are reported on a
dry weight basis.

Gamma spectroscopy was used to quantify cesium- 137 isotope levels. The test method was
developed from EPA 600-4-80-032 Prescribed Procedures for Measurement of Radioactivity in
Drinking Water (EPA Method 901.1). This method was also described in a standard operating
procedure provided in Appendix E of the August 1998 Management Plan. Test results are
reported on a dry weight basis.

With the exception of the Cloudbeny Creek sample, the fish samples submitted for radionuclide
analysis were gutted, either in the field or in the lab, and the guts and fish bodies analyzed
separately. The separate analyses allowed for a distinction between measurement of the
radionuclide burden in the fish gut and in the fish itself. If the fish had recently ingested an
anomalous burden of radionuclides, it was desired to be able to distinguish this from the burden
in the gutted fish. The gastrointestinal tact contents were not emptied prior to analysis of the
guts. The samples consisted of composited multiple fish guts and bodies. Compositing was done
not as an attempt to integrate the measurement over multiple fish, but rather because the
individual fish were too small to achieve the desired reporting limits. The composite fish and gut
samples were ground and homogenized before analysis.

2.2.3.4 Triad Assessment Approach

Sediment quality in site and reference streams was evaluated by IT Corporation using a weight-
of-evidence approach known as a Sediment Quality Triad. A copy of the Triad analysis report is
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included in Appendix F. It includes complete descriptions of the methods employed and results
of that study.

In summary, the Triad approach incorporates three measures of sediment quality: sediment
chemistry, sediment bioassay or toxicity, and benthic macroinvertebrate (BMI) community
structure. These three components of the Triad approach integrate chemical and biological
response information and can provide stronger evidence of degraded sediment quality than
evaluation of any single component.

Sediment chemistry information was based on DRO, metals, and PAR analyses of sediment from
each stream, as discussed in the appropriate subsections of Section 4.0. Sediment toxicity was
determined by conducting bioassays on sediment samples collected from streams from the same
locations where invertebrates were collected. These samples were submitted to American
Aquatics Testing, Inc., of Allentown, Pennsylvania, under subcontract to IT Corporation.
Bioassay testing included normalized measurements of survival, growth, and biomass of the
midge Chironomus tentans, in accordance with ASTM Method E 1706-95b (1997). The BMI
community component of the Triad approach included determining the Family Biotic Index
(FBI), Ephemeroptera-Plecoptera-Trichoptera (EPT) relative abundance, and species diversity of
BMI samples collected in project streams.

2.2.4 Sampling Handling and Transportation

Sample containers were supplied by the laboratory in a pre-cleaned and pre-preserved condition.
Upon collection all samples were placed directly into the appropriate sample containers, which
were then placed directly into coolers chilled with ice substitute. At the end of each day, the
samples were transferred to temperature-controlled refrigerators at the camp for storage until
they could be shipped to the laboratory. The samples were packaged for shipment to the
analytical laboratory with sufficient coolant to maintain the sample temperature at or near 4°C
until they reached the laboratory.

Samples were generally packed and shipped from Amchitka to Adak by charter aircraft the day
before a scheduled twice-weekly Reeve Airlines flight was due in Adak. On Adak, an agent of
Clearwater Environmental took custody of the coolers and stored them in a cool, secure location.
The coolers were then shipped to Anchorage as priority freight on Reeve, arriving about 30 hours
after they had been packed. In Anchorage the samples were retrieved by a representative of
North Creek Analytical (NCA), who checked cooler temperatures, re-iced the coolers, and
shipped them on a night flight to the Seattle-Tacoma Airport via Alaska Airlines Gold Streak
service. There they were picked up by a NCA courier and transported to their Bothell laboratory,
arriving about 48 hours after they originally left Amchitka. The exception to this procedure was
on weekends, when there were no Reeve flights; in these instances, samples were flown directly
from Amchitka to Anchorage on a charter aircraft.

All fish samples were stored and shipped in a frozen condition. Upon collection the fish were
placed in resealable plastic storage bags, which were then placed into coolers chilled with ice

/
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substitute. At the end of each day the fish samples were transferred to temperature-controlled
freezers at the camp for storage until they were shipped to the laboratory. All samples were
frozen as whole fish, with the exception of the samples for radionuclide analysis from White
Alice Creek, Cannikin Lake, and Pumphouse Lake. These latter samples were gutted, and the
gutted fish and the associated guts were frozen as separate samples. The samples were packaged
for shipment with sufficient coolant to maintain the sample temperature well below 0°C until
their arrival at their destination.

Fish samples were shipped from Amchitka only on charter flights directly to Anchorage, in order
to reduce their length of time in transit. Fish samples for chemical analysis were retrieved by a
representative of NCA, who re-iced the coolers, and shipped them on a night flight to the
Portland Airport via Alaska Airlines Gold Streak service. There they were picked up by a NCA
courier and transported to NCA’s Portland laboratory, where they were stored in a secure freezer
until analysis. The fish for radionuclide analysis were initially shipped via Alaska Airlines Gold
Streak Service from Anchorage to Fairbanks, where they were stored in a secure freezer at
Shannon & Wilson’s Fairbanks office. After General Engineering Laboratories was under
contract, the samples were shipped from Fairbanks to Charleston, South Carolina, via Federal
Express.

Benthic invertebrate samples were preserved immediately after collection in 10 percent neutral-
buffered formalin and shipped to IT Corporation at ambient temperature.

NCA analyzed samples from both the 1998 DOE Drill Site Investigation and the Corps Phase II
RI. Therefore, samples from the two projects were often shipped in the same cooler, although
separate chain-of-custody forms were completed for each proj~ct (see Appendix H), The
laboratory also analyzed samples from both projects in the same sample delivery group and
laboratory QC samples that were common to the two projects. Trip blanks common to the two
projects were also analyzed.

2.2.5 Sample Numbering System

A modification of the Corps standard sample numbering system was used for sample number
designation during the 1998 Drill Site Investigation. All samples were assigned a unique
alphanumeric sample number using the following format:

98D0E - XXXX-YYYY-ZZ, where:

98DOE - 98 designates the last two digits of the sampling year; DOE denotes work
on Amchitka Island for the Department of Energy (differentiated from
work for the Corps of Engineers Phase II RI;

is a four-character letter or letter and number combination, which
differentiates the site at• which the sample was collected, in accordance
with the table presented below;
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CANN: Cannikin Site
LONG: Long Shot Site
MILR: Milrow Site
DRSD: Drill Site D
DRSE: Drill Site E
DRSF: Drill Site F
ACGY: Aircraft Graveyard
RSO1: Reference Stream 1
RSO2: Reference Stream 2
R803: Reference Stream 3
RSO4: Reference Stream 4

YYYY - is a four-digit consecutive sample number in order of collection; of the
first digit identifies the number of the sampling team collecting the sample
(1, 2, 3, or 4);

ZZ is a two-letter indication of the medium sampled (SL for soil, SD for
sediment, SW for surface water, GW for groundwater, FS or FT for fish
tissue, WR for equipment blank, TB for trip blank).

For example, sample number 9800E-CANN-20 12-SD represents: a sample obtained for DOE
from Amchitka Island in 1998; collected at the Cannikin she; the twelfth consecutive sample
collected by sampling team 2; and a sediment matrix.

Quality control (QC) duplicate samples were numbered with the consecutive number following
the number of the sample they represent, so they could not be identified as QC samples by the
laboratory personnel. For instance, if a field duplicate sample had been collected for the sample
used in the above example, the duplicate sample number would be 98D0E-CANN-2013-SD.
Rinsate blanks were labeled in a similar thanner, but with the number prior to the next sample
that was to be obtained with the cleaned equipment. In cases where additional sample volume
was collected to allow matrix spike/matrix spike duplicate analyses by the laboratory, the same
4-digit “YYYY” number was used as for the project sample, except that the “ZZ” suffix was
“I~~4S

2.3 REGULATORY AND RISK-BASED CRITERIA FOR CONTAMINANTS OF
POTENTIAL CONCERN

The December 1996 Management Plan presents both regulatory cleanup levels and risk-based
criteria for a number of contaminants of potential concern (COPCs) that might be encountered on
Amchitka based on historical activities. These potential applicable or relevant and appropriate
requirements (ARARs) and to-be-considered criteria (TBCs) were used in establishing
appropriate project-specific detection limits for chemical analyses. In this report these
comparison criteria are used to determine the significance of COPCs identified on the island.
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Tables 2-8, 2-9, and 2-10 list all analytes that were detected in surface water, sediment, and fish
collected during the 1998 Drill Site Investigation. These tables indicate the maximum
concentration of each analyte reported by the laboratory as well as applicable regulatory and/or
risk-based comparison benchmarks. Numbers of compounds detected in each medium are
summarized below by analyte:

Compounds Detected During 1998 Drill Site Investigation

er59fowppQnds~Z ~NUrnbeYof:Compounds .~Number:ofCompounds.:~ ab’te~.. ~Detected’m SurftceWateF -Detected in Sediment Detected in Fish

VOCs 2 15 NA

PAHs 0 14 I

PCBs 0 2 1

Metals 22 27 25

Hydrocarbons 1 2 NA

NA — not analyzed

Regulatory and/or risk-based criteria were compared with surface water, sediment, and fish
results as a basis for evaluating the significance of the compounds detected. Appendix D presents
the calculated background concentrations for naturally occurring metals in surface water.
sediment, and fish on Amchitka Island, based on concentrations in lowland and upland reference
streams.

-z

2.3.1 Comparison Criteria for Surface Water

Water cleanup levels have not been promulgated federally. The following subsections examine
the available criteria against which the reported concentrations of organic and inorganit
substances in the surface water samples from the 1998 Drill Site Investigation can be compared

2.3.1.1 18 AAC 75 Cleanup Standards

In Alaska the Oil and Other Hazardous Substances Pollution Control Regulations. I 8 AAC 5.
present groundwater cleanup standards for petroleum hydrocarbons, 92 organic compounds. and
14 metals. These numerical standards apply only to groundwater and not to surface water
Surface water quality issues are addressed by the Alaska Water Quality Standards, 18 AAC 70
(discussed in Section 2.3.1.2).

Drinking water maximum contaminant levels (MCLs) serve as the basis for the Alaska
groundwater cleanup standards (for the listed compounds for which MCLs exist), even though
the MCLs were not originally promulgated as water cleanup levels. Therefore, the Alaska
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groundwater cleanup levels are based on human health considerations. In cases where the
groundwater is not currently being used as a drinking water source, and not reasonably expected
to be used as a drinking water source, the Alaska regulations incorporate a provision whereby the
cleanup standard may be increased by a factor of ten with appropriate approval. However, when
the groundwater is closely hydrologically connected to surface water, the regulations require that
the groundwater not cause an exceedance of the surface water quality standards listed in 18 AAC
70.

Where the regulations contain groundwater cleanup levels, they are included in Table 2-8 for
reference as TBC criteria.

2.3.1.2 18 AAC 70 Water Quality Standards

The Alaska Water Quality Standards (AWQS) have also been applied as cleanup levels in some
cases. Standards are established for protection of surface water for a particular use, such as
drinking, growth, and propagation of shellfish, etc. There are several levels of regulation. First
there is a general antidegradation policy. Petroleum hydrocarbons are not allowed to cause a
film, sheen, or discoloration. Total aromatic hydrocarbons (defined as the sum of benzene,
toluene, ethylbenzene, and xylenes [BTEX]) in the water column may not exceed 10 ugfL. Total
aqueous hydrocarbons (defined as the sum of BTEX and 16 individual PARs) in the water
column may not exceed 15 ugIL. Concentrations of other toxic or deleterious organic and
inorganic substances may not exceed the criteria in EPA Ambient Water Quality Criteria
(AWQC; EPA, 1985), or if those criteria do not exist, the primary MCLs of the Alaska Drinking
Water Standards, 18 AAC 80 (i.e., the MCLs upon which the groundwater cleanup standards in
18 AAC 75 are based).

Both AWQC and AWQS include separate criteria for freshwater and saltwater. The AWQC also
include separate values for acute (maximum) and chronic (continuous) exposure for ecological
receptors. The AWQS only have a single standard for each chemical, which is based on either
acute or chronic exposures, or the level of detection where no “safe” level has been defined.

Where these provisions of 18 AAC 70 result in numerical standards, they have been included in
Table 2-8.

2.3.1.3 Human Health Risk-Based Concentrations

The EPA Region III Risk-Based Concentration Table (EPA, 1999) presents concentrations of a
variety of compounds that correspond to a target risk of 1 x 106 for carcinogenic effects, or a
target hazard quotient of 1 for noncarcinogenic effects, for several exposure pathways, one of
which is a standard drinking water scenario. Where available, and for chemicals for which no
other comparison criterion exists, these RBCs are presented in Table 2-8 for use as a TBC.
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2.3.1.4 Ecological Risk-Based Concentrations for Surface Water

Because Amchitka is currently uninhabited and ffiture habitation is likely to occur under a
controlled setting such as the recent use by the Navy for the ROTHR facility, ecological risk
concerns are more likely to drive risk assessment issues on the island than are human health
concerns.

Ecological risk-based screening concentrations (ERBSCs) for the compounds detected in both
the mud pit water and stream water during the 1998 DOE Drill She Investigation are presented in
Table 2-8. These ERBSCs are based on: (1) National Recommended Water Quality Criteria, (2)
EPA Tier II Secondary Chronic Values, and (3) EPA Region IV Chronic Screening Values.
Where criteria were available from multiple sources, the lowest concentration has been listed in
Table 2-8 and the source footnoted.

2.3.1.5 Surface Water Background Concentrations

The metals that were analyzed in most of the 1998 Drill Site Investigation samples also occur
naturally hi the soil and rock on Amchitka. Therefore, measurable concentrations of these metals
may be naturally occurring in surface water on the island. To evaluate background concentration
of naturally occurring metals, surface water samples were collected from four reference streams,
each of which was selected because it appeared unlikely to have been impacted by DOE, WWII,
or Navy activities on the island. Two of the reference streams (Streams I and 2) were located in
lowland terrain in the vicinity of the three test sites, while the other two (Streams 3 and 4) were
located in upland terrain in the vicinity of the three drill sites (Figure 1-2). Water samples from
these streams were analyzed for the same list of metals as the samples from the site-related
streams and mud pits. In addition, the reference stream water samples were analyzed for DRO to
determine the possible presence of biogenic material that could be reported as part of
hydrocarbon compounds. Field observations and laboratory results from the reference streams
are presented in Section 4.9 of this report.

Metals concentrations in the reference stream water samples were examined statistically to
evaluate whether upland and lowland reference streams were statistically similar. The
methodology and results of this analysis are presented in Appendix D. The results indicate that
the lowland and upland streams demonstrated a statistically significant difference. Therefore the
lowland and upland results were pooled separately for the calculation background values. The
95 percent upper tolerance limit (95 UTL) background values are presented in Table 2-8 for
comparison with the values from the site-related streams. For some metals the numbers of
detections in the reference streams were so few that statistical analysis has no validity. For these
metals Table 2-8 lists the highest value that was reported.

All of the lowland stream water samples were reported to contain DRO. Half of the upland
stream water samples were reported to contain DRO. It is well known that biogenic material can
be reported as part of hydrocarbon analyses such as DRO. However, laboratory method blanks
associated with four of the ten lowland samples, and one of the five upland samples, were
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reported to contain similar concentrations of DRO as reported in the samples. In accordance
with the EPA National Functional Guidelines for Organic Data Review (EPA, 1991), these
samples have been qualified as nondetects at detection limits corresponding to the reported
values, because they are less than five times the method blank concentration. Thus some
uncertainty exists whether the DRO reported in those samples is the result of biogenic
compounds or of laboratory contamination. DRO results from the stream samples are
summarized below.

DRO Concentrations in 1998 Reference Stream Water Samples

~t~g: - :~-~DROConcentrafionin ug/L Numberof Samples -

k-~:x~ Th, tY~—~ ~ ~-.--

~ ~ ≤~nges~~~. -S~ji~ju ~ ~4gc4€~ With DRO

~ -b1~1k~ Detections MethodElank~ rfl~2 ~ . -

Lowland Streams 51 f 146 92 10/10 5/10

Upland Streams 54 85 61 5/10 1/10

The DRO in reference streams is assumed to be biogenic. These biogenic concentrations of
DRO have not been used to correct any reported DRO concentrations for project samples
However, in some cases these background levels are referenced in the text for qualitati~ c
comparison to the concentration reported in a project sample that might reflect a biogenic
concentration rather than site-related contamination.

2.3.1.6 1997 Phase I RI Background DRO Levels

During the 1997 Corps Phase I RI on Amchitka, samples of surface water, grounduater.
sediment, and surface soil were obtained from undisturbed background locations and anal~ ?ed
for the DRO, and other metals and compounds. In moat cases, the 1997 surface water sample’
were obtained from lakes or ponds rather than streams. The sampling procedures and results arc
described in Appendix E of the Phase I Report

It is well known that biogenic material can be reported as part of hydrocarbon analyses such as
DRO. This was the case with the background samples collected during the Phase I RI. and is
discussed in greater detail in Appendix E of the March 1998 Phase I RI Site Characterization
Report. The following table summarizes the maximum concentration of DRO reported in 1 997
background water samples.
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DRO Concentrations in 1997 Corps Background Water Samples

.DROCodcentntion mug/U
. - Number ofSamples withMedia . - -

- - -. . Mean DRO Detections
Minimum.. Maximum -

SurfaceWater 64 241 130 12/13

Groundwater 63 2,470) 825 7/7

A comparison of these results with the 1998 Drill Site Investigation background concentrations
(presented in Section 2.3.1.5) shows that the 1998 mean surface water DRO concentration is
slightly lower than the 1997 surface water concentration, and much lower than the 1997
groundwater concentration. The difference in the surface water results may reflect the difference
between ponds and flowing streams. It is reasonable that the background groundwater values are
much higher, since many of the groundwater samples were obtained from the perched aquifer in
the peaty soil that overlies bedrock on Amchitka.

2.3.2 Comparison Criteria for Sediment

Sediment cleanup levels have not been promulgated federally. The following subsections
describe the available criteria against which the reported concentrations of organic and inorganic
substances in the sediment samples from the 1998 Drill Site Investigation can be compared.

2.3.2.1 18 AAC 75 Soil Cleanup Standards

In Alaska, the Oil and Other Hazardous Substances Pollution Control Regulations, 18 AAC 75,
present cleanup levels for petroleum hydrocarbons, 92 organic compounds, and 14 metals in soil
(not sediment). These soil cleanup standards are based on risk to human health. The regulations
present risk-based cleanup standards for ingestion, inhalation, and migration to groundwater
pathways. For the compounds detected during the 1998 Drill Site Investigation the most
stringent standard (most conservative value) is generally the migration to groundwater pathway,
except for a few PAHs, for which the ingestion pathway is more stringent (under-40-inch
precipitation zone). Table 2-9 includes a list of compound concentrations using ADEC’s soil
cleanup standards under the most stringent pathway. Note that no soil samples were collected
for the project; these values are included as TBC criteria.

2.3.2.2 Human Health Risk-Based Concentrations for Soil

The EPA Region III Risk-Based Concentration Table (EPA, 1999) presents concentrations for a
variety of compounds that correspond to a target risk of 1 x 10.6 for carcinogenic effects, or a
target hazard quotient of 1 for noncarcinogenic effects, for several exposure pathways. The
values for soil include residential and industrial scenarios based on either ingestion or inhalation
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pathways (whichever poses the higher risk). Where available, and for chemicals with no other
comparison criterion, the more conservative residential scenario RBCs are presented in Table 2-9
for use as TBCs. These values are simply provided as a point of reference rather than to imply a
residential use scenario is applicable to Amchitka.

2.3.2.3 Ecological Risk-Based Concentrations for Sediment

Ecological risk-based screening concentrations (ERBSCs) for the compounds detected in both
the drilling mud and stream sediment during the 1998 DOE Drill Site Investigation are presented
in Table 2-9. These ERBSCs are based on: (1) threshold effects concentrations from the EPA
Assessment and Remediation of Contaminated Sediments Project (EPA, 1996), (2) the lowest
effect level from the Ontario Ministry of the Environment (1993), (3) EPA Region IV Ecological
Screening Values, (4) OSWER Ecotox Thresholds, and (5) sediment quality criteria derived by
equilibrium partitioning. Where criteria are available from multiple sources, the lowest most
conservative concentration has been listed in Table 2-9, and the source of the criterion has been
footnoted.

2.3.2.4 Sediment Background Concentrations

Sediment samples were collected from each of the four reference streams described in Section
2.3.1.5. These samples were analyzed for the same list of metals as the samples from the site-
related streams and mud pits. The reference stream sediment samples were also analyzed for
DRO to determine the possible presence of biogenic material. Field observations and laboratory
results from the reference streams are presented in Section 4.9 of this report.

Metals concentrations in the reference stream sediment samples were examined statistically. The
methodology and results of this analysis are presented in Appendix D. It was concluded that
results from the lowland streams and upland streams were significantly different. Therefore, the
results from the lowland and upland stream sediment samples were pooled separately for the
calculation background values. The 95 UTh background values are presented in Table 2-9 for
comparison to the values from the site-related streams and mud pits. For some metals, the
numbers of detections in the reference streams were so few that statistical analysis had no
validity. For these metals the highest reported value is considered the background value.

About half of the reference stream sediment samples were reported to contain DRO. Results
from these samples are summarized in the following table.
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DRO Concentrations in 1998 Reference Stream Sediment Samples

The DRO reported in reference stream sediment samples is assumed to be biogenic. These DRO
concentrations have not been used to correct any reported DRO concentrations for project
samples. However, in some cases these background levels are referenced in the text for
qualitative comparison to the concentration reported in a project sample that might reflect a
biogenic concentration rather than site-related contamination.

2.3.2.5 1997 Corps of Engineers Phase I RI Background Levels

During the 1997 Corps Phase I RI on Amchitka, samples of surface water, groundwater,
sediment, and surface soil were obtained from undisturbed background locations and analyzed
for the DRO, and other metals and compounds. In most cases, the sediment samples were
obtained in conjunction with surface water samples from lakes or ponds rather than streams,
primarily because dry conditions during the 1997 field season resulted in few background
streams that were available for sampling. The sampling procedures and results are described in
Appendix E of the Phase IReport.

Biogenic material is often reported as part of hydrocarbon analyses, particularly for DRO. This
was the case with the background samples collected during the Phase I RI, and is discussed in
greater detail in Appendix E of the March 1998 Phase I RI Site Characterization Report. The
following table summarizes the maximum concentration of DRO reported in 1997 background
sediment and surface soil samples.

0

$c~:tØ~~

twatIII~;II~r~e~
z. - ~—Mlmmum ~ ?~MAnmum Mean

Sediment 7.9.1 184 54 13 of 14

SurfaceSoil 17.9 176 80 13 of 13

Comparing the 1997 results with the results from the 1998 Drill Site Investigation presented in
Section 2.3.2.5 shpws that the 1998 mean sediment DRO concentration for the lowland streams
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Lowland Streams 9.5 15.3 13.3 1 4 of 10

Upland Streams 6.6 206 48.7 5 of 10

DRO Concentrations in 1997 Corps Background Sediment and Soil Samples
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is several times lower than the 1997 sediment samples, while the upland stream mean is
comparable to the 1998 data.

2.3.3 Comparison Criteria for Fish

Table 2-10 lists the maximum concentrations of all chemical analytes detected in fish during the
1998 Drill Site Investigation. This table also provides EPA Region III Risk-Based
Concentrations for Fish Ingestion (from the April 1999 RBC Table).

2.3.3.1 Background Chemical Concentration in Fish

Background concentrations were calculated for metals, including inorganic arsenic, in fish tissue
based on reference stream fish results. Two sets of background values were determined, one for
upland streams and one for lowland streams. These values were used as a basis of comparison
for metals in fish from site-related streams. Methods for calculating UTLs from metals results
are discussed in Appendix D.

Fish samples from the four reference streams were also tested for PAHs and PCBs. The
presence of either compound in fish suggests an anthropogenic influence. Background
concentrations were not established for these compounds since they were not detected in the
samples, with the following exceptions. One sample contained the PAH naphthalene, and one
sample contained the PCB Aroclor 1254. Note that in both cases the reported concentrations
were estimated values below the detection limits of comparable test results (refer to Table 4.9-3).

2.3.3.2 Background Radionuclide Concentrations in Fish

The August 1998 Management Plan specified the analysis of fish samples from reference
streams for radionuclides as background samples. However, these streams contained an
insufficient number of fish to provide the sample size (about 2,000 grams) necessary to achieve
reporting limits low enough to detect radionuclide concentrations resulting from world-wide
fallout from atmospheric testing. Accordingly, a consensus was reached in the field to not
collect stream reference samples, rather than deplete streams where there were few fish. Instead,
a background fish sample for radionuclide analysis was collected from Pumphouse Lake (Lake
Aldine), located about 0.8 mile south of the east end of Baker Runway in the Base Camp area.
This sample (CANN-3077-FS) consisted of 11 individual Dolly Varden, ranging in size from 11
to 13.5 inches, with a total sample weight of 3,360 grams. These fish were submitted whole to
the laboratory where they were gutted. The guts and the remainder of the sample were analyzed
separately. Laboratory results for this sample are presented in the following table.
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Background Radionuclide Concentrations in Fish, Pumphouse Lake

U = analyte was not detected at a concentration greater than the detection limit.
J = analyte was present at a concentration greater than the detection limit but

(0.100 pCi/g).

These results provide a basis for comparison for the radionuclide
lake fish samples in this study.

2.4 FIELD PROCEDURES AND METHODS

2.4.1 Field Team Composition

less than the reporting limit

results from other stream and

0

The field crew for the 1998 Drill Site Investigation was divided into four, three-person teams,
each comprised of two geologists, engineers, or environmental scientists (one serving as Field
Team Leader and the other as a sampler) and one UXO Supervisor. The primary role of the
UXO Supervisors was to screen the approach routes and sites for ordnance and explosive waste
(OEW) avoidance. UXO personnel assisted in sampling activities on an as-needed basis. The
fieldwork was directed by an on-site manager and supported by a full-time field chemist and
camp personnel.

Also present in the field during this investigation were Mr. Frank Maxwell of the DOE and Mr.
Mike Murray of IT Corporation as a support contractor to the DOE. Both of these individuals
assisted substantially in the field effort in addition to their role as oversight personnel. Mr. Doug
Dasher of ADEC was also present during the investigation, while working on a separate
sampling project for the state. As time permitted he provided limited oversight for the drill site
investigation.

2.4.2 Documentation

Each field team recorded the details of its reconnaissance and sampling activities in bound field
books, as well as a variety of field forms. Forms were used to record information such as stream
characteristics, water quality parameters, observations of benthic invertebrates, and details of fish
sample collection. Pertinent data have been extracted from this field documentation and

Gutted Fish Fish Guts
Isotope Result’ Detection Fla Result Detection

~ - - ~pCi/g)~ Limit g (pCilg) Limit
Amenczum-241 U 0.000379 ±0.00103 0.0214 U 0.00297 ±0.00423 0.0227
Plutonium-238 U 0.000425 ±0.00843 0.0261 U -0.000609 ±0.00122 0.0134
Plutonium-239/240 U 0.00605 ±0.00951 0.0 184 U -0.000608 ±0.00 122 0.0 134
Cesium-137 J 0.0613 ±0.0575 0.0527 U 0.0600 ±0.0924 0.0640

0
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presented in the various subsections of Section 4.0. Copies of the field notes are presented in
Appendix I, and copies of field forms are presented in Appendix J.

Borings for monitoring wells were drilled at the Aircraft Graveyard. Soil and groundwater
conditions encountered during the drilling of these borings are summarized in logs presented in
Figure 4.10-2, along with the construction details of monitoring wells.

A photographic record was maintained of each site and significant sampling activities. Copies of
photographs of selected sites accompany the discussions of sites in Section 4.0.

2.4.3 Sampling Methodology

The method of sample collection generally followed the procedures outlined in the 1996 Final
Sampling andAnalysis Plan and the 1998 Management Plan and are briefly described below.

2.4.3.1 Mud Pits and Lakes

Most water and sediment samples from the mud pits and lakes were collected from a flat-
bottomed aluminum skiff, with the exception of the mud pits at Drill Sites F and F (which were
not accessible to a skiff). At these drill sites, samples were collected from near shore. The skiff
was decontaminated with a high-pressure, hot-water washer between lakes or mud pits, to reduce
the potential for cross contamination between water bodies.

2.4.3.1.1 Surface Water

All surface water samples from mud pits and lakes were collected prior to collection of the first
sediment sample from a given water body, to prevent the introduction of stirred-up sediment into
the water samples. Samples were collected by using new, unpreserved, laboratory sample
containers as disposable beakers to collect the water prior to pouring it into the appropriate
sample containers for submittal to the laboratory. An exception is that surface water samples for
metals analysis were collected using a peristaitic pump and field-filtered using an in-line 0.45
micron filter. A new section of peristaltic pump tubing was used for each sample. The samples
were collected from approximately 6 inches below the surface of the water. Following the
collection of each surface water sample, the water quality parameters of temperature, pH,
conductivity, dissolved oxygen, and turbidity were measured using a multifunction field meter.

2.4.3.1.2 Sediment

The first activity at each mud pit or lake sediment sampling location (after all water samples
were collected) was to measure the apparent thickness of the drilling mud with a decontaminated
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probe (consisting of an ‘/2-inch-diameter steel rod) and a steel tape measure. The depth of water
at the sampling location was also measured using the probe and tape. In general, if the drilling
mud was less than 1 foot thick, it was sampled using a decontaminated Eckman dredge sampler.
Drilling mud that was greater than 1 foot thick was sampled with either a 2¼-inch or 4-inch
outside diameter (O.D.) hand auger, or a 2-inch inside diameter (I.D.) split-spoon drive sampler
equipped with a butterfly valve in its tip to retain the sample. The samples were collected from
borings that were advanced using the hand auger. Prior to drilling, the borings were cased by
pushing a decontaminated length of 4¼-inch O.D. polyvinyl chloride (PVC) pipe into the
undisturbed drilling mud by hand. The borings were then advanced through the interior of the
pipe using the auger. Due to the stiffliess of the drilling mud, the casing usually could not be
pushed all the way to the base of the drilling mud. However, the mud was generally stiff enough
that the borings stayed open, allowing representative samples to be collected at depth. Prior to
collecting the deeper samples, drilling mud that had sloughed into the hole was removed using
the split-spoon drive sampler (equipped with a butterfly valve).

When two samples of drilling mud were collected at a sampling location, the first sample was
collected from a 1-foot-thick zone at the top of the mud layer, and the second sample was
collected from a 1-foot-thick zone at the bottom of the mud. Once retrieved, the samplers were
placed on fresh plastic sheeting on the floor of the boat and opened. Prior to sample collection
(except as noted below for VOCs), the sample was observed to describe the sampled sediments,
and observations were recorded in the field logbook.

Samples for VOCs (both low- and high-level) were containerized immediately following Q
retrieval of the sampler, using the procedures for field preservatioh and extraction described for
EPA Method 5035 in the August 1998 Management Plan. An alternative sample collection
method was used when the soil sample was too fibrous (such as in some of the peaty lake
sediment samples) for collection using a syringe coring device. In these cases, the samples were
collected using the handle of a single-use sampling spoon. VOC samples were not homogenized.

After the VOC samples were containerized, the remaining sediment was homogenized prior to
placement in the appropriate sample containers. Samples were homogenized by the sampling
crew in the boat using single-use stainless steel spoons and aluminum pans. The procedure for
homogenization is described in Section 6.9 of the December 1996 Sampling and Analysis Plan.

2.4.3.1.3 Mud Pit Volume Estimates

The quantities of drilling mud and surface water in the mud pits were estimated based on field
measurements. The lateral dimensions of the mud pits (essentially the length and width of the
water surface in the mud pits) were measured using a hand-held cloth tape. The depth of surface
water and the thickness of drilling mud were measured at the sampling locations in each mud pit.
These measurements were also made at several additional locations in the relatively smaller and
shallower mud pits where accurate measurements could be made from shore (Rifle Range Road,
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Cannikin Exploratory Hole, Drill Site E, and Drill Site F mud pits). The depth measurements
were made using a combination of steel probing rod, hand auger, and steel measuring tape. The
volume of drilling mud and surface water in each mud pit was estimated by multiplying the
calculated surface area of the mud pit by the average thickness of drilling mud and the average
depth of surface water. The average drilling mud thickness and water depth in each pit was
calculated by averaging all of the thickness and depth measurements made.

Since the mud pit berms were constructed of yielding soil that could not be distinguished from
drilling mud by use of the probing rod, accurate drilling mud thickness measurements could not
be obtained at the edges of the mud pits. Nearer the center of the mud pits, where the samples
were collected, the thickness of the drilling mud was easier to determine using the probing rod,
because bedrock was encountered below the drilling mud at these locations. Reliable thicknesses
of drilling mud generally could not be obtained using the probe near the edges of the pits,
because the mud could not always be distinguished from the earthen berms. Therefore, the
volume calculation method used does not account for the sloping sides of the mud pits and
should produce slight overestimates of mud volume. In the larger mud pits (Cannikin, Long
Shot, and Drill Site D) an attempt was made to account for this overestimation effect by reducing
the calculated volume of mud to account for an assumed berm slope of one vertical to one and
one-half horizontal.

2.4.3.1.4 Fish from Cannikin Lake

The only fish samples collected from lakes were two samples for chemical analysis and three
samples for radionuclide analysis from Cannikin Lake, and a single background sample for
radionuclide analysis from Pumphouse Lake (Lake Aldine). In each case the samples were
composed of multiple fish, and the fish were caught with hook and line.

2.4.3.2 Streams

Prior to the collection of any surface water or sediment. samples from a stream, an initial
ecological reconnaissance was performed of the entire length of the stream. The descriptive data
collected during this reconnaissance were used to designate stream reaches (defined as portions
of the stream with similar physical characteristics and habitat) and select sampling stations
within those reaches. The first ecological stream reconnaissance was performed at Bridge Creek
on August 28, 1998, by both stream sampling teams working together to promote consistency in
reach identification. After that, the two teams separately conducted reconnaissance of streams
assigned to their respective team. No samples were collected until the reconnaissance of a given
stream was complete.

In-stream sampling activities began at the farthest downstream sampling station and proceeded
upstream, to minimize disturbance of a sampling site by upstream activities.
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2.4.3.2.1 Surface Water

Surface water samples were collected from streams prior to sediment sampling to prevent the
introduction of stirred-up sediments into the samples. Samples generally were collected using a
disposable beaker to collect the water prior to pouring it into the sample containers. In some
instances water samples were collected directly into the sample container, taking care to not
aerate the sample or lose or dilute the preservative. Surface water samples for metals analysis
were field filtered using a hand-operated vacuum pump, single-use Erlenmeyer flask, and in-line
0.45 micron filter. A new filter, flask, and tubing were used at each sampling location.

Following the collection of each stream water sample, the temperature, pH, conductivity,
dissolved oxygen, and turbidity were measured using a multiflinction field meter.

2.4.3.2.2 Sediment

Sediment samples for chemical and bioassay analyses were collected by gloved hand; new
gloves were worn at each sample location. Given the loose nature of the sediment, this method
was more practical than the use of tools specified in the Management Plan. Where there was a
sufficient amount of sediment the sample was collected from the top 2 to 4 inches. When the
amount of sediment was limited the required sediment volume was collected from the stream
bottom regardless of depth. The August 1998 Management Plan contained provisions to bias the
selection of sampling locations to those places where drilling mud was observed. However,
sediment resembling drilling mud was only observed at two locations (Falls Creek Station 1 and
Limpet Creek Station 3). At these locations the drilling mud from the uppermost part of the
sediment profile was homogenized with the underlying native sediment prior to placing the
samples in their respective containers.

Stream sediment samples were to be analyzed for VOCs only if the sample exhibited elevated
headspace gas concentrations based on field screening with a photoionization detector (PID). In
practice, it was found that headspace screening was not reliable due to interference from the high
levels of organic material and high moisture content of the sediment samples. Therefore, the
screening of sediment was discontinued. In accordance with the default prescribed in the
Management Plan, the fourth sediment sample up from the mouth (Station 2) was generally
analyzed for VOCs in most streams.

Sediment samples were collected by scraping any loose vegetation away from the sample
location and scooping the sediment into a clean, disposable foil pan. The sediment in the foil
pan was mixed thoroughly with a stainless steel spoon. The appropriate containers were filled
for chemical analyses, and then two liters of sample were containerized for the bioassay sample,
as required. Since oxygenation of the sample would alter the SEM to AVS ratio, the AVS/SEM
sediment sample was kept as intact as possible; this sample was not homogenized. Samples for
this analysis were collected by pushing the sample container into the in situ sediment, taking care
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to fill the sample container as completely as possible. Similarly, samples for VOC analysis were
collected directly from the in situ sediment using a syringe with a plunger to place sediment
directly into preservative and minimize exposure, in accordance with the procedure specified in
EPA Method 5035.

2.4.3.2.3 Benthos

Benthic macroinvertebrate (BMI) sampling in a given stream was performed after the collection
of water, sediment, and fish from that stream. Sampling was conducted in general accordance
with the rapid bioassessment approach outlined by the USEPA (1998) for multiple habitat
streams. Sampling began at the downstream end of the sampled section (approximately 300 feet
long) and proceeded upstream. A total of 20 kicknet samples were taken over the length of the
stream sampling section. For each sample the sediment immediately upstream of the open net
was agitated by kicking to disturb and collect BMI samples. For less accessible habitat, some
samples were collected by repeatedly jabbing the net against the sediment, for instance, of a
vertical or undercut stream bank. The different types of habitat present within the sampling
section were sampled in rough proportion to their representation of surface area of the total
macroinvertebrate habitat. The netted material was rinsed with stream water to remove fine soil
particles. Large debris that would not fit into a sample container, such as rocks or clumps of
moss, were removed after rinsing and inspecting for organisms.

Rinsed samples were placed, without sorting individual organisms from detritus, into 2-liter
plastic containers and preserved with a formalin solution. Sorting of these samples was
conducted in the laboratory. However, at Clevenger Creek (the first stream to be sampled for
benthics) and Reference Stream 1 individual organisms were hand-picked from nets in the field
with forceps and placed in preserved containers. This procedure was abandoned as too time-
consuming and inefficient.

2.4.3.2.4 Fish

Following reconnaissance of all of the drill sites and reference streams, it was concluded that fish
sampling would be restricted to resident Dolly Varden. This approach was taken to minimize
variables in fish population and focus on fish restricted to the island that could not have been
exposed to contamination from elsewhere. In general, any fish over 8 inches was considered a
potential sea-run fish. The resident Dolly Varden were identifiable by their darker coloration
and smaller size compared to sea-run Dolly Varden. The sea-nm fish were typically brighter in
color.

Fish samples from the streams were collected at least 24 hours or more after water and sediment
samples had been collected. Benthic samples were collected shortly after the fish. Samples were
collected beginning downstream and working upstream, both in terms of stations and within each
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station sampling area. Working downstream not only would have disturbed sediment
significantly, but would have allowed fish to escape downstream ahead of the sampling team.
Sampling areas for benthos and fish were separated such that undisturbed portions of the stream
were available for collecting BMI after fishing was complete.

Fish samples were collected from most streams using a backpack-type electroshocking device
and landing nets. Minnow traps were used in a few instances to avoid electroshocking where
salmon were observed. Most of the electroshocking was conducted using a Coffelt generator-
powered backpack electroshocker with CPS circuitry. This circuitry significantly reduces the
mortality of shocked fish by decreasing the pulse frequency and providing the most effective
electrical wave. This technology appeared to be effective in that nontarget fish such as sea-run
(anadromous) Dolly Varden were released alive and were able to maintain equilibrium and
swim. On the few occasions when two teams were required to be electroshocking at the same
time a Smith-Root battery-powered electroshocker also was used. After collection, fish were
killed and stored on ice in the field until they could be returned to the camp and frozen. Most
fish for radionuclide analysis were gutted before freezing. Fish for chemical analysis were
frozen whole.

Samples totaling 300 grams, minimum, were attempted in all cases (excluding radionuclide
samples which were 900 grains). However, in several locations either no fish or few fish were
available. Consequently, samples were either not obtained or were smaller than desirable. These
locations are noted in Section 4.0 for each site.

All fish sampling was conducted in accordance with the scientific collection pennit issued h> the
Alaska Department of Fish and Game to collect fish from Amchitka Island streams. JNj

2.4.3.3 Aircraft Graveyard

Sampling for PCBs at the Aircraft Graveyard included groundwater sampling from tv’u

temporary monitoring wells and surface water and sediment sampling from a small stream ths
drains the site. The monitoring wells were installed in borings advanced with a 4-inch O.D hand
auger and were constructed from 2-inch ID. PVC pipe with machine-slotted well screens. When
caving conditions in the hole did not prevent it, a filter pack consisting of 10- to 20-mesh sand
was installed around the screen. The wells were left in place for possible future sampling. V~ ci!
construction diagrams are presented in Figure 4.10-2.

The wells were developed to the extent possible prior to groundwater sample collection using a
disposable bailer. The development was perfonned in order to collect water samples that were
relatively free of sediment and would reflect only dissolved concentrations of COPCs. without
requiring the sample to be filtered. Groundwater samples were collected using a disposable
bailer.

Surface water samples at the Aircraft Graveyard were collected using a new, unpreserved
laboratory sample container as a disposable beaker to collect the water, which was then
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transferred to the sample containers for submittal to the laboratory. Care was talcen to avoid

fl disturbance of sediments at the sampling location. Surface water samples were collected prior tocollecting the associated sediment sample at a given location for the same reason. Surface water
samples were not filtered. Sediment samples were collected with a single-use stainless steel
spoon and placed directly into the sample container.

2.4.4 Site Location Surveys

The locations of the stream stations from which samples were collected during the 1998 Drill
Site Investigation were plotted on maps by the field crews as the samples were collected. In
addition, station coordinates were determined during the field work using hand-held GPS
receivers. These instruments typically have an accuracy of about ± 100 feet. Latitude and
longitude for these sample locations are tabulated within the various subsections of Section 4.0
that describe the stream sampling. The basis for control of these coordinates is the North
American Datum of 1983 (NAD83). Because of the lower reliability of elevation measurements
made using hand-held GPS receivers, sampling station elevations were not based on GPS
measurements. Instead, elevations were interpolated from contours on existing topographic
maps.

At mud pits and lakes, sample locations were documented by measuring from adjacent shorelines
at right angles. These measurements are the basis for the sample locations shown in the figures
within the various subsections of Section 4.0 that describe mud pit sampling.

2.4.5 UXO!OEW Avoidance

A UXO Supervisor subcontracted from EcoMunition, Inc., accompanied each field team. The
primary duty of the UXO Supervisor was to ensure the safety of the field team members from
unexploded ordnance. They also assisted with reconnaissance and sampling activities. No UXO
was discovered in the vicinity of any of the drill sites or streams that were investigated for DOE
during 1998. Numerous antipersonnel spikes (Rommel stakes) were detected, located, and
flagged to alert people to their presence.

2.4.6 Equipment Decontamination

All reusable sampling equipment was decontaminated prior to field activities and between use at
sample locations. Equipment such as stainless steel sampling spoons, sample containers,
disposable aluminum pans for sample homogenization, and disposable bailers were considered
single-use items and did not receive additional decontamination.

Reusable sampling tools that came in contact with the samples, such as the split-spoon drive
sampler, were decontaminated prior to each sampling attempt. Decontamination procedures for
these items consisted of:
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• Tap water rinse
• Wash and scrub in diluted laboratory-grade detergent, such as Liquinox®
• Tap water rinse
• Isopropanol rinse
• Hexane rinse
• Isopropanol rinse
• Air dry (disposable paper towel dry, if necessary)
• Distilled water rinse
• 10% Nitric acid rinse
• De-ionized water rinse

Decontamination wash and rinse water were discharged to the ground surface (with the
exception of the water used following the nitric acid rinse). Used isopropanol, hexane, and nitric
acid were collected in 5-gallon buckets. These used fluids were then allowed to evaporate. No
disposal of decontamination fluids was required.

2.5 FIELD QUALITY CONTROL

Quality control was maintained during the field portion of this project by:

• the use of trained and experienced personnel,
• selection of representative sampling locations,
• adherence to standard sample collection and handling procedures described in the Q

Corps 1996 Final Management Plan and the DOE August 1998 Management Plan,
• oversight of the field work by a senior RI Task Manager who was present in the

field, and
• the collection and analysis of field QC samples.

A discussion of the field modifications to the activities and procedures described in the August
1998 Management Plan is presented in Appendix A.

Field QC samples are used to assess the influence of sampling procedures, equipment, and
handling on the reported results. They are also used to characterize matrix heterogeneity. The
goal was to collect field QC samples at a rate of at least 10 percent of the project samples
submitted for analysis. They included:

• Duplicate samples: Field duplicates are samples collected from the same location as
the original samples and submitted to the project laboratory as “blind” samples, to
provide a check that the data generated by the laboratory is of suitable quality. Field
duplicate samples were collected simultaneously or sequentially to the project
samples, using identical sampling techniques, and treated identically during
transportation and analysis. Duplicate samples were collected both from areas where
visual evidence of contamination was present and where no contamination was

Th
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expected. Duplicate samples were generally analyzed for the same suite of analytes
being tested in the associated project samples. Nine sediment, five surface water, and
three fish tissue field duplicate samples were analyzed during the 1998 Drill Site
Investigation.

Equipment blanks: Equipment or rinsate blanks consisted of ASTM Type II water
that was collected after it had been poured over or through decontaminated sampling
equipment, as a check on decontamination procedures. Two equipment blanks were
collected from the hand auger during its use to collect drilling mud samples from the
mud pits. Equipment blank samples were analyzed for DRO, PARs, and metals.

• Trip blanks: Trip blanks consisted of laboratory-prepared, organic-free water samples,
which were stored and transported with water samples scheduled to be analyzed for
volatiles, to test for possible cross-contamination by volatile compounds. Trip blanks
were analyzed for VOCs. Eight aqueous trip blanks were analyzed during the 1998
Drill Site Investigation.

• Method 5035 Trip blanks: Soil samples for volatiles analysis that are field extracted
by EPA Method 5035 are transported in vials filled with an aqueous sodium bisulfate
solution (low level samples) and methanol (high level samples). Trip blanks for this
method consisted of laboratory-prepared, aqueous sodium bisulfate samples. and
laboratory-prepared methanol samples; both were stored and transported with soil
samples scheduled to be analyzed for volatiles, to test for possible cross-contamination
by volatile compounds. These trip blanks were analyzed for VOCs by the appropriate
correspondrng method (low level or high level), depending on which analyses “etc
ultimately performed on the project samples. Three sodium bisulfate and three
methanol trip blanks were analyzed during the 1998 Drill Site Investigation.

In accordance with the August 1998 Management Plan, triplicate samples were not analyzed as
part of the 1998 Drill Site Investigation.

A discussion of field QC based on the analysis of the QC samples described above is presented
in Appendix C of this report.
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TABLE 2-.!
SUMMARY OF FEATURES SAMPLED AT EACH SITE

1~S.U ~ ~*Num~r.of Features Sampl~
Site - - Mud Pits Lakes Streams

Drill Site E 2 0 I
Drill Site F 1 0
DrilISiteD 3 I
MPl4Lake o V 0
MPl3Lake 0 0

Cannikin 3 1
LongShot 2’ 0 3

Milrow 0 1
Rifle Range Road 1 0 0

Lowland Reference 0 0 2
Upland Reference 0 0 2

Totals 12 5 12

a Milepost 14 Lake was found to contain no drilling mud; no samples were analyzed

Milepost 13 Lake was found to have been backfilled; no samples were collected
Three or four original small mud pits at Long Shot currently appear as only two pits
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TABLE 2-2
SUMMARY OF ANALYSES BY MEDIA

Mnd~::.~ ~r~Mudz~$~ .~ . . Reference Reference :Refereno&~

S - L Stream Stream Fish
Analysis ,.PitlLake 1Pitlliakec Stream Stream Stream

-- - Sediment ~Water Tissue
~ - . SediinenL ~-Water - - Sediment Water Fisk —

DRO X X X X X X
PAHs X X X X X X
VOCs X X X X
Metals X X X X X X X
PCBs X X x
TOC X X
AVS/SEM X X
Lipids
Invertebrates!
Bioassay
Radionuclides X.’

‘ PCBs were analyzed in sediment only from Cannikin Lake, selected mud pits at Cannikin and Drill Site D, and
selected streams.

2 Two fish tissue samples from Cannikin Lake and four other samples selected from streams (including one

reference stream) were analyzed for lipids.
‘ Fish from the three test site streams and two lowland reference streams were to be analyzed for radionuclides;

however, sufficient fish were not available except in Cloudberry Creek at Long Shot and White Alice Creek at
Cannikin. Fish from Cannikin Lake, and from Pumphouse Lake for background, also were analyzed for
radionuclides.
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0 0 0
TABLE 2-3

SUMMARY OF 1998 DRILL SITE SAMPLING

:~~~ ~~jjjJjr ~P,pli~ ff~
~ ‘r’ f~c ~‘ ~ ~J GRO~fQRO’ I QC*~’’~?AI{~,4 i$~cDB~11IAyS/~EM Ii~1etals. I TOC~I Rad~I “Lipids

Surface Water 3 3 3 3
Heart Lake

Sediment 5 5 5 5
Milrow Surface Water 5 5 5 5

Clevenger Creek Sediment 5 1 5 5 5 5
Fish 3 3 3

Rifle Range
Mud Pit Sediment 3 3 3 3Road

. Surface Water 6 6 6 6
Mud Pits Sediment 12 12 12 12

Surface Water 5 5 5 5
Bridge Creek Sediment 5 I 5 5 5 5

Fish 2 2 2
Rainbow Creek Surface Water 5 5 5 5

Long Shot Sediment 5 I 5 5 5 5
Fish I I 2

Surface Water 5 5 5 5

Cloudherry Creek Sediment 5 I 5 5 5 5

Fish ~3 3 3
Reed Pond Surface Water 2 2 2 2

Sediment 2 2 2 2
. Surface Water 7 7 7 7

Mud Pits Sediment 10 10 10 10 10
Surface Water 3 3 3 3 3

Cannikin Lake Sediment 3 3 3 3 3 3Cannikin Fish 2 2 2 6 2

Surface Water 5 5 5 5

White Alice Sediment 5 I 5 5 5 5 5
Fish 5 5 5 2

. SurfaceWater 9 9 9 9
Mud Pits Sediment 24 24 24 15 24

Drill Site D Surface Water 3 3 3 3
Lake Sediment 5 5 5 5
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C 0~ 0TABLE 2-3 (emit.)
SUMMARY OF 1998 DRILL SITE SAMPLING

~“ ~ 1:.:;:i:

~~;th hi ~ ‘~~ b R~ ~~WM gQR9~I~ljQ~,~. ~Yp~*IgM4H~~VI R~BIJ~&V$fSEM~iI ~Met4lsijtI~,,TOc,, j ~Rud JApIds
. Surface Water 5 5

Drill Site 13 Stream Sediment 5 4 5 5 5 5
(cont.) Fish 2 2 2

. Surface Water 3 3 3 3
Mud Pits -Sediment 5 5 5 5

Drill Site F Surface Water 5 5 5 5
Stream Sediment 5 I 5 5 5 5

Fish 3 3 3
. Surface Water 2 2 2 2

Mud Pits Sediment 2 2 2 2
Drill Site E Surface Water 5 5 5 5

Stream Sediment 5 I 5 5 5 5
Fish 3 3 3

Pumphouse Lake Fish 2
Surface Water 5 5

Stream I Sediment 5 5 5
Fish 4 4 4

Surface Water 5 5
Stream 2 Sediment 5 5 5

Reference Fish 3 3 3
Streams Surface Water 5 5

Stream 3 Sediment 5 5 5
Fish . 3 3 3

Surface Water 5 5
Stream 4 Sediment 5 5 5

Fish 3 3 3
Surface Water 3

Aircraft Graveyard Sediment 3
Groundwater 2

Numbers of analyses are project samples only, and do not include duplicates, trip blanks, or rinsates.
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TABLE 2-4
VOLATILE ORGANIC COMPOUNDS, METHOD SWS26OB

1,1,1 ,2-Tetrachloroethane Bromoform
1,1,1 -Trichloroethane Bromomethane
I, 1,2,2-Tetrachioroethane Carbon disulfide
1,1 ,2-Trichloroethane Carbon tetrachloride
I, 1-Dichloroethane Chlorobenzene
1, 1-Dichloroethene Chloroethane
1,1 -Dichloropropene Chloroform
1,2,3-Trichlorobenzene Chioromethane
I ,2,3-Trichloropropane Cis-I ,2-Dichloroethene
I ,2,4-Trichlorobenzene Cis-I ,3-Dichloropropene
I ,2,4-Trimethylbenzene Dibromochloromethane
I ,2-Dibromo-3-chloropropane Dibromomethane
I ,2-Dibromoethane Dichiorodifluoromethane
I ,2-Dichlorobenzene Ethylbenzene
1,2-Dichioroethane Hexachlorobutadiene
I ,2-Dichloropropane Isopropylbenzene
I,3,5-Trimethylbenzene m,p-Xylene (Sum of Isomers)
I ,3-Dichlorobenzene Methylene chloride
I ,3-Dichloropropane n-Butylbenzene
I ,4-Dichlorobenzene n-Propylbenzene
2,2-Dichloropropane Naphthalene
2-Butanone o-Xylene
2-Chlorotoluene Sec-Butylbenzene
2-Hexanone Styrene
4-Chlorotoluene Tert-Butylbenzene
4-Isopropyltoluene Tetrachioroethene
4-Methyi-2-pentanone Toluene
Acetone Trans-I ,2-Dichloroethene
Benzene Trans-I ,3-Dichloropropene
Bromobenzene Trichloroethene
Bromochloroniethane Trichiorofluoromethane
Bromodichloromethane Vinyl chloride
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TABLE 2-5
POLYCYCLIC AROMATIC HYDROCARBONS, METHOD SW8270C SIM

/

- — rAnalyte

Acenaphthene
Aeenaphthylene
Anthracene
Ben zo (a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
BenzoQc)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(I,2,3-ed)pyrene
Naphthalene
Phenanthrene
Pyrene

TABLE 2-6
POLYCHLORIJ1ATED BIPEENYLS AND PESTICIDES, METHOD SW8082

PCB-1016 (Aroclor 1016)
PCB-1221 (Aroclor 1221)
PCB-1232 (Arocior 1232)
PCB-1242 (Aroclor 1242)
PCB-1248 (Aroclor 1248)
PCB-1254 (Aroclor 1254)
PCB-1260 (Aroclor 1260)
PCB-1262 (Aroclor 1262)
PCB-1268 (Aroclor 1268)
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TABLE 2-7
METAL COPCs ANALYZED DURING 1998 DOE DRILL SITE INVESTIGATION

Method Analyte

SW6020 Aluminum

SW6020 Arsenic
SW6020 Barium
SW6020 Beryllium
SW6020 Boron
SW6020 Cadmium
SW6OIOB Calcium
SW6020 Cerium
SW6020 Cesium
SW6020 Chromium
SW6020 Cobalt
SW6020 Copper
SW6O lOB Iron
SW6O2O Lithium
SW6O 108 Magnesium
SW6020 Manganese
SW6020 Molybdenum
SW6O2O Nickel
SW6O 108 Potassium
SW6020 Selenium
SW6020 Strontium
SW6020 Thallium
SW6020 Thorium
SW6020 Titanium
SW6020 Uranium
SW6020 Vanadium
SW6020 Zinc
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COMPARISON CRITERIA FOR CHEMICALS IN SURFACE WATER
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C. 0 0

ADEC Groundwater Cleanup Standards, 18 AAC 75, as amended through January 22, 1999. Note Ihat in accordance with IS AAC 75.325(g), cumulative risk ceiling provisions may
result in more stringent cleanup levels in the event of multiple contaminants that impact the sante pathway.
Drinking water scenario health risk-based screening concentrations (HRBSCs) from EPA Region Ill Risk-Based Concentration table, April 1999.
USEPA National recommended Water Quality Criteria, Federal Register, December 10, 1998 (63 FR 68354-68364).
ADEC, Water Quality Standards, 18 AAC 70. March I, 1998; All values presented are based on no observed effect levels (NOELs) unless otherwise notcd.
The concentration shown is an tipper tolerance limit (UTL) unless otherwise noted. See Appendix D of this report ror a description of (lie calculation orbackgroLlnd concentrations.
Denotes a toxicity test based on a lowest observed effects level (LOEL), which is not applied by ADEC but is provided as a reference value to be considered.
TIns value was based on a LOEL for halomethanes as a group.
The concentration shown is (lie maximum detected concentration in upland strewn background samples.
The concentration shown is the maximum detected concentration in lowland stream background samples.
Hardness-dependent value.
The dissolved metals criterion is shown.
Total aqueous hydrocarbons, defined (ADEC, 1998) as the stun of the BTEX constituents and 16 individual PAH conipotmds, is not to exceed IS ugIL.
Total aromatic hydrocarhons, defined (ADEC, 1998) as the sum of the concenlrations of the various BTEX constituents, is not to exceed 10 ugIL.
Ecological risk-based screening concentration selected by IT Corp. for this project; national recommended water quality criteria.
Ecological risk-based screening concentration selected by IT Corp. for this project; USEPA Tier II secondary chronic values.
Ecological risk-based screening concentration selected by IT Corp. for this project; ESEPA Region IV chronic screening values, based on Region IV Water Management Division, Water
Quality Standards Unit, Screening List.
Derived from data for arsenic Ill, but applied here to total arsenic, which might imply that arsenic III and arsenic V are equally toxic to aquatic lire and that their toxicity’s are additive.

TABLE 2-8 (Contj
COMPARISON CRITERIA FOR CHEMICALS IN SURFACE WATER

Notes:

A

B
C
D
E
F
0
II

J
K
L
M
N
0
P

Q
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C o~ 0
TABLE 2-8 (Cont.)

COMPARISON CRITERIA FOR CHEMICALS IN SURFACE WATER

R Tile value was calculated by converting the previous 304(a) aquatic life criteria for total recoverable metal to dissolved metal; see Office of lt’ater Policy and Technical Guidance on
Interpretation and Implementation ofAquotic Ljfe Metals (‘riteria, 40 CFR 131 .36(b)( I), Oct. I, 1993.

S IVoter Quality Criteria Documentsfor the Protection ofAquatic Lf,fe in Ambient Water, EPA-820-B-96-0 II, September 1996.
T Hardness dependent; presented value based on hardness of IOU mg/L
U When dissolved organic carbon concentration is elevated, copper is substantially less toxic; use of Water-Effect Ratios might be appropriate.
V Presented criterion is based on total recoverable metal; conversion factor of 0.922 used in the GLI could be used to convert this to dissolved metal.
W Hardness dependent; Region IV values are based on 100 mg/L hardness
X Calculated using the Great Lakes Water Quality Initiative Tier II methodology (USEPA. 1995).

ADEC Alaska Department of Environmental Conservation
AWQC Ambient Water Quality Criteria
EPA Environmental Protection Agency
ND Non-detect
ug/L Micrograms per liter
WQS Water quality standard
— Indicates that a value is not available

Shaded cells indicate exceedance of comparison criteria. For inorganics, cells are shaded only if maximum concentration also exceeds 1998 background concentrations.
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TABLE 2-9

COMPARISON CRITERIA FOR CHEMICALS IN SEDIMENT

0

C
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C-

SECTION 2.0 SITE INVESTIGATIONS
U.S. Army Corps of Engineers, Alaska District
Amehilka Island, Alaska

DOE 1998 SITE CHARACTERIZATION REPORT X-0926-04



SECTION 2.0 SITE INVESTIGATIONS
115. Army Corps of Engineers, Alaska Disirict
Arnehilka Island, Alaska

0 0
TABLE 2-9 (Cont.)

COMPARISON CRITERIA FOR ChEMICALS IN SEDIMENT

Revision No. 0
Dale: 9/30/99

Page 2-43

X-0926-04DOE 1998 SITE CHARACTERIZATION REPORT



C’ 0 0
TABLE 2-9 (Cont.)

COMPARISON CRITERIA FOR CHEMICALS IN SEDIMENT

Notes:
A ADEC soil cleanup standards, most stringent (generally migration to groundwater) pathway, under 40 inch precipitation zone, IS AAC 75 as amended through JaiiLIaTy 22, 1999. Nob

that in accordance with IS AAC 75.325(g), cumulative risk ceiling provisions may result in more stringent cleanup levels in the event of multiple contaminants that impact (he same
pathway.

B Residential soil scenario health risk-based screenhig concentrations (lIRBSCs) front (iS. Environmcnlal Protection Agency (EPA) Region Ill Risk-Based Concenlration table. April
1999.

C Sum of individLial PCB compounds
D The concenlration shown is an tipper tolerance limit (UTL) unless otherwise noted. See Appendix I) oltlus report for a description of (lie calcLilation of backgroLind concentrations.
13 This metal was not detected in a sufficient nuniberof reference stream samples to allow calculation of a valid UTL, or (lie distribution of results was not appropriate for (lie calculation

of a mcaninglitl UTI.. The concentration shown is the maximum detected concentration in the appropriate backgroLlnd samples.
F Ecological risk-based screening concentration selected by IT Corp. for (his project; threshold effects concentration from EPA 1996 Assessment and Remediation of Contaminated

Sediments Project. Calculation and Evaluation ofSediment Effect Concentrationsfor the Aniphipod Hvalel!a azteca and the Midge Chirono,nous riparius. EPA 905-R96-008, Great
L.akes National Program Office, 1996.
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U 0 0
TABLE 2-9 (Cont.)

COMPARISON CRITERIA FOR CHEMICALS IN SEDIMENT

G Ecological risk-based screening concentration selected by IT Corp. for this project; lowest effect level from Ontario Ministry of Environment and Energy, Persaud, et. al., Guidelines
for the Protection and Management ofAquatic Sediment Quality in Ontario, 1993.

H Ecological risk-based screening concentration selected by IT Corp. for this project; EPA Region IV, Ecological Screening Valuesfor Sediments, 1995.
I Ecological risk-based screening concentration selected by If Corp. for this project; OSWER Ecotox Thresholds, ECO Update 3(2): 1-12, 1996.

Ecological risk-based screening concentration selected by IT Corp. for this project; sediment quality criteria derived by equilibrium partitioning. From Jones, et. al., Toxicological
Benchmarks for Screening Contaminants of Potential L’oncern for Effects on Sediuzent Associated Biota, assuming 1% total organic carbon. Site-specific TOC values for samples
where organic compounds were detected are 1.2% and greater.

K Total PCBs

mg/kg milligrams per kilogram
ND non-detect
- Indicates that a value is not available

Shaded cells indicate exceedance of comparison criteria. For inorganics, cells are shaded only if maximum concentration also exceeds 1998 background concentrations.
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TABLE 2-10
COMPARISON CRITERIA FOR CHEMICALS IN FISH

(concentrations in mg/kg, wet weight basis)

- EPA Region litFish EPA Fish Tissue Lowest Avian

~, ~ ;Cousn~ptiowRSC Screening Values Adi ~ LOAEL•2 - -= -~ 2 (aJ (b) Levis Benchmark(e)

~. - — ~~mg~k2j (mgfkg) (mg/kg)

Polycyclic Aromatic Hydrocarbons
Total PARs - 0.01 - -

Naphthalene 27.0 - - -

Polychiorinated Biphenyls
Total PCBs 0.0016 0.01 - -

Aroclor 1254 0.0016 - - 9.0
Aroclor 1260 0.00 16 - - -

Metals

Aluminum 1,400 - - 88
Arsenic (inorganic) 0.0021 3.00 - 15
Barium 95 - - 82
Boron 120 - - 197

Cadmium-food 1.4 10.0 3.0 39
Calcium - - - -

Cerium - - - -

Cesium - - . - -

Chromium - - 12.0 -

Chromium III 2,000 - - TO
Chromium VI 4.1 - - NDA
Cobalt 81 - - -

Copper 54 - - 120
Iron 410 - - -

Lithium 27.0 - - -

Magnesium - - - -

Manganese - food 190 - - I,96’7d
Molybdenum 6.8 - - 70
NTickeI 27.0 - 70.0 211

Potassium - - - -

Selenium 6.8 50.0 - 2.0
Strontium, stable 810 - - -

Thallium 0.095 - - -

Thorium - - -

Titanium 5,400 - - -

Vanadium 9.5 - - 2.,d

Zinc 410 - - 260
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TABLE 2-10 (Cont.)
COMPARISON CRITERIA FOR CHEMICALS IN FISH

(concentrations in mg/kg, wet weight basis)

a Based on target risk level of lx10~ for carcinogens and an HQ of 1.0 of noncarcinogens; assumes a fish ingestion rate of 54
grams/day (EPA, 1999)

b EPA fish tissue screening values are concentrations of target analytes in fish or shellfish tissue that are of potential public
health concern and that are used as standards against which levels of contamination in similar tissue collected from the
ambient environment can be compared. (EPA, 1995) assumes a fish consumption rate of 6.5 grams/day and a target risk
level of lx10~5 for carcinogens and an HQ of 1.0 of noncarcinogens.

c Based on fish ingestion by piscivorous birds (Sample et al., 1996)
d NOAEL value
HQ -

LOAEL - lowest observed adverse effect level
NOAEL - No observed adverse effect level
mg/kg — milligram per kilogram
EPA, 1999— Region III!. Risk Based Concentrations Table, April
EPA, 1995 — Guidance for Assessing Chemical Contaminant Data for use in Fish Advisories. Volume I. Fish Sampling and

Analysis, Second Edition
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3.0 ENVIRONMENTAL SETTING

3.1 PHYSJOGRAPJIY

Amchitka is approximately 42 miles long and generally 3 to 4 miles wide, with elevations
ranging from sea level to about 1,200 feet. The sites investigated during the 1998 Drill Site
Investigation are located in the central third of the island, at elevations ranging from about 125 to
500 feet (Figure 2-1). The Bering Sea lies to the north of island and the Pacific Ocean to the
south. Deep ocean passes, Amchitka Pass and Oglala Pass, lie off the eastern and western
shores.

The island’s coastline consists predominantly of sea cliffs and steep bluffs capped by grassy
slopes. Beaches are present along the coast in some areas and usually consist of narrow,
discontinuous belts of sand, gravel, and cobble deposits that extend along the shore up to several
hundred feet. Constantine Harbor, on the northern side of the east end of the island, is the only
natural harbor. Most of the island is fringed by a narrow (up to 100 feet wide) wave-cut, bedrock
bench. This bencb lies within the intertidal zone and experiences the erosive action of waves
during stormy periods.

The eastern end of the island, from East Cape to Kirilof Point, has inland elevations of up to 230
feet. This area is characterized by gently rolling topography, many shallow ponds with few
drainage connections, and narrow streams that are partially concealed by the abundant surface
vegetation.

The central portion of the island, from Kirilof Peninsula to Chitka Point (where DOE/AEC drill
sites are located), has inland elevations up to 650 feet near Chitka Point. The average elevation
rises towards the northwest.. The three test sites are about 100 to 200 feet above sea level, while
the drill sites are at 300 to 500 feet above sea level. A better developed surface water drainage
system, fewer ponds, and patches of bare bedrock forming relatively high ridges characterize this
portion of the island. The broad upland region between Banjo Point and Kirilof Peninsula is
thought to be a wave-cut terrace from a time when ocean levels were higher.

The west-central portion of the island, from Chitka Point to Midden Cove, is mountainous, with
elevations to 1,200 feet. Steep sea cliffs form most of the coastline. This region is highly
dissected by stream valleys and postglacial features including U-shaped valleys. cirque basins,
and bare bedrock ridges resembling arêtes.

The westernmost 3 miles of the island is a barren, windswept rocky plateau with elevations to
800 feet. At Bird Cape, the western tip of the island, the surface elevation averages about 100
feet, and the bedrock is mantled by a veneer of sand dunes partially stabilized by a lush cover of
grass.
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3.2 METEOROLOGY Q
Amchitka is characterized by a pronounced maritime climate. In general, weather in the outer
Aleutian Islands is the result of migratory, large-scale pressure systems and their associated
fronts that pass along the North Pacific storm track (Armstrong, 1977).

Daily and annual fluctuations in temperature are minimal on Amchitka due to the moderating
affect of the surrounding seas. Between March and December the mean daily high and low are
36 degrees Fahrenheit (°F) and 23°F, respectively. From April to November the mean daily high
and low are 45°F and 39°F, respectively. August is the warmest month, with a mean temperature
of 48°F. January is the coldest month, with a mean temperature of 31°F. The mean daily
temperature range is 7°F, and the annual range of the mean daily temperature is 17°F.

The mean annual precipitation on Amchitka is 33 inches, which includes approximately 71
inches of snow. Some form of precipitation is experienced 20 percent or more of the time in all
months. Rain and snow are common between December and April; whereas rain and fog are
most common between May and November. Low clouds cover the skies between 50 percent and
90 percent of the time. Low ceilings and fog occur with the greatest frequency in the summer
months and often persist for days at a time. Advection fog is common during this period,
resulting from relatively warm, moist air flowing over the cooler ocean surface.

According to Armstrong (1977), there is no prevailing wind direction on Amchitka, although
during the summer months the winds are generally out of the southwest. The mean wind speed (Th
between December and February is 30 miles per hour; from March to May. 26 miles per hour;
from June to August, 22 miles per hour; and between September and November, 27 miles per
hour. The wind is calm less than 1 percent of the time. The maximum recorded wind velocity
on Amchitka is 115 miles per hour.

The meteorological statistics described above were collected by the Army and the AEC on the
low, eastern end of the island, and according to Armstrong (1977), are not directly applicable to
the higher western end of the island. In general, at the higher elevations in the western third of
the island, weather conditions can be expected to be more extreme than the eastern end, with
elevated precipitation levels, greater temperature variations, and more severe storms (Armstrong,
1977). Also, when the eastern end of the island is experiencing low cloud cover, the higher
western third of the island is often experiencing heavy fog.

3.3 GEOLOGY

The Aleutian Islands are an arcuate chain of volcanoes that extends from the Gulf of Alaska to
the Kamchatka Peninsula of Russia. The Aleutians are the exposed part of a large, undersea
mountain system that has developed on the leading edge of the North American plate from
volcanic eruptions over the last 20 to 30 million years. Many volcanoes in this system are active,
and the island arc is subjected to relatively intense seismic activity. Amchitka Island has no
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active volcanoes. The geology of Anichitka as it pertains to this investigation is briefly
summarized below. More detailed accounts are presented in Powers and others (1960) and Gard
(1977 and 1980).

Amchitka apparently formed in early Tertiary time (roughly 50 million years ago) as a result of
tectonic uplift and deposition of volcanic flows and marine sediments collectively known as the
Amchitka Formation. These strata underlie the easternmost part of the island, east of St.
Makarius Bay.

A major period of marine sedimentation followed deposition of the Amchitka Formation in Late
Eocene to Early Oligocene time (30 to 40 million years ago), resulting in deposition of the Banjo
Point Formation. This formation is exposed between Petrel Point and the zero-mile marker on
Infantry Road (thus encompassing the Mifrow, Long Shot, and Cannikin sites), with the best
exposures along the coast. The Banjo Point Formation is of at least 3,100 feet thick. It consisted
primarily of turbidites derived from the weathering and erosion of nearby basaltic lavas along the
flanks of subaerial volcanoes. These turbidites include breccias, conglomerates, sandstones, and
mudstones. Submarine lavas are a minor component of the Banjo Point Formation near its base.

During Middle and Late Miocene (5 to 15 million years ago) the central and westem Aleutians
experienced widespread uplift, erosion, and shallow intrusive igneous activity. This period of
tectonism is recorded in the White House Cove and East Cape plutons and a series of northeast-
trending normal faults that cut across the island. Extensional faulting resulted in two northeast

~ trending cross-island grabens. One, referred to as Constantine graben, extends from Constantine
~ j Harbor southwestward to St. Makarius Bay. The other, referred to as South Bight graben,

extends across the island from North Bight to South Bight. The initiation of the faulting that
formed these grabens is inferred to have occurred in Middle to Late Miocene based on the age of
the other extensional faults on the island. These graben-bounding faults remained active at least
until the last glaciation of the island, which is believed to have been about 10,000 years ago.

Andesitic lavas, laharic breccias, bedded tuffs, and minor volcaniclastic sedimentary rocks of the
Chitka Point Formation record the second major episode of volcanism in Middle to Late
Miocene time. These strata were interpreted by Gard (1977) to represent the eroded remnants of
a subaerial stratovolcano.

Most of the island has a thin, discontinuous veneer of unconsolidated sediments overlying the
volcanic and volcaniclastic bedrock. These sediments consist largely of Pleistocene glacial till
and outwash sands and gravels. Within the grabens, however, relatively thick sequences of
unconsolidated sediments are preserved. More than 320 feet of Pleistocene lacustrine and
marine sediments have been preserved in South Bight graben. The character of the sedimentary
fill within Constantine graben is not as well known as that in South Bight graben, but probably
consists of at least “several tens of meters” of Pleistocene sediments (Merritt, 1977). Coats
(1947) estimated that the bedrock surface has dropped approximately 130 feet along the north
side of the graben.
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Minor accumulations of Holocene eolian sand deposits are present at scattered locations along
the coast. Small, semiactive sand dunes are present at South Bight. and more extensive dune
deposits are located at the northwestern end of the island at Bird Cape (Merritt. 1977).

3.4 SOILS

Amchitka’s maritime climate, with cool temperatures, abundant precipitation. and low
evapotranspiration rate, produces a luxuriant blanlcet of mosses, sedges, lichens, and grasses that
covers much of the island, including all but the steepest slopes. This organic carpet and
associated underlying peat layer typically have high water-holding capacities, and the resulting
soils are at or very near saturation year-round. In addition, the volcanic bedrock is highly
susceptible to physical and chemical weathering due to the moist climate and mafic (iron and
magnesium rich) composition of the rocks. These factors, along with variations in topography.
combine to produce both organic and mineral soils.

As part of AEC environmental studies on Ainchitka, Everett (1977) recognized seven different
soil types on Amchitka. Three of these consist largely of organic material (peat) in various
stages of decomposition. Organic soils are present throughout the island, but are most common
in the low-lying eastern part of the island. The remaining four soil types consist largely of
mineral soils with subordinate amounts of decomposed plant material. These mineral soils are
most common in the higher western half of the island.

0
3.5 HYDROGEOLOGY

Amchitka is characterized by a pronounced maritime climate with cool temperatures and
approximately 33 inches of precipitation annually. The climate and the island~s ~olcani~
bedrock combine to support lush tundra vegetation and an underlying highly organic ~nl
Throughout most of the island the surficial soils are at or near saturation year-round. ~ hid~
strongly influences the island’s hydrogeology.

Amchitka is covered with hundreds of small shallow ponds up to 330 feet wide and 10 feet deep
The smaller ponds are considerably shallower, typically ranging from 12 to 20 inches deep
Ponds are most numerous on the eastern two-thirds of the island, where they have de~ eloped
above marine terraces and are confined by thick vegetation and peat (Dudley and others. I 97Th
Fewer ponds are present on the western third of the island, where they typically occupy bedrock
depressions. Relatively little is known about the characteristics of the ponds on the western third
of the island.

Many of the ponds at lower elevations on the eastern half of the island are closely spaced. and
drained through networks of poorly defined streams. The bottoms of the larger ponds are
variable in sediment characteristics and usually include one of the following: up to 12 inches of
floc (suspension of low-density detrital organic material) over gravel, organic silts over gravel,
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or clean gravel. The bottoms of most smaller ponds are usually composed of peat or fine
sediment covered with floe (Everett, 1977). Many closely-spaced ponds have water levels that
differ by 1.5 feet or more, indicating the presence of low-permeability sediments at the bottom of
the ponds and reduced hydraulic communication with the shallow water-bearing zone.

During the 1998 Drill Site Investigation, reconnaissance and sampling were performed along the
lengths of twelve streams. These streams typically averaged 1 to 3 feet in width. Water depth
averaged 4 to 12 inches, although pools up to 5 feet deep were observed. Gradients ranged from
about 1 to 5 percent. The highest gradients were generally in the middle reaches of the streams
in the western part of the study area. Most of the streams on the island reportedly flow year-
round. During relatively dry periods stream flows are sustained by baseflow from soils and the
underlying weathered bedrock; both surface runoff and baseflow contribute to stream flows
during wet periods.

The groundwater system on Amchitka consists of a shallow water-bearing zone developed
entirely within the organic soils and peat, and a deeper bedrock aquifer. The shallow water-
bearing zone occurs largely in the tundra vegetation, peat, and underlying organic soils and
accumulates due to the high porosity and low vertical permeability characteristics of these
materials.

Observations during the Corps 1997 Phase I Remedial Investigation suggest that in many areas
groundwater in this shallow zone is likely perched above deeper groundwater zones by the
bedrock surface or a layer of low permeability organic or mineral soil. Where groundwater is
perched above bedrock, flow is likely concentrated along the base of the higher permeability soil
from which it discharges to ponds, steams, and springs. Perched groundwater is likely
widespread in the eastern half of the island as indicated by the large number of ponds in this
region. Water level changes in shallow observation wells during rainstorms indicate that the
shallow groundwater zone is characterized by relatively high infiltration rates. However, in
many instances head differences were noted between shallow groundwater levels and nearby
ponds, suggesting a lack of hydrologic connection between surface water bodies and the shallow
groundwater.

Observations also indicate a lack of connection between shallow groundwater and the deeper
bedrock aquifer. During an August 1995 site visit in support of the Corps RI, a WWII well east
of Base Camp was sounded to determine the depth to water. The water table was not present
within the 100-foot depth capability of the sounding instrument, even though the well was
surrounded by standing water at the ground surface.

Groundwater in the bedrock occurs predominantly in fractures. Hydraulic conductivity may be
greater in the shallower bedrock, where more open fractures and weathering processes have
resulted in increased effective porosity. Greater lithostatic pressure, and probably less
weathering, should result in reduced hydraulic conductivity values for the deeper bedrock. Also,
due to greater lithostatic pressures, fractures are likely not as open compared to fractures at
shallower depths. The observation that hydraulic heads decreased with depth in test holes near
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Project Long Shot (Dudley and others, 1977) suggests that downward flow probably
characterizes the upper part of the bedrock aquifer.

Groundwater-discharging springs are known to be present on Amchitka. The best example is
Constantine Spring, located along the south boundary fault of Constantine graben. This spring
served as a water supply during Army, AEC, and Navy occupation of the island. The literature
(Dudley and others, 1977) also indicates that some of the deeper lakes on the island (Pumphouse
Lake, Long Lake, and Jones Lake) are fed by bedrock springs. Insufficient detail is presented
regarding the setting of these lakes to establish whether the springs reflect an artesian discharge
or because the lake is deep enough to intersect the bedrock aquifer water table. Springs in the
vicinity of Pumphouse Lake are described as probably “rising along [aJ...fault line” (Burkett,
1977).

3.6 NATURAL RESOURCES

A.rnchitka Island is part of the Aleutian Islands Unit of the Alaska Maritime National Wildlife
Reftige. The refuge’s original purpose, when it was established in 1913 as the Aleutian Islands
Reservation, was to “establish a preserve and breeding ground for native and migrant birds,
encourage and develop fisheries, and allow for propagation of reindeer and fur bearing animals.”
Current refuge management objectives include biodiversity and protection of: commercial and
subsistence fisheries, birds and nesting habitat, sea otters, and sea lions. Both the bald eagle and
cormorant have been identified as species of concern.

Terrestrial (disturbed and undisturbed), freshwater, and marine habitats are briefly described
below.

3.6.1 Terrestrial Ecology

The terrestrial habitat of eastern Amchitka consists of gently rolling, meadow-like maritime
tundra characterized by sedges, grasses, and lichens. There are many shallow ponds and small
streams half-hidden by the vegetation. In the higher central portion of the island there are fewer
lakes, patches of bare bedrock, and an increased presence of grasses and crowberry. The western
portion of the island is mountainous with sparse vegetation. The far western portion of the island
consists mainly of windswept rocky and barren plateaus, as well as coastal dunes and sandy
beaches.

The terrestrial flora is typical of maritime tundra, a uniform meadow-like vegetation composed
of relatively few types of plants. The three main groups of plants include: (I) grasses, sedges,
herbs, and ferns; (2) subshsubs; and (3) mosses, lichens, and liverworts. From lowland to upland
there is a shift from sedge to grass dominance and an increased presence of crowberry. Turf
mounds within the lowlands support more upland-type plants. The beach and dune communities
above tide and storm flooding levels are dominated by beach and dune grass with scattered
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fl succulent herbs. Based on 1998 field observations, stream bank vegetation consistedpredominantly of grasses and sedges with other plants less common, such as ferns, cow parsnip
and wild celery.

Terrestrial invertebrates include springtails and other insects, mites, nematodes. and spiders. The
only terrestrial mammals on Amchitka are rats, with the Norway Rat being the predominant, if
not the only, species.

3.6.2 Freshwater Ecology

Freshwater habitats on Amchitka include numerous streams, seasonal rivulets, and hundreds of
lakes and ponds.

The dominant stream macrophyte, based on field observations for this study, was moss
(Fontinalus sp.). Other rooted aquatic vegetation observed include mare’s tails, marsh
marigolds, sedges, and water milfoil. Filamentous algae was also commonly observed.

Freshwater ponds and streams support few species of vertebrates and invertebrates. The most
common benthic macroinvertebrates found in study streams were Chironomid larvae, tubifex
worms, and caddis fly larvae. Less common were amphipods, mayfly nymphs, fingernail clams,
flat worms, snails, springtails, isopods, and blackfly larvae. Tables in Section 4.0 and Appendix
F provide data about benthic macroinvertebrate communities.

Vertebrates, consist of threespine stickleback, Dolly Varden, coast-range sculpin, and Pacific
salmon (pink, silver, and occasionally sockeye). Based on field observations during the 1998
Drill Site Investigation, Dolly Varden were the dominant fish species in streams, while
stickleback and sculpin were.rare. Both resident and anadromous Dolly Varden were present in
some streams. The anadromous variety was commonly present in streams without waterfalls or
other barriers and with favorable spawning habitat. Landlocked Dolly Varden were present in all
of the study streams. Salmon were observed near the mouths of a few streams including Bridge
Creek and Clevenger Creek. Salmon typically spawn in gravelly habitat close to the ocean and
do not migrate inland more than a few hundred feet.

3.6.3 Coastal/Marine Ecology

The rugged coastline of Amchitka consists predominantly of sea cliffs covered by grassy slopes;
sand beaches are few. Much of the island is fringed by a wave-cut rock bench that extends
seaward from the cliffs. The rocky shores are densely carpeted with marine algal communities.
A mat of algae covers most intertidal benches, channels, and tide pools. Beyond the area
exposed by tides the marine algal community extends into the subtidal zones, where floating kelp
beds are the dominant flora. Marine flora provide food sources, habitat, and protection from
wave action.
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Drift kelp and rotting algae onshore provide habitat for amphipods. keip/coelopid flies,
nematodes, and marine arthropods. Mussels, barnacles, sea urchins, and limpets are generally —

found in low densities due to heavy predation by sea otters, competition by algae, and reduced
wave shock as a result of kelp beds. The most abundant invertebrates are pol~chaetes,
amphipods and isopods, sea anemones, sea cucumbers, and mollusks. Sea urchins are more
abundant at depths of 50 to 65 feet.

Over 90 fish species are found in the waters near Amchitka, including lamprey, shark, skates,
trout, salmon, smelts, lightfish, viperfish, lancetfish, lanternfishes, cod fishes, grenadiers,
stickleback, sandfish, ronquils, pricklebacks, gunnels, prowfish, sand lance, scorpionfishes,
sablefish, greenling, sculpins, poachers, snailfishes, lumpfishes, flounders. The rock greenling is
the most abundant and widely distributed fish in the inshore rock-algae community.

A variety of marine mammals inhabit the waters adjacent to Amchitka Island. Of particular
importance is the sea otter, which is a top carnivore in the nearshore ecosystem. Sea otter
predation may be responsible for the sparse populations of benthic invertebrates; black
Oystercatchers may exert a similar effect. In addition, harbor seals, Steller sea lions, northern fbr
seals, whales, porpoises, and the Pacific whitesided dolphin dwell in the surrounding seas.

3.6.4 Birds

Over 130 species of birds have been identified on Amchitka, of which approximately 30 species
breed on the island. The terrestrial avian community is dominated by relatively few species.
Lapland longspurs make up over half of all breeding birds. The other abundant birds on
Arnchitka are the Cormorant, Green-winged Teal, Common Goldeneye, Bufflehead, Harlequin
Duck, Common Eider, Rock Ptarmigan, Rock Sandpiper, Glaucous-winged Gull, Tufted Puffin,
Winter Wren, Grey-crowned Rosy Finch, and Snow Bunting. Bald Eagles and Peregrine Falcons
uniformly use the perimeter of the island. Cormorant colonies are less uniformly distributed.
Marine and freshwater bird communities vary seasonally and are much more diverse than the
terrestrial bird community.

During the 1998 investigation, a Steller Sea Eagle was sighted by several people on at least two
occasions. These sightings were considered extremely rare since the sea eagle’s range is
typically farther east towards Russia.

3.6.5 Rare, Threatened, Endangered, and Commercially-Important Species

The Aleutian Canada Goose population on~ Amchitka was eradicated shortly after the
introduction of blue fox in 1921. Attempts to recolonize the island with this threatened species
have failed; however, reproductive success on other Aleutian Islands may result in a future
delisting of this species. Marine mammals, including the Steller sea lion (threatened) and eight
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endangered species of whale, use the shore and/or marine waters surrounding Amchitka. There
are no reported sightings of listed plant species oceurring on Amchitka Island.

Species of potential commercial importance are found in marine waters surrounding Amchitka
but not on Amchitka itself. Salmon spawn in the streams and lakes of Amchitka but not in
commercially viable numbers. Dolly Varden were of recreational importance during periods
when the island was occupied.
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4.0 SITE CHARACTERIZATION

The 1998 drill site characterization program was directed at evaluating past and potential
environmental impacts from releases of drilling mud at AEC and DOE sites on Amchitka Island.
Historic releases of drilling mud have been documented to adjoining streams at the Long Shot,
Milrow, and Cannikin test sites and at drill sites 1), E, and F. These releases, which occurred in
the late 1960s and early 1970s, significantly impacted the stream environments at that time.
Though environmental recovery from the releases is believed to have been substantial if not
complete, open mud pits remaining at each of these locations potentially pose a future hazard to
the stream environments. Historical records also indicate that drilling mud was stored at three
other locations apart from the drill sites: Milepost 13 Lake, Milepost 14 Lake, and the Rifle Road
Mud Sunips. Whereas there is no record of releases from these areas, the potential for such a
release warranted evaluation.

Primary objectives of the 1998 Drill Site Characterization program were to assess the residual
effects of past drilling mud releases, and develop site-specific information for use in evaluating
the environmental hazard posed by drilling mud that remains in the old mud pits or nearby
streams and lakes. A secondary objective of the characterization program was to evaluate
whether resident fish contain radionuclides at concentrations in excess of what would be
expected from world-wide fallout. Although sampling for radionuclides was conducted
concurrently with the drilling mud investigation, it was accomplished in support of DOE’s
overall program to evaluate the impacts of the underground testing rather than the environmental
effects from drilling mud.

At each of the three test sites and three drill sites, characterization activities included sediment
and surface water sampling in: (1) the remaining open drilling-mud pits or lakes used for
drilling-mud storage, (2) lakes potentially impacted by drilling mud, and (3) the stream or
streams draining the site. This approach was designed to evaluate the possibility that
concentrations of COPCs in stream water and sediment are related to COPC concentrations in
the mud pits. Similarly, site reconnaissance and mud pit sampling was planned for the Milepost
13 and 14 Lakes and the Rifle Range Road Mud Sumps.

In order to establish baseline conditions for the test site and drill site streams, a series of four
reference streams were also investigated, two similar in setting to the three test sites, and two
similar in setting to the three drill sites. For background radionuclide sampling, a fish sample
was collected for analysis from Powerhouse Lake in the Base Camp area, far from the test sites

Each of the following subsections presents the results of investigation of both mud pits and
drainage streams for a given site. The sites are discussed in a sequence of east to west: Milrow,
Long Shot, Cannikin, and Drill Sites D, F, and E. Milepost 13 and 14 Lakes are discussed in
their appropriate location between Cannikin and Drill Site 1). The Rifle Range Road Mud
Sumps are discussed as part of the Milrow site. The four reference streams are discussed
following the test sites and drill sites, and the Aircraft Graveyard results are presented in the last
section (Section 4.10).
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4.1 MILROW

4.1.1 Site Description

The Milrow site is located just south of Infantry Road near Mile 3.4 (Figure 1-2). A plan
showing site features in detail is presented in Figure 4.1-1. The AEC developed the Milrow site
for the second underground nuclear test performed on Amchitka (the first was conducted at the
Long Shot site). The test, conducted on October 2, 1969, involved the underground detonation
of an approximately one-megaton nuclear device. The device was detonated at the bottom of a
3,866-foot-deep emplacement hole that was drilled at the site. The diameter of the emplacement
hole varied between 3.0 and 5.5 feet. Two smaller-diameter instrument holes were also drilled at
the site. Drilling took place between October 1967 and August 1968.

The site formerly contained four drilling mud pits, which were backfilled during the ABC’s
demobilization. During the 1998 Drill Site Investigation, the area of the former mud pits was
observed to be graded and sparsely vegetated. The location of Surface Ground Zero (SGZ) at the
site is marked by a concrete and brass monument. The drill site borders a large lake (Heart
Lake) that was partially drained by the Milrow event (the lake was approximately two-thirds dry
during the 1998 field work). Based on the 1986 air photos, Heart Lake was originally about 500
feet by 800 feet in size.

The site and its viciniw are located in a relatively flat area drained by nearby Clevenger Creek 0
(Figure 4.1-2). Clevenger Creek flows into the Pacific Ocean approximately 6,500 feet
downstream from the site.

In addition to the mud pits at the Milrow site, the AEC reportedly constructed two mud pits near
the intersection of Infantry Road and Rifle Range Road. The purpose of these latter mud pits
was to provide temporary storage of drilling mud following the completion of the Milrow
emplacement hole. Two former mud pits were observed just south of the intersection of Infantry
Road and Rifle Range Road (Figure 4.1-3). In addition to these two mud pits, a third mud pit
was reportedly built on the north side of the road intersection to contain drilling mud that leaked
from the other two pits (ABC/NV, 1972). A mud pit that may correspond to this third mud pit
was found approximately 2,000 feet northwest of the road intersection. Historical information
indicates that all three pits were emptied and the mud transported to Drill Site E for disposal
before the Milrow test was conducted. Detailed information regarding the Rifle Range Road
mud pits is presented in Section 4.1.4.3.
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4.1.2 Site History

The historical information obtained for this study states that Clevenger Creek was significantly
impacted by drilling mud from the Milrow site, and Heart Lake was used for drilling mud
storage. According to the AEC planning document (AEC/NV, 1972):

“The sumps at this site were formed by constructing the surrounding embankments on
top of the tundra. They were unable to hold liquids and mud materials without prepared
bottoms, thus there was considerable mud leakage ... the stream bed of Rifle Range
Creek [Clevenger Creek] suffered extensive damage from mud escaping from the Site B
sumps, the mud was then diverted into Heart Lake as an alternate to further damage of
the creek.”

The following excerpts regarding spills and releases at the Milrow site were taken from Chapter
14 of The Environment ofAmchitk.a Island, Alaska (Valdez et. al.. 1977):

“The 1968 spills into Clevenger Creek resulted in modest reductions of Dolly Varden and
macroinvertebrates, but the larger spills in 1969 eliminated virtually all life in the portion
of stream receiving the toxic liquid.

At the time of the Milrow detonation, ground motion liberated much of the oily residue of
the drilling mud that had been taken up by organic matter and vegetation in and along
Clevenger Creek. With no new additions of this material, the stream populations
gradually recovered. Although the odor of oil was still apparent in late July 1970, pink
salmon apparently spawned successfully near the mouth of this stream in August. Since
these spawners could have strayed from some other stream, their presence was not
absolute proof of successful spawning in 1970.

It appears that the spills of drilling mud into Clevenger Creek resulted in mortalities of
aquatic organisms without any long-term effects on the habitat. Particulate material from
the mud was gradually eliminated, and no additional mud escaped into the stream.”

The AEC planning document (AEC/NV, 1972) indicates that the Silver Salmon Lake drainage
system was “adversely affected” by “pollution and siltation from ... [gravel pits] ... and from the
Rifle Range Sumps.” However, reports on the studies of the fresh water ecosystems on the
island indicate that the primary impacts to the Silver Salmon Lake drainage system from AEC
operations were caused by siltation from the roads and gravel pits (Koob, 1968; Neuhold and
Helm, 1968). Significant drilling-mud spills into watersheds generally were reported by the
scientists studying the freshwater ecosystems of the island (Burkett, 1977; Valdez et. aL, 1977;
Fuller and Kirkwood, 1977), because of the dramatic effects of such spills on stream biota. No
reports have been found in DOE records concerning drilling-mud spills into the Silver Salmon
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Lake watershed. Therefore, it is likely that leaks from the sumps into the watershed, if they did
occur, did not result in significant damage to the watershed.

4.1.3 Characterization Activities

Investigation activities at the Milrow site consisted of a brief reconnaissance of the drill site to
veri~’ site features, and a reconnaissance and sampling effort at Heart Lake and Clevenger
Creek. Five locations were selected in Heart Lake for the collection of sediment samples. The
sampling locations were selected in representative areas of both the dry and submerged portions
of the lakebed. Surface water samples were collected at the three sediment sample locations
within the current confines of the lake. Heart Lake sampling locations are shown in Figure 4.1-
1.

A detailed reconnaissance of Clevenger Creek was performed to observe the stream’s ecology as
a basis for selecting sediment, surface water, invertebrate, and fish sampling locations. Sediment
and surface water samples for chemical analysis were collected from five stations along the
stream. Invertebrate, bioassay, and fish samples were also collected from three of these stations.
Stream sampling locations are shown in Figure 4.1-2.

Reconnaissance was also performed to locate the three mud pits reported to have been present
near the intersection of Infantry Road and Rifle Range Road, about one mile southeast of the test
site. Two former mud pits were observed just south of the road intersection. The third mud pit,
reportedly located just north of the intersection, could not be found. However, a third mud pit
was found in a gravel pit about 2,000 feet northeast of the road intersection. Two soil samples
were collected from this mud pit, referred to here as the “Rifle Range Road Additional Mud Pit.”
The samples collected from the Milrow site, Clevenger Creek, and the Rifle Range Road
Additional Mud Pit were shipped to off-site laboratories for testing. The types of tests performed
and their results are discussed in the following sections.

4.1.4 Observations and Analytical Results

4.1.4.1 Heart Lake

Heart Lake is a shallow heart-shaped lake located approximately 300 feet from the Milrow
emplacement hole. A southwest-flowing ephemeral stream connects Heart Lake with Clevenger
Creek. Photo 4.1-1 shows Heart Lake. The lake is at elevation 121 feet and located in the
lowlands in the eastern part of the island. At the time of the 1998 field work, Heart Lake
occupied approximately one-third of its lakebed, covering an area of about two acres, with a
maximum observed water depth of 4.5 feet. The remaining two-thirds of the lakebed was dry
and had a thick to sparse grass cover. The surface soils in the dry lakebed varied from brown,
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gravelly, sandy silt to brown peat. The surficial sediment in the submerged portion of the lake
consisted of brown peat.

No drilling mud or evidence of diesel contamination (odor, sheen.
was observed during the reconnaissance and sampling activities.
sediment samples were collected at evenly spaced intervals from the
sediment samples were collected from the dry portion of the lakebed.
field screening results are provided in the following table.

distressed vegetation, etc.)
Three surface water and
lake. The remaining two

Sample descriptions and

Bean Lake Sample Descriptions, Milrow Site

•s~ ~ Water~ ~..~~ •i~: Sample Screening.
LUe: ~Depth= -Thickness-,. — Depth* Descnption Results*:(feet) ~:.~(feet) ~. (feet) . (ppm)

4 1 NA 1001-SW Surface Water
~ 1004-SD 0 to 0.3 Brown Peat ND

4 5 NA 1002-SW Surface Water
~ 1005-SD Oto 0.3 Brown Peat P10=12

Heart Lake 2 1 NA 1003-SW Surface Water
1006-SD 5 to 6 Brown Peat PID=5

0 NA 1007-SD 0 to 0.3 Brown, gravelly, P10=1‘7 sandy Silt

Dry NA 1008-SD 0 to 0.3 Brown Peat PID=l

* Sample depth measured from the ground or sediment surface
ND Not determined
* * Sample not field screened

4.1.4.1.1 Surface Water

The three lake surface water samples were analyzed for DRO, VOCs, PAils, and metals. The
results of these analyses are summarized in Table 4.1-1. DRO was reported in all of the surface
water samples, at concentrations ranging from 56.8 to 236 ugfL. However, the laboratory
method blank associated with two of the DRO analyses contained 82.7 ug/L of DRO. In
accordance with the EPA National Functional Guidelines for Organic Data Review (EPA, 1991)
these samples have been qualified as nondetects at detection limits corresponding to the reported
values, because they are less than five times the method blank concentration. The reported
concentrations of DRO are also generally comparable to the 92 ug/L average concentration of
DRO reported in water from half of the lowland reference stream samples, as explained in
Section 2.3.1.5. Therefore, it is possible that the reported values of DRO could be due either to
laboratory contamination or biogenic hydrocarbons within the carbon range of DRO.

The only VOC detected in Heart Lake water samples was methylene chloride, which was
detected in two samples at concentrations of 3.55 and 5.48 ug/L. This substance is a common
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laboratory contaminant, and based on the low concentrations, and lack of likely sources, these
occurrences are not believed to be site-related (see Section 2.3.1.5). No PAR compounds were }
detected in the water samples.

The Heart Lake water samples contained a total of 11 metals, most at levels well below those
established during this study as background for surface water in lowland streams. Only nickel
and titanium occurred at concentrations that exceeded background levels. Nickel was not
detected in the lowland reference stream samples (at a detection limit of 1 ug/L), but was present
in Heart Lake at estimated concentrations of 1.41 to 1.81 ug/L. These concentrations are well
below the ecological risk-based screening concentration (ERBSC) for nickel in surface water of
52 ugfL (see Table 2-8). Titanium was present in the three Heart Lake samples at about 130
percent of the background value. However, there is no ERBSC for titanium in surface water.

DOE analyzed a single surface water sample collected from Heart Lake in 1993 for metals (see
Appendix B, Sample SW-HL, and Figure 4.1-2). In general, the concentrations of metals
detected in 1998 were lower than those reported in 1993. For example, four metals (calcium,
iron, magnesium, and manganese) were reported at two to five times lower concentrations in
1998; aluminum was reported at a ten times lower concentration in 1998. Both the 1993 and
1998 water samples were filtered, to measure dissolved metals only. Thus, incorporation of
sediment in the 1993 samples, which would have resulted in elevated concentrations for some
metals, does not explain this discrepancy. Sample SW-HL also detected low concentrations of
one semivolatile compound and four volatile compounds that were not detected in 1998
(Appendix B).

Surface water quality parameters measured in Heart Lake during the 1998 Drill She
Investigation are presented below.

Surface Water Parameters for Heart Lake, Milrow Site

• -SaInj)IC*~ ,~J •Ti;34g~k ~...:~mpce.t~.;Dis~cIvctOxn ‘Conductivity . :Turbk4itY~
Number ‘ ~degrees C) (mgiL) (uS/cm) (NTU)

1001-SW 7.1 11.0 10.9 110 30
1002-SW 7.5 los 10.9 90 10
1003-SW 7.7 11.0 11.7 90 10

4.1.4.1.2 Sediment

The Heart Lake sediment samples were analyzed for DRO, VOCs, PARs. and metals. The
results of these analyses are summarized in Table 4.1-2. DRO was not detected in the five
sediment samples. No PAHs were detected in the sediment samples, nor were VOCs with the
exception of 2-butanone (at 0.092 to 0.127 mg/kg), which is a common laboratory contaminant.
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The sediment samples contained 19 of the 22 metals analyzed. The concentrations of these
metals were compared to the background concentrations for sediment from lowland reference
streams. Concentrations of the following metals exceeded their background values in one or
more samples (the asterisk indicates the metal also exceeds its ERBSC value).

Aluminum Calcium Cerium Chromium
Copper* Magnesium Potassium Strontium
Thorium

Most of these exceedances were no more than 20 percent higher than the background values.
However, copper and magnesium concentrations were two to three times higher than their
respective background values in at least one sample. All of the metals listed above, with the
exception of aluminum and potassium, were found in the drilling mud on the island at an average
concentration higher than the background concentration in stream sediment. Thus, it is possible
that the elevated metals concentrations found in the Heart Lake sediment are residual from the
lake’s previous use for drilling-mud storage, even though no visibly obvious drilling mud was
observed during sampling.

Those metals found in Heart Lake sediment samples that exceeded background concentrations
were then compared to the ERBSCs. Chromium, although exceeding background. did not
exceed its ERBSC. Copper concentrations in all five samples exceeded its ERBSC. which is
about one-quarter of the background concentration of copper found in the lowland reference
streams. No ERBSCs are available for aluminum, cerium strontium, or thorium. Nor are
ERBSCs available for calcium, potassium, and magnesium, which are considered essential
nutrients in most organisms and not likely to result in significant ecological effects.

4.1.4.2 Clevenger Creek
Clevenger Creek is the primary drainage stream of the Milrow Site watershed. It is connected tt

Heart Lake by a small tributary that drains the lake. It is located south of the site and 11~”
southwest to the Pacific Ocean (Figure 4.1-2). The studied portion of Clevenger Creek
approximately 6,500 feet long. As noted in Section 4.1.2, portions of Clevenger Creek ~ere
inundated with drilling mud in 1969, presumably through the tributary stream from Heart L.~ke
Fish and benthos were reportedly eliminated in portions of the stream following this inundation
However, field observations indicate that significant recovery has taken place since then.

Field activities at Clevenger Creek included a reconnaissance to document stream characteristics
and select sample station locations, and sampling of surface water, sediment. benthic
macroinvertebrates, and fish (resident Dolly Varden only). One surface water and sediment
sample was collected at each of five sampling stations positioned along the length of the creek.
At Stations 1, 2, and 5, benthic macroinvertebrates, sediment samples for bioassays, and fish
samples were also collected. No fish samples were collected for radionuclide testing due to the
low numbers of observed fish.
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The following table lists the sample numbers of each medium collected at each station, as well as
station coordinates. Latitude and longitude of sampling stations were measured using a hand-
held GPS receiver, and are accurate to about ±100 feet. Station elevations were interpolated
from topographic contours on Figure 4.1-2.

Sample Numbers and Station Coordinates for Clevenger Creek, Milrow Site

0

Notes: SW = surface water SD = sediment FS = fish = invertebrates 0
The following subsections present observations made during the reconnaissance and sampling
activities, and discuss laboratory results for surface water, sediment, benthos, and fish samples.

4.1.4.2.1 Stream Characteristics

Based on observations during the initial reconnaissance, Clevenger Creek was divided into three
stream reaches (Figure 4.1-2). The stream reach numbering system for all the streams discussed
in this report follows the convention of beginning with the reach farthest upstream. Reach I of
Clevenger Creek begins at a small source pond about 600 feet southwest of Infantry Road and
ends at the confluence with the Heart Lake drainage tributary. This tributary was flowing
slightly at the time of reconnaissance, contributing less than five percent to the overall stream
discharge. Reach 2 extends from the Heart Lake drainage stream confluence downstream to
about 100 feet below the confluence with an eastern tributary of Clevenger Creek. This eastern
tributary contributes slightly less discharge than the subject stream channel. Reach 3 extends
from this tributary confluence downstream through a culvert under Rifle Range Road, and ends
at a cobble beach on the Pacific Ocean. Two notable tributaries enter Reach 3: one from the
south and one from the north; each increases the overall stream discharge by about 15 to 20

~,. :.Station Northiatitude, j EastLongitude Sample Number j
. . 4018-SW

I 51°24’51.1” 179°10’57.8” 78 4019-SD4029-FS
4033-IN
4015-SW

2 510 24’ 37.2” 179° 10’ 47.7” 60 4016-SD/4017-SD4028-FS
4032-IN

3 51° 24’ 26.6” 179° 10’ 50.3” 51 4013-SW4014-SD

4 51° 24’ 18.6” 179° 10’ 36.4” 30 4011-SW4012-SD
4007-SW

5 51° 24’ 9.9” 179° 10’ 10.5” 15 4008-SD/4009-SD4095-FS
4026-IN

I?’
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4~ percent. In general, the upper and lower reaches have flatter gradients than the middle reach,
) which is more incised and has a higher stream velocity. No significant fish barriers such as

waterfalls were observed along the stream. The following table summarizes reach characteristics
for Clevenger Creek.

Reach Characteristics for Clevenger Creek, MiIrow Site

Siniiosity Substrate

I 1,400 1.8 Straight Silty peat
2 1,600 2.0 Straight Sand and gravel over peat

3 3,500 0.75 5tig~~~’ Silty peat

Reach 1
Reach 1 is roughly 1,400 feet long. The upper portion of Reach I lies within a broad, gently-
sloping, sedge-covered meadow. The lower portion of this reach becomes more incised with a
slightly steeper gradient. The overall gradient averages from 1 to 2 percent. The stream
typically ranges from 2 to 3 feet wide, and 6 inches to 3 feet deep, with few bends. The
dominant streambed substrate is soft silty peat. Little sand or gravel was observed. The
dominant aquatic vegetation was marsh marigold (Caliha palustris).

Station 1 was located in Reach 1, about 600 feet upstream of the confluence with the Heart Lake
tributary.

Reach 2
Reach 2 is roughly 1,600 feet long. It has a gradient of 2 to 4 percent, slightly steeper than other
reaches. The channel along this reach is also more incised within a relatively straight and narrow
valley. Several small tributaries enter along the length of the reach. The stream bottom consists
of well-graded sand and gravel superimposed on peat and silt. The stream channel is typically 2
to 3 feet wide, and 6 to 8 inches deep, with pools up to 4 feet deep. Numerous pools are present,
often undercutting the banks and providing favorable fish habitat. Aquatic vegetation consisted
primarily of moss (Fontinalus sp.).

Station 2 was located in the upper part of Reach 2, and Station 3 was located in the middle of
Reach 2. A sheet metal weir and gauging station were observed just downstream of Station 3.
These were most likely installed in the late 1960s for hydrologic studies.

Reach 3
Reach 3 is roughly 3,500 feet long, with an overall gradient of about 0.75 percent, making it the
flattest reach on Clevenger Creek. The channel has more bends and curves than the upper two
reaches. The stream valley along this lower part of the stream becomes broad, widening towards
the ocean. A grass and sedge meadow covers the valley floor. The dominant stream channel
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substrate consists of silty peat. The average stream depth ranges from 3 to 5 feet and the width
from 8 inches to 4 feet. A few tributaries enter Clevenger Creek within Reach 3. each adding
approximately 15 to 20 percent to the flow of Clevenger Creek. The stream passes under Rifle
Range Road through a 36-inch culvert; much of the road embankment overlying the culvert has
washed away. About 300 feet downstream of the road crossing, the channel meets the tidal zone
at a boulder/cobble beach. The stream contains large detritus such as driftwood at its mouth.

Station 4 was located in the upper end of Reach 3, approximately 250 feet below the confluence
that marks the upstream extent of the reach. Station 5 was located just upstream of the culvert at
Rifle Range Road. Fontinalus was the dominant aquatic vegetation type, with about 30 percent
coverage.

4.1.4.2.2 Surface Water

Five surface water samples were collected from Clevenger Creek, one per sampling station.
Each sample was analyzed for DRO, VOCs, PAHs, and metals. A summary of analytical results
is presented in Table 4.1-3.

DRO was reported in each of the surface water samples, at concentrations ranging from 98.9 to
225 ug/L. However, 82.7 ug/L of DRO was present in the laboratory method blank associated
with this batch of samples. In accordance with the EPA National Functional Guidelines for
Organic Data Review (EPA, 1991), these samples have been qualified as nondetects at detection
limits corresponding to the reported values, because they are less than five times the method
blank concentration. The reported concentrations of DRO are also comparable (1 ‘/2 to 3 times) to
the DRO concentrations reported in water from lowland reference streams, as explained in
Section 2.3.1.5.

The only VOC detected was methylene chloride in four samples at concentrations of 2.63 to 4.51
ug/L. This substance is a common laboratory contaminant, and these occurrences are not
believed to be site-related (see Section 2.3.1.5). No PAH compounds were detected in the water
samples.

Seventeen metals were detected in the surface water samples from Clevenger Creek. About half
of these were present in samples from each of the five stations, while the other metals were
detected at only some of the stations. The concentrations of the following ten metals exceeded
their respective background values lowland reference streams at one or more stations.

Aluminum* Arsenic Boron* Calcium
Cobalt Copper* Iron* Nickel
Potassium Titanium

The metals with an asterisk exceeded their respective ERBSC values as well as background
concentrations for at least one station sample.
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Three of the metals detected in Clevenger Creek water (arsenic. boron. and nickel) were not
detected in the lowland reference steams. In most cases, the metals concentrations in steam
water samples exceeded background values by less than 30 percent. The aluminum
concentrations were two to three times background for samples from Stations 3 and 4.

Seven of the ten metals that exceeded background values in Clevenger Creek water also
exceeded background in sediment (see Section 4.1.4.2.3). Specifically, aluminum, boron,
calcium, copper, nickel, potassium, and titanium also exceeded background values in sediment
samples

Metals found in Clevenger Creek water samples that exceeded background concentrations were
then compared to the project ERBSCs. Aluminum concentrations at Stations 1, 3, and 4
exceeded the aluminum ERBSC. However, this ERBSC is about one-third the background
concentration of aluminum found in the lowland reference streams. The ERBSC for boron is 1.6
ug/t, which was exceeded where detected at Stations 2 and 3. Copper concentrations exceeded
the ERBSC at Stations 1 and 4; however, only the concentration at Station 1 exceeded
background. Iron exceeded its ERB SC by 7 percent at Station 3, which is also the only station
where it exceeded the background concentration.

Arsenic, cobalt, and nickel exceeded background concentrations, but did not exceed their
respective ERBSCs. No ERBSC is available for titanium. No ERBSCs are available for calcium
or potassium, but these metals are considered essential nutrients and are unlikely to result in
toxic effects.

DOE analyzed a single surface water sample (SW-RRC) collected from Clevenger Creek in 1993
for metals (see Appendix B). The sample location was just upstream of 1998 Station 5 (Figure
4.1-2). A comparison between SW-RCC and the 1998 Station 5 sample results indicates
generally similar concentrations of metals with the following exceptions. Aluminum, chromium,
copper, and zinc concentrations dropped significantly from the 1993 results to the 1998 results.
Both the 1993 and 1998 water samples were filtered to measure dissolved metals only, so the
possible incorporation of sediment in the 1993 samples does not explain this discrepancy.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented in the following table.

Surface Water Parameters for Clevenger Creek, Milrow Site

.~ ..Sampli~.~.: ~ ffipure;4jissolved.Oxygeu . Conductivity. Turbidity
; ~$tation~ .:(uSlcm)

1 8.2 9.5 8.2 235 0
2 8.6 8.2 12.0 340 I
3 8.3 7.7 11.3 335 0
4 7.6 7.8 12.0 241 1
5 7.4 7.3 12.4 240 1
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4.1.4.2.3 Sediment (~)
One sediment sample was collected at each of the five Clevenger Creek stations. Field
duplicates were also collected at Stations 2 and 5. All sediment samples were analyzed for DRO,
PAHs, TOC, AVS/SEM, and metals. Only one sediment sample (Station 2) and its duplicate
were analyzed for VOCs. Analytical results for sediment samples are summarized in Table 4.1-
4.

DRO was detected in four of the five sediment samples, at concentrations of 29.6 to 542 mg/kg.
The highest value for JJRO in Clevenger Creek sediment was found in the sample from Station
1, upstream of the confluence with the Heart Lake tributary (Figure 4.1-2). DRO concentrations
downstream of the site were comparable with background levels.

No VOCs were detected in the sediment sample or duplicate from Station 2, except for carbon
disulfide, which was detected at 0.318 and 0.0901 mg/kg. According to the laboratory, this is
suspected to be cross-contamination from the sample containers (see Section 2.3). PAHs were
not detected in the sediment samples.

A total of 20 metals were reported in the Clevenger Creek sediment samples. The concentrations
of these metals were compared to background concentrations for lowland reference streams. In
the farthest downstream sample (the duplicate pair from Station 5), twelve metals exceeded their
respective background concentrations. At the other four stations only boron and chromium
exceeded background concentrations. Boron was present in two of ten lowland reference stream
sediment samples; the concentrations in four Clevenger Creek samples (from Stations 2, 4, and
5) exceeded the highest reference stream concentration by 10 to 28 times. Chromium
concentrations in five of the Clevenger Creek samples (from all five stations) exceeded the
lowland background concentration; the mean Clevenger Creek concentration was 19.3 mg/kg,
compared to a background value of 11.8 mg/kg.

Metals that exceeded background values at StationS’ included:

Aluminum Boron Calcium Cerium
Cesium Chromium Copper* Magnesium
Nickel* Potassium Strontium Titanium

The asterisk indicates metal concentrations that also exceeded the ERBSC values.

Cesium was not detected in reference stream sediment (either lowland or upland), but two of the
three site-related stream samples where it was detected were from Clevenger Creek (the sample
and duplicate from Station 5). However, these cesium concentrations were comparable to the
detection limits in samples in which it was not detected. On average, the highest concentration
of the other metals in the duplicate pair of samples from Station 5 were 2.6 times the background
values. However, there is poor agreement between the concentrations reported for the original
sample and its duplicate. The original sample on average contained 2.5 times the concentration
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of the duplicate sample (a relative percent difference of 86 percent. which exceeds the project
quality assurance goal for precision of 20 percent for most metals). The laboratory reported a
solids content of 18.5 percent for the original sample (corresponding to a sample with
considerable organic material) and 49 percent for the duplicate sample. This suggests
considerable variability in the matrix, which may have affected the accuracy of the reported
concentrations in the original sample.

Selenium and thorium were not detected in the sediment samples from Clevenger Creek, even
though they were each detected in sediment samples from Heart Lake.

Those metals found in Clevenger Creek sediment samples that exceeded background
concentrations were then compared to project ERR SCs. Chromium, although above background.
did not exceed its ERBSC. Copper concentrations at all stations exceeded its ERBSC, but only
at Station 5 did it exceed the background concentration for lowland reference streams. Nickel
exceeded its ERBSC only in the original sample from Station 5, but not the duplicate. No
ERBSCs are available for aluminum, boron, calcium, cerium, cesium, magnesium, potassium.
strontium, or titanium. Calcium, potassium, and magnesium are considered essential nutrients in
most organisms and not likely to result in significant ecological effects.

In addition to the total metals results discussed above, AVS and. SEM were analyzed to provide
information on the bioavailability of metals. AVS and SEM concentrations in the sediment
samples from Clevenger Creek are presented in the following table. The ratio of SEM to AVS
ranged from 0.002 to 0.49, suggesting that there are sufficient acid volatile sulfides present to
limit the bioavailability of the SEM metals. However, in the dupli~cate sample from Station 5 no
AVS was detected (compared to 112 micromoles per gram in the original sample). This absence
ofAVS could indicate the bioavailability of the SEM metals; thus, no conclusive statement can
be made regarding metals bioavailability at StationS.

AVS and SEM Concentrations for Clevenger Creek, Milrow Site

‘Stattonf -SmpieL~lumber- SM/S (umolelg) SEM (umole/g) SEM AVS Ratio

I 4019-SD 776 4.05 0.0!
2 4016-SD 1,110 2.56 0.002
3 4014-SD 24.4 12 0.49
4 4012-SD 659 2.24 0.003
5 4008-SD/4009-SD I 12/ND 1.67/0.823 0.0 I/NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon and comparison of the substrate at the various stations. Also.
organic content determinations were performed on all samples, and the grain size gradation was
measured on those samples with a sufficient mineral soil content (rather than peat and other
organics, whose lighter specific gravity render a grain size analysis invalid). These analyses
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were also perfonned to allow comparison of sediment between stations. The results are
presented in the following table, and the grain size gradations are plotted in Figure 4.1-5.

Sediment Characteristics for Clevenger Creek, Milrow Site

Staton .Sample ..TOC Organic Content~~Numb& ~(th~4j•d~we~ht).. ~(% d~ weight) Soil Classification
I 4019-SD 178,000 - Brown PEAT with silt

2 4016-SD 120,000 35.1 Brown, slightly fine sandySILT with organics

3 4014-SD 111,000 44.8 Brown, fine sandy SILT withabundant organics and peat

4 4012-SD 116,000 - Dark brown, fine sandySILT, with abundant organics

5 400S-SD 92,000 14 0 Organics. roots, peat, some~ silt

DOE also collected a number of sediment samples in 1997 from Clevenger Creek; these
locations are sho~ in Appendix B. However, the only 1997 samples from this area that were
analyzed for metals were from the Pacific Ocean beach near the mouth of Clevenger Creek.
Since the marine environment would not be expected to be comparable to the freshwater stream
environment, the 1997 results have not been compared to the 1998 results. 0

4.1.4.2.4 Benthos

Benthic samples were collected on Clevenger Creek at Stations 1, 2, and 5. The sampling
technique used at this stream involved hand picking (with forceps) individual invertebrates from
kick nets and placing them into sample jars preserved with 10-percent formalin solution. This
procedure differed from benthic samples from other streams, except for Reference Stream 1.
Elsewhere, benthic samples were collected by placing sediment and detritus from the kick net
into preserved sample jars without sorting. Sorting of these samples was conducted in the
laboratory.

These samples were submitted to the Somerset, New Jersey, office of IT Corporation, where the
invertebrates in each sample were identified and counted. Results are presented in the following
table;
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Benthic Invertebrates in Clevenger Creek, Milrow Site

Individuaper

-Class ~-Orden- - Family Cornrn:n Stage ~ Station

Turbellaria Tricladida Planariidae flatworm adult 2

Oligochaeta Tubificida Tubificidae tubifex adult 6 7
worm

Gastropoda Mesogastropoda Lymnaidae snail juvenile
Baetidae -Insecta Ephemeroptera (Pseudocloeon sp.) mayfly nymph Ii

lnsecta Hemiptera Veliidae ripple bug nymph 2 1
Trichoptera Limniphilidae caddisfly larva 2 2
Diptera Chironomidae midge larva 53 8

Chironominae midge larva 1 3
Tanypodinae midge larva
Rhagionidae snipefly pupa
Simulidae blackfly larva I 3

Crustacea Isopoda Asellidae isopod adult 24
Total 83 34 14

Family Biotic Index 6.55 5.45 6.83
EPT Relative Abundance 2.4% 38.0% 14.3%

Species Diversity 0.93 1.6 1.33

The variations in benthic community structure between the three stream stations cannot be
directly attributed to site-related effects. A variety of natural causes (such as the type of
substrate and presence or absence of predators) can affect the benthic community, in addition to
site-related chemical impacts. For this reason, the benthic data were evaluated along with the
results of sediment bioassays and sediment chemical analyses using a weight-of-evidence
approach known as the Sediment Quality Triad. The Triad Analysis of Drill Site and Test
Stream Sediments, prepared by IT Corporation under subcontract to DOE, is presented in
Appendix F. This report evaluates the benthic abundance and diversity data for this stream in
comparison to the other site-related and reference streams, as one component of the Sediment
Quality Triad.

4.1.4.2.5 Sediment Toxicity Tests

Sediment samples collected from the same three stations as the benthic invertebrate samples
were used to perform 10-day freshwater sediment bioassay tests using larvae of the midge
Chironomus tentans. The tests were performed under subcontract to IT Corporation by
American Aquatic Testing in Allentown, Pennsylvania.
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Measurements of toxicity include survival (percentage of initial seed organisms surviving to the
end of the test), growth (average dry weight of surviving organisms), and biomass (total dry
weight of surviving organisms). Since the toxicity tests were conducted in three batches, the
data were control normalized in order to make appropriate comparisons. Normalization
consisted of expressing the results as a percentage of the average laboratory control response for
the laboratory control sample tested concurrently with the particular sample. Results are
presented in the following table.

Sediment Toxicity, Clevenger Creek, Mitrow Site

: ~ :. ~:~..J...:~oxiei~nst.Efldpoina
~~c- - SiirnvaL Growth Biomass

~ ~~UJzOrmaIffed~r~Zt Normalized Normalized

1 45.00% 48.00% 0.945 127.90% 4.17 60.30%
2 5125% 54.67% 0.741 100.30% 3.74 54.10%
5 45.00% 48.00% 0.680 92.00% 2.93 42.40%

As is the case with benthic community structure, the variations in the bioassay results benveen
the three stations in the stream cannot be directly attributed to site-related effects. Laborato~
bioassays measure sediment toxicity but do not indicate the specific cause of toxicity. nor do
they indicate actual field effects. A variety of natural causes (such as the type of substrate and
presence or absence of predators) can affect the benthic communit~’, as can site-related chemica
impacts. For this reason, the bioassay data were evaluated along with the benthic data and
results of sediment chemical analyses as part of the Sediment Quality Triad. The Triad A nali s
of Drill Site and Test Site Stream Sediments prepared by IT Corporation under subcontract it’

DOE is presented in Appendix F. This report evaluates the bioassay results for this stream u’.
comparison to the other site-related and reference streams, as one component of the Sedimeit
Quality Triad.

4.1.4.2.6 Fish

Fish samples were collected from Clevenger Creek at Stations 1, 2, and 5. Specific data on fish
sampling, such as the size and weight of individual fish, are presented in the field fish collection
forms provided in Appendix J.

The fish collected and included in the samples consisted of resident Dolly Varden. One 1.5-inch
stickleback and one 14-inch sea-nm Dolly Varden at Station 1 and six sea-run Dolly Varden at
Station 2 were also caught during sampling and released.
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Fish Sample Descriptions for Clevenger Creek, Milrow Site

~. Sample;~~ ~°E~ W~ght per Fish Elecfroshock Time

1 4029 1-9 14 330 23.6 465
2 4028 1—8 14 340 24.3 787
5 4095 1 - 8.3 29 650 22.4 1.590

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, PCBs, and percent
lipids. Analytical results are presented in Table 4.1-5 and summarized below.

Twenty-two metals were detected in the fish tissue samples. Concentrations were compared to
background concentrations determined for fish from lowland reference streams, and to EPA
Region III RBCs for fish consumption. With the exception of inorganic arsenic, no metals in
fish from Clevenger Creek exceeded their respective RBCs. Total arsenic in the sample from
Station S had a slightly higher concentration than the RBC (0.225 versus 0.21 mg/kg). Total
arsenic in the sample from Station 5 was about twice the background concentration from
reference streams. The inorganic arsenic concentration in fish samples from Clevenger Creek
ranged from 6 times the RBC at Station 1 to 26 times the RBC at Station 5. In relation to the
background concentration of inorganic arsenic, the Station I sample was below background,
Station 2 exceeded the background by 29 percent, and Station 5 was close to three times
background. Cesium in the samples from Stations 2 and 5 exceeded the background
concentration of cesium in fish from the reference streams b~ about 10 percent. Copper
exceeded the reference stream background concentration by 6 percent in the sample from Station
5. Nickel was reported in the sample from Station 5 at 0.127 mg/kg (wet weight basis); nickel
was not reported (at a reporting limit of 0.125 mg/kg in any of the reference stream fish samples
or in samples from the other stations on Clevenger Creek).

Naphthalene was the only PAH detected in fish tissue, at a concentration of 0.0155 mg/kg in the
sample from Station 5. This concentration is well below the EPA Region III RBC. The PCB
Aroclor 1260 was detected in samples from Stations 1 and 2 .at estimated concentrations of
0.0094 and 0.00649 mg/kg, respectively. Both occurrences exceed the 0.00 16 mg/kg RBC for
fish consumption by humans. The percent lipids measured for fish tissue from Station 1 was
2.21 percent.

4.1.4.3 Rifle Range Road Mud Pits

Two disturbed areas that resembled backfilled mud pits were observed near the south side of the
intersection of Rifle Range Road and Infantry Road (Figure 4.1-3). Construction drawings were
provided by DOE for two mud pits formerly located in this area. The disturbed areas observed
during the reconnaissance have the same approximate dimensions as the pits shown in the
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construction drawings, and are thought to be the backfihled remains of those mud pits. The pits
have been backfihled with sandy gravel and are partially overgrown with grasses.

A reconnaissance was performed of the suspected former mud pits and their vicinity (including a
nearby lake) to search for evidence of impact by drilling mud. During this work, it was observed
that several low-lying areas at the surface of the former mud pits were full of water, creating
small ponds. In two of these ponds, located in the southwestern-most of the two former mud
pits, a sheen formed when the bottoms of the ponds were probed with a steel rod. However, the
pond bottoms were hard, gravelly materials, and no drilling mud was observed in or around the
ponds. Neither pond had an outlet stream or obvious drainage channel. Aside from these
impacted ponds, no other evidence of drilling mud was apparent during the reconnaissance.

An area just north of the intersection of Infantry Road and Rifle Range Road was investigated for
the presence of the third reported mud pit. The search area included the vicinity of 1986
Disposal Area DAO2. No evidence of the third mud pit was found near Infantry Road.

An alternate location about 2,000 feet northeast of the road intersection was also searched for the
third mud pit. This location was suspected based on air photo review during planning for the
1998 Drill Site Investigation. Air photos taken in 1969 show a pond and a gravel pit located
north of the intersection of Infantry Road and Rifle Range Road that contained light-colored
fluid. The light color of the fluid contrasted with the apparent dark color of the water in nearby
ponds, suggesting that these water bodies contained some sort of sediment, possibly the result of CD
siltation from gravel pit operations. It was also speculated that the light color might indicate the
presence of drilling mud, The locations of this pond and gravel pit are shown in Figure 4.1-3.
During the 1998 investigation, neither the pond nor the gravel pit identified in the 1969 air photo
appeared to be impacted by drilling mud. However, a broad, low-lying area located adjacent to
the gravel pit did contain drilling mud. This suspected mud pit was characterized by the
collection and analysis of discretionary soil samples (samples that were not planned in the
August 1998 Management Plan).

The former mud pit measured approximately 200 feet by 150 feet, and was located in a
depressed area about 1 to 2 feet lower in elevation that the surrounding ground surface (see
Photo 4.1-2). The surface of the pit was dry and covered with what appeared to be gray, sandy
bentonite with a diesel odor. The drilling mud in portions of the mud pit contained fibrous
particles that had the effect of reducing the density of the material. This fibrous material may
have been a mud additive used to control circulation loss. Several harid-augered borings were
drilled in the mud pit to determine the drilling mud thickness. Based on the test borings, the soils
in the pit area are approximately 2 feet thick and consist of approximately 1 foot of diesel-
impacted drilling mud overlying 1 foot of gray sand. The sand layer below the drilling mud was
also observed to be diesel-impacted. Groundwater with a heavy sheen was encountered at a
depth of about 6 inches in each boring. Two soil samples were collected from one of the

SECTION 4.0 SITE CHARACTERIzATION Revision No.0
U.S. Army Corps of Engineers, Alaska District Date: 9130/99
Amchitka Island, Alaska Page 4-IS

DOE 1998 SITE CHARACTERIZATION REPORT X-0926-04



borings, and a surface soil sample was collected from a second location. Test boring and
sampling locations are shown in Figure 4.1-4. Based on the field measurements, the mud pit
contains an estimated volume of 1,880 cubic yards of drilling mud and contaminated sand (see
Section 2.4.3.1.3 for a description of the assumptions and method used in making this estimate).
Soil sample descriptions and field screening results are provided in the following table.

Rifle Range Road Additional Mud Pit Sample Descriptions, Milrow Site

~:Z’~~&~ ~.ater~ i.~ud~; A~j~jjt~- p1e~ r~.. .Scneniflg~.
~ ~gp~~ Depth Descnption Observations ResuIts~

0! (feet)-- (feet) & - (feet) (ppm) —

1076-SL 0 to 0.3 Gray Bentonite Strong diesel odor P1D4
Rifle Strong diesel odor,

Range Dry 1.0 1078-SL 1.5 to 2 Gray Sand groundwater with a PID3
Road heavy sheen at 6-inch

Additional depth
Mud Pit 1077-SL 0 to 0.2 Gray, fibrous Moderate diesel odor PIDIDry unknown Bentonite

* Sample depth measured from ground surface

The three drilling-mud and soil samples were analyzed for DRO, VOC, PAHs, and metals. The
results of these analyses are presented in Table 4.1-6. PRO was detected in each of the samples.
The two bentonite samples contained 981 and 2,620 mg/kg PRO. The sample of sand
underlying the bentonite contained 60.9 mg/kg PRO. Five to seven PARs were detected in each
sample, at total PAH concentrations of 0.48 to 9.11 mg/kg (about 0.1 to 0.8 percent of the PRO
concentration).

Concentrations of acenaphthene, anthracene, fluoranthene, fluorene, naphthalene, phenanthrene,
and pyrene exceeded the sediment ERBSCs. The results for naphthalene were “R”-flagged
(rejected) due to low LCS recovery. No VOCs were detected in the samples.

All 24 metals analyzed were detected in samples from this former mud pit. The following ten
metals exceeded background concentrations, for lowland reference stream sediment, in at least
one of the three samples collected in the Rifle Range Road Mud Pit (an asterisk indicates that the
ERBSC was also exceeded.)

Calcium Cerium Cesium Chromiumt Coppert
Magnesium Nickel Potassium Strontium Thorium

The metals concentrations which exceeded background were then compared to the project
ERBSCs. Only chromium and copper also exceeded the ERBSCs. In the case of chromium, the
ERBSC of 26 mg/kg was exceeded in two sample by up to 25 times. For copper, all three
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samples exceeded the ERBSC while only two exceeded background. The background copper
value is 71.1 mg/kg while the ERBSC is 16 mg/kg.

4.1.5 Summary

The features observed at the Milrow test site were similar to those identified during the planning
phase. Therefore, the original scope of work planned for the drill site (not including the Rifle
Range Road Mud Pits) was considered adequate to meet the project objectives. The former mud
pits at the site are filled in and covered, and no deposits of drilling mud or areas that were
contaminated with diesel were observed at. the site.

The reconnaissance and sampling of Heart Lake indicate that drilling mud does not presently
impact the lake. DRO was reported in one sample of the lake’s surface water, but based on its
relatively low estimated concentration (56.8 mg/kg), this detection likely represents biogenic
hydrocarbons rather than diesel. Although both arsenic and copper were detected in Heart Lake
sediment at concentrations above ERBSCs, only one of the five sediment samples had a copper
concentration that was also significantly above the background concentration. None of the
arsenic concentrations detected approached the background level. Considering the lack of any
apparent residual drilling mud in the lake, and the general lack of contaminants that are
commonly associated with it, it is likely that the lake was never contained significant amounts of
drilling mud.

Five stations were sampled along Clevenger Creek for sediment .and surface water chemistry.
DRO was detected at an elevated concentration in sediment at the station farthest upstream
(Station 1 at 542 mg/kg). This result suggests that drilling mud entered Clevenger Creek
upstream from the Heart Lake outlet stream, which is consistent with the likely pathway for mud
that would have spilled from the mud pits. A number of metals were detected at concentrations
above background in one or more stream surface water samples. Seven of the ten metals that
exceeded background in Clevenger Creek water also exceeded background in the stream
sediment. Specifically, aluminum, boron, calcium, copper, nickel, potassium, and titanium also
exceeded background values in sediment samples. A few of these metals were elevated above
ERBSCs in some surface water and sediment samples, but none were consistently high in stream
samples. For example, aluminum, boron, copper, and iron exceeded both their background
concentrations and ERBSCs in one or two surface water samples (most often at Station 3).
Titanium, which has no ERBSC in surface water, also significantly exceeded its background
concentration at Stations 1, 3, and 4. In sediment, Station 5 had copper at a concentration above
both background and the ERBSC, while boron was significantly higher than background at
Stations 2, 4, and 5 (there is no ERBSC for boron).

Fish samples were collected from three of the stream stations along Clevenger Creek. Two of
these fish samples contained the PCB Aroclor 1260 at estimated concentrations of 0.0094 and
0.00649 mg/kgw (below the detection limit of 0.01 mg/kg). These concentrations are slightly
above the EPA Region III fish consumption RBC for PCBs of 0.0016 mg/kg. Inorganic arsenic
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fl concentrations in all three samples exceeded the RBC for this metal, while two of the samplesalso slightly exceeded the background concentration for inorganic arsenic in fish.

A Triad Analysis approach (see Appendix F) was used to develop an overall ranking of the
sediment quality at three stations along Clevenger Creek relative to a total of 22 lowland stream
stations. This overall ranking combines benthic, sediment chemistry, and sediment toxicity
ranldngs; a lower ranking (higher number) is indicative of relatively greater degradation of
sediment quality in a stream location. The overall sediment quality ranking for these stations
was as follows:

Clevenger Creek

Station I 16th

Station 2 5th

Station 5 15th

The sediment quality of Clevenger Creek as a whole is within the range of the lowland reference
streams. The upstream Station I is within the range of comparable locations on the reference
streams, whereas the downstream Station 5 was shown to have sediment quality lower than the
comparable reference stream stations.

Based on their reported association with drilling operations at the Milrow site, three mud pits
near Rifle Range Road were also investigated. Reconnaissance of the area determined that two
former mud pits located south of the intersection of Rifle Range. Road and Infantry Road had
been backfilled and no drilling mud could be found. The third pit, which was previously
unidentified, is located in the former borrow area north of the intersection of Rifle Range Road
and Infantry Road, and contains an estimated 1,880 cubic yards of diesel-contaminated drilling
mud and soil. DRO was detected at concentrations of 60.9 to 2,620 mg/kg, and metals
concentrations were also significantly elevated, particularly chromium. This mud pit is located
in a flat, içw4ying area on the floor of the borrow area. As a result, the drilling mud is not likely
to be tráhsported significantly either by gravity (e.g. during an earthquake) or erosion. At the
time of the field work, the mud pit contained only a small quantity of standing water, which was
not sampled. Groundwater, observed in borings at a depth of 6 inches, appeared to be impacted
by diesel, based on a hydrocarbon sheen and strong odor.
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TABLE 4.1-1
SURFACE WATER ANALYTICAL RESULTS FOR HEART LAKE, MILROW SITE

(concentrations in micrograms per liter)
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TABLE 4.1-1 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR HEART LAKE, MILROW SITE

(concentrations in micrograms per liter)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
.1 result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.1-2

SEDIMENT ANALYTICAL RESULTS FOR HEART LAKE, MILROW SITE
(concentrations in milligrams per kilogram)
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C 0
TABLE 4.1-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR HEART LAKE, MILROW SITE•
(concentrations in milligrams per kilogram)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this
report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the
maximum detected concentration in the appropriate background samples.
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C 0 0
TABLE 4.1-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR HEART LAKE, MILROW SITE
(concentrations in milligrams per kilogram)

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but
are generally comparable to reporting limits for project samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U) analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.1-3
SURFACE WATER ANALYTICAL RESULTS FOR CLEVENGER CREEK, MILROW SITE

(concentrations in micrograms per liter)

Revision No. U
Date: 9130i99

Page I of 2

DOE 1998 DRILL SITE CHARACTERIZATION REPORT X-092604



TABLE 4.1-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR CLEVENGER CREEK, MILROW SITE

(concentrations in micrograms per liter)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate background
samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting
limits for background samples varied, but are generally comparable to reporting limits for project samples.
see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other qualit> control

considerations
U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination.

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description t.~

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8
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TABLE 4.1-4

SEDIMENT ANALYTICAL RESULTS FOR CLEVENGER CREEK, MILROW SITE
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TABLE 4.1-4 (cont)
SEDIMENT ANALYTICAL RESULTS FOR CLEVENGER CREEK, MILROW SITE

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Enginctrs, Alaska District
Amchi(ka Island, Alaska

t
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~k ,~9

•J ‘~t,r

a~t ~
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a. 4’

£fl ~

C a

t; ~. ~J~JW$ ~KSIa~41M$! ~~l9lffl5 ~S çIiÜitsJ ~fIIIO64~ $Staflon 5 4
Iron EPA 601 OB mg/kg~~ - *~ii~P9Jt~ ppqp~ ~~IIOP)2k I~4:3LQpo~
Lithium EPA 6020 mg/kg 48.8 5.84 J 10.61 - 9.381 7.15 J 41.7 J 16.91
Magnesium EPA 60l0B mg/kg 9,320 6,290 6,320 - 8,270 5,280 37,500 15,500
Manganese EPA 6020 mg/kg ~~J)g~Q&~ ~ $$fl$5p~W - ~ ~$2,165O ~- 7~793 297
Nickel EPA6020 mg/kg 136 666 547 - 609 757 4a:j. J$9’~ 735

Potassium EPA 6010B mg/kg 1,390 462 925 - 1,160 359 3,560 1,480

Selenium EPA6O2O mg/kg 544b ND(4.02) ND(2.04) - ND(3.52) ND(3.43) ND(2.7) ND(l.06)

Strontium EPA 6020 mg/kg 164 44.4 82.4 - 119 78.4 609 262

Thorium EPA 6020 mg/kg 0.5 b ND(4.02) ND(2.04) - ND(3.52) ND(3.43) ND(2.7) ND(I .06)

Titanium EPA 6020 mg/kg 3,010 857 1 865 1 - 552 J 704 .1 5,760 J 2,470 1

Vanadium EPA 6020 mg/kg 734 151 186 - 242 193 420 154

Zinc EPA 6020 mg/kg~ 9221 - I0SJ ~3~2O8J na 905J

Total Organic Carbon EPA 415.1 mod. mg/kg - 778,000 120,000 - 111,000 116,000 92,000 44,900

Acid Volatile Sulfide Titration umolfg - 776 1,110 - 24.4 659 112 ND(0.0106)
Simultaneously Summation umolfg - 4.05 2.56 - 12 2.24 1.67 0.823
Extracted Metals

Background concentrations, which are presented only for metals, are upper tolerance limits
report for a description of background concentration calculations.

(UTL) unless otherwise noted. See Appendix D of this

Revision No. 0
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TABLE 4.1-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR CLEVENGER CREEK, MILROW SITE

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram
umol/g micromoles per gram
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank contamination; result considered nondetect
lii analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
R result rejected due to quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.1-5
FISH ANALYHCAL RESULTS FOR CLEVENGER CREEK, MILROW SITE

Revision No. 0
Date: 9/30/99

Page I of 3
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~4~i ~Acc&~N ~~W~~Sii
k~ki ~E&~$*d~

~:~::~ ~ ,ti ~fLt e~:s~a~nzite~. sJEWjiisS
Polycyclic Aromatic Hydrocarbons
Acenaphthene SW8270 SIM mg/kg 81.1 - ND(0.067) ND(0.0067) ND(0.0067)
Acenaphthylene SW8270 SIM mg/kg NA - ND(0.067) ND(0.0067) ND(0.0067)

Anthracene SW8270 SIM mg/kg 405.6 - ND(0.067) ND(0.067) ND(0.168)
Benzo(a)anthracene SW8270 SIM mg/kg 0.0043 - ND(0.067) ND(0.067) ND(0.168)
Benzo(a)pyrene SW8270 SIM mg/kg 0.00043 - ND(0.067) ND(0.067) ND(0.168)
Benzo(b)fluoranthene SW8270 SIM mg/kg 0.0043 - ND(0.067) ND(0.067) ND(0.168)
Benzo(ghi)perylene SW8270 SIM mg/kg NA - ND(0.067) ND(0.067) ND(0.168)
Benzo(k)fluoranthene SW8270 SIM mg/kg 0.043 - ND(0.067) ND(0.067) ND(0.168)

Chrysene SW8270 SIM mg/kg 0.43 - ND(0.067) ND(0.067) ND(0.168)
Dibenzo(a,h)anthracene SW8270 SIM mg/kg 0.00043 - ND(0.067) ND(0.067) ND(O.168)
Fluoranthene SW8270 SIM mg/kg 54.1 - ND(0.067) ND(0.067) ND(0.168)

Fluorene SW8270 SIM mg/kg 54.1 - ND(0.067) ND(0.0067) ND(0.0067)
Indeno(1,2,3-cd)pyrene SW8270 SIM mg/kg 0.0043 - ND(0.067) ND(0.067) ND(0.168)
Naphthalene SW8270 SIM mg/kg 27.0 - ND(0.067) ND(0.0067) 0.0155

Phenanthrene SW8270 SIM mg/kg NA - ND(0.067) ND(0.067) ND(0.168)
Pyrene SW8270 SIM mg/kg 40.6 - ND(0.067) ND(0.067) ND(0.168)

Polychiorinated Biphenyls
Aroclor 1016 SW8081 mg/kg - - ND(0.01) UJ ND(0.01) UI ND(0.01) UI

Arocior 1221 SW8081 mg/kg - - ND(0.02) UJ ND(0.02) UJ ND(0.02) UI

kroclor 1232 SWSO8I mg/kg - - ND(0.01) UJ ND(0.01) UI ND(0.01) UI
Aroclor 1242 SWSO8I mg/kg - - ND(0.01) UJ ND(0.01) UI ND(0.01) UI

Aroclor 1248 SWSO81 mg/kg - - ND(0.01) UI ND(0.01) UJ ND(0.01) UI

Aroclor 1254 SW8081 mg/kg - - ND(0.01) UJ ND(0.01) UI ND(0.01) UI
Aroclor 1260 SW8081 mg/kg 0 0016 - ~‘,OiO094~J33 t(~PO~t~t~t ND(0 01) UI

Metals

Aluminum SW6020 mg/kg 1351.9 475 16.1 44 61

Arsenic SW6020 mg/kg 021 0 127 0 0533 0 112

Inorganic Arsenic mg/kg 00021 £~6~~t~i~*~
Barium SW6020 mg/kg 94.6 1.03 0.209 0.318 0.46

Beryllium SW6020 mg/kg 2.7 ND ND(0.0250) ND(0.0250) ND(0.0250)

SECTION 4.0 SiTE CHARACTERIZATION
U.S. Asniy Corps of Engineers, Alaska District
Amchitka island, Alaska
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TABLE 4.1-5 (cont.)
FISH ANALYTICAL RESULTS FOR CLEVENGER CREEK, MILROW SITE

*e~n~t€s$~% ~

•wY!~ 1 13 ca~~ar~i~i~t~a
~
~ ~ •≥t’4~ ~W~ffi9~__________ ‘.

Boron SW6020 mg/kg 121.7 28.6 6.92 UJ 6.83 UJ 8.74 UJ
Cadmium SW6020 mg/kg 1.4 0.037&’ ND(0.0250) ND(0.0250) ND(0.0250)
Calcium SW6020 mg/kg NA 19,200 8,600 8,800 7,500
Cerium SW6020 mg/kg NA 0.0280 b ND(0.0250) ND(0.0250) 0.0278
Cesium SW6020 mg/kg NA 0.0258 b ND(0.0250) 0.0285 0.0263
Chromium SW6020 mg/kg 4.1 1.03 0.359 0.326 0.509

Cobalt SW6020 mg/kg 81.1 0.0780 b ND(0.0500) 0.0523 0.053
Copper SW6020 mg/kg 54.! 120b 0.994 U 0.95 U 1.27 U
Iron SW6020 mg/kg 405.6 310 50 136 206
Lithium SW6020 mg/kg 27.0 0.0993 b ND(0.0250) ND(0.0250) 0.028
Magnesium SW6020 mg/kg NA 408 323 310 330
Manganese SW6020 mg/kg 189.3 160 10.5 17.9 25
Molybdenum SW6020 mg/kg 6.8 0.173 b 0.16 UJ ND(0.125) UJ ND(0.125) UJ
NJickel SW6020 mg/kg 27.0 ND ND(0.125) ND(0.125) 0.127

Potassium SW6020 mg/kg NA 4,7801) 4,580 4,500 4,150
Selenium 5W6020 mg/kg 6.8 0.936 0.359 0.337 0.348
Strontium SW6020 mg/kg 811.1 22.1 8.79 5.89 12.6

Thallium SW6020 mg/kg 0.09 0.0283 ND(0.0250) ND(0.0250) ND(0.0250)
Thorium SW6020 mg/kg NA 3~43b ND(2.50) UJ, B ND(2.50) UJ, B ND(2.50) UJ, B

Titanium SW6020 mg/kg 5407.4 32.1 0.498 1.49 3.76
Uranium SW6020 mg/kg 4.1 ND ND(0.500) ND(0.500) ND(0.S00)
Vanadium SW6020 mg/kg 9.5 1.05 0.279 0.435 0.597

Zinc SW6020 mg/kg 405.6 48.8 35.3 38.7 32.7

% Lipids Lipids ~‘Zht - - 2.21 - -

‘ Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix D of this report for a description of background concentration calculations.

~ This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.
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TABLE 4.1-5 (cont.)
FISH ANALYTICAL RESULTS FOR CLEVENGER CREEK, MILROW SITE

- sample not analyzed for this parameter
mg/kg milligrams per kilogram
B analyte detected in method blank
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank or laboratory contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte cçncentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-10.
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TABLE 4.1-6
SEDIMENT ANALYTICAL RESULTS FOR RIFLE RANGE ROAD MUD PITS

(concentrations in milligrams per kilogram)
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TABLE 4.1-6 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR RIFLE RANGE ROAD MUD PITS

(concentrations in milligrams per kilogram)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;
result is considered estimated due to other quality control considerations

R result rejected due to quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix I) of this report for a description of

background concentration calculations.
Shade4 cells. indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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fl boggy area with no main channel. Subterranean flow is common, as are small ponds with noperceptible flow. The gradient is less than 1 percent across this area. Coverage of in-stream
vegetation is nearly continuous; stream banks are vertical to undercut through peat.

In the lower portion of Reach 2, one main channel with surface flow emerges. The channel
increases to 1 to 4 feet wide and 1 to 3 feet deep. The stream enters a narrow valley and
becomes more incised at the end of the reach.

Station 3 was located in the upper part of Reach 2. A few pockets of grayish sediment were
observed in the stream banks below the water level, which may indicate drilling-mud
constituents; however, no odor or sheen was detected. Sediment consisted primarily of slightly
silty peat. Benthic macroinvertebrates were rare to absent, and Dolly Varden were also limited.
In both pools and stream channels visibility was extremely limited by abundant submergent
macrophytes. Detailed sketches of the stream are presented in field notes, Appendix I.

Station 4 was located in the lower portion of Reach 2 in a pooi. Sediment consisted of moss
roots and peat, with a little silt. The channel continued to be extensively covered by aquatic
vegetation. Photo 4.2-4 shows the view upstream from Station 4 as the stream becomes more
incised.

Reach 3
In Reach 3 the stream gradient increases seaward with a steep drop-off just above the beach. A
waterfall located about 100 feet upstream of the beach is about 4 feet high with a 50-degree
slope. It is unlikely that any local fish would be able to overcome this barrier. In the steep lo’~er
portion of Reach 3 the substrate is primarily gravel, cobbles, and boulders. In general. there are
fewer areas of deposition and more erosion on the lower portion of Reach 3 compared with the
other reaches. Station 5 was located in the upper half of Reach 3. The sediment there was silt:..
fine to coarse sand with numerous organics. Approximately 75 percent of the stream bottom ‘ia’

covered with moss.

4.2.4.2.2.2 Surface Water

Five surface water samples were collected from Rainbow Creek, one per sampling station. Each
sample was analyzed for DRO, VOCs, PAils, and metals. A summary of analytical results is

presented in Table 4.2-3.

DRO was reported in four of the five surface water samples, at concentrations of 51.7 to 121
ug/L. The highest value was found at Station 1, where a sheen was observed upon disturbing
sediments. The detection limit for DRO in water was 50 ugfL; the concentrations at Stations 2
and S were just over that amount (54.4 and 51.7 ug/L, respectively). All of the reported
concentrations are comparable to the 92 ugfL average DRO detected in half the samples from
lowland reference streams.

sECTION 4.0 5ITE CI-IARACTERJZATION Revision No.0
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The only VOC detected in the surface water samples was methylene chloride. It was detected in
all five samples at concentrations ranging from 4.64 to 10.3 ug/L. This substance is a common
laboratory contaminant, and these occurrences are not believed to be site-related (Section 2.3).
No PAH compounds were detected in the water samples.

Eleven metals were detected in the surface water samples from Rainbow Creek. All but four of
these metals (calcium, copper, magnesium, and strontium) had concentrations below the
background concentrations from lowland reference streams. The copper concentration from
Station 2 was 17.7 ugfL compared with the 10.8 ug/L background copper concentration.
However, Station 2 was located in a tributary of Rainbow Creek, and not in the flow path from
the Long Shot mud pits. Copper was not detected at the other four sampling stations on Rainbow
Creek. Strontium concentrations exceeded background at four stations by as much as 1.6 times.
Calcium was reported at above background concentrations at all five stations, and magnesium at
two stations. Samples from Rainbow Creek contained the maximum detected concentrations of
calcium, copper, and strontium in water from any site-related stream.

A comparison of the metals that exceeded background values in Rainbow Creek surface water to
the list of metals that exceeded background values in sediment indicates that only calcium
exceeded both sediment and water background values. Copper, magnesium, and strontium were
present in both water and stream sediment, but did not exceed sediment background
concentrations.

Those metals found in Rainbow Creek water samples that exceeded background concentrations
were compared to Project ERBSCs (Table 2-10). The copper concentration at Station 2 was ç~)
almost twice its ERBSC. Strontium concentrations found in Rainbow Creek were well below the
ERBSC. No ERBSCs are available for calcium or magnesium; these are considered essential
nutrients and unlikely to result in any toxic effects.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are as follows.

Surface Water Parameters for Rainbow Creek, Long Shot Site

t~1’e*eratUt~ ~Disiohied~Oxygen:~ Conductivity.;
Station :(degrenc). (mg/L) (uS/em)

I 7.3 11.5 9,9 197 Clear
2 6.9 6.8 11.4 223 Clear
3 6.8 8.4 11.0 205 Clear
4 7.0 9.5 11.5 195 Clear
5 6.7 8.5 11.5 192 Clear

I
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4.2.4.2.2.3 Sediment

One sediment sample was collected at each of five stations on Rainbow Creek. All sediment
samples were analyzed for DRO, PAHs, TOC, AVS/SEM, and metals. Only the sediment
sample from Station 3 was analyzed for VOCs. Analytical results for sediment samples are
summarized in Table 4.2-4.

DRO was detected in four out of five sampling stations, at concentrations ranging from 84.4 to
2,110 mg/kg. The two highest reported concentrations for DRO in project stream sediment
samples were found at Stations 3 and 4 (2,110 and 1,100 mg/kg, respectively). These values are
significantly higher than other stream sediment concentrations, which are typically below 120
mg/kg. These values are more comparable to concentrations found in mud pit sediment samples.
In contrast, the concentration in the sample from Station 1, where the sheen was observed, was
only 110mg/kg.

No PARs were detected in any of the Rainbow Creek sediment samples. No VOCs were
detected in the one sediment sample tested (from Station 3), although detection limits were
elevated due to the high DRO concentration.

A total of 19 metals were detected in the Rainbow Creek sediment samples. The concentrations
of these metals were compared to the background concentrations for lowland reference streams.
Boron, chromium, and iron are the only metals that exceeded background concentrations. Boron
was detected only at Station 5, at about twice the background concentration for lowland
reference streams. Chromium exceeded background at Stations 3, 4, and 5, with a maximum
concentration of 38.8 mg/kg, which is over three times the background concentration of 11.8
mg/kg. The 192,000 mg/kg of iron reported at StationS was the highest concentration of iron in
sediment from the project.

These three metals that~ exceeded background concentrations were then compared to project
ERBSCs. Chromium concentrations detected in Station 3 and 4 sediments are as much as 1.5
times the chromium ERBSC. The iron concentration at Station S was almost ten times greater
than its ERBSC; however, the background concentration for iron in sediment is also almost eight
times the ERBSC. No ERBSC is available for boron.

AVS and SEM concentrations in the sediment samples from Rainbow Creek are presented in the
following table. No acid volatile sulfides were detected, so they do not limit the availability of
the SEM metals to organisms.

SECTION 4.0 SITE CHARACTERIZATION Revision No.0
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AVS and SEM Concentrations for Rainbow Creek, Long Shot Site

TOC was determined for each of the sediment samples, to allow normalization of organic
chemical concentrations to carbon and comparison between the substrate at the various stations.
Organic content was also determined for all samples. Due to insufficient mineral soil content, no
grain-size gradation analyses were performed. The sediment characteristics are summarized as
follows..

Sediment Characteristics for Rainbow Creek, Long Shot Site

No prior pOE sampling appears to have been conducted along Rainbow Creek. One surface
water sample, “SW-SELS,” was collected in 1993 on a nearby creek or ditch (Long Shot Surface
and Groundwater Sampling Locations, in Appendix B). Based on the available information, this
sample does not appear to have been collected on the drainage ditch that flows into Rainbow
Creek.

4.2.4.2.2.4 Benthos

Benthic samples were collected on Rainbow Creek at Stations 2, 3, and 5. These samples were
submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in each
sample were identified and counted. Results are presented in the following table. Results are
ovaluated in The Triad Analysis of Drill Site and Test Site Stream Sediments prepared by IT
Corporation, presented in Appendix F.
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:~Station: ~SampwNñ,flbè~ .~.:,AVS<umá1e/g)~ SEM (umole/g) SEM:AVS Ratio

I 4124-SD 0 1.7 NA
2 4122-SD 0 0.962 NA
3 4120-SD 0 3.08 NA
4 4118-SD 0 4.47 NA
S 4116-SD 0 2.88 . NA

0

:4OrganictCpntcUt S ii CIa
,~. ~t~n- t~Nnshet~W ~(mj~kgtdry2welgbt)t (%4ry’weight)

I 4124-SD 171,000 - Brown PEAT
• 2 4122-SD 248,000 366.0 Brown PEAT

3 4120-SD l92,000 181.0 , Brown, slightly silty PEAT
4 4118-SD 235,000 - Brown, slightly silty PEAT

5 41 16-SD 63 300 29 1 Brown, slightly gravelly,~ silty SAND with organics

0
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Benthic Invertebrates in Rainbow Creek, Long Shot Site

:Comm:n Life Individuals per Station:

Turbellaria Tricladida Planariidae flatworm adult 4
Oligochaeta Tubificida Tubificidae tubifex worm adult 8 15
Gastropoda Mesogastropada Lymnaidae snail luven lIe 9 12
Insecta Trichoptera Limniphilidae caddisfly larva 8 24 6

Diptera Muscidae fly larva 16
Chironomidae midge larva 396 42
Diamesinae midge larva 200
Rhagionidae snipefly pupa 16

Arachnoidea Arachnida spider adult S
TotaI~ 265 432 67

Family Biotic mdcxl 6.00 5.89 6.15
EPT Relative Abundance 3.1% 5.6% 8.9%

Species Diversity 0.87 0.34 1.01

4.2.4.2.2.5 Sediment Toxicity Tests

Sediment samples collected from Stations 2, 3, and 5 were used to perform 10-day freshwater
sediment bioassay tests using larvae of the midge Chironomus tentans. The tests were
performed by American Aquatic Testing in Allentown, Pennsylvania, under subcontract to IT
Corporation. Results are evaluated in The Triad Analysis of Drill Site and Test Site Stream
Sediments prepared by IT Corporation (Appendix F).

Sediment Toxicity Results, Rainbow Creek, Long Shot Site

;3~ ..

±~ ~=~rs £t~r—-~ ~ ~-Gmwth -

J-~~~S ,~Normahzed Normahzsd

2 67.50% 71.05% 0.459 87.90% 3.09 62.70%
3 0.00% 0.00% 0.000 0.00% 0.00 0.00%
5 83.75% 88.16% 0.262 50.20% 2.16 43.80%

4.2.4.2.2.6 Fish

Fish samples were collected at Stations 3 and 5 on Rainbow Creek. A third fish sample was
attempted at Station 2; however, no fish were observed during electrofishing.

The sample weight from Station 3 was considerably less than the target sample weight of 300
grams. The visibility was poor due to overabundance of bank and in-stream vegetation. The fish
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habitat also appeared to be poor. The visibility for shocking and netting fish at Station 5 was
also poor due to aquatic vegetation and thick, overhanging vegetation along banks. All fish that
were collected were resident Dolly Varden. Specific data on fish sampling, such as the size of
individual fish, are presented in the field fish collection forms in Appendix J. The following
table summarizes the size and weight of the fish.

Fish Sample Descriptions for Rainbow Creek, Long Shot Site

~ -lotalSample AvengeWeight Electroshoct

S~t~r ~ ?~ 4Veight - Per Fish Tame
4.r ~1n, ..i.t.2t —‘(gnnis) -~ (grams) (seconth)~’

3 4157-FS 4 2 30 15 756
5 4155-FS 2-6 23 250 10.9 1376

Both fish tissue samples were analyzed for total metals and inorganic arsenic. The fish sample
from Station 5 was also tested for PAHs and PCBs. Due to small sample size. the sample from
Station 3 was not tested for PAHs or PCBs. Analytical results are presented in Table 4.2-5 and
summarized below.

The PCB Aroclor 1260 was detected in the Station 5 fish sample at a concentration of 0.0161
mg/kg. This concentration is about 10 times the EPA Region III RBC of 0.0016 mg/kg.

Eighteen metals were detected in the two fish tissue samples. Concentrations were compared to CD
background concentrations determined for fish from lowland reference streams, and EPA Region
III RBCs for fish consumption. Only thorium exceeded background Levels (at Station 3). There
is no ERBSC for thorium.

Inorganic arsenic was detected in both samples at concentrations exceeding the fish consumption
RBC. One of these samples from Station 5 also slightly exceeded the background concentration
(0.0236 vs. 0.0208 mg/kg). Note that the background level of inorganic arsenic in lowland
stream fish is almost ten times higher than the corresponding RBC.

PAHs were not detected in the fish sample from StationS, Rainbow Creek.

4.2.4.2.3 Cloudberry Creek

During the 1998 field effort the name Cloudberry Creek was given to the stream previously
referred to as the “unnamed southern drainage” of Long Shot. Cloudberry Creek begins
upstream of Infantry Road (Mile 4.7), flows northeast beneath the road through a culvert, and
eventually empties into Cyril Cove on the Bering Sea (Figure 4.2-2). Cloudberry Creek is
approximately 7,200 feet long with an overall gradient of 1.6 percent.
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Field activities at Cloudberry Creek included a reconnaissance to document stream
characteristics and select sample station locations, and sampling of surface water, sediment,
benthic macroinvertebrates, and fish (resident Dolly Varden only). One surface water and
sediment sample were collected at each of five sampling stations along the length of the creek.
At three of the sampling stations (Stations 1, 2, and 5) benthic macroinvertebrates, sediment
samples for bioassays, and fish samples were also collected. One fish sample was collected for
radionuclide testing at Station 1; this was the only location where sufficient numbers of resident
Dolly Varden were present for collection for radionuclide analysis.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
(PS receiver and are accurate to about ± 100 feet. Station elevations were interpolated from
contours in Figure 4.2-2.

Sample Numbers and Station Coordinates for Cloudberry Creek, Long Shot Site

‘rro~e~ ~ ~J_~s+4ngiwde~:;j (feet MELW) Sañple.~ämb~rI~:;.~!:

4052-SW
4053-SD/4054-SD

1 51° 26’ 06.7” 1790 10’ 55.0” 130 4073-FS
4077-FS (Rad)

4078-IN
. 4050-SW

2 51°26’ 06.9” 179° 11’ 05.3” 110

4076-IN

3 51°26’ 11.2” 179° II’ 36.2” 70

4 510 26’ 28.0” 179° II’ 57.4” 50

4044-SW

S 51°26’ 33.8” 179° 12’ 06.3” 25

4075-IN

The following subsections present observations made during the reconnaissance and sampling
activities, and discuss analytical results for surface water, sediment, benthos, and fish samples.

4.2.4.22.1 Stream Characteristics

Based on observations during the initial reconnaissance, Cloudberry Creek was divided into
three stream reaches (Figure 4.2-2). Reach 1 begins about 1,000 feet upstream of Infantry Road
and ends at the road. The gradient of Reach 1 averages 0.9 percent. Midway downstream on
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Reach 1 is the confluence with the ephemeral tributary from Reed Pond: no surface flow was
observed in this small channel during the 1998 investigation. Reach 2 begins at the culvert
beneath Infantry Road and flows for over a mile (5,500 feet). The overall gradient is 1.7 percent,
with the upper portion of the reach being steeper than the lower portion. Reach 3 is about 700
feet long with a gradient of 2.1 percent. The stream channel is incised through a 200- to 300-
foot-wide valley that broadens towards the beach. No significant fish barriers such as waterfalls
were observed along the stream. The following table summarizes reach characteristics for
Cloudberry Creek.

Reach Characteristics for Cloudberry Creek, Long Shot Site

Sinuosity : : Substrate

1 1,000 0.9 Few bends Silt with organics
Numerous

2 5,500 1.7 bends Sandy silt with organics

3 700 2.1 Few bends Sand, gravel, and cobbles

Reach 1
Reach 1 begins downstream of the confluence of two tributaries (Figure 4.2-2). One trihutar~
flows from Quonset Lake, south of Cloudbeny Creek, and the other from an unnamed lake south
of Long Shot Pond. Reach 1 is a depositional area, consisting of a series of slow-moving pools
3 to 5 feet wide and 3 to 5 feet deep. It appeared that the culverudraining Reach I was placed
higher than the optimum position, causing water to pool upstream of the road. Aquatic
vegetation covers about 90 percent of the stream bottom and consists predominanti> ot
filamentous algae and moss (submergent) and mare’s tails (emergent). The stream banks arc
vertical to undercut and overhung by grass and sedge. The dominant substrate is mud and silt
with organics.

At the time of the 1998 investigation there was no direct surface channel from Reed Pond i~

Cloudberry Creek. The upper portion where a channel would have been was a genii> -sl~’pin~
boggy area. Any flow was apparently subsurface through the tundra mat. Closer to the creek, a
small (4 inches wide), straight channel formed and entered Cloudberry Creek with trace floss

Station 1 within Reach 1 was located about 250 feet upstream of Infantry Road. Macrophytes
were abundant. A biogenic sheen was observed on the water near Station 1. Resident Doli~
Varden (sized 3 to 7 inches) were numerous; a radionuclide fish sample was obtained at this
station. Photo 4.2-5 shows Station 1 during fish sampling.

Reach 2
Reach 2 of Cloudberry Creek begins at the culvert beneath Infantry Road (Photo 4.2-6).
Downstream of the culvert the stream shows evidence of scouring, the channel is straight, and
the gradient is 3 to 4 percent. In the middle and lower portions of Reach 2 the gradient becomes
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zm~ flatter, and the channel has more bends. Three tributaries enter the lower half of Reach 2; they
were estimated to contribute about 15 to 20 percent to the overall stream discharge. The channel
typically ranges from 1 to 3 feet wide. The depth in the upper reach typically ranges from 4 to
12 inches; depth increases somewhat downstream to 2 to 3 feet. Banks are vertical to undercut
and covered with grass and other vegetation. Aquatic vegetation consisted primarily of moss,
which covered about 50 percent of the stream bottom. Stream sediment generally consisted of
fine sandy silt with numerous organics.

Station 2 was located in the upper part of Reach 2. Station 3 was located in the middle of Reach
3, near a large bend in the stream channel. A tributary enters just downstream of Station 3,
contributing about 20 percent of the total discharge. The number, size, and depth of pools
increases through this portion of Cloudberry Creek.

Station 4 was located about two-thirds of the way down Reach 2. The substrate is primarily peat
with areas of sandy gravel superimposed. There is a greater abundance of aquatic moss
(Fontinalus, sp.) present. Channel width ranges from 1 to 3 feet and depth from I to 2 feet,
typically.

Reach 3
Reach 3 is roughly 700 feet long, with an overall gradient of about 2.1 percent. The substrate

• consists of sand, gravel, and cobbles, with pockets of silty organic sediment. The stream channel
is relatively straight and flows through a steep-sided valley to the sea. The stream valley and
banks are covered primarily by grass that overhangs the channel. Station 5 was located halfway(3’) down Reach 3. The stream channel was about 3 feet wide and the average depth was 1 foot.

4.2.4.2.3.2 Surface Water

Five surface water samples were collected from Cloudberry Creek, one per sampling station.
Each sample was analyzed for DRO, VOCs, PANs, and metals. A summary of analytical results
is presented in Table 4.2-3.

DRO was reported in two of five surface water samples at concentrations of 54 and 54.6 ug/L.
These levels were slightly above the detection limit of 50 ug/L and are comparable to the 92
ugfL average DRO detected in about half the samples from lowland reference streams.

The only VOC detected in the surface water samples was methylene chloride. It was detected in
four samples at concentrations of 3.17 to 5.14 ugfL. This substance is a common laboratory
contaminant, and these occurrences are not believed to be site-related (see Section 2.3). No PAH
compounds were detected in the water samples.

Fourteen metals were detected in the surface water samples from Cloudberry Creek. All but two
of the detected metals (lithium and nickel) had concentrations below the background
concentrations from lowland reference streams. The lithium concentration at Station 1 was 1.21
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uglL, just slightly higher than the background concentration and detection limit. This was the
maximum detection of lithium in a water sample among relatively few occurrences in site-related
streams. Lithium was not detected at the other four sampling stations on Cloudberry Creek.
Likewise, the detected concentrations of nickel (1.27 ugIL maximum) were only slightly above
the detection limits; nickel was not detected in the lowland reference streams, while the upland
reference stream nickel concentration was 1.69 ugfL. Both the lithium and nickel concentrations
in Cloudberry Creek water were well below the ERBSCs for these metals selected by IT
Corporation for this project.

Neither of these metals that exceeded background values in Cloudberry Creek surface water
exceeded background values in Cloudberry Creek sediment (see Section 4.2 .4 .2 .3 .3).

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented below.

Surface Water Parameters for Cloudherry Creek, Long Shot Site

~Sajqgj ~ i~; ~~~ oiductivity~.. ~
S~ftO~ t~~ (degi~wG)iN ≥~-tOng1L)- (uS/cm)

I 7.2 11.6 10.2 175 Clear
2 6.9 11.3 10.6 173 Clear
3 7.1 10.4 10.3 185 Clear
4 7.0 9.6 10.7 204 Clear
5 7.0 9.7 11.1 210 Clear

4.2.4.2.3.3 Sediment

One sediment sample was collected at each of five stations on Cloudberry Creek. A field
duplicate was also collected at Station 1. All sediment samples were analyzed for DRO, PAils,
TOC, AVS/SEM, and metals. Only the Station 2 sediment sample was analyzed for VOCs.
Analytical results for sediment samples are summarized in Table 4.24.

Neither DRO nor PAils were detected in any of the Cloudberry Creek sediment samples. Carbon
disulfide, at 0.0494 mg/kg, was the only VOC detected in the one sediment sample tested.
According to the laboratory, this is suspected to be cross-contamination from the sample
containers (see Section 2.3.1.5).

A total of 24 metals were detected. in the Cloudberry Creek sediment samples. The following
nine metals were reported at concentrations greater than the background concentrations for
lowland reference streams (the asterisk indicates exceedance of the ERBSC as well).
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Beryllium Boron Cadmium* Calcium
Cesium Magnesium Potassium Strontium
Thallium

Of these metals, calcium and magnesium concentrations were greater than background for
several stations, while the other six metals exceeded background at just one station each.

The 159 mg/kg of boron found at Station 3 was 22 times higher than background. Boron was not
detected at the other sampling stations, although the detection limits ranged from 10 to 31 mg/kg.
The strontium concentration found at Station 2 was about 35 percent higher than the background
concentration (221 vs. 164 mg/kg).

No sediment ERBSCs are available for the metals that exceeded lowland reference stream
background concentrations, with the exception of cadmium. The single cadmium occurrence at
Station 5 reported a concentration five times greater than the ERBSC. Calcium, potassium, and
magnesium are considered essential nutrients in most organisms and not likely to result in
significant ecological effects.

AVS and SEM concentrations in the sediment samples from Cloudberry Creek are presented in
the following table. The ratios of SEM to AVS ranged from 0.01 to 0.002, except at two stations
where no AVS was detected. This suggests that there are sufficient acid volatile sulfides present
to limit the availability of the SEM metals to organisms, except at Stations 2 and 5.

AVS and SEM Concentrations for Cloudberry Creek, Long Shot Site

~Stauon Sam~WNbmbei’~ f53’AW,(àmolwj) - SEM (umole/g) SEMAVS Ratio

I 4053-SD/4054-SD 1550/1200 1.63/1.96 0.001/0.002
2~ 4051-SO 0 2.0 NA
3 4049-SD 166 1.43 0.01
4 4047-SD 288 2.39 0.01
5 4045-SD 0 1.77 NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, and comparison between the substrate at the various stations.
Organic content was also determined for all samples. No grain-size gradation analyses were
performed due to insufficient mineral soil content. The results are presented in the following
table.
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Sediment Characteristics for Cloudberry Creek, Long Shot Site

statioj~s2m~t .2 :.. TQ’:..,t;.::~ .. rganicContent Soil Classification
.... 14 bá~ (mgikjdr~eiflt):c ;:.v(%Tdryweight)

4053-SD/ 157,000/~ 4054-SD 220,000 59.2 Dark brown, SILT with organics

2 4051-SD 91900 Brown, slightly fine sandy SILT withorganics
3 4049-SD 29,900 — Brown, fine sandy SILT with organics
4 4047-SD 73,000 — Brown SILT with organics
5 4045-SD 81,300 34.8 Brown SILT with organics

0

DOE collected several sediment samples from Cloudberry Creek in 1997; one was tested for
metals. This sample, designated LS-2C, is shown near Station 3 in Figure 4.2-2. The DOE
laboratory results are presented in Appendix B. The metals concentrations for Sample LS-2C
fell were uniformly similar to the results obtained for the 1998 Station 3 Cloudberry Creek
sediments. One exception was boron with a concentration at Station 3 (1998) of 159 ug/L, while
the 1993 sample~ showed no detectable boron. 1998 samples from the other four stations on
Cloudberry Creek also showed no detectable boron.

4.2.4.2.3.4 Benthos

Benthic samples were collected on Cloudberry Creek at Stations 1, 2, and 5. These samples
were submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in
each sample were identified and counted. Results are presented in the following table. An
evaluation of the results is presented in Triad Analysis of Drill Site and Test Site Stream
Sediments (Appendix F).

-~ -: ~-~-—~r ~~4’-;=;~ ~&mmofl - Tjfr individuals per Station
~~t~fl!Namt~ ~ -1- 2 -

Turbellaria Tricladida Planariidae flatworm Adult 4
Oligochaeta Tubificida Tubiflcidae tubifex worm Adult 9
Gasnpoda Mesogastropoda Lymnaidac snail Juvenile 4
Peleycopoda Spaeracea Sphaeriidae clam Juvenile 8 72 3
Collembola Collembola Hypogasturidac springtail Adult

lsotomidae springtail Adult 2 4
Insecta Ephemeroptera Baetidae (genus mayfly Nymph 4

Pseudocloeon sp.)
Flemiptera Veliidae ripple bug Nymph 20
Trichoptera Limniphilidae caddisfly Larva 4 7
Diptera Chironomidae midge Larva 136 152 49

Revision No. 0
Date: 9130/99
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aaii~u~
Insecta Chironominae midge Larva 10

Tanypodinae midge Larva 8
Rhagionidac snipefly Pupa 4

Hydracarina watermite Adult
Crustacea Isopoda Asellidae isopod Adult 84 6

Total 164 348 79
Family Biotic Index 6.10 6.94 6.18

EPT Relative Abundance 0.0% 1.1% 13.9%
Species Diversity 0.67 1.45 1.28

4.2.4.2.3.5 Sediment Toxicity Tests

Sediment samples collected from Stations 1, 2, and 5 of Cloudberry Creek were used to perform
10-thy freshwater .sediment bioassay tests using larvae of the midge Chironomus tentans. The
tests were performed by American Aquatic Testing in Allentown, Pennsylvania, under
subcontract to IT Corporation. Results are listed in the following table. An evaluation of the
data is presented in Triad Analysis ofDrill Site and Test Site Stream Sediments (see Appendix
F).

Sediment Toxicity Results, Cloudberry Creek; Long Shot Site

sa~aMha-~Lr; .. .B~osnan

~ ~ fl~c
1 51.25% 54.67% 1.315 177.90% 6.77 98.00%
2 62.50% 66.67% 0.700 94.70% 4.29 62.10%
5 73.75% 83.10% 0.203 40.30% 1.56 34.80%

4.2.4.2.3.6 Fish

Three resident Dolly Varden fish samples for chemical analysis and one for radionuclide analysis
were collected from Cloudberry Creek. The following table summarizes the size and weight of
the fish. Specific data on fish sampling are presented in the field fish collection forms in
Appendix 3.
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Fish Sample Descriptions for Cloudberry Creek, Long Shot Site

~Sihple ~t~ngth~ Nümb*61 JroW Sample Average Weight Electroshock Time
°~ Number fan~he~) -. Thh - — (grams) (grams) (seconds)

1 4073.FS 4—6 9 300 33.3 33)
1 (rad.) 4077-FS 3—7 27 825 30.5 1800

2 4074-FS 2—8 9 325 36.1 966
S 4111-FS 4.5-15 2 450 225 18

The results of chemical analyses are discussed separately from the results of radionuclide
analysis.

4.2.4.2.3.6.1 Results of Chemical Analyses

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, and PCBs.
Analytical results are presented in Table 4.2-5 and summarized below.

Twenty-one metals were detected in the three fish tissue samples. Concentrations ~ crc
compared to background concentrations determined for fish from lowland reference streams. and
to EPA Region III RBCs for fish consumption. Five metals were found to exceed background
values: cerium, cobalt, copper, nickel, and thorium. Four of the five background-exceeding
occurrences were from Station 2; the other was from Station 1. ~The concentrations of cobalt.
copper, and nickel fall below theft respective ERBSCs. There is no available RBC for cerium or
thorium.

Inorganic arsenic was detected in one sample (from Station 2) at a concentration exceeding thc
fish consumption RBC but below the background level. Note that the background Ic’ ci ot
inorganic arsenic in lowland stream fish is almost ten times higher than the corresponding RBC

Neither PAHs nor PCBs were detected in the fish samples from Cloudberry Creek.

4.2.4.2.3.6.2 Radionuclides

Because numerous fish were present at Station 1, a sample was collected for radionuclide testing
The results are shown in the following table. The fish sample collected at Cloudberry Creek
differed from other fish samples tested for radionuclides in several ways. The fish sample
consisted of smaller fish, sized 3 to 7 inches as opposed to 11 to 16 inches in other samples. Due
to the smaller size the fish were analyzed whole (i.e. not gutted), and more fish were required to
provide the minimum sample weight. Unlike the other fish samples, the fish from Cloudberry
were not associated with a lake. This may indirectly account for their smaller size distribution.
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Radionuclide Concentrations in Fish for Station 1 of Cloudberry Creek. Long Shot Site

. - Whole Fish
1[!OtOl$ Thg - Detection Limit

Americium-241 U 0.00449 ±0.0106 0.0348
Plutonium-238 U 0.00344 ±0.0188 0.0526
Plutonium-239/240 U 0.00465 ±0.0 126 0.0323
Cesium-137 0.739±0.104 0.0447

U analyte was not detected at a concentration greater than the detection limit.

The first three isotopes listed above were not detected in this or any other fish samples tested for
this project. The cesium- 137 concentration in this sample was significantly higher than in
background or Cannikin fish samples.

4.2.4.3 Reed Pond and Long Shot Lake

The 1998 Drill Site Investigation included a reconnaissance of Long Shot Pond, Reed Pond, and
the trenches that lead to each pond from the exploratory hole locations. The reconnaissance of
Long Shot Pond included the collection of lake sediment samples for visual observation. The
sediment samples were collected both near shore and from the middle of the pond. The samples
from the middle of the pond were collected using a skiff. The near-surface lake sediments
(within the top 1 foot of the sediments) consisted uniformly of brown peat. No drilling mud,
diesel odors, or sheens were observed during the reconnaissance. The trench leading to Long
Shot Pond from the exploratory hole was mostly dry and overgrown; no drilling mud was
observed in the trench.

The trench leading to Reed Pond contained shallow standing water for much of its length. The
trench averaged about 1.5 feet wide and 2.5 feet deep. The bottom of the trench was probed at
random locations along its length with a hand auger. A sheen was generated in several places
when the bottom sediments were probed. Most of the sediments retrieved with the hand auger
were brown peat. However, in one location, gray bentonite with a diesel odor was encountered.

The near-shore sediments of Reed Pond were also probed with a hand auger. Particular attention
was paid to the shoreline near the outlet of the impacted trench. No obvious drilling mud, diesel
odor, or sheen was observed in Reed Pond. However, to better determine the potential impacts
to Reed Pond, discretionary surface water and sediment samples (not in the originally planned
scope of work) were collected near the outlet of the impacted trench and the outlet of an
additional drainage trench leading to Reed Pond from the northeast. The sediments in this
additional trench were also probed and did not appear to be impacted. Descriptions and field
screening results for the samples collected in Reed Pond are provided in the following table.
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Reed Pond Sample Descriptions, Long Shot Site

.. Water •Madj sa” i~ Sample t Screening
Sampling Depth Thickness Depths Description Observations Results

~ 0n~ (feetF~ (feet) ~ : ‘ . (feet) (ppm)

~ 8 NA I 137-SW Surface Water
Reed 1139-SD 0-0.3 Brown Peat PID=1.5
Pond 1 5 NA I 138-SW Surface Water

. I 140-SD 0-1.0 Brown Peat Trace gray sand PIDO

* Sample depth measured from pond bottom

NA: No drilling mud observed

4.2.43.1 Surface Water

The two surface water samples from Reed Pond were analyzed for DRO, VOCs, PAHs, and
metals. The results of these analyses are presented in Table 4.2-6. Both of the surface water
samples contained DRO, which was detected at concentrations of 113 and 137 ugfL. The
reported concentrations of DRO are comparable to the 92 ugfL average concentration of DRO
reported in water from half of the lowland reference stream samples, as explained in Section
2.3.1.5. Thus it is possible that the reported values of DRO could be due to biogenics.

The only VOC detected in Reed Pond water samples was methylene chloride. This substance is
a common laboratory contaminant, and these occurrences are not believed to be site-related (see
Section 2.3.1.5). No PAN compounds were detected in the water samples.

The Reed Pond water samples contained 11 metals, most at levels well below background
concentrations established based on surface water from lowland streams. Exceptions were
barium and calcium. Barium was not detected in the lowland reference stream water samples but
was detected in the Reed Pond samples at 49.4 and 53 ugfL. The 7,330 ug/L calcium in one
sample exceeded the background value by 70 percent. The barium concentrations in Reed Pond
are an order of magnitude higher than the applicable ERBSC (see Table 2-10). No ERBSC is
available for calcium, which is considered an essential nutrient in most organisms and not likely
to result in significant ecological effects.

Surface water quality parameters measured in Reed Pond during the 1998 Drill Site Investigation
are presented below.

Surface Water Parameters for Reed Pond, Long Shot Site

Sampler~ ~4~3cmpe9$Urtff ~DissoWed Oxygen £onductivity Turbidity
~ taP~H [.t(d~g&etC) ~~~(iñg/L) — (nSlcm) (NTU)~

1137-SW 5.6 9.0 8.16 160 0
1138-SW 5.7 8.8 9.0 125 0

0

0

0
sECTION 4.0 sITE CHARACTERIZATION Revision No.0
US. Army Corps ofEngineers. Alaska District Date: 9)30/99
Amcbitka Island, Alaska Page 4-55

DOE 1998 SITE CHARACTERIZATION REPORT
X-0926-04



DOE collected a water sample from Reed Pond in 1993 and analyzed it for metals. The sample
- / location is shown in Figure 4.2.2. The test results are listed in Appendix B under “SW-REED.”

Concentrations were similar to those in the 1998 samples with the exception of barium,
vanadium, and zinc, which decreased with time. Barium was present at about a 50 percent
greater concentration in the 1993 sample. Vanadium and zinc were detected at 8 and 29 ug/L,
respectively, in 1993 but not detected in 1998.

4.2.4.3.2 Sediment

The two sediment samples from Reed Pond were analyzed for DRO, VOCs, PAils, and metals.
The results of these analyses are reported in Table 4.2-7. DRO was detected in one of the two
sediment samples at a concentration of 42.6 mg)kg. An average of 13.3 mg/kg DRO was
reported in sediment samples from lowland reference streams (Section 2.3.2.5). Concentrations
of DRO as high as 184 mg/kg were found in Corps background sediment samples during the
Phase I RI (Section 2.3.2.6). Thus, it is possible that the DRO reported in the Reed Pond sample
is from a biogenic source.

Apart from two suspected laboratory contaminants (acetone at a maximum of 1.02 mg/kg, and 2-
butanone at a maximum of 0.14 mg/kg), the only VOC detected was toluene in one sample at an
estimated concentration of 0.0434 mg/kg. This concentration is slightly below the ERBSC of
0.05 mg/kg for sediment. No PAils were detected in the samples.

The Reed Pond sediment samples contained 18 metals. Concentrations of these metals were
below background concentrations from lowland reference streams, with the exception of calcium
and cesium. Cesium was not detected in the lowland reference stream sediment samples but was
detected in one Reed Pond sample at 5.72 mg/kg. The 9,230 mg/kg calcium in one sample
exceeded the background value by 26 percent. No ERBSCs are available for either metal.
However, calcium is considered an essential nutrient in most organisms and not likely to result in
significant ecological effects.

4.2.5 Summary

The configuration of the mud pits, trenches and exploratory drill hole features at the Long Shot
test site were consistent with information obtained from documentation during the planning
phase. Therefore, the original scope of work planned for the site was considered generally
adequate to meet the project objectives. However, an additional potentially impacted stream that
drains the site (Rainbow Creek) was identified and investigated during the 1998 field work.

The mud pits at the site contain an estimated 5,480 cubic yards of diesel-contaminated drilling
mud. The DRO levels in the drilling mud (296 to 58,000 mg/kg) are the highest concentrations
detected at the drill sites investigated. Several VOCs and PAHs were also detected in the drilling
mud at elevated concentrations relative to their respective ERSBCs. Although several metals
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were detected, only chromium and copper exceeded both their background concentrations and
ERBSCs. The surface water in the mud pits contains only low concentrations of DRO. at levels
below the ADEC drinking water standard. Other constituents were generally either not detected
or were well below ERBSCs or background concentrations.

The Long Shot mud pits were constructed below grade in a level area, so the drilling mud is
relatively well contained in the pits. Therefore, the potential for the drilling mud to be rapidly
released to a stream (such as during a catastrophic event like an earthquake) is low. The water
currently flowing from the mud pits drains to Rainbow Creek along a shallow excavated trench,
but does not appear to be eroding the drilling mud and carrying it downstream.

The two lakes in the immediate vicinity of the Long Shot Test Site, Long Shot Pond and Reed
Pond were also investigated for evidence of drilling mud. No evidence of drilling mud or
impacts from mud was found in Long Shot Pond, whereas Reed Pond appears to be slightly
impacted by past drilling activities. A trench from an exploratory drill hole site to Reed Pond
contained drill mud at the time of the field work, and may once have been used to transport
drilling fluids to the lake. Although no drilling mud was observed in the lake, one sediment
sample (collected near the outlet of the trench where drilling mud was observed) contained a low
DRO concentration, as did the surface water in the lake. The DRO levels detected in Reed Pond
are similar to the levels of biogenic DRO detected in the reference streams. However, since it is
likely that drilling mud was once released into Reed Pond along the trench leading from the
exploratory hole, the DRO found in the pond may reflect either the residual effects of the drilling
mud or biogenic DRO.

The three streams that drain the Long Shot site were sampled to evaluate the residual impacts
from previous releases of drilling mud. Surface water and sediment sampling was conducted in
Cloudberry Creek, which drains Reed Pond and the southern part of the site; Rainbow Creek,
which drains the mud pits and eastern part of the site; and Bridge Creek, which drains Long Shot
Pond and the northern part of the site. Based on the analytical results from these streams, the
residual effects of past drilling mud releases on current stream water and sediment chemistry
appear to be minor. DRO concentrations in all the stream water samples were comparable to
background levels, no PAHs or VOCs were detected, and none of the water samples contained
metals at concentrations that exceeded both background and ERBSCs. Similarly, no PAHS or
VOCs were detected in the sediment samples, and DRO was detected above reference stream
levels in sediment only at Stations 3 and 4 of Rainbow Creek, where 2,110 and 1,100 mg/kg,
respectively were found. Metals concentrations in sediment were also generally comparable to
background levels. The main exceptions were chromium concentrations in sediment from
Stations 3 and 4 of Rainbow Creek, which exceeded both the ERBSC and background
concentrations. Also, in Cloudberiy Creek, the boron level in sediment was relatively high at
Station 3, and cadmium was elevated above the ERBSC at Station 5.

Aroclor 1260 was detected in the fish sample from StationS of Rainbow Creek at about 10 times
the Region III RBC for human consumption. •PCBs were not tested in drilling mud or stream
sediment. No PAHs were detected in fish samples from any of the Long Shot streams. The fish

sECTION 4.0 SITE CHARACTERIZATION Revision No.0
U.S. Army Corps of Engineers, Alaska Distict Date: 9)30)99
Amchitka Island, Alaska Page 4-57

DOE 1998 SITE CHARACrERIZATION REPORT X-0926-04



sample from Station 5 of Bridge Creek contained several metals, of which inorganic arsenic and
iron exceeded the RBCs. The only other fish sample from the three creeks that had a metal
concentrations in exceedance of both background and RBC values was the sample from Station 5
of Rainbow Creek, which also had an elevated concentration of inorganic arsenic, at about 10
times the RBC.

The Triad Analysis (see Appendix F) evaluated the relative sediment quality with respect to
habitat for 22 locations on the lowland streams investigated. Using a system that combines
benthic, sediment chemistry, and sediment toxicity rankings, the overall rankings obtained for
the streams that drain the Long Shot site are as follows:

Bridge Creek Rainbow Creek Cloudberrv Creek
Station 2 2nd Station 1 5th Station 1 -,rd

Station 3 14th Station 3 20th Station 2 10th

StationS ist Stations 17th Station 5 8th

The lower the overall ranldng (higher number) obtained using this approach, the greater the
indication of low sediment quality. The low ranking at Rainbow Creek Station 3 was based in
part on sediment toxicity test results that showed no survival. Sediment chemistry and benthic
community rankings at this location were below average, but were within the range of the
lowland reference stream stations.

The stream sediment quality in Rainbow Creek (Station 3, in particular) shows evidence of
elevated diesel (no PANs or VOCs) and chromium, which might have impacted benthic
macroinvertebrates and fish. It may be that drilling mud that was released historically was
deposited in the low gradient area between Station 1 and 3, and continues to leach with time.
The sediment quality may be a factor in the poor habitat identified in this part of Rainbow Creek.
However, the physical characteristics of this stream, such as low gradient, low discharge, poorly
defined drainage, and excessive aquatic and bank vegetation, also contribute to poor habitat for
benthic macroinvertebrates and fish throughout much of the stream.
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Photo 4.1-2: Rifle Range Road Additional Mud Pit, facing north. The location of this
sampled mud pit is shown in Figure 4.1-3.
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Photo 4.1-I: Heart Lake, facing west.
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SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

C
TABLE 4.2-1

SURFACE WATER ANALYTICAL RESULTS FOR LONG SHOT MUD PITS
(concentrations in micrograms per liter)

E21 ç~$

1t~

.3 ~ ~ .t)~,’,

Ct C

~.

l)iesclRangeflydrocarbous IAK 102 - 198B 223B 284B 2788 125 l14 120
Volatile Organic Compounds

I,2,4-Trimethylbenzene EPA 82608 - ND(l) ND(l) ND(l) ND(1) ND(l) ND(l) ND(l)

l,3,5-Trimethylbenzene EPA 82608 - ND(1) ND(1) ND(l) ND(l) ND(l) ND(l) ND(l)

2-Butanone EPA 82608 - NIJ(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20)

Acetone EPA 82608 - ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20)

Carbon disulfide EPA 82608 - 140(I) ND(I) ND(l) ND(l) ND(1) ND(1) ND(I)
Ethylbenzene EPA 8260B - ND(I) ND(l) ND(I) 140(l) ND(I) ND(I) ND(l)

lsopropylbenzene EPA 82608 - ND(I) ND(1) ND(1) 140(I) ND(I) ND(I) ND(I)

m,p-Xylene EPA 82608 - ND(2) . ND(2) ND(2) ND(2) ND(2) 140(2) ND(2)

Methylene chloride EPA 82608 - 2.14 U 2.05 U 7.67 U 3.59 U 24 U 16.1 Ui 25.6 U
n-Butylbenzene EPA 82608 - 140(l) 140(1) 140(1) ND(I) 140(I) 140(l) ND(l)
n-Propylbenzene EPA 82608 - N0(l) 140(1) 140(I) 140(I) 140(l) ND(I) ND(l)

Naphthalene EPA 82608 - 140(l) 140(1) 140(I) 140(I) 140(l) 140(l) 140(I)

o-Xylene EPA 82608 - 140(l) 140(I) 14D(I) 140(l) 140(1) ND(I) 140(l)
p-lsopropyltoluene EPA 82608 - 140(l) 140(1) 14D(I) 140(1) 140(I) 140(I) ND(l)
sec-Butylbenzene EPA 82608 - 140(I) ND(I) 140(l) 140(1) 140(I) 140(l) 140(I)

Toluene EPA 82608 - 140(I) 140(I) 140(I) N0(l) 140(I) 140(I) ND(I)
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TABLE 4.2-1 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR LONG SHOT MUD PITS
(concentrations in micrograms per liter)
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U U
TABLE 4.2-1 (cord.)

SURFACE WATER ANALYTICAL RESULTS FOR LONG SHOT MUD PITS
(concentrations in micrograms per liter)

.‘ - ~

~ . - .____ S ~‘

‘________ I

‘ 4 d~N~
Copper EPA6O2O ~JI~ 1.01 ND(1) Nö~Ü] ND(l) l.18J 1.32J 1.24]
Iron EPA 6010B 993 413 592 540 597 161 321 178

Lithium EPA 6020 1.17 b ND(1) ND(I) ND(I) ND(1) ND(I) ND(I) ND(I)

Magnesium EPA 60108 4,690 b 5,480 J 5,320 S 5,2805 5,4205 6,600 6,620 6,700

Manganese EPA6O2O 68.7 112 82.7 78.7 100
Molybdenum EPA 6020 ND(l) ND(l) ND(1) ND(1) ND(l) ND(I) ND(l) ND(I)

ickel EPA_6020 ND(I) 1.37J 2.44J 1.615 5.91 J ND(I) ND(1) ND(l)
Potassium EPA 60108 2,620 1,240 1,300 958 1,430 1,640 1,570 1,760

Selenium EPA 6020 ND(I) ND(l) ND(I) ND(I) ND(1) ND(I) ND(1) ND(I)

Strontium EPA 6020 36.1 45.9 . 52.3 50.5 51.8 58.2 57.8 58.7
Thallium EPA 6020 ~ NIXI) ND(I) ND(l) 1.09 ND(1) ND(l) ND(I)
Thorium EPA 6020 ND(I) NIJ(1) ND(l) ND(I) ND(I) ND(I) ND(l) ND(l)
Titanium EPA 6020 6.13 1.3 J 1.37] 1.65.1 1.6 J ND(I) UJ ND(1) UJ ND(I) U]

Uranium EPA 6020 ND(l) ND(I) ND(1) ND(1) ND(I) ND(1) ND(I) ND(I)
Vanadium EPA 6020 ND(1) ND(I) ND(1) 1.82 ND(1) NIJ(1) ND(I)

Zinc EPA 6020 50.3 b ND(10) ND(10) ND(I0) ND(I0) ND(I0) ND(I0) ND(I0)

SECTION 4.0 SITE CHARACTERIZATION Revision No.0
U.S. Army Corps of Engineers. Alaska Districi Date: 9/30/99
Amchilka Island. Alaska Page 3 of4

DOE 1998 DRILL SITE CHARACTERIZATION REPORT X-0926-04



C: U U
TABLE 4.2-1 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR LONG SHOT MUD PITS•
(concentrations in micrograms per liter)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this
report for a description of background concentration calculations.

o This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this element; see Table 2-8.

ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but
are generally comparable to reporting limits for project samples; see Section 4.9.

- sample not analyzed for this parameter
B analyte detected in method blank
.1 result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank contamination; result considered nondetect
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers. Alaska DistricI
Amchitka Island, Alaska

0
TABLE 4.2-5

F1SII ANALYTICAL RESULTS FOR LONG SHOT SITE
(concentrations in milligrams per kilogram)

C:

ilycyclic Aromatic Hydrocarbons
cenaphthene SW8270 SIM

Lnlhracene

naphthylene SW8270 SIM

81.1

NA

SW8270 SIM

enzo(a)pyrene

i(a)anthraceue SW8270 SIM 0.0043

405.6

ND(0.0067)

SW8270 514

ND(0.0067)

0.00043

ND(0.0067)

enzo(b)fluoranthcne SW8270 SIM 0.0043
(ghi)perylene SW8270 SIM NA

)(k)fluoranthene SW8270 SIM 0.043

irysene SW8270 SIM 0.43

IDibenzo(a,h)anthracene SW8270 SIM 0.00043
Fitioranthene SW8270 511.4 54.1

luorene SW8270 SIM 54.1
Indeno( I ,2,3-cd)pyrene SW8270 SIM

ND(0.0067) ND(0.0067) ND(0.0067)
ND(0.067) ND(0.0335) ND(0.067)
ND(0.067) ND(0.0335) ND(0.067)

ND(0.067) ND(0.0335) ND(0.067)
ND(0.067) ND(0.0335) ND(0.067)
ND(0.067) ND(0.0335) ND(0.067)

ND(0.057) ND(0.0335) ND(0.067)
ND(0.067) ND(0.0335) ND(0.067)

ND(0.067) ND(0.0335) ND(0.067)
ND(0.067) ND(0.0335) ND(0.067)
ND(0.0067) ND(0.0067) ND(0.0067)
ND(0.067) ND(0.0335) ND(0.067)

ND(0.0067) ND(0.0067) ND(0.0067)

ND(0.067) ND(0.0335) ND(0.067)~nanthrene

ialene SW8270 SIM 27.0

0.0043

SW8270 SIM NA

SW8270 SIM 40.6 ND(0.067) ND(0.0335) ND(0.067)
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0 0
TABLE 4.2-5 (cont.)

FISH ANALYTICAL RESULTS FOR LONG SHOT SITE
(concentrations in milligrams per kilogram)

.4~ - ~. ‘I .4-. - ~-~9

~

. --. - -, ~

‘ ~ , 1~ ~, ;, t ~ ~

. 4

. . ~, P~r JL!I~!! ~qd~tccV~~ D~Q~Ctee~~f4
~‘ , %. ‘i;~h ~ -, ~- : t!sw!i~ “ Isid~ &1~I4II$~U’ ~~ILq~!?IM.t,tI~U%jgi ~tatLo4,3j~3, ~.r.~.3j$tallon,5
Polychlorinated Biphenyls

Aroclor 1016 SW8081 - - ND(0.027) Ui ND(0.OI) UJ ND(0.0l) Ui ND(0.0l) Ui ND(0.OI) Ui - ND(O 01) Ui

Aroclor 1221 SW8081 - - ND(0.054) UJ ND(0.02) UI ND(0.02) Ui ND(0.02) LB ND(O.02) Ui - ND(O.02) Ui

Aroclor 1232 5W808l - - ND(O.027) UJ ND(0.01) UI ND(0.0l) Ui ND(0.0l) Ui ND(0.OI) Ui - ND(0.0I) UI
Aroclor 1242 SW808I - - ND(0.027) UI ND(O.0l) UI ND(0.0I) UJ ND(0.0I) UJ ND(0.0I) UJ - ND(0.0l) Ui

Aroclor 1248 SW8081 - - ND(0.027) Ui ND(0.0l) Ui ND(0.0l) UI ND(0.0I) UJ ND(0.01) Ui - ND(0.0I) LB
Aroclor 1254 SW8081 - - ND(0.027) UJ ND(O.0I)UJ ND(O.01) UJ ND(0 01) UJ ND(O.0l) UI - ND(0.0I) Ui

Aroclor 1260 SW8OSI 0.0016 - ND(0.027)UJ ND(0.0I)Ui ND(0.0I)UJ ND(O.0l)Ui ND(0.0I)Ui - ~O.O161.J -

Metals
Aluminum SW6020 1351.9 475 57 425 10.2 166 10.6 13.51 323 i

Arsenic SW6020 0.21 0.127 0.0508 ~32~~j NIXO.0250) 0.0365 0.0413 0.049 J ND(0.0250) Ui

Inorganic Arsenic EPA Draft 0 0021 ~ 0 00206 0 000521 ~

Barium SW6020 94.6 1.03 0.261 1.62 0.0513 0.224 0.0448 0.158 0.233
Beryllium SW6020 2.7 ND ND(0.D250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Boron SW6020 121.7 28.6 8.65 Ui 6.23 Ui 6.48 Ui 6.75 UJ 6.45 Ui 10.3 Ui 21.5 Ui
Cadmium SW6020 1.4 0.0373 b ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
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0
TABLE 4.2-5 (cont.)

FISH ANALYTICAL RESULTS FOR LONG SHOT SITE
(concentrations in milligrams per kilogram)

- .dtJWfrfis~i~&~a~e~r~’~~

.D ~~t4b
J ~.

~ ~

t_ I
.. — —- — I~dlfl4eek i4~~ W~ 5w’Raippow..Cnek~, •,..

.. I 4W tapon~j~,~ation 5~’~ 4fy$latlpn 3-tb., j,1’. Station 5
Calcium SW6020 NA 19,200 7,280 8,080 6,680 5,430 9,800 6,950 4,130
Cerium SW6020 NA 0.0280 b ND(0.0250) 0.088 ND(0.0250) 0.031 Nl3(0.0250) ND(0.0250) ND(0.0250)

Cesium SW6020 NA 0.0258 b ND(0.0250) 0.0305 ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Chromium SW6020 4.1 1.03 0.395 0.39 0.3 0.337 0.303 ND(0.0500) Ui 0.3531

Cobalt SW6020 81.1 0.0780 b ND(0.0500) 0.257 ND(0.0500) 0.111 ND(0.0500) ND(0.0500) Ui 0.053 1

Copper SW6020 54.1 1.20 b 0.864 U 1.57 U 0.783 U 1.52 U 0.678 U 1.08 0.979

Iron SW6020 405.6 310 57 22.7 260 19.8 731 81.51
Lithium SW6020 27.0 0.0993 b 0.0255 0.17 ND(0.0250) 0.0575 ND(0.0250) ND(0.0250) ND(0.0250)

Magnesium SW6020 NA 408 273 473 315 373 350 298 244

Manganese SW6020 189.3 160 10.2 93.6 3.88 20.3 1.83 22.3 23.9

Molybdenum SW6020 6.8 0.173 b 0.163 Ui ND(0.125) UJ ND(0.125) Ui ND(0.125) Ui ND(0.125) UJ ND(0.125) UI ND(0.125) Ui
Nickel SW6020 27.0 ND ND(0.125) 0.217 ND(0.125) 0.135 ND(0.125) ND(0.125) ND(0.125)
Potassium SW6020 NA 4,780 b 4,330 4,730 4,600 3,050 4,300 3,450 3,030

Selenium SW6020 6.8 0.936 0.397 0.473 0.322 0.452 0.637 0.401 0.372
Strontium SW6020 811.1 22.1 5.91 9.93 7.47 8.21 14.3 8.471 5.291

Thallium SW6020 0.09 0.0283 b 0.0503 ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) Ui ND(0.0250) lii
Thorium SW6020 NA ~ b 4.06 J, B ND(2.50) Ui, B 4.17 J, B ND(2.50) Ui, B ND(2.50) Ui, B 5.4 J, B ND(2.50) UI, B

C C
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TABLE 4.2-5 (cont.)
FISH ANALYTICAL RESULTS FOR LONG SHOT SITE

(concentrations in milligrams per kilogram)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this
report for a description of background concentration calculations.

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram
B analyte detected in method blank
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
Ii analyte concentration attributed to blank or laboratory contamination; result considered nondetect
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-10.
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TABLE 4.2-6
SURFACE WATER ANALYTICAL RESULTS FOR REED POND, LONG SHOT SITE

(concentrations in micrograms per liter)

iesel xange
Irocarbons

‘olatile Organic Compounds
1,2,4-Trimethylbenzene

1,3,5-Trimethylbenzene

clic Aromatic Hydrocarbons

disulfide

‘lbenzene

Methylene chloride
.Butylbenzene

n-Propylbenzene
Iaphthalene

o-Xylene
:Isopropyltoluene
~c-Butylbenzene

•cenaphthene

Chromium
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TABLE 4.2-6 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR REED POND, LONG SHOT SITE

(concentrations in micrograms per liter)

Cobalt EPA 6020 3.35 ND(1) ND(1)
Copper EPA 6020 ~ 140(1) Ui 1.04 J
Iron EPA 6010B 993 370 571
Lithium EPA 6020 1.17 b ND(1) ND(1)
Magnesium EPA 6OIOB 4,690 b 3,870 2,310
Manganese EPA 6020 ~ 42.4 6.85
Molybdenum EPA 6020 ND(1) ND(1) ND(1)

Mickel EPA 6020 N0(~l) ND(1) ND(1)
Potassium EPA 6010B 2,620 1,360 1,300
Selenium EPA 6020 ND(1) NDO) ND(1)
Strontium EPA 6020 36.1 25.9 19.5
Thallium EPA 6020 ~f~ji%4~ ND(1) ND(1)
Thorium EPA 6020 ND(1) ND(1) ND(1)
Titanium EPA 6020 6.13 1.47 J 2.1 1
Uranium EPA 6020 ND(1) ND(1) ND(1)
Vanadium EPA 6020 4.43 b 140(1) ND(1)

Zinc EPA 6020 50.3 b 140(10) ND(10)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix D of this report for a description of background concentration calculations.

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid Un. The concentration shown is the maximum detected concentration in the appropriate
background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

ND( 1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.2-7
SEDIMENT ANALYfICAL RESULTS FOR REED POND, LONG SHOT SITE

(concentrations in milligrams per kilogram)

i inaa~~t~bq& r~3~ -~. . 9SDOE-LONG-1139-SD ~8DOK-tONG-114O-SD

I~Vti~ktS#4~4~% r~
~ ~J’~fj~’1?4âi~?k4’ ,c DqiTh (feet)tz i~ ‘~Hs~tj~? tt~ft’i.~O-i&~k~-LMi.

Diesel Range Hydrocarbons IAK 102 - f 42.6 ND(27.4)
Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 8260B - ND(0.0533) Ui ND(0.0 188) UJ

I,3,5-Trimethylbenzene EPA 8260B - ND(0.0533) UI ND(0.0188) UI
2-Butanone EPA 8260B - 0.136 J 0.0575 3
Acetone EPA 8260B - OZ!Jfl~j~ CO~SIJ3ç~ ~
Carbon disulfide EPA 8260B - ND(0.0533) UI ND(0.0188) UI

Ethylbenzene EPA 8260B - ND(0.0533) UI ND(0.O 1 88) UI
Isopropylbenzene EPA 8260B - ND(0.0533) UI ND(0.0 188) Ui
m,p-Xylene EPA 8260B - ND(0.0533) UI 140(0.0188) UI
Methylene chloride EPA 8260B - ND(0.0533) UI ND(0.0188) Ui
n-Butylbenzene EPA 8260B - ND(0.0533) UI ND(0.0188) U)

n-Propylbenzene EPA 8260B - ND(0.0533) UI ND(0.0l88) Ui
‘Japhthalene EPA 8260B - ND(0.0533) UI ND(0.0 1 88) Ui
o-Xylene EPA 8260B - ND(0.0533) UI ND(0.0188) U)
p-Isopropyltoluene EPA 8260B - ND(0.0533) UI ND(0.0I 88) U)
sec-Butylbenzene EPA 8260B - ND(0.0533) UI ND(0.0188) U)

Toluene EPA 8260B - ND(0.0533) UI 0.0434 i
Xylenes (total) EPA 8260B - - -

Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - ND(0.0333) ND(0.0226
Acenaphthylene EPA 8270C - ND(0.0333) ND(0.022b

Fluorene EPA 8270C - ND(0.0333) ND(0.0226,
Naphthalene EPA 8270C - ND(0.0333) ND(0.0226i

Phenanthrene EPA 8270C - ND(0.0333) ND(0.0226)

Metals
Aluminum EPA 60 lOB 45,400 13,100 10,000

Arsenic EPA 6020 ~j$0G~fl~ ND(3 42)

Barium EPA 6020 469 ND(50.5) 43.6

Beryllium EPA 6020 ND ND(5.05) UI ND(3.42) UI

Boron EPA 6010B 7.18 b ND(25.3) UI ND(17.1) UI

Cadmium EPA 6020 ~ ND(5.05) ND(3.42)

Calcium EPA 6010B 7,300 9,230 3,570

Cerium EPA 6020 14.2 5.72 J 3.87 1

Cesium EPA 6020 ND 5.72 ND(3.42)
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TABLE 4.2-7 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR REED POND, LONG SHOT SITE

(concentrations in milligrams per kilogram)

ftL~tt4iI’it~i~ .r~r*~ a ~MQ?~t.Tfl~ ~t*~t~ai~
fl.. “t’ 4 -~ ~i It 7mij~ I~r~ e ~aJ-j.nW nd~ ~ ~t~i sd*tr4t’J .~t~ ~ ~It4~tHJt~4 ~•~5 ._4, 71% -~~fr ~ ~na$!~&c~e;&
~ ~ — w.~; 9~D~flONG-113~-SD 98DOEZtONG~ 140-SD

~$~VaL49~flj
~ ; D&W(f~t)U iP’t’~S it~i~Ii’

Chromium EPA 6020 11.8 9.71 ND(3.42)

Cobalt EPA 6020 43.7 7.57 J 3.99 J
Copper EPA 6020 ~
Iron EPA 6010B S5~J55OOI~ 5,890 4,910
Lithium EPA 6020 48.8 ND(5.05) 3.53

Magnesium EPA 6010B 9,320 1,790 1,480
Manganese EPA 6020 J~4VJ~*~~ 97.7 221
Molybdenum EPA 6020 5.5 b ND(S.05) UJ ND(3.42) Ui
‘iickel EPA 6020 13.6 8.04 J ND(3.42) U]

Potassium EPA 6010B 1,390 108 145
Selenium EPA 6020 5.44 b ND(5.05) U] ND(3.42) U]
Strontium EPA 6020 164 46.9 41
Thallium EPA 6020 1 b ND(5.05) ND(3.42)
Thorium EPA 6020 0.5 b ND(5.05) ND(3.42)
Titanium EPA 6020 3,010 1,280 752

Uranium EPA 6020 4.13 b ND(5.05) ND(3.42)
Vanadium EPA 6020 734 340 46.6

Zinc EPA 6020 ~as~::~- ND(50.5) I ND(34.2)

‘ Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix D of this report for a description of background concentration calculations.

~ This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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4.2 LONG SHOT

4.2.1 Site Description

The Long Shot site is located approximately 600 feet southwest of Infantry Road in the vicinity
of Mile 4.8 (Figure 1-2). The site is situated at an approximate elevation of 135 feet in the
eastern lowland. Site features are shown in Figures 4.2-1, 4.2-2, and 4.2-3. The DOD (in
conjunction with the AEC) conducted the first underground nuclear test on Amchitka at the Long
Shot site. .The test involved the underground detonation of an approximately eighty kiloton
nuclear device on October 29, 1965. A 2,300-foot-deep emplacement hale was drilled at the site
for the test. The diameter of the emplacement hole varied between 32 and 74 inches. Eighteen
smaller-diameter exploratory and observation holes were also drilled at the site (AECILV, 1974).
Following the detonation, the emplacement hole was covered with a concrete and brass
monument, which marks SGZ.

The site originally contained four side-by-side mud pits near SGZ. Collapse of one of the berms
now gives the appearance of three pits. These mud pits were left open to permit sampling as part
of the site’s long-term monitoring program. Because of their relatively small size, the mud pits
were considered to be two separate mud pits for the purposes of this investigation. No other
open mud pits were observed at the site.

The Long Shot site is located in a relatively flat area, and drainage patterns from the immediate
vicinity of the site are not readily apparent. However, based on historical information and site
observations, impacted areas at Long Shot are drained by as many as three separate streams. As
shown in Figures 4.2-1 and 4.2-2, these streams are Rainbow Creek, Cloudberry Creek, and a
tributary of Bridge Creek. Rainbow Creek and Cloudberry Creek were previously unnamed;
these names were designated for the purpose of this investigation. Two large ponds, Reed Pond
and Long Shot Pond, are located near the site.

4.2.2 Site History

Bridge Creek, Cloudberry Creek, and Rainbow Creek are identified by the AEC planning
document (ARC/NV, 1972) as having been impacted by drilling mud from the Long Shot site:

“These streams were polluted by drilling mud from Long Shot. Effects on the ecology of
the first two streams [Cloudberry and Rainbow] are still visible [in 1972]. No action
required. The flow of fresh water in the drainage areas is gradually purging the systems
so that the damage is believed to be self-restoring.”
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Further information is provided by Fuller and K.irkwood (1977), who attribute “oil contamination
in a stream draining the site” to “ruptured banks of settling basins.” During planning for the

1998 investigation, this quotation was considered contradicted by the fact that the Long Shot
mud pits are located in a depressed area resulting from the excavation of the native soils
overlying bedrock. Therefore, it was postulated that drilling-mud releases during drilling of the
site’s numerous exploratory boreholes may have caused some of the stream impacts, rather than
mud from the open mud pits near SGZ.

For this reason, no investigation of the Rainbow Creek drainage was included in the initial scope
of work for the site. Sampling was planned only in Bridge Creek and Cloudberry Creek.
However, initial site reconnaissance revealed water flowing from the Long Shot mud pits into
Rainbow Creek via a shallow interconnecting drainage trench. Therefore, sampling of Rainbow
Creek was added to the scope of work.

Drilling-mud impacts were also suspected at Reed Pond and Long Shot Pond. A figure on page
1-98 of the ABC planning document (showing drill hole locations at the site) shows an apparent
drainage trench extending between an observation hole and Long Shot Pond. Long Shot Pond is
located at the headwaters of the tributary to Bridge Creek that was sampled during the 1998
investigation. Mother apparent drainage ditch is shown extending between an exploratory hole
and Reed Pond, which drains into Cloudberry Creek. Based on this map, it was suspected that
drilling mud released into the drainage ditch from the exploratory hole sites might have impacted
Long Shot Pond and Reed Pond. The locations of these ditches are shown in Figure 4.2-1. (7)
4.2.3 Characterization Activities

Based on the historical information and site observations, investigations at the Long Shot site
targeted the Bridge Creek tributary steam from Long Shot Pond to Infantry Road, Cloudberry
Creek, Rainbow Creek, the open mud pits, Reed Pond, and Long Shot Pond. The section of
Bridge Creek downstream of the Infantry Road Bridge was not included in this investigation,
because it is known that diesel fuel spilled into Bridge Creek from a bulldozer that was wrecked
in the creek near the Infantry Road Bridge. The 1998 investigation included a reconnaissance at
all of the targeted features and sampling from the majority of the features, based on the results of
the reconnaissance.

Three locations were selected in each mud pit for the collection of surface water and sediment
samples. Two locations in Reed Pond were also selected for surface water and sediment
sampling. The sampling locations were distributed evenly throughout the pond or mud pit. Mud
pit sampling locations are shown in Figure 4.2-3. Reed Pond sampling locations are shown in
Figure 4.2-1.
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A detailed reconnaissance of each of the three streams was performed to observe the stream
regimen and ecology and select sampling locations. Sediment and surface water samples for
chemical analysis were collected from five stations along each stream at locations that were
selected based on the reconnaissance. Invertebrate, bioassay, and fish samples were collected
from three of these stations at each stream. Stream sampling locations are shown in Figure 4.2-
2. The samples that were collected from the Long Shot mud pits, Reed Pond, and the three
streams were shipped to off-site laboratories for testing. The types of tests performed and their
results are discussed in the following sections.

4.2.4 Observations and Analytical Results

4.2.4.1 Mud Pits

A panoramic view of the mud pits is shown in Photo 4.2-1. They are located in a low-lying area
and appear to have been constructed by scraping the surficial peat from the bedrock surface and
forming low berms with the resulting soil. The berms appeared to be stable, and no areas of
significant erosion or collapse were observed. The construction of the mud pits is such that the
water surface in the pits is at a lower elevation than most of the surrounding ground surface. An
exception is the northeast corner of the east mud pit, where the pit drains into two small trenches.
The two trenches join a short distance from the pit and form a single drainage trench that crosses
under Infantry Road in a culvert. The drainage trench intersects the headwaters of Rainbow
Creek a short distance east of Infantry Road.

Together, the mud pits form two approximately square-shaped areas with dimensions of 150 feet
by 150 feet each. The area within the berms was mostly submerged, although some dry areas
were observed near the southern edge of the pits. The sediment at the bottom of the mud pits
was observed to be a cohesive, gray clay, which appeared to be the settled-out remains of the
bentonite used in the drilling mud. The bentonite contained some sand- and gravel-sized
particles that are assumed to be drill cuttings. These cuttings were more prevalent in the deeper
of the two samples collected at each sampling location. The bentonite had a slight to moderate
diesel odor, and a sheen appeared on the surface of the water when some of the drilling-mud
samples were collected.

Water depth and the thickness of the drilling mud were measured at each sampling location. The
depth of water in the pits ranged from 1.0 to 2.1 feet. The thickness of drilling mud in the
borings drilled in the pits varied from 2.0 to 7.7 feet. Based on these measurements, the
estimated total volume of drilling mud remaining in both mud pits is 5,480 cubic yards. The
estimated total volume of water in both mud pits (based on the water surface elevation at the
time of the field work) is 338,500 gallons. The assumptions and methods used to make these
estimates are explained in Section 2.4.3.1.3.
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Descriptions and field screening results for the samples collected at the Long Shot site are
provided in the following table:

Mud Pit Sample Descriptions, Long Shot Site

Revision No. 0
Date: 9/30199

Page 4-25

0

.. :~u~ tW;ter~2 ~~lu4~~t-Siinplea~ 44 :~+* u u.~Scneni~

1~J Depth Thickness ~ 1kpth~ Descnption Observations Results~ :{feet)~ eet>t~ ~-4at)- .. . . . .

1 120-SW Surface Water
1126-SD 0-1.0 Gray Bentonite Slight diesel odor P10=40

2 2.0 and sheen
I 127-SD 1.0-2.0 Gray, sandy Slight diesel odor P1D43

Bentonite and sheen
1 12 1-SW Surface Water

West 2 1 48 1 128-SD 0-1.0 Gray Bentonite PID=44
Mud Pit I 129-SD 3.1-4.1 Gray, sandy, Slight diesel odor P1D32gravelly Bentonite

I 122-SW Surface Water
1 123-SD 0-1.0 Gray Bentonite Moderate diesel PID=0

1 5 62 1 124-SD odor and sheen~ (dup)

1 125-SD 4.0-6.0 Gray, sandy Slight diesel odor PID I
Bentonite and sheen

. 1009-SW Surface Water
I 134—SD 0-1.0 Gray Bentonite Slight diesel odor PIDr 13

2.0 3.0 and sheen
I 135-SD 2.0-3.0 Gray, sandy Slight diesel odor PlD25

Bentonite and sheen
1010-SW Surface Water

16 5.2 1132-SD 0-1.0 Gray Bentonite Slightdiesel odor PIt) :~East I 133-SD 4.2-5.2 Gray, sandy, Slight diesel odor Pit)-
Mud Pit gravelly Bentonite

101 1-SW Surface Water
1012-SW

(dup)
1.0 7.7 1130-SD 0-1.0 Gray,sandy PlD-’

Bentonite
1131-SD 5.0-6.0 Gray,sandy, Slightdieselodor PI[)~~

gravelly Bentonite

• Sample depth measured from mud surface

4.2.4.1.1 Surface Water

The mud pit surface water samples were analyzed for VOCs, DRO, PAHs, and metals. The
results of these analyses are summarized in Table 4.2-1. All six samples and a duplicate
contained DRO. Concentrations in the east mud pit ranged from 198 to 284 ug/L, while

0
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concentrations in the west mud pit ranged from 114 to 125 ug/L. The laboratory method blank
associated with the east mud pit samples contained 82.7 ug/L of DRO. In accordance with the
EPA National Functional Guidelines for Organic Data Review (EPA, 1991), these samples
could have been qualified as nondetects at detection limits corresponding to the reported values,
because they are less than five times the method blank concentration. However, this approach
might be viewed as questionable when used on samples from a mud pit known to contain diesel.
Accordingly, these four DRO results have been “B”-flagged. The laboratory contamination
present in the method blank might explain why the average DRO concentration in the east mud
pit (246 ugfL) is greater than the average concentration in the west pit (120 ug/L). The reported
concentrations of DRO are also comparable to the 92 ug/L average concentration of DRO
reported in water from half of the lowland reference stream samples, as explained in Section
2.3.1.5. In summary, DRO found in the samples could be due to diesel fuel from the drilling
mud, from laboratory contamination, or from biogenic hydrocarbons.

The only VOC detected in Long Shot mud pit water samples was methylene chloride. It was
detected in all seven samples at concentrations ranging from 2.05 to 25.6 ug/L. However, these
results were attributed to blank contamination by the lab and should be considered as nondetects
(Table 4.2-1). No PAIl compounds were detected in the water samples.

The Long Shot mud pit water samples contained 12 metals, most at levels well below the
background concentrations for surface water established from lowland reference streams.
Notable exceptions were calcium, magnesium, and strontium, which exceeded background
concentrations in all the mud pit samples. Nickel was not detected in the lowland reference
stream samples (at a detection limit of 1 ug/L), but was present in the east mud pit at 1.37 to 5.91
ug/L. Cobalt exceeded background in one sample from the east mud pit, though the measured
concentration of 5.56 ug/L was estimated and less than two times the background concentration.

A comparison of those metals that exceeded background in the Long Shot mud pit water samples
with project ERBSCs (Table 2-10) shows that no ERBSCs were exceeded.

DOE collected three water samples from the Long Shot mud pits in 1993 for metals analysis.
Concentrations were similar to those reported for the 1998 samples, except that the calcium and
magnesium concentrations in the 1993 samples were about 40 percent higher than 1998
concentrations, and the single 8.7 ugfL occurrence of copper in 1993 was several times higher
than the 1998 concentrations.

Surface water quality parameters measured in the Long Shot mud pits during the 1998 Drill Site
Investigation are presented in the following table.
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Surface Water Parameters for Long Shot Mud Pits

:•~~ ~Sawp1e~::h~Conducdvi~. Tnrbidi~ -

hNUrnba;~;: ~•H~P ~~ •(mg/L) (US/cm) (Mt).
1009-SW 8.6 10.0 11.8 200 0
(east pit)
~ 8.6 10.0 11.4 190 0
(east pit)
~ 8.5 10.0 11.8 190 0
(east pit)
1120-SW 6.7 9.6 8.45 216 1
(west pit)
1121-SW 72 9.8 8.65 200 1
(west_piO
1122-SW 7.2 9.8 8.8 210 2
(west_pit)

4.2.4.1.2 Sediment

The mud pit sediment samples were analyzed for VOCs, DRO, PAHs, and metals. The results of
these analyses are summarized in Table 4.2-2.

The Long Shot mud pit sediment samples contained the highest DRO concentration of all drill
sites. All of the sediment samples at Long Shot mud pits contained DRO. Concentrations in the
west mud pit ranged from 296 to 15,200 mg/kg; whereas concentrations in the east mud pit
ranged from 1,130 to 58,800 mg/kg. The average DRO concentration in the east mud pit (about
21,000 mg/kg) is about twice that in the west mud pit (about 10,000 mg/kg). This trend is
consistent with the trend exhibited by DRO concentrations in water samples (the east pit also had
higher DRO concentrations in water).

Since the sediment thickness was as much as 7.7 feet, two mud samples were analyzed at each
sample location: one from the mud surface, and one from the bottom of the mud layer. In the
west mud pit, DRO concentrations were comparable in the shallow and deeper samples, except at
sample 1125-SD, where the concentration at depth was only 296 mg/kg. In the east pit, DRO
concentrations in the deeper samples were an order of magnitude lower than the shallow samples
(but still ranged from 1,130 to 9,540 mg/kg). All of the sediment samples were predominantly
bentonite drilling mud, but the deeper samples contained higher proportions of sand and gravel
drill cuttings. In general, these deeper samples also had a higher percent solids determined by
the chemical laboratory, which reflects the presence of the drill cuttings. This partially explains
the lower DRO concentration in the deeper samples, but there still appears to be a lower diesel
content per unit volume of the deeper mud than there is in the shallow mud samples.

Each ofthe drilling-mud samples contained between three and nine alkylated benzenes, at a total
concentration ranging from about 7 to 272 mg/kg. This represents an average of 1.8 percent of
the DRO concentration. Naphthalene was also detected in all the samples at 16.3 to 137 mg/kg.
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Four or five PAHs were present in each of the drilling-mud samples. at total concentrations
ranging from about 1.4 to 78 mg/kg. This represents an average of 0.24 percent of the DRO
concentration. The shallow mud samples contained only about half the total alkylated benzene
concentration of the deeper samples, as a percentage of DRO (1.2 percent of the DRO versus 2.6
percent). The deeper samples contained about a 50 percent higher total PAH concentration than
the shallow samples (0.27 percent of DRO versus 0.19 percent).

Twenty-four metals were detected in the samples from the Long Shot mud pits. Twelve of these
exceeded background concentrations based on lowland reference stream sediment samples. The
following metals were in exceedance in at least one of the 12 mud samples (an asterisk indicates
that sample concentrations also exceeded the ERBSCs).

Calcium Cerium Cesium Chromium* Cobalt Copper*
Magnesium Nickel Potassium Strontium Thorium Titanium

Chromium exceeded both background and ERBS concentrations in half of the samples. All
twelve samples exceeded both background and the ERBSC for copper. As noted previously, the
copper ERBSC is lower than the background value.

DOE collected three sediment samples from the Long Shot mud pits in 1993. The samples were
designated LSMP-1, LSMP-2, and LSMP-3, and are shown in Figure 4.2-3 and Appendix B.
These samples were analyzed for metals. In most cases, the metals results from 1993 were

7~Th\ significantly lower than the 1998 results. In a few cases the difference is an order of magnitude
or more. The only comparable results were cases where metals were not detected in either set of
samples.

Two additional sediment samples and a duplicate were collected from the mud pits by DOE in
1997. The results for the 1997 metals and TPH analyses are listed in Appendix B under the
sample labels of “Mud Pits A and B” and “Mud Pits C and D.” Inmost cases, the 1997 metals
concentrations are intermediate values between the 1993 and 1998 results. Generally, the values
are closer to the 1998 results than the 1993 results. The explanation of data differences is
unknown. Perhaps the concentrations are increasing due to the consolidation of sediments over
time. Some of the differences may be attributed to different analytical laboratories or methods.

4.2.4.2 Streams

Three streams drain the Long Shot site. As shown in Figure 4.2-2, these streams are Rainbow
Creek, Cloudberry Creek, and a tributary to Bridge Creek. Rainbow Creek and Cloudberry
Creek were previously unnamed and were named during this investigation for ease of reference.
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4.2.4.2.1 Bridge Creek

Sample Numbers and Station Coordinates for Bridge Creek, Long Shot Site

Notes: SW = surface water SD = sediment FS = fish IN = invertebrates

Revision No. 0
Date: 9/30/99

Page 4-29

For this study, the name Bridge Creek refers to the tributary that exits Long Shot Pond and flows
north into a larger channel about 800 feet upstream of Infantry Road, as shown in Figure 4.2-2.
Bridge Creek then passes under a small bridge at the road and flows into Square Bay on the
Bering Sea. The portion of Bridge Creek downstream of the road was not investigated because
of a documented diesel spill into the creek off the road embankment. The studied portion of
Bridge Creek is approximately 3,900 feet long, with an overall gradient of 3.0 percent.

Field activities at Bridge Creek included a reconnaissance to document stream characteristics and
select sample station locations (as shown in Figure 4.2-2), followed by sampling of surface
water, sediment, benthic macroinvertebrates, and fish (resident Dolly Varden only). One surface
water and sediment sample was collected at each of five sampling stations along the length of the
creek. Benthic macroinvertebrates samples were collected at Stations 1, 2, and 5. Sediment
samples for bioassay’s were collected at Stations 2, 3, and 5. Fish samples were collected at
Stations 3 and 5. Fish were not observed during shocking at Stations 1 and 2; therefore a third
fish sample was not collected. Similarly, no fish samples were collected for radionuclide testing
due to the scarcity of fish.

The following table lists the sample numbers for each medium collected at each station, as well
as site coordinates. Latitude and longitude of sampling stations were measured using a hand-
held GPS receiver, and are accurate to ± 100 feet. Station elevations were interpolated from
topographic contours on the Figure 4.2-2.

0

0

0

~SampWNnmbir~

1 51° 26’ 23.1” 179° 10’ 38.0” 120 4042-SW4043-SD
4040-SW

2 51° 26’ 30.0” 179° 10’ 36.4” 100 4041-SD
4082-IN
4038-SW

3 5l°26’ 37.4” 179° 10’ 37.4” 70

408 I-IN

4 51° 26’ 47.4” 179° 10’ 35.8” 35 4036-SW4037-SD
4034-SW

5 51° 26’ 47.4” 179° 10’ 40.9” 32

4080-IN
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The following subsections present observations made during the reconnaissance and sampling
activities, and discuss analytical results for surface water, sediment. benthos. and fish samples.

4.2.4.2.1.1 Stream Characteristics

Bridge Creek roughly parallels Infantry Road, about 350 to 800 feet to the west of the road.
Based on the initial reconnaissance, Bridge Creek was divided into three stream reaches (Figure
4.2-2). The uppermost reach, Reach 1, begins at the outlet of Long Shot Pond, flows through a
broad, gently-sloping, tundra-sedge meadow, and ends at a slope break below which the gradient
sharply increases. Reach 2 flows down through a narrow, steeply-incised channel with several-
to 3-foot falls, and ends about 300 feet upstream of the confluence with the larger channel of
Bridge Creek. The lowest reach, Reach 3, includes the confluence and the low gradient, wider
channel of Bridge Creek and ends at the road. Bridge Creek contributes about 15 percent of the
total combined flow as measured just below its confluence with the main channel. Mother
tributary enters Reach 3 about 400 feet upstream of the road; it contributes about twice the
discharge as the subject stream. The following table summarizes the reach characteristics.

Reach Characteristics for Bridge Creek, Long Shot Site

~i~Sdt~ ~ ~. Substrate
1 2,000 2.3 Many small bends Peat
2 1,000 6.5 Straight Peat
, Straight with 90° bend
3 900 0.75 Sandy gravel over peatat confluence

Reach 1
Reach 1 is roughly 2,000 feet long. It begins at the outlet of Long Shot Pond. A relatively
straight channel drains north from the pond across a gently-sloping, boggy, tundra area. The
stream channel typically ranges from 4 to 12 inches wide and 2 to 8 inches deep, with many
small bends. The gradient in the upper portion of the reach is about 1 percent. The dominant
substrate is peat. The stream banks are typically low and vertical to undercut. In several places,
the turf banks close together over the stream, such that the channel is underground. There are
numerous deep pools both connected and adjacent to the stream throughout this reach. At least
one appears to be manmade, with an angular “L” shape. The pools are often greater than 5 feet
deep. No fish were observed in any of these pools, even after electroshocking. In the lower
portion of Reach 1, several similar channels converge. The gradient of the stream increases
downstream of this convergence.

Station 1 was located halfway down Reach 1. Through this portion of the stream, rooted plants
typically cover about 50 percent of the stream bottom (Photo 4.2-2). Emergent and submergent
vegetation mainly consists of grass, sedge, and mare’s tail. A sheet metal weir is located about
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100 feet downstream of Station 1, and a staff gage was observed in Reach 2. These were most
likely installed in the late 1 960s for hydrologic studies.

Station 2 was located at the lower end of Reach 1, below the point where the multiple channels
converge. The channel width increases in this area to 1 to 3 feet, and the depth increases to 6 to
12 inches.

Reach 2
Reach 2 is roughly 1,000 feet long. It is characterized by a steep gradient (6.5 percent overall)
and numerous 1- to 3-foot waterfalls. The stream flows through a steep-sided, narrow valley
estimated at 50 to 70 feet wide and 15 feet deep (Photo 4.2-3). The stream channel is incised
with vertical to undercut banks, often as high as 5 feet. During the 1998 field work the water
level of Bridge Creek was relatively low, and the average stream depth within Reach 2 was I to
3 inches except in pools that were 1 to 3 feet deep. The dominant substrate is peat. The stream
banks show exposed peat up to 6 feet thick. Sandy gravel is superimposed over peat in many
places. Grass, cow parsnip, and wild celery are present along the banks, often overhanging and
shading the channel. Submerged vegetation, mainly moss (Fontinalus sp.), covers
approximately 25 percent of the stream bottom.

Station 3 was located in the middle of Reach 2.

Reach 3
Reach 3 is approximately 900 feet long, with an overall gradient of about 0.75 percent making it 4

the flattest reach on Bridge Creek. The stream channel is relatively straight except for a right
angle turn at the confluence with the larger channel that enters from the west. The valley floor
widens to 200 to 300 feet toward Infantry Road. The stream channel also widens to 2 to 5 feet
with depths varying from 6 inches to 4 feet. The dominant substrate consists of silty peat
overlain by sandy gravel. About 20 percent of the stream bottom is covered with rooted
vegetation (mainly Fontinalus), and the banks are overhung with grass and sedge.

Station 4 was located in the upper end. of Reach 3, approximately 250 feet upstream of the
Bridge Creek confluence, on the smaller channel. Station 5 was located about 30 feet
downstream of the main confluence on Bridge Creek. Several sea-run Dolly Varden were
observed in this area.

Downstream of Infantry Road, Bridge Creek continues for another 2,500 feet to the beach. The
gradient is low, about 0.5 percent or less, and the channel meanders through a flat-bottomed
valley. Silver salmon were observed in the creek below the road.
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4.2.4.2.1.2 Surface Water

One surface water sample was collected at each of the five sampling stations. Each sample was
analyzed for DRO, VOCs, PAl-Is, and metals. A summary of analytical results is presented in
Table 4.2-3.

DRO was detected in three of five surface water samples at concentrations ranging from 59.6 to
77.2 ug/L. These values are less than the DRO concentrations reported in surface water from
lowland reference streams (Section 2.3.1.5) and thus may represent biogenic hydrocarbons.

The only VOC detected was methylene chloride in three samples at concentrations of 2.92 to
5.95 ugfL. This substance is a common laboratory contaminant, and these occurrences are not
believed to be site-related (see Section 2.3.1.5). No PAH compounds were detected in the water
samples.

Thirteen metals were detected in the surface water samples from Bridge Creek. All but three of
the detected metals (calcium, magnesium, and nickel) had concentrations below the background
concentrations from lowland reference streams. Of these three, calcium and magnesium were
detected at concentrations above background levels in only at Station 3. Calcium was 50 percent
greater in the Bridge Creek Station 3 sample than background; magnesium was only about 1
percent greater. Nickel was detected in four of the five surface water samples at concentrations
of 1.02 to 1.32 ug/L; the reporting limit was 1 ugIL. Nickel was not detected in the lowland
reference streams, while the upland reference stream nickel concentration was 1.69 ugfL.

The list of metals that exceeded background values in Bridge Creek surface water was compared
with the list of metals that exceeded background values in sediment (see Section 4.2.4.2.1.3).
Nickel concentrations in sediment did not exceed background values. Calcium and magnesium
concentrations in Bridge Creek sediment and surface water both exceeded background
concentrations.

None of the metals found in Bridge Creek water samples that exceeded background also
exceeded project ERBSCs. The ERBSC for nickel in water is 52 uglL, which is well above the
concentrations detected in Bridge Creek. No ERBSCs are available for calcium or magnesium;
both are considered essential nutrients and unlikely to produce toxic effects.

Surface water quality parameters measured at each Bridge Creek station during the 1998 Drill
Site Investigation are presented in the following table.
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Surface Water Parameters for Bridge Creek, Long Shot Site

~Sampling.~: a.:4J~flmPt1!t11~~: Dissolved Oxygen Conductivity T Wd•
Station - j (degees C) (mg/la) (uS/cm) IW I ItY

1 7.0 1 1 9.8 120 Clear
2 6.9 9.4 10.9 128 Clear
3 7.0 8.0 11.0 167 Clear
4 7.1 9.0 I 1.1 145 Clear
5 6.9 9.3 10.5 126 Clear

4.2.4.2.1.3 Sediment

One sediment sample was collected at each of the five Bridge Creek stations. Sediment samples
were analyzed for DRO, PAHs, TOC, AVS/SEM, and metals. Only the sediment sample from
Station 5 was analyzed for VOCs. Analytical results are summarized in Table 4.2-4.

Neither DRO nor PAHs were detected in any of the Bridge Creek sediment samples. No VOCs
were detected in the sample from Stations.

Of 20 metals detected in the Bridge Creek sediment samples, the following seven were reported
at levels greater than their respective background concentrations for lowland reference streams.

Magnesium
Strontium

Each of these metals exceeded the background concentration for one sediment sample (i.e. one
station), except for magnesium and potassium, which exceeded background at two stations.
Exceedances ranged from 8 to 63 percent over the respective background concentrations, with
the exception of one potassium sample that was 190 percent of the background value.

No ERBSCs are available for the seven metals that exceeded background concentrations (listed
previously).

In addition to the total metals results discussed above, AVS and SEM were analyzed to provide
information on the bioavailability of metals in the stream sediment. AVS and SEM
concentrations in the sediment samples from Bridge Creek are presented in the following table.
The ratio of SEM to AVS ranged from 0.002 to 3.45, suggesting that there are sufficient acid
volatile sulfides present to limit the bioavailability of the SEM metals, except at Station 2.

0

0Aluminum
Potassium

Calcium
Selenium

Molybdenum
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AVS and SEM Concentrations for Bridge Creek, Long Shot Site

. .::;StiÜ~n~Z~’ ~AVS(umoi&g) . SEM (nmol&g) SEM:AVSRAbo •1
I 4043-SD 830 1.86 0.002
2 4041-SD 0.747 2.58 3.45
3 4039-SD 255 2.22 0.01
4 4037-SD 3.27 2.57 0.79
5 4035-SD 7.8 1.52 0.19

TOC was determined for each of the sediment samples, to allow normalization of organic
chemical concentrations to carbon and comparison between the substrate at the various stations.
Organic content determinations were performed on all samples, and the grain-size gradation was
measured on those with a sufficient mineral soil content (rather than peat and other organics.
whose lighter specific gravity render a grain-size analysis invalid). These analyses were also
performed to allow comparison between stations. The results are presented in the following
table.

Sediment Characteristics for Bridge Creek, Long Shot Site

:~n1;~ ~ ~ 3~gamc

!~L1’~ ~ L~:at~4°4 4w~1. Soil Classification
~ z~ .~jht) -

I 4043-SD 194,000 65.3 Brown PEAT
2 4041-SD 169,000 37.9 Brown, slightly sandy, siIt~ PEAT
3 4039-SD 50,200 30.1 Brown, fine sandy SILT with organic’
4 4037-SD 43,300 33.3 Brown, slightly sandy, sith PE4T

S 4035-SD 95,300 39.3 5Hg~~~y silty sandy GRAVEL u~tr~
organ ics

4.2.4.2.1.4 Benthos

Benthic samples were collected at Stations 2, 3, and 5 on Bridge Creek. These samples ~crc
submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in each
sample were identified and counted. Results are presented in the following table. The report
Triad Analysis ofDrill Site and Test Site Stream Sediments, prepared by IT Corporation under
subcontract to DOE, is presented in Appendix F. This report evaluates the benthic abundance
and diversity data for this stream in comparison to the other site-related and reference streams.
and as one component of the Sediment Quality Triad.
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Benthic Invertebrates in Bridge Creek, Long Shot Site

~ •. . JndMduak:per.

-Cuss Mrder -Family Common Life Station
~ Name Stage 2 3f .5

Turbellaria Tricladida Planariidae flatworm Adult 3
Oligochaeta Tubificida Tubificidae tubifex worm Adult 60 8
Gastropoda Mesogastropoda Lymnaidae snail Juvenile 16
Peleycopoda Spaeracea Sphaeriidae clam Juvenile 16 11
Insecta Trichoptera Limniphilidae caddisfiy Larva 1 16 1 3

Lepidoptera moth Larva 4
Diptera Muscidae fly Larva 8

Chironomidae midge Larva 204 1 14
Crustacea Amphipoda Talitridae (genus scud Adult 52

Hyalella sp.)
. Total, 416 65 36

Family Biotic IndexI 5.76 7.72 6.89
EPT Relative Abundance 28.2% 1.5% 8.3%

Species Diversity 1.29 0.34 1.27

0

4.2.4.2.1.5 Sediment Toxicity Tests

Sediment samples collected from Stations 2 and 5 (which were also benthic invertebrate sample
stations) and from Station 3 were used to perform 10-day freshwater sediment bioassay tests
using larvae of the midge Chironomus tentans. The tests were performed by American Aquatic
Testing in Allentown, Pennsylvania, under subcontract to IT Corporation; The Triad Analysis of
Drill Site and Test Site Stream Sediments prepared by IT Corporation under subcontract to DOE
is presented in Appendix F. This report evaluates the bioassay results for this stream in
comparison to the other site-related and reference streams, and as one component of the
Sediment Quality Triad.

..: .....

‘~a;t0;1-•-’ :C_; Sunnh~;~. - Growth Bromass
-~:r-,; z;ç~ Lt~ormsnd -- ~ Normalized

2 52.50% 56.00% 0.718 97.20% 3.74 54.1%
3 62.50% 66.67% 0.731 98.90% 4.65 67.3%
5 87.50% 92.11% 0.397 76.10% 3.45 70.0%
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4.2.4.2.1.6 Fish

Fish samples were collected at Stations 3 and 5 on Bridge Creek. No fish were observed at
Stations I or 2 or in all of Reach 1 after 318 seconds of electroshock time.

For the fish sample at Station 3 the whole of Reach 2 was electroshocked. One sea-rim Dolly
Varden was observed in a small pool in the middle of Reach 2; it was captured and released
alive. At Station 5, seven sea-run Dolly Varden were observed but not collected. No salmon
were observed, except downstream of Infantry Road. All fish that were collected were resident
Dolly Varden. Specific data on fish sampling, such as the size of individual fish, are presented in
the field fish collection forms in Appendix J. The following table summarizes the size and
weight of the fish.

Fish Sample Descriptions for Bridge Creek, Long Shot Site

.+t~:~~5samj~ ~ Average Weight. Electnshdefl’Imtt

:- ~ .. Qnchc4;~ (grams) (seconds)
3 4072-FS 1—5 23 150 6.5 721
S 4071-FS 1—5 25 200 8.0 1342

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, and PCBs.
Analytical results are presented in Table 4.2-5 and summarized below.

Twenty-four metals were detected in the two fish tissue samples. Concentrations were compared
to background concentrations determined for fish from lowland reference streams, and to EPA
Region III RBCs for fish consumption. None of the metals exceeded background in both
samples, but the following thirteen metals each exceeded background levels in one fish sample
only (usually from Station 5).

Arsenic* Barium Cerium Cesium
Cobalt Copper Iron* Lithium
Magnesium Nickel Thallium Thorium
Vanadium

Of these thirteen metals, seven were below the corresponding RBCs, and five (arsenic, cerium,
cesium, magnesium, and thorium) do not have established RBCs. Only arsenic and iron at
Station 5 exceeded both ità background concentration and fish consumption RBC (denoted above
with an asterisk).

Inorganic arsenic was detected in both samples at concentrations exceeding the fish consumption
RBC. One of these samples from Station 5 also exceeded the background level; the sample
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concentration was over seven times the background (0.0208 vs. 0.154 mg/kg). A confirmation
analysis was run on the fish sample from Station 5; this result was higher than the original at
0.219 mg/kg, which is over ten times background. However, the background level of inorganic
arsenic in lowland stream fish also is almost ten times higher than the corresponding RBC.

Neither PAHs nor PCBs were detected in either fish sample from Bridge Creek.

4.2.4.2.2 Rainbow Creek

During the 1998 field season the name Rainbow Creek was given to the unnamed drainage
channel and stream that begins at the Long Shot mud pits, flows east under Infantry Road, and
then flows northeast to Square Bay on the Bering Sea (see Figure 4.2-4). The upper part of this
stream system was referred to in the August 1998 Management Plan as “two apparent drainage
trenches.” Investigation of Rainbow Creek was added to the scope of work after investigators
observed a hydrocarbon sheen and odor upon disturbing the sediment in the channel downstream
of Infantry Road.

Rainbow Creek is approximately 4,500 feet long, with an overall gradient of 2.7 percent. The
uppermost 1,000-foot (approximately) portion of Rainbow Creek consists of a straight, shallow,
manmade drainage channel that ends in a boggy, gently-sloping area with poorly-defined
drainage. In general, Rainbow Creek has extensive aquatic and overhanging terrestrial
vegetation. A 4-foot-high waterfall is located just upstream from the beach at Square Bay.

Field activities at Rainbow Creek included a reconnaissance to document stream characteristics
and select sample station locations, and sampling of surface water, sediment, benthic
macroinvertebrates, and fish (resident Dolly Varden only). Surface water and sediment samples
were collected at each of five sampling stations along the length of the creek. At Stations 2, 3,
and 5, benthic macroinvertebrates and sediment samples for bioassays were also collected. Fish
samples were collected at Stations 3 and 5. At Station 2 no fish were observed during
electrofishing, so a sample was not obtained.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
GPS receiver and are accurate to about ± 100 feet. Station elevations were interpolated from
contours in Figure 4.2-2.
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Sample Numbers and Station Coordinates for Rainbow Creek, Long Shot Site

~_:~~fi ~ :~oith~flthu&:~I.~EastLonjtude Sample Number

1 51° 26’ 14.3” 1790 10’ 55.8” 130

4121-SW
2 51° 26’ 28.1” 179° 10’ 59.7” 120 4122-SD

4159-IN
41 19-Sw

3 51° 26’ 26.8” 179° 11’ 03.7” 98

4 158-IN

4 51° 26’ 35.8” 179° 11’ 18.5” 85

4115-SW

5 51° 26’ 38.8” 179° 11’ 25.9” 70

4 156-IN

The following subsections present observations made during the reconnaissance and sampling
activities, and discuss analytical results for surface water, sediment, benthos, and fish samples.

4.2.4.2.2.1 Stream Characteristics

Based on observations during the initial reconnaissance, Rainbow Creek was divided into three
stream reaches (Figure 4.2-2). Reach 1 begins at the northeast corner of the Long Shot mud pits,
where a manmade channel drains to the east-northeast to a culvert beneath Infantry Road (around
4.8 mile). The straight channel continues about 750 feet downstream of the road. The manmade
channel then ends, and the water enters a boggy area where flow continues underground in
places, and multiple small rivulets converge in a braided pattern. Reach 1 ends at the confluence
of upper Rainbow Creek and a small western tributary that contributes about 30 percent to the
overall discharge. Reach 2 begins at this confluence where the creek channel is better defined.
The entire middle portion of Reach 2 is characterized by a low gradient and poor drainage.
There are multiple small channels that spread out into a boggy wetland with a series of ponds.
At the lower end of Reach 2, a single channel forms. Reach 3 begins as the gradient increases,
and an incised valley (about 150 feet wide) forms. Reach 3 ends where the mouth of Rainbow
Creek enters the southern corner of Square Bay. A 4-foot-high waterfall about 100 feet upstream
of the cobble beach would prevent anadromous fish from moving up the channel. The following
table summarizes reach characteristics for Rainbow Creek.
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Reach Characteristics for Rainbow Creek, Long Shot Site

- ~OveI2ll
- Reach’~ -‘ ~~‘~:2:; ~Gradient Sinuosity Substrate

~ .~-

1 1,500 2.1 Straight Peat with silt
2 1,600 1.2 Few bends Peat with silt
3 1,400 5.0 Few bends Gravel-cobble

Reach I
As defined by the investigation, Reach 1 begins as a straight, 6-inch-wide ditch draining the
Long Shot mud pits to the east under Infantry Road, continuing northeast in a straight, 6- to 8-
inch-wide by 3- to 5-inch-deep ditch for another 750 feet. Water was flowing at the time of the
investigation, and as noted previously, a hydrocarbon sheen was observed and an odor detected
upon disturbing the sediments near Station 1. Two other small tributaries enter the main channel
downstream of the straight portion; one contributed about 30 percent to the overall discharge,
while the other was not flowing.

The ditch crosses a gently-sloping sedge-tundra meadow; once the manmade channel ends,
drainage becomes poorly-defined. The channel enters a wide, wet area where multiple braided
channels intersect and subterranean flow occurs. A single channel emerges after about 400 feet.
The stream is heavily overgrown with bank and instream vegetation including mare’s tail, marsh
marigold, and sedges. The lower portion of Reach 1 is again a, wide, wet area with braided
channels and subterranean flow. The reach ends at the confluence of two main channels (Figure
4.2-2).

Station 1 within Reach 1 was located about 80 feet downstream of Infantry Road, in the
manmade ditch. The substrate at Station 1 consists of 4 inches of gravel (presumably from the
road embankment) over peat. Some of the sediment was grayish, possibly indicating the
remnants of drilling-mud constituents.

Station 2 was located on a tributary of Rainbow Creek, about 50 feet upstream of the boundary
between Reaches 1 and 2 (Figure 4.2-2). This station was chosen because it is upgradient of the
confluence with the potentially-contaminated channel that leads from the mud pits, so water and
sediment quality could be compared between this presumed undisturbed portion of Rainbow
Creek and the remainder of the drainage system. At Station 2 the stream was I to 3 inches deep
and about 6 inches wide, with a semisoft peat bottom and abundant aquatic vegetation; the
discharge was low.

Reach 2
Reach 2 of Rainbow Creek begins at the confluence of the Station 2 tributary and the channel
from the Long Shot site, though as noted previously, the drainage pattern was poorly-defined and
numerous small channels converge. The middle 800 feet of Reach 2 consists of a 100-foot-wide
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TABLE 4.2-2
SEDIMENT ANALYTICAL RESULTS FOR LONG SHOT MUD PITS

(concentrations in milligrams per kilogram)

!sir~~~~hiii~1!~It~:M~eN~bit

Iii:
11~WW~~ flfltIIt&t4.s,_w.w ~ V$~ naaa fl~S~I~ ~(t41W~~WW. !~R~ i~B~ I —~,

g~:;~~~tt5 102 j - 37,000 1,780 17,000 1,130 58,800 9,540 11,600 15,200 296 j 10,100 13,700 [ 8,760 6,780
Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 82608 - 101 32.2 66.9 29.2 103 101 105 198 4.32 106 65.2 140 134
1,3,5-Trirnethylbenzene EPA 82608 - 18.6 6.91 14 6.69 19.6 19.8 19.8 39.1 0.991 21.8 14.1 28 27.9

2-Butanone EPA 8260B - ND(103) ND(27.5) ND(78.1) ND(25) ND(140) ND(86) NlY~179) ND(249) ND(S) ND(95.3) ND(30) ND(144) ND(37.5)
Acetone EPA 82608 - ND(103) ND(27.5) ND(78.1) ND(25) ND(140) ND(86) ND(179) ND(249) ND(S) ND(95~3) ND(30) ND(144) ND(37.5)
Carbon disulfide EPA 82608 - ND(2.05) ND(0.55) ND(1.56) ND(0.5) ND(2.81) ND(1.72) ND(3.59) ND(4.99) ND(0.5) ND(1.91) ND(0.6) ND(2.89) ND(0.75)
Ethylbenzene EPA 82608 - ND(4.1) ND(1.1) ND(3.12) ND(1) ND(5.62) ND(3.44) ND(7.17) ND(9.98) ND(0.2) ND(3.81) ~ ND(5.78) ~
Isopropylbenzene EPA 82608 - ND(4.1) ND(1.l) ND(3.12) ND(1) ND(5.62) ND(3.44) ND(7.17) ND(9.98) ND(0.2) ND(3.8l) 1.31 ND(5.78) 2.83

m,p Xylene EPA 82608 - ~j~J~fl~fl ~M2I~~1?fl~ W~W7øSIII ND(2) ND(I 1 2) ~ ND(14 3) ND(20) ND(0 4) ~~~
Methylene chloride EPA 8260B - ND(20.5) ND(5.5) ND(15.6) ND(S) ND(28.1) ND(17.2) ND(35.9) ND(49.9) ND(l) ND(19.1) ND(6) ND(28.9) ND(7.5)
n-Butylbenzene EPA 82608 - 8.85 4.08 6.95 4.32 11 9.82 9.23 20.6 0.636 10.6__— 6.28 13.7 11.5
n-Propylbenzene EPA 82608 - 4.98 1.64 3.72 1.52 ND(5.62) 4.98 ND(7.17) ND(9.98) 0.251 J 5.68 3.73 7.45 8.02

~ Naphthalene EPA 82608 - att’W#t 4~PL44~ ~8~WJ ~AL€tJ~AHL em~w se**~w~i ~in~a
~ o-Xylene EPA 82608 - ~{~f$fl $.4(Jj~~tWmWI ND(5 62) $j~I~j~ ND(7 17) ND(9 98) ~~~~~gj~3~
Ip-Isopropyltoluene EPA 82608 - ND(4.1) 2.7 4.78 2.69 7.54 6.57 ND(7.17) 14.6 0.396 7.06__— 4.54 9.59 8.13
Isec-Butylbenzene EPA 82608 - 4.28 1.82 3.29 1.88 ND(5.62)UJ 4.53 ND(7.17) ND(9.98) 0.281 J 4.83 3.19 6.74 6.16

IToluene EPA 82608 - ND(4.l) ND(1.1) ND(3.12) ND(I) ND(5.62) ND(3.44) ND(7.17) ND(9.98) ND(0.2) ND(3.81) ND(l.2) ND(5.78) ND(1.5)

~ Xylenes (total) EPA 82608 - ~~ ND(0 2) ~fift ~~Jj~~ffi~fl
IPolycyclic Aromatic Hydrocarbons

~ Acenaphthene EPA 8270C - 0 102 0 0676 J~%Q~~ft~4H%1~~ ]PL~2J~ 0 0406 ~ 0 135
~ Acenaphthylene EPA 8270C - ~WI~ç t~iJ{~j~ ND(0 05) ND(0 539) 0 029 ~ ND(0 4) ~ ND(0 286) 0 0106 ND(0 748) ND(0 2) ND(0 729) ND(0 033)

~ Naphthalene EPA 8270C - *WaIUII ~1t4J~U1 area nai~
~ Phenanthrene EPA 8270C - 0 1 15 0 I 06 ~ ~~~8JJ~tJ(~ 0 0357 ~~ 0 158
IMetals
lAluminum EPA 60108 45,400 39,200 26,200 33,000 28,600 33,300 36,300 23,900 21,600 27,600 32,300 20,100 28,200 35,100

lArsenic EPA 6020 1.79 5.31 3.66 5.76 4.33 5.82 5.25 2.56 5.22,, 4.33 3.4 2.25

IBarium EPA 6020 469 169 65.4 185 123 195 201 167 146 76.8 188 95.3 161 112
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TABLE 4.2-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR LONG SHOT MUD PITS

(concentrations in milligrams per kilogram)

16.6 J

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid IJTL. The concentration shown is the maximum detected concentration in the appropriate backgrpund samples.
Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but are generally comparable to reporting limits for Project samples; see Section 4.9.
sample not analyzed for this parameter
result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other quality control considerations
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ND(91.8) UJ
ND(9.18)

ND(l0) UJ
UJ

ND(67.4)

ND(l.84)
3.9J

uJ

ND(0.5)
ND(6.74) Ui

ND(25) UJ

39,800 24,700
31.95

ND(1 .35)
3.34 J

ND(37.6) UJ

2.1
11.4 J

ND(O.5)

ND(25) UJ
ND(9.4) UJ

27,600

ND(184)
ND(0.5)

22.4 S

3.49 J
ND(I .88)

ND(2.93)

10,500

ND(14.7)

ND(91.8) UJ
ND( 10)

ND(I .35)

ND(0.5)

13.9 J
19,500

ND(2.86)

UJ

20.1 J

ND(14.3)

ND(67.4)

ND(2.93) U)

0.997

20,000
26.1

ND(2.5)
UJ

1005

ND(2.86)

ND(25)

46,200

ND(l.88)
16.85

3.8 J
ND(37.4) UJ

U!

31.3

ND(25) U!

1.77

ND(0.5)

40,400

ND(9.35) U!
ND(0.5) U)

ND(37.6)UJ

14.2
ND(2.93) UJ

2.98 J
ND(36.4) UJ

ND(1 .87)

28.2
8,260

44.45

ND(9.1 1) UJ
ND(2.5)

ND(0.5) UJ

ND(2.86) UJ

27,600
11.3

ND(1 84)

3.79 3
ND(1.82)

ND(O.5)

13,000

26.25

U)

UJ

ND(91.8)
ND(10) U!

ND(0.5) U!

11.5
24,500

ND(1 .87)
6.9

U)

9,060

14.5 S
ND(67.4) U!

ND(0.5) UJ
29.6 S

1,890
ND(1.84)

ND(1.82)

1,070

13.4

ND(25) U!
ND(67.4) U!

U)

ND(18.8)

1,670

ND(0.5) U!

ND(25) U!

ND(0.5)UJ
1,120

U!
ND(18.8)

ND(10)

8.61

131

1,220

ND(l.84)

ND(1.35) UJ

14.7

U)
U)

ND(25)

17.5 1

ND(O.5)

2,010

521
ND(0.5)

ND(2 . 93 )

22,200

U)

U)

4.28

5,370

NDO .88)

376

1,740
7.88 J

8.75

ND(1 .35)

343

ND(2.86)

U)

0.863

829

ND(0.5)

ND(1 .84)

1,660 S

16,200

ND(0.5)

582

7.12 J
ND(0.5)

U)

3.44
2,410

b

ND( I)

I
U!

343

ND(0.5)

ND(1 .88)
615

ND(37.4) U!

ND(2.93) UJ

1,470 5
11.2 J

5.35

1.19

1,670

0.808

87.9

ND(0.5)

124

431

966 J

ND(37.4) I.JJ

ND(2.86) U!

ND(1.35)

5.12

2,160

ND(36.4) U)
8.4)

51.2

1,660

ND(2.93)

254

404
ND(0.5) UI

0.53 6

1.52

5,140

682 J
ND(36.4) U!

74.7

ND(1 .88)

ND(2.5)

ND(1.87)UJ

ND(2.86)

210

61.8

6.51

1,220

1,460
11.5 !

0.637 J

49.3

0.55
215

515

ND(0.5)
6.04
1,120

1,1701
ND(1.82) U)

94.1

71.5

ISO

ND(2.93)

ND(1.87)

0.9

673

ND(0.5) UI
367

ND(0.5)

58.4

108

ND(2.86)

4.56
2,380

121
ND(1.82)

79.4

92.8
ND(0.5)

2.03
519

ND(0.5)

ND(1 .87)

72.9
140

7.83

1,620
0.846

53.9

221

1.37
622

84.3

76.2
2.27

47.7
231

0.594

114
78.9 49.2
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TABLE 4.2-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR LONG SHOT MUD PITS

(concentrations in milligrams per kilogram)

Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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SECTION 4.0 SITE CHARAaERIZATI0N
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

TABLE 4.2-3
SURFACE WATER ANALYTICAL RESULTS FOR LONG SHOT STREAMS

(concentrations in micrograms per liter)

Diesel Range Hydrocarbons IAK 102 - ND(50) 59.6 ND(50) 74.4 77.2 ND(50) ND(50) 54.6 ND(50) 121 ~ IND(50)180.6151.7
Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 82608 - NDU) ND(1) ND(1) NDU) ND(1) ND(I) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
1,3,5-Trimethylbenzene EPA 82608 - ND(1) ND(I) ND(1) ND(l) ND(1) ND(I) ND(I) ND(l) ND(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1)
2-Butanone EPA 82608 -. ND(20) N1J(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20), ND(20) ND(20) ND(20) ND(20)
Acetone EPA 82608 - ND(2O) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20) ND(20)
Carbon disulfide EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1) NDO) ND(1) ND(l) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Ethylbenzene EPA 8260B - ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) NOG) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Isopropylbenzene EPA 82608 - ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1)

m,p-Xylene EPA 82608 - ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) ND(2)
Methylene chloride EPA 82608 - ND(2) ND(2) 5.95 U 2.92 U 5.55 U 4.78 U 3.17 U 4.17 U 5.14 U ND(2) 7.2 U 6.35 U 9.21 U 4.64 U 10.3 U
n-Butylbenzene EPA 82608 - ND(1) ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(l)

n-Propylbenzene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1)
Naphthalene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

o-Xylene EPA 8260B - ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1)
p-Isopropyltoluene EPA 82608 - ND(1) ND(l) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(I)
sec-Butylbenzene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(l) ND(1) ND(1) NID(1) ND(I) ND(1) ND(1)
Toluene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(I) ND(I) ND(I) ND(1) ND(1) ND(I) ND(1) ND(1)
Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(O.l) ND(0.I) ND(0.1) ND(0.1) ND(0.1) ND(0.1). ND(0.1) ND(0.1) ND(O.I) ND(0.l) ND(0.l) ND(0.1) ND(0.l)
Acenaphthylene EPA 8270C - ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(O.l) ND(O.l) ND(O.1) ND(O.1) ND(0.1) ND(0.l) ND(O.1) ND(0.1) ND(0.1) ND(0.1) ND(0.1)
Fluorene EPA 8270C - ND(0.l) ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(O.1) ND(O.1) ND(0.1) ND(0.1) ND(0.1) ND(0.l) ND(0.1) ND(0.1)

Naphthalene EPA 8270C - ND(0.1) ND(0.1) ND(0.l) ND(0.1) ND(O.1) ND(0.1) ND(0.1) ND(O.1) ND(O.1) ND(0.1) ND(0.1) ND(0.1) ND(0.I) ND(0.1) ND(0.1)

Phenanthrene EPA 8270C - ND(0.1) ND(0.l) ND(O.I) ND(0.1) ND(0.1) ND(0.1) ND(0.I) ND(O.1) ND(0.1) ND(0.1) ND(O.1) ND(0.1) ND(0.1) ND(0.1) ND(0.1)

Metals

Aluminum EPA 6020 ~11~6211JF 69.7 56.1 ND(50) 75.6 85.1 77.1 59.6 ND(5O) ND(50) 51.8 ND(50) ND(50) ND(50) ND(50) ND(50)

Arsenic EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(l) NDO) ND(I) ND(1) ND(l) ND(1) ND(1) ND(1) ND(1) ND(1) ND(I)

Barium EPA 6020 ND(10) ND(1O) ND(10) ND(10) ND(10) ND(10) ND(10) ND(10) ND(1O) ND(10) ND(1O) ND(10) ND(1O) ND(10) ND(10) ND(10)

Beryllium EPA 6020 ND(1) ND(1) NDU) ND(1) NDQ) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1~ ND(1) NDO) NDO) ND(1)
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TABLE 4.2-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR LONG SHOT STREAMS

(concentrations in micrograms per liter)

Boron - EPA 60108 ND(50) ND(50) ND(50) — ND(50) ND(50) ND(50) ND(5O) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(5O) —

Cadmium EPA 6020 NDU) ND(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Calcium EPA 6010B 4,320 b 3,960 4,360 7,250 4,040 3,700 3,490 3,610 3,780 4,130 4,300 8,220 8,090 7,440 5,890 5,530
Cerium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) NDØ) 140(1) ND(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1) ND(1) ND(I)
Cesium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) 140(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) NDØ) ND(1) ND(1)

Chromium EPA 6020 2.25 b ND(1) 140(1) N0(1) 140(1) ND(1) ND(1) 140(1) 140(1) ND(1) 140(1) 140(1) ND(1) 140(1) ND(1) N0(1)
Cobalt EPA 6020 3,35 1.02 1.28 140(1) N0(1) 1.25 2 1.21 140(1) 140(1) 1.17 140(1) 2.48 ND(1) 1.41 ND(1)
Copper EPA 6020 Jj~J~~J4~ ND(1) ND(l) ND(1) 1 78 1 56 303 J 3 19 J 287 1 79 1 82 J 3 16 ~ 1 27 ND(1) 140(1)
Iron EPA 60108 993 535 199 310 264 269 323 252 214 196 349 221 ND(150) 304 282 321
Lithium EPA 6020 1.17 b ND(1) ND(1) ND(1) ND(1) ND(1) 1.21 ND(1) 140(1) ND(1) ND(1) ND(I) . ND(1) ND(1) 140(1) ND(1)
Magnesium EPA 60108 4,690 b 3,210 3,430 4,750 3,310 3,170 3,610 3,640 3,690 3,800 3,910 5,350 4,210 4,870 4,210 4,160
Manganese EPA 6020 ~ftUj~}~ 52.1 26 38.6 7.24 14 35.4 14.2 8.88 5.84 6.16 7.74 27.8 44.4 29.9 17.5

Molybdenum EPA 6020 ND(1) ND(l) ND(1) 140(I) ND(l) 140(1) 140(1) ND(1) 140(1) ND(1) ND(1) ND(1) ND(I) ND(1) ND(1) 140(1)
Nickel EPA 6020 140(1) 1.02 1.08 1.32 ND(l) 1.18 1.27 ND(1) 1.03 1.02 ND(1) 140(1) 140(I) ND(1) ND(1) ND(1)
Potassium EPA 60108 2,620 493 140(200) 1,100 536 939 1,470 1,480 1,270 915 1,140 1,270 967 1,080 898 995

Selenium EPA 6020 140(1) ND(1) 140(1) ND(1) ND(1) 140(1) 140(l) N0(1) 140(1) 140(1) 140(1) 140(1) ND(1) ND(1) ND(1) 140(I)
Strontium EPA 6020 36.1 28.8 30.8 33.7 23.3 22.1 18.6 18.5 1.85 19.5 20.8 45.4 58.3 46.5 37.9 35

Thallium EPA 6020 ~ØJfl~ 140(1) 140(1) ND(1) 140(1) ND(1) 140(1) 140(1) 140(1) 140(1) 140(1) 140(1) NDO) 140(1) 140(1) 140(1)
Thorium EPA 6020 140(1) 140(1) 140(1) 140(1) 140(1) 140(1) 140(1) ND(1) 140(1) 140(1) 140(1) 140(1) 140(1) ND(I) 140(1) 140(1)
Titanium EPA 6020 6.13 2.01 3.85 1.38 2.23 2.64 3.13 J 2.44 J 2.18 1.72 2.17 J 1.09 1.37 1.94 1.31 1.5

Uranium EPA 6020 140(1) NDU) 140(1) 140(1) ND(1) 140(I) 140(1) 140(1) 140(1) NOG) ND(1) 140(I) 140(1) ND(I) 140(1) 140(1)

Vanadium EPA 6020 ~ b 140(1) ND(1) 140(I) 140(1) 1.03 2.87 1.42 140(1) 1.4 1.03 140(I) 2.12 NDU) 140(1) 140(1)

Zinc EPA 6020 50,3b 140(10) 140(10) NDOO) 12.2 140(10) 17 140(10) 140(10) 140(10) ND(10) 23.3 140(10) ND(l0) 140(10) ND(10)

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this report for a description of background concentration calculations.

This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the maximum detected concentration in the appropriate background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this element; see Table 2-8.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but are generally comparable to reporting limits for pitject samples; see Section 4.9.
sample not analyzed for this parameter

J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank contamination; result considered nondetect
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TABLE 4.2-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR LONG SHOT STREAMS

(concentrations in micrograms per liter)

Bolded values indicate exceedance of background concentrations. See Appendix ID of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.2-4
SEDIMENT ANALYTICAL RESULTS FOR LONG SIIOT STREAMS

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

H
W~I~I ~~lli~M ~j~~
~~J$j~~J~3~~Jj~3~tJ~LIL~It ø~1iIW~~1If$kiB~ n~~~

~ AK 102 ~mg/kg j - ND(64.5) ND(24.3) ND(16.1) ND(15.2) ND(~1 ND(50.5) ND(49.7) ND(20.7)__~[~ND(12.flJND(23.1) ND(16.1) 110 84.4 2,110 1,100 ND(19.9)
Volatile Organic Compounds

Trimethylbenzene EPA 82608 ng/kg - - - - - E’4D(0.071) Ui - - ‘40(0.0389) U. - - - - ND(5.84) - -

Trimethylbenzene EPA 8260B ng/kg - - - - - ~4D(O.O71) UJ - - ‘4D(0.0389) U. - - - - - ND(5.84) - -

2-Butanone EPA 8260B rug/kg - - - - - N4D(0.142) UJ - - ‘4D(0.0778) U. - - - - - ND(146) - -

kcetone EPA 82608 rug/kg - - - - - ND(1.01) UJ - - N0(0.907) UJ - - - - - ND(146) - -

Carbon disulfide EPA 82608 ~~kg - - - - - ‘4D(O.071) UI - - 0.0494 UI - - - - - ND(29.2) - -

Ethylbenzene EPA 82608 rug/kg - - - - - NTD(0.071) UI - - ‘1D(0.0389) U, - - - - - L ND(5.84) - -

lsopropyibenzene EPA 82608 mg/kg - - - - - ND(0.071) UI - - ‘ID(0.0389) u. - - - - - ND(5.84) - -

n,p-Xylene EPA 82608 rug/kg - - - - - ND(0.071) UI - - ‘TD(0.0389) U. - - - - - ND(1 1.7) - -

Methylene chloride EPA 82608 rug/kg - - - - - ND(0.071) UI - - ‘4D(o.0389) U, - - - - - ND(29.2) - -

n-Butylbenzene EPA 82608 rug/kg - - - - - N4D(0.071) UJ - - ‘40(0.0389) U, - - - - - ND(5.84) - -

n-Propylbenzene EPA 82608 rug/kg - - - - - ND(0.071) UI - - ‘40(0.0389) U. - - - - N0(5.84) - -

‘Taphthalene EPA 82608 rug/kg - - - - - ~4D(0.O71) UI - - ‘4D(0.0389) U, - - - - - N0(5.84) - -

o-Xylene EPA 82608 rug/kg - - - - - NTD(O.071) UI - - ‘40(0.0389) U. - - - - - ND(5.84) - -

-Isopropyltoluene EPA 82608 rug/kg - - - - - NJD(O.071) UI - - ‘4D(0.0389) U. - - - - - ND(5.84) - -

sec-Butylbenzene EPA 82608 rug/kg - - - - - N4D(0.071) UI - - ‘TD(0.0389) U. - - - - - ND(5.84) - -

Toluene EPA 82608 rug/kg - - - - - >10(0.071) UJ - - ‘ID(0.0389) U. - - - , - - ND(5.84) . - -

Xylenes (total) EPA 82608 rug/kg - - - - - - - - - - - - - - - - -

Polycyclic Aromatic Hydrocarbons
&cenaphthene EPA 8270C ng/kg - ND(0.0532) ND(0.0201) ND(0.0133) ND(0.0126) ND(0.0223) ND(0.0417) ND(0.041) ND(0.0171) ND(0.00996) ND(0.0191) ND(0.0l33) ND(0.0242) ND(0.045) ND(0.0454) ND(0.0339) ND(0.0164)

kcenaphthylene EPA 8270C ng/kg - ND(0.0532) ND(0.0201) ND(0.0133) ND(0.0126) ND(0.0223) ND(0.0417) ND(0.041) ND(0.0171) ND(0.00996) ND(0.0191) ND(0.0133) ND(0.0242). ND(0.045) ND(0.0454) ND(0.0339) ND(0.0164)

Fluorene EPA 8270C ng/kg - ND(0.0532) ND(0.0201) ND(0.0133) ND(0.0126) ND(0.0223) ND(0.0417) ND(0.041) ND(0.0l71) ND(0.00996) ND(0.0191) ND(0.0133) ND(0.0242) ND(0.045) ND(0.0454) ND(0.0339) ND(0.0164)

Nlaphthalene EPA 8270C rug/kg - ND(0.0532) ND(0.0201) ND(0.0133) ND(0.0126) ND(0.0223) ND(0.0417) ND(0.041) ND(0.0171) ND(0.00996) ND(0.0191) ND(0.0133) ND(O.0242) ND(0.045) ND(0.0454) ND(0.0339) ND(0.0164)

Phenanthrene EPA 8270C rug/kg - ND(0.0532) ND(0.0201) ND(0.0133) ND(0.0126) ND(0.0223) ND(0.0417) ND(0.041) ND(0.0171) ND(0.00996) ND(0.0191) ND(0.0133) ND(0.0242) ND(0.045) ND(0.0454) N0(0.0339) ND(0.0164)

Metals . -

Aluminum EPA 60108 ~mg/kg 45,400 11,200 63,900 J 22,500 33,600 34,200 17,100 18,000 41,800 27,900 25,400 29,500 J35,400 3,990 9,900 12,700 28,600
Arsenic EPA 6020 ~mg/kg~ 5.42 ~ ND(6.31) ~J~f~pgc; 3.58 ~8~ ~ ~JIJ~J
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TABLE 4.2-4 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR LONG SHOT STREAMS

~. ~ ~P..I~9~i,$rt ;:~a~c~4~~~xu*’~:. ~ k~ ••‘~‘c~p r ~ ?i;~~•’ ‘cPtfik- ~fl?~$)~. çF;~j~

Ic~ kh~~73ES~S~MM 1dS&a itt t&’ 41ML~t*~f; W41~ v~E~j •; . •. ~kr~ •~iht~~ .4 x. ~%s~

I ,~ . - .sk~ .. iJk..~..... ~ t(9r1!~’ *{Ia$;o&3~1~’~tIoii 4tIn~b—~~p~ 3tationAJIiI~Sfali6n~5~ 3ftiqn)lij~
Barium EPA 6020 g/kg 469 ND(80.6) 144 271 185 206 79.5 68.5 131 94.6 107 151 70.6 ND(68.3) 84.7 143 266
Beryllium EPA 6020 mg/kg ND ND(8.06) ND(3.04) ND(2.02) ND(1.9) ND(3.38) ND(6.31) ND(6.21) ND(2.59) ND(1.51) UJ ND(2.89) UJ 2.9 J NP(3.67) ND(6.83) ND(6.87) ND(~.I3) ND(2.48)

Boron EPA 60108 mg/kg 7.18 b ND(40.3) ND(15.2) ND(10.1) ND(9.51) ND(16.9) ND(3 1.6) Ui ND(3 1) Ui ND(13) UJ 159 ND(14.5) ND(10) ND(.1 8.3) U3ND(34.1) UJ ND(34.4) Ui JND(25.7) uJI 18.2 J
Cadmium EPA 6020 mg/kg EJ~~ ND(8.06) ND(3.04) ND(2.02) ND(1.9) ND(3.38) ND(6.31) ND(6.21) ND(2.59) ND(1.51) UJ ND(2.89) US ~j~7J~IJ ND(3.67) ND(6.83) ND(6.87) ND(5.13) ND(2.48)
Calcium EPA 60108 mg/kg 7,300 3,930 7,120 5,570 8,770 5,900 8,010 7,840 7,000 5,950 7,450 5,460 5,970 7,300 2,880 6,510 6,470
Cerium EPA 6020 mg/kg 14.2 11.9 9.24 7.11 9.8 11.6 6.83 7.7 8.92 7.34 8.18 12 13.1 ND(6.83) 8.19 J 8.79 9.58
Cesium EPA 6020 mg/kg ND ND(8.06) ND(3.04) ND(2.02) ND(1.9) ND(3.38) ND(6.31) ND(6.21) ND(2.59) ND(1.51) UJ ND(2.89) Ui 3.51 J ND(3.67) ND(6.83) ND(6.87) J ND(5.13) ND(2.48)

ICliromium EPA 6020 mg/kg 11.8 ND(8.06) 5.82 6.56 9.27 10 ND(6.31) 6.45 6.84 5.55 7.09 11.3 1:1.13 ND(6.83) Ui .4ZJJj~~4 .8 12.8 J
ICobalt EPA 6020 mg/kg 43.7 8.35 15.7 20.3 16.2 15.8 8.33 8.82 19.9 24.6 22.7 10 8.21 ND(6.83) UJ ND(6.87) Ui 9.63 281
popper EPA 6020 g/kg t~UJ4 ~t~h n*~ ~21~Efl~ d~7_~ ~ 13 J ~ ~j 8 ~
~ron EPA 60108 mg/kg ~W~P~ 2ao2ffi ~$JI2’~1* 41~1~W~{I ~ P&oJ~3a~~~f&j7~ø9p~~ 18,700 ~fl°Mk 8,070 12,400 4118~0O~1~ zn92;ooo’~
ILithium EPA 6020 mg/kg 48.8 ND(8.06) 14.5 10.3 18 17.5 10.2 12 17 17 14.4 14.1 7.41 ND(6.83) ND(6.87) ND(5.13) 9.52
Magnesium EPA 6010B mg/kg 9,320 1,930 7,200 9,070 12,300 11,900 7,490 7,620 16,800 11,400 10,700 9,730 6,480 1,890 3,770 6,250 7,650

Manganese EPA 6020 mg/kg j~9~QJ~ ~4I1I5~PS11~ 373 ~te1~2Q~flt }k22Oi~ ~0~t~jJ~ fl~j~ 9~~j~JIL~ J~O~ ~fIJ~cjJg 140 196 1,320 ~~
Molybdenum EPA 6020 mg/kg ~ b 8.47 ND(3.04) ND(2.02) ND(1.9) ND(3.38) ND(6.31) ND(6.21) ND(2.59) ND(1.51) ND(2.89) 3.79 ND(3.67) ND(6.83) ND(6.87) ND(5.13) ND(2.48)
Nickel EPA 6020 mg/kg 13.6 ND(8.06) 6.83 9.33 9.8 9.46 6.861 7.61 1 9.371 8.263 8.13 .1 9.673 5.67 ND(6.83) ND(6.87) 6.83 9.66
Potassium EPA 6010B mg/kg 1,390 432 4,050 1,850 1,000 688 1,0803 1,220 J 2,630J 1,2803 1,1503 5373 5613 370 J 3243 5673 748 J

Selenium EPA 6020 mg/kg 5.44 b 8.86 ND(3.04) ND(2.02) ND(1.9) 3.88 ND(6.31) ND(6.21) ND(2.59) ND(1.51) UI ND(2.89) Ui 4.553 ND(3.67) ND(6.83) ND(6.87) ND(5.13) ND(2.48)
Strontium EPA 6020 mg/kg 164 66.4 142 178 132 135 59.6 50.8 221 92.4 87.6 114 90.21 59.5 J 70.71 84.73 94.1 3

Thallium EPA 6020 mg/kg I b ND(8.06) ND(3.04) ND(2.02) ND(1.9) ND(3.38) ND(6.31) ND(6.21) ND(2.59) ND(1.51) UJ ND(2.89) UJ 4.08 J ND(3.67) ND(6.83) ND(6.87) ND(5.13) ND(2.48)
Thorium . EPA 6020 mg/kg 0.5 b ND(8.06) ND(3..04) ND(2.02) ND(1.9) ND(3.38) ND(6.31) UJ ND(6.21) UI ND(2.59) UJ ND(1.51) ND(2.89) ND(2.0l) ND(3.67) ND(6.83) ND(6.87) ND(5.13) ND(2.48)

T~anium EPA 6020 mg/kg 3,010 440 1,260 954 1,350 1,460 702 639 925 1,150 1,100 1,640 1~550 3 285 J 6403 6373 1,250 J
luranium EPA 6020 mg/kg 4.13 b ND(8.06) NDc.04) ND(2.02) ND(1.9) ND(3.38) ND(6.31) UI ND(6.21) UI ND(2.59) UI ND(1.51) ND(2.89) ND(2.0l) ND(3.67) ND(6.83) ND(6.87) ND(5.13) ND(2.48)
Vanadium EPA6O2O mg/kg 734 109 230 294 200 217 135 121 197 225 215 230 1123 54.73 1413 1821 296J

jZinc EPA 6020 mg/kg {iP4~j~ 986 109 ~ 119 i~I&~4U~I1 702 71 5 868 106 93 8 578 ND(367)UJND(68 3) UI ND(68 7) Ui 1141 ~
Total Organic EPA4IS.I gAcg - 194,000 169,000 50,200 43,300 95,300 157,000 220,000 91,900 29,900 73,000 81,300 171,000 284,000 192,000 235,000 63,300

h~d Volatile Fitration umol/g - 830 0.747 255 3.27 7.8 1550 1200 ND(0.0259) 166 288 ND(0.0201) ND(o.0367) ND(0.0683) ND(0.0687) ND(0.0513) ND(o.0248)

~ Summation umollg - 1.86 2.58 2.22 2.57 1.52 1.63 1.96 2 1.43 2.39 1.77 :1.7 0.962 3.08 4.47 2.88

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corns of Engineers, Alaslca District
Amchitha Island, Alaska

Revision No. 0
Date: 9/30/99

Page 2 of 3

X-0926-04DOE 1998 DRILL SITE CHARACTERIZATION REPORT



TABLE 4.2-4 (cant.)
SEDIMENT ANALYTICAL RESULTS FOR LONG SHOT STREAMS

S Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the maximum detected concentration in the appropriate background samples.

ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram
umollg micromoles per gram
.1 result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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Photo 4.2-3: Reach 2 of Bridge Creek, facing upstream and south. The stream channel is
mostly hidden and can be identified at a distance by the change in vegetation
type.

Downstream the channel becomes more incised.

SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

Photo 4.2-4: Rainbow Creek, facing upstream and southwest, towards Station 4.

PHOTOS 4.2-3 & 4.2-4



Photo 4.2-6: The view from Station 2 of Cloudberry Creek, facing upstream towards
Infantry Road.

SHANNON & WILSON, INC.
PHOTOS 4.2-5 & 4.2-6GEOTECKNICAL AND ENVIRONMENTAL CONSULTANTS

Photo 4.2-5: Fish sampling at Station 1 of Cloudberry Creek. The pooi shown is over 5
feet deep. The view is upstream, to the southwest.



4.3 CANNIKIN

4.3.1 Site Description

The Cannikin test site is located north of Infantry Road in the vicinity of Mile 10.5 (Figure 1-2).
The AEC developed this site for the third and final underground nuclear test on Amchitka.
During the test on November 6, 1971, a 5-megaton nuclear device was detonated in a 5,875-foot-
deep emplacement hole. The diameter of the emplacement hole varied between 54 and 94
inches. Six smaller-diameter instrument and exploratory holes were also drilled at the site
between May 1967 and July 1969. Following detonation, the location of SGZ was marked with
a concrete and brass monument. Features of the Cannikin site are shown in Figure 4.3-1.

The site originally contained six drilling mud pits, which are shown in Figure 4.3-1. When the
DOE visited the site in 1997, only one of the mud pits was observed, a short distance west of the
SGZ monument. The remaining mud pits were thought to have been backfihled. The mud pit
observed by the DOE was found and investigated during the 1998 Drill Site Investigation. In
addition, two disturbed areas were observed near SGZ that appeared to be possible former mud
pits that had not been backfilled. One of these areas corresponds to the location of a former mud
pit as interpreted from Sheet 19 of the Amchitka Island Map Atlas (Holmes & Narver, 1968).
The second disturbed area does not correspond to a known former mud pit location.

The Cannikin vicinity, including streams that drain the area, is shown in Figure 4.3-2. White
Alice Creek drains the site to the north, and a small, ephemeral stream drains part of the site to
the south. Both of these drainages feed into Cannikin Lake, which formed in the depression
created by subsidence in the blast chimney following the Cannikin detonation. Cannikin Lake
has submerged the former south fork of White Alice Creek.

The USFWS Database entry for the Cannikin site states that USFWS personnel observed an
apparent landfill southwest of Cannildn Lake. No documentation has been found in available
DOE records to indicate the AEC created a landfill in the Cannikin vicinity. To evaluate this
potential landfill, reconnaissance was performed in 1998 in the immediate Cannikin vicinity, as
well as to the southwest where the landfill had been reported. No landfills were apparent during
the reconnaissance. Since the on-site USFWS representative, Ms. Sonce deVries, expressed
concern that landfilling in the vicinity of the Cannikin mud pits could have impacted Cannikin
Lake, an agreement was reached between Ms. deVries and the DOE project manager, Mr. Frank
Maxwell, to add collection of surface water and sediment samples from Cannikin Lake to the
scope of work in order to investigate possible impacts. The samples were collected in shallow
water near the Cannikin Site (Figure 4.3-2).
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During reconnaissance for the possible landfill, two additional mud pits were observed near an
exploratory hole located southeast of the Cannikin Site (hole number UA- I -P- 1). Sampling of
these mud pits was added to the scope of work for the 1998 Drill Site Investigation. The
locations of the exploratory hole and mud pits relative to the Cannikin site are shown in Figure
4.3-2. The mud pits are shown in detail in Figure 4.3-3.

Cannikin was the only test site where a post-shot reentry hole was drilled. The post-shot hole is
located southeast of the Cannikin SGZ, on the east side of the south fork of White Alice Creek
(Figure 4.3-2). The hole location is marked by a section of steel casing extending up from a
large steel mud pan (Photo 4.3-1). DOE records indicate that drilling mud used for the post-shot
drilling was mixed at Drill Site D and pumped through a pipeline from Site D to the post-shot
location. The mud used in drilling the post-shot hole was reportedly left in the hole when it was
sealed. No drilling mud or mud pits were observed in the immediate vicinity of the post-shot
hole.

4.3.2 Site History

Historical information for this study states that both the north and south forks of White Alice
Creek were significantly impacted by drilling mud spills. The following excerpts regarding
spills and releases at the Cannikin site were extracted from Chapter 14 of the document The
Environment ofAmchitka Island, Alaska (Valdez et. al., 1977). C)

“Similar, but more frequent, contamination of White Alice Creek, near the Cannikin site,
occurred from summer 1968 until just before the Cannikin event of November 1971.
These spills were a result of normal drilling operations, not event-induced ground motion.

Both branches of White Alice Creek, one northwest and the other southeast of the
Cannikin site, were contaminated with frequent small spills. Larger spills in 1970
reduced both macroinvertebrate and fish populations to near zero downstream from sites
of contamination. Although the populations of both fish and macroinvertebrates were
completely eliminated by the spills, recovery was initiated by immigrants from
unaffected areas.

An inspection in June 1970 revealed that the bottom of White Alice Creek was covered
with caked and peeling mud and silt, and the odor of oil was very apparent. Large sheets
of old and used plastic were strewn along the stream and its banks. Two live fish were
observed during an inspection of the entire length of the stream, but no fish were captured
by electrofishing in selected areas. No live macroinvertebrates were found.

In mid-July 1970 there was evidence of spills of supernatant liquid from five locations at
site C. At least four of the five locations were intentional releases since two originated
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from drain pipes installed in sump walls and two others from trenches cut through these
walls. One source was flowing about 0.0056 m3/sec (0.2 ft3/sec) during the time of
inspection. Since the mean flow of White Alice Creek was 0.054 m3/sec (1.92 ft3/sec),
the flow in one branch adjacent to the drill site was less than half this amount, or less than
0.027 m3 sec. This resulted in a contamination concentration of about 21%, a
concentration demonstrated to be lethal to both Dolly Varden and threespine sticklebacks
by use of bioassay’s. All fish downstream from the spill point were likely killed as a
result of the toxic liquid. Evidence indicated that spills of similar or larger magnitude
also occurred in the southeast branch of White Alice Creek.”

4.3.3 Characterization Activities

Initial investigation activities at the Cannikin site consisted of brief reconnaissance of the drill
site to verify site features, and reconnaissance and sampling at the western mud pit. Surface
water and sediment samples were collected from three locations in the mud pit. In addition,
discretionary investigation and sampling were conducted at the two exploratory hole mud pits
southeast of the Cannikin site. Sediment and surface water samples were collected from two
locations in each of these mud pits. The two disturbed areas near Cannikin SGZ that appear to
be former mud pits were measured and photographed but not sampled. All mud pit samples
were collected from representative locations that were spaced evenly throughout each mud pit.
Mud pit sample locations are shown in Figures 4.3-1 and 4.3-3.

Surface water and sediment samples were collected from three locations in Cannikin Lake that
appeared likely to receive drainage from the Cannikin site. The samples were collected in
shallow water from 20 to 40 feet offshore (Figure 4.3-2), in order to evaluate the potential for
releases from the Cannikin she upsiope to the west of Cannikin Lake.

Detailed reconnaissance of White Alice Creek was performed at both its upper reaches near SGZ
and its lower reaches downstream of Cannikin Lake. The reconnaissance was performed to
observe the stream’s ecology and select sampling locations. Sediment and surface water samples
for chemical analysis were collected from five stations along the stream. Bioassay, benthic
macroinvertebrates. and fish samples were collected from thee of these stations. Stream
sampling locations are shown in Figure 4.3-2. The samples collected from the Cannikin
northwest mud pit, exploratory hole mud pits, Cannikin Lake, and White Alice Creek were
shipped to off-site laboratories for testing. The types of tests performed and their results are
discussed in the following sections.
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4.3.4 Observations and Analytical Results

4.3.4.1 Mud Pits

The Cannikin mud pit that was part of the initial scope of work is located about 200 feet west of
the Cannikin SGZ monument. The mud pit appears to have been constructed by scraping the
surface soil off the bedrock surface and forming low berms with the resulting soil. Some sandy
gravel fill also appears to have been used. The pit was constructed below grade. At the time of
the field work, the water surface elevation in the pit was lower than the surrounding ground
surface. No surface water drainage from the pit was observed. A section of pipe that extends
beneath the water surface is visible on the east wall of the mud pit. The pipe runs over the berm
at an elevation above the water surface. It does not appear to represent a potential drainage path,
but may have been a suction inlet pipe when the pit was operational. The mud pit berms
appeared to be relatively stable, with no observed areas of significant erosion or collapse.

The mud pit is rectangular with dimensions of approximately 120 by 170 feet. This field
measurement differs from the mud pit dimensions of approximately 120 by 300 feet measured in
1969 air photos. It appears that the east end of the mud pit was backfilled during the AEC
demobilization. The remaining portion of the mud pit contained water with a surface elevation
approximately 2 to 4 feet lower than the tops of the surrounding berms.

The depth of water in the pit ranged from 2.0 to 3.0 feet at the sampling locations. Sediment in
the mud pit consisted of cohesive, gray bentonite that contained some sand and gravel-sized
particles assumed to be drill cuttings. The bentonite had a slight diesel odor and was 4.2 to 5.2
feet thick. Based on these measurements, an estimated volume of 3,000 cubic yards of drilling
mud remaining in the mud pit. This volume estimate is based on the mud exposed in the open pit
and does not include mud that might be covered in the backfilled portion of the mud pit. The
estimated volume of water in the mud pit (at the time of field work) was 364,000 gallons. The
assumptions made and methods used to make these estimates are explained in Section 2.4.3.1.3.

As previously discussed, two low-lying areas were observed at the Cannikin site that appeared to
the renmants of former mud pits. The locations of these apparent former mud pits are shown in
Figure 4.3-1. Both of the pits contained gray bentonite mixed with sand and gravel. The soil in
both pits had a faint to moderate diesel smell. The pit located southwest of Cannikin SGZ is
approximately 100 by 100 feet in size. The soil depth of 4.5 to 6 feet in the pit was estimated by
probing with a steel rod until refusal was met (assumed to be bedrock). The pit located southeast
of Caimikin SGZ is approximately 120 by 200 feet in size, with an apparent soil depth of 8.5 to
10 feet. Drainage of surface water was observed to be very slowly eroding the soil at the surface
of the pits and carrying it downslope toward Cannikin Lake.

The two exploratory hole mud pits are located near the top of a low ridge approximately 2,000
feet south of the Cannikin site. The mud pits were constructed in mined-out areas of a former
gravel pit to the north of the exploratory hole marker (Photos 4.3-2 and 4.3-3) and appear to be
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situated on bedrock. The gravel pit walls surrounding the mud pits are composed of gravelly
soils that appeared stable. The south mud pit is located uphill of the north mud pit and is about 5
feet higher in elevation. The water surface elevations in both mud pits are below the surrounding
ground surface outside the gravel pit. No surface water was observed draining from the mud
pits. No eroded channels were observed in the berms that would suggest the mud pits had
overflowed.

The dimensions of the south and north mud pits are approximately 60 by 85 feet and 42 by 78
feet, respectively. The water in the south mud pit was approximately 1 foot deep at the sampling
locations, while the water in the north mud pit ranged from 1.1 to 1.5 feet deep. The drilling
mud was 1.5 to 3.0 feet thick in the south pit and 1.2 to 1.4 feet in the north pit. Based on these
measurements, the estimated volume of drilling mud is 355 cubic yards in the south pit and 133
cubic yards in the north pit. The estimated volume of water (at the time of field work) was
36,000 gallons in the south pit, and 27,000 gallons in the north pit. The assumptions and
methods used to make these estimates are explained in Section 2.4.3.1.3.

Descriptions and field screening results for samples collected from the Cannikin mud pits are
provided in the following table.

Mud Pit Sample Descriptions, Cannikin Site

~• 1013-SW Surface Water

~ 27 48 1016-SD 0-1.5 Gray Bentonite Slight diesel odor P1D3
.: 1017-SD 3.5-4.5 Gray, gravelly Slight diesel odor PID=2

. Bentonite
1014-SW Surface Water

Northwest 3 0 52 1018-SD 0-1.0 Gray Bentonite Slight diesel odor PID=2
(SGZ) Mud 1019-SD 4.0-5.0 Gray, gravelly Slight diesel odor PID=4

Pit Bentonite
1015-SW Surface Water
1020-SD 0-1.0 Gray Bentonite Slight diesel odor P1D5

20 42 1021-SD~ (dup)

1022-SD 3.0-4.0 Gray, gravelly Slight diesel odor PID-1
Bentonite

I 106-SW Surface Water
1.0 1.5 1107-SW

(dup)
Exploratory I 108-SW Surface Water
Hole South I 109-SD 0-1.0 Gray, gravelly PID=0

Mud Pit 1.0 3.5 11 10-SD Bentonite

(dup)

SECTION 4.0 5ITE CHARACTERIZATION Revision No.0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page 4-63

DOE 1998 SITE CHARACTERIZATION REPORT X-0926-04



ii:Samplr ~Sc~ninw;
-~ 1~spth €~c ~~~SZ~4PDcpth* Description Observations Resuitrz
~~ ~zj~z~4 feet).... ,~. r

Exploratory 111 1-SD 2.0-3.0 Bentonite, Strong diesel odor PIDO
Hole South 1 0 3 5 Sand, and and sheen

Mud Pit Gravel mixture
(cont.)

11 12-SW Surface Water

1.5 1 2 11 14.-SD 0-1.0 Bentonite, Strong diesel odor P10=9
• Sand, and and sheen

Exploratory Gravel mixture
Hole North

Mud Pit 11 13-SW Surface Water
1 1 1 4 11 15-SD 0-1.0 Bentonite, Strong diesel odor PID=1 3

Sand, and and sheen
Gravel mixture

* Sample depth measured from mud surface

4.3.4.1.1 Surface Water

The mud pit surface water samples were analyzed for VOCs, DRO, PAHs, PCBs, and metals.
The results of these analyses are summarized in Table 4.3-1. All of the mud pit surface water
samples contained DRO at concentrations ranging from 146 to 286 ug/L. The laboratory method
blanks associated with these water samples also contained 82.7 and 55.5 ugfL of DRO. In
accordance with the EPA National Functional Guidelines for Organic Data Review (EPA.
1991), these samples could have been qualified as nondetects at detection limits conesponding to
the reported values, because they are less than five times the method blank concentration
However, because the mud pits are known to have contained diesel, these DRO results have been
“B”-flagged to indicate the presence of DRO in the method blanks. It is possible that the
reported values of DRO are due to some combination of diesel fuel from the drilling mud.
laboratory contamination, and/or biogenic hydrocarbons.

Methylene chioride and toluene are the only VOCs detected in mud pit surface v.aten
Methylene chioride (at concentrations of 2.03 to 12.2 ugfL) is a suspected laboratt’r’
contaminant. Toluene was detected only in one sample from the south exploratory hole mud pit
at a concentration of 1.06 ug/L. This toluene concentration is far below its ERBSC and also
flagged by the laboratory as a suspected laboratory contaminant. No PAHs were detected in the
samples.

The Cannikin mud pit water samples contained 14 metals, most at levels well below background
concentrations for surface water from lowland streams. Exceptions were arsenic, calcium.
nickel, and strontium in the SGZ mud pit, and cobalt and nickel in the south exploratory hole
mud pit. There is no background concentration for arsenic; it was detected in one SGZ mud pit
sample at 1.57 ug/L, which is well below its ERBSC. Nickel was also not detected in the
lowland reference stream samples but was detected in two SGZ mud pit and two south
exploratory hole mud pit samples. The maximum concentration of nickel detected in these
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n the background value by about 10 percent. No ERBSC is available for calcium, which isconsidered an essential nutrient in most organisms and not likely to result in significant
ecological effects. Strontium values were at most 3 percent above background, but well below
its ERBSC. In the south exploratory hole mud pit two of the three water samples contained
about twice as much cobalt as the lowland background streams, but these concentrations were
less than the cobalt ERBSC.

Surface water quality parameters measured in the Cannikin mud pits during the 1998 Drill Site
Investigation sampling events are presented in the following table.

Surface Water Parameters for Mud Pits, Cannikin Site

• ~aI~pie;:..~ .~ ~4TethpenWn’-; ~DissO1vCdOxygen Conductivity. . Turbidity:’.
.Nuaben~T: ±..JU~H~ LhE. ...~dë~re&Q~Fr (mgfL~.v . (uS/cm).~J ~*.

1013-SW 91 100 119 110 0
(SGZ_pit)
1014-SW
(SGZ pit) 8.7 10.0 lj.4 110 10
1015-SW -

(SGZ pit) 8.5 10.0 12.3 110 10
1106-SW 56 98 99 1~1 0

(South ER) —

(SouthEH) 6.2 10.0 122 82 0
1112-SW 11

(NorthEH) 7.4 . 11.2 80 0

(1’~E 6.12 13.0 10.2 80 0

4.3.4.1.2 Sediment

The mud pit sediment samples were analyzed for DRO, VOCs, PAHs, PCBs, and metals. The
results of these analyses are summarized in Table 4.3-2. All of the sediment samples contained
DRO. Concentrations in the SGZ mud pit ranged from 66.1 to 14,000 mg/kg, with an average of
5,400 mg/kg. DRO concentrations averaged about 1,700 mg/kg in the south exploratory hole
mud pit and 5,500 mg/kg in the north exploratory hole mud pit.

Since the mud was as much as 5 feet thick, two mud samples were analyzed at most sample
locations: one from the mud surface and one from the bottom of the mud layer. At two locations
in the SGZ mud pit, DRO concentrations in the deeper sample were an order of magnitude
higher than the concentration in the shallow sample. At the third sample location this trend was
reversed. The south exploratory mud pit had lower DRO concentrations at depth; no deep
samples were collected from the north pit, where the mud was only 1.4 feet deep. All of the
sediment samples contained bentonite drilling mud; the deeper samples from the SGZ mud pit

sECTION 4.0 SITE CHARACTERIZATION Revision No.0
U.S. Army Corps of Engineers, Alaska District Date: 9130/99
Amchitlca Island, Alaska Page 4-65

DOE 1998 SITE CHARACTERIZATION REPORT . X-0926-04



contained higher proportions of sand and gravel drill cuttings. Most of the samples from the
exploratory hole mud pits were a mixture of bentonite, sand, and gravel, reflecting either a higher
concentration of cuttings, or mixing with the gravels that form the berms around the pits.

As many as nine ailcylated benzenes were present in the drilling mud samples at total
concentrations as high as about 26 mg/kg (an average of 0.05 percent of the DRO concentration).
Several samples also contained acetone or carbon disulfide, which are suspected laboratory
contaminants, at maximum concentrations of 0.83 and 0.018 mg/kg, respectively. The samples
also contained between five and ten PARs at total concentrations ranging from 0.22 to 35.9
mg/kg (an average of 0.17 percent of the DRO concentration). One mud sample from the north
exploratory hole mud pit contained VOC and PAH concentrations (relative to the DRO
concentration) that were significantly higher than the other Cannikin mud samples.

Twenty-four metals were detected in the samples from the Cannikin mud pits. Thirteen metals,
listed below, exceeded background stream sediment levels for at least one of the twelve samples
(including two duplicates). An asterisk indicates metals for which sample concentrations also
exceeded project ERBSCs.

Boron Cadmium* Calcium Cerium Cesium Chromium*
Copper* Magnesium Nickel* Potassium Strontium Thorium
Uranium

Of the instances where both background and ERB S concentrations were exceeded, there was one
sample for cadmium, ten samples for chromium, twelve for copper, and eight for nickel. Other
metals listed either did not exceed the ERBSCs or no value was available.

Test results revealed differences in metals concentrations between the SGZ mud pit and the
exploratory hole mud pits. For instance, the exploratory mud pits showed higher average
concentrations of aluminum, barium, and nickel than the SGZ mud pit. Arsenic, boron, and
chromium concentrations were higher in the SGZ mud pit. These differences in chemistry
suggest that a different mud composition was used for the two holes.

Following the discovery of low levels of PCBs in sediment from sediments in Caunikin Lake
(see Section 4.3.4.3.2), PCBs were analyzed in all Cannikin drilling-mud samples. Although the
analyses were performed about 3’/2 months after the samples were collected, it was felt that PCBs
are persistent enough in the environment that analysis of a sediment sample stored at 4°C (a
temperature cooler than field conditions on Amchitka) would produce valid, estimated data.

PCBs were found at low levels in two drilling mud samples, both from the mud pit near SGZ.
Aroclor 1248 was reported at 0.095 and 0.215 mg/kg, and Aroclor 1260 was reported at 0.27 and
0.31 mg/kg. Total PCB concentrations were 0.40 and 0.49 mg/kg, respectively. Concentrations
of both aroclors exceeded sediment ERBSCs (0.023 mg/kg for Aroclor 1248 and 0.005 mg/kg
for Aroclor 1260). No PCBs were reported in the other mud pit samples, with reporting limits
ranging from 0.05 to 0.455 mg/kg, depending on the solids content of the sample. Solids content —
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fl for the mud pit samples ranged from 71 to 11 percent, the latter value corresponding to thehighest reporting limit.

4.3.4.2 White Alice Creek

White Alice Creek begins to the west of Cannikin SGZ and flows east-northeast to the Bering
Sea (Figure 4.3-2). White Alice Creek is divided into an upper and lower section interrupted by
Cannikin Lake. The creek was altered as a result of the nuclear detonation, which caused
significant ground subsidence and resulted in the creation of Cannikin Lake. The creek
originally had a north and south fork. The south fork is now primarily submerged beneath
Cannikin Lake, as is a short (300-foot long) section of the north fork. The 1998 investigation
examined the north fork above Cannikin Lake as well as the portion of the stream below
Cannikin Lake. The studied portion of the stream is approximately 8,000 feet long with an
overall gradient of 2.7 percent. There are at least two waterfalls that pose a barrier to fish, one
about 3 feet high on upper White Alice Creek a short distance upstream of Cannikin Lake, and
the other a 15-foot-high waterfall about 100 feet upstream of the beach.

Field activities at White Alice Creek included reconnaissance to document stream characteristics
and select sample station locations, and sampling of surface water, sediment, benthic
macroinvertebrates, and fish (resident Dolly Varden only). Surface water and sediment samples
were collected at each of five sampling stations along the length of the creek. At Stations 2, 3,4,
and 5, benthic macroinvertebrates, sediment samples for bioassays, and fish samples were also
collected. An additional fish sample was collected at Station~ 4 for radionuclide analysis.
Samples collected from Cannilcin Lake are discussed in Section 4.3.4.3.

The following table lists the sample numbers for each medium collected at each station, as well
as site coordinates. Latitude and longitude of sampling stations were measured using a hand-
held GPS receiver and are accurate to about ±100 feet. Station elevations were interpolated from
contours in Figure 4.3-2.

Sample Numbers and Station Coordinates for White Alice Creek, Cannikin Site

1 51° 28’ 10.9” 179° 05’ 52.7” 190

4 107-SW

2 51° 28’ 14.3” 179° 05’ 59.7” 170

41 33-IN
4105-SW

3 51° 28’ 21.7” 179° 06’ 24.7” 130 4106-SD
41.,0-FS

___________ 4131-IN
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The following subsections present observations made during the reconnaissance and sampling
activities and discuss analytical results for surface water, sediment, benthos, and fish samples.

4.3.4.2.1 Stream Characteristics

Based on observations during the initial reconnaissance, White Alice Creek was divided into five
stream reaches (Figure 4.3-2). Reach 1 begins along the main tributary of upper White Alice
Creek (the north fork). Upper White Alice Creek is shown in Photo 4.3-4. Three tributaries
come together in Reach 1, with the main tributary contributing about 50 percent and the other
two roughly 25 percent each to the overall stream discharge. Reach 1 ends shortly downstream
of where the third tributary enters. Reach 2 consists of an incised; tightly curving channel in the
upper portion of the reach, with Ice Box Lake in the lower portion. Reach 3 begins at the mouth
of Ice Box Lake and ends at the mouth of Cannilcin Lake. Reach 3 is defined to include
Cannikin Lake for convenience; however, no sampling was conducted in this part of the lake in
1998. Reach 4 begins at the mouth of Cannikin Lake and ends shortly upstream of a steep-sided
canyon. Reach 5 lies within the incised canyon and flows to the Bering Sea. The following table
summarizes reach characteristics for White Alice Creek.

;~SiIbifrMt

1 1,000 2.0 Few bends Peat
2 1,700 2.3 Many bends Peat
3 2,000 1.6 Few bends Peat with sand
4 2,500 1.5 Many bends Peat with silt

Sand and gravel
5 800 8.7 Few bends Lower reach - bedrock
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n Reach 1Reach 1 lies within a broad, relatively flat valley that is about 1,000 feet wide and 30 feet deep
(at Station 1). Valley vegetation consists mainly of sedge tundra on the upper slopes and grass
with marsh marigolds, fern, and sedges along the stream banks. The stream consists of multiple,
braided channels, each about 6 to 12 inches wide by 3 to 6 inches deep. These channels are
incised and vertical to undercut. The banks are generally low (4 to 8 inches). The stream bottom
consists of firm peat. Station 1 is located about 200 feet upstream of the boundary between
Reaches 1 and 2. Photo 4.3-5 shows the terrain and multiple channels at Station I (Ice Box Lake
is visible in the background).

Reach 2
Reach 2 of White Alice Creek is a narrower (300-foot wide) reach of the valley with numerous
ground subsidence features such as scarps and slumps. The stream channel averages 2 feet wide
by 1 foot deep and has numerous tight meanders and 8- to 24-inch drops with associated poois.
The stream bottom consists of soft peai with some sand and gravel superimposed. In-stream
vegetation consisting of moss and grass covers about 30 percent of the bottom. Ice Box Lake is
included within Reach 2. The lake is approximately 500 feet long by 250 feet wide. Its depth is
unknown but probably less than 10 feet. Station 2 is located 400 feet upstream of Ice Box Lake.

Reach 3
Reach 3 begins at the outfall of Ice Box Lake. As with Reach 2, there are numerous ground
subsidence features such as blocks of peat that are slumping into the stream. The valley

O continues to be relatively narrow (about 200 feet wide). The channel is incised up to 10 feet
through peat banks but averaging about 4 feet deep. The stream itself ranges from 6 to 12 inches
deep and 2 to 3 feet wide. There are numerous 12-inch waterfalls along the reach and one 3~
foot-high waterfall about 50 feet upstream of Cannikin Lake. The stream bottom is comprised of
firm silty peat with some sand and gravel superimposed. Station 3 is located about halfway
between Ice Box and Cannikin Lakes.

Reach 4
Reach 4 begins at the outfall of Cannikin Lake and continues for about 2,500 feet downstream.
The upper portion of this reach is characterized by abundant amphipods and Dolly Varden and
favorable habitat for both. The stream is 1 to 3 feet wide and 2 to 6 feet deep. In the deeper
areas the channel bottom is hard mud; in shallow, depositional areas the bottom is gravelly sand.
The upper portion of this reach lies within a broad valley, while the lower portion flows through
a narrow valley and has a steeper gradient. There are active landslides on both sides of the
valley in the lower reach; the toe of these slides is continuously eroded by White Alice Creek.
Station 4 is located about 500 feet downstream of Cannikin Lake. A tributary from a small lake
enters this reach shortly upstream of Station 4 and contributes about 10 percent to the overall
discharge.

Reach 5
Reach 5 is about 800 feet long with an overall gradient of 8.7 percent. This reach is
characterized by higher velocities and numerous runs and chutes. Upper Reach 5 is shown in

7
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Photo 4.3-6. The channel bottom consists of sand, gravel, and cobbles. with bare bedrock along
the lower portion of the reach. The channel, including pools, is 2 to 8 feet wide and 1 to 6 feet
deep. There are scarps along the valley slopes. A 15-foot-high, near-vertical waterfall lies about
100 feet upstream of the high tide zone along the beach. This prevents anadromous fish from
migrating upstream. Station 5 is located about 350 feet upstream of the beach in a large pool just
upstream of a sheet metal weir and a small foot bridge.

4.3.4.2.2 Surface Water

Five surface water samples were collected from White Alice Creek, one at each sampling station.
Each sample was analyzed for DRO, VOCs, PAHs, and metals. A summary of analytical results
is presented in Table 4.3-3.

DRO was reported in all five surface water samples at concentrations of 65.6 to 95.3 ug/L.
These concentrations are comparable to the 92 ug/L average DRO detected in about half the
samples from lowland reference streams, so some portion of the reported DRO may be of
biogenic origin.

The only VOC detected in the surface water samples was methylene chloride, which was
reported in four samples at concentrations of 5.14 to 5.59 ug/L. This substance is a common
laboratory contaminant, and these occurrences are not believed to be site-related (see Section
2.3.1.5). No PAH compounds were detected in the water samples.

Fourteen metals were detected in the surface water samples from White Alice Creek. The
concentrations of these metals were compared to background concentrations for lowland
reference streams. The following five metals exceeded their respective background
concentration at one or more stations. The asterisk denotes metals which also exceeded the
ERBSC.

Arsenic* Boron* Calcium Selenium Vanadium

All of the background exceedances were in samples from Stations 4 and 5 downstream of
Cannikin Lake, with the exception of calcium, which was also slightly elevated at Stations 1 and
2. Boron was detected at concentrations of 424 and 386 uglL and arsenic at concentrations of
4.78 and 6.24 ug/L, while the background concentrations for these metals were nondetect at
detection limits of 50 ug/L and I uglL, respectively. The vanadium concentration at Stations 4
and 5 was only slightly greater than the background concentration (4.94 compared with 4.43
ug/L). Calcium concentrations were as much as 28 percent higher than background. The 1.1
ugfL of selenium detected at Station 4 was the only occurrence of this metal in water from any
site-related stream, and none was detected in background samples with a detection limit of I
ug/L.

4N~
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Metals that exceeded background values in White Alice Creek surface water were compared
with metals that exceeded background values in sediment (see Section 4.3.4.2.3). Arsenic and
calcium concentrations exceeded both sediment and water background concentrations. Boron
was not detected in sediment samples; however, the sediment detection limits were somewhat
elevated. Selenium and vanadium were present in sediment but at concentrations below
background.

Those metals found in White Mice Creek water samples that exceeded background
concentrations were compared to project ERBSCs. The ERBSC for boron (1.6 ug/L) is exceeded
over 200 times by the maximum White Alice Creek water sample. The lowest ERBSC for
arsenic in water is 3.1 ug/L. The maximum exceedance for arsenic, at Station 4, was about twice
this. The maximum selenium, and vanadium concentrations did not exceed their ERBSCs. No
ERBSC is available for calcium, which is considered an essential nutrient and unlikely to result
in any toxic effects.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented below. The conductivity measured at Stations 4 and 5, which are
downstream of Cannikin Lake, are considerably higher than at other stations on this or any other
stream investigated in 1998. Cannikin Lake water had equally high conductivities (Section
4.3.4.3. 1).

Surface Water Parameters for White Alice Creek, Cannikin Site

Sampling ~ :H ~empenture- 4Nssolved Oxygen-- Conductivity T b~d~
StationJ~: i- c~ -~frl~(deji4n~q~ —~(mg/L) (us/cm) tar I ItY.

1 7.5 7.7 13.1 179 Clear
2 7.6 7.3 13.1 175 Clear
3 8.1 9.9 11.8 125 Clear
4 8.1 10.1 1 1.1 618 Clear
5 8.7 9.9 10.9 592 Clear

4.3.4.2.3 Sediment

One sediment sample was collected at each of five stations on White Alice Creek. All sediment
samples were analyzed for DRO, PAHs, PCBs, TOC, AVS/SEM, and metals. Only one
sediment sample (from Station 2) was analyzed for VOCs. Analytical results for sediment
samples are summarized in Table 4.3-4.

DRO was detected in all five samples, at concentrations ranging from 32.6 to 116 mg/kg. These
DRO concentrations are greater than those found in sediment samples from lowland reference
streams (as discussed in Section 2.3.2.5). However, as explained in Section 2.3.2.6,
concentrations of IJRO as high as 184 mg/kg were found in Corps background sediment samples
during the Phase I RI. Thus, it is possible that some portion of the DRO reported in the sediment
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samples from White Alice Creek is from biogenic sources. No VOCs were detected in the one
sediment sample analyzed for these parameters. No PARs were detected in the White Alice
Creek sediment samples.

Analysis of the sediment samples for PCBs was not part of the original scope of work.
Following the discovery of low levels of PCBs in sediment from the bottom of Cannikin Lake
(see Section 4.3.4.3.2), PCBs were analyzed in all five sediment samples from White Alice
Creek. No PCBs were detected, although detection ranged from 0.19 to 0.59 mg/kg due to solids
contents as low as 9 percent.

A total of 19 metals were detected in the various White Alice Creek sediment samples.
Concentrations of these metals were compared to background concentrations for lowland
reference streams. The following ten metals exceeded background concentrations (an asterisk
indicates that ERBSCs were also exceeded).

Aluminum Arsenic* Calcium Cerium
Chromium* Copper* Magnesium Nickel*
Potassium Strontium

With two exceptions, the background exceedances occurred at Stations 3, 4, and 5.

The four metals that exceeded background levels by the highest percentages were chromium,
copper, magnesium, potassium, and strontium. Chromium and copper concentrations exceeded
the background concentration at three stations by up to 2.3 times. Arsenic exceeded background
levels only slightly at one station (100 vs. 109 mg/kg).

Metals that exceeded background concentrations in White Alice Creek sediment samples were
then compared to project ERBSCs. Arsenic, chromium, copper, and nickel exceeded both their
respective background concentrations and ERBSCs. Although the background concentration for
arsenic in lowland streams is 100 mg/kg, the ERBSC for arsenic is only 6 mg/kg. Only one
sample exceeded background for arsenic; however, four samples exceeded the arsenic ERBSC.
Similarly, the copper ERBSC is 16 mg/kg, while the background concentration is 71.7 mg/kg.
All five samples exceed the ERBSC for copper, but only three exceed background. The ERBSC
for nickel is close to the background value; the same three samples exceeded both the nickel
ERBSC and background concentrations. All of the samples exceeded the background value for
chromium, but only one sample (Station 1) exceeded the ER.BSC. Background values for iron,
manganese, and zinc were not exceeded; however, the ER.BSCs for these metals are less than
background concentrations, and the ERBSCs were generally exceeded at Stations 2, 3, 4, and 5.
No ERBSCs are available for the other metals exceeding background.

AVS and SEM concentrations in sediment samples from White Alice Creek are presented in the
following table. The ratios of SEM to AVS were 0.21 and 0.02 at Stations 3 and 4, respectively.
No AVS was detected at the other three stations. This suggests that there are sufficient acid
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volatile sulfides present to limit the availability of the SEM metals to organisms at Stations 3 and
4.

AVS and SEM Concentrations for White Alice Creek, Cannikin Site

Station j Sample Number I — AVS (umole/g) } SEM (umole/g) SEM AVS Ratio

1 41 10-SD 0 2.8 NA
2 4108-SD 0 18.5 NA
3 4106-SD 13.4 2.81 0.2!
4 4104-SD 123 2.51 0.02
5 4102-SD 0 3.11 NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, and comparison between the substrate at the various stations.
Organic content was also determined for all samples. No grain-size gradation was performed
due to insufficient mineral soil content. The results are presented in the following table.

Sediment Characteristics for White Alice Creek, Cannikin Site

.~. ~So11 Classification

I 4110-SD 158,000 - Brown PEAT

2 4108-SD 70,000 28.8 Brown, silty fine SAND
. with organics

3 4106-SD 8,250 31.1 Brown,finesandySlLT
with organics

4 4104-SD 126,000 41.9 Brown, silty PEAT
S 4102-SD 113,000 32.1 Brown, silty PEAT

DOE collected analytical samples along White Alice Creek in 1993 and 1997 (Appendix B and
Figure 4.3-2). In 1993 two surface water samples were collected from upper White Alice Creek
that were close to sampling stations in 1998. Specifically, the locations of SW-TB and SW-WAC
were near Stations 2 and 3 (upstream of Cannikin lake), so the results were compared. Metals
concentrations in the surface water samples from 1993 and 1998 were similar without exception.
It was reported that toluene was detected at an estimated 2 ug/L in SW-WAC.

In 1997 three sediment samples were collected on lower White Alice Creek near locations
sampled in 1998. Specifically, the sediment sample CN-2A was collected near Station 4, and
samples CN-3C and CN-4A were collected at the stream mouth, downstream of Station 5. The
DOE results for metals were similar to the 1998 results at these sites, with two exceptions:
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copper concentrations were generally twice as high in 1998. while manganese concentrations
were lower in 1998 than 1997.

4.3.4.2.4 Benthos

Benthic samples were collected at Stations 2, 3, 4, and 5 on White Alice Creek. These samples
were submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in
each sample were identified and counted. Results are presented in the following table. An
evaluation of the data is presented in the report Triad Analysis of Drill Site and Test Stream
Sediments (see Appendix F).

Benthic Invertebrates in White Alice Creek, Cannikin Site

4.3.4.2.5 Sediment Toxicity Tests

Sediment samples collected from the same four stations as the benthic invertebrate samples were
used to perform 10-day freshwater sediment bioassay tests using larvae of the midge
Chironomus tentans. The tests were performed by American Aquatic Testing in Allentown,
Pennsylvania, under subcontract to IT Corporation. An evaluation of the following data is
provided in the report Triad Analysis ofDrill Site and Test Site Stream Sediments prepared by IT
Corporation (see Appendix F).

0

(D

Oligochaeta Tubificida Tubificidae tubifex adult 80 8 8
worm

Gastropoda Mesogastropoda Planorbidae snail adult 8
Peleycopoda Spaeracea Sphaeriidae clam juvenile 36 48
Collembola Collembola Isotomidac springtail adult 2 8

Insecta Ephemeroptera ;aetid;e~1 sp.) mayfly nymph 8

Trichoptera Limniphilidae caddisfly larva 38 24 24
Lepidoptera moth larva I 8
Diptera Chironomidae midge larva 138 96 1088

Diamesinae midge larva 48
Tanypodinae midge larva 248
Simulidae blackfly larva 2 240 72 I 12

Crustacea Amphipoda Gammaridae scud adult 2040 920

Total 180 657 2252 2216
Family Biotic Index 5.57 6.27 4.23 5.19

EPTRelativeAbundance 21.1% 4.9% 0.0% 1.1%
Species Diversity 0.63 1.41 0.42 1.04
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Sediment Toxicity Results, White Alice Creek, Cannikin Site

. . . To~iciq Test Endpoints

st~t -: . . Growth Biomass1011 Result Normalized ~Milt Normalized Result Normalized

.- . . * ,.. ~*. ~(mg). (mg)

2 92.50% 104.23% 0.567 112.50% 5.21 116.30%
3 77.50% 81.58% 0.345 66.10% 2.60 52.70%
4 32.50% 36.60% 0.606 120.20% 1.97 44.00%
5 87.50% 98.59% 0.499 99.00% 4.24 94.60%

4.3.4.2.6 Fish

Fish samples were collected at Stations 2, 3, 4, and 5 on White Alice Creek. An additional
sample was collected at Station 4 for radionuclide analyses. Fish in White Alice Creek are
resident Dolly Varden, landlocked by a 15-foot waterfall near the mouth. It has been
documented that the larger anadromous Dolly Varden were introduced into Cannikin Lake in the
past. In general, the fish sampled from White Alice Creek were larger than fish in other streams,
due to the influence of the lake. Specific data on fish sampling, such as the size and weight of
individual fish, are presented in the field fish collection forms in Appendix J.

Fish Sample Descriptions for White Alice Creek, Cannikin Site

~45*~3 ~$~fl W~~~r!H~ .~.

2 4132-FS 1 - 10.5 4 350 87.5 235
2(dup) 4148-FS 3-11 12 450 37.5 229

3 4130-FS 2-8 18 350 19.4 986
4 4127-FS 3-9 5 350 70.0 371

4(rad) 4128-FS 15-16 3 2150 716.7 709
~ 4125-FS 2-9 8 500 62.5 29

Fish tissue samples from White Alice Creek were analyzed for total metals, inorganic arsenic,
PAHs, PCBs, percent lipids, and radionuclides. Analytical results are presented in Table 4.3-5
and summarized in the following subsections.

4.3.4.2.6.1 Chemicals

Twenty-one metals were detected in the fish tissue samples from White Alice Creek.
Concentrations were compared to background concentrations determined for fish from lowland
reference streams and to EPA Region III RBCs for fish consumption. Arsenic and copper in the
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fish sample from Station 5 exceeded the background concentrations by about 6 and 9 percent,
respectively. No total metals concentrations in fish from White Alice Creek exceeded their
respective RBCs, with the exception of inorganic arsenic.

Only the inorganic arsenic concentration for the fish sample from Station 5 exceeded its
background concentration; however, inorganic arsenic concentrations exceeded the RBC for all
samples (including background samples), with the exception of the original sample from Station
2. Inorganic arsenic concentrations for fish from Stations 2, 3, and 4 were 16 to 67 percent of the
background concentration.

The PCB Aroclor 1260 was detected in samples from all four stations, including the duplicate
sample. Aroclor 1260 concentrations ranged from 0.0115 to 0.0394 mg/kg, exceeding the
0.0016 mg/kg RBC for fish consumption by humans. No PAHs were detected in the fish tissue
from White Alice Creek.

The percentage of lipids by weight of fish from Stations was 5.67.

4.3.4.2.6.2 Radionuclides

During fish sampling at Station 4 of White Alice Creek fiumerous landlocked Dolly Varden were
observed of the size range found in Cannikin Lake, which is located just upstream. There were
sufficient fish present to obtain a sample for radionuclide testing (see previous table for sample
description). The fish were frozen and shipped whole to the laboratory. The fish were gutted At
the laboratory. Fish and removed guts were analyzed separately. The test results are shown in
the following table.

Radionuclide Concentrations in Fish from Station 4 of White Alice Creek, Cannikin Site

:.~w~e~4~ udesh~~t ~ yishGips:.~ .-..

-~moi~Wzr ~ 4’ ~Result s—Th.- Detection Result Detection
:.. ~~t-tr~ Thg, CI?jyt~’s ~ ~ Zimit Flag- ~pCtIg) LJmiC~

Americium-241 U .0.000487 ±0.00472 0.0238 U 0.000645 ±0.00129 0.00435
Plutonium.238 U -0.00453 *0.00379 0.0270 U -0.000402 ±0.000807 0.00884
Plutonjum-239/240 U 0.00477 *0.00917 0.0 195 U 0.00 127 ±0.00345 0.00882
Cesium-137 0.130±0.0352 0.0325 J 0.0999±0.0825 0.0486

U = analyte was not detected at a concentration greater than the detection limit.
.1 = analyte was present at a concentration greater than the detection limit but less than the reporting limit (0.100

pCl/g).

These results are similar to the analytical results obtained for Cannikin Lake fish, as expected.
Based on the stream setting and fish size, it is apparent that fish travel readily between the lake
and the stream. The first three listed isotopes were below the detection limit in these and
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n background fish samples. For cesium-137 the results from White Alice Creek fish were slightly- higher but comparable to background values (Section 2.3.3.2).

4.3.4.3 Cannikin Lake

The locations of the three Cannikin Lake surface water and sediment samples are shown in
Figure 4.3-2. The samples were collected 20 to 40 feet offshore, downslope from the Cannikin
site. The southernmost surface water and sediment sample (sample numbers 1102-SW and
1105-SD) were collected near the outlet of a small ephemeral stream. The water depth at the
sampling locations ranged from 3.3 to 7 feet. The surficial lake sediments at the sampling
locations consisted of 0.5 feet to 0.8 feet of drilling mud (bentonite) or drilling mud mixed with
silty sand. These sediments were underlain by brown peat, which is assumed to represent the
former ground surface. As only thee locations were sampled, the extent of the drilling mud on
the bottom of Cannikin Lake is unknown. Descriptions and field screening results for the
Cannikin Lake surface water and sediment samples are provided in the following table.

Surface Water and Sediment Sample Descriptions for Cannikin Lake, Cannikin Site

*4~~ ~Wátèr~ MüdLt~ W~ ~ScneDM~
‘~A!J~ .~DeEth~. ~rhiekn~s.. ~t’e Septh~r ~tDescnption Observations -~ Resultr

-. — (feet). (feet) :-; feeOr~
~ 1100-SW Surface Water

.. 33 05 1 103-SD 0-1.0 Black, organic, Trace bentonite, P10=3. silty Sand brown Peat in lower

0.5 feet
I 101-SW Surface Water

Cannikin I 104-SD 0 —1.0 Gray, gravelly Strong diesel odor P10=49
Lake 4.5 0.7 Bentonite and heavy sheen,

brown Peat in lower
0.3 feet

I 102-SW Surface Water

70 0 8 1 105-SD 0-0.8 Gray, sandy, Moderate diesel PID=NA~ gravelly Bentonite odor and sheen, peat

in tip of sample
* Sample depth measured from the sediment surface

4.3.4.3.1 Surface Water

The Cannikin Lake surface water samples were analyzed for DRO, GRO, VOCs, PAHs, metals,
and PCBs. These samples were analyzed for an expanded list of COPCs at the request of the
USFWS field representative due to the nature of the potential contaminant source, which was a
suspected landfill (although no evidence of a landfill was found during 1998 reconnaissance
activities). Laboratory results are summarized in Table 4.3-6. All three surface water samples
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contained DRO at concentrations ranging from 57.8 to 72.2 ug/L. These reported concentrations
of DRO are below the 92 ug/L average concentration of DRO reported in water from half of the
lowland reference stream samples, as explained in Section 2.3.1.5. Thus it is possible that the
DRO reported in the Cannikin Lake surface water is of biogenic origin.

With the exception of one suspected laboratory contaminant (methylene chloride at
concentrations of 2.03 to 5.34 ugIL), no VOCs or PAHs were detected. No PCBs were detected
in the water samples.

The Cannikin Lake water samples contained 14 metals. The following six metals were present at
levels exceeding the background concentrations for lowland streams (an asterisk indicates that
ERBSCs were also exceeded).

Arsenic* Boron* Calcium Cobalt Nickel Vanadium.

Arsenic, boron, and nickel were not detected in the lowland reference stream water samples but
were detected in one or more lake water samples at concentrations up to 7.53, 468, and 1.2 ug/L,
respectively. Occurrences of both arsenic and boron in water samples during the 1998
investigation were limited to these three Cannikin Lake samples, two White Alice Creek samples
downstream of Cannikin Lake, and two samples from Clevenger Creek. Concentrations of
arsenic and boron are comparable in Cannikin Lake and White Alice Creek, while the Clevenger
Creek concentrations are lower. The single occurrence of nickel at 1.2 ug/L in Cannikin Lake is
one of many occurrences at or near the 1 ugfL detection limit in the 1998 samples. Nickel did
not exceed its lowest project ERBSC. The boron detections, ranging from 429 to 468 ugLL,
greatly exceeded the lowest ERBSC (1.6 ug/L based on the EPA Tier II secondary chronic value)
but are well below the human health R.BC of 3,300 ug/L (Table 2-8). Arsenic exceeded its
lowest ERBSC in each sample by a slight amount.

Calcium, cobalt, and vanadium concentrations in Cannikin Lake water exceeded their respective
background values by about 20 to 40 percent. Neither cobalt nor vanadium exceeded their
respective ERBSCs. No ERBSC~ is available for calcium, which is considered an essential
nutrient in most organisms and not likely to result in significant ecological effects.

Surface water quality parameters measured in Cannikin Lake during the 1998 Drill Site
Investigation are presented below. The conductivity results are significantly higher than those
found in surface water from other streams and lakes on Amchitka, except for lower White Alice
Creek, which had comparable readings. In general, higher conductivity correlates with higher
total dissolved solids or salts.
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Surface Water Parameters for Cannikin Lake, Cannikin Site

:Sample .~ Ternperature: Dissolved Oxygen Conductivity Turbidity
Niuñb~r U’ ~ ~degreá:~ .. (mg/U) (uS/cm) (NTU)
1100-SW 7.7 I 11.1 11.7 570 0
1101-SW 8.1 I 11.3 10.7 562 0
1102-SW 6.6 11.3 10.7 561 0

DOE collected two water samples from Cannikin Lake (one from the north end and one from the
south end) in 1993 and analyzed them for metals. Concentrations were similar to those in the
1998 samples with the exception of calcium, magnesium, vanadium, and zinc. Calcium was
present at about a 30 percent greater concentration in the 1993 samples, magnesium was about
50 percent greater, and vanadium was about 60 percent greater. Zinc was detected at 16 and 32
ug/L in 1993 but not detected in 1998 (with a 10 ug/L detection limit).

4.3.4.3.2 Sediment

The Cannikin Lake sediment samples were tested for DRO, GRO, VOCs, PAHs, metals, and
PCBs. The results of these analyses are summarized in Table 4.3-7. All three sediment samples
contained DRO at concentrations of 110, 2,240, and 4,710 mg/kg. The two samples with the
higher DRO concentrations consisted primarily of bentonite drilling mud and exhibited a diesel
odor and sheen upon disturbance. GRO was reported in one sample at 25.9 mg/kg, but this by.
concentration probably represents the light end of the diesel range that overlaps the gasol Inc
range and is reported as GRO.

Five and eight alkylated benzenes, respectively, were present in the two sediment samples that
consisted primarily of drilling mud. Total alkylated benzene concentrations were as high as
about 9.3 mg/kg (which was 0.2 percent of the DRO concentration). The two samples consisting
of drilling mud also contained seven PAHs at a maximum total of 21.2 mg/kg (an average of U
percent of the DRO concentration). This drilling mud contained lower DRO concentrations than
the mud from the Cannilcin mud pits, with the exception of the mud from the south expboratin
hole mud pit, which had a comparable DRO concentration. Average VOC concentrations in the
mud in Cannikin Lake were higher and PAR concentrations lower (relative to the DRO
concentration) than they were in the mud from the Cannikin mud pits.

VOC and PAH concentrations in the Cannikin Lake sediment samples were compared with
available ERBSCs. ERBSCs are available for only two of the detected alkylated benzenes.
ethylbenzene and xylenes. These were exceeded by a factor of 2 and 50, respectively. PAH
ERBSCs that were exceeded by a significant amount included: acenaphthene (6 times), fluorene
(26 times), naphthalene (23 times), and phenanthrene (36 times).

PCBs were present at low levels in the two Cannikin Lake sediment samples that consisted
primarily of drilling mud. The sample with the highest DRO concentration contained 0.107
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mg/kg of Aroclor 1260. The sample with the lower DRO concentration contained 0.104 mg/kg
of Aroclor 1260 and 0.185 mg/kg of Aroclor 1248. Concentrations of both aroclors exceeded the
sediment ERBSCs (0.023 mg/kg for Aroclor 1248 and 0.05 mg/kg for Aroclor 1260). PCBs
were not detected in the third lake sediment sample.

The distribution of metals was different between the single sample that was primarily lake
bottom sediment and the two samples that contained drilling mud. The following twelve metals
were elevated above background concentrations for lowland reference streams in the samples
that contained drilling mud (an asterisk indicates that ERBSCs were also exceeded).

Aluminum Boron . Cadmium* Calcium
Cerium Cesium Chromium* Copper*
Magnesium Nickel* Strontium Thorium

The concentrations of these metals were compared with their respective ERBSCs. Cadmium and
nickel concentrations in the mud-containing sediment only slightly exceeded their ERBSCs;
chromium and copper concentrations were about ten times higher than their ERBSCs. No
ERBSCs are available for the other metals. Calcium and magnesium are considered essential
nutrients in most organisms and not likely to result in significant ecological effects. The
approximate 250 mg/kg chromium concentration in these two samples from Cannikin Lake
resembles the average 382 mg/kg chromium in the SGZ drilling mud more than it does the 89
mg/kg in the mud pits near the exploratory hole.

Metals that exceeded lowland background values in the third sediment sample (without (E)
bentonite) included boron, chromium, magnesium, and nickel. Except for nickel, none of these
exceeded available ERBSCs. The nickel concentration (an estimated value) was about five times
higher than background and about four times higher than its ERBSC. Nickel was not
significantly elevated in the drilling-mud samples, so it does not appear that the mud caused the
exceedance in the third sediment sample.

4.3.4.3.3 Fish

Nineteen Dolly Varden were collected from Cannikin Lake for chemical and radionuclide
testing. These fish were collected using hook and line rather than by electroshocking. The fish
were primarily caught at the southeast end of the lake near an access road that approaches the
lake. Fish in the lake were typically larger than stream fish. This may be due to better habitat
and food supply than is found in the streams. Descriptions of fish samples are provided in the
following table; test results are presented in the following sections.
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Fish Sample Descriptions for Cannikin Lake, Cannikin Site

tt~ :Jt~tmZ; bngth Numb Total Sample Avenge
• - ~ -:~ (gnms) i~rams)

4146-FS Whole fish 14 1 500 500
4147-FS Whole Fish ., 600 300

(dup) —

5001-FS Gutted fish 12- 13.5 7 2,435 399
5002-FS Innards of 5001 358
5003-FS Gutted fish 11 - 16.5 5 2,229 508
5004-FS Innards of 5003 312
5005-FS Guttedfish 13.7-16 4 2,171 610
5006-FS Innards of 5005 271

4.3.4.3.3.1 Chemicals

One fish sample and a duplicate were collected for chemical analysis. These samples were
analyzed for PCBs, PAHs, and metals (excluding inorganic arsenic). Percent lipids were also
determined. Results are presented in Table 4.3-5. No PARs were detected in either the sample
or duplicate. Lipids were 7 and 5.75 percent by weight for the original fish sample and
duplicate.

Aroclor 1260 was detected in both samples at 0.0248 and 0.019 mg/kg. These values are
comparable to PCB results in fish from White Alice Creek. The higher result is about 15 times
higher than the RBC of 0.0016 mg/kg.
The following five metals exceeded background concentrations for fish from lowland reference
streams, in one or both of the samples.

Arsenic* Cadmium Copper Nickel Thallium

Of these, only arsenic exceeded the RBC for fish consumption.

4.3.4.3.3.2 Radionuclides

A total of sixteen Dolly Varden were collected from Caxmikin Lake for radionuclide analysis.
The fish were gutted in the field, and fish bodies and innards were analyzed separately. The first
following table provides sample descriptions, and the second table presents the analytical
findings.

As with other project fish samples including background, Cesium- 137 was detected in each
sample from Cannikin Lake, while the other three radionuclides were below their detection
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limits. The cesium-137 values for Cannikin Lake fish were slightly higher than but comparable
to background samples (see Section 2.3.3.2).

Radionuclide Concentrations in Fish for Cannikin Lake, Cannikin Site

0

~:z~:. ~ G~ted;F~b ~ishGu~
isotope .~ Result - - Resulthag - (pQ/g) DL Flag (pCi/g) DL

~v .~4 :CA~5OOi;FS:~. . CA~-i002-FS.
Americium-241 U -0.000205 ±0.000832 0.0 142 U 0.00276 ±0.00452 0.0258
Plutonium-238 U 0.00 ±0.00 0.00636 U 0.00177 ±0.00719 0.02 12
Plutonium-239/240 U 0.00211 ±0.00424 0.00634 U 0.00176 ±0.007 17 0.0211
Cesiurn-137 J 0.0967±0.0372 0.0276 0.145 ±0.0696 0.0631
~~ ~ ~ . .c~&3.fls4~5 004-PS
Americium-241 U 0.00314 ±0.00515 0.0130 U 0.00543 ±0.00986 0.0287
Plutonium-238 U 0.0126 ±0.0161 0.0240 U 0.00542 ±0.0147 0.0376
Plutonium-239/240 U 0.00345 ±0.00936 0.0239 U -0.00171 ±0.00343 0.0376
Cesium-137 0.133 ±0.0507 0.0479 0.180±0.0564 0.0628
~ . : .CANN-i006-PS.
Amerjcjum-241 U 0.00421 ±0.00746 0.0200 U 0.00308 ±0.00723 0.0248
Plutonium-238 U 0.00332 ±0.00955 0.0241 U 0.00338 ±0.0128 0.0342
Plutonium-239/240 U -0.00229 ±0.00268 0.0221 U -0.00506 ±0.000463 0.0341
Cesium-137 0.154±0.0534 0.0447 0.223 ±0.0673 0.0702

DL = detection limit
U = analyte was not detected at a concentration greater than the detection limit.
3 = analyte was present at a concentration greater than the detection limit but less than the reporting limit

(0.100 pCl/g).

4.3.5 Summary

Reconnaissance of the Cannikin test site identified four mud pits in addition to the open mud pit
west of the SGZ that was identified for sampling during the planning stage of this project. Two
of these additional mud pits are dry, filled pits located near the SGZ. The other two are located
several hundred yards to the south in an old borrow pit, and were apparently used during drilling
of a nearby exploratory drill hole. These latter two pits contained ponded water, and have no
drainage outlet. The reconnaissance also identified scattered debris from the Cannikin facilities,
but no evidence was found of a landfill that had been suspected by U.S. Fish and Wildlife
personnel. As a result of these findings, the scope of work for the site was expanded to address
potential contamination from the additional sources. Specifically, the additional work included
collecting samples from two exploratory drill hole mud pits, and Cannikin Lake sampling for a
broad suite of parameters to evaluate the potential for contamination from an unknown source or
sources at the Cannikin site. After PCBs were identified in bentonite-rich sediment samples
from Cannikin Lake, analysis for PCBs was also added to the scope for all of the mud pit and
fish samples.

0
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The three mud pits sampled at the Cannikin site contain an estimated total quantity of 3.490
) cubic yards of diesel-contaminated drilling mud. The DRO levels in the drilling mud (66.1 to

14,000 mg/kg) are similar to what was detected in the drilling mud from the majority of the drill
sites. Eleven of the twelve reported DRO levels detected in the drilling mud exceed the ADEC
cleanup standard for DRO in soil. The surface water in the mud pits is only slightly
contaminated with DRO, with detected levels all below the ADEC drinking water standards.
Since analytical samples were not collected from the two filled mud pits near Cannikin SGZ, no
conclusions can be made regarding the contaminant levels (if any) in those mud pits.

The mud pit immediately west of Cannilcin SGZ is located below grade in a relatively level area.
Based on the site topography, the drilling mud in the pit appears to be relatively well contained.
The risk that the drilling mud could be released, either catastrophically or by gradual erosion, to
White Alice Creek sometime in the future appears to be small. The two mud pits near the
exploratory drill hole are located at the bottom of a gravel pit and are very well contained. The
two dry mud pits near Cannikin SGZ are also located below grade and drilling mud within them
is apparently well contained. Although these pits are not as isolated from erosive forces, the
erosion and sediment transport that is occurring at their surfaces appears to be minimal and does
not appear to pose a significant risk to Cannikin Lake, about 600 feet downslope at its closest
approach.

The southwestern margin of Cannikin Lake where the sediment samples were collected locally
contains 0.5 to 0.8 feet of drilling mud overlying the former ground surface. A review of 1969
air photos (before the Cannikin detonation) shows clear drainage paths from the drill site (which
was under construction at the time) to the south fork of White Alice Creek. The Cannikin Lake
sediment samples appear to have been collected from within or near those drainage paths.
Therefore, the drilling mud observed on the lake bottom may have originated from releases into
the south fork of White Alice Creek, which was subsequently submerged below the lake water.
The DRO levels detected in the drilling mud (110 to 4,710 mg/kg) are somewhat lower than was
detected in the Cannikin mud pits. The quantity of drilling mud remaining on the lake floor is
unknown. DRO levels in surface water and normal sediment from the lake are comparable with
background levels.

PARs and VOCs were present in the mud pit sediment samples and drilling mud from Cannikin
Lake, in some cases above ERBSCs. However, they were not detected in any sediment samples
from White Alice Creek. Drilling mud that reportedly was spilled into the streams has probably

K been that flushed by water action to a large extent, while that which was deposited in what is
now the lake remains in place.

The PCBs Aroclor 1260 and Aroclor 1248 were detected in two drilling mud samples from the
SGZ mud pit/-Aroclor 1260 was also detected in the two Cannikin Lake sediment samples that
contained drilling mud, and in each of the fish samples collected from the stream and lake! The
most likely source of PCBs in these fish appears to be past releases of drilling mud from the SGZ
pit into White Alice Creek and what is now Cannikin Lake.t The concentrations of Aroclor 1260
in lake and stream fish ranged from 10.4 to 24.8 mg/kg. (Although the concentrations detected
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decrease with distance downstream, this may be coincidental since fish from Stations 4 and 5 of
White Alice Creek are able to migrate to and from the lake.

Boron concentrations were uniformly high (386 to 468 ug/L) in surface water from Cannikin
Lake and from downstream of the lake, at Stations 4 and 5 of White Alice Creek. In contrast,
neither surface water from upstream of the lake nor mud pit water samples contained detectable
levels of boron. Boron was not detected in stream sediment and was slightly above background
levels in lake sediment. Although its source is unknown, the elevated boron clearly is associated
with the lake. These high values are likely to be related to high conductivity measured in lake
water and at downstream stations. For an unknown reason, a higher than normal level of
dissolved compounds, including compounds with boron, are present in the lake and downstream
waters. No other metals exceeded both background and ERBSCs in surface water from either
the mud pits, streams, or lake.

Chromium and copper were elevated in the lake sediment samples that contained drilling mud.
Copper was also elevated in sediment downstream of Cannikin Lake.

The Triad Analysis Report (see Appendix F) presents an evaluation of the relative sediment
quality with respect to sediment habitat for 22 locations investigated on the lowland streams.
Using a system that combines benthic, sediment chemistry, and sediment toxicity rankings, the
overall rankings for White Alice Creek are as follows:

White Alice Creek (ED
Station 2 7th
Station 3 8th

Station 4
StationS 11th

This overall ranking combines benthic, sediment chemistry, and sediment toxicity rankings, with
the highest rank (lowest number) representing the best overall sediment habitat. Taken as a
whole, the mean chemistry ranking for White Alice Creek is poor, but the benthic and
toxicological rankings are average and within the range of the lowland reference streams. The
results from Station 2 indicate relatively good sediment quality, whereas Station 3 had poor
sediment chemistry but overall sediment quality within the range of the reference streams. The
poor ranking of Station 4 reflects a relatively poor ranking in all three Triad components, and
was one of only four lowland stream stations that had Triad rankings that were worse than the
reference locations. However, these results appear to be anomalous since investigators noted
abundant amphipods and favorable fish habitat at this location, better than was seen in most other
lowland stream settings. The downstream Station 5 had a very good toxicological ranking and
an overall rank within the range of the reference stations.
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TABLE 4.3-2
SEDIMENT ANALYTICAL RESULTS FOR CANNIKD MUD PITS

(concentrations in milligrams per kilogram)

?r1t~w~ ~I2S5J L$’4friF Ij~~?~?~$P ~IS*,rtl ~~IP

IPetroleum Hydrocarbons
~Diese1Range14ydrocarbons IAK 102 - 2,030 14,000 j 1,980 11,900 3,330 4,430 66.1 2,940 1,770 j 273 3,100 7,940
Volatile Organic Compounds
I,2,4-Trimethylbenzene EPA 82608 - 0.3543 0.1131 0.305 0.687 J ND(0.0524) UJ ND(0.0455) UJ 0.07331 ND(0.703) ND(1.1) ND(0.125) 0.319 16.7
1,3,5-Trimethylbenzene EPA 82608 - 0.07741 0.0316 J 0.078 0.185 J ND(0.0524) UI ND(0.0455) UJ 0.01821 ND(0.703) ND(1.l) ND(0.125) 0.297 4.53
Acetone EPA 82608 - ~3~83~ftff ND(0 0882) Ui f~~flJ~j~J ND(0 325) Ui ND(0 381) UI ND(0 455) U! ND(0 5) UJ ND(17 6) ND(27 4) ND(3 13) ND(2 75) ND(18 7)

Carbon disulfide EPA 8260B . ND(0.0455) UI 0.0182 UJ ND(0.0664) 0.0136 UJ ND(0.0524) UI ND(0.0455) U! ND(0.00625) UJ ND(3.51) ND(5.49) ND(0.625) ND(0.55) ND(3.74)
Ethylbenzene EPA 8260B - ND(0.0455) UI ND(0.0147) UI ND(0.0664) 0.02613 ND(0.0524) UI ND(0.0455) U! ND(0.00625) UJ ND(0.703) ND(1.1) ND(0.125) ND(0.l1) ND(0.749)
Isopropylbenzene EPA 82608 - ND(0.0455) UI ND(0.0147) UI ND(0.0664) 0.01841 ND(0.0524) UI ND(0.0455) UI ND(0.00625) UI ND(0.703) ND(1.1) ND(0.125) ND(0.11) ND(0.749)
m,p-Xylene EPA 82608 - ND(0.0455) UI 0.01781 ND(0.0664)~ ND(0.0524) UI ND(0.0455) UI ND(0.00625) UI ND(1.41) ND(2.19) ND(0.25) ND(0.22) ND(1.5)
lvlethylene chloride EPA 8260B - ND(0.0455) UJ ND(0.0147) UI ND(0.0664) ND(0.00575) U! ND(0.0524) UI ND(0.0455) UI ND(0.00625) UI ND(3.51) ND(5.49) ND(0.625) ND(0.55) ND(3.74)

n-Butylbenzene EPA 82608 - 0.05581 ND(0.0147) UI 0.0691 0.07881 ND(0.0524) UI ND(0.0455) UI ND(0.00625) UI ND(0.703) ND(I.1) ND(0.125) 0.508 1.39
n-Propylbenzene EPA 82608 - ND(0.0455) UI ND(0.0147) UI ND(0.0664) 0.04553 ND(0.0524) UI ND(0.0455) UI ND(0.00625) UI ND(0.703) ND(1.1) ND(0.125) 0.284 1.45
Naphthalene EPA 82608 - ND(0 0455) UJ I1~gBP2O~ W~IW~’&á4I1L M$ILc1P_~S1 ND(0 0524) UI~ ~flJ~~$Jj ND(0 703) ND(1 1) ND(0 125) ~i~rsn~
o-Xylene EPA 82608 - ND(0.0455) UI ND(0.0147) UI ND(0.0664) ~ ND(0.0524) UI ND(0.0455) UI ND(0.00625) UI ND(0.703) ND(1.l) ND(0.125) ND(0.1 1) ND(0.749)
p-Isopropyltoluene EPA 82608 - ND(0.0455) UI ND(0.0147) UI ND(0.0664) 0.05923 ND(0.0524) UI ND(0.0455) UJ ND(0.00625) UI ND(0.703) ND(1.1) ND(0.125) 0.299 0.947
sec-Butylbeuzene EPA 82608 - ND(0.0455) UI ND(0.0147) U! ND(0.0664) ND(0.00575) UI ND(0.0524) U! ND(0.0455) UI ND(0.00625) UI ND(0.703) ND(1.1) ND(0.125) 0.212 0.761

Toluene EPA 82608 - ND(0.0455) UI ND(0.0147) U! ND(0.0664) 0.03151 ND(0.0524) Ui ND(0.0455) UI ND(0.00625) UI ND(0.703) ND(l.1) ND(0.125) ND(0.1 1) ND(0.749)

Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - 0.109 0.0886 fl41~J~~J~$JJ1,. 0.0953 0.154 0.0174 0.277 0.201 0.0854

Acenaphthylene EPA 8270C - ND(0.455) ND(0.588) ND(0.443) ND(0.5) ND(0.238) ND(0.607) ND(0.0033) ND(0.148) ND(0.128) 0.0258 ND(0.5) ND(1.94)

Anthracene EPA 8270C - ND(0.03) ~ ND(0.0886) ~ ND(0.0953) ND(0.121) ND(0.0033) ND(0.0489) ND(0.0321) 0.0149 ND(0.2) ND(0.777)

Benzo(a)anthracene EPA 8270C - ND(0.03) 0.0137 ND(0.0292) ND(0.0165) ND(0.0157) ND(0.02) ND(0.0033) ND(0.0489) ND(0.0212) ND(0.0033) ND(0.033) ND(0.l28)

Benzo(b)fluoranthene EPA 8270C - ND(0.03) 0.0118 ND(0.0292) ND(0.0165) ND(0.0157) ND(0.02) ND(0.0033) ND(0.0489) ND(0.0212) ND(0.0033) ND(0.033) ND(0.128)
ND(0.02 12) ND(0.0033)

Fluoranthene EPA 8270C - ff~9O3~j~flj IJ~jJ~}Lj1~ ~fl[ 0.0635 ~1IZPUQ~J11IA~ 0.00544 ND(0.0489) 00257 0.0119 ND(0.033) ~~J~i4!!J~

Naphthalene EPA 8270C - ~jfj~~4J~fl ~JØi~IQ13J1~~I ND(0.0292) ~11 4~IIli~ 0.0191 ND(0.02) ND(0.0033) g~j~vj~g~ 0.0214 0.0139 ~~

SECTION 4.0 SITE CHARACTERIZATION
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jj€hrysene EPA 8270C ND(0.03) 0.0 137 ND(0.0292) ND(0.O 165) ND(0.0 157) ND(0.02) ND(0.0033) ND(0.0489) ND(0.033) ND(0. 128)
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TABLE 4.3-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR CANNIKIN MU]) PITS

(concentrations in milligrams per kilogram)

II
r Ii

I I~~en~ IEPA 8270C
IEPA 8270C

EPA6020

0.145

164 198

u.308

346 288 270

0.146

181 170

0.138
0.0098 0~0593

236 308

0.0471 0.0219

332 184

I~ps~

165

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchidca island, Alaska

0.142 ~a~Iiitfla~~i 0.239
H~Mt~t4~Z~flfl1 ~..-.

0.14[ I ~rI—~rrnj
Polychiorinated Biplienyls

Aroclor 1248 EPA 8082 - ND(0.455) U) ND(0.443) Ui 01 ND(0.238) UJ ND(0.304) U) ND(0.05) UJ ND(0.148) NINO.16) ND(0.05) ND(0.05) UJ ND(0.194) U)
Aroclor 1260 EPA 8082 - ND(0.455) UJ . ND(0.443) UJ ND(0.238) U) ND(0.304) UJ ND(0.05) U) ND(0.148) ND(0.16) ND(0.05) ND(0.05) UJ ND(0.194) UJ
Metals
Aluminum EPA 6010B 45,400 18,000 32,400 16,200 30,200 20,000 21,500 20,700 33,200 31,800 35,400 40,300 33,500
Arsenic EPA 6020 ~ ND(4.55) 4.84 5.92 4.96 5.86 2.81 2~67 1.13 0.969 3.06
Barium EPA 6020 469 124 177 166 115 148 166 92.7 335 305 88.9 100 248
Boron EPA6OIOB 7.l8~’ ND(22.7)UJ ND(7.35)UJ ND(22.1)UJ 69.2J 46.7J 81.7J 58.9J ND(7.41)UJ ND(8.02)UJ 2.51) 3,12) ND(9.71)Ui

Cadmium EPA 6020 ~ ND(4.55) ND(1.47) ND(4.43) ND(0.5) ND(2.38) ND(3.04) ND(0.5) ND(1.48)UJ ~~fl%j4~fl ND(0.5)UJ ND(0.5) ND(1.94)
Calcium EPA 60108 7,300 44,400 43,200 36,300 35,700 102,000 133,000 18,700 23,100 17,200 11,100 5,720 10,500
Cerium EPA 6020 14.2 38.2 22.8 48.4 18.5 21.4 27.7 19.9 22.2 23.1 1 1.5 11.6) 35 J

Cesium EPA 6020 ND ND(4.55) ND(1.47) ND(4.43) ND(0.5) ND(2.38) ND(3.04) 0.917 ND(1.48)UJ ND(1.6)UJ ND(0.5)UJ 0.664 ND(1.94)
Chromium EPA 6020 1 I 8 ~fljt4~lIfl$fl~ ~llI~~llJJ 88 .2L*I~# ~i*~sasm ~~1~WIW ai~g~aimt 179 J 194 ND(25) ~
Cobalt . EPA 6020 43.7 11.4 17.6 10.2 14 10.5 11.6 11.2 10.9 J 10.7 J 13.7 J 31.9) 23.1 J
Copper EPA 6020 ~W~I~4f~ $$1t~$ ~~ P1~UW~R ~SH~I1~~ S1U~311~ ~b3~W
Iron EPA 601 OB ft5~J,Q5~ftj fl 7JJU~ jfl~ 12,900 fflJ~~~jI~IW~ Mb~9ft
Lithium EPA 6020 48.8 9.09 15.3 10 10.6 8.22 10 9.07 8.26 8.32 7.02 7.05 10.2

Magnesium EPA 6010B 9,320 10,900 24,200 9,360 17,000 9,520 10,500 10,900 22,300 16,900 15,300 25,800 22,100
Manganese EPA 6020 fl*DW ~44I~~ NS~~!1I~# EL9~9~ ~*1~fl1fl ~ ~ ~
Nickel EPA 6020 13.6 14.1 12.4 10.1 ~ 4.25 ~ ~LZ~1J~$~~
Potassium EPA 60108 :1,390 971 1,260 1,080 946 667 667 1,330 2,410 J 2,020 S 1,970 S 1,780 2,130

Selenium EPA 6020 ~ b ND(4.55) ND(1.47) . ND(4.43) 0.658 ND(2.38) ND(3.04) 0.531 ND(I.48)UJ ND(1.6) UJ ND(0.5) Iii ND(0.5) UJ ND(1.94) UJ

Thallium EPA 6020 . I b ND(4.55) ND(I.47) ND(4.43) ND(0.5) ND(2.38) ND(3.04) ND(0.5) ND(I.48) ND(1.6) ND(0.5) ND(0.5) ND(1.94)

Thorium EPA 6020 0.5 b 12.75 4.595 16.8 J 2.585 5.85 7.62 S 1.915 6.12 6.84 1.27 0.665 10.5
Titanium EPA 6020 3,010 1,2301 1,190) 8253 1,290 J 905 J 1,l6OJ 1,330 J 546 815 541 750 591

—
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TABLE 4.3-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR CANNIKJN MUD PITS

(concentrations in milligrams per kilogram)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the maximum detected concentration in the appropriate background samples.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
3 result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.3-3
SURFACE WATER ANALYTICAL RESULTS FOR WHITE ALICE CREEK, CAISNIKIN SITE

(concentrations in micrograms per liter)

EPA 82608
EPA 82608

EPA 8260B
EPA 82608
EPA 82608
EPA 82608
EPA 82608
EPA 82608
EPA 82608

EPA 82608
EPA 82608
EPA 82608
EPA 8260B
EPA 82608

EPA 8270C

EPA 8270C

EPA 8270C

EPA 8270C

~A 8270C

EPA 8270C

EPA 8270C

Revision No. 0
Date: 9/30/99

Page 1 of 3

Diesel Range Hydrocarbons AK 102
‘olatile Organic Compounds

1 ,2,4-Trimethylbenzene
1,3 ,5-Trimethylbenzene

cetone
~rbon disulfide

ND(1)

Lylbenzene

ND( I)

ND(20)
ND(1)

ND(1)

lsopropylbenzene

,p-Xylene
Methylene chloride

•Butylbenzene
•Propylbenzene

iaphthalene
o-Xylene
-Isopropyltoluene

sec-Butylbenzene

ND(1)
ND(2)
5.28 U
ND(1)
ND(1)

ND( 1)
ND(1)

ND(1)

ND(1)

Toluene
ilycyclic Aromatic Hydrocarbons

EPA 8260B

~aphthene

ND( 1)

iaphthylene

thracene

EPA 8270C ND(0.1)

)(a)anthracene

EPA 8270C

ND(0.1)

(b)fluoranthene

ND(0.1)

~ene

ND(0.1)

ND(0.1)

ND(0.1)

EPA 8270C

ND(0.1)
ND(0.I)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

EPA 8270C

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(O.1)

ND(0.1)

ND(0.1)

SECTION 4.0 Silt CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

ND(0.1)

Nb(0.1)

ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)
ND(0.1)

ND(0.1) ND(0.1)
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TABLE 4.3-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR WHITE ALICE CREEK, CANNIKIN SITE

(concentrations in micrograms per liter)

EPA 6020
EPA 6010B

EPA 60108
EPA 6020
EPA 6020
EPA 6020
EPA 6020
EPA 6020

A 6010B

A 6020
A 60108
‘A 6020

‘A 60108
‘A 6020

EPA 6020

EPA 6020

EPA 6020
EPA 6020

ND(10)

ND(50)

4,320
ND( 1)
ND(1)
2.25
3.35

~
993

1.170

4,690

~
2,620
ND(1)

a’m
6.13

ND(1)
443

ND( 10)
ND(50)

4,390

ND( 1)
ND(1)
ND(1)

1.15

1.2
ND(150)

ND(1)
2,920

7.3

494 J

ND( 1)

ND(1)

1.41 3

ND( 1)

ND(1)

ND(10)
ND(50)

4,870

ND( 1)
ND(1)
ND(1)

1.39

1.71
150

NDO)
3,090
21.5

564 3

ND(1)

ND( 1)

2.73 3
ND(1)

1.34

NDOO)
ND(50)

3,280
ND(1)

ND(1)
.ND( 1)

1.54
1.43

266
ND( 1)
2,200
10.3

2173

ND( 1)

ND( 1)

2.51 3

ND(1)
1.16

5,550
ND(1)

ND( 1)
ND(1)

1.09
1.81 3

190
ND( 1)
1,880
7.81

546

LI

ND(1) UJ

2.593

ND( 1)
4.8

5,490
ND( 1)
ND( 1)
ND(1)

1.27
2.01
208

ND( 1)
2,010
12.9

425 3
ND(1)

ND( 1)

2.96 3
ND( 1)

4.94

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix 0 of this report for a description of background concentration calculations.

EPA 6020
EPA 6020

ND(50)

ND( I)

74.9

ND( 1) ND( 1)

EPA 6020

ND(1)

ND( 1) ND( I) ND( 1) ND( 1) ND( 1) ND(1)

‘A 6020 ND( 1) ND(1) UJ ND(1) UJ

EPA 6020

ND(1) U)

36.1

ND(1)

33

ND(l) Ui

EPA 6020

31.8

ND( 1)

22.4

ND(1) UI

28.8

ND(1) UJ

28.5

ND(1) ti~

EPA 6020

ND(1) U)

50.3 b

ND(1) U)

ND(10) ND( 10) ND( 10) ND( 10) ND( 10)
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TABLE 4.3-3 (cont.)

~fl SURFACE WATER ANALYTICAL RESULTS FOR WHITE ALICE CREEK, CANNIKIN SITE(concentrations in micrograms per liter)

This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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Q
TABLE 4.3-4

SEDIMENT ANALYTICAL RESULTS FOR WHITE ALICE CREEK, CANNIKIN SITE

0

--rzzt:: rrr::znrr

iiainnnnn~a

IlPetroleum Hydrocarbons

I ,2,4-Trimethylbenzefle
I ,3,5-Trimethylbenzene

EPA 82608

EPA 82608

EPA 82608

EPA 82608

EPA 82608

EPA 8260B

EPA 82608

EPA 8260B
EPA 82608

EPA 82608
EPA 82608

EPA 8260B
EPA 82608
EPA 8260B

82608

mg/kg

mg/kg

mg/kg
mg/kg
mg/kg

mg/kg
mg/kg

mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

mglg

ND(0.078)
ND(0.078)
ND(8.91)
ND(0.078)

ND(0.078)
ND(0.078)
ND(0.078)
ND(0.078)
ND(0.078)
ND(0.078)
ND(0.078)
ND(0.078)
NIJ(0.078)

M5’c~i?j~’; £

~41~
~1{r~~4~-i.’
Ur4iY
,~

~1S4I~3~~

Diesel Range Hydrocarbons IAK 102 mg/kg - 48.7 36.9 116 32.6
“Volatile Organic Compounds

~Acetone

Ilcathon disulfide
(Ethylbenzene

illsopropy lben zen e
~m,p-XyIene

~Methylene chloride

II n-Butylbenzene
lIn~PropyIbenzene
IlNaphthalene
jo-Xylene
~p-Isopropyltoluene
~sec-8utylbenzene

38

~UNflUHi~
~
~ --... — -- -

ND(0.078)

ND(0.078)j~ene F PA

SECTION 4.0 STTF (1 IARA( II RI? II”’.
U.S. Army Corps of I:nginccr~ %I .4 • I’.
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TABLE 4.3-4 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR WHITE ALICE CREEK, CANNIKIN SITE

:~ •1 ~ ~

~ ~ ;~ .a~
: t I

~ .

. :1111
~ - . - &4MPJF4&~ J~4~ ~ ‘!~j~j~

Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 8270C mg/kg - ND(O.0387) ND(0.0221) ND(0.0125) ND(0.0222) ND(0.0217)
Acenaphthylene EPA 8270C mg/kg - ND(0.0387) ND(0.0221) ND(0.0125) ND(0.0222) ND(0.02l7)

Anthracene EPA 8270C mg/kg - ND(0.0387) ND(0 0221) ND(0.0125) ND(0 0222) ND(0.0217)
Benzo(a)anthracene EPA 8270C mg/kg - ND(0.0387) ND(0.022l) Nl)(0.0125) ND(0.0222) ND(0.02l7)

Benzo(b)fluoranthene EPA 8270C mg/kg - ND(0.0387) ND(0.0221) ND(0.0I25) ND(0 0222) ND(0.02l7)

Chrysene EPA 8270C mg/kg - ND(0.0387) ND(0 0221) ND(0.0125) ND(0.0222) ND(0.0217)

Fluoranthene EPA 8270C mg/kg - ND(O.0387) ND(O.0221) ND(O.0l25) ND(0.0222) ND(0 0217)

Fluorene EPA 8270C mg/kg - ND(0.0387) ND(0.0221) ND(0.0l25) ND(0.0222) ND(0.02l7)

Naphthalene EPA 8270C mg/kg - ND(0.0387) R ND(0.022I) R ND(0.0125) R ND(O.0222) R ND(0 0217) R

Phenanthrene EPA 8270C mg/kg - ND(0.0387) ND(O 0221) ND(0.0125) NIJ(0.0222) ND(0.0217)

Pyrene EPA 8270C mg/kg - ND(0.0387) ND(0.0221) ND(0.0125) ND(0.0222) ND(0 0217)
Polychiorinated Biphenyls
Aroclor 1248 EPA 8082 mg/kg - ND(0.586) UJ ND(0.335) UJ ND(0.19) UJ ND(0.336) UJ ND(0.329) UJ

Aroclor 1260 EPA 8082 mg/kg - ND(0.586) Ui ND(0.335) UJ ND(0.l9) Ui ND(0.336) UJ ND(0.329) Ui
Metals
Aluminum EPA 6010B mg/kg 45,400 6,480 41,000 60,100 68,300 48,400
Arsenic EPA 6020 mg/kg ~ ND(5.86) W,iL42IJ1~ i~~j~ ‘Wj:~74~:
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TABLE 4.3-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR WHITE ALICE CREEK, CANNIKIN SITE
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~. ~fa~Jn Witii&~ WtAtId~* ~j$tüIoftA~’ k~Stdtloh5 ~

Barium EPA 6020 mg/kg ND(58.6) 377 ND(948) 249 150

Boron EPA 6010B mg/kg J 7.18 b J ND(29.3) ND(16.8) ND(9.48) ND(16.8) ND(16.5)

Cadmium EPA 6020 mg/kg~ ND(5.86) ND(3.35) ND(l.9) ND(3.36) ND(3.29)

Calcium EPA 60 lOB mg/kg 7,300 J 5,540 5,960 7,940 6,370 10,800

Cerium EPA 6020 mg/kg 14.2 f ND(5.86) 13.3 13.5 20.9 9

Cesium EPA 6020 mg/kg ND J ND(5.86) ND(3.35) ND(I .9) ND(3.36) ND(3.29)

Chromium EPA 6020 mg/kg 11.8 19.3 24.4 20.1 13.1

Cobalt EPA 6020 mg/kg 43.7 ND(5.86) 38.2 28.1 16.2 15

Copper EPA 6020 mg/kg 44JJ~~ ~k287~ ~14nj~ ~74j~ji~4 e~117f$?~$~ ~t-~ ‘i68~
Iron EPA 60 lOB mg/kg ~ 6,900 ~~,89ØJ~ flJo,5&~1~~ V~7,600--
Lithium EPA6O2O mg/kg 488 ND(5.86) 8.86 20.1 22.7 192
Magnesium EPA 6010B mg/kg 9,320 1,530 9,180 15,600 25,400 36,600

Manganese EPA 6020 mg/kg ~ 442 ~QJtZ~( ~J~TS~$i~! jt~3, c~+~1~:~:
Nickel EPA 6020 mg/kg 13.6 6.22 ~ WI Z1?41I~~ 10.4
Potassium EPA 6010B mg/kg 1,390 249 527 1,310 791 3,880

Selenium EPA 6020 mg/kg ND(5.86) 4.52 2.21 ND(3.36) ND(3 29)
Strontium EPA 6020 mg/kg 164 49.5 106 531 94.9 547

Thallium EPA 6020 mg/kg ND(5.86) ND(3.35) - ND(I.9) ND(3.36) ND(3 29)
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TABLE 4.3-4 (cent.)
SEDIMENT ANALYTICAL RESULTS FOR WHITE ALICE CREEK, CANNIKIN SITE
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Thorium EPA 6020 mg/kg 0.5 b ND(5.86) ND(3.35) ND(l.9) ND(3.36) ND(3.29)
Titanium EPA 6020 mg/kg 3,010 228 1,140 1,390 2,010 1,860
Uranium EPA 6020 mg/kg 4.13 b ND(5.86) ND(3.35) ND(l.9) ND(3.36) ND(3.29)

Vanadium EPA 6020 mg/kg 734 40.6 645 239 175 210

Zinc EPA 6020 mg/kg ~ ND(58.6) ~j$J~~~ 71 4 94

Total Organic Carbon EPA 415.1 mod. mg/kg - 158,000 70,000 8,250 126,000 113,000
Acid Volatile Sulfide Titration umol/g - ND(0.0586) ND(0.0335) 13.4 123 ND(0 0329)
Simultaneously Extracted Metals Summation umol/g - 2.8 18.5 2.81 2.51 3 11

‘ Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this
report for a description of background concentration calculations.

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND( I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram
umol/g micromoles per gram
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
R result rejected due to qualit> control considerations
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TABLE 4.3-4 front.)

SEDIMENT ANALYTICAL RESULTS FOR WRITE ALICE CREEK, CANNIKIN SITE

Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.3-S

FISH ANALYTICAL RESULTS FOR CANNIKIN SITE

i; a
~

~ ~ ~

._____________ A’~a
Polycyclic Aromatic Hydrocarbons —

Acenaphthene SW8270 SIM mg/kg 81.! - ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335) N[)(O.0335) ND(0.0223) ND(0.0223)

Aeenaphthylene SW8270 SIM mg/kg NA - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0223) ND(0.0223)

Anthracene SW8270 SIM mg/kg 405.6 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.223) ND(0.223)

Benzo(a)anthraeene SW8270 SIM mg/kg 0 0043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.223) ND(0.223)

Benzo(a)pyrene SW8270 SIM mg/kg 0.00043 - ND(O.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0 223) N[)(0.223)

Benzo(b)fluoranthene SW8270 SIM mg/kg 0.0043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0 0335) ND(0.0335) ND(0.223) ND(0.223)

Benzo(ghi)perylene SW8270 SIM mg/kg NA - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.223) ND(0.223)

Benzo(k)fluoranthene SW8270 SW mg/kg 0.043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.223) ND(0.223)

Chrysene SW8270 SIM mg/kg 0.43 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0 223) ND(0.223)
Dibenzo(a,h)anthracene SW8270 SIM mg/kg 0.00043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.223) ND(0.223)

Fluoranthene SW8270 SIM mg/kg 54.! - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.446) ND(0.223)

Fluorene SW8270 SIM mg/kg 54.! - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0223) ND(0 0223)
Indeno(1,2,3-cd)pyrene SW8270 SIM mg/kg 0.0043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0 223) ND(0 223)

aphthalene SW8270 SIM mg/kg 27.0 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0 0223) ND(0.0223)
Phenanthrene SW8270 SIM mg/kg NA - ND(0 0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.223) ND(0.446)

Pyrene SW8270 SIM mg/kg 40.6 - ND(0.0335) ND(0.0335) ND(0.0335) NlJ(0.0335) ND(0.0335) ND(0.223) ND(0.223)
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TABLE 4.3-5 (cont.)
FISH ANALYTICAL RESULTS FOR CANNIKIN SITE

~ _ ___

n~Lake,z~,t
~~MS

~PoIychIorinatcd Biphenyls

Aroclor 1016 SW8081 mg/kg - - ND(0.0l) Ui ND(0.0l) Ui ND(0.01) UJ ND(0.0l) UJ ND(O.01) UJ ND(0.025) Ui ND(0.025) UJ

Aroclor 1221 SW8081 mg/kg - - ND(0.02) UJ ND(O.02) Ui ND(0.02) Ui ND(0.02) Ui ND(0.02) Ui ND(0.05) UJ ND(0.05) Ui

Aroclor 1232 SW8081 mg/kg - - ND(0.01) UJ ND(0.0l) Ui ND(O.01) Ui ND(O.01) Ui ND(0.0l) Ui ND(0.025) UJ ND(0.025) UJ

Aroelor 1242 SW808l mg/kg - - ND(0.01) Ui ND(0.O1) Ui ND(0.0l) Ui ND(0.0l) Ui ND(0.01) UJ ND(0.025) Ui ND(0.025) Ui

Aroclor 1248 SW8081 mg/kg - - ND(0.01) Ui ND(0.O1) Ui ND(0.01) Ui ND(0.0l) Ui ND(0.0I) Ui ND(0.025) Ui ND(0.025) Ui

Aroclor 1254 SW8081 mg/kg - - ND(0.01) Ui ND(0.0l) Ui ND(0.01) Ui ND(0.O1) Ui ND(0.Ol) Ui ND(O.025) Ui ND(0.025) Ui

Aroclor 1260 SW8081 mg/kg 0 0016 - ~~flT41t~~ flJ9j~1~~J~J JJJ~~j~ S~Q2~~J~f ZtO.019 J~V”Q
Metals

Aluminum 6020 mg/kg 1351.9 475 0. . . . . (

Arsenic (total) SW6020 mg/kg 0.21 0.127 ND(0.0250) Ui 0.0415 J 0.0593 i 0.088 i 0.135 J 0.12 ~j&t;p~s64~fff~

Arsenic (inorganic) EPA Draft mg/kg 0 0021 ND(0 000158) ~ - -

Barium SW6020 mg/kg 94.6 1.03 0.053 0.0963 0.135 0.115 0.129 0.1 0.365
Beryllium SW6020 mg/kg 2.7 ND ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0500) ND(0.0500)

Boron SW6020 mg/kg 121.7 28.6 10.6 UJ 13.6 Ui 9.08 Ui 37.2 UJ I 1.4 UJ 6.6 3.53
Cadmium SW6020 mg/kg 1.4 0.0373 Ii ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) 0.0535 ND(0.0500)
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TABLE 4.3-5 (cont.)

FISH ANALYTICAL RESULTS FOR CANNIKIN SITE

~ tdñiiIklfrI3iVê~ ~
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calcium SW6OIOA/ mg/kg NA 19,200 6,000 5,150 5,730 3,680 3,850 3,080 1,850

Cerium SW6020 mg/kg NA 0.0280 b ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Cesium SW6020 mg/kg NA 0.0258 b ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)

Chromium SW6020 mg/kg 4.1 1.03 0.327 J 0.3581 0.298 i 0.426 J 0.289 i 0.499 0.226

Cobalt SW6020 mg/kg 81.1 0.0780 b ND(0.0500) UJ ND(0.0500) Ui ND(0.0500) UJ ND(0.0500) Ui 0.05081 ND(0.0500) ND(0.0500)

Copper SW6020 mg/kg 54.1 1.20 b 0.664 0.662 0.912 0.0857 U 1.31 1.22 1.86

Iron ~~~010M mg/kg 405.6 310 171 25.5 J 1101 11.9 J 99.31 8.3 104

Lithium SW6020 mg/kg 27.0 0.0993 b ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) 0.0368 ND(0.0500) ND(0.0500)

Magnesium sw6010A/ mg/kg NA 408 305 318 338 260 383 290 295

Manganese SW6020 mg/kg 189.3 160 2.22 4.82 7.41 2.82 5.67 2 18.2

Molybdenum SW6020 mg/kg 6.8 0.173 b ND(0.125) UI ND(0.125) UJ ND(0.125) UJ ND(0.125) UI ND(0.1 25) Ui ND(I .00) ND(I .00)

Nickel SW6020 mg/kg 27.0 ND ND(0.125) ND(0.125) ND(0.125) ND(0.125) ND(0.125) 0.117 0.21

Potassium SW6OIOA/ mg/kg NA 4,780 b 3,550 3,630 3,680 3,430 3,350 3,330 3,550

Selenium SW6020 mg/kg 6.8 0.936 0.569 0.596 0.553 0.446 0.686 0.717 0.72

Strontium SW6020 mg/kg 811.1 22.1 7.29J 6.73 J 10.61 7.091 8.261 7.6 5.18
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TABLE 4.3-5 (cont.)

FISH ANALYTICAL RESULTS FOR CANNIKIN SITE
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Thallium SW6020 mg/kg 0.09 0.0283 b ND(0 0250) UJ ND(0.0250) Ui ND(0.0250) UJ ND(0.0250)iÜF4D(0.0250)_Ui 0.05 ND(0.0500)
Thorium SW6020 mg/kg NA 3.43 b ND(2 50) UJ,B ND(2.50) UJ,B ND(2.50) IJJ,B ND(2.50) UJ,B ND(2 50) 111,8 ND(0.500) ND(O.500)
Titanium SW6020 mg/kg 5407.4 32.1 0.241 J 0.409 J 1.64 J 0.321 J 1.36 J 3.18 548

Uranium SW6020 mg/kg 4.1 ND ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(O.500)

Vanadium SW6020 mg/kg 9.5 1.05 0.148 0.242 0.45 0.215 0 545 0 166 0,475

Zinc SW6020 mg/kg 405.6 48.8 28.1 29.6 24.6 23.9 26.8 22 23.2

% Lipids Lipids Weight - - - - - - 5.67 7 5.75

A Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram
B analyte detected in method blank
I result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank or laboratory contamination; result considered nondetect
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TABLE 4.3-5 (cont.)

FISH ANALYTICAL RESULTS FOR CANNIKIN SITE

Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other
quality control considerations

Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-10.
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TABLE 4.3-6
SURFACE WATER ANALYTICAL RESULTS FOR CANNIKIN LAKE

(concentrations in micrograms per liter)

Diesel Range Hydrocarbons IAK 102 - 72.2 57.8 60.2 —

Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 82606 - ND(1) ND(1) ND(1)
1,3,5-Trimethylbenzene EPA 8260B - ND(1) ND(1) ND(1)

Acetone EPA 8260B - ND(20) ND(20) ND(20)
Carbon disulfide EPA 8260B - ND(1) NIX)) ND(1)
Ethylbenzene EPA 8260B - ND(1) ND(1) ND(1)
Isopropylbenzene EPA 82608 - ND(1) ND(1) ND(1)
m,p-Xylene EPA 8260B - ND(2) ND(2) ND(2)
Methylene chloride EPA 8260B - 5.34 U 2.03 U 5.16 U
n-Butylbenzene EPA 82608 - ND(1) ND(1) ND(1)
n-Propylbenzene EPA 82608 - ND(1) ND(1) ND(1)

Naphthalene EPA 82608 - ND(1) ND(1) ND(1)
o-Xylene EPA 82608 - ND(1) ND(I) ND(1)
p-lsopropyltoluene EPA 82608 - ND(1) ND(1) ND(1)

sec-Butylbenzene EPA 8260B - NIXI) ND(1) ND(1)
Toluene EPA 8260B - ND(1) ND(1) ND(1)

Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)
Acenaphthylene EPA 8270C - ND(0.1) ND(0.I) ND(0.1)

Anthracene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)
Benzo(a)anthracene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)

Benzo(b)fluoranthene EPA 8270C - ND(0.I) ND(0.1) ND(0.1)

Chrysene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)
Fluoranthene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)

Fluorene . EPA 8270C - ND(0.1) ND(0.1) ND(0.1)
Naphthalene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)

Phenanthrene EPA 8270C - ND(0.I) ND(0.1) ND(0.1)

Pyrene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)

PolycHorinated Biphenyls

Aroclor 1248 IEPA 8082 - ND(0.5) ND(0.5) ND(0.5)
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TABLE 4.3-6 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR CANNIKIN LAKE

(concentrations in micrograms per liter)

—.

Aroclor 1260 EPA 8082 - ND(0.5) j ND(0.5) ND(0.5)

Metals
Alummum EPA 6020 ~ 77 8 3

Arsenic’ EPA 6020 ND(1) 4$~
Barium EPA 6020 ND(10) ND(10) ND(10) ND(10)

Boron EPA 6010B ND(50) ~
Cadmium EPA 6020 ND(1) ND(1) ND(1) ND(1)
Calcium EPA 6010B 4,320 b 5,500 5,360 5,250

Cerium EPA 6020 ND(1) NDO) ND(1) ND(1)
Cesium EPA 6020 ND(1) ND(1) ND(1) ND(I)
Chromium C EPA 6020 2.256 23 1.913 2.053
Cobalt EPA 6020 3.35 3.46 ND(1) 4.81
Copper EPA 6020 ~ 2.53 1.723 1.663

Iron EPA 6010B 993 223 242 222
Lithium EPA6O2O l.l’7~’ ND(1) ND(I) ND(1)
Magnesium EPA 60 lOB 4,690 b 1,890 1,890 1,840
Manganese EPA 6020 ~ 28.23 28.2 J 17.43
~4ickel EPA 6020 ND(I) ND(1) ND(1) 1.2

Potassium EPA 60 lOB 2,620 715 773 689
Selenium EPA 6020 ND(l) ND(l) ND(1) ND(1)

Strontium EPA 6020 36.1 29.8 29 28.8
Thallium EPA 6020 ~ ND(1) UJ 1.273 ND(1) UJ

Thorium EPA 6020 ND(l) ND(1) ND(1) ND(l)
Titanium EPA 6020 6.13 3.523 4.1 3 2.81 3

Uranium EPA 6020 ND(1) ND(1) ND(l) ND(1)

Vanadium EPA 6020 6 5.31 5.3 5.04

Zinc EPA 6020 50.3 b ND(10) ND(10) ND(l0)

a Background concentrations, which are presented only for metals, are upper tolerance limits (13Th) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
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TABLE 4.3-6 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR CANNIKIN LAKE

(concentrations in micrograms per liter)

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

ND( 1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.3-7
SEDIMENT ANALYTICAL RESULTS FOR CANNIKIN LAKE

(concentrations in milligrams per kilogram)

a
D:~thftrth) .S~5r.r~’ ~ •!

Petroleum Hydrocarbons

~~~:r~::r AK 101/8021B - ND(15.5) ND(S) UJ f 25.9 J
Diesel Range Hydrocarbons AK 102 - 110 4,710 2,240

Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 82608 - ND(0.493) 5.16 0.622

1,3,5-Trimethylbenzene EPA 82608 - ND(0.493) 1.21 ND(0.15)
Acetone EPA 82608 - ND(12.3) ND(3.5) ND(3.75)
Carbon disulfide EPA 82608 - ND(2.47) ND(0.7) ND(0.75)
Ethylbenzene EPA 82608 - ND(0 493) tQ4~~6~ ND(0 IS)
lsopropylbenzene EPA 82608 - ND(0.493) ND(0.14) ND(0.15)
rn,p-Xylene EPA 82608 - ND(0 986) ~ ND(0 3)
Methylene chloride EPA 82608 - ND(2.47) ND(0.7) ND(0.75)
n-Butylbenzene EPA 8260B - ND(0.493) 0.495 0.311
n-Propylbenzene EPA 8260B - ND(0.493) 0.369 0.15

‘1aphthalene EPA 8260B - ND(0.493) ~ ND(0.15)

o-Xylene EPA 82608 - ND(0 493) ~ ND(0 15)
p-Isopropyltoluene EPA 82608 - ND(0.493) 0.304 0.282

sec-Butylbenzene EPA 82608 - ND(0.493) 0.233 0.202

Toluene EPA 82608 - ND(0.493) ND(0.14) ND(0.15)
Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 8270C - ND(0 00798) ~
Acenaphthylene EPA 8270C - ND(0.00798) ND(1) ND(0.25)

Anthracene EPA 8270C - ND(0 00798) jQaO3t~~ ~f~~t%~Wt
Benzo(a)anthracene EPA 8270C - ND(0.00798) ND(0.033) ND(0.0165)

Benzo(b)fluoranthene EPA 8270C - ND(0.00798) ND(0.033) ND(0.0165)

Chrysene EPA 8270C - 140(0.00798) ND(0.033) ND(0.0165)

Fluoranthene EPA 8270C - ND(0.00798) ~3j~f~ 0.0591

Fluorene EPA 8270C - ND(0 00798) S~~?3~
‘4aphthalene EPA 8270C - ND(0 00798) $~~3tSIff~ ~
Phenanthrene EPA 8270C - ND(0 00798) 9~Øj12jfl4~j~~ ~~~$IPi~R
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TABLE 4.3-7 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR CANNIKIN LAKE

(concentrations in milligrams per kilogram)

~~t&7iç,4e”fV~’? ~ ~511*~fl4 . rjSc~t,~tWflr

~ Dejfth (fecok*(qIl~4j$t~Ot4~I~0Oi8Mii
Pyrene IEPA 8270C - ND(0.00798) Ii~t~*~UWtI 0.151

IPolychlorinated Biphenyls
~roc1or 1248 EPA 8082 - ND(0.121) ND(0.05) ~
jAroclor 1260 EPA 8082 . ND(0 121)~
IMetals -

Aluminum EPA 60108 45,400 29,300 47,400 55,900
Arsenic EPA 6020 ~a~t~ti o’~~ ~≥J~$’S~ Q~2~
Barium EPA 6020 469 60 120 198

Boron EPA 6010B 7.18 b 11 J 7.01) 15.6J
Cadmium EPA 6020 ~%Ø6O$J~ ND(1.21) U) ND(0.5) UJ 4~?4P476 .1

Calcium EPA 6010B 7,300 3,300 10,800 25,900

Cerium EPA 6020 14.2 4.73 16.7 21.1
Cesium EPA 6020 ND ND(1.21)UJ ND(0.5)UJ 1.11 J
Chromium EPA6O2O 11.8 13.8
Cobalt EPA 6020 43.7 8.62 J 17.7) 21.6 J
Copper EPA 6020 ~ ~~~j$j~#JS ~~j~fi~tJ r ~ 203.3
Iron EPA 6010B ~ ~t’55,9OO
ILithium EPA 6020 48.8 15.8 14.7 15.4
Magnesium EPA 60 lOB 9,320 11,400 23,300 22.800

Manganese EPA 6020 357 c 956
Nickel EPA6O2O 136 ~175J
Potassium EPA 6010B 1,390 379) 964 J 1.290 J

Selenium EPA 6020 1.64 J 0.707) 0.937)
Strontium EPA 6020 164 32.3 149 251

Thallium EPA 6020 ND(l.21) ND(0.5) ND(0.5)

Thorium EPA 6020 0.5 b ND(1.21) 2.81 2.41

Titanium EPA 6020 3,010 798 1,070 1,360

Uranium EPA 6020 4.13 b ND(1.21) 1.23 1.32

Vanadium EPA 6020. 734 118 143 164

Zinc EPA 6020 53.9 67.1 78.9
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TABLE 4.3-7 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR CANNIKIN LAKE

(concentrations in milligrams per kilogram)

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.
sample not analyzed for this parameter

.1 result considered estimated because less than the practical quantitation limit, or due to other quality control
considerations

UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;
result is considered estimated due to other quality control considerations

Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of
background concentration calculations.

Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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SHANNON & WILSON, INCJf
L GEOTECHNICAL MID ENVTRO?4IENTAL CONSULTANTS

Photo 4.3-1: Post-shot reentry hole located southeast of surface ground zero. Cannikin
Lake is shown at right edge of the photo. View is to the northeast.

Photo 4.3-2: Exploratory hole north mud pit, facing north.

PHOTOS 4.3-1 & 4.3-2



SHANNON & WILSON, INC.
GEOTECHNICAI. AND ENVIRONMENTAL CONSULTANTS

Photo 4.3-3: Surface water sampling from the exploratory hole south mud pit, facing north
with Cannikin Lake and the north mud pit shown in the background.

Photo 4.3-4: Upper White Alice Creek basin with Cannikin Lake on right side of photo.

PHOTOS 4.3-3 & 4.3-4



SHANNON & WILSON, INC.
GEOTECKNICAL AND ENVIRONMENTAL CONSULTANTS

Photo 4.3-5: The view downstream from Reach 1 of White Alice Creek. Ice Box Lake is in
the center of the photo.

Photo 4.3-6: Upper end of Reach 5, White Alice Creek, facing downstream and north.

PHOTOS 4.3-5 & 4.3-6



4.4 MILEPOST 13 LAKE

4.4.1 Site Description and History

Historical data indicate that the AEC built a pipeline along Infantry Road from Cannikin to Drill
Site D to facilitate the transfer of drilling mud between the sites. Two lakes along Infantry Road,
one at Milepost 13 and one at Milepost 14, were apparently used as temporary drilling-mud
storage facilities in conjunction with the pipeline. The mileposts refer to the designations used at
the time of AEC occupancy of the island; subsequent changes to the road resulted in a slightly
different current milepost measurement for these lakes. Weekly reports of AEC adtivities on the
island during site restoration and demobilization indicate that the drilling mud was removed from
both of these lakes before the AEC left the island.

According to an AEC construction drawing of the site provided by the DOE, the Milepost 13
Lake was approximately 6 feet deep and oblong-shaped, with dimensions of approximately 200
feet by 500 feet. The best information available at the time the August 1998 Management Plan
was prepared indicated that the “Milepost 13 Lake” was located about 200 feet north of Infantry
Road in the vicinity of Milepost 13.5 (Figure 2-1). It was immediately south of a larger lake
with a water surface elevation of 254 feet (Figure 4.4-1). The available air photos (1968) of the
area show a dry depression, roughly circular, with a diameter of approximately 200 feet in the
suspected location of Milepost 13 Lake.

4.4.2 Observations

Reconnaissance of Milepost 13 Lake was performed as part of the 1998 Drill Site Investigation.
The site contained a roughly rectangular, bermed area with dimensions of approximately 170 feet
by 200 feet. The bermed area was dry except for one 8-foot-diameter puddle at its bottom. The
surface soils within the bermed area consisted of silty, sandy gravel with cobbles. These surface
soils, which were probed with a steel rod at numerous locations, were uniformly hard and
resisted penetration. No drilling mud was evident in the bermed area, nor was there any
indication that the area had been used to store drilling mud.

Reconnaissance of the surrounding area revealed no other evidence of drilling mud, impacts
from drilling mud, or remnants of piping used to transport mud. The exception was two small
areas of drilling mud, about 2 feet by 4 feet each, observed near the edge of Infantry Road. The
drilling mud in these two areas did not appear to be impacted by diesel, although it contained
what appeared to be a lightweight fibrous additive. Since the site did not appear to have been
used to store drilling mud, the surface water and sediment samples planned for the site were not
collected.
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All parties present in the field during the 1998 investigation agreed that the area reconnoitered
for the Milepost 13 Lake was the area identified in the Management Plan. However, the field —

observations of a dry, gravelly area were more indicative of a former borrow pit than a drilling-
mud storage pit. This conclusion, reached after the field teams had returned from Anichitka,
prompted reexamination of available site data. Based on that review it appears that the lake
shown in Figure 4.4-1 with a water surface elevation of 192, about 1,400 feet southeast of the
reconnoitered area, may be a more likely location for Milepost 13 Lake. Note that this water
surface elevation is an apparent misprint on the Holmes & Narver base map, since the
surrounding area is at an elevation of 250 to 280 feet. The AEC construction thawing indicates
the water surface should be about elevation 275.

The revised possible location is outside the radius searched during the 1998 investigation. The
findings at Milepost 14 Lake (discussed in the following section) either confirm that drilling mud
was removed from that lake, or it was never used for mud storage. The same could be true for
the Milepost 13 Lake. In addition, the revised possible location for the Milepost 13 Lake appears
to be in a closed depression with no outlet stream (which would have been a logical choice for a
lake, used for mud storage). Thus, even if some mud remains in the lake, there should be no
pathway for migration of mud constituents beyond the local area.

4.5 MILEPOST 14 LAKE

4.5.1 Site Description and History . (J)
As discussed above, Milepost 14 Lake was also reportedly used for drilling-mud storage. The
title “Milepost 14 Lake” is again a misnomer. The lake is actually located about 100 feet east of
Infantry Road near Mile 15.7, which places it approximately 1,800 feet northeast of Drill Site D
(Figure 4.6-2). AEC construction drawings for this she furnished by the DOE match the lake
designated “MP14 Lake” in Figure 4.6-2.

4.5.2 Observations

A reconnaissance of Milepost 14 Lake was performed as part of the 1998 Drill Site Investigation.
The lake was circular in shape with a diameter of approximately 150 feet. Water depth ranged
from 1 to 6 feet. The soils at the lake’s shoreline and bottom consisted of brown, silty, sandy
gravel with cobbles. These soils were probed in numerous locations using a steel rod. The
probing was performed on foot near shore and from a skiff in the deeper parts of the lake. The
results of the probing indicated that the soils were uniformly hard and resistant to penetration.
The soils adhering to the tip of the probe were observed for evidence of drilling mud. No
drilling mud or indicators of drilling mud (diesel odor, sheen, etc.) were observed during the
probing. A reconnaissance of the area surrounding Milepost 14 Lake revealed no evidence of
drilling mud, impacts from drilling mud, or remnants of piping used to transport mud. Since the
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site had no apparent impacts from drilling mud, the surface water and sediment samples planned
for the site were not collected.

As in the case of Milepost 13 Lake, all parties present in the field during the 1998 investigation
agreed that the area reconnoitered for the Milepost 14 Lake was the area identified in the
Management Plan. Post field-season review confirmed that the correct location was
investigated. Thus, it is possible that the AEC conducted a very thorough cleanup, or else the
Milepost 14 Lake was never put into service for mud storage.

4.6 DRILL SITE D

4.6.1 Site Description

Drill Site D is located approximately 1,000 feet south of Infantry Road in the vicinity of
Milepost 15.9 (Figure 1-2). This site was developed by the AEC for an underground nuclear
test, but was not used. The ABC drilled a 4,550-foot-deep, 10-foot-diameter emplacement hole,
and two 7,000-foot-deep exploratory holes at the site. Drilling took place between February
1968 and March 1971. The locations of the emplacement hole and one of the exploratory holes
are marlthd by concrete pads with steel posts in their centers. The site also contains three
relatively large drilling mud pits that have not been backfilled. A piping manifold used in the
transfer of the drilling mud is located on a concrete pad near the northeast mud pit. Detailed site
features are shown in Figure 4.6-1.

A topographic map showing the site vicinity is presented in Figure 4.6-2. The site, which is
located in an area of steeply sloping terrain, drains to the southeast toward an unnamed lake.
This lake is drained by Falls Creek, which empties into the Pacific Ocean approximately 8,000
feet south of the drill site.

4.6.2 Site History

The emplacement hole and one of the exploratory holes were filled with drilling mud before they
were sealed and abandoned by the AEC. The second exploratory hole was left open for the
purpose of long-term monitoring. The two holes full of drilling mud were sealed with 10-foot
cement plugs and welded steel caps prior to abandonment. DOE records indicate that drilling
mud was mixed at Drill Site D and piped to other drill sites for use. Weekly reports of AEC
activities on the island during site restoration and demobilization indicate that the drilling mud
was removed from the mud pits before the ABC left the island; however, the mud pits were left
open with the concurrence of the BSF&W.
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Historical information indicates that Falls Creek and possibly the unnamed lake at the head of
the creek were impacted by drilling-mud spills and releases. The following excerpt regarding
spills and releases at Drill Site D was taken from The Environment ofAmchitka Island, Alaska
(Valdez et. al., 1977).

“Although some drilling mud may have splashed out of holding ponds at the time of the
- Milrow test, cracking and failure of pond walls at site D during Cannikin were far more

serious. Drilling mud residue and silt from pond walls covered the bed and banks of
Falls Creek. A subsequent intentional release of 20,000 to 25,000 barrels caused further
damage to this stream. Downstream, where colonization from an uncontaminated branch
of the stream could occur, Dolly Varden and some macroinvertebrates (simulids,
chironomids, and trichopterans) were found. Absent, however, were the mayflies
(ephemeropterans), whose presence is usually associated with clean well-aerated water.
The upper portion of Falls Creek was devoid of fish and macroinvertebrates where heavy
deposits of silt undoubtedly retarded their recovery”.

Fuller and Kirkwood (1997) describe the release from Drill Site D during the Cannikin
detonation:

“... ground motion from Cannikin breached a dike around a holding pond, allowing some
4,800 m3 (30,000 barrels) of water and mud to drain into falls creek ...“

0
4.6.3 Characterization Activities

Investigation activities at Drill Site D consisted of a detailed reconnaissance of the drill site to
verify and record site features, and a reconnaissance and sampling effort at the three mud pits,
the unnamed lake downslope from the mud pits, and Falls Creek. Five locations were selected in
each mud pit and the lake for the collection of sediment samples. The sampling locations were
selected in representative areas of the mud pits and lake and were generally evenly spaced. An
exception is that one sediment sample in the lake was intentionally located in an apparent
impacted area (sample number 1086-SD). Surface water samples were collected at three
sediment sample locations in each mud pit and the lake. Sampling locations in the mud pits arid
unnamed lake are shown in Figure 4.6-1.

A detailed reconnaissance of Falls Creek was performed to observe the stream’s ecology and
select sampling locations. Sediment and surface water samples for chemical analysis were
collected from five stations along the stream. Invertebrate, bioassay, and fish samples were
collected from thee of these stations. Stream sampling locations are shown in Figure 4.6-2. The
samples collected from the mud pits, lake, and Falls Creek were shipped to off-site laboratories
for testing. The types of tests performed and their results are described in the following sections.
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4.6.4 Observations and Analytical Results

4.6.4.1 Mud Pits

The three mud pits at Drill Site D are located south of the emplacement hole drill pad and appear
to have been constructed on bedrock following the removal of the surficial peaty soils. The mud
pits are surrounded by relatively high berms, ranging from 3 feet to 15 feet in height (measured
from the surface of the water in the mud pits). The berms appear to have been constructed of
sandy gravel fill with cobbles and boulders. It was apparent that blasting was used to excavate
bedrock in portions of the mud pits. These observations generally concur with the specifications
shown on a grading plan provided by the DOE for Drill Site 0. Due to their construction on
sloping terrain, the downslope sides of the mud pits have the highest berms. The tops of the
berms on the upslope sides of the mud pits are generally at the same elevation as the surrounding
ground surface. The northeast mud pit contained the remains of two wooden baffles that
extended across the mud pit and were apparently constructed to screen drill cuttings.

No areas of significant erosion or collapse were observed in the berms, and they appeared to be
stable. Notable exceptions are two channels (or trenches) in the berms at the southern mud pit.
As shown in Figure 4.6-1, the first of these trenches is located in the berm separating the south
and northwest mud pits (Photo 4.6-1). A small stream of water was flowing through the trench
from the northwest mud pit into the south mud pit at the time of our reconnaissance. The trench,
which is approximately 3 feet deep, equalizes the water levels in the two mud pits. The second
trench is located in the southeast wall of the south mud pit. A small stream of water was
observed flowing in the approximately 5-foot-deep trench (Photo 4.6-2). The water level in the
south mud pit was at approximately the same elevation as the base of the trench. The stream of
water flowed a short distance into the nearby lake. A hydrocarbon sheen and staining were
observed in this stream near the lake. It could not be determined whether the trenches had been
excavated purposely or were the result of erosion from water overtopping the mud pit berms.
Two 1 8-inch-diameter culverts were observed in the berm between the northwest and the
northeast mud pits. These culverts, which were approximately 1 foot below the surface of the
water in the two pits, apparently provide a conduit for water flow between the pits.

Water depth and the thickness of the drilling mud was measured at each sampling location. The
sediment at the base of the mud pits was cohesive, gray bentonite. The bentonite contained some
sand- and gravel-sized particles assumed to be drill cuttings. The bentonite also typically
exhibited a slight diesel odor and produced a slight sheen on the water surface when disturbed.
The thickness of the drilling mud ranged from 0.1 to 7.3 feet. Mud thickness was greatest in the
northwest pit (average 6.6 feet) and least in the south pit (average 1.2 feet). The northeast pit
contained an average of 3.4 feet of mud.

The depth of water in the mud pits ranged from 2.5 to 10.5 feet, with the greatest depth in the
south pit. Based on the field measurements, the estimated total volume of drilling mud and water
(at the time of the field work) in the mud pits was:
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South pit 2,350 cy drilling mud 3,125,500 gal. water
Northwest pit
Northeast pit

7,820 cy drilling mud
4,870 cy drilling mud

780,300 gal. water
1,684,750 gal. water

0
The assumptions and methods used to make these estimates are explained in Section 2.4.3.1.3.

Sample descriptions and field screening results for samples collected from the mud pits are
provided in the following table.

Mud Pit Sample Descriptions, Drill Site D

Revision No. 0
Date: 9/30/99

Page 4-90

0

~i.~s~rF~”..-_ , — - ~ zr ~~~e~tw 3wu
5 0 0 5 1 037-SW Surface Water~ 1048-SD 0-0.3 Gray Bentonite P1D4

9 2 0 4 1038-SW Surface Water
South I 046-SD 0-0.3 Gray Bentonite P10=7

Mud Pit 10 5 2 4 1039-SW Surface Water
~ 1044—SD 0-0.3 Gray Bentonite PID~5

10.1 2.7 1045-SD 0-0.3 Gray Bentonite P1D2
5.3 0.1 1047-SD 0-0.1 Gray Bentonite P10=6

I 040-SW Surface Water
I 069-SD 0-0.7 Gray Bentonite Moderate diesel P10=12

3.3 6.8 sheen and odor
1070-SD 5.7-6.7 Black Gravel in a PIDI

bentonite matrix
1041 -SW Surface Water

4.0 5.8 1049-SD 0-1.0 Gray Bentonite Slight sheen P10=8
1050-SD 4.5-5.5 Gray Bentonite Trace sheen P1D7
1042-SW Surface Water
1051-SD 0-1.0 Gray Bentonite Slight diesel PID=13

Northwest 3.5 6.6 1052-SD sheen and odor
Mud Pit (dup)

1053-SD 5.5-6.5 Gray, gravelly Slight diesel PID=12
Bentonite sheen and odor

1071-SD 0-0.8 Gray Bentonite P10=1
1072-SD 5.5-6.5 Gray Bentonite Slight diesel P10=2

3.0 6.5 sheen and odor,
bottom 3 inches

gravel
1 073-SD 0-0.8 Gray Bentonite Slight diesel P1D2

2.5 7.3 sheen and odor
1074-SD 6.1-7.1 . Gray, gravelly Strong diesel PID=1

Bentonite odor and sheen
1079-SW Surface Waternoiuieast 6.5 3.1 1091-SD 0-1.0 Gray Bentonite Slight diesel PID=0

odor and sheen
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.:.j~~flw.atërrfrt~!Mdd~I ILS .~..I~$CSanWICr. .~....•. . ‘.:~ .. . H •. ScrIeIkii!tl
1J~1CPU!4JThIek~a -~d~eptht Description Observations ResuIts~s

- eeeo~9 ~~Ifeeo~1 (ppn$r~

6 5 3 1 1092-SD 2.0-3.0 Gray, gravelly Slight diesel PIDO. Bentonite odor and sheen

1080-SW Surface Water
108 1-SW

. (dup)
1096-SD 0-1.0 Gray Bentonite Slight diesel PID=0

5.8 4.3 odor, 6 inches
. gravel in tip

1097-SD 3.24.2 Gray Bentonite Slight diesel PID=0
. odor, gravel in

Northeast
MudPit

cont~ 1082-SW Surface Water~1 1 098-SD 0-1.0 Gray Bentonite Slight diesel PIDO

5.0 5.1 odor
1099-SD 4.0-5.0 Brown , gravelly Slight diesel PID=0

Bentonite odor

5 3• 1 2 1093-SD 0-1.2 Gray Bentonite Slight diesel PID=0~ odor

1094-SD 0-1.0 Gray Bentonite Slight diesel PIDO

60 33 odorand sheen~ 1095-SD 2.0-3.0 Gray Bentonite Slight diesel P10=0

odor

* Sample depth measured from mud surface

A piping manifold was observed near and downslope from the northeast mud pit (Figure 4.6-!.
Photo 4.6-3). The location of the piping manifold corresponds to an area on the DOF
construction drawing labeled “pump sump concrete pad.” The piping manifold consiss of a
steel pipe approximately 20 feet long and 2 feet in diameter. The manifold rests on an
approximate 20-foot-square concrete pad. The manifold has six large gate valves welded along
one side; the valves were all closed. A 20-inch-diameter steel pipe extends from the manifold
into the side of the mud pit berm and appears to connect the northeast mud pit to the manifold
The DOE construction drawing, which shows a “suction” pipe extending from the pump sump
pad to the northeast mud pit, supports this observation. The invert elevation for the pipe sho~
in the thawing is 0.5 feet higher than the elevation of the bottom of the mud pit.

The exterior of the manifold was rusted but appeared relatively intact. However, one of the gate
valves was leaking two small streams of water (Photo 4.6-4). The water was squirting out from
the valve, indicating it was under pressure. The water had no apparent diesel odor or sheen.
Based on the construction drawing, it appears the leaking water is coming from the northeast
mud pit; The water trickled off of the concrete pad and was absorbed into the ground surface. A
small rivulet (much larger than the flow of water leaking from the valve) was also observed
flowing from the fill beneath the concrete pad supporting the manifold. It is likely that this water
is seeping from the mud pit through the backfill used in the suction pipe trench. This rivulet
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flowed into a small puddle of water located just downslope of the concrete pad. A sheen was
generated on this puddle when the sediment was disturbed. The puddle drains via a small stream
into the lake located immediately downhill from the mud pits.

4.6.4.1.1 Surface Water

The mud pit surface water samples were analyzed for DRO, VOCs, PAHs. and metals. The
results of these analyses are summarized in Table 4.6-1. Eight of the ten surface water samples
contained DRO at concentrations of 57.3 to 125 ug/L (an average of 76 ug/L).

No VOCs were reported in the Drill Site D mud pit water samples except methylene chloride, a
suspected laboratory contaminant, which was reported in three of ten samples. No PAHs were
detected in any of the water samples.

Thirteen metals were present in one or more of the water samples from the Drill Site D mud pits.
The only exceedances of the upland reference stream background concentrations were single
occurrences of aluminum, chromium, molybdenum, nickel, and two occurrences of thorium and
titanium. In each case the exceeding concentration was slightly over background.

The metals that exceeded background were compared to project ERBSCs. The 92 ugfL
occurrence of aluminum slightly exceeded its ERBSC of 87 ug/L, which equals the upland
aluminum background concentration. Chromium did not exceed its ERBSC. No ERBSC are
available for thorium or titanium.

Surface water quality parameters measured in the Drill Site D mud pits during the 1998 Drill Site
Investigation are presented in the following table.

Surface Water Parameters for Mud Pits, Drill Site D

1037-SW(Spit) 8.7 11.0 10.6 140 10
1038-SW(Spit) 8.5 11.0 10.8 141 10
1039-SW(Spit) 8.4 11.1 10.6 140 10

1040-SW(NWpit) 8.8 11.8 IOA 130 10
1041-SW(NWpit) 8.9 11.5 10.5 130 10
1042-SW(NWpit) 8.8 11.6 10.4 130 10
1079-SW(NEpit) 6.8 9.5 11.7 170 1
1080-SW (NE pit) 6.9 9.6 11.7 170 I
1082-SW(NEpit) 6.8 9.4 11.7 170 I
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4.6.4.1.2 Sediment

The drilling mud samples were initially analyzed for DRO, VOCs. PAHs. and metals. Following
the discovery of low levels of PCBs in two samples from Cannikin Lake and two samples from
the Cannikin SGZ mud pit, a portion of the drilling mud samples from Drill Site D were also
analyzed for PCBs. Analytical results are summarized in Table 4.6-2.

Each sample contained DRO at concentrations ranging from 45.7 mg/kg to 2.420 mg/kg.
Average DRO concentrations in the three pits are as follows:

South pit 497 mg/kg
Northwest pit 756 mg/kg
Northeast pit 526 mg/kg

Two alkylated benzenes were present in several of the drilling mud samples at total
concentrations of up to 0.66 mg/kg (0.2 percent of the DRO concentration). Four to eleven PAH
compounds were present in each sample at total concentrations ranging from 0.07 to 27.6 mg/kg
(0.02 to 5.8 percent of the DRO concentration). Average VOC and PAH concentrations in the
three mud pits are as follows:

VOCs PANs
South pit 0.00 mg/kg 0.44 mg/kg (0.14% DRO)
Northwest pit 0.33 mg/kg (0. 13%DRO) 8.08 mg/kg (1 .4i%~DRO).
Northeast pit 0.38 mg/kg (0.09% DRO) 1.50 mg/kg (0.42% DRO)

A total of 15 of the drilling mud samples from the three mud pits at Drill Site D were analyzed
for PCBs. The analyses were performed about 4 months after the samples were collected.
However, it was felt that PCBs are persistent enough in the environment that analysis of these
sediment samples, which had been stored at 4°C (coOler than field conditions on Amchitka),
would produce valid estimated data. Drill Site D samples were chosen for PCB analysis because
drilling mud was mixed at Drill Site D and then pumped to the other sites. Five of the 15 mud
pit samples from Drill Site D analyzed for PCBs contained low levels of Aroclor 1260, ranging
from 0.055 to 0.2 mg/kg. For about half of the samples where no PCBs were detected, the
reporting limits were elevated (maximum 0.329 mg/kg) due to the low percent solids (high
moisture content) typical of samples of bentonite clay-based drilling mud. Four of the samples
reported to contain PCBs were from the northeast mud pit and the other from the northwest mud
pit. The southern Drill Site D mud pit samples did not contain any detected PCBs.

Twenty-seven metals were detected in the mud pit samples. Metals concentrations from the
samples of each mud pit were compared to background concentrations from upland reference
stream sediment. In the south mud pit samples, ten metals exceeded background concentrations
for at least one of the five samples analyzed. Of these, thorium and uranium were detected in
each of the five south pit samples but not detected in the background. Cerium and chromium
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exceeded background in all five samples by up to 4.5 and 11 times, respectively. Boron
exceeded background in two south pit samples.

In the northwest mud pit there were fourteen metals that exceeded background in at least one of
the ten mud samples. Of these metals, calcium, chromium, thallium, and uranium exceeded
background in each of the ten samples. For chromium the maximum reported concentration was
57 times greater than background (1,090 vs. 18.9 mg/kg). Thorium and uranium were not
detected in reference streams, while the maximum thorium and uranium concentrations were 9.5
and 4.34 mg/kg, respectively. Six metals (cerium, cesium, copper, potassium, strontium, and
titanium) exceeded background sediment concentrations in six to eight of the ten samples.

In the northeast mud pit fourteen metals exceeded background in at least one of the nine samples.
Similar to the other mud pits, calcium, cerium, chromium, thorium, and uranium all exceeded
background in every sample. The maximum concentration of chromium was 70 times
background. Copper, potassium, and strontium exceeded background in six to eight samples
from the northeast pit with maximum concentrations up to twice background (approximately).

Of the metals that exceeded background concentrations, chromium and copper also exceeded
their respective ERBSCs. In the case of chromium, all the samples exceeded the ERBSC of 26
mg/kg by a significant margin. With copper, not all samples exceeded the ERBSC. Other
metals that exceeded background did not have available ERBSC values for comparison.

/1u~Yy16/I
4.6.4.2 JJnnamed Lake . C)
The unnamed lake located near the southeast edge of the mud pits was the subject of both a
reconnaissance and a sampling effort. An overview of the lake is shown in Photo 4.6-5. The
lake is approximately 520 feet long and 140 feet wide. At the time of the field work the lake was
receiving surface drainage from the south and northeast mud pits (via two small streams). A
sheen and staining were observed in both of these streams. During the investigation, the
shoreline of the lake was searched for signs of contamination. A sheen was caused on the water
surface in several areas after sediment near the shoreline was disturbed. The location for
sediment sample 1086-SD was specifically chosen in such an area. The sheens were observed
along an approximately 200-foot length of shoreline near the inlet of the small stream draining
from the south mud pit. No sheen was caused when sediment at the outlet stream from the
northeast mud pit was disturbed.

The sediment near the shoreline of the lake was mainly silt, peat, and sand. Lake sediment at the
sampling locations was either stained sandy gravel, white to gray bentonite, or gray sand. The
sediment samples were collected from within the top 0.3 feet of the lake bottom using an
Eckman dredge. Sediment at locations where drilling mud was found was not explored to
greater depths. The only additional information gathered at these locations was the total
thickness of sediment, based on probing with a steel rod. Thus, the sediment below 0.3 foot was
not visually classified; it may not consist entirely of drilling mud (some native sediment may be
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present). For this reason, no estimate of the volume of drilling mud in the lake was made.
Sample descriptions and field screening results for samples collected in the lake are provided in
the following table:

Lake Sample Descriptions, Drill Site D

* .* :~WAter:~~Sampling Depth - ZThxckuess ?Depth* Descnption Observations Results

• >(fee)~.(fetØ~:~:~~Z(feétI.~ . . .

1083-Sw Surface Water
0.8 - 1086-SD 0-0.3 Sandy Gravel Stained, heavy P1D3

. sheen

2 5 1 ~ 1084-Sw Surface Water
Drill Site 1088-SD 0-0.3 Gray Bentonite No diesel odor PID=7
D Lake 2 1 - loss-Sw Surface Water

~ 1090-SD 0-0.2 Gray Sand PIDI
2.2 2.3** 1087-SD 0-0.3 Gray Bentonite No diesel odor P1D=5

. 1089-SD 0-0.2 White Bentonite No diesel odor PIDO~ and gray sand

* Sample depth measured from lake bottom
** Thickness of sediments based on depth of probe refusal. Sediments may not all be bentonite.
- Drilling mud not observed

4.6.4.2.1 Surface Water

The lake surface water samples were analyzed for DRO, VOCs, PAHs, and metals. The results
of these analyses are summarized in Table 4.6-3. All three surface water samples contained
DRO, at concentrations of 56.2 to 119 ugfL (an average of 83 ug/L). This is somewhat higher
than the average 61 ug/L DRO present in about half of the upland reference stream water
samples.

No VOCs were reported in the lake water samples except 3.2 to 4.4 ug/L of methylene chloride,
a suspected laboratory contaminant reported in all three samples. No PARs were detected in any
of the water samples.

Thirteen metals were present in one or more of the water samples from the Drill Site D lake.
Concentrations of the following seven metals exceeded the upland reference stream background
values (an asterisk indicates ERBSCs were also exceeded):

Aluminum* Chromium* Lithium Nickel
Potassium Titanium Vanadium
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Lithium, nickel, vanadium, and two of the titanium concentrations were only slightly higher than
background (maximum exceedance of 15 percent). Aluminum and potassium concentrations
were about twice background; one titanium result was four times background. At a maximum of
11.5 ugfL, chromium concentrations were about three times the 3.49 ug/L background
concentration. This group of exceedances is different, both in number of compounds and
magnitude of exceedances, than the exceedances in the mud pit water that contributes water to
the l4ke; more exceedances of a greater magnitude were recorded in the lake.

These background exceedances were compared to project ERBSCs. The maximum occurrence
of aluminum was about twice its ERBSC of 87 ug/L. The 11.5 ugfL of chromium only slightly
exceeded the 11 ug/L ERBSC for chromium (VI), but not the 74 ug/L ERBSC for chromium
(III); chromium species was not determined for samples collected for this project. No ERBSC is
available for titanium. No ERBSC is available for potassium, but this metal is considered an
essential nutrient and unlikely to result in any toxic effects. Neither lithium, nickel, nor
vanadium exceeded their respective ERBSCs.

4.6.4.2.2 Sediment

The lake sediment samples were analyzed for DRO, VOCs, PAHs, and metals. The results of
these analyses are summarized in Table 4.6-4. All five sediment samples contained DRO at
concentrations ranging from 66.2 to 146 mg/kg. Sample 1086-SD, whose location was
intentionally selected to correspond to a place where a sheen was caused by disturbance of the
sediment, contained 125 mg/kg DRO. DRO inferred to be biogenic in origin was reported in half
the sediment samples from upland reference streams, at an average concentration of 49 mg/kg.
Thus, it is possible that some portion of the DRO reported in these lake sediment samples could
be of biogenic origin.

The only VOCs reported in sediment samples from the Drill Site 0 lake are suspected laboratory
contaminants. Carbon disulfide was reported in four of the five samples at 0.025 to 0.20 mg/kg.
One sample contained 2-butanone (MEK) at 0.050 mg/kg.

Four of the sediment samples contained one to four PAR compounds at total concentrations
ranging from 0.006 to 0.31 mg/kg. The maximum total PAH occurrence corresponds to 0.2
percent of the DRO concentration in that sample. Only one of the individual PAHs, fluorene,
exceeded its ERBSC in one sample (by about 25 percent).

Twenty metals were present in the sediment samples from the Drill Site D lake. The following
nine of these metals exceeded the background values for upland reference streams in one or more
samples (an asterisk indicates that ERBSCs were also exceeded).

Barium Calcium Cerium Chromium*
Copper* Potassium Thorium Titanium
Uranium
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The most exceedances of background and the highest metals concentrations generally occurred
in samples 1087-SD and 1088-SD. Concentrations of barium, calcium, copper, potassium. and
titanium exceeded background by 10 to 57 percent. Thorium (maximum 16.8 mg/kg in lake
sediment) and uranium (maximum 6.2 mg/kg) were not detected in reference stream sediment
samples. Cerium (maximum 61.4 mg/kg) exceeded background by five times. The greatest
exceedance of background was chromium (695 mg/kg maximum, compared to a background
value of 18.9 mg/kg). The chromium concentrations in four of the five lake sediment samples
were comparable to the concentrations in the Drill Site D mud pits. The concentration in the
fifth lake sample did not exceed background. This sample (1086-SD) was the location selected
because a sheen was generated upon disturbance of the sediment.

Metals that exceeded background were then compared to ERBSCs. Four of the five chromium
occurrences greatly exceeded their 26 mg/kg ERBSC. All of the copper occurrences (25.7 to
98.3 mg/kg) exceeded the ERBSC of 16 mg/Icg, as does the upland reference stream background
value for copper of 82.4 mg/kg. No ERLBSCs are available for the other metals that exceeded
background. However, calcium and potassium are considered essential nutrients and unlikely to
result in any toxic effects.

4.6.4.3 Falls Creek

Falls Creek is the primary drainage stream of the Drill Site D watershed. Approximately 6,000
feet long, it is located south of the site and flows south-southwest to the Pacific Ocean (Figure

• 4.6-2). As described in Section 4.6.2, portions of Falls Creek were inundated with drilling mud
during the Cannilcin event. Fish and benthic invertebrates were reported to have been severely
impacted in much of the stream following the mud deposition. However, significant recovery
has taken place since then.

Field activities at Falls Creek included a reconnaissance to document stream characteristics and
select sample station locations, and sampling of surface water, sediment, benthic
macroinvertebrates, and fish (resident Dolly Varden only). Surface water and sediment samples
were collected at each of five sampling stations along the length of the creek. At Stations 1, 2,
and 4, benthic macroinvertebrates and sediment samples for bioassays were also collected. Fish
samples were collected at Stations 1 and 4 but could not be collected from Station 2, because the
stream flows underground in this vicinity.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
GPS receiver and are accurate to about ± 100 feet. Station elevations were interpolated from
contours in Figure 4.6-2.
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Sample Numbers and Station Coordinates for Falls Creek, Drill Site P

The following subsections present observations made during the reconnaissance and sampling
• activities and discuss laboratory results for surface water, sediment, benthos, and fish samples.

4.6.4.3.1 Stream Characteristics

Based on observations during the initial reconnaissance, Falls Creek was divided into three
stream reaches (Figure 4.6-2). The upper reach, Reach 1, begins at the unnamed lake
immediately southeast of the mud pits and about 1,100 feet south of Infantry Road and ends at
the point of a significant increase in stream gradient. Reach 2 begins at this point and ends
downstream at a maj or decrease in stream gradient. Reach 3 extends from the end of Reach 2
downstream to the Pacific Ocean. In general, the upper and lower reaches have flatter gradients
than the middle reach, which is more incised and has a higher stream velocity. No significant
fish barriers such as waterfalls were observed along the stream. The following table summarizes
reach characteristics for Falls Creek.

0
[:~~j~rc::~ (freflhJ~LW) [ Sample Number rI~

1 51° 30.792’ 179° 1.414’ 275 3005-sw
3005-SD

. 3028-IN
3007-FS

2 51° 30.508’ 179° 1.190’ 220 3004-SW
3004-SD
3027-IN

3 51°30.301’ 179°1.210 ISO 3003-SW
. 3003-SD

4 51°30.071’ 179°1.032 80 3002-SW
3002-SD

. 3026-IN
3006-FS

S 51° 30.023’ 179° 0.807’ 45 3001-SW
300 I-SD

Notes: SW = surface water SD = sediment FS = fish IN = invertebrates
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Reach Characteristics for Falls Creek, Drill Site D

Reach ;ui~gthj ~ ~. Sinuosi~’ Substrate I
1 1,100 1.0 Few bends Sand overlying peat at headwaters, then

silty peat and some gravel (in channel)
2 2,900 4.5 Many small Cobbles and gravel mixed evenly with,

bends and sometimes overlying silty peat
3 2,000 3.0 Many small Cobbles and gravel mixed evenly with,

. bends and overlying peat, grading toward gravel
and cobbles with sparse peaty silt

Reach 1
Reach 1 is roughly 1,100 feet long. It meanders though a small sedge-covered wetland meadow
of approximately 5 acres with numerous areas of shallow (1 to 8 inches deep) open water (see
Photo 4.6-6). The streambed becomes more distinct in the downstream portion of this reach as
the gradient increases. The overall gradient averages 1 percent. The stream typically ranges
from less than 1 foot to 3 feet wide and 4 inches to 3 feet deep, with few bends. The dominant
streambed substrate is soft organic muck (silty peat). However, in the first 100 feet of the stream
as it exits the unnamed lake the streambed substrate was sand and a vermiculite-like substance
overlying silty peat. The dominant aquatic vegetation in Reach 1 was sedges (Carex spp.).

Station 1 was located in Reach 1 about 20 feet downstream of the unnamed lake. Amphipods
and fingernail clams were common in the sandy substrate. Field observations suggested that
Station 1 had a higher density and abundance of benthic macroinvertebrates than stations located
downstream. The invertebrate population data are presented in Section 4.6.4.3.4.

A large sheen and petroleum odor were noticed upon disturbance of the sediments at Station 1
and within much of the upstream portion of Reach 1. Farther downstream, where the stream is
channelized, the sheen and odor were not found. A pocket of vermiculite-type material was
observed at Station 1 overlying a deeper peat layer. This was believed to be a residual from the
drilling mud.

Reach 2
Reach 2 is roughly 2,900 feet long with a gradient of approximately 4 to 5 percent. The small
valley associated with the stream is relatively straight. The channel is incised 4 to 6 feet into the
tundra and is underground along more than 90 percent of the length of the reach (Photo 4.6-7).
Where the stream could be seen and probed, the bottom substrate consists of cobbles and gravel
over peat. The stream channel is typically less than 3 feet wide, and water depth varies from 4
inches to 3 feet deep. Aquatic vegetation consisted primarily of moss (Fontinalus sp.).

Station 2 was located in the upper part of Reach 2. Both here and at Station 3 sampling was
conducted through holes in the nearly continuous ground cover over the stream. The diversity
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and density of benthic macroinvertebrates were very low. Station 3 was located in the
downstream portion of Reach 3.

Reach 3
Reach 3 is roughly 2,000 feet long, with an overall gradient of about 3 percent, which is gentler
than Reach 2 but slightly steeper than Reach 1. The stream contains more and larger bends than
are found upstream, but remains almost completely subterranean until the confluence with a
similar-sized tributary that flows from the east. This confluence is approximately 1,200 feet
upstream from the Pacific Ocean. At the beginning of Reach 3 the stream valley becomes a
broad, flat grass and sedge meadow leading to a bluff over the ocean. As the stream nears the
ocean the meanders increase, as it cuts a narrow valley through the bluff and enters the ocean as
a low waterfall (Photo 4.6-8). The dominant stream channel substrate consists of cobbles and
gravel. The average stream width varies from 6 inches to 6 feet, and the range in depth is
similar. The only tributary entering Falls Creek contributes nearly 50 percent to the flow during
periods of medium flow. The stream meets the tidal zone at a boulder and cobble beach strewn
with ocean debris above the high-water line.

Station 4 was located just below the confluence with the eastern tributary. The observed
diversity and density of benthic macroinvertebrates at Station 4 were low, even though the
cobble and gravel substrate was adequate habitat. Fontinalus was the dominant aquatic
vegetation type, with patchy coverage. Station 5 was located at an old gauging station and
associated weir. The surface water and sediment samples were collected from the pool created
by the weir. ED

4.6.4.3.2 Surface Water

Five surface water samples were collected from Falls Creek, one per sampling station. Each
sample was analyzed for DRO, VOCs, PAHs, and metals. A summary of analytical results is
presented in Table 4.6-5.

DRO was reported in three (Stations 1, 4, and 5) of the five surface water samples, at
concentrations ranging from 72.4 to 84.9 ugfL. However, 71 ug/L of DRO was also present in
the laboratory method blank associated with this batch of samples. In accordance with the EPA
National Functional Guidelines for Organic Data Review (EPA, 1991) these samples have been
qualified as nondetects at detection limits corresponding to their values, because they are less
than five times the method blank concentration. The reported concentrations of DRO are also
comparable to the 61 ugfL average concentration of DRO reported in about half the water
samples from upland reference streams.

The only VOC detected was methylene chloride, a laboratory contaminant; these occurrences are
not believed to be site-related (see Section 2.3.1.5). No PAH compounds were detected in the
water samples collected from Falls Creek.
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Fifteen metals were detected in the surface water samples from Falls Creek. Nine of these were
present in samples from each of the five stations, while the other metals were detected only at
one or a few stations. The concentrations of these metals were compared to the background
concentrations for upland reference streams. Six metals exceeded their respective background
concentration at one or more stations. This group of metals included:

Chromium* Lithium Molybdenum Potassium
Vanadium Zinc

Chromium exceeded its background concentration at Station 5, the only station where it was
detected. The chromium concentration exceeded background by nearly 4 times. The remaining
metals each were less than 2 times their respective background concentrations.

Of the metals that exceeded background concentrations in Falls Creek, water, chromium, arid
zinc also exceeded background values in Falls Creek sediment samples (see Section 4.6.4.3.3).

Metals found in Falls Creek water samples that exceeded background concentrations were then
compared to the lowest (i.e. most conservative) of the project ERBSCs. The chromium
concentration in surface water from Station 5 slightly exceeded the ERBSC for chromium VI.
However, the chromium in water is more likely to be in the form of chromium III. The
chromium III ERBSC was not exceeded. None of the other site-related metals concentrations in
water exceeded background concentrations and their respective ERBSCs. An ERBSC was not

(J) available for potassium, but this metal is considered an essential nutrient and unlikely to results
in any toxic effects.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented in the following table.

Surface Water Parameters for Falls Creek, Drill Site D

Turbidity~
~ Stafion~ -~ ~-~HL ~ic~ 4ng~ .et~(mglL) (us/cm) (Nfl3)~

1 6.72 12.3 11.4 190 -10
2 6.17 92 1023 175 -10
3 5.74 8.6 10.49 175 -10
4 6.0 7.6 11.81 168 -10
5 5.82 7.3 11.46 167 -10

4.6.4.3.3 Sediment

One sediment sample was colleáted at each of five stations on Falls Creek. All sediment samples
were analyzed for DRO, PAHs, TOC, AVS/SEM, and metals. Sediment samples from Stations
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2, 3, 4, and 5 were analyzed for VOCs. Analytical results for sediment samples are summarized
in Table 4.6-6. CD
DRO was detected at 176 mg/kg in one sediment sample collected from Station 1. Petroleum
sheen and odor were noted at this station during sampling. As this value is below the maximum
DRO concentration detected in the upland reference streams (See Section 2.3.2.6), it is possible
that spme portion of the DRO is from biogenic sources.

No VOCs were detected in the sediment samples. PAHs were detected only at Station 1.
Twelve PAHs were detected in this sample, with a combined concentration was 0.49 mg/kg. The
concentrations of PAHs were compared to the lowest of the project ER.BSCs. The
benzo(b)fluoranthene concentration at Station 1 exceeded its respective ERBSC by a factor of 3;
the other PAHs were all below project ERBSCs.

Twenty-one metals were detected in the Falls Creek sediment samples. The concentrations of
these metals were compared to the background concentrations determined for these metals in
upland reference stream sediment samples. Eight of the detected metals concentrations exceeded
their respective background concentrations, as follows (an asterisk indicates that ERBSCs were
also exceeded):

Boron Cerium Chromium* Copper* Magnesium
Titanium Uranium Zinc*

Boron and chromium exceeded their respective upland stream background concentrations at all (J)
five stations. Boron concentrations in sediment exceeded the background concentration h~
factors ranging from nearly four at Station 1 to as much as 25 at Station 5. Station I had the
highest chromium concentration (226 mg/kg), which was 12 times the background concentration
Chromium concentrations at the other stations were all less than two times background. Copper.
magnesium, and titanium only slightly exceeded their background concentrations at Station 5
Cerium slightly exceeded background at Station 1. Zinc was elevated above background at
Stations 3 and 5.

The only detection of uranium in Falls Creek sediment was from Station I at a concentration vi

2.49 mg/kg, which is just above its detection limit. Uranium was not detected in uplan.~
reference streams or site-related streams, but it was detected in three lowland reference stream
samples at up to 4.13 ug/L.

The drilling mud samples from the mud pits at Drill Site D had the highest average chromium
concentration of all the drill sites, with individual samples containing as much as 1,090 mg/kg of
chromium. It is likely that the elevated chromium concentration in the stream sediment at
Station 1 is the result of the known historical releases of mud to Falls Creek.

Of the eight metals found in Falls Creek sediment that exceeded background concentrations,
chromium, copper, and zinc also exceeded project ERBSCs. Chromium exceeded its ERBSC at
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Stations 1, 4, and 5. The ERBSCs for copper and zinc are both below the background
concentrations for these metals. ERBSCs are not available for boron, cerium, magnesium.
titanium, and uranium.

In addition to the total metals results discussed above, AVS and SEM were analyzed to provide
information on the bioavailability of metals. AVS and SEM concentrations in the sediment
samples from Falls Creek are presented in the following table. At the two stations where AVS
were detected, the data suggest there are sufficient sulfides present to bind the SEM metals and
limit their bioavailability. At stations where AVS was not detected it is not clear whether the
metals are bioavailable or not.

AVS and SEM Concentrations for Falls Creek, Drill Site P

Station ~vSampl&NdffibeFfaAVdiii~ioWt~ LSEM (umole/~ I SEM.AVS Ratio -

I 3005-SD 170 1.03 0.01
2 3004-SD ND 0.553 NA
3 3003-SD ND 1.05 NA
4 3002-SD 105 1.47 0.01
5 3001-SD ND 1.51 NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, if necessary, and comparison of the substrate at the various
stations. Organic content was also determined for the three samples collected at stations where
benthos and bioassay samples were collected. The TOC and organic content results are
presented in the following table.

Sediment Characteristics for Falls Creek, Drill Site D

~L~rr TOG .~wa tganic~Content~
ts~.~> ~.-,i..r ~- SoilClassdication; .4

.~ 14umber-~ -‘(mglkg dfrwetflt) t-( ‘a dryweight) “

I 3005-SD 11,600 10.1/12 Grey sand, and “vermiculite”
like substance overlying dark
brown silty peat

2 3004-SD 18,600 17.2/1 8.3 Dark brown silty peat
3 3003-SD 50,200 - Dark brown silty peat
4 3002-SD 82,700 21.3 Dark brown silty peat
5 3001-SD 26,600 - Dark brown peaty silt

In 1997 DOE collected four sediment samples from the downstream portion of an “unnamed
reference area creek” that crosses Infantry Road approximately at Mile 16.5. This stream is the
next drainage west of Falls Creek. The DOE sample locations are shown in a DOE figure in
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Appendix B and in Figure 4.6-2. Two of these four samples were analyzed for TOC and metals
as shown in the accompanying table, Appendix B. The 1998 investigation did not sample along
this stream, thus no comparison of results can be made.

4.6.4.3.4 Benthos

Benthic samples were collected at Stations I, 2, and 4 on Falls Creek. These samples were
submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in each
sample were identified and counted. Results are presented in the following table. Refer to the
Triad Analysis ofDrill Site and Test Site Stream Sediments (Appendix F) for an evaluation of
these data.

Benthic Invertebrates in Falls Creek, Drill Site I)

4.6.4.3.5 Sediment Toxicity Tests

Sediment samples collected from the same three stations as the benthic invertebrate samples
were used to perform 10-day freshwater sediment bioassay tests using larvae of the midge
Chironomus tentans. The tests were performed by American Aquatic Testing in Allentown,
Pennsylvania, under subcontract to IT Corporation.

Measurements of toxicity include survival (the percentage of initial seed organisms surviving to
the end of the test), growth (average dry weight of surviving organisms), and biomass (total dry
weight of surviving organisms). Since the toxicity tests were conducted in three batches, the
data were control normalized in order to make appropriate comparisons. Normalization
consisted of expressing the results as a percentage of the average laboratory control response for

0

0

~Life-~j IndividuEIs~perStation
~ ~ :H$ame~ .~Stage~~v:. 1__r-j ~:2 ;~fr4~

Turbellaria Tricladida Planariidae flatworm adult 7 2
Oligochaeta Tubificida Tubificidae tubit’ex adult 8 8 29

worm
Peleycopoda Spaeracea Sphaeriidae clam juvenile 96
Insecta Ephemeroptera Baetidae (genus Pseudocloeon sp.) mayfly nymph 1

Trichoptera Limniphilidae caddisfly larva 48 9 2
Diptera Chironomidae midge . larva 152 10 10

Simulidae blackfly larva
Crustacea Amphipoda Gammaridae scud adult 128

Talitridae (genus Hyalella sp.) scud adult 360
• Total 792 35 44

. Family Biotic lAdex 6.73 5.54 7.09
EPT Relative Abundance 6.1% 25.7% 6.8%

Species Diversity 1.44 1.47 0.98
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the laboratory control sample tested concurrently with the particular sample. Results are
presented in the following table. Refer to the Triad Analysis of Drill Site and Test Site Stream
Sediments (Appendix F) for an evaluation of these data.

Sediment Toxicity Results, Falls Creek, Drill Site B

. rr.~E::: ~‘3oxiE ity Test Endpoints
- Survival - — .— Growth Biomass

:Station.~ -

~ -~- — J~t I ~‘NormaIize& -: ~ j Normalized ~ } Normalized

1 46.25% 49.35% 1.367 185.1% 6.37 92.2%
2 26.25% 27.99% 1.005 136.0% 2.30 33.2%
4 53.75% 57.35% 0.748 101.3% 4.00 57.9%

4.6.4.3.6 Fish

Fish samples were collected at Stations 1 and 4. An attempt was made to collect a third sample
at Station 2, but the stream channel was mostly underground and could not be sampled. Specific
data on fish sampling are presented in the field fish collection forms in Appendix J. The
following table summarizes the size and weight of the fish.

Fish tissue samples were analyzed for total metals, inorganic arsenic, PANs, and PCBs.
Analytical results are presented in Table 4.6-7 and summarized below.

Eighteen metals were detected in the fish tissue samples. Concentrations were compared to
background concentrations determined for fish from upland reference streams and to EPA
Region III RBCs for fish consumption. No metals in fish from Falls Creek exceeded their
respective RBCs with the exception of inorganic arsenic, discussed below. Chromium in the
sample from Station 1 exceeded the background concentration of chromium in fish from
reference steams by about 11 percent. The chromium concentration in the fish sample from
Station 4 was only about half as great and within the range of concentrations found in
background samples. Barium and titanium exceeded background by 1 and 3 percent in the
sample from Station 4, and by 27 and 28 percent in the sample from Station 1. Nickel was

Fish Sample Descriptions for Falls Creek, Drill Site B
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reported in both samples at 0.142 and 0.184 mg/kg; nickel was not reported in any of the
reference stream fish samples, with a reporting limit of 0.125 mg/kg.

The inorganic arsenic concentration in the two fish samples from Falls Creek, at 4.11 and 3.79
ug/kg, was about twice the RBC but only about one-tenth the background concentration.

The PCB Aroclor 1260 was detected in both fish samples from Falls Creek. The sample from
Station I contained 0.183 mg/kg, and the sample from Station 4 contained 0.0325 mg/kg. These
were the two highest concentrations of PCBs reported in any of the fish tissue samples from the
1998 Drill Site Investigation. Both occurrences exceed the 0.00 16 mg/kg RBC for fish
consumption by humans.

No PAHs were detected in the fish tissue samples from Falls Creek.

4.6.5 Summary

The three mud pits at Drill Site D contain a total of about 15,000 cubic yards of drilling mud.
Portions of the mud pits are located above grade, especially the eastern ends of the northeast and
south mud pits which are perched above an unnamed lake. The culverts, trenches, and piping
manifold located in the mud pit berms act to regulate the level of water in the pits, thus
preventing the water level in the pits from rising and overtopping the benns. The mud pits do
not appear to have eroded significantly to date. However, if some force or event (such as an
earthquake or significant erosion) caused the mud pit berms to rupture, drilling mud in the pits
could flow into the unnamed lake and Falls Creek, causing ecological impacts. The drilling mud
encountered at the drill sites was moderately to very stiff, and would not flow easily unless it was
eroded and transported by water. A failure of the manifold downslope from the northeast mud
pit could result in rapid release of much of the water in the pits. However, since the intake of the
pipe in the pit is at about the elevation of the top of the mud, it is likely that only a relatively
small amount of mud would be released in the event of such a failure.

The drilling mud in the Drill Site D mud pits contains elevated levels of DRO and associated
PANs, PCBs, cadmium, chromium, and copper. Low levels of volatiles were also detected, and
several other metals were detected at higher average concentrations than in samples from other
mud pits on the island. The DRO concentrations ranged from 58.3 to 2,420 mg/kg, and the total
PAils associated with the DRO ranged from 0.07 to 27.6 mg/kg. The PCB Aroclor 1260 was
detected in drilling mud samples at concentrations of 0.055 to 0.2 mg/kg from one third of the
samples analyzed, primarily from the northeast mud pit. The water samples from the mud pits
had very few contaminants detected above reference stream levels. DRO concentrations ranged
from not detected to 125 mg/kg, which is generally within the range detected in the reference
streams. No volatiles or PAHs were detected, and only aluminum, in a single sample, slightly
exceeded the upland reference stream concentration and ERSBC.
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Relatively few compounds were detected at elevated levels in the sediment and surface water
samples from the lake immediately downslope of the mud pits. DRO in the lake sediment was
above that detected in the reference streams. The only other constituents that were detected at
concentrations above both reference stream levels and ERBSCs were chromium and copper in
sediment, and aluminum and chromium in surface water. As with the mud pits, the
concentrations of several other metals detected in sediment, including barium, calcium, cerium,
potassium, and thorium, were elevated relative to the sediment from the upland reference
streams.

Sediment and water samples from the five Falls Creek stream sampling stations show an impact
from the mud pits only at Station 1, a short distance downstream from the northeast mud pit and
lake. Evidence of diesel at Station 1 included a faint odor and oily sheen observed in disturbe&
stream sediment. Sediment from Station 1 contained DRO at concentrations that are up to twice
the level of biogenic DRO detected in the upland reference stream sediments. Low levels of
associated PAHs were also detected in Station 1 sediment, as was an elevated concentration of
chromium. Downstream from Station 1, DRO, PARs, and elevated metals were generally not
detected in sediment. The elevated sediment constituents at Station 1 appear to be remnants
from the extensive mud releases to this stream that occurred about 30 years ago. It is likely that
flushing and dilution has reduced the concentrations of these compounds farther downstream
from the source area (mud pits).

DRO concentrations in the Falls Creek surface water samples are relatively low, and are

O comparable to the concentrations of biogenic DRO in surface water samples from the referencestreams. No VOCs or PAHs were detected in any of the surface water samples from the stream,
and the only metal detected at an elevated concentration was chromium, at Station 5. Although
this detection is about three times the chromium concentration found in the upland reference
streams, it only slightly exceeds the ERBSC.

Neither of the two fish samples collected from Falls Creek exceeded the EPA Region Ill RBCs
for human consumption for any constituents except inorganic arsenic and PCBs. The arsenic
concentrations, however, were only about one tenth of the concentration detected in upland
reference streams and therefore cannot be attributed to site-related activities. The fish samples
contained PCBs at concentrations of 0.183 mg/kg at Station 1 and 0.0325 mg/kg at Station 4. It
appears likely that drilling mud is the source of PCBs in fish since the fish were resident and
presumably could not have been exposed to PCBs in the ocean. PCBs were probably introduced
to the stream environment during historic mud spill events, where they have persisted. Based on
our field observations, there does not appear to be an existing mechanism for PCBs to migrate to
the stream. Although overflow water drains from pits, the drilling mud that contains the PCBs
remains in the bottom of the pits. Since PCBs have a very low solubility in water, they tend to
adhere to solid particles, and would only migrate to the stream by sediment transport. Therefore,
PCBs in the mud pits would tend to remain in place under current conditions.

The Triad Analysis (see Appendix F) provided an overall evaluation the sediment quality of Falls
Creek relative to 15 locations on the upland streams investigated. The overall rankings for the
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Falls Creek stations, based on a combination of benthic, sediment chemistry. and sediment
toxicity rankings, are as follows:

Falls Creek

Station 1 7th
Station 2 5th
Station 4

This system assigns the highest rank (or lowest number) to the station with the best sediment
quality. The rankings for Falls Creek were better than for several of the upland reference stream
stations, and the mean for the stream as a whole ranks within the range of the reference streams.
Station I, which was the only location where mud pit-related chemicals were detected at elevated
levels, had the lowest rank (15th) in terms of sediment chemistry, but nevertheless had the highest
rank for toxicity. Station 2 had overall sediment quality that was good relative to the comparable
locations along the reference streams, whereas Station 4 ranked lower than the corresponding
reference stream locations.

In summary, Falls Creek has experienced significant recovery since the historic mud spills
occurred. PCBs are present in the fish collected from Falls Creek and therefore the stream~s
ecological system. Presumably, the PCBs entered the system during historic mud spills. In their
current condition, Drill Site D mud pits are unlikely to allow transport of additional drilling mud
to Falls Creek. Other compounds discussed above including metals, DRO, and PAHs do not
appear to be accumulating in fish tissue or to be adversely impacting benthic invertebrates
Aluminum exceeded the background concentration and its ERBSC for surface water in the mud
pits and the unnamed lake, but was not detected in stream water samples. There were no metals
that exceeded background and corresponding ERB SCs in surface water from Falls Creek.
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TABLE 4.6-I
SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS

(concentrations in micrograms per liter)

___ ________ __ ___ __ &t
___ ____ _____ 00 ‘.. t

__ — C C

___________ - r~
____ 0 C C C?

_____ 00 °° ~°
___________ _________ __________ - - ~

d t~E~n~ud pIt3

Diesel Range HydrocarbonslAK 102 - ND(50) ND(50) 6&4 I I 61.4 71 ~ 125 68.3

Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 82608 - ND(1) ND(I) ND(l) ND(1) ND(1) ND(1) ND(l) ND(l) ND(I) ND(I)

1,3,5-Trimethylbenzene EPA 8260B - ND(l) ND(I) ND(1) ND(1) ND(l) ND(1) ND(1) ND(l) ND(I) ND(I)

2-Butanone EPA 82608 - ND(20) ND(20) ND(20) ND(20) NIJ(20) ND(20) ND(20) ND(20) ND(20) ND(20)

Carbon disulfide EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1) ND(l) ND(l) ND(1) ND(I) ND(I)
Methylene chloride EPA 82608 - ND(2) ND(2) ND(2) ND(2) ND(2) ND(2) 4.87 U 4.92 U 6.28 U ND(2)
Naphthalene EPA 8260B - ND(1) ND(I) ND(l) ND(l) ND(1) ND(l) ND(I) ND(l) ND(l) ND(I)
Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(0.I) ND(0J) ND(0A) ND(0.1) ND(0.1) ND(0.I) ND(0.1) ND(0.l)

Anthracene EPA 8270C - ND(O.1) ND(0.1) ND(0.I) ND(O.I) ND(O.I) ND(0.l) ND(0.1) ND(0.l) ND(0.1) ND(0.l)

Benzo(a)anthracene EPA 8270C - ND(0.I) ND(0.I) ND(O.1) ND(0.l) ND(0.1) ND(0.I) ND(0.1) ND(0i) ND(0.l) ND(0.l)
Benzo(a)pyrene EPA 8270C - ND(0.I) ND(0.I) ND(0.1) ND(0.I) ND(0.1) ND(0.I) ND(O.l) ND(0.l) ND(0.l) ND(0.l)
Benzo(b)fluoranthene EPA 8270C - ND(0.1) ND(0.I) ND(0.1) ND(0.1) ND(O.1) ND(0.1) ND(0.I) ND(0.I) ND(O.I) ND(0.l)

Benzo(ghi)perylene EPA 8270C - ND(0.l) ND(0.1) ND(0.1) ND(0.1) ND(0.I) ND(0.1) ND(0.I) ND(O.1) ND(0.l) ND(0.1)
Benzo(k)uluoranthene EPA 8270C - ND(0.l) ND(0.I) ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(0.I) ND(0.I) ND(O.I) ND(0.l)

Chrysene EPA 8270C - ND(0.1) ND(0.1) ND(O.1) ND(0.1) ND(0.I) ND(0.1) ND(0.l) ND(0.I) ND(0.l) ND(0J)
Fluoranthene EPA 8270C - ND(0.1) ND(0.1) ND(O.1) ND(0.1) ND(0.1) ND(0.1) ND(0i) ND(0.l) ND(0.l) ND(0.l)
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n. 0 0
TABLE 4.6-1 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE B MUD PITS
(concentrations in micrograms per liter)

aeaunnuutiiitm~~ifl S~fA
sas~ta~~1~W4IPI
Fluorene EPA8270C . ND(0.1) ND(0.1) ND(O.1) ND(0. ) ND(0.l)JND(OJiT]ND(O.I) ND(O.I) ND(O.I) ND(O.I)
lndeno(I,2,3-cd)pyrene EPA 8270C ND(0.1) ND(O.1) ND(0.1) ND(O.1) ND(0.1) ND(0.l) ND(O.1) ND(0.I) ND(O.l) ND(O.I)

Naphthalene EPA 8270C - ND(0.I) ND(O.I) ND(0.I) ND(O.l) ND(0.I) ND(O.1) ND(0.1) ND(0.I) ND(0.l) ND(0.1)

Phenanthrene EPA 8270C . ND(0 I) ND(0.l) ND(0.l) ND(0.I) ND(0.1) ND(O.I) ND(0 I) ND(0 I) ND(O.I) ND(O.l)

Pyrene EPA 8270C ND(0.I) ND(0 I) ND(0.l) ND(0.l) ND(0.1) ND(0.l) ND(0.1) ND(O.I) ND(O I) ND(0 I)

Metals
Aluminum EPA 6020 ~ 64.4 75.8 86.3 ND(50) ND(50) 57.7 70.6 83.3 75.3 ~c~91;~4

Arsenic C EPA 6020 ND(l) ND(1) ND(I) ND(I) ND(I) ND(I) ND(I) ND(1) ND(I) ND(I) ND(I)
Barium EPA 6020 ND(10) ND(I0) ND(I0) ND(10) ND(10) ND(10) ND(l0) ND(I0) ND(10) ND(I0) ND(I0)

Beryllium EPA 6020 ND(I) ND(1) ND(1) ND(1) ND(I) ND(1) ND(l) ND(1) ND(1) ND(1) ND(I)
Boron EPA 60 lOB ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50)

Cadmium EPA 6020 ND(I) ND(1) ND(I) ND(l) ND(I) ND(l) ND(1) ND(I) ND(I) ND(I) ND(I)
Calcium EPA 60I0B 8,810 b 2,070 2,130 2,190 2,410 2,450 2,410 3,000 3,060 3,030 2,980

Cerium EPA 6020 ND(1) ND(I) ND(l) ND(1) ND(1) ND(I) ND(1) ND(1) ND(l) ND(1) ND(I)
Cesium EPA 6020 ND(1) ND(l) ND(I) ND(1) ND(1) NtNI) ND(1) ND(l) ND(l) ND(l) ND(I)
Chromium C EPA 6020 ~ b ND(1) ND(l) ND(I) ND(l) ND(1) ND(l) 2.82 3.68 2.8 345

Cobalt EPA 6020 9.52 4.27 4.44 4.49 4.28 4.36 4.46 4.82 ND(l) ND(1) 224
Copper EPA 6020 ~ 2.78 2.67 2.81 2.17 2.38 2.37 1.43 .J 1.64 1.31 J 1.74

SECTION 4.0 SITE CHARACTERIZATION Revision No.0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchilka Island, Alaska Page 2 of 4

DOE 1998 DRILL SITE CHARACTERIZATION REPORT X-0926-04



0 0
TABLE 4.6-1 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in micrograms per liter)

-~

, -4

~a C I I

~ C’ •~

.. ~ ~p.

, L - In - ~. N~$flid~ltd% ~—_—. — . £t4%~.4~-~6~’. tP&~ -r-~Q~~, ~4

Iron EPA_60l0B~~~~j~IND(l50) ND(l50) ND(150) ND(150) ND(150) ND(150) ND(150) ND(150) ND(150) ND(l50)

Lithium EPA 6020 ND(l) ND(1) ND(l) ND(l) ND(I) ND(l) ND(I) ND(I) ND(l) ND(I) ND(1)
Magnesium EPA 6010B 5,250 1,600 1,610 1,600 1,470 1,450 1,450 1,700 14790 1,750 1,770

Manganese EPA 6020 14.4 14.9 16.9 142 14.5 15 15.5 3.41 3.17 9.27

Molybdenum EPA 6020 ND(I) ND(1) ND(1) ND(1) ND(l) ND(l) ND(I) ND(I) ND(I) 1.05 ND(1)

Nickel EPA 6020 1.69 b 1.48 1.49 1.52 1.31 1.51 1.56 1.21 ND(I) UJ ND(I) 2.1 .1
Potassium EPA 6010B j,190b 622 831 902 713 ND(200) 892 987 7533 989 9403

Selenium EPA 6020 ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(I) ND(I) ND(I) ND(l)
Strontium EPA 6020 44.1 Li 16.6 16.4 169 18 1 17.5 179 20.9 21.7 21 21 3

Thallium EPA 6020 2.13 b ND(1) ND(l) ND(I) ND(l) ND(l) ND(l) ND(I) Ui ND(l) 1.62 J ND(1)
Thorium EPA6O2O 1•14b ND(I) ND(l) ND(l) ND(I) ND(1) ND(I) ND(1)UJ ND(l)UJ 1.ISJ l.55J

Titanium EPA 6020 2.37 b 1.21 3 2.41 ND(1) ND(1) 1.05 ND(l) UJ 1.02 J ND(I) Ui 1.11 3
Uranium EPA 6020 ND(I) ND(1) ND(I) ND(l) ND(1) ND(1) NIJ(I) ND(1) ND(1) ND(l) ND(I)
Vanadium EPA 6020 1.44 Li ND(1) ND(I) ND(1) ND(I) ND(1) ND(1) ND(1) ND(1) ND(l) ND(l)

Zinc EPA 6020 12.8 Li ND(lO) ND(I0) ND(l0) ND(I0) ND(10) ND(l0) ND(I0) ND(I0) ND(I0) ND(l0)

a Background concentrations. ~hicli are presenied onis for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations
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TABLE 4.6-1 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in micrograms per liter)

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this element; see Table 2-8.

ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but
are generally comparable to reporting limits for project samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank contamination; result considered nondetect
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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0 0
TABLE 4.6-2

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in milligrams per kilogram)

*~ 8 e~ii1tmtsfl:
? 4

~ rd~

..~

g u~ I

~ —_________ 1~N4~I~tI
DieiRaige AK 102 - j 138 58.3 100 1,800 j 393 468 10!

Volatile Organic Compounds
l,2,4-Trimethylbenzene EPA 8260B - ND(O.018) Ui ND(0.0199) Ui ND(0.0217) Ui ND(0.041 I) Ui ND(0.0248) Ui 0.242 0.166
1,3,5-Trimethylbenzene EPA 8260B - ND(0.018) UJ ND(0.0199) US ND(0.0217) UJ ND(0.041 I) Ui ND(0.0248) Ui 0.245 ND(0 125)

2-Butanone EPA 8260B - ND(0 036) UJ ND(0.0398) Ui ND(0.0433) Ui ND(0.0821) Ui ND(0.0495) UI ND(4 5) ND(3.13)

Carbon disulfide EPA 8260B - ND(0.01 8) Ui ND(0.0199) Ui ND(0.0217) Ui ND(0.041 I) Ui ND(O.0248) Ui ND(0.45) ND(0 313)

Methylene chloride EPA 8260B - ND(0.018) Ui ND(0.0199) US ND(0.0217) Ui ND(0.041 I) Ui ND(0.0248) Ui ND(0.9) ND(0.625)
aphthalene EPA 8260B - ND(0.018) UJ ND(0.0 199) Ui ND(0.0217) Ui ND(0.041 I) Ui ND(0.0248) UI ft~9~7a~

Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 827CC - ND(0.01 19) ND(0.0131) ND(0.0143) 0.105 ND(0.0l63) 0.291 0.0508
Anthracene EPA 827CC - 0.024 0.0159 0.0231 ND(0.13l) 0.0198 ~QI94~,~ 0.0134
Benzo(a)anthracene EPA 8270C - ND(0.0I 19) ND(0.0131) ND(0.0143) ND(0.0217) ND(0.0163) ND(0.0033) ND(0.0033)
Benzo(a)pyrene EPA 8270C - ND(0.01 19) ND(0.013I) ND(0.0143) ND(0.02I7) ND(0.0163) ND(0.0033) ND(0.0033)

Benzo(b)fluoranthefle EPA 8270C - ND(0.0119) ND(0.0131) ND(0.0143) ND(0.0217) ND(0.0163) 0.00885 ND(0.0033)
Benzo(ghi)perylene EPA 827CC - ND(0.01 19) ND(0.0131) ND(0.0143) ND(0.02l7) ND(0.0I63) ND(0.0033) ND(0.0033)

Benzo(k)fluoranthefle EPA 827CC - ND(0.0119) ND(0.0131) ND(0.0143) ND(0.0217) ND(0.0163) NIJ(0.0033) ND(0.0033)
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE B MUD PITS
(concentrations in milligrams per kilogram)

Fluorantliene EPA 8270C - ND(O.0l19) ND(0.013I) ND(0.0143) ~ ND(0.0163) 0.0464 0.00575
Fluorene EPA 8270C - 0 0198 ~~q5155$4T~
lndeno(I,2,3-cd)pyrene EPA 8270C - ND(0.01 19) ND(0.0131) ND(0.0143) ND(0.0217) ND(0.0163) ND(0.0033) ND(0.0033)

N4aphthalene EPA 8270C - ND(0 0119) ND(0 0131) ND(0 0143) ND(0 0217) ND(0 0163) ~ 232)~ 9,Q5~5)~
Phenanthrene EPA 8270C - 0 144 0 0928 0 0751 ~ 0 0264 ~ 4~~0 S54)~
Pyrene EPA 8270C - 0.024 ND(0.0131) ND(0.0143) 0.127 ND(0.0163) 0.0874 0.00958

Polychiorinated Biphenyls
Aroclor 1260 IEPA 8082 - ND(0.l8) US ND(0.199) US ND(0.217) US ND(0.329) US ND(0.248) US - ND(0.05) UJ
Metals

Aluminum EPA 6010B 47,500 19,100 16,100 26,400 16,900 20,500 32,800 40,500

Arsenic EPA 6020 ~ 3.21 J 4.48 J 4.24 J 3.82 J 2.823 2.945

Barium EPA 6020 468 122 99.2 175 181 126 356 140
Beryllium EPA6O2O ND ND(I.8)UJ 1.99J ND(2.17)UJ ND(3.29)UJ ND(2.48)UJ ND(0.5) ND(2.5)
Boron EPA 60108 6.42 b ND(9.94) ND(10.8) 37.5 ND(12.4) 3.45 ND(2.5)
Cadmium EPA 6020 NI) ND( I 8) Lii NIX I 99) Ui ND(2 17) UJ ND(3 29) Ui ND(2 48) Ui IWO 6O4~i~ ND(0 5) US
Calcium EPA 601013 7.721~ 7•66() 6.570 12,800 10,400 9,050 21,500 21,300

SECTIoN 4.0 SITE CIIARMII RU %II’ IS

U.S. Army Corps of I’ngincct’ ~I ~ i I’
Amehilka Island. AI~4a

C 0

ND(0.0119) ND(0.0131) ND(0.0 143) ND(o.02 17) ND(0.0 163) ND(0.0033)
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in milligrams per kilogram)

ai ~ ‘.

~ q -

~ ~stñ~4!p~ .c S ~~w~Qytpiki4plt~:~
~aI ~fl ~ 01,

Cerium EPA 6020 13 29.6 26.7 51.6 59.3 58.4 28.2 I 1.1

Cesium EPA6O2O ND ND(1.8)UJ 2.17J ND(2.17)UJ ND(3.29)UJ ND(248)UJ I.04J ND(05)UJ
Chromium EPA 6020 18.9 ~*1W1J2J~~ ~at~QW~ ~I?$1~MI9Q ~R#1Ic’t3~ Af~2oMc4t
Cobalt EPA 6020 37.3 7.38 7.94 II 8.13 8.28 9.64 15.8

Copper EPA 6020 ~~ *~9fl~%~ 4~6Q,4~fj~ tbitø316S3~ Ø86jjp ~I19 ~

Iron EPA 6010B ~ 15,600 10,900 3~4j 18,600 17,400 $44400! ~ ~40,80Q ~

Lithium EPA 6020 21.7 5.68 6.58 7.81 7.41 523 9 14
Magnesium EPA 60108 17,000 4,290 3,530 6,900 6,220 6,310 I 1,000 20,800

Manganese EPA 6020 ~j~9Q$ 272 222 380 397 ~ti,O3QY~ 3~,856~ ~
Molybdenum EPA 6020 ND ND(I.8) 2.39 ND(2.17) ND(3.29) ND(2.48) ND(I0) Ui ND(0.5) Ui

Nickel EPA 6020 15.23 14.7 J ~4’j~~4~t 12.6 ~ 5.64 ~‘~‘~25.9~ ~
Potassium EPA 6010B 1,290 708 J 529 J 1,240 i 1,120 S 911 3 3,380 J 2,590 J
Selenium EPA 6020 3.15 b ND(l.8) Ui ND(1.99) Ui ND(2.l7) US ND(3.29) US ND(2.48) Ui 091 ND(0.5)

Strontium EPA 6020 207 80.9 68.6 122 149 103 280 364
Thallium EPA 6020 ND ND(l.8) UJ 2.31 J ND(2.17) US ND(3.29) US ND(2.48) US ND(0.5) Ui ND(0.5) Ui

Thorium EPA 6020 ND 7.86 7.08 16 21.3 ND(2.48) 4.4 J 1.33 J

Titanium EPA 6020 1,480 682 628 1,320 913 629 2,350 280

SECTION 4.0 SITE CHARACTERIZATION Revision No. 0
U.S. Army Corps of Engineers, Alaska District Dale: 9/30/99
Amchitka Island, Alaska Page) of 12
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in milligrams per kilogram)

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in milligrams per kilogram)

a~z~’~;?4j~

IoisflI~5~S&cQ~ItIWt€~
G~tL ~ ——‘——— — — -.—.--— ———. —. -•- --

gw~e1~~~ ~AK 102 - ‘I~ 1,080 j 1,970 911 285 644 2,420 62.2

Volatile Organic Compounds

I ,2,4-Trimethylbenzene EPA 8260B - ND(0. IS) ND(0.366) ND(0.464) ND(0. 12) ND(0. I) 0.146 J ND(0. 18) ND(0. 12) ND(0. 14)

I ,3,5-Trimethylbenzene EPA 8260B - ND(O. 18) ND(0.366) ND(0.464) ND(0. 12) ND(0. 1) ND(0. 12) ND(0. 18) ND(0. 12) ND(0. 14)

2-Butanone EPA 8260B - ND(4.5) ND(9.14) ND(1 1.6) ND(3) ND(2.5) ND(3) ND(4.5) ND(3) ND(3.5)

Carbon disulfide EPA 8260B - ND(0.45) ND(0.914) ND(1.16) ND(0.6) ND(0.5) ND(0.6) ND(0.9) ND(0.6) ND(0.7)

Methylene chloride EPA 8260B - ND(0.9) ND(l.83) ND(2.32) ND(0.6) ND(1) ND(0.6) ND(0.9) ND(I) ND(I)

Naphthalene EPA 8260B - ~ ND(0 464) ND(0 12) ND(0 I) ~J%Qj1~ ND(0 18) ND(0 12) ND(0 14)

Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - ~ ~~ 0.0887 0.109 0.189 0.207 0.0719 0.0225
Anthracene EPA 8270C - ND(0 0033) D~AJ~ ND(0 412) ~4Q3J~ j~4~E ~7~~p4Q1~874t3g ND(0 I) 0 O4t~ 0 00721
Benzo(a)anthracene EPA 8270C - 0.018 ND(0.00862) ND(0.0068) ND(0.0033) ND(0.0033) ND(0.0033) ND(0.0165) ND(0.0033) ND(0.0033)

Benzo(a)pyrene EPA 8270C - ND(0.0033) ND(0.00862) ND(0.0068) ND(0.0033) ND(0.0033) ND(0.0033) ND(0.0165) ND(0.0033) ND(0.0033)
Benzo(b)fluoranthene EPA 8270C - 0.0 174 NIJ(0.0068) ND(0.0033) ND(0.0033) ND(0.0033) ND(0.0 165) ND(0.0033) ND(0.0033)

Benzo(ghi)perylene EPA 8270C - 0.00771 ND(0.00862) ND(0.0068) ND(0.0033) ND(0.0033) ND(0.0033) ND(0.0 165) ND(0.0033) ND(0.0033)

SECTION 4.0 SITE CIIARACrFRIZATION
U.S. Army Corps of Engineers, Alaska District
Amcliitka Island, Alaska

C 0

Revision No. 0
Dale: 9/30/99

Page 5 or 12

X-0926-04
DOE 1998 DRILL SITE CHARACTERIZATION REPORT



TABLE 4.6-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS

(concentrations in milligrams per kilogram)

C

— ~

L4~ 4G-~

•ti~i~ 4ç~

; ‘pz’~

~:Sn tN~a
~‘%4~

Ft.

•~.-;~r ~~-‘

4 ~:

SECTION 4.0 SITE CI-IARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

t - 4 It&~W?1~
L.a. ~~iA-~ ~ ~t—

z. .- ;-.: -: ~ -..~ -.~ F ~ ,~t~’44fr4 ~ ~D~ptfr~ tt:~ ~sc~t, r~.1,fira tc~ j’~4z 74*~NW’mud pt?j-; .‘ - j ,

1 .~ ~ ~ ~~ r&~ii ~t~O4~ieI1~ eOa1&%~~35s~r Ii’~it~ s ‘7~~q~;OO8,~, -‘1’ç5~5~5 ~} 1 0-08 6-7

Benzo(k)fluoranthene EPA 8270C - 0.00642 ND(0.00862) ND(0.0068) ND(0.0033) ND(0.0033) ND(0.0033) ND(0.0 165) ND(0.0033) ND(0.0033)

Chrysene EPA 8270C - 0.027 0.00871 ND(0.0068) 0.00641 ND(0.0033) ND(0.0033) ND(0.0165) ND(O.0033) ND(0.0033)
Fluoranthene EPA 8270C - r*4~~i.. ~ 0.0412 0.0299 0.01 0.0192 ND(O.0165) 0.012 0.00541

Fluorene EPA 8270C - “~“ ft’83~,~ ~ 194~2~ r3~2 35’c’ 11’4335r ~O 319 ~ M7~ ~ 0.719 ‘ 0 23’ 0 0577
Indeno(1,2,3-cd)pyrene EPA 8270C - 0.0218 ND(0.00862) ND(0.0068) ND(0.0033) ND(0.0033) ND(0.0033) ND(0.0165) ND(0.0033) ND(0.0033)

Naphthalene EPA 8270C 86:~ ff~jF5~Pf~ 0.0214 R 0.0583 R 0.15 R 0.0382 R 0.033 R 0.0171 R

Phenanthrene EPA 8270C - 19 7~’ ;~ 6 3~ ,~- ~7~ 30 853 ~ ~ 0 863 ~ ,‘.. 1 86 ~- ~1S3 ‘ 0 638 0 194
Pyrene EPA 8270C - ~..O1437~?’ 0.178 0.0797 0.0534 0.0209 0.0374 ND(0.0165) 0.023 0.00631

Polychiorinated Biphenyls

Aroclor 1260 IEPA 8082 - - I - I J - J’:qiO669;S3~t{ND(0.05)_Ui - ND(0.05) UI ND(0.05) UI

Metals

Aluminum EPA 6010B 47,500 25,800 22,200 28,100 25,100 40,100 22,700 16,500 34,000 19,000
Arsenic EPA 6020 ~39~$ ~Jj~7St%f ~~flJtJ~$ 4 07 J 5 37 ~7~24~J4 4~4~4~J 1 96 ~j~$ 853)i 2 02
Barium EPA 6020 468 298 279 102 399 132 335 89.9 614 73.6
Beryllium EPA 6020 ND ND(0.5) ND(I.3I) ND(I.03) ND(0.5) ND(l0) ND(0.5) ND(0.5) ND(0.5) ND(0.5)

Boron EPA 6010B 6.42 b ND(2.5) ND(6.53) ND(5.I5) ND(2.5) ND(2.5) 3.87 ND(2.5) 3.71 ND(2.5)
Cadmium EPA 6020 ND ND(0.5)UJ ND(I.3I)UJ Q~;Ih~c ND(0.5) ND(0.5) ND(0.S) ND(0.5) ~ ND(0.5)

Revision No. 0
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE B MUD PITS
(concentrations in milligrams per kilogram)

it

(01

~-4 —

j. ..J.~ ,&r-’r

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Cows of Engineers. Alaska District
Amchitka Island, Alaska

n*. 0

Mats

~00~
~

git~* ‘~W’~*

%&4~..~;’ ‘~WLtt~ qft~~ ~6ci~ZI$~0~fl 7fl!I~rc ~6 7~j.3~L0-0 R~ 55-65 - 0-08 6-7
Calcium EPA 60108 7,720 26,400 24,500 13,100 16,500 22,500 20,500 8,410 22,300 12,900

Cerium EPA 6020 13 27.7 32.9 22.5 39.4 23 26.6 II 36.4 12.1
Cesium EPA 6020 ND 0.731 J ND(I.3 I) UJ 1.16 S 1.385 0.666 J 0.5785 ND(0.5) UJ 1.51 5 ND(0.5) Ui

Chromium EPA 6020 189 $~j4t4O ~j1~20j~ ~5d331Ib ~t&\419Sf ~j’238 LL, ~4~;o9oj~c ~ 112 r 161 938 A

Cobalt EPA 6020 37.3 10.6 10.6 8.91 9.42 20.3 10 10.1 10.9 7.96

Copper EPA 6020 ~3,2 ~ N~Si4M~~~ 6Q!4~~ *~239~ ~g..~13&dfl . 76: ~ 186 105

Iron EPA 60108 ~123,0oO~ *39;(O0’~ 1,6005t 19,900 ~‘—35,O0031 ~52,OQ0~) y~36,80O4~ 18,700 ~ 48,600 21,300

Lithium EPA 6020 21.7 9.58 8.35 4.11 9.33 10.4 8.82 5.76 10.8 8.87

Magnesium EPA 60 lOB 17,000 11,800 10,500 3,980 9,250 13,200 10,600 7,630 10,600 9,940
Manganese EPA6O2O~ 336 ~ 3,9 ~t~10tt 450
Molybdenum EPA6O2O ND 0.676J ND(l.31)UJ 4.535 ND(I0) ND(l0) ND(10) 2.32 ND(l0) ND(0.5)

Nickel EPA6O2O ~23t8~ 817 923 157 911 107 692 ~ 487 753
Potassium EPA 60 lOB 1,290 3,0005 2,680 5 753 J 2,670 4,340 2,860 920 4,050 1,260
Selenium EPA 6020 3.15 b 0.706 ND(l.31) ND(I.03) 0.619 0.595 0.684 ND(0.5) 0.759 ND(0.5)
Strontium EPA 6020 207 198 189 108 267 327 218 III 298 125
Thallium EPA 6020 ND ND(0.5) UJ ND(I.31) Ui 1.16J ND(0.5) Ui ND(0.5) Ui ND(0.5) Ui ND(0.5) Ui ND(0.5) UJ ND(0.5) Ui
Thorium EPA 6020 ND 5.35 7.74 5 6.86.1 9.56 J 1.84 J 5.62 J 2.42 S 5.48 J 1.76.1

Revision No. 0
Date: 9/30199
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in milligrams per kilogram)

~‘.r -

~ r g - .Q

~. at I Fat ~
- I a~’ :!jh1jIjc~i~t
, jttCL~S~

~ CC -. 0~TI~ IIIE~AM~ ff~5Jfl~ ~S4~~ ~526fl~ fl~’OS2Y i~2~
ITitanium ‘EPA6O2O 1,480 1,870 1,670 771 2,240J 3,020J l,870J [ii,iooTj 3,200J 812.1
luranium EPA6O2O__J__ND 2.17J 2.99J 2.78J 4.34J 0.907J 2.21 J 0.87J 2.53J O.65J
Vanadium EPA 6020 { 336 86.3 82.2 60.7 78.8 211 78.7 59.1 115 78.4

Zinc EPA6O2O 68.6 69.4 372 65.6 68.7 63.3 34.8 82.9 38.7

SECTION 4.0 SITE CHARACTERIZATION Revision No. 0
U.S. Army Corps of Engineers, Alaska District Dale: 9/30/99
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TABLE 4.6-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS

(concentrations in milligrams per kilogram) -

~iIflhIiHftLtIIIiII I

IJS~~~ ~i I~t*Safri~&I~~ ~~ I I -.. -

DielRange AKIO2 - 372 45.7 543 210 ill 457 243 444 342

Volatile Organic Compounds

Trimethylbenzene EPA 82608 - 0.247 ND(0.22) Ui ND(0.501) ND(0.291) 0.449 ND(0.364) ND(0.272) ND(0.787) 0.658

Trimethylbenzene EPA 82608 - ND(0. 125) ND(0.22) Ui ND(0.50 I) ND(0.29 1) ND(0.278) ND(0.364) ND(0.272) ND(0.787) ND(0.3 17)
2-Butanone EPA 82608 - ND(3.13) ND(5.5) Ui ND(12.5) ND(7.29) ND(6.95) NID(9.l) ND(6.81) ND(l9.7) ND(7.92)

Carbon disulfide EPA 82608 - ND(0.625) ND(1 .1) UJ ND(2.5 I) ND(l .46) ND(I.39) ND(I .82) ND(l .36) ND(3.94) ND(l .58)
Methylene chloride EPA 82608 - ND(0.625) ND(1.8)UJ ND(2.51) ND(I.46) ND(1.39) ND(l.82) ND(I.36) ND(3.94) ND(l.58)

Naphthalene EPA 8260B - ~ND(0 22) Ui ~~ ND(0 364) ND(0 272) ND(0 787) 3~0,SQ9 t~

Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - 0.104 0.0263 0.0835 0.106 0.248 0.0503 0.11 0.0827 0.045

Anthracene EPA 8270C - ~ ND(0 01) ~4~jOj4L6~,J~ 0 027 ~11P’~V8i~ ?~Ø O3~~ 0 0197
Benzo(a)anthracene EPA 8270C - ND(0.0033) ND(0.0033) ND(0.00752) ND(0.00836) ND(0.009l8) ND(0.0089) ND(0.00719) N13(0.0157) ND(0.00697)
Benzo(a)pyrene EPA 8270C - ND(0.0033) ND(0.0033) ND(0.00752) ND(0.00836) ND(0.00918) ND(0.0089) ND(0.00719) ND(0.0157) ND(0.00697)
Benzo(b)fluoranthene EPA 8270C - ND(0.0033) ND(0.0033) ND(0.00752) ND(0.00836) 0.00927 ND(0.0089) ND(0.00719) ND(0.0157) ND(0.00697)

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island. Alaska

C: 0 0

tvt~
_t’t~. a~4~”~-i

a
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TABLE 4.6-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE P MUD PITS

(concentrations in milligrams per kilogram)

~r’~ai~~

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitlca Island, Alaska

C 0 0

Fluorene EPA 8270C

r~ W~~ap

~
~, 43~f~ ~
,. I ~ ~#i~x~’g~ t~i~t~ ~ ~ ~ cgo.~cs?~t~

Benzo(ghi)perylene EPA 8270C - ND(0.0033) ND(0.0033) ND(0.00752) ND(0.00836)IND(0.00918) ND(0.0089) ND(0.00719) ND(0.0157) ND(0.00697)

Benzo(k)fluoranthene EPA 8270C - ND(0 0033) ND(0.0033) J ND(0.00752) ND(0.00836)JND(0.00918) ND(0.0089) ND(0.00719) ND(0.0 157) ND(0.00697)
Chrysene EPA 8270C - ND(0.0033) ND(0.0033) J ND(0.00752) ND(0.00836)JND(0.00918) ND(0.0089) ND(0.007I9) ND(0.0157) ND(0.00697)
Fluoranthene EPA 8270C - 0.00899 ND(0.0033) J 0.00911 0.0101 0.0278 ND(0.0089) 0.0131 ND(0.0 157) ND(0 00697)

j j
indeno(i,2,3- EPA 8270C - ND(0.0033) ND(0.0033) ND(0.00752) ND(0.00836)~ND(0.009I8) ND(0.0089) ND(0.00719) ND(0.0157) ND(0.00697)

Naphthalene EPA 8270C - 0.0232~ 0.0216 fl~1fl~. ~Q.97.6~r ~pp.o4~v;7
Phenanthrene EPA 8270C - 0.27 ~ ~Tc;~y4~w~ c~J~.3z2 2
Pyrene EPA 8270C - 0.017 0.00527 0.0182’ 0.0186 0.0501 0.0126 0.0247 0 0254 0.00845
Polychiorinated Biphenyls

Aroclor 1260 EPA 8082 - ~ 14) w{ - I - I - - ~ 0.20) J

Metals

Aluminum EPA 6010B 47,500 20,100 11,900 17,100 14,500 27,200 29,200 29,800 20,900 29,200
Arsenic EPA 6020 ~S~JI~ 4.59 J 3.22 J 4.53 J 562 J ~ 481 J - 5.55 J 1.38 J
Barium EPA 6020 468 314 120 326 210 439 255 304 690 221

Beryllium EPA 6020 ND ND(2.5) ND(0.5) ND(I.14) ND(1.27) ND(6.95) ND(1.35) ND(I 09) ND(238) NDO 06)

~aø~c~nm

Revision No. 0
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in milligrams per kilogram)

0

iWIa4~:sa.~iws~r—r~r--~~ I I ~ p-i- — IWfl-~~. ~s ei~i

Boron EPA6OIOB 6•42L’ 6.68J 7.63.1 6.84.1 ND(6.34)UJI 12.1 ND(6.74)UJIND(5.45)UJ ND(ll.9)UJ ND(5.28)UJ
Cadmium EPA 6020 ND I ND(0.5) ND(1.14) ND(l.27) j ND(1.39) ND(1.35) ND(1.09) ND(2.38) ND(1.06)

Calcium EPA 6010B 7,720 17,300 32,700 22,700 20,900 31,200 15,900 33,000 31,200 20,500

Cerium EPA 6020 13 23.8 16.1 31.8 28.9 34.4 30.9 27.9 49.9 31

Cesium EPA 6020 ND 0.546 ND(0.5) ND(1.14) ND(1.27) ND(I.39) ND(l.35) ND(1.09) ND(2.38) ND(l.06)
Chromium EPA 6020 189 ~ Z4w~!~1%4Z6..)sF~’ ~fl773 J~ ~ 545S~ ~

Cobalt EPA 6020 37.3 18.1 J 6.78 J 8.99 J 8.3 ~ 18.5 J 16 J 15.3.1 12.8 J 8.91 .1

Copper EPA 6020 WJ4~ 0 — ~~119S JL~t~ j 11.3 ~ ‘~‘ ~4~51 rç
Iron EPA 6010B J129Q 10,100 18,600 ~j$g9$~4~~ ~ fl~7~0 !~

Lithium EPA 6020 21.7 6.83 3.52 6.95 6.22 10.4 3.72 9.42 8.63 12.2

Magnesium EPA 601 OB 17,000 11,300 5,460 9,230 7,130 1 5,600 10,200 15,000 I 1,300 8,270
Manganese EPA 6020 l~ 360 ~~~*32~~ £ flU~kS &I~?1i03*~ 4~5274~
Molybdenum EPA 6020 ND ND(1) ND(0.5) ND(1 1.4) ND(6.34) ND(27.8) ND(6.74) ND(10.9) ND(I 1.9) ND(1.06)

Nickel EPA 6020 988 11 I 88 119 159 141
Potassium EPA6OIOB 1,290 2,460.1 930J 2,160.1 1,610J 3,150.1 1,510.1 2,820J 3,000.1 1,640.1
Selenium EPA 6020 3.15 0.705 ND(0.5) ND(I.14) ND(I.27) ND(l.39) ND(I.35) ND(I.09) ND(2.38) ND(l.06)

Strontium EPA6020 207 217J 226.1 269.1 245.1 412.1 268.1 412J 412J 170J

SECTION 4.0 SITE CHARACTERIZATION
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TABLE 4.6-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D MUD PITS
(concentrations in milligrams per kilogram)

‘~

r r Z~

t a
~‘ •

• k ~
- - - w~ir flQ~%iI 4Ii1~4~t~iS

Thallium EPA 6020 ND ND(0.5) ND(0.5) ND(l.14) ND(1.27) ND(1.39) ND(1.35) ND(1.09)J54D(2.38) ND(l.06)
Thorium EPA 6020 ND 2.92 3.68 9.38 9.05 8.19 6.63 5.63 15.3 8.22
Titanium EPA 6020 1,480 1,460 J 741 J 1,240 J 849 J 2,680 J 4191 2,590 S 407 J 2973

Uranium EPA 6020 ND 1.12 1.43 3.44 3.3 3.51 2.45 2.12 5.51 2.96

Vanadium EPA 6020 336 128 J 74.! 3 88.63 77.4 J 202 J 128 J 1623 1263 44.83

Zinc EPA 6020 85 84.6 J 35.21 64.1 J 57.33 97.4 J 75.33 965 J 90.53 65 J

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
R result rejected due to quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.

SECTION 4.0 SITE cHARAcTERIzATIoN Revision No. 0
U.S. Army Corps of Engineers. Alaska District Date: 9/30/99
Amchilka Island, Alaska Page 12 of 12

DOE 1998 DRILL SITE CHARACTERIZATION REPORT x-o926-04



TABLE 4.6-3
SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE D LAKE

(concentrations in micrograms per liter)

Diesel Range Hydrocarbons IAK 102 - 119 56.2 j 74
Volatile Organic Compounds ____________ _______ _________ _________ _________

1,2,4-Trimethylbenzene EPA 8260B - ND(1) ND(1) ND(1)
l,3,5-Trimethylbenzene EPA 8260B - ND(1) ND(1) ND(1)

2-Butanone EPA 8260B - ND(20) ND(20) ND(20)

Carbon disullide EPA 8260B - ND(1) ND(1) ND(1)
Methylene chloride EPA 8260B - 4.1 U 3.17 U 4.42 U
Naphthalene EPA 8260B - ND(1) ND(1) ND(I)
Polycyclic Aromatic Hydrocarbons ________ _________ _________ _________

Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)

Anthi ______ _____

Benzo(a)anthracene EPA 8270C - ND(0.l)

~Benzo(ghOpei’lene EPA 8270C - ND(0.1) ND(0.l) ND(0.1)

Isenzo(k)fluoranthene EPA 8270C - ND(0. 1) ND(0.1) ND(0. I)
ICl~n’sene _____________ ________ _________ _________ ________

IFluoranthene EPA 8270C - ND(0.1) ND(0.1) ND(O.I)

IFluorene EPA 8270C - ND(0. 1) ND(0. 1) ND(0. I)

Itndeno( 1,2,3-cd)pyrene EPA 8270C . - ND(0. 1) ND(0.1) ND(0. I)
~NaphthaIene EPA _______ _________ _________ _______—

IPhenanthrene EPA
Pyrene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)

IMetals _______________ __________ ___________ ___________ ___________

lAluminum EPA 6020 ~_7~%tJ~~ ND(50) ~
lArsenic C EPA 6020 ND(1) ND(1) ND(1) ND(1)
Barium EPA 6020 ND(10) ND(10) ND(10) ND(10)

Beryllium EPA 6020 ND(1) ND(1) ND(1) ND(1)

Boron EPA 6010B ND(50) ND(50) ND(50) ND(50)

Cadmium EPA 6020 ND(1) ND(1) ND(1) ND(1)

Calcium EPA 6010B 8,810 b 4,740 4,700 5,700

acene

Benzo(a)pyrene
Benzo(b)fluoranthene

SECTION 4.0 SITE CHARACTERIZATION Revision No. 0
U.S. Army Corps of Engineers, Maslca District Date: 9/30/99
Amchitka Island, Alaska Page 1 of 3
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ND(0.1)
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TABLE 4.6-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR DRiLL SITE I) LAKE

(concentrations in micrograms per liter)

~ 3Ø~4(~J~ ~ ~;~~irq :~t~ct~~

~tg*~tt~~~t’~~ct~i~:F$~
IT1~~ I~4~4 i$11.~ ~ ~ ~P

--

Cerium EPA 6020 ND(1) ND(1) ND(1) ND(1)
Cesium EPA 6020 ND(1) ND(1) ND(1) ND(1)
Chromium C EPA 6020 3.49” 10.5 10.5
Cobalt EPA 6020 9.52 5.01 5.18 4.66
Copper EPA 6020 3.63 3.54 3.33 J

Iron EPA 6010B ~9J~ ND(150) ND(150) ND(150)
Lithium EPA 6020 ND(1) 1.13 1.12 1.18
Magnesium EPA 6010B 5,250 4,230 4,220 4,340

Manganese EPA 6020 21.1 17.2 28.9
Molybdenum EPA 6020 ND(1) ND(1) ND(1) ND(1)
Nickel EPA6O2O 1.69” 1.87J 1.92J 1.6
Potassium EPA6OIOB 1,190” 2,080J 1,310J 1,890
Selenium EPA 6020 ND(1) ND(1) ND(1) ND(1)
Strontium EPA 6020 44.1” 38.5 38.4 39.9
Thallium EPA 6020 2.13” ND(1) ND(1) ND(1) UJ

Thorium EPA 6020 1.14 b ND(1) UJ ND(1) UJ ND(1) UJ
Titanium EPA 6020 2.37” 2.83 S 2.46 J 8.83 J

Uranium EPA 6020 ND(1) ND(1) ND(]) ND(1)
Vanadium EPA 6020 1.44” 1.44 1.65 1.52
Zinc EPA 6020 12.8” ND(I0) ND(10) ND(10)

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations

SECTION 4.0 SITE CHARACrERIZATION Revision No.0
U.S. Army Corps of Engineers. Alaska District Date: 9/30/99
Amchitka Island, Alaska Page 2 of 3

DOE 1998 DRILL SITE CHARACTERIZATION REPORT X-0926-04



TABLE 4.6-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE D LAKE

(concentrations in micrograms per liter)

U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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0
TABLE 4.6-4

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE D LAKE
(concentrations in milligrams per kilogram)

iim~ii~itpi~

SECTION4.O SITECIIARA(TI ItI/’%II”%
U.S. Army Corps of Fnginccrs i~ ~L. I
Amchitka Island. Alaska

C. 0

a—
flw

Z~5I~. I~ ~ ~ ~4;:~9~9i~
Diesel Range Hydrocarbons IAK 102 - 125 130 146 97.3 66.2
Volatile Organic Compounds
l,2,4-Trimethylbenzene EPA 82608 - ND(0.005) ND(O.0228) ND(0.018) ND(0.0248) ND(0.0199)

1,3,5-Trimethylbenzene EPA 82608 - ND(0.005) ND(0.0228) ND(0.018) ND(0.0248) ND(0.0199)

2-Butanone EPA 82608 - ND(0.0l) ND(0.0456) ND(0.036) ND(O.0495) 0.0496 J

Carbon disulfide EPA 82608 . 0.0253 UJ 0.0379 Ui ND(0.018) 0.0332 Ui 0.197 Ui

Methylene chloride EPA 82608 - ND(0.005) ND(0.0228) ND(0.018) ND(0.0248) ND(0.0199)
Naphthalene EPA 82608 - ND(0.005) ND(0.0228) ND(0.018) ND(0.0248) ND(0.0199)

Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 8270C - ND(0.0033) ND(0.015) ND(0.0119) ND(0.0163) ND(0.0l31)
Anthracene EPA 8270C - ND(0.0033) ND(0.0 15) 0.0216 ND(0.0 163) ND(0.0 131)

Benzo(a)anthracefle EPA 8270C - ND(0.0033) ND(0.0 IS) ND(0.0 1 19) ND(0.0 163) ND(0.0 131)
Benzo(a)pyrene EPA 8270C - ND(0.0033) ND(0.0 IS) ND(0.01 19) ND(0.0 163) ND(0.0 131)
Benzo(b)fluoranthene EPA 8270C - ND(0.0033) ND(0.0 15) ND(0.0 I 19) ND(0.0 163) ND(0.0 131)

Benzo(ghi)perykfle EPA 8270C - NIJ(0.0033) ND(0.0 15) NID(0.0 I 19) ND(0.0 163) ND(0.0 131)
Benzo(k)fluoranthefle EPA 8270C - ND(0.0033) ND(0.015) ND(0.01 19) ND(0.0163) ND(0.0131)

Chrysene EPA 8270C - ND(0.0033) ND(0.015) ND(0.0119) ND(0.0163) ND(0.0I31)
Fluoranthene FPA 8271K’ NI)(o,0033) ND(O.015) ND(0.01 19) ND(0.0163) ND(0.0131)

Revision No. 0
Date: 9/30/99
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TABLE 4.6-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE U LAKE
(concentrations in milligrams per kilogram)

i~iinrn.twISI
~~ i~t*~ ‘~

~p~Qfl~ ~flj~
Fluorene EPA 8270C - ND(0.0033) 0.0243 ~ ND(0.0163) ND(0.0131)
lndeno(l,2,3-cd)pyrene EPA 8270C - ND(0.0033) ND(0.015) ND(0.0l 19) ND(0.0163) ND(0.0l3 1)

Naphthalene EPA 8270C - ND(0.0033) R ND(0.01 5) R ND(0.0l 19) R ND(0.0I 63) R ND(0.0 131) R

Phenanthrene EPA 8270C - 0.00588 0.0213 0.207 ND(0.0163) 0.0609
Pyrene EPA 8270C - ND(0.0033) ND(0.0l5) 0.036 ND(0.0 163) 0.02 12
Polychlorinated Biphenyls

Aroclorl26O 1EPA8082 I - I - I - I - - I -

Metals
Aluminum EPA 6010B 47,500 21,900 20,700 22,000 18,200 14,400

Arsenic . EPA 6020 ~ ND(0.5) 4.82 5.08 3.01 3.38
Barium EPA 6020 468 38.1 515 484 424 371

Beryllium EPA 6020 ND ND(0.5) ND(2.28) ND(1.8) ND(2.48) ND(I.99)
Boron EPA 6010B 6.42 b ND(2.5) ND(I 1.4) ND(9.01) ND(12.4) ND(9.93)

Cadmium EPA 6020 ND ND(0.5) ND(2.28) ND(1.8) ND(2.48) ND(l.99)
Calcium EPA 60108 7,720 6,710 9,530 10,500 9,270 8,480
Cerium EPA 6020 13 9.45 44.3 42.1 61.4 23.6
Cesium EPA 6020 ND ND(0.5) ND(2.28) ND(I.8) ND(2.48) ND(I.99)

Chromium EPA 6020 18.9 16.! ~~~

sECTION 4.0 SITE CHARACTERIZATION Revision No. 0
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TABLE 4.6-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE P LAKE
(concentrations in milligrams per kilogram)

- f3~5

~

a

. :~‘

~t
j v

Cobalt EPA 6020 37.3 2.63 9.66 9.83 7.23 5.65
Copper EPA 6020 2 6L - 3$ ft~
Iron EPA 60 lOB - r ~tJ~Qq~ ~~LQ9~1~~
Lithium EPA 6020 21.7 1.83 6.27 6.15 5.68 6.31
Magnesium EPA 60 lOB 17,000 881 7,110 8,370 6,790 4,890

Manganese EPA 6020 6!L 98.7 ~~~P83j~L~ ~748~ffr~

Molybdenum EPA 6020 ND ND(0.5) UJ ND(2.28) Ui ND(3.6) UJ ND(2 48) UJ ND(l .99) Ui

Nickel EPA 6020 28;S 5.78 15.1 14.4 15.9 11.7

Potassium EPA 6010B 1,290 216 1,850 2,020 1,930 1,530

Selenium EPA 6020 3.156 ND(0:5) ND(2.28) ND(l.8) ND(2.48) ND(1.99)

Strontium EPA 6020 207 59.4 182 200 163 146
Thallium EPA 6020 ND ND(0.5) ND(2.28) ND(l.8) ND(2.48) ND(l.99)

Thorium EPA 6020 ND 0.91 8.81 8.76 16.8 3.51
Titanium EPA 6020 1,480 416 1,950 1,640 1,290 1,170
Uranium EPA 6020 ND ND(0.5) 3.57 3.96 6.22 2
Vanadium EPA 6020 336 32 99.7 83.2 73 6 57.3

Zinc EPA 6020 35 , 13.6 73.4 71.8 68.1 55.8

SECTION 4.0 SITE CHARACrERIZATION Revision No.0
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TABLE 4.6-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE U LAKE
(concentrations in milligrams per kilogram)

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
UJ analyte not detected at the listed concentration or analyfe concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
R result rejected due to quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.6-5
SURFACE WATER ANALYTICAL RESULTS FOR FALLS CREEK, DRILL SITE D

(concentrations in micrograms per liter)

Diesel Range Hydrocarbons AK 102 - 80 U ND(50) ND(50) 84.9 U 72.4 U
Volatile Organic Compounds ___________ __________________ _________ __________ _________ _________

1,2,4-Trimethylbenzene EPA 8260B - ND(1) ND(1) ND(1) ND(1) ND(1)

1,3,5-Trimethylbenzene EPA 8260B - ND(1) ND(1) ND(1) ND(I) ND(1)

2-Butanone EPA 82608 - ND(20) ND(20) ND(20) ND(20) ND(20)

Carbon disulfide EPA 82608 - ND(1) ND(1) ND(1) ND(I) ND(1)
Methylene chloride EPA 82608 - ND(2) 3.03 U 4.95 U ND(2) ND(2)
Naphthalene EPA 8260B - ND(1) ND(1) ND(I) ND(l) ND(1)
Polycyclic Aromatic Hydrocarbons ________ _________ __________ __________ ____________________

O Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(0.l)Anthracene —

IBenzc ____________________ ___________ _______ _________

IBer ___________________________

18cr ___________________________

I Benzo(k)fluoranthene ___________ _______ _________ _________ __________

Chrysen ________ ______ _______ _______

F’ __________ _______ _________ _________ _________ _________ _______

F’ __________ _______ _________ _________ _________ _________ _______

Indeno(1,2,3-cd)pyrene EPA 8270C - ND(0.I) ND(0.1) ND(0.1) ________ ND(0.1)

fr~hthalene ___________ _______ _________ _________ _________ —

IPhenat~threne ____________ ________ __________

Pyrene EPA 8270C - ND(0.1) ND(0.1) ND(0.1) ND(0.I) ND(0.1)

Metals _____________ _________ ________________________ _______________________

Aluminum EPA 6020 ~8~5J ND(50) ND(50) ND(50) ND(50) ND(50)
~i~nic’ EP _______ _______ ______ ND(1) ND(1) ND(l) ND(1)

‘Barium El _______ _______ _______— ND(10) ND(I0) ND(10) ND(10)
Beryllium El _________ ________ ________— ND(1) ND(1) ND(1) ND(1)

Boron El _________ ________ ________— ND(50) ND(50) ND(50) ND(50)

Cadmium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

‘(a)anthracene
zo(a)pyrene
izo(b)fluoranthene

enzo(ghi)perylene

e
tuoranthene
iuorene -

EPA 8270C
EPA 8270C
EPA 8270C
EPA 8270C
EPA 8270C

EPA 8270C
EPA 8270C
EPA 8270C
EPA 8270C

EPA 8270C

EPA 8270C

A 6020

‘A 6020

‘A 6020

‘A 6010B

SECTION 4.0 SITE CHARACTERIZATION Revision No.0
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ND( 1)

ND( 10)
ND(1)

ND(50)

ND(0.1)
ND(0.1)
ND(0.1)
ND(0.1)

ND(0.1)
ND(0.l)
ND(0.1)

ND(0.1)
ND(0.1)

ND(0.l)
ND(0.1)

—I)
ND(10)
ND( 1)

ND(50)

ND(0.1)
ND(0.1)
ND(0.l)
ND(0.1)
ND(0.1)
ND(0.1)

ND(0.1)
ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)
ND(0.1)
ND(0.1)
ND(0.I)

ND(0.1)
ND(0.1)
ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)
ND(0.l)
ND(0.1)
ND(0.1)

ND(0.l)
ND(0.1)
ND(0.1)
ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0.1)

ND(0. 1)
ND(0.l)
ND(0.1)
ND(0.l)
ND(0.l)

ND(0.l)
ND(0.1)
ND(0.l)

ND(0.l)

ND(0.1)

ND(0.1)
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TABLE 4.6-5 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR FALLS CREEK, DRILL SITE D
(concentrations in micrograms per liter)

i I!
~ __,~C ~Z - nt .. rt~ Th.~
~ f.(.~..!7 fl4 cli 4at’4’~.’- Q.tor £l4JiC~--t;~~s~tit rile
~tWJ~fl~R;ji~iIiA~ia.SareM~
Calcium EPA 6010B 8,810” 3,850 3,980 4,060 3,740 4,990
Cerium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

Cesium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Chromium C EPA 6020 ~ b ND(1) ND(1) ND(1) ND(1) ~
Cobalt EPA 6020 9.52 3.01 2.83 3.05 3.55 4.59
Copper EPA 6020 ~ ND(1) UJ 1.41 J 1.4 J 1.23 J 3.3 J
Iron EPA 60108 ~2~39~ftJ ND(150) 199 171 174 ND(150)
Lithium EPA 6020 NIJ(1) ND(1) ND(1) 1.04 ND(1) ND(1)
Magnesium EPA 6010B 5,250 3,650 3,690 3,750 3,690 4,350
Manganese EPA 6020 J~74~~ 10.4 15.7 14.3 14.8 17.1
Molybdenum EPA 6020 ND(1) ND(1) ND(1) . ND(1) 1.01 ND(1)

Nickel EPA 6020 1.69” ND(1) ND(1) ND(1) 1.13 1.59
Potassium EPA6OIOB 1,190” 1,990J 1,980J 2,040J 1,910.1 2,270.1

Selenium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Strontium EPA 6020 44.1” 31.9 35.2 34.1 33.2 36.9
Thallium EPA 6020 2.13 b ND(1) ND(1) ND(1) ND(l) ND(1)

Thorium EPA6O2O l.14L~ ND(l) ND(1) ND(1) ND(l) ND(1)
Titanium EPA 6020 2.37” 1.31 J 1.25.1 1.42.1 1.51 J 2.37.1
Uranium EPA 6020 ND(1) ND(l) ND(1) ND(1) ND(l) ND(1)
Vanadium EPA6O2O 1.44” 1.62.1 1.74J 1.74.1 1.92J 2.37.1

Zinc EPA6O2O 12.8” 23.3J 12.3.1 11.2.1 11 J 14J

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
~ This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

C Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this

element; see Table 2-8.
ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.

Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
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TABLE 4.6-5 (cont)
SURFACE WATER ANALYtICAL RESULTS FOR FALLS CREEK, DRILL SITE D

(concentrations in micrograms per liter)

J result considered estimated because less than the practical quantitation limit, or due to other quality control
considerations

U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.6-6

SEDIMENT ANALYTICAL RESULTS FOR FALLS CREEK, DRILL SITE D

Diesel Range Hydrocarbons IAK 102 ~mg/kg - 176 ND(4) ND(14.1) ND(17.3) ND(12.3)
Volatile Organic Compounds
I,2,4-Trimethylbenzene EPA 82608 mg/kg - - ND(0.6) ND(l.94) ND(I.73) ND(1.39)

1,3,5-Trimethylbenzene EPA 82608 mg/kg - - ND(0.6) ND(1.94) ND(1.73) ND(l.39)

2-Butanone EPA 82608 mg/kg - - ND(15) ND(48.5) ND(43.4) ND(34.6)

Carbon disulfide EPA 82608 mg/kg - - ND(3) ND(9.7) ND(8.67) ND(6.93)

Methylene chloride EPA 82608 mg/kg - - ND(3) ND(12.3) ND(8.67) ND(6.93)

Naphthalene EPA 82608 mg/kg - - ND(0.6) ND(1 .94) ND(1 .73) ND(1 .39)

Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 8270C mg/kg - ND(0.00885) ND(0.0033) ND(0.O1 16) ND(0.0143) ND(0.0102)

Anthracene EPA 8270C mg/kg - 0.0161 ND(0.0033) ND(O.0I 16) ND(0.0143) ND(0.0102)
Benzo(a)anthracene EPA 8270C mg/kg - 0.034 ND(0.0033) ND(0.0I 16) ND(0.0143) ND(0.0102)

Henzo(a)pyrene EPA 8270C mg/kg - 0.0501 ND(0.0033) ND(0.01 16) ND(0.0143) ND(0.0102)
Benzo(b)fluoranthene EPA 8270C mg/kg - ~ ND(0.0033) ND(0.01 16) ND(0.0143) ND(0.0102)
Benzo(ghi)perylene EPA 8270C mg/kg - 0.0143 ND(0.0033) ND(0.0I 16) ND(0.0143) ND(0.0102)
Benzo(k)fluoranthene EPA 8270C mg/kg - 0.0322 ND(0.0033) ND(0.0116) ND(0.0143) ND(0.0 102)

Chrysene EPA 8270C mg/kg - 0.02 15 ND(0.0033) ND(0.0I 16) ND(0.0 143) ND(0.0 102)

Fluoranthene EPA 8270C mg/kg - 0.0232 NID(0.0033) ND(0.01 16) ND(0.0143) ND(0.0l02)
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TABLE 4.6-6 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR FALLS CREEK, I)RILL SITE I)

EPA 6020

EPA 6020

EPA 6020

EPA 60108
EPA 6020

EPA 60108
EPA 6020
EPA 6020

EPA 6020

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

C 0 0
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n~, ~

~flYfk~i4~3W~f ~ati~

Fluorene ‘EPA 8270C mg/kg - 0.0125 ND(0.0033) L54D(0.0l 16) ND(0.0143) ND(0.0102)
lndeno(1,2,3-cd)pyrene EPA 8270C mg/kg - 0.0197 ND(0.0033) ND(0.0I 16) ND(0.0143) ND(0.0102)

Naphthalene EPA 8270C mg/kg - ND(0.00885) ND(0.0033) ND(0.01 16) ND(0.0143) ND(0.0102)

Phenanthrene EPA 8270C mg/kg - 0.125 ND(0.0033) ND(0.01 16) ND(0.0143) ND(0.0102)

Pyrene EPA 827CC mg/kg - 0.0554 ND(0.0033) ND(0.01 16) ND(0.0143) ND(0.0102)
Polychlorinated Biplienyls

ArocIorl26O 1EPA8082 ~mg/kg - I - I - I - I - I -

Metals

Aluminum EPA 60108 mg/kg 47,500 - 11,900 9,490 15,700 17,500 38,200

Arsenic

Barium

Beryllium

Boron
Cadmium
Calcium

468

1.62 J

Cerium

mg/kg
mg/kg

mg/kg

mg/kg
mg/kg

mg/kg

86.9

4.05 J

ND

6.42

Cesium

ND(l.34)

53

4.24 J

Chromium

ND

17.2 J

61.3

ND(0.5)

45 J

7,720

ND(I.34)

_____________

ND(1 .76)

139

4,160

ND(0.5)

29 S

ND(2.17)

181
ND(I .54)

1,700

ND(1 .76)

1495

2,510

ND(2.17)

mg/kg 13 14.6 331 7.45 8.19 10.6

mg/kg ND ND(1.34) ND(0.5) ND(1.76) ND(2.17) ND(I.54)
mg/kg -~ 18.9 ~J~2gj7g4 23.1 20.6 ~tj~t4!~i~~

2,720

1635

ND(I .54)
7,410
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TABLE 4.6-6 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR FALLS CREEK, DRILL SITE D

~w ~~fl~ !€X~f ~?S~

4 ~4~*~tE~t~JS ~ eaLt ~ ~Stition 5
Cobalt EPA 6020 mg/kg 37.3 4.62 7.76 9.82 17.9 23.5
Copper EPA 6020 mg/kg 8~4~~ 44~ ,~t21,5 “,~‘ ‘ ‘ ~55Ji~’ ‘,~ ~21’7 ~‘ ~. 93 1

Iron EPA 60108 mg/kg 4j23,0j~0Ia 8,960 t$t~ 20,20O’~ 14,900 -68,600 r 85,500

Lithium EPA 6020 mg/kg 21.7 2.51 J 2.893 3.93 4.63 16.63

Magnesium EPA 60108 mg/kg 17,000 2,610 1,660 1,760 2,010 17,300

Manganese EPA 6020 mg/kg ~i26s50Or1 256 ~~ IJ4~t~IW ~~ 2,080

Molybdenum EPA 6020 mg/kg ND ND(1 .34) 0.555 ND( 1.76) ND(2. 17) ND( 1.54)

Nickel EPA 6020 mg/kg 238~~ ‘5.5 I 1.4 13.8 ~i8~$~t$i~~
442

ND(I .34)

175

35.2

ND(0.5)

248

19.8

ND(1 .76)
415

ND(1.34) UJ
ND(l.34)

Potassium EPA 60108 mg/kg 1,290

Selenium EPA 6020 mg/kg 3.15 b

Strontium EPA 6020 mg/kg 207
Thallium EPA 6020 mg/kg ND

Thorium EPA 6020 mg/kg ND
Titanium EPA 6020 mg/kg 1,480
Uranium EPA 6020 mg/kg ND
Vanadium EPA 6020 mg/kg 336
Zinc EPA 6020 mg/kg ~
Total Organic_Carbon EPA 415.1 mod. mg/kg -
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ND(0.5)_UJ
31.3

ND(2.17)

1,o~0

650 J

ND(0.5)

ND(l.76)_Ui

38.1

ND(I.54)

2.49

376 3

ND(1.76)

ND(2.17) Ui

49.2

ND(0.5)

506 J
ND(2.17)

82 3

ND(1 .76)

755 3
ND(2.17)

11,600

60.9 116 205
1043 i2~2~cJi~I~ 106J

93.7

ND(I.54) Ui
ND(I.54)

1,590 S
ND(l 54)

247
C. 23{J’

26,600$8,600 I 50,200 82,700



TABLE 4.6-6 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR FALLS CREEK, DRILL SITE B

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this
report for a description of background concentration calculations.

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this~ parameter
mg/kg milligrams per kilogram
umolfg micromoles per gram
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.6-7
FISH ANALYTICAL RESULTS FOR FALLS CREEK, DRILL SITE D

(concentrations in milligrams per kilogram)

.1.:....P4.i~.OI. ~ 4C$~ ~t.
~~~
~ ~r ,j~’~~V&’ tp~~~’ ~
~9~* ;Et:~~P~
~W~1~$~q’; ¶j0k 1~’ -

Revision No. 0
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n~i~ tiit~&t;~t;~
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Polycyclic Aromatic Hydrocarbons
Acenaphthene SW8270 SIM 81.1 - ND(0.0335) ND(0.0067)
Acenaphthylene SW8270 SIM NA - ND(0.0335) ND(O.0067)
Anthracene SW8270 SIM 405.6 - ND(0.0335) ND(0.0335)
Benzo (a) anthracene SW8270 SIM 0.0043 - ND(0.168) ND(0.0335)
Benzo (a) pyrene SW8270 SIM 0.00043 - ND(0.168) ND(0.0335)
Benzo (b) fluoranthene SW8270 SIM 0.0043 - ND(0.168) ND(O.0335)
Benzo (ghi) perylene SW8270 SIM NA - ND(0.168) ND(0.0335)
Benzo (k) fluoranthene SW8270 SIM 0.043 - ND(0.168) ND(0.0335)
Chrysene SW8270 SIM 0.43 - ND(0.168) ND(0.0335)
Dibenzo (a,h) anthracene SW8270 SIM 0.00043 - ND(0.168) ND(0.0335)
Fluoranthene SW8270 SIM 54.1 - ND(0.0335) ND(0.0335
Fluorene SW8270 SIM 54.1 - ND(0.0335) ND(0.0067i
Indeno (1,2,3-cd) pyrene SW8270 SIM 0.0043 - ND(0.168) ND(0.0335)
r4aphthalene SW8270 SIM 27.0 - ND(0.0335) ND(0.0067,
Phenanthrene SW8270 SIM NA - ND(0.0335) ND(0.0335)
Pyrene SW8270 SIM 40.6 - ND(0.168) U) ND(0.053$
Polychlorinated Biphenyls
Aroclor 1016 SW8081 - - ND(0.01) U) ND(0.O UI]
Aroclor 1221 SW8081 - - ND(0.02) UJ ND(0.02~ I J
Aroclor 1232 SW8081 - - ND(0.01)UJ ND(0.0I ) I. J
Aroclor 1242 SW8081 - - ND(0.01) U) ND(0.0I ii 3
Aroclor 1248 SW8081 - - ND(0.01)UJ ND(0.Oli Ii
Aroclor 1254 SW8OS1 - - ND(0.01) U) ND(0.01 ) Ii
Aroelor 1260 SW8081 00016 - j~18~k~ttis’ 003253
Metals
Aluminum SW6020 1351.9 38.8 23.4 23.9
Arsenic (total) SW6020 0.21 ~ 0.038 0.0485
Arsenic (inorganic) EPA Draft 1632 0 0021 wO~0456i~4 I~~w0Q4s ~mi ~ ~0 00379
Barium SW6020 94.6 0.567 0.722 0.571
Beryllium SW6020 2.7 ND ND(0.0250) ND(0.0250)
Boron SW6020 121.7 24.1 9.4UJ 9.04UJ
Cadmium SW6020 1.4 ND ND(0.0250) ND(0.0250) -

Calcium SW6020 NA 10,300 5,650 8,270
Cerium SW6020 NA ND ND(0.0250) ND(0.0250)
Cesium SW6020 NA ND ND(0.0250) ND(0.0250)
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a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless
otherwise noted. See Appendix D of this report for a description of background concentration calculations.

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

ND( 1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
B analyte detected in method blank
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank or laboratory contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-10.
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FISH ANALYTICAL RESULTS FOR FALLS CREEK, DRILL SITE D

(concentrations in milligrams per kilogram)
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in the trench comes from the northwest mud pit. View is to the south.

water flows towards the unnamed lake at Drill Site D (not pictured). View is
to the south.

SHANNON & WILSON, INC.
GEOTECHNICAI. AND ENVIRONMENTAL CONSULTANTS

Photo 4.6-1: Water flowing through a trench into the south mud pit at Drill Site D. Water

-

Sz~z:~
-

Photo 4.6-2: Water exiting the south mud pit through a trench in the east wall. This

PHOTOS 4.6-1 & 4.6-2



Photo 4.6-3: Piping manifold located near the northeast mud pit (location shown in Figure
4.6-1). Manifold pipe is approximately 20 feet long by 2 feet in diameter and
rests on a 20-foot-square concrete pad. The manifold has six large gate valves
that were all closed, though one leaked (see photo below). A 20-inch-
diameter pipe runs from the manifold into the side of the northeast mud pit
berm (shown at back edge of manifold, midway along the pipe).

I SHANNON & WILSON, INC. I
GEOTECHNICAL AflD ENVIRONMENTAL CONSU~.TANTS PHOTOS 4.6-3 & 4.6-4

Photo 4.6-4: This photo shows water leaking from one of the valve gates. The water had
no apparent sheen or odor.
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Photo 4.6-5: Surface water sampling in unnamed lake at Drill Site D.
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Photo 4.6-6: Southern part of
north.

Reach I, Falls Creek, Drill Site D. Facing upstream, to the
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Photo 4.6-7: Middle portion of Reach 2, Falls Creek, Drill Site D. Facing south and
downstream.

Photo 4.6-8: Mouth of Falls Creek, facing east.
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4.7 DRILL SITE F

4.7.1 Site Description

Drill Site F was developed by the AEC for an underground nuclear test but was not used. The
site is located approximately 1,500 feet south of Infantry Road in the vicinity of Mile 18.7
(Figure 1-2). In preparation for the test, the AEC drilled a 7,012-foot-deep exploratory hole and
began a 7.5-foot-diameter emplacement hole, but only extended it to 531 feet. Drilling was
performed between July 1967 and January 1968. Prior to demobilizing from the island, the ABC
backfilled the holes with drilling mud and abandoned them. The holes were sealed with 10-foot
cement plugs and welded steel caps prior to abandonment. The location of each hole is marked
with a concrete pad and steel post. The site originally contained four drilling mud pits.
Currently only one mud pit remains, and it is partially backfilled. The other three mud pits have
been completely backfilled. The area where the backfilled mud pits are located is graded and
sparsely vegetated. A plan showing site features is presented in Figure 4.7-1.

The topography of Drill Site F and vicinity is shown in Figure 4.7-2. The drill site drains
southeastward toward Limpet Creek, which flows approximately 10,000 feet between the site
and the Pacific Ocean. A large lake and stream to the west of the drill site also were suspected to
have been impacted by drilling mud and therefore were included in the site reconnaissance. As
discussed in Section 4.7.4.3, the reconnaissance identified no evidence that either the lake or the
stream were impacted.

4.7.2 Site History

The historical information obtained for this study indicates that drilling mud spilled from the
mud pits impacted Limpet Creek. The historical information also states that an additional stream
was impacted by drilling mud. According to the ABC planning document (ABC/NV, 1972):

“These stream beds have been polluted by drilling mud overflowing or leaking from
sumps or pits during ABC operations. ... Streams [twoj ... near Site F ... suffered
pollution from mud escaping from the sumps at these sites.”

The two impacted streams referred to are shown on a map in the planning document. The first
stream is Limpet Creek. The second stream drains a large lake located west of the drill site.
Based on this information, a reconnaissance was conducted for both the Limpet Creek drainage
and the upper portion of the second stream, including the lake at its headwaters.

SECTION 4.0 SITE CHARACTERIZATION Revision No.0
U.s. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page 4-109

DOE 1998 SITE CHARACTERIZATION REPORT X-0926-04



4.7.3 Characterization Activities

Investigation activities at Drill Site F consisted of a detailed reconnaissance of the drill site to
veri& and record site features, and investigations of the mud pit. the western lake and stream,
and Limpet Creek. Three sediment samples were collected from representative locations in the
mud pit. Surface water samples were also collected at the three sediment sample locations. Mud
pit sampling locations are shown in Figure 4.7-1.

The large, lake located west of the drill site and the upper section of its drainage stream were
observed visually for the presence of drilling mud or impacts associated with drilling mud. The
lake bottom sediments on the side nearest the drill site were also probed using a hand auger. No
samples were collected from the lake for laboratory analysis. This site is discussed further in
Section 4.7.4.3.

A detailed reconnaissance was performed of Limpet Creek and the drainage pathways leading to
it from the drill site, to observe the stream’s ecology and select sampling locations. Sediment
and surface water samples for chemical analysis were collected from five stations along the
stream. Invertebrate, bioassay, and fish samples were collected from three of these stations.
Stream sampling locations are shown in Figure 4.7-2. The samples collected from the mud pit
and Limpet Creek were shipped to off-site laboratories for testing. The types of tests performed
and their results are discussed in the section below.

4.7.4 Observations and Analytical Results . C)
4.7.4.1 Mud Pit

The mud pit at Drill Site F has been partially backfilled with sandy gravel; two portions still
contain standing water (Figure 4.7-1). Based on site observations, the mud pit was originally
about 400 feet long and 50 feet wide. The largest remaining portion of the mud pit that has not
been backfilled is approximately 200 feet long and 25 feet wide (Photo 4.7-1). A smaller portion
of the mud pit that has also not been backfilled is located at the east end of the original mud pit;
this area is about 20 feet long by 10 feet wide (Photo 4.7-2). The mud pit is located on a
moderate slope and appears to have been constructed on bedrock after the native peaty soils were
removed. The mud pit was constructed with a 6- to 8-foot-tall sandy gravel berm on its downhill
side; the sides of the berm slope at approximately 1.5 horizontal to I vertical. The uphill side of
the mud pit is level with the original ground surface. No areas of significant erosion or failure
were observed in the berm, and it appeared to be relatively stable. Two 8-inch-diameter wood-
stave pipes were observed buried at a depth of about 1 foot below the top of the berm on the
downhill side of the mud pit (Photo 4.7-3). These pipes provide a drainage pathway and prevent
the water in the mud pit from overtopping the berm. No surface water was draining from the
pipes (which were at an elevation higher than the water surface in the mud pit) or any other
portion of the mud pit at the time of the investigation.
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The two portions of the mud pit not backfihled contained water about 0.5 to 1.0 foot deep. The
sediment in these two areas consisted of gray, gravelly bentonite that had no noticeable diesel
odor and did not generate a sheen when disturbed. Based on field measurements (including
explorations with a steel probe in areas where no samples were collected) the bentonite in the
west portion of the mud pit ranges from 0.5 foot to 6 feet thick. The bentonite in the east portion
of the pit is 0.3 to 1 foot thick. The estimated total volume of drilling mud remaining in both
open portions of the mud pit is 310 cubic yards. The estimated total volume of water in both
portions of the mud pit at the time of field work is 20,300 gallons. Note that the mud volume
estimate is based on the mud that was visible in the pit and does not include mud that might be
present below backfill (see Section 2.4.3.1.3). Sample descriptions and field screening results
for samples collected from the mud pit are summarized in the following table.

Mud Pit Sample Descriptions, Drill Site F

.~ ~ JW tcth Mud4&J~a~M94~ ~$amp1c4 i-~r4.~;; ;. ~.. ~Sc~~ni4g~j~ ~D4th 4Thi&k~e~&~J~’ 4kpth$= Jiescnphon Observations Reiults9
.. ¶ .(feet)’r4~ (i~tY~jJ ~ ~‘ (PPm)%41

E 1023-SW Surface WateraSt 0.8 1.0 1026-SD 0-1.0 Gray, gravelly No odor or sheen PIDI
o iOfl Bentonite

1024-SW Surface Water
1027-SD 0-1.0 Gray, gravelly No odor or sheen P1D2

1.0 4.0 Bentonite
1028-SD 3.04.0 Gray, gravelly No odor or sheen P1D3

West Bentonite
Portion 1025-SW Surface Water

I 029-SD 0-1.0 Gray, gravelly No odor or sheen P10=2
0.8 3.2 Bentonite

1030-SD 2.0-3.0 Gray, gravelly No odor or sheen P101
. Bentonite

* Sample depth measured from mud surface

4.7.4.1.1 Surface Water

The mud pit surface water samples were analyzed for DRO, VOCs, PAHs, and metals; results
are summarized in Table 4.7-1.
concentrations of 73.5 to 129 ug/L.
these water samples also contained
National Functional Guidelines for
have been qualified as nondetects
because they are less than five times
approach has not been taken, since

All three surface water samples contained DRO at
However, two laboratory method blanks associated with

DRO at 71 and 82.7 ug/L. In accordance with the EPA
Organic Data Review (EPA, 1991), these samples could

at detection limits corresponding to the reported values,
the method blank concentration. However, in this case this
the samples are from a mud pit known to contain diesel

(based on the sediment results presented in Section 4.7.4.1.1). Accordingly, these DRO results
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have been “B”-flagged. It is possible the reported values of DRO in the Drill Site F mud pit
water could be due to drilling mud, laboratory contamination, and/or biogenic material.

With the exception of methylene chloride, which is a common laboratory contaminant, no VOCs
or PAHs were detected in the mud pit surface water samples.

Sixteçn metals were detected in mud pit water samples. Of these, the following eight metals
were detected at concentrations that exceeded the background concentrations in upland stream
water samples (an asterisk indicates that ERBSCs were also exceeded).

Copper*
Selenium

Molybdenum
Titanium

These metals concentrations were then compared to the corresponding project ERBSCs. Of the
metals that exceeded background, only aluminum and copper exceeded their respective ERBSCs.
No ERBSC is available for titanium or potassium.

Surface water quality parameters measured in the Drill Site F mud pit during the 1998 Drill Site
Investigation are presented in the following table.

Surface Water Parameters for Mud Pits, Drill Site F

0

SüipIe~ N~ç’ fl~Z ~p~sØfred j~geflçonductMty ~Tifrbidit~
~$MiI~,Qrt? ~ t~(d~gi-ees~,4C~ 1~ ~mg%) (uS/cm) - (NTh~
1023-SW 9.0 10.8 10.5 127 10

(E portion)
1024-SW 9.16 9.9 13.3 131 II

(W_portion)
1025-SW 9.0 10.6 114 110 12

(W portion)

0

4.7.4.1.2 Sediment

The mud pit sediment samples were analyzed for DRO, VOCs, PARs, and metals.
these analyses are summarized in Table 4.7-2. The four drilling-mud samples
portion of the mud pit contained 975 to 12,800 mg/kg DRO. The sample from the
the mud pit contained only 142 mg/kg DRO.

The results of
from the west
east portion of

Ten to eleven alkylated benzenes were present in each drilling-mud sample from the western
portion of the mud pit, at total concentrations ranging from 0.69 to 3.75 mg/kg (0.03 to 0.07
percent of the DRO concentration). The 0.0058 mg/kg benzene reported in sample 1030-SD was
the only reported occurrence of benzene in this project. Carbon disulfide, a suspected laboratory

Aluminum*
Potassium

Nickel
Vanadium Zinc
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contaminant, was also detected in the western portion of the mud pit at a concentration 0.0255
mg/kg.

Three to seven PAH compounds were present in each sample, at total concentrations ranging
from 0.16 to 22.1 mg/kg (0.1 ito 0.30 percent of the DRO concentration).

Twenty-thee metals were detected in the samples from the Drill Site F mud pits. The following
eight metals were detected at concentrations that exceeded the upland stream sediment
background concentrations (an asterisk indicates that ERBSCs were also exceeded).

Boron Calcium Cerium Cesium
Chromium* Thorium Uranium

A comparison of the metals that exceeded background was made to ERBSCs for stream
sediment. Of these metals, only chromium has an ERSBC for sediment; it was exceeded in all of
the mud pit samples by a range of slightly over one to about ten times.

4.7.4.2 Limpet Creek

Limpet Creek is the primary stream of the watershed where Drill Site F is located. Its
headwaters are located northeast of the drill site. The stream flows eastward near its headwaters,
then curves to the south around the site, and finally turns west and flows into the Pacific Ocean
(Figure 4.7-2). It is approximately 10,000 feet long. As noted in Section 4.7.2, drilling mud
reportedly was spilled into Limpet Creek in the late 1 960s. Significant recovery appears to have
taken place since then.

Field activities at Limpet Creek included a reconnaissance to document stream characteristics
and select sample station locations, and sampling of surface water, sediment, benthic
macroinvertebrates, and fish (resident Dolly Varden only). Surface water and sediment samples
were collected at each of five sampling stations along the length of the creek. At Stations 1, 3,
and 5, fish, benthic macroinvertebrates, and sediment samples for bioassays were also collected.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
GPS receiver and are accurate to about ±100 feet. Station elevations were interpolated from
contours in Figure 4.7-2.
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Sample Numbers and Station Coordinates for Limpet Creek, Drill Site F
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•• :statip~: 4~ort!I!Ls~!~€-~J ~tEastLo~jitude Sample Number

1 51° 32.121’ 178° 59.230’ 400 3013-SW
3013-SD

. 3016-Fl
3031-IN

2 51°31.876’ 178°59.427’ 250 3012-SW
. 3012-SD

3 51°31.560’ 178°59.289’ 190 3011-SW
301 I-SD
30 15-Fl
3030-IN

4 51°31.334’ 178°58.986’ 110 3010-SW
3010-SD

5 51° 31.478’ 178° 58.386’ 30 3009-SW
~ 3009-SD

. 3014-Fl
. 3029-IN

a’lotes: SW = surface water SD = sediment FS = fish IN = invertebrates

The following subsections present observations made during the reconnaissance and sampling
activities and discuss laboratory results for surface water, sediment, benthos, and fish samples.

4.7.4.2.1 Stream Characteristics

Based on observations during the initial reconnaissance, Limpet Creek was divided into three
stream reaches (Figure 4.7-2). Reach 1 begins approximately 750 feet northeast of the Drill Site
F emplacement hole and about 750 feet southwest of Infantry Road. This uppermost rex h
extends 1,500 feet down to, and across, a flat plateau. Reach 2 begins at the southern edge of the
plateau, where the stream gradient increases. It extends about 4,500 feet downstream to a point
where the stream gradient decreases as the stream turns westward toward the ocean. Reach ~
extends from the end of Reach 2, about 4,000 feet downstream to the Pacific Ocean. In general.
the upper and lower reaches have flatter gradients than the middle reach, which has a more
incised channel and a higher stream velocity. No significant fish barriers such as waterfalls ~ etc
observed along the stream. The following table summarizes reach characteristics for Limpet
Creek.

0

0
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Reach Characteristics for Limpet Creek, Drill Site F

aeacfr~ .Lei~gth~.. trail Gradient Sinuosity [ Substrate 1
1 1,800 1 Few Bends Silty peat

Cobbles and gravel mixed
, evenly with, and2 4,700 3—4 Few Bends

sometimes overlying, silty
peat. Some bedrock

3 3,500 2 Few Bends Cobbles and gravel

Reach 1
Reach 1 is approximately 1,800 feet long. The headwaters of Limpet Creek within Reach 1 are
characterized by many short rivulets flowing toward the center of a 300-foot-wide by 75-foot-
deep U-shaped valley. The rivulets converge into a fairly well-defined stream channel near the
end of this 800-foot-long valley as it opens into a flat, 8- to 10-acre wet meadow dominated by
grasses and sedges. The stream meanders through the meadow, forming several shallow (ito 8
inches deep) open water areas (See Photo 4.7-4). The stream channel becomes more distinct in
the downstream portion of this reach. The overall gradient averages about 1 percent. The stream
typically ranges from less than 1 foot to 3 feet wide, and 4 inches to 1 foot deep. The dominant
streambed substrate is soft, organic muck (silty peat). The dominant aquatic vegetation in Reach
1 was sedge (Carex spp.).

Station 1 was located in the downstream portion of Reach 1 about 150 feet upstream of the
beginning of Reach 2. Resident Dolly Varden were readily found in the stream channel and
open water areas.

Reach 2
Reach 2 is roughly 4,700 feet long with a gradient of approximately 3 to 4 percent. The valley
associated with the stream in this reach is broad and flat. It is slightly narrower in the upstream
portion of Reach 2, then opens up until just before the end of Reach 2, where it begins to narrow
considerably with relatively steep sides. The channel is consistently incised into the tundra to a
depth of 4 to 6 feet and is underground along approximately 10 percent of the length the reach
(Photo 4.7-5). The bottom substrate consists of some cobbles but mostly intermixed gravel and
peat. Typically, the cobbles and gravel overlie the peat. The stream channel ranged from less
than 1.5 to 6 feet wide, and water depth varied from 4 inches to nearly 6 feet in a few pools.
Aquatic vegetation consisted primarily of moss (Fontinalus sp.) that was patchy in the middle
portion and more continuous in the lower portions of the reach.

Station 2 was located at a shallow pool in the middle portion of Reach 2. The substrate was dark
brown silty peat. Station 3 was located in the downstream portion of Reach 2, immediately
downstream from a tributary that enters Limpet Creek from the west. The tributary originates
from a 1- to 2-acre lake about 200 feet away from Limpet Creek. The tributary adds about 30
percent to the volume of Limpet Creek.
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Reach 3
Reaàh 3 is roughly 3,500 feet long with an overall gradient of about 2 percent, which is flatter
than Reach 2 but steeper than Reach 1. The stream channel in Reach 3 becomes broader and less
incised, with an average width of 6 feet and depth of 3 feet. However, the valley in the upstream
portion of Reach 3 is steeply incised; it is about 100 feet wide at the top and 75 to 100 feet deep
(Photo 4.7-6). This valley opens up dramatically at the midpoint of the reach to a broad U-
shaped valley that remains open until the last 200 feet of the stream, where it cuts a small valley
through the 50- to 75-foot-high bluff at the ocean shore. The stream meets the tidal zone at a
boulder and cobble beach strewn with ocean debris including driftwood and miscellaneous
garbage. A tributary enters Reach 3 from the north approximately 1,000 feet upstream from the
Pacific Ocean. This tributary adds approximately 15 percent to the volume of Limpet Creek.
The stream substrate within Reach 3 is predominantly cobbles and gravel, with some sand and
silt in depositional areas.

Station 4 was located in the upstream portion of Reach 3 within the steeply incised valley.
StationS was located 200 feet below the confluence of the tributary from the north.

4.7.4.2.2 Surface Water

Five surface water samples were collected from Limpet Creek, one per sampling station. Each
sample was analyzed for DRO, VOCs, PAHs, and metals. A summary of analytical results is
presented in Table 4.7-3.

Neither DRO nor PAHs were detected in any of the surface water samples collected from Limpet
Creek. The only VOC detected was methylene chloride, which is a common laboratory
contaminant. Its occurrence is not believed to be site-related (see Section 2.3.1.5).

Twelve metals were detected in the surface water samples from Limpet Creek. The
concentrations of these metals were compared to the background concentrations for upland
reference streams. Potassium, vanadium, and zinc exceeded their respective background
concentration at one or more stations.

The metals that exceeded background concentrations in Limpet Creek water were compared to
metals that also exceeded background in Limpet Creek sediment (see Section 4.7.4.2.3). Only
zinc also exceeded background in sediment samples. However, the sediment exceedance was at
Station 5, while the surface water exceedances were at Stations 1 and 4.

Metals found in Limpet Creek water samples that exceeded background concentrations were also
compared to the lowest (i.e. most conservative) of the project ERBSCs. Neither vanadium nor
zinc exceeded their respective ERBSCs. An ERBSC was not available for potassium.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented in the following table.
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Surface Water Parameters for Limpet Creek, Drill Site F

Sampling H •~Tmptt~t~e .rDissolved Oxygen Conductivity Turbidity
~Statiónc~ .-~ ~(degtees€J~-~; (mg/L) (us/cm) (NTU)

1 5.75 10.2 10.25 144 0
2 6.25 8.7 10.26 150 0
3 6.08 9.2 10.91 146 0
4 6.07 8.1 11.65 160 0
5 5.8 8.0 11.76 167 0

4.7.4.2.3 Sediment

One sediment sample was collected at each of five stations on Limpet Creek. All sediment
samples were analyzed for DRO, PAl-Is, TOC, AVS/SEM, and metals. One sediment sample at
Station 2 was analyzed for VOCs. Analytical results for sediment samples are summarized in
Table 4.7-4.

Neither DRO nor PARs were detected in any sediment samples from Limpet Creek. The only
VOC detected in the sediment samples was carbon disulfide at a concentration of 0.043 mg/kg.
According to the laboratory, this is suspected to be cross-contamination from the sample
containers (see Section 2.3.1.5).

Twenty-one metals were detected in the Limpet Creek sediment samples. Of these metals, only
boron, molybdenum, and zinc exceeded their respective background concentrations. Boron
exceeded its upland stream background concentrations at Stations 2, 3, and 4 by factors ranging
from 3 to 14 times. Molybdenum was detected at Station 3 at 1.63 mg/kg but not detected in
upland reference streams; however, it was found in lowland reference streams at concentrations
over three times that found in the single Limpet Creek sample where it was detected. The zinc
concentration at Station 5 exceeded background by a factor of less than 2.

Those metals found in Limpet Creek sediment samples at concentrations that exceeded
background concentrations were then compared to ERBSCs. Zinc exceeded its ERBSC, since
the ERBSC for zinc is below the background concentration. Boron and molybdenum did not
have ERBSCs for comparison.

In addition to the total metals results discussed above, AVS and SEM were analyzed to provide
information on the bioavailability of metals. AVS and SEM concentrations in the Limpet Creek
sediment samples are presented in the following table. At the one station where AVS were
detected, the data suggest there are sufficient sulfides present to bind the SEM metals and limit
their bioavailability. At the other stations where AVS was not detected it is not clear whether the
metals are bioavailable or not.
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AVS and SEM Concentrations for Limpet Creek, Drill Site F

‘ Station Samplti!’~urnbét~I .:AVS4uthoIefg) SEM (umole/g) SEM:AVS Ratio

I 3013-SD ND 0.79 NA
2 3012-SD ND 0.84 NA
3 3011-SD ND 0.813 NA
4 3010-SD ND 1.94 NA
5 3009-SD 11.3 1.86 0.16

0

TOC was determined for each of the scdiment samples to allow normalization of organic
chemical concentrations to carbon, if necessary, and comparison of the substrate at the various
stations. Organic content was also determined for all five samples. Grain-size analyses were
only performed on the samples from Stations 1, 4, and 5 that had a sufficient mineral soil
content. The TOC and organic content results are presented in the following table, and the grain-
size gradations are plotted in Figure 4.7-3.

Sediment Characteristics for Limpet Creek, Drill Site F

Visual classification of the sediment sample from Station 3 (3011-SD) after it had been oven-
dried in the laboratory revealed a small quantity of light buff-colored material mixed in with
brown silt and peat. This material had the appearance of bentonite and matched a field
observation of a pocket of fine-grained sediment, speculated to be drilling mud. This finding is
notable since it is one of very few direct observations of drilling mud in the streams during 1998.
It is also interesting to note that the chemistry results do not suggest any elevated concentrations
that might be attributable to drilling mud in this sample.

4.7.4.2.4 Benthos

Benthic samples were collected at Stations 1, 3, and 5 on Limpet Creek. The samples were
submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in each
sample were identified and counted. Results are presented in the following table. Refer to the

0
~_____

I 3013-SD 44,900 17.1/13.7 Darkbrownsiltypeat
2 3012-SD 72,500 24.3 Dark brown silty peat
3 301 1-SD 29,300 17.1/23.2 ~Dark brown silty peat
4 3010-SD 26,500 70.3 Dark brown silty peat

5 3009-SD 19,200 13.9 Dark brown peaty silt andtray san
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Triad Analysis ofDrill Site and Test Site Stream Sediments (Appendix F) for an evaluation of
these data.

Benthic Invertebrates in Limpet Creek, Drill Site F

- - - - - - -:-..---. - )ndMduals per:.

Class Order Family Common Life Stage Station
. --:--“ Name 1 3.

Oligochaeta Tubificida Tubifieidae tubifex worm adult 60 32
Gastropoda Mesogastropoda Lymnaidae snail juvenile 8
Peleycopoda Spaeracea Sphaeriidae clam juvenile 280
Insecta Ephemeroptera Baetidae (genus mayfly nymph 4

Pseudocloeon sp.)
Trichoptera Limniphilidae caddisfly larva 8 8 6
Diptera Chironomidae midge larva 32

Simulidae blackfly larva 4
Crustacea Amphipoda Talitridae (genus scud adult 272 2

~ Hyalella sp.)
Total 600 72 44

Family Biotic Indexl 7.84 7.44 7.09
EPT Relative Abundancel 1.3% 1 l.1%j 22.7%

Species Diversityl 0.99 0.56 j 0.86

4.7.4.2.5 Sediment Toxicity Tests

Sediment samples collected from Stations 1, 3, and 5 were used to perform 10-day freshwater
sediment bioassay tests using larvae of the midge Chironomus tentans. The tests were
performed under subcontract to IT Corporation by American Aquatic Testing in Allentown,
Pennsylvania. Results are presented in the following table. Refer to the Triad Analysis ofDrill
Site and Test Site Stream Sediments (Appendix F) for an evaluation of this data.

Sediment Toxicity Test Results for Limpet Creek, Drill Site F

~& -J ~Su aI~<c~r ~ Growth - Biomass

~
1 57.50% 61.33% 0.776 105.08% 4.49 65.0%
2 47.50% 50.67% 0.859 116.2% 3.79 54.8%
4 62.50% 66.68% 0.681 92.2% 4.00 57.9%
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4.7.4.2.6 Fish

Fish samples consisting of resident Dolly Varden were collected at Statiohs 1, 3. and 5 on
Limpet Creek. At Station 5 samples were collected using a combination of electroshocker and
minnow traps. The minnow traps were used in accordance with the scientific collection permit,
after a salmon was found among the shocked fish and released alive. The fish collected at each
station were composited into one sample and submitted for whole body tissue analysis. Specific
data, such as the size of individual fish, are presented in the field fish-collection forms in
Appendix J. The following table summarizes the size and weight of the fish samples.

Fish Sample Descriptions for Limpet Creek, Drill Site F

..E~trosh~k-i~en~~~_____ ramsyE: (grams) (seconth~

I 3016-Fl 2-6.5 27 360 13.3 1103
3 3015-Fl 4-10 8 350 43.7 512
5 3014-Fl 3-6 24 250 10.4 11.434

Fish tissue samples were analyzed for total metals, inorganic arsenic, PARs, and PCBs. The
sample from Station 3 was also tested for percent lipids. Analytical results are presented in
Table 4.7-5 and summarized below.

The PCB Aroclor 1260 was detected in fish samples from Stations 3 and 5 at concentrations of
0.0101 and 0.0204 mg/kg, respectively, or slightly above the detection limit. The corresponding
RBC for this compound is 0.0016 mg/kg. In other words, the sample concentrations were
approximately 6 and 12 times higher than the RBC. No other PCBs were detected. No PAils
were detected in the samples.

Eighteen metals were detected in the samples. Of these, the following eight metals exceeded the
background concentrations for fish in at least one sample:

Barium Cobalt Iron Potassium Strontium
Thorium Titanium Vanadium

The sample concentrations were compared to the project RBCs for fish consumption. None of
the sample concentrations that exceeded background levels also exceeded the RBCs.

Total arsenic at Station 3 had a concentration in excess of the RBC, but below background
levels. Inorganic arsenic was detected in the three fish samples from Limpet Creek. The three
sample concentrations were below the background concentration. The sample from Station 5
(with 0.00442 mg/kg) exceeded the RBC (0.002 1 mg/kg) by a factor of two.
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The fish sample from Station 3 had 2.98 percent lipids by weight.

4.7.4.3 Western Drainage

The field investigation at Drill Site F included reconnaissance at the lake located to the west of
the drill site. The reconnaissance also included the upper portion of the lake’s drainage stream.
The sediments on the shore and bottom of the lake consisted of sand and large cobbles. These
sediments .were probed at several offshore locations on the side nearest the drill site using a hand
auger. The probed lake sediments consisted of approximately 1 foot of sandy gravel overlying
bedrock. The sediment in the bottom of the outlet stream consisted of a thin layer of sand
overlying bedrock. No drilling mud or impact from drilling mud was observed during the
reconnaissance of the lake and stream. The area between the drill site and the lake was observed
for possible connecting drainage pathways. It was concluded that surface water drainage from
the vicinity of the drill site, including its western side, ultimately flows eastward toward Limpet
Creek. Based on the reconnaissance, the western drainage (including the lake and stream) does
not appear to have been impacted by drilling mud.

4.7.5 Summary

The features observed at Drill Site F during the field work were similar to those identified during
the project’s planning phase. Therefore, the original scope of work planned for the drill site was
considered adequate to meet the project objectives. Only one of the four original mud pits
remains exposed, and it is partially backfllled. This pit is estimated to contain an estimated 311
cubic yards of drilling mud that contains DRO at an average concentration of 5,461 mg/kg.
Several VOCs and PAl-Is were also detected in the mud samples at concentrations above their
respective ERBSCs, and chromium was detected routinely at concentrations that exceed both its
background concentration and ERBSC. Approximately 20,300 gallons of surface water
containing low levels (73.5 to 129 uglL) of DRO was present in the mud pit. The DRO in the
surface water may be due to diesel in the drilling mud, DRO cross-contamination at the
laboratory, or biogenic material. The mud pit water also contained aluminum and copper at
concentrations that exceeded both the surface water background levels and ERBSCs.

The mud pit at Drill Site F is located above grade on a sloping hillside. If some force or event
(such as an earthquake or severe erosion) caused the mud pit berm to fail, much of the drilling
mud in the pit could flow into the Limpet Creek drainage. The mud pit berm does not appear to
have eroded significantly to date, and wood-stave pipes in the mud pit’s berm appear to prevent
the water level in the mud pit from overtopping and eroding the berm.

The water quality and sediment quality in Limpet Creek generally do not appear to be adversely
impacted from past drilling mud releases. No DRO, volatiles, or PANs were detected in water or
sediment samples. No metals exceeded both background and ERBSCs in either water or

sediment ~th the exception of ñnc at one station.
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The PCB Aroclor 1260 was detected in two of three fish samples at concentrations of 0.010 and
0.0204 mg/kg. These concentrations exceed the EPA Region III RBC for PCBs in fish (0.0016
mg/kg). The source of the PCBs is not known since drilling mud samples at Drill Site F were not
tested for PCBs. However, it is likely that the PCBs detected in the fish are from the stream
environment since the sampled fish were resident and not likely exposed to the ocean
environment where PCBs could potentially be present. It is possible that drilling mud released
historically into Limpet Creek contained PCBs that have persisted in the stream environment.
PCBs have been have detected in the mud samples from elsewhere on the island, and could also
be present at Drill Site F.

No PAHs were detected in fish, and none of the metals detected in fish samples were found to
exceed both the RBCs and background concentrations.

Results from the Triad Analysis (Appendix F) indicated that the sediment quality in Limpet
Creek ranked high relative to 15 upland reference streams. Limpet Creek stations ranked as
follows, out of a total of 15 upland stream locations:

• Limyet Creek

Station 1 7th

Station 3 9th

Station 5 4th

This overall ranking combines benthic, sediment chemistry, and se4iment toxicity rankings, with CD
the lowest number representing the best overall habitat. These results are consistent with the
general lack of evidence for current impact from the mud pits at Drill Site F.

In summary, the stream environment along Limpet Creek has experienced significant recovery
since mud spills occurred in the late 1960s. PCBs are present in the fish of Limpet Creek, and
presumably entered the stream system as a result of the historic mud spills. Other compounds
discussed above, including metals, DRO, and PAHs do not appear to be adversely impacting the
stream environment. In its current condition, the Drill Site F mud pit is unlikely to release
additional mud to Limpet Creek.
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TABLE 4.7-1
SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE F MUD PIT

(concentrations in micrograms per liter)

;‘:;:~“~“•~-~ ~::

~‘

Revision No. 0
Date: 9)30/99

Page 1 of 3
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Diesel Range AK 102 - 129 B 73.5 B 96.3 B
Hydrocarbons
Volatile Organic Compounds
l,2,4-Trimethylbenzene EPA 8260B - ND(I) ND(1) ND(1)
1,3,5-Trimethylbenzene EPA 8260B - ND(1) ND(1) ND(l)

Benzene EPA 82608 - ND(1) ND(1) ND(1)

Carbon disulfide EPA 8260B - ND(1) ND(1) ND(l)
Ethylbenzene EPA 8260B - ND(1) ND(1) ND(1)
Isopropylbenzene EPA 82608 ND(1) ND(1) NDO)

m,p-Xylene EPA 82608 - ND(2) ND(2) ND(2)
Methylene chloride EPA 82608 - 3.35 U 2.62 U 3.67 U
n-Butylbenzene EPA 82608 - ND(1) ND(1) ND(1)

n-Propylbenzene EPA 82608 - ND(1) ND(1) ND(1)
Naphthalene EPA 82608 - ND(l) ND(1) ND(1)
o-Xylene EPA 82608 - ND(1) ND(1) NDO)
p-Isopropyltoluene EPA 82608 - ND(1) ND(1) ND(1)
sec-Butylbenzene EPA 8260B - ND(1) ND(1) ND(1)

Toluene EPA 82608 - ND(1) ND(1) ND(1)
Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(0.l)
Anthracene EPA 8270C - ND(0.1) ND(0.l) ND(0.1)

Fluoranthene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)
Fluorene EPA 8270C - ND(0.I) ND(0.1) ND(0.1)
~Japhthalene EPA 8270C - ND(0.1) ND(0.1) ND(0.I)

Phenanthrene EPA 8270C - ND(O.1) ND(0.1) ND(0.1)
Pyrene EPA 8270C - ND(0.1) ND(0.1) ND(0.1)

Metals

Aluminum EPA 6020 ~Z4I*~ ~t~Ikf~*M0Si ~%i4~J&t
Arsenic C EPA 6020 ND(1) ND(1) ND(1) ND(1)

Barium EPA 6020 ND(~l0) ND(10) ND(10) ND(10)

Boron EPA 6010B ND(50) ND(50) ND(50) ND(50)
Calcium EPA 60108 8,810 b 4,610 3,900 2,700
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TABLE 4.7-1 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE F MUD PITS

(concentrations in micrograms per liter)

a
Cerium EPA 6020 ND(1) ND(1) ND(1) ND(l)

Cesium EPA 6020 ND(I) ND(l) ND(1) ND(1)
Chromium C EPA 6020 3.49 b ND(1) 2.78 1.32
Cobalt EPA 6020 9.52 5.35 4.97 5.28
Copper EPA 6020 ~f~JJW 6 753 1i4~~~%
Iron EPA 6010B ~ 230 674 494
Lithium EPA 6020 ND(1) ND(l) ND(1) ND(1)
Magnesium EPA 60108 5,250 2,300 2,200 2,230
Manganese EPA 6020 ~ 45 19.3 22.2
Molybdenum EPA 6020 ND(1) ND(1) 1.31 ND(l)
Nickel EPA 6020 1.69 b 1.71 3.01 1.4
Potassium EPA 6010B 1,190 b 1,780 J . 1,350 J 1,580 J
Selenium EPA 6020 ND(l) NJD(1) 1.53 ND(l)
Strontium EPA 6020 44.1 b 26.9 24.5 24.1

Thorium EPA 6020 1.14 b ND(1) ND(l) ND(l)
Titanium EPA 6020 2.37 b 7.35 S 40.2 J 25.5 J
Uranium EPA 6020 ND(l) ND(1) ND(1) ND(l)
Vanadium EPA 6020 1.44 b ND(1) UJ 3.845 3.41 J

Zinc EPA 6020 12.8 b 77.8 J 54.45 12.73

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unle~~

otherwise noted. See Appendix D of this report for a description of background concentration calculation’
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
B analyte detected in method blank
.1 result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank contamination; result considered nondetect
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TABLE 4.7-1 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR DRILL SITE F MUD PITS

(concentrations in micrograms per liter)

UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;
result is considered estimated due to other quality control considerations

Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of
background concentration calculations.

Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.7-2

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE F MUD PIT
(concentrations in milligrams per kilogram)

~;

~

Diesel Range Hydrocarbons It~K 102 - 142 12,800 7,300 6,090
Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 82608 - ND(0.0221)UJ 1.86 0.3451 2.37 1.06

1,3,5-Trimethylbenzene EPA 82608 - ND(0.0221) UJ 0.532 J 0.0627 J 0.165 i 0.0198 J

Benzene EPA 82608 - ND(0.0221) UI ND(0.00625) UI ND(0.005) Ui ND(O.005) 0.00584 J
Carbon disulfide EPA 82608 - 0.0255 UJ 0.0209 Ui ND(0.005) UJ N13(0.005) ND(0.005) Ui

Ethylbenzene EPA 8260B - ND(0 0221) Ui 0 0653 J 0 0348 J 0 0453 1 ~M~%i~ fl~
lsopropylbenzene EPA 82608 - ND(0.0221) UJ 0.0628 J 0.0255 i 0.06261 0.142 J

m,p-Xylene EPA 8260B - ND(0 0221) Ui ~ ~Q~ØM94~
Methylene chloride EPA 8260B - ND(0.022l) Ui ND(0.00625) UJ ND(0.005) Ui ND(0.005) ND(0.005) UI
n-Butylbenzene EPA 8260B - ND(0.0221) UJ 0.122 J 0.03141 0.441 0.353 J

n-Propylbenzene EPA 82608 - ND(0.0221) UJ 0.128 J 0.04981 0.139 J 0.28 I I
aphthalene EPA 8260B - ND(0 0221) Ui .~114i~~~ ~ØJJj~~~ ND(0 005) Ui

o-Xylene EPA 82608 - ND(0 0221) Ui~ ~W~$g2~,gt ~OoaO3~sm
p-lsopropyltoluene EPA 8260B - ND(0.0221) UJ 0.087 J 0.0277 J 0.39 J 0.1281

sec-Butylbenzene EPA 82608 - ND(0.0221) UJ 0.0628 J 0.02121 0.0674 J 0.11 J

Toluene EPA 82608 - N13(0.0221) UJ 0.0182 J ND(0.005) UI ND(0.005) ND(0.005) Ui
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TABLE 4.7-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE F MUD PIT
(concentrations in milligrams per kilogram)

BiLl
. o I.

g~ -

h

‘ ~‘ M~
S

~. . of £4 p~r $J~2233ff~
Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA S270C - 0.0143 I~~68J~~I 0 128 ~

Anthracene EPA 8270C - ND(0.00884)~ 0.0314 J4~~%~f~ J~rtLQ:6~~?4

Fluoranthene EPA 8270C - ND(0.00884) iWIffij.!p~k4~*I 0.00878 ~~9.496~~3~
Fluorene EPA 8270C - JM~,.S~ I~N~tt~~t
Naphthalene EPA 8270C - ND(0.00884)~~ ~~Ei!R94AWi ND(0.0 165)
Phenanthrene EPA 8270C - 0.0947 ~~ WPJ~P1~t~~~
Pyrene EPA 8270C - ND(0 00884) 0.187 0.0151 0.244 0.188

Metals

Aluminum EPA 6010B 47,500 29,700 23,300 34,800 22,100 21,600
Arsenic EPA 6020 ~ ND(l.34) 358 148 2.3

Barium EPA 6020 468 939 91.1 44.7 87.6 81.4
Boron EPA 6010B 6.42 b 38.2 J 36.8 S 355 33.4 j 33.2.1

Calcium EPA 6010B 7,720 7,280 21,000 3,990 8,380 7,650

Cerium EPA 6020 13 13.8 19.5 15.1 17.1 16.1

Cesium EPA 6020 ND ND(I.34) ND(0.5) ND(0.5) ND(0.5) 0.632
Chromium EPA 6020 IX 9 2&3 J~t?~!1tz ~%t6~?,6i 4W~~~ ek90 fl;,’
Cobalt I PA (.020 17 1 6 39 6.3 7.01 6.57 7.5
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TABLE 4.7-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE F MUD PIT
(concentrations in milligrams per kilogram)

Manganese EPA 6020 ~ 188 J 439 J 2393 3433 301 i
Molybdenum EPA 6020 ND ND(0.134) UJ ND(0.25) UJ ND(0.05) Ui ND(0.25) Ui ND(0.25) Ui
Nickel EPA 6020 ~ 3.88 5.52 4.44 5.86 6.91
Potassium EPA 60108 1,290 582 885 364 526 528

Selenium EPA 6020 3.15 b ND(1.34) 0.602 1.15 ND(0.5) ND(0.5)
Strontium EPA 6020 207 40.1 130 27.4 75.2 65.3

Thorium EPA 6020 ND ND(1.34) UJ 4.58 J 1.21 J 2.84 S 2.02 J

Titanium EPA 6020 1,480 1,250 i 655 J 941 J 1,020 J 696 J
Uranium EPA 6020 ND ND(1 .34) UJ 1.81 5 ND(0.5) UJ 1.06 J 0.832 J

Vanadium EPA 6020 336 61.5 41.1 75.6 45.7 51.9
Zinc EPA6O2O 37.1 45 31.7 35.3 33

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
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Magnesium EPA 6010B 17,000 2,490 4,280 1,700 3,600 3,820
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TABLE 4.7-2 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE F MUD PIT
(concentrations in milligrams per kilogram)

This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid IJTL. The concentration shown is the
maximum detected concentration in the appropriate background samples.

ND(i) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but
are generally comparable to reporting limits for project samples; see Section 4.9. -

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.7-3
SURFACE WATER ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

(concentrations in micrograms per Jiter)

- - USia~il~1I ~ a’tiw~ik ~Mko, )4 WiW’~.

Diesel Range Hydrocarbons AK 102 - 1ND(50)IND(50) ND(50) ND(50) ND(50)
Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 8260B - ND(I) ND(1) ND(1) ND(1) ND(1)

1,3,5-Trimethylbenzene EPA 82608 - ND(1) ND(1) ND(1) ND(1) NIX))

Benzene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1)

Carbon disulfide EPA 8260B -. ND(1) ND(1) ND(1) ND(1) ND(1)
Ethylbenzene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1)
Isopropylbenzene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1)
m,p-Xylene EPA 8260B - ND(2) ND(2) ND(2) ND(2) ND(2)
Methylene chloride EPA 82608 •- 3.64 U 2.32 U ND(2) 2.76 U 4.83 U
n-Butylbenzene EPA 82608 - ND(1) ND(l) ND(1) ND(1) ND(I)

n-Propylbenzene EPA 82608 - ND(1) ND(1) ND(1) ND(1) ND(1)
Naphthalene EPA 82608 - ND(1) ND(1) ND(1) ND(I) ND(1)
o-Xylene EPA 82608 - ND(1) ND(1) ND(1) ND(I) NDO)
p-lsopropyltoluene EPA 82608 - ND(1) ND(1) ND(1) ND(1) NDU)

sec-Butylbenzene EPA 82608 - ND(1) ND(1) ND(I) ND(1) ND(1)
Toluene EPA 82608 - ND(1) ND(I) ND(I) ND(I) ND(1)

Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(0.1) ND(0.l) ND(0.1)
Anthracene EPA 8270C - ND(0.1) ND(0.1) ND(0.l) ND(0.1) ND(0.1)

Fluoranthene EPA 8270C - ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(0.1)

Fluorene EPA 8270C - ND(0.1) ND(0.1) ND(0.I) ND(0.1) ND(0.1)
Naphthalene EPA 8270C - ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(0.1)

Phenanthrene EPA 8270C - ND(0.1) ND(0.1) ND(0.I) ND(0.l) ND(0.I)

Pyrene EPA 8270C - ND(0.1) ND(0.1) ND(0.1) ND(0.1) ND(0.I)

Metals

Aluminum EPA 6020 ~ ND(50) ND(50) ND(50) ND(50) ND(50)

Arsenic C EPA 6020 ND(1) NIX)) ND(1) ND(1) ND(l) ND(1)

Barium EPA 6020 ND(10) ND(10) ND(10) ND(10) ND(10) ND(10)

Boron EPA 60108 ND(50) ND(50) ND(50) ND(50) ND(50) ND(50)
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TABLE 4.7-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

(concentrations in micrograms per liter)

aJ?i~1M
Calcium ~X~10B 8,810” 3,510 3,160 3,180 3,540 3,500
Cerium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

Cesium EPA 6020__1 ND(l) ND(1) ND(1) ND(1) ND(1) ND(l)
Chromium ° EPA 6020 ~ b ND(1) ND(1) ND(1) ND(l) ND(l)
Cobalt EPA 6020 9.52 4.91 3.74 3.44 4.68 ND(1)

Copper EPA 6020 ~ 1.73 J 1.13 ND(1) 1.85 J ND(1) UJ
Iron EPA 6010B 154 ND(150) ND(l50) ND(150) 165
Lithium EPA 6020 ND(l) ND(1) ND(1) ND(1) ND(1) ND(1)
Magnesium EPA 6010B 5,250 2,700 2,940 2,890 3,110 3,330
Manganese EPA 6020 21.3 13.5 11.6 15 2.92

Molybdenum EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(l)
Nickel EPA6O2O l.69~’ 1.44 1.47 1.64 1.11 ND(l)
Potassium EPA 6010B 1,190” 1,210 1,320 1,280 1,160 1,640

Selenium EPA 6020 ND(l) ND(1) ND(1) ND(1) ND(1) ND(1)
Strontium EPA 6020 44.1” 33.4 33.8 32.8 35.7 35.8
Thorium EPA 6020 1.14” ND(1) ND(1) ND(I) ND(1) ND(l)
Titanium EPA 6020 2.37” 1.89 J 1.41 1.16 1.67 J 2.29.1

Uranium EPA 6020 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Vanadium EPA 6020 1.44” 1.17 ND(1) 1.25 1.42 2.02

Zinc EPA6O2O 12.8” 60.8 11.7 10.1 16.2 ND(10)

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

C Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this

element; see Table 2-8.
ND( I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.

Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
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TABLE 4.7-3 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

(concentrations in micrograms per liter)

J result considered estimated because less than the practical quantitation limit, or due to other quality control
considerations

U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.7-4

SEDIMENT ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

r~ aaa~nin~~;
~ ~~as~sisssiaa~o~i;
~

Diesci Range ~~1
Hydrocarbons AK 102 mg/kg - ND(19.8) ND(15) I ND(l0.3) ND(12.9) ND(I0.5)
Volatile Organic Compounds

I ,2,4-Trimethylbenzene EPA 82608 mg/kg - - ND(0.0244) UJ - - -

l,3,5-Trimethylbenzene EPA 82608 mg/kg - - ND(O.0244) Ui - - -

Benzene EPA 8260B mg/kg - - ND(O.0244) UJ - - -

Carbon disulfide EPA 8260B mg/kg - - 0.0426 UJ - - -

Ethylbenzene EPA 82608 mg/kg - - ND(0.0244) UJ - - -

lsopropylbenzene EPA 8260B mg/kg - - ND(0.0244) Ui - - -

m,p-Xylene EPA 82608 mg/kg - - ND(0.0244) Ui - - -

Methylene chloride EPA 82608 mg/kg - - ND(0.0244) Ui - - -

n-Butylbenzene EPA 82608 mg/kg - - ND(0.0244) UJ - - -

n-Propylbenzene EPA 82608 mg/kg - - ND(0.0244) Ui - - -

Naphthalene EPA 82608 mg/kg - - ND(0.0244) UI - - -

o-Xylene EPA 8260B mg/kg - - ND(0.0244) UJ - - -

p-lsopropyltoluene EPA 8260B mg/kg - - ND(0.0244) Ui - - -

sec-Butylbenzene EPA 82608 mg/kg - - ND(0.0244) UJ - - -

Toluene EPA 82608 mg/kg - - ND(0 0244) UJ - - -
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TABLE 4.7-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

Acenaphthene EPA 8270C mg/kg - ND(O.0163) ND(0.0124) ND(O.00849) ND(0.0107) ND(0.00867)
Anthracene EPA 8270C mg/kg - ND(0.0l63) ND(0.0124) ND(0.00849) ND(0.0107) ND(0.00867)
Fluoranthene EPA 8270C mg/kg - ND(0.0163) ND(0.0124) ND(0.00849) ND(0.0107) ND(0.00867)
Fluorene EPA 8270C mg/kg - ND(O.0l63) ND(0.0124) ND(0.00849) ND(0.0l07) ND(0.00867)

Naphthalene EPA 8270C mg/kg - ND(0.0163) ND(0.0124) ND(0.00849) ND(0.0107) ND(0.00867)

Phenanthrene EPA 8270C mg/kg - ND(0.0163) ND(0.0124) ND(0.00849) ND(0.0107) ND(0.00867)

Pyrene EPA 8270C mg/kg - ND(0.0163) ND(0.0124) ND(0.00849) ND(0.0107) ND(0.00867)
Metals
Aluminum EPA 60108 mg/kg 47,500 16,000 25,100 15,500 22,200 18,000

Arsenic EPA 6020 mg/kg ~ ND(2.47) Ui 4.16 i 3.73 J 3.33 J 2.49
Barium EPA 6020 mg/kg 468 58.9 56.3 36.8 52.9 93.1

Boron EPA 60 lOB mg/kg 6.42 b ND(12.4) 89.3 30.6 22.4 ND(6.57)
Calcium EPA 60108 mg/kg 7,720 3,710 3,360 5,440 7,300 5,770

Cerium EPA 6020 mg/kg 13 6.27 8.92 6.71 12.9 5.55
Cesium EPA6O2O mg/kg ND ND(2.47)Ui ND(1.88)UJ ND(l.29)Ui ND(1.61)UJ ND(I.31)
Chromium EPA 6020 mg/kg 18.9 7.66 9.01 9.81 9.57 9.74
Cobalt EPA 6020 mg/kg 37.3 15.7 16.6 6.67 12.4 7.88
Copper EPA 6020 mg/kg ~ 4fl~á~ ~~IPJ~#~ ~
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TABLE 4.7-4 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

0

~ ~.~~

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

r~~~nso~cr≠ggwn.I 4~.tfl;i?aL$n~3nLr,a•r4.v’

; .~• IMK~~ ~k~!MIt~It ~i!~iU~ 4Lfs~’~i’.5t
Iron EPA 60 lOB mg/kg ~~ 13,300 10,400 ~~24;2OQ~~5

Lithium EPA 6020 mg/kg 21.7 4.08 5.59 4.47 4.6 5.47

Magnesium EPA 6010B mg/kg 17,000 839 750 859 2,190 3,340
Manganese EPA 6020 mg/kg ~ 239 284 91.2 218

Molybdenum EPA 6020 mg/kg ND ND(2.47) ND(1.88) 1.63 ND(1.61) ND(1.31)

Nickel EPA 6020 mg/kg ~Ia~~1 546 J 6.42 J 4.74 J 7.71 J 6.64

Potassium EPA6OIOB mg/kg 1,290 236J 201 J 202J 224J 260

Selenium EPA 6020 mg/kg 3.15” ND(2.47)UJ 2.52J 2.31 J 2.I8J ND(I.31)
Strontium EPA 6020 mg/kg 207 30.3 26.3 25 23.6 374

Thorium EPA 6020 mg/kg ND ND(2.47) ND(I.88) ND(I.29) ND(1.61) ND(I.31)

Titanium EPA 6020 mg/kg 1,480 1,150 1,370 1,030 1,110 865
Uranium EPA 6020 mg/kg ND ND(247) ND(l.88) ND(I.29) ND(1.6I) ND(I 31)
Vanadium EPA 6020 mg/kg 336 165 157 102 148 92.5
Zinc EPA 6020 mg/kg ~ 65 66.6 39.2 61 25iS:4~
Total Organic Carbon EPA 415.1 mod. mg/kg - 44,900 72,500 29,300 26,500 19,200
Acid Volatile Sulfide Titration umollg - ND(0.0247) ND(0.0 188) ND(0.01 29) ND(0.0 161) I 1.3
Simultaneously Extracted Summation umol/g - 0.79 0.84 0.8 13 I 91 1.86
Metals
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TABLE 4.7-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

* Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations. -

b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
mg/kg milligrams per kilogram
umol/g micromoles per gram
ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
IJJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.

SECTION 4.0 SITE CHARACTERIZATION Revision No. 0
U.S. Army Corps of Engineers, Alaska District Date. 9/30/99
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TABLE 4.7-5
FISH ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

a~f~~Sj4~t~ 1ioij~

Polycyclic Aromatic Hydrocarbons _______ _______ ________ ______________ _____________ ____________

Acenaphthene SW8270 SIM mg/kg 81L - ND(0.0335) ND(0.0335) ND(0.0335)

A ____________ _______ — - ND(0.0335) ND(0.0335) ND(0.0335)
Anthracern___________ ____________ _______ _____— - ND(0.0335) ND(0.0335) ND(0.0335)

- ND(0.0335) ND(0.0335) ND(0.0335)
____________________ ____________ _______ ______— - ND(0.0335) ND(0.0335) ND(0.0335)

____________________ ____________ _______ ______- - ND(0.0335) ND(0.0335) ND(0.0335)
____________________ ____________ _______ — - ND(0.0335) ND(0.0335) ND(0.0335)
____________________ ____________ _______ — - ND(0.0335) ND(0.0335) ND(0.0335)

____________________ ____________ _______ — - ND(0 0335) ND(0.0335) ND(0.0335)
____________________ ____________ _______ — - ND(0.0335) ND(0.0335) ND(0.0335)
____________________ ____________ _______ — - ND(0.0335) ND(0.0335) ND(0.0335)

F — - ND(0.0335) ND(0.0335) ND(0.0335)
Ir - ND(0.0335) ND(0.0335) ND(0.0335)
4aphthalene SW8270 SIM mg/kg 27.0 - ND(0.0335) ND(0.0335) ND(0.0335)

Phenanthrene SW8270 SIM mg/kg NA - ND(0.0335) ND(0.0335) ND(0.0335)

Pyrene SW8270 SIM mg/kg 40.6 - ND(0.0335) ND(0.0335) ND(0.0335)
Polychiorinated Biphenyls ______ ______ _______ _____________ _____________ ___________

Aroclor 1016 SW8081 mg/kg - - ND(0.01) UJ ND(0.01) U) ND(0.01) Ui

Aroclor 1221 SWBO81 mg/kg - - —___________ -

Aroclor 1232 SW8081 mg/kg - - —____________ ____________ __________-

Aroclor 1242 SWSO81 mg/kg - - —___________ -

Aroclor 1248 SW8081 mg/kg - - —___________ —

Aroclor 1254 SW8081 mg/kg - - ND(0.01)UJ ND(0.01)UJ ND(0.01)UJ
Aroclor 1260 SW8081 mg/kg 0.0016 - ND(0.01) UJ ~t~O1~4~ ~
Metals _________ _________________ ________________ ______________

Aluminum SW6020 mg/kg 1,351.9 38.8 36 10.3 20.4

Arsenic (total) SW6020 mg/kg 0.21 0.076 ~ 0.0665

Arsenic (inorganic) 1)tth mg/kg 00021 0.00172 0.0019

Barium SW6020 mg/kg 94.6 0.567 0.83 0.636 0.742
Beryllium SW6020 mg/kg 2.7 ND ND(0.0250) ND(0.0250) ND(0.0250)

ND(0.02) UJ
ND(0.01) UJ

ND(0.01) UJ
ND(0.01) UJ

ND(0.02) UI

ND(0.01) U)
ND(0.01) UI

ND(0.01) U)

ND(0.02) UI
ND(0.01) UJ

ND(0.01) UI

ND(0.01) UJ

.cenaphthylene

Benzo ( a)anthrac ene
Benzo ( a)pyrene

SECTION 4.0 SITE CHARACTERiZATION Revision No.0
U.S. Army Corps of Engineers, Ajaska District Date: 9/30/99
Amchitka Island, Alaska Page 1 of 3

Benzo(b)fluoranthene

Benzo(ghi)perylene
Benzo(k)fluoranthene

Chrysene
Dibenzo(a,h)anthracene
Fluoranthene

luorene
deno( 1 ,2,3-cd)pyrene

SW8270 SIM

SW8270 SIM
SW8270 SIM

SW8270 SIM
SW8270 SIM
SW8270 SIM
SW8270 SIM
SW8270 SIM
SW8270 SIM

SW8270 SIM
SW8270 SIM
SW8270 SIM

mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

NA
405.6
0.0043

0.00043
0.0043

NA
0.043
0.43

0.00b43

54.1
54.1

0.0043
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ND(0.0250)

9,330
ND(0.0250)

0.462

101

340

3.58

ND(0.125)

3,900
1.1

20.2
ND(0.0250)

ND(2.50) UJ,
1.25

ND(0.500)

B

ND(0.0250)

9,480
ND(0.0250)

0.365

28.3

305
2.77

ND(0. 125,
4.180
0.b6~
15.9

ND(0 025”!
4.98 J. K

0 743

NDW %(NIi

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

TABLE 4.7-5 (cont.)
FISH ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

mg/kg 121.7

mg/kg

24.1
1.4

1mg/kg
ND

11.4 Ui

NA

mg/kg

0,300

11.9 Ui

NA
mg/kg

ND(0.0250)

ND

1.5 Ui

NA

mg/kg

ND

6,680

4.1

mg/kg

ND(0.0250)

0.684

ND(0.0250)

81.1

1mg/kg
0.0510

ND(0.0250)

54.1

0.0523

3.40

0.534

ND(0.0250)

405.6
mg/kg

1.34 U
73.6

ND(0.0500)

27.0 ND

1.04 U

mg/kg

mg/kg

ND(0.0500)

NA
189.3

ND(0.0250)

14.1

0.736 U

349
164

)mg/kg

ND(0.0250)

6.8 0 b150

ND(0.025W

325
1.45

mg/kg

mg/kg
1mg/kg

ND(0.125) U) ND(0.125) U) ND(0.125i Li

27.0

NA
6.8

811.1
0.09
NA

5407.4

4.1

ND
4,310
2.08

12.1
0.0755
4.67
0.834

ND

mg/kg
[mg/kg

mg/kg
mg/kg

ND(0.125)
4,450
0.69

17.7
ND(0.0250)

ND(2.50) U), B
0.242

ND(0.500)

1mg/kg 9.5 0.289

405.6

0.409
78.0 43.8

0.169

34.5

0l8’~

38.3

2.98
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TABLE 4.7-5 (cont.)
FISH ANALYTICAL RESULTS FOR LIMPET CREEK, DRILL SITE F

- sample not analyzed for this parameter
mg/kg milligrams per kilogram
B analyte detected in method blank
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
U analyte concentration attributed to blank or laboratory contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank ëontamination;

result is considered estimated due to other quality control considerations
Bolded value~ indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-10.
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Remnants of
mud pit

Surface Water and/or Sediment Sampling Location and Number (All Sample Numbers
Preceded by n98D0E~DRSFN).

Existing Mud Pit Investigated
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Grain Size in Millimeters

Percent_Passing_by_Dry_Weight
U.S. Standard Sieve Size

~
.~ . . 0 0 ~ USC Soil
~ 0 0 0 0 0 0~ c%J ~ CD ,-~ SamplelD 4” 3” 2” 1” o~ — Ct ~ . * ~ a Class
0 98D0E-DRSF-3013-SD 100 95 83 65 41 21 12 SP-SM
X 98D0E-DRSF-3010-SD 100 97 88 73 52 34 23 17 11 SP-SM

+ 98D0E-DRSF-3009-SD 100 100 96 80 58 40 26 14 SM
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Photo 4.7-1: Largest remaining portion of the mud pit at Drill Site F that has not been
backfihled. The approximate dimensions are 200 by 25 feet.

Photo 4.7-2: Smaller portion of the mud pit that has not been backfilled, located east of
pit shown above. This portion is approximately 10 by 20 feet.

SHANNON & WILSON, INC. PHOTOS 47-1 & 472
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS . . -



Photo 4.7-3: Berm on downhill side of mud pit, consisting of sandy gravel. Note the 8-
inch-diameter wood stave pipe emerging from the berm. The pipe was not
draining, as the inlet was higher than the water level in the mud pit.

Photo 4.7-4: Electroshocking for fish on Reach 1 of Limpet Creek, where the channel
meanders through a broad meadow with numerous pools 1 to 8 inches deep.

SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS PHOTOS 4.7-3 & 4.7-4



Photo 4.7-5: Lower Reach 2, Limpet Creek, facing upstream and north.

Photo 4.7-6: Upper Reach 3, Limpet Creek, facing downstream and west.

SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS
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4.8 DRILL SITE E

4.8.1 Site Description

Drill Site B was partially developed by the ABC as an underground nuclear test site but not used.
The drill site is located approximately 1,500 feet south of Infantry Road in the vicinity of
Milepost 21 (Figure 1-2). The ABC began drilling an emplacement hole at the site, but
abandoned the operation after reaching a depth of 10 feet. They also drilled one 7,495-foot-deep
exploratory hole at the site, which was left open for use in the Long Term Hydrologic
Monitoring Program. Drilling was performed between June 1968 and February 1969. The site
cusrently contains two large concrete pads (Figure 4.8-1), one with a steel post in its center
affixed with a brass marker labeled “UA-7.” Evidently the post marks the location of the
emplacement hole.

The historical information gathered for this study indicates that the site once contained a single
mud pit. The mud pit was reportedly no longer present at the site because, due to unstable
foundation soils, it had slid into the nearby stream. However, two small pits were observed at
the site during the 1998 reconnaissance, which may have been the remnants of mud pits. In
order to characterize these two possible mud pits, a sanipling effort at the pits was added to the
project scope of work.

Figure 4.8-2 shows a topographic map of the vicinity of Drill Site~E. As depicted in the figure,
the site is located in steep terrain with grades as high as 20 percent. Based on the site topography
and observations made during the reconnaissance, the drill site is located at the headwaters of a
stream that flows southward to the Pacific Ocean. The stream, labeled “Stream B” in the figure,
traverses a distance of approximately 7,000 feet between the site and the Pacific Ocean.

4.8.2 Site History

The historical information obtained for this study indicates that the unnamed stream at Drill Site
B was significantly impacted by drilling mud. According to the ABC planning document
(AECINV, 1972):

“These stream beds have been polluted by drilling mud overflowing or leaking from
sumps or pits during ABC operations. ... and the stream below Site E suffered pollution
from mud escaping from the sumps at these sites.

“The mud sumps near Site E were located on a lobe or mounds of jelly-like, wet soils
containing loose material. Lobes of this type are common in Alaskan regions and, since
these “thixotropic” soils have the property of yielding under stress, they tend to become

sECTION 4.0 SITE CHARACTERIZATION Revision No.0
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fluid, especially when shaken. This results in a slow creeping movement of the entire
lobe down a slope. During the course of construction at Site E the soil in the lobe went
liquid and approximately 15,000 yards flowed into the drainage system. Some of this
liquid soil traveled as far as the ocean.”

The following excerpt was taken from the document The Environment of Amchitka Island,
Alaska (Valdez et. al., 1977):

“Amud slide at Site E in 1968 resulted in substantial and persistent damage to the stream
valley. Sumps were constructed on what proved to be unstable soil, which gave way
under the weight of the liquid contents, causing a massive slide of semiliquid soil down
the stream bed. As a result of this slide, the upper two-thirds of the stream course, about
1300 m (4300 foot) long, was grossly altered. Streamside vegetation was killed or
severely damaged by the smothering effect of the muddy residue. This allowed the
stream to deepen and widen its channel so that it no longer resembles the narrow grass-
overhung lower part of the stream, which was little affected by the slide. The gross
morphological changes in the upper stream course will persist for a very long time since
much of the peat substrate that formerly maintained the integrity of the stream channel
has eroded away (R.G.F., personal observation, 1975).”

4.8.3 Characterization Activities

Investigation activities at Drill Site E consisted of an initial reconnaissance of the drill site to
identify site features. It was during this reconnaissance that the two small mud pits were
discovered. A sampling effort was added to the scope of work to characterize these mud pits.
The added sampling effort consisted of the collection of one surface water and one sediment
sample from each mud pit. Mud pit sampling locations are shown in Figure 4.8-1.

A reconnaissance was also performed to detennine apparent drainage pathways and identify the
upstream extent of impact in the stream. The stream was then investigated to observe its ecology
and select sampling locations. Sediment and surface water samples for chemical analysis were
collected from five stations along the stream. Invertebrate, bioassay, and fish samples were
collected from three of these stations. Stream sampling locations are shown in Figure 4.8-2. The
samples collected from the mud pits and the stream were shipped to off-site laboratories for
testing. The types of tests performed and their results are discussed in the following sections.
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4.8.4 Observations and Analytical Results

4.8.4.1 Mud Pits

The two mud pits are located 400 to 500 feet downhill (southwest) of the emplacement hole
(Figure 4.8-1). Both of the mud pits are relatively small and, in general, not typical of the mud
pits observed at the other drill sites. The southern mud pit, with dimensions of approximately 40
by 80 feet was the most typical mud pit. This pit was encircled by low berms 2 to 3 feet high,
which were constructed of sandy gravel (Photo 4.8-1). The pit was full of water that averaged
about one foot deep. No water was flowing from the pit, but a shallow channel was observed
that had been eroded into a low section of the south wall of the pit’s berm. This channel is
probably the pathway for water that overflows the pit during periods of high water. In addition,
a culvert located approximately 100 feet west of the pit may also drain the area. The culvert,
which extended from the side of a stream bank, had a small stream of water flowing from it at
the time of the reconnaissance. The small stream emptied into the larger drainage stream that
flows southward from the site. Based on the location of the culvert, it is possible that some of
the water draining from the culvert was water that had infiltrated into the subsurface soil from
the pit.

The sediment at the bottom of the southern mud pit consisted of light gray, sandy bentonite. The
thickness of the bentonite was measured using a steel probe at several locations around the pit’s
perimeter. Based on these measurements, the bentonite ranges from 1.5 to 8 feet thick.
Measurements could not be made in the center of the mud pit since the site was not accessible to
a skiff. Based on the measurements, the estimated volume of drilling mud remaining in the pit is
415 cubic yards. The estimated volume of water in the pit at the time of the field work is 20,100
gallons.

The northern pit is located at the base of a deep, excavated area with steep sides approximately
up to 15 feet high (Photos 4.8-2). The excavated area appears to have been constructed as some
sort of sump or drainage collection area. Two culverts, which did not have water flowing from
them, were observed extending into the excavated area from the northeast (the direction of the
emplacement hole). About one-half ofthe base of the excavated area was submerged. This area,
with dimensions of approximately 40 by 20 feet, was considered to be the possible mud pit. The
remaining half of the bottom of the excavated area was heavily vegetated with moss and aquatic
plants. This pit is drained by a small stream that flows southward through a steep-walled trench.
This stream joins a larger stream a short distance downstream, which also flows southward.
These streams constitute the headwaters of the she’s drainage stream.

The sediment at the bottom of the northern mud pit consisted of a thin layer of black, organic silt
overlying a thin layer of gray, sandy bentonite. The total thickness of the silt and bentonite in the
mud pit averaged 0.1 to 0.2 foot. The average depth of water in the pit was about 0.7 foot.
Based on these measurements, the estimated volume of bentonite remaining in the mud pit
(including the organic silt) is 3.7 cubic yards. The estimated volume of water present at the time
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of the field work is 3,200 gallons. Sample descriptions and field screening results for the
samples collected from the mud pits are presented in the following table

Mud Pit Sample Descriptions, Drill Site E

,.~ ~... . ...~. .

~~‘~i4fe*~I ~4~hl~!cità~ ~ De3th”i ~Desenpbon - Mbscrvabons Reii1tt’~
~rrj(feet)~flfa$J~ s - (pp~

11 16-SW Surface Water
Southern
MudPit 0.9 8.0. 1117-SD 0-1.0 Lightgray, Slightdiesel

. sandy Bentonite odor
1118-SW Surface Water

Northern 07 02 I 119-SD 0-0.2 Black, organic Slight diesel
Mud Pit silt, and gray, odor and sheen

sandy Bentonite

* Sample depth measured from mud surface

- Sample not field screened

4.8.4.1.1 Surface Water

The surface water samples from the two Drill Site E mud pits were analyzed for DRO. VOCs.
PAils, and metals. The results of these analyses are summarized in Table 4.8-1.

The two water samples contained DRO at concentrations of 117 and 132 ugfL. The laboratory
method blank associated with the sample from the southern pit also contained DRO at 55.5 ug t
In accordance with the EPA National Functional Guidelines for Organic Data Reviek I EPA.
1991), this sample could have been qualified as a nondetect at a detection limit corresponding I’,

the reported value, because it is less than five times the method blank concentration. Ho~ e’ a.
this approach is not necessarily appropriate when used on a sample from a mud pit kno~t tt’

contain diesel. Accordingly, this DRO result has been “B”-flagged in the table. The reported
concentrations of DRO are also comparable to the 61 ugfL average concentration of DR(’
reported in water from half of the upland reference stream samples, as explained in Sectior,
2.3.1.5. It is possible that the reported values of DRO could be due to, or some combination ot.
diesel fuel from the drilling mud, laboratory contamination, or biogenic materials. With the
exception of one suspected laboratory contaminant (methylene chloride), no VOCs or PAHs
were detected in the samples.

Twelve metals were detected in the water samples. With the exception of magnesium, potassium.
and strontium in the northern mud pit, all occurrences were at concentrations below background
levels for upland streams. Magnesium barely exceeded background; potassium and strontium
were about 2.4 and 1.2 times higher than background, respectively. The metals that exceeded
background were compared to their corresponding project ERBSCs. Strontium was well below
its ERBSC (1,500 ug/L). No ERBSCs are available for magnesium or potassium, but these
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metals are considered essential nutrients in most organisms and not likely to result in significant
ecological effects.

Surface water parameters measured in the Drill Site E mud pit during the 1998 Drill Site
Investigation are presented in the following table.

Surface Water Parameters for Mud Pits, Drill Site £

-~Sa~pI~4~_ ~~en~pera~nreS4jbDisso1ved;Oxygen ~Conductivity Tnrbidity~j
~Ni~beñjI~? ~Ti. ~~-Ø~mWL~, -. fuWcm)~ a ~4NTU~ 4~

1116-SW 6.2 10.5 10.4 85 1
(S pit)

II1SSW 6.5 10.5 8.8 222 0

4.8.4.1.2 Sediment

The sediment samples were analyzed for DRO, VOCs, PAHs, and metals; results are
summarized in Table 4.8-2. The northern and southern mud pit samples contained 214 and
10,600 mg/kg of DRO, respectively. The DRO concentration in the sample from the southern
mud pit is among the highest concentrations from all of the mud pits. Four alkylated benzenes
were present in this sample, at a total concentration of 4.7 mg/kg (0.04 percent of the DRO

~J concentration). Five to eight PAH compounds were present in the two drilling-mud samples, at
total concentrations ranging from 0.31 to 28.9 mg/kg (0.15 to 0.27 percent of the DRO
concentration).

Twenty-two metals were detected in the two mud pit sediment samples from the Drill Site E. Of
these, eleven metals exceeded background concentrations in at least one sample. These are listed
below, with an asterisk if ERBSCs were also exceeded.

Calcium Cerium Cesium Chromium* Cobalt Copper*
Nickel* Strontium Thorium Uranium Zinc*

Chromium, copper, and nickel exceeded background and the ERBSC in both mud samples, while
zinc exceed the two criteria in the north mud pit only.

4.8.4.2 Unnamed Stream at Drill Site E

An unnamed stream (or Stream E) provides the primary drainage of the Drill Site E watershed.
Its headwaters are north-northwest of the exploratory hole. The stream flows immediately
adjacent to the concrete drilling pad, and small drainages flow across the site or originate in
remnants of former mud pits. The stream flows south past the drill site, then curves south
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southwest at the confluence of the first major side-stream, and continues in this direction to the
Pacific Ocean (Figure 4.8-2). The stream is approximately 8,200 feet long. As noted in Section
4.8.2, the upper two-thirds of the stream was severely impacted in the past by large volumes of
drilling mud that inundated the stream channel. Fuller and Kirkwood (1977) noted long-term
impacts resulted from the collapse of a large mud pit adjacent to the drill site. They predicted
significant recovery would take place over time, but permanent morphological changes to the
stream channel had been caused by the spills.

Field activities at the unnamed stream at Drill Site E included a reconnaissance to document
stream characteristics and select sample station locations, and sampling of surface water,
sediment, benthic macroinvertebrates, and fish (resident Dolly Varden). One surface water and
sediment sample was collected at each of five sampling stations spaced along the length of the
creek. Fish, benthic macroinvertebrates, and sediment samples for bioassays were also collected
at Stations 1, 2, and4.

The following table lists the sample numbers for each medium collected at each station, as well
as site coordinates. Latitude and longitude of sampling stations were measured using a hand-
held GPS receiver and are accurate to about ± 100 feet. Station elevations were interpolated from
contours in Figure 4.8-2.

The following subsections present observations made during the reconnaissance and sampling
activities and. discuss laboratory results for surface water, sediment, benthos, and fish samples.

0

0

Sample Numbers and Station Coordinates for Unnamed Stream, Drill Site £

•~*n~~~i:_______
3037-SW

1 51°33.431’ 178°57.475’ 500

3043-IN
~ 3036-SW

2 51°33.201’ 178°57.474’ 290

3041-IN

3 51° 32.950’ 178° 57.349’ 170 3034-5~~3035-5~~13035-SD
3033-SW

4 51° 32.641’ 178° 57.169’ 80 3039-Fl
3038-IN

5 51° 32.621’ 178° 57.046’ 40 3032-SW3032-SD
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4.8.4.2.1 Stream Characteristics

Based on observations during the initial reconnaissance, Stream E was divided into three stream
reaches (Figwe 4.8-2). Reach 1 begins 1,000 feet north-northwest of the drill site emplacement
hole and about 750 feet southwest of Infantry Road. This uppermost reach extends from these
headwaters 2,500 feet downstream to a slight decrease in gradient just above the confluence with
the only major tributary, which flows from the north-northeast. Reach 2 begins where the stream
gradient decreases slightly, and extends 4,000 feet downstream to a point where the stream
gradient decreases again as it reaches a plateau. Reach 3 extends from there downstream to the
Pacific Ocean. Each subsequent downstream reach has a flatter gradient. There is a 6-foot
waterfall at the mouth of the stream that is most likely a barrier to anadromous fish passage.
There is also a 3-foot waterfall in the middle of Reach 2. The following table summarizes reach
characteristics for the stream at Drill Site E.

Reach Characteristics for the Unnamed Stream, Drill Site E

~n&~Z~ Ø~*~2~Z7~
Boulders, cobbles, gravel,1 2,500 4—5 Few bends

sand, and bedrock
Cobbles, oravel, sand,.2 4,000 3—4 Fewbends

- boulders, and bedrock
3 1,700 1 —2 Many bends Cobbles, gravel, and sand

Reach 1
Reach 1 is approximately 2,500 feet long with an overall gradient of 4 to 5 percent. The
headwaters at Drill Site E are a series of braided, partially underground, rivulets that come
together in a manmade channel that directs the drainage around the drill site. A small drainage
flows from the area immediately upgradient of the concrete pad associated with the drill site.
This drainage joins the stream above the manmade channel. Another drainage begins in a former
mud pit with a large breach in its surrounding berm. This second drainage joins Reach 1
downstream of the manmade channel. The stream channel is very straight and has been severely
scoured throughout most of Reach 1. The stream substrate is boulders, cobbles, and gravel. The
stream is about 3 feet wide, and 4 inches to 1 foot deep. There is moss in the slow-flowing water
in the manmade channel, but the rest of Reach 1 contains no in-stream vegetation. Some clumps
of grass have become established in the scoured area adjacent to the stream channel.

Station 1 was located in the middle portion of Reach 1, downstream of the manmade channel and
about 1,500 feet upstream of the beginning of Reach 2. Dolly Varden were scarce in this reach
except within the slower moving waters of the manmade channel.
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Reach 2
Reach 2 is roughly 4,000 feet long with a gradient of approximately 3 to 4 percent. The valley
along this reach is shallow and broad (Photo 4.8-3). The stream channel appears spmewhat
scoured but not as obviously as in Reach 1. The stream substrate is similar to Reach 1 with
fewer boulders and includes cobbles, gravel, and sand. The stream channel is typically less than
3 feet wide, and water depth varies from 4 inches to nearly 2 feet in a few pools. There was no
aquatic vegetation within Reach 2.

Station 2 was located about 200 feet below the beginning of Reach 2 and 200 feet upstream from
the confluence of the only major tributary along the stream (which enters from the north-
northeast). This tributary contributes about 40 percent to the water volume in Stream E. The
stream substrate was cobbles, gravel, and sand. However, some fine-grained sediment consisting
of dark brown peat was observed in depositional areas and along the edges of the stream.
Station 3 was located in the middle portion of Reach 2, 100 feet upstream of the 3-foot waterfall.

Reach 3
Reach 3 is roughly 1,700 feet long with an overall gradient of 1 to 2 percent, which is flatter than
both Reaches 1 and 2. The stream channel in Reach 3 becomes broader, but the substrate
remains dominated by cobbles and gravel, Some gravelly sand is present in depositional areas.
The average width and depth are 4 feet and 1 foot, respectively. Some of the pools in Reach 3
are as deep as 5 feet. The broad valley along Reach 2 opens up to a flat open meadow in Reach
3 (Photo 4.84). The open meadow continues until the stream cuts a small valley through the 75-
to 1 00-foot-high bluff at the ocean shore. The stream meets the tidal zone at a boulder and
cobble beach strewn with ocean debris including driftwood and miscellaneous garbage.

Station 4 was located at the change in gradient that defines the downstream extent of Reach 2
and the upstream extent of Reach 3. Some moss (Fontinalis) was noted at Station 4. Station 5
was located approximately 700 feet upstream of the mouth, where the stream begins to cut
through the ocean-front bluff. There was no moss in the vicinity of Station 5.

4.8.4.2.2 Surface Water

Five surface water samples were collected from the unnamed stream at Drill Site E, one for each
sampling station (a duplicate sample was also collected at Station 3). Each sample was analyzed
for DRO, VOCs, PAHs, and metals. A summary of analytical results is presented in Table 4.8-
3.

DRO was reported in five of the six surface water samples, at concentrations ranging from 52.7
to 104 uglL. These concentrations are comparable to the average of 61 ugfL DRO detected in
upland reference stream samples (as explained in Section 2.3.1.5).
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The only VOC detected was methylene chloride, which is a common laboratory contaminant.
These occuuences are not believed to be site-related (see Section 2.3.1.5). No PAN compounds
were detected in the water samples.

Thirteen metals were detected in the surface water samples from the Stream E. The
concentrations of these 13 metals were compared to the background concentrations for upland
reference streams. Five metals (aluminum, potassium, titanium, vanadium, and zinc) exceeded
their respective background concentrations at one or more stations.

The list of metals that exceeded background concentrations was compared with the list of metals
that also exceeded background in the sediment from this stream (see Section 4.8.4.2.3).
Although the five metals listed above were detected in the sediment samples, none were present
at concentrations that exceeded background values.

Metals found in water samples from Stream E that exceeded background concentrations were
also compared to the project ERBSCs. Aluminum concentrations at Stations 4 and 5 slightly
exceeded the ERBSC (by a factor of 1.1 and 1.2 times, respectively). The ERBSCs for
vanadium and zinc were not exceeded. No ERBSCs are available for potassium or titanium.
Potassium is considered an essential nutrient for most organisms, and is unlikely to result in any
toxic effects.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented below.

Surface Water Parameters for Unnamed Stream, Drill Site E

es:’~*~i t!wqJL4 soLvc&O~ygen;jIConduçthfl .[ ~1urbid~yj~~ ~L(d~ecs4~ ~;~L~nigL)
1 6.29 7.5 11.9 118 1
2 6.08 7.5 1 1.55 123 0
3 6.45 7.4 11.72 122 0
4 6.19 10.2 10.95 88 0
5 5.45 9.9 10.71 87 0

4.8.4.2.3 Sediment

One sediment sample was collected at each of five stations on the Stream E. All sediment
samples were analyzed for DRO, PARs, TOC, AVS/SEM, and metals. One sediment sample
from Station 2 was analyzed for VOCs. Analytical results for sediment samples are summarized
in Table 4.8-4.

DRO was only detected in one sediment sample (from Station 2) at a concentration of 22.1
mg/kg. This relatively low concentration may be attributed to biogenic sources. No VOCs were
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detected. Four PAHs were detected in the sediment sample from Station 1 at a total
concentration of 0.12 mg/kg. None of these PAH compound exceeded their respective project
ERBSCs.

Twenty metals were detected in the sediment samples. The concentrations of these metals were
compared to background concentrations in upland reference streams. Five metals (cerium,
chromium, molybdenum, nickel, and selenium) exceeded background values in one or two
samples each.

Molybdenum was not detected in upland reference stream samples; it was present at a
concentration near the detection limit (1.02 mg/kg) in a single sample from Stream E. Station I
had two metals (cerium and nickel) that exceeded background; Stations 2, 3, and 5 each had one
metal that exceeded background. The detected concentrations were relatively low, exceeding the
background values by factors of 1.05 to 2.2 times.

Of the five metals results exceeding background, only chromium and nickel exceeded the project
ERBSCs. The ERBSC for chromium (26 mg/kg) was exceeded in the sample from Station 2,
which contained chromium at 41.1 mgfkg. A second background exceedance of chromium in the
sample from StationS did not exceed the ERBSC. The nickel concentration of 32.5 mg/kg in the
sample from Station I exceeded the nickel ERBSC of 15.9 mg/kg.

ERBSCs were not available for the other three metals (cerium, molybdenum, and selenium).
The unnamed stream at Drill Site E had the highest cerium concentrations in sediment of any of
the upland site-related streams. Station 1 had the highest nickel concentration of any site-related
stream.

AVS and SEM concentrations in the sediment samples from the unnamed stream at Drill Site E
are presented in the following table. No AVS was detected at any of the stations. This absence
of AVS indicates that the SEM metals may be bioavailable in this stream.

AVS and SEM Concentrations for Unnamed Stream, Drill Site E

WNi4~W1 ~~
I 3037-SD 0 6.12 NA
2 3036-SD 0 3.56 NA
3 3035-SD 0 0.886 NA
4 3033-SD 0 0.922 NA
5 3032-SD 0 0.951 NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, if necessary, and comparison of the substrate at the various
stations. Organic content was also determined for three samples collected at stations where
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benthos and bioassay samples were collected. Grain-size analyses were performed only on two
samples with a sufficient mineral soil content (rather than peat and other organics, whose lighter
specific gravity render a grain-size analysis invalid). The TOC and organic content results are
presented in the following table, and the grain-size gradations are plotted in Figure 4.8-3.

Sediment Characteristics for Unnamed Stream, Drill Site E

.~~! ~ ~ -OC~~F~t ..O~~ieContent... .. . : HStation ~ Numberz~* --~(m~kg dry~veight) ~(% dry weight) Soil Classification

1 3037-SD 25,600 8.8 Dark brown silty peat andgray sand
2 3036-SD 103,000 29.4 Dark brown silty peat

3 3035-SD 27,900 - Dark brown silty peat andgray sand

4 3033-SD 22,800 10.3 Dark brown silty peat and
. gray sand

5 3032-SD 10,300 - Dark brown silty peat andgray sand

4.8.4.2.4 Benthos

Benthic samples were collected at Stations 1, 2, and 4 on the unnamed stream at Drill Site E.
These samples were submitted to the Somerset, New Jersey, office of IT Corporation, where the
invertebrates in each sample were identified and counted. Results are presented in the following
table. Refer to the Triad Analysis ofDrill Site and Test Site Stream Sediments (Appendix F) for
an evaluation of these data.

Benthic Invertebrates in Unnamed Stream, Drill Site E

!
~tflt4&e~~IS~~iiie ~j3~Sfage ~~ —~-l 2 - 9 4t~*
Oligochaeta Tubificida Tubificidae tubifex worm adult 2
Insecta Ephemeroptera Baetidae (genus mayfly nymph 5 54

Pseudocloeon sp.)
Trichoptera Limniphilidae caddisfly larva 12 3 4
Diptera Chironomidae midge larva 26

Chironominae midge larva 4
Diamesinae midge larva 3

Arachnoidea Arachnida spider adult
Total 25 83 6

Family Biotic index 4.38 4.63 5.33
EPT Relative Abundance 70.8% 68.7% 66.7%

Species Diversity 1.23 0.76 0.64
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4.8.4.2.5 Sediment Toxicity Tests

Sediment samples collected from Stations 1, 2, and 4 were used to perform 10-day freshwater
sediment bioassay tests using larvae of the midge Chironomus tenians. The tests were
performed by American Aquatic Testing in Allentown, Pennsylvania, under subcontract to IT
Corporation. Results are presented in the following table. Refer to the Triad Report, Appendix
F, for an evaluation of the data.

Sediment Toxicity Results, Unnamed Stream, Drill Site E

flstaEn0ppins:=~4 .~.* ~

~&%~ ~; e~Growth’ - --- Biomass -

i~IR1~ t1a~a~~
~ -f/q~rL.a ~ - — - - ~mg~-

1 85.00% 89.47% 0.406 77.8% 3.32 67.3%
2 83.75% 94.37% 0.291 57.7% 2.38 53.1%
4 85.00% 95.79% 0.280 55.6% 2.37 52.9%

4.8.4.2.6 Fish

Fish samples consisting of resident Dolly Varden were collected at Stations 1, 2, and 4 on Stream
E. The fish collected at each station were composited into one sample per station and submitted
for whole body tissue analysis. Specific data, such as the size of individual fish, are presented in
the field fish collection forms in Appendix J. The following table summarizes the size and
weight of the fish samples.

Fish Sample Descriptions for Unnamed Stream, Drill Site E

~SotutSampl&~ 4~cngcWçigbt. Electr6~hôW~~
-St16oiJ~4 aa~~~~ Weigbtffz~ Perar - TimeY’;.
.~t-tC.j.~t~i.:s ..—*.w~zi.~ ~-.~r.(grains) ;-.t~(gramsYr--: (sccthi&yc~

I 3042-Fl 3—6 26 310 11.9 761
2 3040-Fl 3—6 29 305 10.5 979
4 3039-Fl 3-6 36 350 9.7 800

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, and PCBs.
Analytical results are presented in Table 4.2-5 and summarized below.

Twenty-one metals were detected in the samples. Concentrations were compared to background
concentrations determined for fish from lowland reference streams, and to EPA Region III RBCs
for fish consumption. The following seven metals exceeded background in at least one sample:
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Barium Cadmium Calcium Cesium Cobalt
Nickel Strontium

None of the metals listed above exceeded the RBC, though no criteria are available for calcium
or cesium.

Inorganic arsenic was detected in each of the three fish samples from Stream E. The sample
from Station 2 exceeded the fish consumption RBC but was below background levels. The other
two samples were below the RBC and background. Note that the background level of inorganic
arsenic in lowland stream fish is almost ten times higher than the corresponding RBC.

Neither PAHs nor PCBs were detected in the fish samples from Stream E.

4.8.5 Summary

The two mud pits found at Drill Site E were not anticipated during the project’s planning phase.
and the original scope of work planned for the drill site was expanded to include a sampling
effort at these pits.

The northern mud pit contains less than 4 cubic yards of diesel-contaminated drilling mud and
soil. The DRO concentration detected in this drilling mud/soil was also relatively low (214
mg/kg). Approximately 3,200 gallons of surface water containing low levels (117 to 132 ug ii
of DRO was present in the north pit during the field work. This mud pit has been trenched to
drain freely into the site’s drainage stream. Based on the small volume of drilling mud observed
in the mud pit, it appears that the potential for future impacts to the stream by releases from the
mud pit is negligible.

The southern mud ph contains an estimated 415 cubic yards of drilling mud that has DR()
concentrations as high as 10,600 mg/kg. Low levels of VOCs and PARs were also present Efl
this drilling mud. The southern mud pit is located is on a sloping hillside, with the bottom of the
ph below grade. However, if some force or event (such as an earthquake or erosion) caused the
mud pit berm to fail, much of the drilling mud in the pit could be transported into the nearh’
stream; No provision has been made for ph drainage, and surface water in the pit apparenti>
overtops the berm on occasion, based on the presence of a small channel that is eroded at the top
of a low portion of the berm.

Stream water and sediment quality appeared to show a slight impact at Station 1, nearest the drill
she, but impacts farther downstream could not be discerned. Whereas stream water had slightly
elevated DRO at Station 1 (104 mg/kg), samples from the downstream locations were
comparable to the average DRO in upland reference streams. Diesel was not detected in stream
sediment except in one station at a low level (22 mg/kg). Low levels of four PAHs were
detected in sediment at Station 1 only, but at concentrations that were below project ERBSCs.
No metals concentrations in stream water exceeded both background and ERBSCs. In sediment,
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nickel exceeded both the background concentration and the ERBSC at Station 1. and chromium
exceeded background and the ERBSC at Station 2.

The fish tissue analyses (from Stations 1, 2, and 4) detected no PARs or PCBs, nor were metals
detected in excess of both background and ERBSC values.

Results from the Triad Analysis (Appendix F) indicate that the overall sediment quality in the
creek that drains Drill Site E ranked high relative to the upland reference streams. The stations
along this creek ranked as follows, out of a total of 15 upland stream locations:

Stream E

Station I
Station2 11th
Station 4 3rd

This overall ranking combines benthic, sediment chemistry, and sediment toxicity rankings, with
the highest rank (lowest number) representing the best overall habitat. These results are
consistent with the general lack of chemical evidence for current impact from the mud pits at
Drill Site E.

1n summary, the mud pits at Drill Site E do not appear to be adversely impacting the stream
ecology, despite the direct connection between the northern pit and the stream. Stream E
apparently has undergone significant recovery since the mud releases that occurred about three
decades ago.
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TABLE 4.8-2
SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE £ ME]) PITS

(concentrations in milligrams per kilogram)

a ~ r j~
*1, ~ 0 ‘~

_ • _

• t. T~ it

Diesel Range Hydrocarbons AK 102 - 10,600 214
Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 8260B - 2.96 ND(0.1)

1,3,5-Trimethylbenzene EPA 8260B - 0.767 ND(0.1)

Methylene chloride EPA 8260B - ND(1.54) ND(0.5)
n-Butylbenzene EPA 8260B - 0.62 ND(0.1)

Napbthalene EPA 8260B - ~ ND(0 1)
p-Isopropyltoluene EPA 8260B - 0.3 15 ND(0.1)

Polycyclic Aromatic Hydrocarbons
Acenaphthene EPA 8270C - 0.0207
Acenaphthylene EPA 8270C - ~OJ~Q~aJ ND(0 0103)
Anthracene EPA 8270C - 0.0186
Fluoranthene EPA 8270C - ~ ND(0.0103)

Fluorene EPA 8270C - ~ ~fr0 058
Naphthalene EPA 8270C - ~7)J~ ND(0.0 103)
Phenanthrene EPA 8270C - 0.197

Pyrene EPA 8270C - 0 0166
Metals
Aluminum EPA 60 lOB 47,500 29,100 47,500
Arsenic EPA 6020 ~ ~~ffit4$~f2~$ 1 83

Barium EPA 6020 468 105 164
Cadmium EPA 6020 ND ND(0.5) ND(1.55)

Calcium EPA 60 lOB 7,720 20,800 8,710

Cerium EPA 6020 13 16.8 J 30.3 3

Cesium EPA 6020 ND 0.723 ND(1 .55)

Chromium EPA 6020 189 t~2$~4t~ *c32%~k9~
Cobalt EPA 6020 37.3 37,4 J ND(31.1) UJ

Copper EPA 6020 t4~82~f$)~ ~êi*tWxS~ SPL2€~
Iron EPA 60 lOB 3~i239cjL4~ a2t50Q}9~j~

Revision No.0
Date: 9/30/99
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TABLE 4.8-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR DRILL SITE E MUD PITS

(concentrations in milligrams per kilogram)

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a
valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.

NDO) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses:
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control

considerations
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
folded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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0

TABLE 4.8-3
SURFACE WATER ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL SITE E

(concentrations in micrograms per liter)

0

~;fl.
•I •w •r~€~s~rw — ~ ~ ‘‘‘h~~

ratci-r

II ___ ‘4 ‘i~
I M~wJ sa ~I~M~ na .~..,. ... .._ ._ .~ —.

jDiesel Range Hydrocarbons IAK 102 - 104 65.4 ND(50) 54.3 52.7 66.3
Volatile Organic Compounds

1,2,4-Trimethylbenzene EPA 8260B - ND(l) ND(l) ND(l) ND(I) ND(1) ND(l)

1,3,5-Trimethylbenzene EPA 82608 - ND(1) ND(1) ND(I) ND(1) ND(I) ND(I)

Methylene chloride EPA 82608 - 7.94 U ND(2) 5.94 U 6.56 U ND(2) 2.1 UJ

n-Butylbenzene EPA 8260B - ND(1) ND(I) ND(1) ND(1) ND(1) ND(I)

Naphthalene EPA 82608 - ND(l) ND(l) ND(1) ND(l) ND(I) ND(l)

p-lsopropyltoluene EPA 8260B - ND(1) ND(1) ND(1) ND(l) ND(l) ND(l)
Polycyclic Aromatic Hydrocarbons

Acenaphthene EPA 8270C - ND(0.1) ND(0.1) ND(0.I) ND(0.1) ND(0.l) ND(0.1)
Acenaphthylene EPA 8270C - ND(0.I) ND(0.l) ND(0.l) ND(0.t) ND(0.l) ND(0.l)

Anthracene EPA 8270C - ND(0.1) ND(0.1) ND(0.l) ND(0.l) ND(0.l) ND(0.I)
Fluoranthene EPA 8270C - ND(0.1) ND(0.I) ND(0.l) ND(0.l) ND(0.l) ND(0.1)
Fluorene EPA 8270C - ND(0.I) ND(O.l) ND(0.1) ND(0.I) ND(0.I) ND(0.l)
Naphihalene EPA 8270C - ND(0.1) ND(0.1) ND(0.I) ND(0.1) ND(0.1) ND(0.1)
Phenanthrene EPA 8270C - ND(0.1) ND(0.l) ND(0.I) ND(0.I) ND(0.I) ND(0.l)

Pyrene EPA 8270C - ND(0.I) ND(0.l) ND(0.1) ND(0.1) ND(0.l) ND(0.l)
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TABLE 4.8-3 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL SITE E
- (concentrations in micrograms per liter)

Sfl~ T~ £a~~a~vJ~4Waa, -fl’..TW,~ ~~e~.~;CW”

~~2 ~ ~4~$1Ji ~ ~

1 ~~ ~a ~ bNSJ’
. ~

I ~

‘ °° 00

.. ~C~I’~?’~ ~S~tI9n,~4j ~ ~taflon~S

Metals
Aluminum EPA 6020 54.6 J ND(50) 85.8 J 52.4 J ~ios~j~ ~
Arsenic EPA 6020 ND(1) ND(I) ND(l) ND(1) ND(I) ND(1) ND(l)

Barium EPA 6020 ND(10) ND(10) ND(10) ND(10) ND(l0) ND(IO) ND(lO)
Cadmium EPA 6020 ND(1) ND(1) ND(I) ND(I) ND(I) ND(I) ND(I)

Calcium EPA 6010B 8,810 b 2,970 3,750 3,780 3,570 2,370 2,140

Cerium EPA 6020 ND(1) ND(1) ND(l) ND(1) ND(I) ND(1) ND(l)

Cesium EPA 6020 ND(1) ND(1) ND(I) ND(I) ND(I) ND(I) ND(I)

Chromium c EPA 6020 3A9” ND(1) ND(1) ND(1) ND(1) NIJ(1) ND(I)
Cobalt EPA 6020 9.52 ‘V.01 4.55 4.63 ND(I) 4.74 4.28

Co er EPA 6020 ~~J3%4~ ND(1)UJ 1.57 2.85 J 1.1) 1.54 J 1.69 J
Iron EPA 6010B ~ ND(150) ND(150) ISO ND(IS0) ND(150) ND(150)
Lithium EPA 6020 ND(1) ND(1) ND(l) ND(I) ND(l) ND(l) ND(l)
Magnesium EPA 6010B 5,250 2,610 2,850 2,830 2,780 1,830 1,690

Manganese EPA 6020 ~ 12.9 19 19.9 8.09 17.1 17.9
Mol bdenum EPA 6020 ND(I) ND(l) ND(1) ND(1) ND(l) ND(I) ND(l)

Nickel EPA6O2O j•69b 1.12 1.47J 1.65 ND(l) 1.4 1.44
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TABLE 4.8-3 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL SITE E
(concentrations in micrograms per liter)

.“

$

- ~*
Potassium ‘EPA 6010B 1,190 b 1,510 947 J 1,220 1,330 1,610 1,270

Selenium EPA 6020 ND(I) ND(1) ND(l) ND(l) ND(1) ND(l) ND(l)

Strontium EPA 6020 44.1 b 28.4 29.5 29.3 28.5 19.9 18.7
Thorium EPA 6020 ND(l) ND(I)UJ ND(I) ND(1) N13(l) ND(l)
Titanium EPA 6020 2.37 b ND(1) UJ 6.31 J 7.7 J 1.05 i 1.96 J 228 J

Uranium EPA 6020 ND(1) ND(1) ND(l) ND(I) ND(1) ND(l) ND(l)

Vanadium EPA 6020 1.44 b 2.25 ND(l) ND(l) 1.31 1.77 ND(I)
Zinc EPA 6020 12~gb NlJ(l0) 10.6 11.6 ND(10) ND(lO) 13.7

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
C Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this element; see Table 2-8.

ND(l) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but
are generally comparable to reporting limits for project samples; see Section 4 9.

- sample not analyzed for this parameter
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank contamination; result considered nondetect
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TABLE 4.8-3 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL SITE E
(concentrations in micrograms per liter)

UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other
quality control considerations

Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-8.
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TABLE 4.8-4

SEDIMENT ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL SITE E

r ana~~wm
Diesel Range Hydrocarbons IAK 102 ~mgiKg - ND(l0.3) ) 22.1 ND(4) ND(8.5) ND(8.41)

Volatile Organic Compounds
1,2,4-Trimethylbenzene EPA 82608 mg/kg - - ND(0.0641) - - -

I,3,5-Trimethylbenzene EPA 82608 mg/kg - - ND(0.064l) - - -

Metbylene chloride EPA 82608 mg/kg - - ND(0.0641) - - -

n-Butylbenzene EPA 8260B mg/kg - - ND(0.0641) - - -

aphthalene EPA 82608 mg/kg - - ND(0.064 I) - - -

p-lsopropyltoluene EPA 82608 mg/kg - - ND(0.064l) - - -

Polycyclic Aromatic Hydrocarbons

Acenaphihene EPA 8270C mg/kg - 0.0103 ND(0.0176) ND(0.0033) ND(0.00701) ND(0.00694)

Acenaphthylene EPA 8270C mg/kg - ND(0.00848) ND(0.0176) ND(0.0033) ND(0.00701) ND(0.00694)

Anthracene EPA 8270C mg/kg - ND(0.00848) ND(0.0176) ND(O.0033) ND(0.00701) ND(O.00694)

Fluoranthene EPA 8270C mg/kg - ND(0.00848) ND(0.0 176) ND(O.0033) ND(O.0070l) ND(0.00694)
Fluorene EPA 8270C mg/kg - 0.0274 ND(0.0176) ND(0.0033) ND(0.00701) ND(0.00694)

aphthalene EPA 8270C mg/kg - 0.0154 R ND(0.0176) R ND(0.0033) R ND(0.00701) ND(0.00694)
Phenanthrene EPA 8270C mg/kg - 0.0702 ND(0.0 176) ND(0.0033) ND(0.00701) ND(0.00694)

Pyrene EPA 8270C mg/kg - ND(0.00848) ND(0.0176) ND(0.0033) ND(0.00701) ND(0.00694)
Metals
Aluminum IEPA 6010B ~mg/kg 47,500 25,100 17,000 11,700 19,500 21,700
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TABLE 4.8-4 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL STTE E

— -

- a
Fi3

fl n ..S.,t%gj,S -:~‘~t
C 1?%’t~” ~‘.IIte

tca
Ii 0 -

a a a
~

j—.~c .I,cr., ~

Arsenic ‘EPA 6020 ‘mg/kg 3.64 I T44 1.5 1.253 1.7 J

Barium EPA 6020 mg/kg 468 76.7 { 36.5 61.6 49.9 64.2
Cadmium EPA 6020 mg/kg ND ND(1.28) ND(2.67) ND(0.5) ND(I.06) Ui ND(I.05) Ui

Calcium EPA 6010B mg/kg 7,720 3,400 2,710 1,950 4,860 5,370

Cerium EPA 6020 mg/kg 13 19.7 10.3 8.03 9.82 11.5

Cesium EPA 6020 mg/kg ND ND(I.28) Ui ND(2.67) Ui ND(0.5) Ui ND(1.06) US ND(l.05) UJ

Chromium EPA 6020 mg/kg 18.9 18.9 9.49 1 lÀ 22

Cobalt EPA6O2O mg/kg 37.3 18.5 4.03 7.66 11.5 15.1

Copper EPA 6020 mg/kg j. ~ p~pJ *~~r~ew ~&~W~? :~ ~
Iron EPA 601 OB mg/kg ~ ~1$~O9 ~IJ~93flcR~k 42~ 0004t ~ 3%300 ,

Lithium EPA 6020 mg/kg 21.7 7.89 3.03 4.04 6.08 8.74

Magnesium EPA 6010B mg/kg 17,000 5,320 1,310 3,110 4,980 6,950
Manganese EPA 6020 mg/kg 350 82 5 8~9~?W ~$t~26g~’~
Molybdenum EPA 6020 mg/kg ND ND(I .28) ND(2.67) 1.02 ND(1 .06) UJ ND( 1.05) UJ

Nickel EPA 6020 mg/kg , 628 II 124
Potassium EPA 6010B mg/kg 1,290 556 123 187 3455 434 J
Selenium EPA 6020 mg/kg 3.15 b 1.66 3.31 1.42 ND(1.06) ND(l.05)
Strontium EPA 6020 mg/kg 207 38.2 47.9 24.6 43.4 51.4
Thorium EPA 6020 mg/kg ND ND(1 .28) Ui ND(2.67) US ND(0.5) UI ND( 1.06) Ui ND( 1.05) Ui
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TABLE 4.8-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL SITE E

* I tIIIIWU
, S o ~P~1h~ s~S~

~ Ia.

~ - - I’ J~
. ~ t i%~*i~~ Iqn;~y~

Titanium EPA6O2O mg/kg 1,480 940J 715J 47lJ~ 937 1,010

Uranium EPA 6020 mg/kg ND ND(1 .28) Ui ND(2.67) UJ ND(0.5) Ui ND(1 .06) Ui ND(I .05) Ui

Vanadium EPA 6020 mg/kg 336 90.6 89.5 63.3 79.9 88.1

Zinc EPA 6020 mg/kg ~~J!$SM 56.9 ND(26 7) 36.1 50.7 59.3

Total Organic Carbon EPA 415.1 mg/kg - 25,600 103,000 27,900 22,800 10,300

Acid Volatile Sulfide Titration umol/g - ND(0.0l28) ND(0.0267) ND(0.005) ND(0.0l06) ND(0.0I05)
Simultaneously Extracted Metals Summation umol/g . 6.12 3.56 0.886 0.922 0 951

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram
umol/g micromoles per gram
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations
R result rejected due to quality control considerations
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TABLE 4.8-4 (cont.)

SEDIMENT ANALYTICAL RESULTS FOR UNNAMED STREAM, DRILL SITE E

Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-9.
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TABLE 4.8-5
FISH ANALYTICAL RESULTS FOR UNNAMED STREAM DRILL SITE £

(concentrations in milligrams per kilogram)

S’?r fl.~c .~

~,, ~‘, ~ Statioifl~ ~ Sation~4~f
Polycyclic Aromatic Hydrocarbons
Acenaphthene SW8270 SIM 81.1 - ND(0.0335) ND(0.0335) ND(0.0335)
Acenaphthylene SW8270 SIM NA - ND(0.0335) ND(0.0335) ND(0.0335)

Anthracene SW8270 SIM 405.6 - ND(0.0335) ND(0.0335) ND(0.0335)
Benzo (a) anthracene SW8270 SIM 0.0043 - ND(0.134) ND(0.134) ND(O.0335)
Benzo (a) pyrene SW8270 SIM 0.00043 - ND(0.134) ND(0.134) ND(0.0335)

Benzo (b) fluoranthene SW8270 SIM 0.0043 - ND(0.134) ND(0.134) ND(0.0335)
Benzo (ghi) perylene SW8270 SIM NA - ND(0.134) ND(0.134) ND(0.0335)
Benzo (k) fluoranthene SW8270 SIM 0.043 - ND(0.134) ND(0.134) ND(0.0335)
Chrysene SW8270 SJM 0.43 - ND(O.134) ND(0.134) ND(0.0335)
Dibenzo (aM) anthracene SW8270 SIM 0.00043 - ND(0.134) . ND(0.134) ND(0.0335)
Fluoranthene SW8270 SIM 54.1 - ND(0.0335) ND(0.0335) ND(0.0335)
Fluorene SW8270 SIM 54.1 - ND(0.0335) ND(0.0335) ND(0.0335)
Indeno (1,2,3-cd) pyrene SW8270 SIM 0.0043 - ND(0.134) ND(0.134) ND(0.0335)
‘iaphthalene SW8270 SIM 27.0 - ND(0.0335) ND(0.0335) ND(0.0335)

Phenanthrene SW8270 SIM NA - ND(0.0335) ND(0.0335) ND(0.0335)
Pyrene SW8270 SIM 40.6 - ND(0.134) ND(0.134) ND(0.0335)
Polychiorinated Biphenyls

Aroclor 1016 SW8081 - - ND(0.01)UJ ND(0.01)UJ ND(0.01)UJ
Aroclor 1221 SW8081 - - ND(0.02) UJ ND(0.02) UJ ND(0.02) UJ

Aroclor 1232 SWSO8I - - ND(0.0l) Ui ND(0.01) UI ND(0.01) Ui

Aroclor 1242 SW8081 - - ND(0.01) UI ND(0.01) UJ ND(0.01) UJ

Aroclor 1248 SW8081 - - ND(0.01)UJ ND(0.01’)UJ ND(0.01)UJ
Aroclor 1254 SW8081 - - ND(0.01) UJ ND(0.01) UI ND(0.01) UJ

Aroclor 1260 SW8081 0.0016 - ND(0.01)UJ ND(0.0I)UJ ND(0.01)U3

Metals

Aluminum SW6020 1351.9 38.8 21.4 18.2 21.5

Arsenic (total) SW6020 0.21 ~j’1J2J!PJ~ 0.0548 0.0518 0.047

Arsenic (morgarnc) EPA Draft 1632 0 0021 0 00176 ç~40)~0>508JJ~~ 000111

Barium SW6020 94.6 0.567 1.08 0.635 0.714
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TABLE 4.8-5 (cont.)
FISH ANALYTICAL RESULTS FOR UNNAMED STREAM DRILL SITE E

(concentrations in milligrams per kilogram)

.&7::~ ~w’ .‘~;;‘;tc~c;t.

~ “ ‘(: ~~ ;Efl~ -i ~ ç~ ~ t~,.~tc~tL ~
~.t~t .r t.....~ j~.tJ.ej ~ ~ r.~eL c’~~l ~ ef~t~ik”~. ~c ..;.~cc’r4

,~ ~ - r.-w~1 ~ - r a~-~ ~~ ~O i9fl ..

~ £1111~ r!a !~1J4~~
~11~1i~ VbIØ~t~~~N~Wi

iL”~i ~ ‘~ ~~ n~ ~j~’,Statioñ 1” 4j~”Statioñ~z~~SE ~L ‘Statiozr4~
Beryllium SW6020 2.7 ND ND(0.0250) ND(0.0250) ND(0.0250)

Boron SW6020 121.7 24.1 7.35 UI 7.09 UI 8.92 UI
Cadmium SW6020 1.4 ND ND(0.0250) ND(0.0250) 0.0288
Calcium SW6020 NA~ 10,300. 10,000 9,650 10,800

Cerium SW6020 NA ND ND(0.0250) ND(0.0250) ND(0.0250)
Cesium SW6020 NA ND 0.036 0.026 0.033
Chromium SW6020 4.1 0.684 0.373 0.423 0.377

Cobalt SW6020 81.1 0.0510 b 0.118 0.15 0.0718
Copper SW6020 54.1 3.40 0.838 U 0.973 U 0.833 V
Iron SW6020 405.6 73.6 . 36 35.8 36
Lithium SW6020 27.0 ND ND(0.0250) ND(0.0250) ND(0.0250
Magnesium SW6020 NA 349 328 318 343
Manganese SW6020 189.3 164 4.14 5.93 4.54
Molybdenum SW6020 6.8 0.150 b ND(0.125) UI ND(0.125) U! ND(0 125i 1)

Nickel SW6020 27.0 ND ND(0.125) 0.132 ND(0 125
Potassium SW6020 NA 4,310 3,500 4,200 3.931)
Selenium . SW6020 6.8 2.08 1.05 0.933 0.9lI~
Strontium SW6020 811.1 12.1 b 13.4 8.94 10 I

Thallium SW6020 0.09 0.0755 b ND(0.0250) ND(0.0250) 0.0453
Thorium 5W6020 NA 4.67k’ ND(2.50)UJ,B ND(2.50)UJ,B ND(2.50i1J H

Titanium SW6020 5407.4 0.834 0.418 0.671 0.57’~

Uranium SW6020 4.1 ND ND(0.500) ND(0.500) NDCO.SIKi
Vanadium 5W6020 9.5 0.289 0.22 0.21 0.195

Zinc SW6020 405.6 78.0 54.2 43.4 53.5

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless

otherwise noted. See Appendix D of this report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a

valid UTL. The concentration shown is the maximum detected concentration in the appropriate
background samples.
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TABLE 4.8-5 (cont.)
FISH ANALYTICAL RESULTS FOR UI4NAMEI) STREAM DRThL SITE F

(concentrations in milligrams per kilogram)

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses.
Reporting limits for background samples varied, but are generally comparable to reporting limits for project
samples; see Section 4.9.

- sample not analyzed for this parameter
B analyte detected in method blank
U analyte concentration attributed to blank or laboratory contamination; result considered nondetect
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination;

result is considered estimated due to other quality control considerations
Bolded values indicate exceedance of background concentrations. See Appendix D of this report for a description of

background concentration calculations.
Shaded cells indicate exceedance of Ecological Risk-Based Screening Concentrations presented in Table 2-10.
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Grain Size in Millimeters
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eventually entering Stream E.

SHANNON & WILSON, INC.
OEOTECI*JICAL AND ENVIRONMENTAL CONSULTANTS

Photo 4.8-1: Southern mud pit, Drill Site E, facing north. Pit dimensions are
approximately 40 by 80 feet.

Photo 4.8-2: Northern mud pit. Drill Site E, facing south. This pit drains to the south,

PHOTOS 4.8-1 & 4.8-2
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Photo 4.8-3: Reach 2 of Stream E, facing downstream and south.

Photo 4.8-4: Reach 3 of Stream E, facing southwest. This reach has a flatter gradient than
the two previous reaches.
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4.9 REFERENCE STREAMS

Since the metals that are COPCs for the 1998 Drill Site Investigation are also naturally
occurring, it was necessary to establish background concentrations from reference streams not
impacted by anthropogenic contamination. Samples of water, sediment, benthic invertebrates,
sediment for bioassay’s, and fish were collected from the reference streams following the same
procedures used for site-related streams. In addition to metals, water and sediment samples were
also analyzed for DRO to assess the possible contribution of naturally occurring organics to
DRO concentrations reported in site-related streams. Fish tissue samples were also analyzed for
PARs and PCBs. Low levels of PAHs are pervasive across the planet through atmospheric
transmission. PCBs are ubiquitous in marine settings and could possibly be spread to streams
through migrating/decomposition of marine organisms.

The thee nuclear test sites are situated at lower elevations (100 to 200 feet); whereas, the three
other drill sites are at higher elevations (300 to 500 feet). Because of differences in stream and
bedrock characteristics between these two areas, two lowland reference streams were selected
(Reference Streams I and 2), as were two upland reference streams (Reference Streams 3 and 4).
Observations and analytical results are described for each stream in the following sections.

4.9.1 Reference Stream 1

Reference Stream 1, one of two lowland reference streams included in the 1998 DOE Drill Site
Investigation, is located about 1 mile northwest of the Milrow Site (Figure 4.1-2). This stream is
approximately 4,500 feet long with an overall gradient of 2.8 percent. It begins at a small,
uz~named lake (water level 144 feet), flows west, and then south to a beach on the Pacific Ocean.
This stream was chosen as a reference stream because it appears to have few anthropogenic
impacts. There are no roads nearby. The stream was accessed from the end of Rifle Range Road
(2,000 feet to the south). There was some evidence of WV/Il activities along the stream,
including lines of Rommel stakes (pickets for barbed-wire fence), tent and latrine placements (in
Reach 3), and two empty 55-gallon drums (in Reach 3).

Field activities at Reference Stream 1 included a reconnaissance to document stream
characteristics and select sample station locations, and sampling of surface water, sediment,
benthic macroinvertebrates, and fish (resident Dolly Varden only). One surface water and
sediment sample was collected at each of five sampling stations along the length of the creek. At
three of the sampling stations (Stations 1, 2, and 5) fish, benthic macroinvertebrates, and
sediment samples for bioassays were also collected. A second fish sample was collected at
Station 5 as a b.ackground sample for PCB analysis.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
GPS receiver and are accurate to about ±100 feet. Station elevations were interpolated from
contours in Figure 4.1-2.
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Sample Numbers and Station Coordinates for Reference Stream I

FS

The following subsections present observations made during the reconnaissance and sampling
activities and discuss analytical results for surface water, sediment. benthos, and fish samples.

4.9.1.1 Stream Characteristics

Based on observations during the initial reconnaissance, Reference Stream 1 was divided into
three stream reaches (Figure 4.1-2). Reach 1 begins near the outlet of a small pond, flows
through a broad, gently sloping valley, and ends as the stream gradient increases. Reach 2 lies
within a narrower valley (from 800 down to 400 feet wide) and includes a major tributary
confluence. Reach 3 flows through a 200- to 300-foot-wide, steep-sided canyon with numerous
small waterfalls and one 7-foot-high waterfall a short distance above the beach. The following
table summarizes reach characteristics for Reference Stream 1.

0

i~ii~S~ ‘:~Sinuosity~; ~SUbsfrnte

1 2,000 1.7 Many bends Peat
2 1,600 3.1 Few bends Peat
3 900 4.4 Few bends Gravel/Cobbles

Revision No. 0
Date: 9/30199
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_______________ (feet MLLW) SanipleNumber
4092-SW

1 51° 25’ 23.5” 179° 09’ 27.0” 120 ~39SF~

4 100-IN

2 51°25’ 19.2” 179° 09’ 16.9” 100

~ 4088-SW

3 51° 25’ 15.6” 179° 09’ 03.2” 80

4098-IN

4 5I025~ 10.8” 179° 08’ 57.7” 70

4083-SW
4084-SD

5 51° 25’ 03.6” 179° 08’ 56.3” 40 4094-FS
4160-ES
4096-IN

Notes: SW = surface water SD = sediment = fish IN = invertebrates

Reach Characteristics for Reference Stream 1
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fl Reach 1In Reach 1, the stream channel is typically about 1 foot wide by 6 inches deep. In places, there
are several braided channels of approximately equal size and minor tributaries entering. The
stream banks are low and vertical to undercut with overhanging vegetation. In several places the
stream flows beneath the ground surface. The channel is incised though peat, and the bottom
generally consists of soft peat. In-stream vegetation is thick, consisting primarily of moss
(Fontinalus sp.) and marsh marigold.

Station 1 was located about 700 feet upstream of the boundary between Reaches 1 and 2.

Reach 2
In Reach 2 both the average stream channel dimensions and the stream gradient increase. A
major tributary that contributes about 50 percent of the overall stream flow enters from the north.
about 100 feet upstream of Station 3. Above the confluence the channel averages 2 feet wide
and 1 foot deep; below the confluence, the channel is 3 feet wide and 2 feet deep. The channel
continues to be deeply incised through peat, forming vertical to undercut banics and occasionally
subterranean tunnels. There are numerous 6-inch- to 1-foot-high waterfalls along the reach.
Stations 2, 3, and 4 are located within Reach 2 (Figure 4.1-2). Photo 4.9-1 shows the
downstream view near Station 2.

Reach 3
A steep-sided canyon, numerous falls, and an increased gradient characterize Reach 3. The
stream banlcs are up to 5 feet high and generally vertical to undercut. The water depth ranges
from 4 to 6 inches. The channel width averages 3 feet. The stream bottom typically consists ot
sand, gravel, and cobbles with deposits of silt and peat. The in-stream vegetation cover is about
40 percent and consists primarily of moss. A 7-foot-high waterfall is located about 200 teet
upstream of the beach. Station 5 is located about halfway down Reach 3 (Photo 4.9-2).

4.9.1.2 Surface Water

Five surface water samples were collected from Reference Stream 1, one for each sampling
station. Each sample was analyzed for DRO and metals. A summary of analytical resuks ts

presented in Table 4.9-1.

DRO was reported in all five surface water samples at concentrations ranging from 50.8 and I 4e~
ug/L. These detections are interpreted as biogenic hydrocarbons quantified within the DRO
range.

The following twelve metals were detected in the surface water samples from Reference Stream
1.
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Aluminum
Iron
Strontium

Cobalt
Manganese
Vanadium

Copper
Potassium
Zinc

The concentrations of these metals are attributed to naturally-occurring background levels. As
described in Appendix D, they were combined with the results for Reference Stream 2 and used
to calculate statistically based background concentrations for these metals in lowland stream
surface water.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented below. The average conductivity of Reference Stream 1 water is
significantly lower than for any other project stream. This is probably related to the fact that
metals concentrations in surface water samples from Reference Stream 1 were relatively low
compared to other streams.

Surface Water Parameters for Reference Stream 1

~sampunt~ rW~r~4~ 4~]3epCra frS~ i~DiOóIváLOxygön•: ~Condu.jyIty~:•.~.~ff$i~iia~itfi ~HP4~It t~)W~ t~-(iuigfL) - (us/cm) Turbidity
1 6.4 9.9 11.2 87 Clear
2 6.1 9.5 9.5 91 Clear
3 6.3 9.4 11.5 82 Clear
4 6.1 9.4 10.0 86 Clear
5 6.0 9.4 9.7 . 91 Clear

4.9.1.3 Sediment

One sediment sample was collected at each of five stations on Reference Stream I 1 he
sediment samples were analyzed for DRO, TOC, AVS/SEM, and metals. A single sample ~ a’
later analyzed for PCBs. Analytical results for sediment samples are summarized in Table 4 ‘~.

DRO was not detected in any of the sediment samples. A total of 21 metals was detected in the
Reference Stream 1 sediment samples. These included the following:

As described in Appendix D, the metals results from this stream were combined with the results
for Reference Stream 2 to calculate statistically-based background metals concentrations for
lowland stream sediment.

0

Calcium
Magnesium
Titanium

0

Aluminum Arsenic Barium Calcium Cerium Chromium
Cobalt Copper Iron Lithium Magnesium Manganese
Molybdenum Nickel Potassium Selenium Strontium Titanium
Uranium Vanadium Zinc
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The sediment sample from Station 5 was analyzed for PCBs in conjunction with samples from
Reference Streams 3 and 4, to determine whether measurable concentrations of PCBs were
present in reference stream sediment. No PCBs were detected, although the reporting limit was
elevated (0.237 mg/kg) due to the relatively low 21 percent solids (high moisture content) typical
for samples of peat-rich sediment in Amchitlca streams.

AVS and SEM concentrations in the sediment samples from Reference Stream 1 are presented in
the following table. Only at Station 1 where acid volatile sulfides were detected are they
sufficient to limit the availability of the SEM metals to organisms.

AVS and SEM Concentrations for Reference Stream 1

~~:E~Mb0~g) j SEM:AVS Ratio~4
I 4093-SD 61.3 1.08 0.02
2 4091-SD 0 0.967 NA
3 4089-SD 0 3.59 NA
4 4087-SD 0 2.54 NA
5 4084-SD 0 1.81 NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, and comparison between the substrate at the various stations.
Organic content was also determined for three samples. No grain-size gradation analysis was
performed due to insufficient mineral soil content. The results are presented in the following
table.

Sediment Characteristics for Reference Stream 1

[..j~ j &~.OrganicConWnt~ soWclassincatioñ c
~ ~:i~f~rnbe i.flJg!kg~y%wezght~4. ‘o-dryweighfr 7...

I 4093-SD 91,600 55.7 Brown, silty PEAT
2 4091-SD 98,400 - Brown PEAT
3 4089-SD 77,600 69.4 Brown, silty PEAT
4 4087-SD 76,400 - Brown, silty PEAT
5 4084-SD 67,100 46.0 Brown, silty PEAT

4.9.1.4 Benthos

Benthic samples were collected from Stations 1, 3, and 5 in Reference Stream 1. These samples
were submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in
each sample were identified and counted. Results are presented in the following table. Refer to
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the Triad Analysis ofDrill Site and Test Site Stream Sediments (Appendix F) for an evaluation of
these data.

Benthic Invertebrates in Reference Stream 1

life ~1ndividnaIsperStatior~
I~Lz~-~; ~___________ Stager 1:: 3
Turbellaria Tricladida Planariidae flatworm adult 4 10
Oligochacta Tubificida Tubiticidae tubifex worm adult 4 164 102
Colltmbola Collembola Isotomidae springtail adult 4
Insecta Ephemeroptera Baetidae (genus mayfly nymph 4

Pseudocloeon sp.)
Trichoptera Limniphilidae caddisfly larva 56 56 42
Diptera Chironomidae midge larva 648 96 36

Diamesinae midge larva 2
Tipulidae cranefly larva 4

Total1 708 332 192
Family Biotic Index 5.85 6.57 6.53

EPT Relative Abundance 7.9% 16.9% 21.9%
Species Diversity~ 0.31 1.22 1.18

4.9.1.5 Sediment Toxicity Tests

Sediment samples collected from Stations 1, 3, and S were used to perform 10-day freshwater
sediment bioassay tests using larvae of the midge Chirononius tentans. The tests were
performed by American Aquatic Testing in Allentown, Pennsylvania, under subcontract to IT
Corporation. Results are presented in the following table. Refer to the Triad Analysis ofDrill
Site and Test Site Stream Sediments (Appendix F) for an evaluation of these data.

Sediment Toxicity for Reference Stream 1

S~ 4& ~W W~Z~ 4t~oint*~ .._____________

~~ r ~Bxontass

:a~r~c~
1 90.00% 101.40% 0.280 55.50% 2.55 56.90%
3 47.50% 53.52% 0.588 116.70% 2.81 62.70%
5 83.75% 94.37% 0.281 55.80% 2.34 52.20%

4.9.1.6 Fish

Fish samples consisting of resident Dolly Varden were collected at Stations 1, 3, and 5. Samples
from Stations 1 and 3 are shown in Photo 4.9-3. An additional fish sample was collected at
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Station 5. The fish collected at each station were combined into one sample per station and
submitted for whole body tissue analyses. Specific data such as the size of individual fish, are
presented in the field fish collection forms in Appendix J. The following table summarizes the
size and weight of each of the fish samples.

Fish Sample Descriptions for Reference Stream I

~ /4sithèLe:~ •~~tS’~~ Average Weight. EIectroshock.Time~°~ Number.. (inches) - ~‘ (grams) (grams) (seconds)

I 4099-FS 4 - 6.5 14 330 23.6 491
3 4097-FS 1.5- 6.5 27 450 16.7 947
5 4094-FS 2- 8.5 18 330 18.3 624

5 (extra) 4160-ES 2-6 25 225 9.0 755

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, and PCBs.
Analytical results are presented in Table 4.9-3 and summarized below.

No PCBs were detected in fish samples from Reference Stream 1. Naphthalene, a PAH
compound, was detected in one sample from Station 5. The concentration was estimated at
0.0255 mg/kg, which was below the detection limit for the rest of the PAHs analyses. No other
PAHs were detected in the fish samples.

Nineteen metals were detected in the fish samples, as listed below.

Aluminum Arsenic Barium Boron Cadmium
Calcium Chromium Cobalt Copper Iron
Magnesium Manganese Potassium Selenium Strontium Thorium
Titanium Vanadium Zinc

The sample concentrations were compared to the project RBCs for fish consumption. None of
the metals concentrations that exceeded background levels also exceeded the RBCs; however,
there are no established RBCs for arsenic, calcium, magnesium, potassium, or thorium.

Inorganic arsenic was detected in each of the four fish samples from Reference Stream 1, at
concentrations ranging from 0.00226 to 0.0104 mg/kg. These concentrations exceed the RBC of
0.0021 mg/kg for this compound.

4.9.2 Reference Stream 2

Reference Stream 2, the second of two lowland reference streams included in the 1998 DOE
Drill Site Investigation, is located about 1 mile southeast of Cannikin Lake and White Alice
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Creek (Figure 4.3-2). This stream is approximately 6,500 feet long, and is intersected by
Infantry Road. The stream begins in a nearly flat, grass-sedge meadow and flows northeast to
the Bering Sea. This stream was chosen as a reference stream because it was not associated with
any drill site activities. However, there are anthropogenic effects to the stream resulting from the
road crossing. There is evidence of siltation and deposition in an area up to 1,000 feet
downstream of the road.

Field activities at Reference Stream 2 included a reconnaissance to document stream
characteristics and select sample station locations, and sampling of surface water, sediment,
benthic macroinvertebrates, and fish (resident Dolly Varden only). One surface water and
sediment sample was collected at each of five sampling stations along the length of the creek. At
three of the sampling stations (Stations 2, 3, and 5) fish, benthic macroinvertebrates, and
sediment samples for bioassays were also collected.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
GPS receiver and are accurate to about ±100 feet. Station elevations were interpolated from
contours in Figure 4.3-2.

The following subsections present observations made during the reconnaissance and sampling
activities and discuss analytical results for surface water, sediment, benthos, and fish samples.

Sample Numbers and Station Coordinates for Reference Stream 2

0

0

0

:-&~ -‘ r ~(feet M~W) ~: ~. -

1 5J0 27’ 38.3” 179° 07’ 59.8” 129 44~~’~’

414 1-SW

2 51° 27’ 41.3” 179° 08’ 05.4” 115 414~SD4153-FS
4154-IN

, 4138-SW

3 51° 27’ 49.5” 179° 08’ 08.6” 106 4139~~4~0-SD

4! 52-IN

4 51° 27’ 55.2” 179° 08’ 12.3” 95 4~65~’4137-SD
. 4134-SW

5 51° 28’ 06.0” 179° 08’ 25.5” 40

4 150-IN
Notes: SW = surface water SD = sediment FS = fish IN = invertebrates
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4.9.2.1 Stream Characteristics

Based on observations during the initial, reconnaissance, Reference Stream 2 was divided into
three stream reaches. Reach 1 begins 3,500 feet upstream of Infantry Road and ends at the road.
Reach 2 begins at the road and ends where the stream valley becomes steeper and narrower. An
increased gradient and stream velocity characterize Reach 3, which ends at a sand and cobble
beach. There were no significant fish barriers such as waterfalls observed along the stream. The
following table summarizes reach characteristics for Reference Stream 2.

Reach Characteristics for Reference Stream 2

‘:Rea~bf~ ~ ::(f~t~r Sinuosity Substrate
1 3,500 1.7 Many bends Silty peat
2 1,500 1.5 Many bends Silt
3 1,500 4.7 Few bends Sand

Reach 1
The terrain along Reach 1 has very low relief. The stream channel is typically about 1 foot wide

.by 3 to 6 inches deep. The stream banks are low and vertical to undercut with overhanging
vegetation. The bank vegetation consists primarily of grass with cow parsnip and wild celery. In
numerous places the stream flows beneath the ground surface. The channel is incised through
peat, and the bottom generally consists of silty peat. In-stream vegetation consists primaril~ of
moss (Fontinalus sp.). One tributary enters Reference Stream 1 about 50 feet upstream of
Station 2; this tributary contributes less than 15 percent to the overall stream discharge. Stations
I and 2 were located about 900 and 200 feet, respectively, upstream of Infantry Road.

Reach 2
Reach 2 is located downstream of Infantry Road. Photo 4.9-4 shows the downstream vie~ from
Infantry Road. The stream appears to have been impacted by siltation from road-related
construction activities and erosion. The natural drainage pattern may have been altered. Levcc~
have formed along the stream for several hundred feet downstream of the road. The area
between Stations 3 and 4 consists of a wetlands with disrupted drainage; there is no longer a
main channel but rather multiple rivulets, and much of the flow is underground. The wetland
covers an area roughly 800 by 200 feet. Where the channel is present it is often deeply incised.
with stream banks that are up to 5 feet high and generally vertical to undercut. The incised
nature of the stream is illustrated in Photo 4.9-5 taken at Station 3. The stream bottom consists
mainly of silt.

Reach 3
The gradient increases from approximately 2 to 5 percent as Reach 3 approaches the sea. The
stream channel here is about 3 feet wide by 1 foot deep. Banks are generally undercut with
overhanging vegetation (grass). The stream bottom is firm and typically consists of sand, gravel,
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and cobbles, especially in the lower portion of the reach. Station 5 is located in the lower portion
of Reach 3, about 250 feet upstream of the beach.

4.9.2.2 Surface Water

Five surface water samples were collected from Reference Stream 2, one from each sampling
station. Each sample was analyzed for DRO and metals. A summary of analytical results is
presented in Table 4.9-1.

DRO was reported in all five surface water samples at concentrations ranging from 71.3 to 147
ug/L. However, 55.5 ugfL of DRO also was present in the laboratory method blank associated
with this hatch of samples. In accordance with the EPA National Functional Guidelines for
Organic Data Review (EPA, 1991), these samples have been qualified as nondetects at detection
limits corresponding to the reported values, because they are less than five times the method
blank concentration. The reported concentrations of DRO are also comparable to the
concentrations of DRO reported in water from the other lowland reference stream (Reference
Stream 1) as explained in Section 4.9.1.2. Thus, the reported DRO values from Reference
Stream 2 may represent laboratory contamination, biogenic hydrocarbons, or a combination of
the two.

The following fourteen metals were detected in the surface water samples from Reference
Stream 2. . . CD

Aluminum Calcium Chromium Cobalt
Copper Iron Lithium Magnesium
Manganese Potassium Strontium Thallium
Titanium Vanadium

This is a similar list of metals to those found in Reference Stream 1 (Section 4.9.1 .2). ~ ith thc
addition of chromium, lithium, and thallium and the absence of zinc. The concentrations of thesc
14 metals are attributed to naturally-occurring background levels. As described in Appenda~ P
they were combined with the results from Reference Stream 1 to calculate statistically -ba.eJ
background concentrations for these metals in lowland stream surface water.

Metals concentrations in water from Stations 1 and 2 upstream of Infantry Road were compared
with concentrations from the three stations downstream of the road, to determine if Infantry
Road had a noticeable impact on water quality in Reference Stream 2. Increases in dissol’. ed
metals concentration that corresponded to higher metals concentrations in sediment downstream
of the road were noted for aluminum, titanium, and vanadium. However, potassium and
strontium concdntrations in water increased downstream of the road, while their concentration in
sediment decreased. In general, Infantry Road does not appear to have had a significant impact
on water quality under the flow conditions present at the time the water samples were collected.
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Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented below.

Surface Water Parameters for Reference Stream 2

• Sampling: H Temperature Dissolved Oxygen Conductivity Turbidit
.~ Station: ~ (degréeic) (mgTh) (uS/em)

1 6.7 10.0 10.5 145 Clear
2 6.8 9.8 11.6 150 Clear
3 7.2 9.8 10.5 136 Clear
4 6.7 9.0 10.6 167 Clear
5 6.8 8.0 11.5 203 Clear

4.9.2.3 Sediment

One sediment sample was collected at each of five stations on Reference Stream 2; a duplicate
sample was collected at Station 3. All sediment samples were analyzed for DRO, TOC,
AVS/SEM, and metals. Analytical results for sediment samples are summarized in Table 4.9-2.

DRO was detected in four of the five stations at concentrations ranging from 9.47 to 15.3 ug/L.
These detections are interpreted as biogenic hydrocarbons that are quantified within the DRO
range.

The following 25 metals were detected in sediment samples from Reference Stream 2.

Aluminum Arsenic Barium Boron Cadmium
Calcium Cerium Chromium Cobalt Copper
Iron Lithium Magnesium Manganese Molybdenum
Nickel Potassium Selenium Strontium Thallium
Thorium Titanium Uranium Vanadium Zinc

This is the same list of metals found in Reference Stream 1 (Section 4.9.1.3), with the addition of
boron, cadmium, thallium, and thorium. All 25 metals were detected at Station 5; upstream
samples contained fewer metals. The concentrations of metals in Reference Stream 2 were
attributed to naturally-occurring background levels. As described in Appendix D, they were
combined with the results from Reference Stream 1 to calculate statistically-based background
concentrations for these metals in lowland stream sediment.

Metals concentrations in sediment from Stations 1 and 2 upstream of Infantry Road were
compared with concentrations from the three stations downstream of the road, to determine if
Infantry Road had a noticeable impact on sediment quality in Reference Stream 2. Some
concentrations increased between Stations 2 and 3, while others decreased. There does not
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appear to be a significant impact to metals concentrations in sediment as a result of the road at
the time of this study.

AVS and SEM concentrations in the sediment samples from Reference Stream 2 are presented in
the following table. Results suggest there are insufficient acid volatile sulfides present at any of
the stations in the reference stream to limit the availability of the SEM metals to organisms.

AVS and SEM Concentrations for Reference Stream 2

~statzon4~j :nSaipIcN~ib~a ~AVS (urnole/g) SEM (umole/g) SEM AVS Ratio
I 4144-SD 0 3.15 NA
2 4142-SD 0.132 1.89 14.32
3 4139-SD/4140-SD 0/0.369 3.07/3.1 NA/8.40
4 4137-SD 0 3.21 NA
5 4135-SD 0 3.91 NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, and comparison between the substrate at the various stations.
Organic content was also determined for three samples. The results are presented in the
following table. No grain-size gradation analyses were performed due to insufficient mineral
soil content.

Sediment Characteristics for Reference Stream 2

I 4144-SD 12,400 - Silty PEAT
2 4142-SD 23,300 51.2 Brown SILT with organics

3 4139-SD 15,900 26.2 Wg?~b!’ sandy SILT

4 4137-SD 19,200 - Brown PEAT
Brown, medium to coarse

5 4135-SD 13,800 12.1 SAND

4.9.2.4 Benthos

Benthic samples were collected on Reference Stream 2 at Stations 2, 3, and 5. These samples
were submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in
each sample were identified and counted. Results are presented in the following table. Refer to
the Triad Analysis ofDrill Site and Test Site Stream Sediments (Appendix F) for an evaluation of
these data.
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Benthic Invertebrates in Reference Stream 2

. ... .. .: .. : ~ :. H . . Common Life Individuals per Station.Class Order Family Name Stage 2 3 ( 5

Turbellaria Tricladida Planariidae flatworm adult
Peleycopoda Spaeracea Sphaeriidae clam juvenile 332 560
Collembola Collembola Hypogasturidae springtail adult 3

Jsotomidae springtail adult 8
insecta Ephemeroptera Baetidae mayfly nymph 54

. Hemiptera Veliidae ripple bug nymph 8
Trichoptera Limniphilidae caddisfly larva 20 24 22
Diptera Chironomidae midge larva 76 136 6

Diamesinae midge larva
Total 428 736 88

Family Biotic Index 7.46 7.49 4.14
EPT Relative Abundance 4.7% 3.3% 86.4%

Species Diversity 0.65 0.73 1.1

4.9.2.5 Sediment Toxicity Tests

Sediment samples collected from Stations 2, 3, and 5 were used to perform 10-day freshwater
sediment bioassay tests using larvae of the midge Chironomus tentans. The tests were
performed by American Aquatic Testing in Allentown, Pennsylvania, under subcontract to IT
Corporation.

Measurements of toxicity include survival (percentage of initial seed organisms surviving to the
end of the test), growth (average dry weight of surviving organisms), and biomass (total dry
weight of surviving organisms). Since the toxicity tests were conducted in three batches, the
data were control normalized in order to make appropriate comparisons. Normalization
consisted of expressing the results as a percentage of the average laboratory control response for
the laboratory control sample tested concurrently with the particular sample. Results are
presented in the following table. Refer to the Triad Analysis of Drill Site and Test Site Stream
Sediments (Appendix F) for an evaluation of these data.

Sediment Toxicity in Reference Stream 2

~::;~ .r::~9i~Eio~d~TestEndpoints
Survival- ~ .~— - Growth Biomass

~ i~~ormahzed ~: I NormalizeL

2 87.50% 92.11% 0.299 57.30% 2.56 51.90%
3 75.00% 78.95% 0.301 57.70% 2.28 46.20%
5 76.25% 80.26% 0.360 69.00% 2.75 55.80%

SECTION 4.0 SITE CHARACTERIZATION Revision No. 0
1.1.5. Anny Corps of Engineers. AlaskaDistrict Date: 9/30/99
Amchitka Island, Alaska Page 4-149

DOE 1998 SITE CHARACTERIZATION REPORT X-0926-04



4.9.2.6 Fish ED
Fish samples consisting of resident Dolly Varden were collected at Stations 2, 3, and 5. The fish
collected at each station were combined into one sample for each station and submitted for whole
body tissue analyses. Specific data,.such as the size of individual fish, are presented in the field
fish collection forms in Appendix J. The following table summarizes the size and weight of the
fish samples.

Fish Sample Descriptions for Reference Stream 2

~d~a~Jt Jots! Sample Average Weight Electroshock TImi~(seconds)~

2 4153-FS 2—6.5 18 300 16.6 408
3 4151-FS 3.5-6 8 150 18.7 510
5 4149-FS 3—6.5 18 300 16.6 606

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, and PCBs.
Analytical results are presented in Table 4.9-3 and summarized below.

No PAHs were detected in fish samples from Reference Stream 2. The PCB Aroclor 1254 was
detected in one sample from Station 5 at an estimated concentration of 0.00823 mg/kg, which CD
was below the detection limit for the rest of the PCB analyses. Nd other PCBs were detected in
the fish samples.

Twenty-three metals were detected in at least one fish sample each.

Aluminum Arsenic Barium Boron Calcium Cerium
Cesium Chromium Cobalt Copper Iron Lithium
Magnesium Manganese Molybdenum Potassium Selenium Strontium
Thallium Thorium Titanium Vanadium Zinc

The list of metals detected in at least one sample each of Reference Stream 2 is similar to the list
for Reference Stream 1 (Section 4.9.1.6), except cadmium was not detected, and cerium, cesium,
lithium, molybdenum, and thallium were.

The sample concentrations were compared to the project RBCs for fish consumption. None of
the sample concentrations exceeded the RBCs; however, there are no established values for
arsenic, calcium, cerium, cesium, magnesium, potassium, or thorium.

Inorganic arsenic was detected in each of the three fish samples from Reference Stream 2 at
concentrations ranging from 0.000832 to 0.0117 mg/kg. Two of three results exceeded the RBC
of 0.0021 mg/kg for this compound.
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4.9.3 Reference Stream 3

Reference Stream 3 was selected due to its similarity to upland streams at Drill Site D (Falls
Creek) and Drill Site F (Limpet Creek), which were investigated as part of the 1998 Drill Site
Investigation. This stream was chosen as a replacement for the originally selected Reference
Stream 3 (Figure 4-4 of the 1998 Management Plan). That stream was abandoned after an initial
reconnaissance revealed the potential for significant historical anthropogenic impact.
Specifically, the pond at the headwaters of the original Reference Stream 3 was downgradient
from the emplacement hole at Drill Site D. This location implied the possibility that Drill Site])
drilling mud or other drilling-related fluids may have reached the pond (i.e. the headwaters of the
stream) and thus impacted the stream. While there was no direct evidence that .impacts to the
pond or stream had occurred, a decision was made to abandon the original reference stream
because of the potential for drilling-related impacts. Some WWII-era outlook buildings were
noted on the bluff adjacent to the mouth of the new reference stream, but no other anthropogenic
impacts were obvious, and the stream is not known to be related to any drilling activities.

The new Reference Stream 3 is located approximately I mile west of the Cannikin site (Figures
1-2 and 4.9-1). It is approximately 9,500 feet long and flows southwestward to the Pacific
Ocean. The stream begins in a flat grass-sedge meadow, increases in gradient along its middle
reaches, and flattens again before it enters the ocean.

Field activities at Reference Stream 3 included a reconnaissance to document stream

Q characteristics and select sample station locations, and sampling of surface water, sediment,benthic macroinvertebrates, and fish (Dolly Varden only). One surface water and one sediment
sample were collected at each of five sampling stations along the length of the creek. Fish,
benthic macroinvertebrates, and sediment samples for bioassays were also collected at Stations 1,
2, and 4.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
C3PS receiver and are accurate to about ±100 feet. Station elevations were interpolated from
contours in Figure 4.9-1.

Sample Numbers and Station Coordinates for Reference Stream 3

.~:I:t SampleNumberJ~j

3068-SW

I 51°28.470’ 179°5.124’ 265

3 076-IN
3066-Sw

2 51°28.058’ 179°4.949’ 185 3067-SD
~073-FS
3074-IN
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The following subsections present observations made during the reconnaissance and sampling
activities and discuss analytical results for surface water, sediment, benthos, and fish samples.

4.9.3.1 Stream Characteristics

Based on observations during the initial reconnaissance, Reference Stream 3 was divided into
three reaches (Figure 4.9-1). Reach 1 begins in a flat grass-sedge meadow surrounded by several
small ponds. There were no distinct channels from any of the ponds, suggesting the stream
headwaters were fed by subsurface flow except possibly during heavy rainfall events. The
stream within Reach 1 meanders through a broad, gently-sloped valley and ends as the gradient
increases at the beginning of Reach 2. Reach 2 lies within a narrower valley (400 to 800 feet
wide) and ends just upstream of a major tributary confluence that contributes approximately 30
percent to the stream’s volume. Portions of the stream within Reach 2 remain underground for
distances of 20 to 50 feet. At the lower end of Reach 2, just upstream of the tributary, the valley
widens again, and a significant decrease in gradient corresponds to the beginning of Reach 3.
The wide valley within the upstream portion of Reach 3 narrows again after about 1,000 feet, and
Reach 3 remains in a relatively steep-sided valley until it reaches the Pacific Ocean at a cobble
and gravel beach. The following table summarizes reach characteristics for Reference Stream 3.

C

anti;:~ii~’r~p. a&nuos~
1 1,500— 2,000 1.0 Few bends Peat and silt

2 5 000 34 Many small Gravel intermixed with
‘ bends and overlying silty peat

3 3 000 2—3 Many small Cobbles and gravel mixed~ bends with sand and silty peat.

sEcrioN 4.0 SITE CHARACTERIZA11ON
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

Sample Number

3 51°27.897’ 179~4.602’ 110

~ 3062-SW

4 51027 469’ 179°4.198’ 45 3070FS/’O7IFS

3072-IN

5 51°27.325’ 179°3.952’ 15 3060SD30Z.SD

Notes: SW = surface water SD = sediment FS = fish IN = invertebrates
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fl Reach 1Reference Stream 3 begins in a 10- to 15-acre, relatively flat meadow at approximately Mile 12
on Infantry Road. The upstream portion of Reach I lies within a wet meadow, while the
downstream portion of the reach is drier with the beginning of a shallow U-shaped valley. The
edges of the wet meadow slope gently toward the stream channel. There are several ponds to the
north and south of the meadow. These ponds are all at slightly higher elevations than the stream
channel within Reach 1, and although there are no channels from most of these small ponds, it is
likely they are the sources of Reference Stream 3, providing water to the channel through
underground flow. At the farthest upstream portion of the reach there are several small braided
channels of approximately equal size (less than 1 foot wide and 1 to 2 inches deep). These
multiple channels come together within 300 feet of their origin and form a channel typically
about 1 foot wide by 6 inches deep. This channel cuts through peat, and the bottom substrate is
very soft peat. The are no banks within the meadow in Reach 1. Rather, the channel is beneath
the surface and meanders within a wet boggy meadow that contains a large amount of standing
water. Emergent sedges dominate the channel, all of the standing water, and the majority of the
meadow. Station 1 was located along the channel in the middle portion of the wet sedge
meadow.

One tributary flows from a small pond north of the stream channel into the stream. This tributary
contributes approximately 10 to 15 percent to the flow of the main channel. In the vicinity of
this confluence the channel widens and becomes incised approximately 2 to 3 feet into the
meadow. In this same vicinity, likely as a result of the increased capacity and depth of the
stream channel, the wet meadow ends, a broad U-shaped valley begins, and the stream banks
become dominated with upland sedges and grasses. In a few areas the channel flows
underground for short distances (20 to 50 feet). Reach 2 continues approximately 200 feet past
the confluence to a distinct change in stream gradient.

Reach 2
Within the upstream portion of Reach 2 the average stream channel dimensions increase
compared to Reach 1, a distinct valley is developed along the stream, and the stream gradient
increases (Photo 4.9-6). In addition, the stream channel becomes incised 3 to 6 feet. The bottom
substrate within Reach 2 is hard-packed, scoured peat with some cobble and gravel deposits, and
has patchy areas of moss and filamentous algae. Station 2 is located about 1,800 feet
downstream of the beginning of Reach 2 in the upper portion of the well-defined valley. Station
3 is in the mid-portion of Reach 2, approximately 2,000 feet downstream of Station 2 and 150
feet upstream of a tributary that enters from the north. This tributary contributes approximately
15 percent of the overall stream discharge. Reach 2 ends approximately 1,800 feet downstream
of Station 3 and 200 feet upstream of a major tributary that enters the stream from the northwest.
At this point the narrow valley opens into a wide plateau that marks the beginning of Reach 3.

Reach 3
Reach 3 begins at a decrease in gradient within a plateau that opens up from the Reach 2 valley,
just upstream of a major tributary that flows into Reference Stream 3 from the northeast. This
tributary contributes about 30 percent to the stream discharge. Approximately 1,000 feet below
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the tributary a steep-sided valley forms along the stream. This valley continues to the stream’s
mouth at the Pacific Ocean. The stream substrate with Reach 3 includes cobbles and gravel, with
some sand. Peat is also common. Patches of moss are attached to the stream bottom.

Within the plateau the channel continues to be deeply incised through peat, forming vertical to
undercut banks and occasionally subterranean tunnels. Station 4 is located at the upstream end
of the steep-sided valley approximately 1,500 feet downstream of the major tributary. Within
this valley the stream channel widens and becomes slightly less incised and does not run
undergroufld. Station 5 is nearly 500 feet upstream of the mouth of the stream. Another
tributary enters from the northwest between Station 5 and the mouth. This tributary contributes
15 to 20 percent to the stream’s discharge. The stream enters the Pacific Ocean at a cobble and
gravel beach.

4.9.3.2 Surface Water

Five surface water samples were collected from Reference Stream 3, one for each sampling
station. Each sample was analyzed for DRO and metals. A summary of analytical results is
presented in Table 4.9-4.

DRO was reported in three of five surface water samples at concentrations ranging from 62.7 to
84.8 ug/L. However, a concentration of 55.5 ug/L of DRO was present in the laboratory method
blank associated with this batch of samples. In accordance with the EPA National Functional
Guidelines for Organic Data Review (EPA, 1991), these samples have been qualified as
nondetects at detection limits corresponding to the reported values, because they are less than
five times the method blank concentration. The reported concentrations of DRO are also
comparable to the concentrations of DRO reported in water from the other upland reference
stream (Reference Stream 4, see Section 4.9.4.2). Thus, the reported DRO values from
Reference Stream 3 may represent laboratory contamination, biogenic hydrocarbons, or a
combination of the two.

Fifteen metals were detected in the surface water samples from Reference Stream 3, including:

Aluminum Calcium Chromium Cobalt
Copper Iron Magnesium Manganese
Nickel Potassium Strontium Thallium
Titanium Vanadium Zinc

The concentrations of these 15 metals were attributed to naturally-occurring background levels in
the stream. As described in Appendix D, these concentrations were combined with the results
for Reference Stream 4 to calculate statistically-based background concentrations for these
metals in upland reference stream surface water.
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fl Surface water quality parameters measured at each station during the 1998 Drill SiteInvestigation are presented in the following table.

Surface Water Parameters for Reference Stream 3

SampIing:~~ a: ~ Temperature ::;Dissolved Oxygen Conductivity Turbidity n
: :Stafioii~ P4~s~ ~:..(d~~C)n~ (mgfL) (uS/cm) (NTU)

I 7.7 10.9 11.66 170 0
2 7~49 8.1 14.4 164 0
3 7.16 8.2 13.73 173 0
4 7.16 7.5 13.25 194 0
5 - 7.3 11.5 174 0

Note: - Turbidity not measured due to equipment malfunction

4.9.3.3 Sediment

One sediment sample was collected at each of five stations on Reference Stream 3. All sediment
samples were analyzed for DRO, TOC, AVS/SEM, and metals. Sediment samples from Stations
4 and 5 were also analyzed for PCBs. Analytical results for sediment samples are summarized in
Table 4.9-5.

No PCBs were detected in either of the two sediment samples.
somewhat elevated due to relatively low percent solids (35 to 39 percent).

The detection limits were

• DRO was detected in one of the five samples (Station 1) at 206 mg/kg. This is interpreted as
biogenic hydrocarbons quantified within the DRO range.

The following 25 metals were detected in the Reference Stream 3 sediment samples.

Barium
Chromium
Lithium
Potassium
Vanadium

Boron
Cobalt
Magnesium
Selenium
Zinc

The concentrations of these metals were attributed to naturally-occurring background. As
described in Appendix D, they were combined with the results for Reference Stream 4 to
calculate statistically-based background concentrations for these metals in upland reference
stream sediment.

AVS and SEM concentrations in the sediment samples from Reference Stream 3 are presented in
the following table. Results suggest that Stations 2 through 5 contain sufficient acid volatile
sulfides to limit the bioavailability of the naturally-occurring SEM metals to organisms. The

Aluminum
Calcium
Copper
Manganese
Strontium

Arsenic
Cerium
Iron
Nickel
Titanium
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SEM to AVS ration at Station 1 suggests the potential for naturally-occurring SEM metals to be
bioavailable.

AVS and SEM Concentrations for Reference Stream 3

0

SEM:AVSRAtio;4I~

1 3069-SD 2.63 3.46 1.32
2 3067-SD 50.9 3.86 0.08

~ 3 3065-SD 118 1.74 0.01
4 3063-SD 5.94 2.82 0.47
5 3060-SD/3061-SD 150/355 4.24/3.18 0.03/0.01

.il

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, and comparison between the substrate at the various stations.
Organic content determinations were performed on three samples to also allow for comparison of
the substrate between stations where benthic invertebrates were sampled. No grain-size analyses
were performed due to insufficient mineral soil content in the samples. The results of the total
organic carbon and organic content analyses are presented in the following table.

Sediment Characteristics for Reference Stream 3

.____

I 3069-SD 159,000 1 14.3 Dark brown peat

2 3067-SD 108,000 38.3 Dark brown peat

3 3065-SD 59,400 - Dark brown silty peat

4 3063-SD 70,400 22.5 Dark brown silty peat

~ SD/3061-SD 40,500/49,700 - Dark brown peaty silt

4.9.14 Benthos

Benthic samples were collected from Reference Stream 3 at Stations 1, 2, and 4. These samples
were submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in
each sample were identified and counted. Results are presented in the following table. Refer to
the Triad Analysis ofDrill Site and Test Site Stream Sediments (Appendix F) for an evaluation of
these data.

0
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Benthic Invertebrates in Reference Stream 3

.:•~ •.: ~ ::.: ••.. .:~• Common Life Individuals perStation

.CIs.... .....Faw’Iy Name Stage 1 2 4

Turbellaria Tricladida Planariidae flatworm adult
Oligochaeta Tubificida Tubificidae tubifex adult 2 3 8

worm
Peleycopoda Spaeracea Sphaeriidae clam juvenile 68
Inseeta Ephemeroptera Baetidae (genus mayfly nymph 13 4

, Pseudocloeon sp.)
Hemiptera Veliidae Ripple Bug nymph I
Trichoptera Limniphilidae caddisfly larva 4 41 6
Diptera Chironomidae midge larva 90 36 46

Crustacea Amphipoda Talitridae (genus scud adult 2
Hyalella sp.)

Total 166 94 64
Family Biotic Index 6.82 4.89 5.94

EPT Relative Abundance 2.4% 56.8% I 15.6%
Species Diversity, 0.89 I .21 I 0.89

4.9.3.5 Sediment Toxicity Tests

Sediment samples collected from Stations 1, 2, and 4 were used to perform 10-day freshwater
sediment bioassay tests using larvae of the midge Chironomus tentans. The tests were

• performed by American Aquatic Testing in Allentown, Pennsylvania, under subcontract to IT
• Corporation. Results are presented in the following table. Refer to the Triad Analysis ofDrill

Site and Test Site Stream Sediments (Appendix F) for an evaluation of these data.

Sediment Toxicity Results, Reference Stream 3

~- - . -cSurnvak.-~ ~ ~ - Growth Biomass
~Stationtt.: -;.. - .:~. t:z.z4; ..

~ — - Resultc~~ ~ -‘ ~Resu1t Result
.ra~ -~ ~ -,~A~ Normalized Nonuahzed

. ~ ~4)~~; ~ z. .- .. (mg)
I 62.50% 65.79% 0.324 62.1% 1.82 36.9%
2 57.50% 60.50% 0.318 60.9% 1.82 36.9%
4 91.25% 96.05% 0.320 61.3% 2.87 58.2%

4.9.3.6 Fish

Fish samples consisting of Dolly Varden were collected at Stations 1, 2, and 4. At Station 4 a
large sample was collected and split (by weight) into one original and one field duplicate sample.
Note that a 12-inch fish was collected at Station 1 that may have been a sea-run Dolly Varden.
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The fish collected were combined into one sample for each station and submitted for whole-body
tissue analyses. Specific data, such as the size of individual fish, are presented in the field fish-
collection forms in Appendix J. The following table summarizes the size and weight of the fish
samples.

Fish Sample Descriptions for Reference Stream 3

-t.id~~S3~: 4~TotaI~sam~Je Average Weight El~t~s~ Tirn~

t~- Wk~ ~~flK~t }L~S4 ~ -. (seconds~.
I 3075-FS 2.5 - 12 9 400 44.4 1240
2 3073-FS 2.5-6 35 320 9.1 633
4 3070-FS 2-6 19 310 16.3 802

4 (dupL) 3071-FS 2-6 38 330 8.7 802

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, and PCBs.
Analytical results are presented in Table 4.9-6 and summarized below.
No PANs or PCBs were detected in fish samples from Reference Stream 3.

Nineteen metals were detected. The list of metals detected in at least one sample is as follows:

Aluminum Arsenic Barium Boron Calcium Chromium
Copper Iron Magnesium Manganese Molybdenum Potassium
Selenium Strontium Thallium Thorium Titanium Vanadium
Zinc

The results obtained for the sample and duplicate at Station 4 are remarkably similar. The metals
concentrations were compared to the project RBCs for fish consumption. None of the sample
concentrations exceeded the RBCs; however, there are no established values for arsenic,
calcium, magnesium, potassium, or thorium.

Inorganic arsenic was detected in each of the four fish samples from Reference Stream 3 at
concentrations ranging from 0.00147 to 0.0122 mg/kg. Two of four results exceeded the RBC of
0.002 1 mg/kg for this compound.

4.9.4 Reference Stream 4

Reference Stream 4 is located west of Drill Site E (Figures 1-2 and 4.8-2). This stream is
approximately 9,000 feet long, beginning about 500 feet south of Infantry Road and flowing
southward to the Pacific Ocean. This stream was chosen as a reference stream because of its
similarity to the Drill Site E stream investigated during this study, and because no anthropogenic
impacts are known or were observed along the stream.
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Field activities at Reference Stream 4 included a reconnaissance to document stream
characteristics and select sample station locations, and sampling of surface water, sediment,
benthic macroinvertebrates, and fish (Dolly Varden only). One surface water and sediment
sample were collected at each of five sampling stations along the length of the creek. Fish,
benthic macroinvertebrates, and sediment samples for bioassays were also collected at Stations 2,
3, and4).

In all other upland streams, fish, benthic macroinvertebrate, and sediment bioassay samples were
collected from each reach. However, at Reference Stream 4 these samples were not collected
from Reach 1, because it was unlikely that fish could swim between Reach 2 to Reach 1 due to a
steep gradient at the upstream end of Reach 2. In addition, the stream within Reach 1 appeared
to be poor fish habitat because of its small size and underground flow.

The following table lists the sample numbers of each medium collected at each station, as well as
site coordinates. Latitude and longitude of sampling stations were measured using a hand-held
GPS receiver and are accurate to about ±100 feet. Station elevations were interpolated from
contours in Figure 4.8-2.

Sample Numbers and Station Coordinates for Reference Stream 4

SD = sediment FS = fish IN = invertebrates

The following subsections present observations made during the reconnaissance and sampling
activities and discuss analytical results for surface water, sediment, benthos, and fish samples.

____________ ~~__.1 SampItNurnber~
1 510 33.704’ 178° 57.268’ 540 . ~050-Sw

3050-SD
3049-SW

2 51°33.322’ 178°57.053’ 300 3049-SD
j055-FS
3056-IN
3048-SW

3 51°33.101’ 178°56.905’ 150 3048-SD
3053J5
3054-IN
3047-SW

4 5J0 32.786’ 178° 56.772’ 60 3047-SD
3051J5
3052-IN

5 51° 32.644’ 178° 56.775’ 20 3044-SW/3045-SW

Notes: SW = surface water
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4.9.4.1 Stream Characteristics

Based on observations during the initial reconnaissance, Reference Stream 4 was divided into
three stream reaches (Figure 4.8-2). Reach I begins on a hill northwest of the Drill Site E
emplacement hole and ends just before a major increase in gradient. After this short, (600 feet)
steep descent, the gradient of Reach 2 decreases and the stream flows through a small plateau,
then into a 100- to 150-foot-deep by 200- to 300-foot-wide valley. The stream remains within
this valley throughout most of the length of Reach 2. There is a second small plateau on the
eastern side of the stream about two-thirds of the distance down Reach 2. Reach 3 begins where
the stream gradient decreases noticeably and the valley opens to a broad plateau before the
stream reaches the ocean. The following table summarizes reach characteristics for Reference
Stream 3.

Reach Characteristics for Reference Stream 4

rj4 ti~~iiim~ t~r~*~ ?~i:~S~,iiosIt{~. ::Substrjte

1 2,500 2 —3 Few bends Dark brown silty peat

3 ~ Many small Cobbles and gravel with2 5,000 — bends some sand and peat

Cobbles and gravel with
3 1,500 I —2 Many bends some sand

0
Reach 1
Reach I begins approximately 500 feet south of Infantry Road and 2,000 feet northwest of the
Drill Site E emplacement hole. The headwaters of Reference Stream 4 are a series of small
braided rivulets flowing down a short-grass and lichen covered hillside with a gradient of 2 to 3
percent. The braided channels are less than a foot wide and only 1 to 3 inches deep. Within the
middle portion of Reach 1 the braided channels join to form a channel that is incised 3 to 6 feet
and frequently flows underground (Photo 4.9-7). At this point the stream channel is typically
about 2 feet wide and 2 to 10 inches deep. Within Reach 1 the stream banks vary from low and
gently sloped to vertical and undercut. There is a lack of aquatic vegetation. Some moss
(Fontinalus sp.) is present on the stream bottom. The bottom substrate is firm peat with some
embedded cobbles and gravel. Station 1 was located approximately 700 feet upstream of the
boundary between Reaches 1 and 2.

Reach 2
Reach 2 begins at a dramatic increase in gradient from approximately 3 to 6 percent. This steep
area is about 600 feet long and then the gradient decreases to 3 to 4 percent for the remainder of
Reach 2. At that point the stream enters a small plateau and is 3 to 6 feet wide and 0.5 to 2 feet
deep. The bottom substrate is cobbles and gravel. In-stream vegetation includes large patches of
mass that trap and hold a large amount of sand, silt, and peat. The banks are generally low (i.e. 1
to 3 feet) and vertical or undercut. About 300 feet downstream from the gradient decrease a
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steep-sided valley forms along the stream (Photo 4.9-8), but the stream character remains the
same as within the plateau. Within Reach 2 the stream never flows underground and the channel
is clear.

A major tributary enters from the northwest about 2,000 feet downstream of the top of Reach 2
and contributes about 35 to 40 percent of the overall stream discharge. A 15- to 20-acre plateau
forms on the eastern side of the stream about 1,000 feet downstream of the tributary. This
plateau reverts back to steep-sided valley after approximately 400 feet, and the valley continues
for the remainder of Reach 2. Station 2 is located 200 feet downstream of the steep section of
Reach 2. Station 3 is approximately 500 feet downstream of the tributary confluence at the
upstream edge of the second plateau. (Figure 4.8-2).

Reach 3
Reach 3 begins at a decrease in gradient to 1 to 2 percent and is characterized by a flat, open
plateau. leading to the stream’s mouth at the Pacific Ocean. The character of the stream remains
very similar to Reach 2 with a cobble and gravel substrate, clear channel, and vertical or
undercut banks of 2 to 4 feet high. There is a slight increase in the amount of cobbles and a
noticeable decrease in the amount of moss. The stream is about 3 to 6 feet wide and 2 to 6 feet
deep. A few sandbars are present on the inner edge of stream meanders. There is a 3-foot
waterfall about 150 feet downstream of the beginning of Reach 3. This waterfall is not likely to
be a fish barrier at high water flows. As the stream reaches the ocean it cuts a small valley into
the ocean-front bluff, but the overall stream character does not change. The mouth of the stream
was piled with large driftwood logs and debris. This debris could be a barrier to sea-run fish
passage. Cobbles, boulders, driftwood, and anthropogenic flotsam dominate the beach at the
mouth of the stream.

4.9.4.2 Surface Water Quality

Five surface water samples were collected from Reference Stream 4, one at each sampling
station. Each sample was analyzed for DRO and metals. A summary of analytical results is
presented in Table 4.9-4.

DRO was reported in two of five surface water samples at concentrations ranging from 54.0 and
59.5 ug/L. These detections are interpreted as biogenic hydrocarbons that are quantified within
the DRO range.

Ten metals were detected in at least one surface water sample:

Calcium Cobalt Magnesium Manganese
Nickel Potassium Strontium Thorium
Titanium Zinc
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The concentrations of these ten metals are attributed to naturally-occurring background levels.
As described in Appendix 0, they were combined with the results for Reference Stream to
calculate statistically-based background concentrations for these metals in upland reference
stream surface water.

Surface water quality parameters measured at each station during the 1998 Drill Site
Investigation are presented in the following table.

Surface Water Parameters for Reference Stream 4

~SampJifl~ J~4~~ ~.oived~Oxygen Con uctivity •Turbjdjty~
~Stitioii”~~ ~ ~,.(degreeiq~’ (mgfL) - (uSIcni) (NTUJ~

1 6.33 10.7 10.25 151 0
2 6.22 8.7 12.68 158 0
3 6.10 8.3 12.6 165 0
4 5.95 8.4 11.98 168 0
5 5.92 8.2 11.54 174 0

4.9.4.3 Sediment

One sediment sample was collected at each of five stations on Reference Stream 4. All sediment
samples were analyzed for DRO, TOC, AVS/SEM, and metals. Sediment samples from Stations
3, 4, and 5 were also analyzed for PCBs. Analytical results for sediment samples are summarized
in Table 4.9-5.

No PCBs were detected in the three analyzed sediment samples.

DRO was detected in four of the five sediment samples at concentrations ranging from 6.59 to
10.7 mg/kg. These are interpreted as biogenic hydrocarbons that are quantified within the DRO
range.

The following 19 metals were detected in the sediment samples.

Aluminum Arsenic Barium Calcium
Cerium Chromium Cobalt Copper
Iron Lithium Magnesium Manganese
Nickel Potassium Selenium Strontium
Titanium Vanadium Zinc

The concentrations of these 19 metals were attributed to naturally-occurring background levels.
As described in Appendix 0, they were combined with the results for Reference Stream 3 to
calculate statistically-based background concentrations for these metals in upland reference
stream sediment.
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AVS and SEM concentrations in the sediment samples from Reference Stream 4 are presented in
the following table. Analytical results suggest AVS are absent from the sediments at Reference
Stream 4, indicating that naturally-occurring SEM present within the stream may be bioavailable.
This complete absence of AVS in sediment is in contrast to many of the other upland streams.
At Stations 2 through 5 the discrepancy is likely due to the location where the sediment samples
were taken (mid-stream depositional areas) and their contents (unconsolidated peat or sand).
These two factors lead to aeration of the sample via the flow of water between the sediment
particles. Since AVS forms in anaerobic conditions, it would not be expected in sediment of this
type.

AVS and SEM Concentrations for Reference Stream 4

:r~Station I_‘Sa~IpJiN~uñber_-j -AVS (umoleJg) SEM (umole/g) SEM.AVS Rato~
I 3050-SD 0 0.922 NA
2 3049-SD 0 1.71 NA
3 3048-SD 0 1.27 NA
4 3047-SD 0 0.646 NA
5 3044-5D13045-SD 0 0.463 NA

TOC was determined for each of the sediment samples to allow normalization of organic
chemical concentrations to carbon, and comparison between the substrate at the various stations
for the benthic invertebrate analysis. Organic content was also determined for three samples to
allow for comparison of the substrate between stations where benthic invertebrates were
sampled. Grain-size analyses were performed on sediment samples from Stations 3 and 4, which
contained sufficient mineral soil content so that the analyses were considered appropriate. The
grain-size analyses also allow comparison of substrate between benthic invertebrate sampling
stations. The results of the total organic carbon and organic content analyses are presented in the
following table. The results of the grain-size analyses from Station 3 and 4 sediment samples are
presented in Figure 4.9-3.

Sediment Characteristics for Reference Stream 4

~çrgaiuc:çontent ::5~fl Classifcation
- r3-j ~Nim~ber~P~mgIkg dry~weIgh~T .±(% thy weight) I

1 3050-SD 21,900 - Dark brown silty peat
2 3049-SD 38,000 1 1.4 Silt and sand with some peat
3 3048-SD 12,000 1 1.0 Dark brown peaty silt and sand
4 3047-SD 18,000 16.1 Dark brown peaty silt and sand

~ ~%t~Dn~~ 4,150 - Dark brown peaty silt and sand
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Benthic samples were collected on Reference Stream 4 at Stations 2, 3, and 4. These samples
were submitted to the Somerset, New Jersey, office of IT Corporation, where the invertebrates in
each sample were identified and counted. Results are presented in the following table. Refer to
the Triad Analysis ofDrill Site and Test Site Stream Sediments (Appendix F) for an evaluation of
these data.

IiduflrS~nj

Oligochaeta Tubificida Tubificidae tubifex adult 76 92 134
worm

Insecta Ephemeroptera Baetidae (genus mayfly nymph 6 I 4
Pseudocloeon sp.)

Trichoptera Limniphilidae caddistly larva 6 6
Diptera Empididae dance fly larva 6 1

Chironomidae midge larva 54 16
Total 148 94 160

Family Biotic Index 6.86 7.94 7.55
Err Relative Abundance 8.1% 1.1% 6.3%

Species Diversity 1.1 0.12 0.59

4.9.3.5 Sediment Toxicity Tests

Sediment samples collected from Stations 2, 3, and 4 were used to perform 10-day freshwater
sediment bioassay tests using larvae of the midge Chironomus tentans. The tests were
performed by American Aquatic Testing in Allentown, Pennsylvania, under subcontract to IT
Corporation. Results are presented in the following table. Refer to the Triad Analysis ofDrill
Site and Test Site Stream Sediments (Appendix F) for an evaluation of these data.

Sediment Toxicity Results, Reference Stream 4

0

..—:-,~

.r ;::. =~ Biomass

-~ Normalized ‘~ Normallzed

1 87.50% 92.11% 0.377 72.2% 3.33 67.5%
2 91.25% 102.82% 0.3 15 62.5% 2.86 63.8%
4 76.25% 85.90% 0.396 78.6% 2.99 66.7%

SECTION 4.0 SITE CHARACTERIZATION
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4.9.3.6 Fish

Fish samples consisting of Dolly Varden were collected at Stations 2, 3, and 4. The fish
collected at each station were combined into one sample for each station and submitted for
whole-body tissue analyses. Specific data, such as the size of individual fish, are presented in
the field fish collection forms in Appendix J. The following table summarizes the size and
weight of the fish samples.

Fish Sample Descriptions for Reference Stream 4

*~dMII —
2 3055-FS 2—5.5 41 310 7.6 1103
3 3053-FS 2.5—5 42 340 8.1 2423
4 3051-FS 2-11 18 390 21.7 1347

Fish tissue samples were analyzed for total metals, inorganic arsenic, PAHs, and PCBs. The
sample from Station 3 was also tested for percent lipids. Analytical results are presented in
Table 4.9-6 and summarized below.

No PAils or PCBs were detected in fish samples from Reference Stream 4. There were 1.5
percent lipids in the fish sample from Station 3.

Nineteen metals were detected. The metals that were detected in at least one sample are as
follows:

Aluminum Arsenic Barium Boron Calcium Chromium
Cobalt Copper Iron Magnesium Manganese Molybdenum
Potassium Selenium Strontium Thallium Titanium Vanadium
Zinc

The metals concentrations were compared to the project RBCs for fish consumption. None of
the sample concentrations exceeded the RBCs; however, there are no established values for
arsenic, calcium, magnesium, or potassium.

Inorganic arsenic was detected in each of the three fish samples from Reference Stream 4 at
concentrations ranging from 0.000594 to 0.00 15 mg/kg. These concentrations are below the
RBC of 0.0021 mg/kg for this compound.
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0
TABLE 4.9-1

SURFACE WATER ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS
(concentrations in micrograms per liter)

SECTION 4.0 SITE (114KM II P1/ U Ic

U.S. Army Corps of Fog cocci’ •~ Ii

Arncliitka Island. AIa~L,

:~ ~fr4~f-\ ,~J <~ ~r .j~ al Rkferiñce~ 5q ~, ~‘ .oReference Stream 2

lSsje ~:~? .~ Station 1 I~StatI~ii2 I S1ation~ I Station 41 Station 5 Station 1 Ifltation 2 Station 3 Station 4 Station 5

g~’r’~ts F~l02 - 94 801 90.6 50.8 l46 l4lU l42U 147U 71.3 U I36U
Metals

Aluminum EPA 6020 6~~1 ~41.1~j~ ~~3)j~$~ S~$5f~ ~I~I~!t ~E175~t ND(50) ND(50) 573 74 3 J ~87 5 J,

Arsenic EPA 6020 ND(l) ND(l) ND(l) ND(I) ND(l) ND(1) ND(I) ND(I) ND(I) ND(1) ND(I)

Barium EPA 6020 ND(10) ND(I0) ND(10) NIEJ(l0) ND(I0) ND(10) ND(10) ND(10) NID(lO) ND(I0) ND(l0)

Boron EPA 6010B ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50)

Cadmium EPA 6020 ND(I) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(l) ND(1) ND(1) ND(l)

Calcium EPA 6010B 4,3201) 1,110 1,250 1,240 1,390 1,440 3,700 3,700 3,320 3,570 4,320

Cerium EPA 6020 ND(I) ND(1) ND(I) ND(l) ND(1) ND(1) ND(1) ND(I) ND(l) ND(1) ND(1)
Chromium EPA 6020 2.25~ ND(I) ND(1) ND(I) ND(I) ND(I) ND(I) ND(l) ND(I) 2.25 J 1.78 J
Cobalt EPA 6020 3.35 2.44 1.19 1.64 2.41 1.57 135 1.15 ND(1) 1.29 ND(1)

Copper EPA 6020 ~~q:8fl4~ 5.29J l.l6J 2 J 2.39 J 1.52 J ND(1) 1.69 ND(l) l.42J 1.11 .1
Iron EPA 6010B 993 667 552 563 877 592 612 515 502 618 315
Lithium EPA 6020 1.17 ND(l) ND(l) ND(I) ND(1) ND(1) ND(I) ND(1) ND(I) ND(l) 1.17
Magnesium EPA 601013 4.690 1.620 1,630 1,510 1,540 1,560 3,830 3,720 3,430 3,960 4,6905.34 i
Manganese EPA 6020 267 28 4 19 12.3 13.2 8.3 69.2 13.1 5.77 86 J
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TABLE 4.9-1 (cont.)
SURFACE WATER ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS

(concentrations in micrograms per liter)

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted.
report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the
maximum detected concentration in the appropriate background samples.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but
are generally comparable to reporting limits for project samples; see Section 4.9.

- sample not analyzed for this parameter __________________________________________________________________________________
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TABLE 4.9-1 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS
(concentrations in micrograms per liter)

3 result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank contamination; result considered nondetect
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Aluminum EPA 6010B mg/kg 45,400 24400 33100 18400 26700 28000 14200 17200 30200 33000 22100 35000
Arsenic EPA 6020 mg/kg 100 7.57 21.1 15.5 6.63 11.4 5.733 2.48 3.42 40.3 J 9.19 20.33
Barium EPA 6020 mg/kg 469 99.6 74.1 175 102 109 279 303 ND(633) 149 165 339

Boron EPA 60108 mg/kg 7.18 ND(13.7) U) ND(14.3) UJ ND(16) U! ND(17.4) U! ND(1 1.8) U! ND(13) UJ ND(6.4) U) ND(6.33) U! ND(6.83) UJ 7.18) 5.423
Cadmium EPA 6020 mg/kg 0.608 b ND(2.74) ND(2.86) ND(3.21) ND(3.47) ND(2.37) ND(l.3) ND(1.28) UJ ND(1.27) UJ ND(1.37) ND(1.39) U) 0.608
Calcium EPA 60108 mg/kg 7,300 1480 1670 4580 2980 4980 5860 1950 2350 2830 2560 4090
Cerium EPA 6020 mg/kg 14.2 9.89 12.6 8.12 9.2 10.9 5.91 6.05 7.72 8.65 8.17 8.72

Chromium EPA 6020 mg/kg 11.8 8.51 8.45 5.66 7.73 8.4 4.83 3.77 3.4 7.57 J 4.31 6.273
Cobalt EPA 6020 mg/kg 43.7 20.2 11 35.4 23.5 21.4 20.93 9.45 J 8.75 J 17.3 J 18.43 31.73
Copper EPA 6020 mg/kg 71.1 36 38 24.5 40.7 51.5 21.53 25.43 46.33 59.3 J 39.83 40.93
Iron EPA 6010B mg/kg 155,000 53600 10400 81400 68600 48100 137000 37700 53400 61000 92800 56500
Lithium EPA 6020 mg/kg 48.8 7.83 10.2 7.02 9.38 15.5 6.52 37.8 15.7 12.9 13.5 15.1
Magnesium EPA6OIOB mg/kg 9,320 3510 2690 4280 6600 8220 4820 4010 5170. 6150 4570 4990

Manganese EPA 6020 mg/kg 20,700 6740 125 14400 12100 2260 41700 4640 5100 3300 9380 46300
Molybdenum EPA 6020 mg/kg b ND(2.74) ND(2.86) 5.5 ND(3.47) ND(2.37) 4.1 ND(1.28) ND(I.27) ND(1.37) ND(1.39)

Nickel EPA 6020 mg/kg 13.6 4.98 J 5.12) 7.65) 7.363 8.04 J 4.36 3.15 J 4.253 9.17 4.73 11.6
Potassium EPA 6010B mg/kg 1,390 1833 3163 5723 5843 826) 11803 441 3 635 J 8083 507 J 759 J

Selenium EPA 6020 mg/kg 5.44 b 5.44 3.37 ND(3.47) ND(2.37) ND(1.3) ND(1.28) UJ ND(I.27)U) ND(1.37) ND(1.39) UJ 0.951

Strontium EPA 6020 mg/kg 164 39.6 36.5 89 58.4 101 148) 63.8 45.4 69.5 J 54.4 85.3 J
Thallium EPA 6020 mg/kg ND(2.74) ND(2.86) ND(3.21) ND(3.47) ND(2.37) ND(l.3) ND(1.28) ND(1.27) ND(1.37) ND(1.39)

Thorium EPA 6020 mg/kg 0.5 b ND(2.74) UJ ND(2.86) UJ ND(3.21) UJ ND(3.47) UJ ND(2.37) U! ND(1.3) ND(1.28) ND(,1.27) ND(1.37) ND(1.39) 0.5

Titanium EPA6O2O mg/kg 3,010 585 733 210 653 968 976J 1520 1930 17503 2130 17903

Uranium EPA 6020 mg/kg 4.13 b ND(2.74)U3 4.13) ND(3.21)UJ ND(3.47)UJ ND(2.37)UJ ND(1.3) ND(1.28) ND(I.27) ND(1.37) 2.46 2.11

Vanadium EPA 6020 mg/kg 734 194 239 245 204 239 124) 99.7 77.6. 163 3 184 479)

Zinc EPA 6020 mg/kg 434 45.5 47 167 86.9 112 94.7! 55.3 70.5 81.4 J 116 292 J

Total Organic Carbon EPA 415.1 mod. mg/kg - 91600 98400 77600 76400 67100 12400 23300 15900 16000 19200 13800

Acid Volatile Sulfide Titration umol/g - 61.3 ND(0.0286) ND(0.0321) ND(0.0347) ND(0.0237) ND(0.013) 0.132 ND(0.0127) 0.369 ND(0.139) ND(0.005)

1.08 0.967 3.59 2.54 1.81 3.15 1.89 3.07

SECTION 4.0 SITE CHARACTERiZATION
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TABLE 4.9-2
SEDIMENT ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS

2

Diesel Range Hydrocarbons
Polychlorinated Biphenyls
Metals

Simultaneausly Extracted Metals Summation umol/g 3.1 3.21 3.91
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TABLE 4.9-2 (cont.)
SEDIMENT ANALYTICAL RESULTS FOR LOWLANI~ REFERENCE STREAMS

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless othe~ise noted. See Appendix D of this report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the maximum detected concentration in the appropriate background samples.

ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams pu kilogram
umol/g micromoles per gram
S result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
IJJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other quality control considerations
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TABLE 4.9-3

FISH ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS
(concentrations in milligrams per kilogram)

0

r-’

~~~~fls-rc ..:. -

~ —~-~ ~ ~~fleiereflcotStteanfl4~j~Q” ~--ê ~ 1*ti~ t’ ~Refcrence Stream 2~~~aw~r~~ Stitlon, P~ b%Statlon 2~j ),,~ Statiob 5 J.fl?-. Station 5)’J,i Z’Stgtion 2 ‘‘ ,~ Station3 ( Station 5
Polycyclic Aromatic Hydrocarbons
Acenaphthene SW8270 SIM 81.! - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Acenaphthylene SW8270 SIM NA - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Anthracene SW8270 SIM 405.6 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(O.0335)
Benzo(a)anthracene SW8270 SIM 0.0043 - ND(O.0335) ND(0.0335) ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Benzo(a)pyrene SW8270 SIM 0.00043 - ND(O.0335) ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Benzo(b)fh,oranthene SW8270 SIM 0.0043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Benzo(ghi)peryiene SW8270 SIM NA - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Benzo(k)fluoranthene SW8270 SIM 0.043 - ND(0.0335) ND(O.0335) ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Clirysene SW8270 SIM 0.43 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Dibenzo(a,h)anthracefle SW8270 SIM 0.00043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Fluoranthene SW8270 SIM 54.1 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Fluorene SW8270 SIM 54.1 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Indeno(1,2,3-cd)pyrene SW8270 SIM 0.0043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Naphthalene SW8270 SIM 27.0 - ND(0.0335) ND(0.0335) ND(0.0335) 0.0255 J NIXO.0335) ND(0.0335) ND(0.0335)
Plienanthrene SW8270 SIM NA - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Pyrene SW8270 SIM 40.6 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Polychlorinated Biphenyls
Aroclor 1016 SW8081 - - ND(0.01) UJ ND(0.0I) Ui ND(0.0I) UJ ND(0.01) UI ND(0.0I) Ui ND(0.0192) Ui ND(0.0l) Ui
Aroclor 1221 SW8081 - - ND(0.02) Ui ND(0.02) UJ ND(0.02) UJ ND(0.02) U) ND(0.02) Ui ND(0.0384) UI ND(0.02) Ui
Aroclor 1232 SW8081 - - ND(0.0I)Ui ND(0.01)UJ ND(0.01)UJ ND(0.0I)UJ ND(0.0I)UJ ND(0.0192)UJ ND(0.0l)UJ
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TABLE 4.9-3 (cont.)
FISH ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS

(concentrations in milligrams per kilogram)

Aroclor 1248 SW808I - - ND(0.0l)UJ ND(0.01~UT ND(0.0l)UJ ND(o.o1) UJ ND(o.oI)UJ ND(o.o192) Ui ND(o.ol) U.!
Aroclor 1254 SW8081 - - ND(0.0l)UJ ND(0.0I)UJ ND(0.OI)UJ ND(0.01) UJ ND(0.01)UJ ND(0.0192) Ui 0.00823.!
Aroclor 1260 SW808l 0.0016 ND(0.01) UJ ND(0.01) UJ ND(0.0l) U.! ND(0.01) Ui ND(0.01) UJ ND(0.0192) Ui ND(0.0l) Ui
Metals
Aluminum SW6020 1,351.9 475 17.6 35.5 89.8 20.8 112.! 17.5.! 33.5 i
Arsenic SW6020 - 0.127 0.0293 0.037 0.0513 0.07 18 0.0473 i ND(0.0250) Ui 0.0795 i

Inorganic Arsenic EPA Draft 0.0021 0.0208 0.00584 0.00974 0.0104 0.00226 0.0117 0.000832 0.0053

Barium SW6020 94.6 1.03 0.389 0.302 0.642 0.191 0.634 0.226 0.221
Beryllium SW6020 2.7 ND ND(0.0250) ND(0.0250) ND(0.0250) NIJ(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Boron SW6020 121.7 28.6 13.4 UJ 7.27 Ui 10.9 Ui 11.6 Ui 12.3 UJ 21.7 U.! 7.43 UJ
Cadmium SW6020 1.4 0.0373 ND(0.0250) ND(0.0250) ND(0.0250) 0.0373 ND(0.0250) ND(0.0250) ND(0.0250)
Calcium SW6020 NA 19,200 11900 8930 8930 710 4280 5050 6580
Cerium SW6020 NA 0.0280 ° ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) 0.028 ND(0.0250) ND(0.0250)
Cesium SW6020 NA 0.0258 ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) 0.0258 ND(0.0250)
Chromium SW6020 4.1 1.03 0.58 0.374 0.41! 0.321 ND(0.0500)UJ ND(0.0500)Ui 0.4481
Cobalt SW6020 81.1 0.0780 b ND(0.0500) 0.055 0.0573 ND(0.0500) 0.078.! ND(0.0500) Ui ND(0.0500) U.!
Copper SW6020 54.1 1.200 1.09 U 1.17 U 1.2 U 0.95 U 1.08 1.12 0.0794 U
Iron SW6020 405.6 310 100 152 157 31 1661 27.3.! 41.5i
Lithium SW6020 27.0 0.0993 ° ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) 0.0993 0.034 ND(0.0250)

K 0 0

IlAroclor 1242 ISW8U~ ND(0.O1~ ND(0.O1) ND(0.01 11.! ND(0.0 ND(0.01:

t.,,J,~~

ND(0.0 192) Ui ND(0.0l) Ui

SECTiON 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska
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TABLE 4.9-3 (cont.)

FISH ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS
(concentrations in milligrams per kilogram)

- - r 4- 1

~Jj~ ~Iii11~
a eta

~ Réft g t~ani~ RefebnceiStren~2S~tY$iN4+
cf~tion~1~ Stäpo 3~ ~~S~atLqfl~3~ ~SIatIoØfl~ ~tStat’oli3Th’ ~7j4StatioN 54~4

Magnesium SW6020 NA 408 ~40 303 358 313 303 275 295
Manganese SW6020 189.3 160 22.9 23.8 759 4.65 21.7 7.28 3.4
Molybdenum SW6020 6.8 0.1730 ND(0.125) Ui ND(0.125) Ui ND(0.l25) Ui ND(0.125) Ui 0.173 .1 ND(0.125) Ui ND(0.125) Ui
Nickel 5W6020 27.0 ND ND(0.125) ND(0.125) ND(0.125) ND(O.125) ND(0.125) ND(0.125) ND(0.125)
Potassium SW6020 NA 4,780 4130 4080 4780 370 3480 3300 3350
Selenium 5W6020 6.8 0.936 0.631 0.645 0.675 0.606 0.592 0.366 0.507
Strontium 5W6020 81 1.1 22.1 16.8 9.93 12.5 10 6.74 i 7.333 II .1
Thallium SW6020 0.09 0.0283 b ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) 0.0283 J ND(0.0250) Ui ND(0.0250) Ui
Thorium SW6020 NA ~~43 b 3.43 3, B ND(2.50) Ui, 13 ND(2 50) Ui, B ND(2.50) Ui, B ND(2.50) UI, B 2.68 i, B ND(2.50) Ui, B
Titanium SW6020 5,407.4 32.1 0.385 0.791 3.79 0.782 5.223 057 i 1.11 J

Uuranium SW6020 4.1 ND ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0 500) ND(0.500)
~Vanadium SW6020 9.5 I 05 0.261 0.376 0.623 0.164 0 657 0.17 0.3 1628.2 30.8 35.3 36.4
Irzinc 1SW6020

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this
report for a description of background concentration calculations.
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the
maximum detected concentration in the appropriate background samples.

ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but
are generally comparable to reporting limits for project samples; see Section 4.9.

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

48.8

C

405.6 38.8 37.3 38.6

sample not analyzed for this parameter

Revision No.0
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TABLE 4.9-3 (cont.)
FISH ANALYTICAL RESULTS FOR LOWLAND REFERENCE STREAMS

(concentrations in milligrams pcr kilogram)

B analyte detected in method blank
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank or laboratory contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations

SECTION 4.0 SITE CIIARMI I Rh % II’ % Revision No.0
U.S. Army Corps of Fnginccr. %Iw ~ I h.P. Date: 9/30/99
Amchilka Island. Alasts Page 4 of 4
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TABLE 4.9-4

SURFACE WATER ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS
(concentrations in micrograms per liter) -

i~iiiinuinniiit&iiii~r
,9~-~’a~~ :*.~::.~ ~.;aaa;~.~ :.t~-~ :za~’:”.’~~r.~ - .. . ..

~ $r~, ~ ‘~~‘~I ~J~’ Station i1 Station 3~I~Station 3-i ‘Station 4~ItSIatiOn 5, ~StationjI Station 2 I Station 3 ,I Station 4 I Station c Station 5
— - - —~Lfl_—=~--_______

~ 102 - 62.7 66.5 NDc~rND~50~ f~4.8 U ~ ND(50) 1_ND(50) H•~ ND(50)_r_ND(50)
Metals
Aluminum EPA 6020 ~ ~$JP3 56.5 J ND(50) Ui ND(50) UJ 50.5 J ND(50) ND(50) ND(50) ND(50) ND(50) ND(50)
Arsenic EPA 6020 ND(l) ND(l) ND(I) ND(l) ND(1) ND(1) ND(1) ND(1) ND(l) ND(l) ND(l) ND(l)

Barium EPA 6020 ND(10) ND(10) ND(10) ND(10) ND(10) ND(10) ND(l0) ND(l0) ND(10) ND(10) ND(10) ND(l0)

Boron EPA 60108 ND(50) NIJ(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50)

Calcium EPA 60108 8,810 b 4,900 4,460 4,590 5,490 5,900 7,150 8,480 8,810 8,750 8,520 8,710
Cerium EPA 6020 ND(1) ND(I) ND(1) ND(I) ND(1) ND(I) ND(I) ND(1) ND(1) ND(I) ND(I) ND(l)

Chromium EPA 6020 ~ b ~ .J 2.! I J 1.71 J 1.83~J 1.541 ND(I) ND(I) ND(1) ND(I) ND(1) ND(l)
Cobalt EPA 6020 9.52 7.67 5.54 4.33 4.25 ND(I) 3.63 4.02 4 4.24 ND(1) 3.83

Copper EPA6O2O l.22J 1.59J ~ l.09J 1.481 ND(1)UJ ND(I)UJ ND(1)UJ ND(I)UJ ND(1)UJ ND(I)UJ

Iron EPA 60108~ 297 229 208 232 ND(150) ND(150) ND(150) ND(l50) ND(150) ND(150)
Lithium EPA 6020 ND(I) ND(1) ND(1) ND(1) ND(l) ND(I) ND(I) ND(I) ND(l) 140(1) 140(l) ND(l)
Magnesium EPA 6010B 5,250 3,510 3,750 3,860 4,450 4,670 2,860 2,740 3,100 3,230 3,320 3,320

Manganese EPA 6020 ~ 24.9J 29.93 28.6 J 6.821 12.6 11.8 1.3 13.5 4.53 14.8

Nickel EPA 6020 1.69 b 1.69 1.14 1.25 1.53 ND(I) ND(I) 1.07 140(l) 140(I) 140(I) ND(l)

SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka island, Alaska

Revision No. 0
Date: 9/30/99

Page I of2

X-0926-04DOE 1998 DRILL SITE CHARACTERIZATION REPORT



0
TABLE 4.9-4 (cont.)

SURFACE WATER ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS
(concentrations in micrograms per liter)

p.—~

Potassium EPA 60108 1,190 b 1,190 771 802 890 742 812 790 899 778 r906 785
Selenium EPA 6020 ND(l) ND(l) ND(l) ND(l) ND(1) N13(I) ND(l) ND(I) ND(1) ND(l) ND(I) ND(l)

Strontium EPA 6020 44.1 b 41 39.5 40.7 43.5 43.8 32.9 36.3 43 43.1 44.1 42.5

Thallium EPA 6020 2.13 b ND(I) UJ ND(I) UJ ND(I) UJ 2.13.1 ND(l) Ui ND(1) UJ ND(1) UJ ND(1) UI ND(1) UI ND(I) UI ND(1) UI

Thorium EPA 6020 1.14 b ND(l) ND(1) ND(I) ND(I) ND(l) ND(1) UI ND(l) UJ 1.141 ND(1) IJJ ND(l) UI ND(I) UI

Titanium EPA 6020 2.37 b 2.37 J 2.07 J 2.18 J 1.74 J 2.141 ND(1)UJ 1.04 J ND(l) UI ND(l)Ui ND(l) UI ND(I)UJ
Vanadium EPA 6020 1.44 b 1.34 ND(l) ND(l) ND(I) 1.44 ND(l) ND(l) ND(l) ND(I) ND(I) ND(1)

Zinc IEPA 6020 12.8 b 11.9 ND(10) 12.8 ND(l0) ND(I0) 11.5 12.5 ND(I0) ND(l0) ND(I0) ND(10)

& Background concentrations, which are presented only for metals, are~upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(1) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
I result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank contamination; result considered nondetect
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations ___________________________________________________________________________________________

sECTION 4.0 SITE CHARACTERIZATION Revision No.0
U.S. Anny Cows of Engineers, Alaska District Date: 9/30/99
Amchi(ka Island, Alaska Page 2 of 2
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11.7
145

6.42 1
5090
8.06
4.62
10.25

57.9 5

12.2
10800
1420

6.39 .1
644 .1

107

17.1
104

ND(8.65) ill
6510
7.89

5.98
12.2 J

54 J

15.2
12200
761

6.65 J
5063

123

13.8

146
ND(7.25) UJ

5980
8.37
7.48
16.5 J
57.7 J

14.2

10900
1840

8.84 5
678 1

181

1.15
40.7

5320
7.27

10.6
8.77
21.8

7.98
5710
755

8.14
210

46.8

TABLE 4.9-5
SEDIMENT ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS

__________________ 4 __ ___ ____ ______________ _____ ___ ___

Diesel Range Hydrocarbons AK 102 mg/kg] - 206 ND(21) ND(17) ND(10.2) rND(13.8) ND(1 1.6) [io.i ND(124) 9.95 10.7 [ 6.59
Polychiorinated Biphenyls EPA 8082 mg/kg - - - - ND [ - ND - - ND ND__J ND

Metals
Aluminum EPA 601GB mg/kg 47,500 7400 29800 26700 32800 33100 30300 21700 28400 15600 17300 15700
Arsenic EPA 6020 mg/kg 30.5 11.2 23.6 123 ______ ___________ ___________ __________ ___________ ___________ _______—

Barium EPA 6020 mg/kg 468 91.1 232 96.9

Boron EPA 60108 mg/kg 6.42 b ND(17 8) UI ND(13.1) UJ ND(10.6) UJ _______ ___________ ___________ __________ __________ __________ ND(2.5)
Calcium EPA 60108 mg/kg 7,720 4220 4650 4200 — —

Cerium EPA 6020 mg/kg 13 3.79 10.9 9 16 — —

Chromium EPA 6020 mg/kg 189 7.32 9.94 8.5 — —

Cobalt EPA 6020 mg/kg 37.3 8 83 1 27.6 J 18.5 J — —

Copper EPA 6020 mg/kg 82.4 165 44.9 J 48.9 J — —

Iron EPA 6010B mg/kg 123,000 52700 104000 33400 70900 64100 67400 46900 54200 26000 160005 23900]
Lithium EPA 6020 mg/kg 21.7 ND(3 57) 8.29 10 ______ ___________ ___________ ___________ ___________ ___________ _______—

Magnesium EPA 6010B mg/kg 17,000 1280 7410 8380 _______ ___________ ___________ ___________ ___________ ___________ ______—

Manganese EPA 6020 mg/kg 26,500 4910 13300 724 —_______ ___________ ___________ ___________ ___________ ___________ ______

Nickel EPA 6020 mg/kg 23 8 5 161 17.9 J 8.14 J — —

Potassium EPA 6010B mg/kg 1,290 1795 373 1 298 J —_______ ___________ ___________ ___________ ___________ ___________ ______

Selenium EPA 6020 mg/kg 3.15 b ND(3.57) U! 3.155 2.83 J ND(1 27) UJ ND(1.73) U! ND(1.45) US 2.09 2.4 0.918 0.619 0.536

Strontium EPA 6020 mg/kg 207 45.9 70 3 60 8 _______ ____________ ____________ ___________ ____________ ____________ _______—

Thallium EPA 6020 mg/kg ND ND(3.57) ND(2.62) ND(2 13) ND(1.27) ND(1.73) ND(1.45) ND(1.12) ND(I.55) ND(0.5) ND(0.5) ND(0.5)

Thorium EPA 6020 mg/kg ND ND(3 57) ND(2.62) ND(2.13) ND(1.27) ND(1.73) ND(.I 45) ND(1.12) ND(I 55) ND(0.5) ND(0.5) I ND(0.5)

Titanium EPA 6020 mg/kg 1,480 285 1070 982 __________

Vanadium EPA 6020 mg/kg 336 162 263 173 __________ ___________

Zinc EPA 6020 mg/kg 185 423 162 60.2 __________

Total Organic Carbon EPA 415 1 mod. mg/kg - 159000 108000 59400 _______ ___________ ____________ ___________ _____ ___________ _______—

S - 3.46 3.86 1.74
Acid Volatile Sulfide Titration umol/g - 263 50.9 118 5 94 ISO 355 ND(0.0 112) ND(0.0155) ND(0.005) ND(0.005)_( ND(0.005)

A Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this report for a description of background concentration calculations.

This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The concentration shown is the maximum detected concentration in the appropriate background samples.

SECTION 4.0 SITE CHARACTERIZATION Revision No.0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchitka island, Aiaska Page I of 2

:imultaneously Extracted Metals Summation umol/g

778

126

109

70400

2.82

942

194

93.6
40500

4.24

965
191

113

49700

3.18

464

53.6

61.8

4150

0.463

2.9
41

ND(5 .62)
2380
6.29
10.9
12.5
22.3

6.2

5910
4450

9.5
189

17.6

499

54.1

62.9

21900

0.922

3.01

44.3
ND(7.73)

4450
9.41
17.6
17.7
4’

15

11200
2260

14.8

371

29.1

537

90.4

109

38000

1.71

L15
38.5

ND(2.5)
4390
6.77

9.83
10.4

24.4

1 1.6
5810

~ 1500

8.75
181

37.4

313

49
67.3

12000

1.27

0.982
43.2

ND(2.5)
4180
7.47
9.82
8.84
27.5

10.1
6120

786
8.05

213

38.3

432

47.7

53.1

18000

0.646
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TABLE 4.9-5
SEDIMENT ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS

ND(l) Anal~e not detected at a concentration above the repo~ing limit, which is shown in parentheses. Reponing limits for background samples varied, but are generally comparable to repo~ing limits for froject samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram
umol/g micromoles per gram
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
UJ analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other quality control considerations

)

SECTION 4.0 SITE CHARACTERIZATION Revision No.0
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SECTION 4.0 SITE CHARACTERIZATION
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

TABLE 4.9-6
FISH ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS

C 0 ‘0

elycyclic Aromatic Hydrocarbons
Acenaphthene SW8270 SIM mg/kg 81.1 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Acenaphthylene SW8270 SIM mg/kg NA - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Anthracene 8W8270 SIM mg/kg 405.6 - ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335)
Benzo(a)anthracene SW8270 SIM mg/kg 0.0043 - ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Benzo(a)pyrene SW8270 SIM mg/kg 0.00043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(O.0335) ND(0.0335) ND(O.0335) ND(O.0335)
Benzo(b)fluoranthene SW8270 SIM mg/kg 0.0043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Benzo(ghi)perylene SW8270 SIM mg/kg NA - ND(0.0335) ND(O.0335) ND(O.0335) ND(0.0335) ND(0.0335) ND(O.0335) ND(O.0335)
Benzo(k)fluoranthene SW8270 SIM mg/kg 0:043 - ND(0.0335) ND(O.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Chrysene SW8270 SIM mg/kg 0.43 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Dibenzo(a,h)anthracene SW8270 SIM mg/kg 0.00043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(O.0335)
Fluoranthene SW8270 SIM mg/kg 54.1 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND’ (0.0335)
Fluorene SW8270 SIM mg/kg 54.1 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Indeno(I,2,3-ccl)pyrene SW8270 SIM mg/kg 0.0043 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Naphthalene SW8270 SIM mg/kg 27.0 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Phenanthrene SW8270 SIM mg/kg NA - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335)
Pyrene SW8270 SIM mg/kg 40.6 - ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) ND(0.0335) Nb(0.0335)
Polychiorinated Biphenyls
Aroclor 1016 8W8081 mg/kg - - ND(0.01)UJ ND(0.01)UJ ND(0.01)UJ ND(0.0I)UJ ND(0.01)UJ ND(0.0l)IJJ ND(0.0I)UJ
Aroclor 1221 SW8081 mg/kg - - ND(0.02) UJ ND(0.02) Ui ND(0.02) Ui ND(0.02) Ui ND(0.02) Ui ND(0.02) Ui ND(0.02) Ui
Aroclor 1232 SW8081 mg/kg - - ND(0.01)Ui ND(0.0I)UJ ND(0.0I)UJ ND(0.0I)UJ ND(0.0I)W ND(0.0I)UJ ND(0.0I)UJ
Aroclor 1242 SW8081 mg/kg - - ND(0.01)UJ ND(0.01)UJ ND(0.0I)UJ ND(0.01)Ui ND(0.0I)UJ ND(0.0I)Ui ND(0.0l)Ui

Revision No. 0
DaLe: 9130199
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TABLE 4.9-6 (cont.)

FISH ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS

n

In~,aa

Revision No.0
DaLe: 9/30/99

rage 2 of 4

X-0926-04

1t40
ja
~$IC t~-~k~
~&i~io~fl

!~1~ s~$~ c .x.’:fr:enct$~reath ~__________
~, ‘~ ç%.~ $42 ~ t C ~~ }?t~l ~ StatIoD~41 ~tStation 4j,. .i~, Station 2, ~ Station 3 StatIon 4

Aroclor 1248 1SW8081 mg/kg —. . ND(0.OIfUTl ND(0.0l)Uil ND(O.01) UJ fEb(0.0l) U) ND(0.0l) Ui ND(0.0l) U) ND(0.0i) Ui
Aroclor 1254 SW8081 mg/kg - . ND(0.0l)Ui ND(0.0l)UJ ND(0.01)UJ ND(O.Oi)UJ ND(0.0l)UJ ND(O.0I)UJ ND(0.01)UJ
Aroclor 1260 SW8OSI mg/kg 0.0016 - ND(0.01) UJ ND(O.01)UJ ND(O.Ol) U] ND(0.0I) Ui ND(0.01) UJ ND(0.01) Ui ND(0.01) U)
Metals
Aluminum SW6020 mg/kg 1,351.9 38.8 6.93) 1 1.1 1 12.1 J 18.7 i 28.31 17.1 1 13.1 1
Arsenic SW6020 mg/kg - 26.9 0.856 1 0.063 .1 0.059 3 0.0798 i 0.049 J ND(0.0250) Ui I .12 1

Inorganic Arsenic EPA Draft mg/kg 0.002! 0.456 0.0021 0.0122 0.00147 0.00257 0.00152 0.0015 0.000594

Barium SW6020 mg/kg 94.6 0.567 0.0718 0.206 0.129 0.179 0.328 0.343 0.281
Beryllium SW6020 mg/kg 2.7 ND ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Boron SW6020 mg/kg 1213 24.1 10.9 Ui 16.4 UJ 9.43 UJ 14.7 Ui 7.65 U] 11.2 Ui 163 Ui
Cadmium SW6020 mg/kg 1.4 ND ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Calcium SW6020 mg/kg NA 10,300 3700 5650 7130 5950 7250 6530 4450
Cerium SW6020 mg/kg NA ND ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Cesium SW6020 mg/kg NA ND ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Chromium SW6020 mg/kg 4.1 0.684 0.287J 0.397i 0.297J 0.358J 0.2663 0.405 i 0.5383
Cobalt SW6020 mg/kg 81.1 0.05100 ND(0.0500) Ui ND(0.0500) UJ ND(0.0500) Ui ND(0.0500) Ui ND(0.0500) Ui 0.051 i ND(0.0500) Ui
Copper SW6020 mg/kg 54.1 3.40 1.05 0.0696 U 0.753 0.744 0.635 0.738 2.43
Iron SW6020 mg/kg 405.6 73.6 23.71 50.8 i 22.3 i 22.8 J 42) 36.33 161
Lithium SW6020 mg/kg 27.0 NI) NINO.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250) ND(0.0250)
Magnesium SW6020 mg/kg NA 349 268 270 313 275 305 268 293
Manganese SW6020 mg’kg 189 1 It’I 267 322 6.58 6.48 3.08 3.44 1.09
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TABLE 4.9-6 (cont.)
FISH ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS

0

~~I~IS~L~fl~I iflN~

Nickel SW6020 mg/kg 27.0 ND ND(0.l25) ND(0.125) ND(0.l25) ND(0.l25) ND(0.125) ND(0.125) ND(0.125)
Potassium SW6020 mg/kg NA 4,310 3630 3530 3700 3650 3300 3230 3850

~ Selenium SW6020 mg/kg 6.8 2.08 0.248 0.47 I 0.579 0.496 1.44 1.02 0.428
~trontium SW6020 mg/kg 81 1.1 12.1 ° 12.1 J 9.94 J 10.63 10.31 5.02 J 5.11 3 11.61
Thallium SW6020 mg/kg 0.09 0.0755 ° 0.0755 J 0.0258 J ND(0.0250) Ui ND(0.0250) Ui 0.0363 J ND(0.0250) UI ND(0.0250) Ui
Thorium SW6020 mg/kg NA 4.67 b ND(2.50) Ui, B 4.671, B 4.58 J, B 2.93 1, B ND(2.50) UI, B ND(2.50) Ui, B ND(2.50) Ui, B
Titanium SW6020 mg/kg 5,407.4 0.834 0.2 12 J 0.336 J 0.474 J 0.492 J 0.5361 0.3743 0.5371
Uranium SW6020 mg/kg 4.1 ND ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500) ND(0.500)
Vanadium SW6020 mg/kg 9.5 0.289 0.12 0.147 0.187 0.209 0.194 0.198 0.195
Zinc SW6020 mg/kg 405.6 78.0 23.1 27.7 36 33 56.7 49.8 31.8

% Lipids Lipids W&ght - - . 1.5

[
I ~~~IW~4W I’~ Ifl ~ ~

Molybdenum 1SW6020 mgncg 6.8 0.150 b 0. 5J ND(0.125) Ui ND(O.125) Ui

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. See Appendix D of this

report for a description of background concentration calculations.
b This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid LJTL. The concentration shown is the

maximum detected concentration in the appropriate background samples.
ND(I) Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. Reporting limits for background samples varied, but

are generally comparable to reporting limits for project samples; see Section 4.9.
- sample not analyzed for this parameter
mg/kg milligrams per kilogram

ND(0.125) Ui 0.l25i ND(0.l25)UJ j ND(0.l25)Ui
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U: 0 0
TABLE 4.9-6 (cont.)

FISH ANALYTICAL RESULTS FOR UPLAND REFERENCE STREAMS

B analyte detected in method blank
J result considered estimated because less than the practical quantitation limit, or due to other quality control considerations
U analyte concentration attributed to blank or laboratory contamination; result considered nondetect
Ui analyte not detected at the listed concentration or analyte concentration attributed to blank contamination; result is considered estimated due to other

quality control considerations

SECTION 4.0 SITE CHARACTERIZATION
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LEGEND
Sampling Station for Surface Water and Sediment Sampling.
(See Section 4.9.3 for Sample Numbers.)

Sampling Station for Surface Water, Sediment,
Fish, and Benthic Invertebrate Sampling.
(See Section 4.9.3 for Sample Numbers.)
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Department of Energy
1998 Drill Site Investigation

Amchitka Island, Alaska

REFERENCE STREAM 3
September 1999
Revision Number: 0 X0926
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SHANNON & WILSON, INC.
GEOThC~ICAL A~ ENVIRO~~AL CONSaTANTS PHOTOS 4.91 & 4.9-2

Photo 4.9-1: Reference Stream I near Station 2, facing downstream and south.

Photo 4.9-2: Station 5 of Reference Stream 1, facing west.



from Station I and the other sample from Station 2.

(north) towards Station 3.

SHANNON & WILSON, INC.
GEOTECHNICAL AND ENV1RON).~NTAL CONSULTANTS

Photo 4.9-3: Fish samples collected from Reference Stream 1. The sample on the left was

Photo 4.9-4: Reference Stream 2 as viewed from Infantry Road, looking downstream

PHOTOS 4.9-3 & 4.9-4



Photo 4.9-5: Preparing to sample for invertebrates at Station 3 of Reference Stream 2. The
stream channel is incised up to 5 feet below grade, and banks are vertical to
undercut. (This individual is standing on the channel bottom.)

Photo 4.9-6: Reach 2 of Reference Stream 3,.facing upstream and northeast.

SHANNON & WILSON, INC.
GEOTECHNICA1. AND ENVIRONMENTAL CONSULTANTS PHOTOS 4.9-5 & 4.9-6



Photo 4.9-7: Reach I of Reference Stream 4, facing downstream and south.
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Photo 4.9-8: Reach 2 of Reference Stream 4, facing downstream and south.
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4.10 AIRCRAFT GRAVEYARD

4.10.1 Site Description

The Aircraft Graveyard is a WWII-era scrap metal and debris dump located about 1,000 feet
north of Kirilof Wharf (Figure 4.10-1). The site is designated in the USFWS Summary of Site
Contamination on Amchitk.a Island, Alaska (“USFWS Database,” dated October 1993) as site
AMCH-BACA-01 1. The site is one of eleven shared or uncertain liability sites under a
Memorandum of Agreement (MOA) between the USFWS, Navy, DOE. and DOD. The site is
described in the USFWS Database as follows:

“The Navy (1991) identified an Aircraft Graveyard north of fuel tanks at Constantine
Harbor. The Service visited this site in June 1993. This site is approximately 2 acres in
size and is bisected by an unused road. At least six lead-acid batteries were observed on
the surface. Other metal observed was mostly aluminum.”

During the 1998 Drill Site Investigation the site was observed to contain scrap aircraft parts
scattered on the ground surface just north of the access road that bisects the site. The portion of
the site south of the access road contained only a few pieces of debris visible at the ground
surface.

The Aircraft Graveyard site has been the subject of several investigations that included sampling
for chemical analysis. The site was sampled by the USFWS in 1985 and 1993, and by Foster
Wheeler Environmental Corporation under contract to the USFWS in 1995. The results of these
studies indicated the Aircraft Graveyard site contains measurable concentrations of PCBs. While
analyses have been performed for other compounds during previous investigations, PCBs were
indicated as the only remaining COPC at this site when the USFWS requested DOE include it in
the scope of the 1998 investigation.

The most comprehensive investigation at the site was performed by Foster Wheeler in 1995.
During this study samples were analyzed for PCBs in an on-island laboratory (using
immunoassay test kits) and an off-site contact laboratory. The results of that study are
summarized in the following table. The locations and results for 1995 samples that had
detectable PCBs (based on off-site analysis) are shown in Figure 4.10-1. A more comprehensive
discussion of the results of past studies at the Aircraft Graveyard is presented in the August 1998
Management Plan.
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Summary of PCB Results From 1995 Foster Wheeler Sampling, Aircraft Graveyard

. -~ ~. .r~ - *:;-- Numberof - PCB
Number ofSamples

Sampl&Medza a Samplesirith Concentration Concentration..
-~: ~ ~ :~*. ~DetectedPCBs . inSoJl(mglkg) in Water~ugIL~

Surface Soil on she 9 1 0.52 -

off site 0 0 - -

Surface Water on she 3 0 - NI)
off site 1 0 - ND

Sediment on she 3 0 ND -

offsite I I 0.46 -

Subsurface Soil on she 3 0 ND -

off site 3 1 0.49 -

Groundwater on site 3 3 - 62.4, 6.8, 2.92
offsite 3 2 - 19,3.7

4.10.2 Characterization Activities

The USFWS has identified PCBs as a contaminant of particular concern on Amchitka due to its
elevated presence in certain marine fauna. For this reason, and because of previous detections of
PCBs, the Aircraft Graveyard site was targeted for a PCBs study during the 1998 Drill Site
Investigation. Since the presence of PCBs at the site had already been documented, the approach
taken in 1998 was to investigate surface water, sediment, and groundwater at locations C)
downgradient of the Aircraft Graveyard to assess whether PCBs were migrating off site.

The initial site work consisted of a reconnaissance to observe she drainage patterns and select
representative sampling locations. Two sampling locations were chosen along the stream
draining the southern portion of the she. Monitoring wells were installed at each of the two
locations, and groundwater samples were collected from the wells (no soil samples were
collected from the borings used to install the wells). Soil descriptions and monitoring well
completion logs are presented in Figure 4.10-2. Surface water and sediment samples were also
collected from each of the two locations in the stream near the monitoring wells. A third
sampling location was chosen within a roadside drainage ditch northeast of the site. Both surface
water and sediment samples were collected at this location. Sampling locations are shown in
Figure 4.10-1. Sample descriptions for the surface water and sediment samples are provided in
the following table.

SECTION 4.0 SITh CHARACTERIZATION Revision No.0
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Sample Descriptions for Aircraft Graveyard

Sample No. Sample Depth Description
r ~(feeO

2003-Sw Surface Water
2004-SD 0 to 0.3 Brown, peaty Silt
2005-SW Surface Water
2006-SD 0 to 0.3 Brown Peat
2007-Sw Surface Water

• 2008-SD 0.3 to 0.5 Brown, peaty Silt
2009-GW 0.5 Groundwater
2010-GW 0.5 Groundwater

4.10.3 Analytical Results

The surface water, sediment, and groundwater samples were only analyzed for PCBs. No PCBs
were detected in any of the samples. The reporting limits for the thee sediment samples were
elevated, ranging from 0.36 to 0.66 mg/kg, due to the low percent solids (high moisture content)
of the peaty sediment. The reporting limits for two stream sediment samples are higher than the
0.46 and 0.52 mg/kg PCBs detected in the soil and sediment samples from the Foster Wheeler
study. The reporting limits for the 1998 surface water and groundwater samples was 0.5 ugfL,
which is well below the levels of PCBs reported in the Foster Wheeler water samples.

4.10.4 Conclusions

Based on the analytical results, PCBs do not appear to be migrating from the site in groundwater
or surface water. The sediment data are less conclusive because of the elevated reporting limits.
However, the 1998 sampling confirmed the absence of elevated levels of PCBs in the sediment.
In addition, due to the peaty nature of the soil and the prevalent vegetative cover at the site and
along the drainage, it appears that very little sediment is being transported from the site.

PCBs are relatively insoluble in water. This, plus the absence of detectable PCBs in the 1998
groundwater and surface water samples from the Aircraft Graveyard, suggest that the
concentrations of PCBs reported in 1995 water samples (as great at 62 ug/L) may not be
representative of the site. It is possible that inadvertent inclusion of a small amount of sediment
in the 1995 water samples was responsible for the elevated PCB concentrations.
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5.0 CONCLUSIONS

The primary objective of this investigation was to provide a comprehensive assessment of
contamination resulting from drilling activities associated with nuclear testing conducted by the
AEC and DOD during the late l960s and early 1970s on Amchitka Island. The investigation
was directed at evaluating contamination in remaining mud pits, residual contaminant levels in
streams and lakes affected during the ALEC and DOD operations, and impacts on invertebrates
and fish in the affected streams and lakes. In addition, an investigation was conducted to
determine whether PCBs are migrating from the Aircraft Graveyard, and fish were sampled and
analyzed to provide a preliminary evaluation of radionuclide levels in fish from test site streams.
The conclusions of the investigation, as they pertain to these specific objectives, are discussed in
the following paragraphs.

5.1 Mud Pit Contamination

Mud pits were used to mix and store drilling mud for the exploratory drill holes and
emplacement holes. Many of these mud pits were backfilled before the AEC left the island, and
no visible evidence remains of their locations. All of the mud pits that were left open at the three
test sites, the three exploratory drill hole sites, and other locations where drilling mud was
Yeportedly stored were investigated during the 1998 field investigation. This investigation
consisted of a reconnaissance to evaluate the size and stability of each pit, followed by sampling
for chemical analysis of the mud and water contained within the pits. This investigation provides
a basis for evaluating the potential adverse affects posed by the mud pits, both in their current
configuration and in the unlikely event the mud and contained water were released to the streams
that drain the sites.

The following table summarizes the mud-pit volumes and constituents detected at concentrations
that exceed established environmental cleanup criteria and island background levels. Detailed
summaries of chemical exceedances for mud-pit surface water and drilling mud are provided in
Tables 5-1 and 5-2 for each of the sites.
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Mud Pit Constituents

• -•~ : Mnd:Volume:, :Con~iffients of Conce~ in Water Constituents
.;~Site ~ Volume ofConceruin.

~ .~ -. .: (Rations) Water
Milrow Test Site No open pits — None --

Rifle Range Road 1,880 DRO, PARs, Cr, Cu Negligible Not Tested

Long Shot Test - 5,480 in DRO, VOCs, PARs, Cr, Cu 338.500 Mn
Site 3 connected pits
Cannikin Test 3 000 DRO, VOCs, PAHs, PCBs, ‘M 000 Al*
Site Cr, Cu, Fe, Ni, Zn
Cannikin Drill 490 in DRO, PARs, Cr, Cu, Ni 63.000 None
Hole Site 2 separate pits

Drill SiteD 15,000 in DRO, PARs, PCBs, Cd, Cr, 5 590 000 Al*3 connected pits Cu, Ni

Drill Site E 2 ~ DRO, PARs, Cr, Cu, Ni 23,300 None

Drill Site F 310 DRO, VOCs, PARs, Cr 20,300 Al, Cu
Maximum concentration detected exceeded ERBSC and background; whereas, the mean concentration was
well below the ERBSC.

The drilling mud in each of the thirteen mud pits sampled contains elevated levels of diesel,
associated PAHs, and chromium. With the exception of Drill Site F, the drilling mud in all of
the pits also contains elevated levels of copper. Other metals detected sporadically at elevated
levels include cadmium and nickel. Diesel-related volatiles were detected at elevated
concentrations in mud samples from the Long Shot, Cannikin, and Drill Site F mud pits. PCBs
were found at low levels in two of the drilling mud samples from the main Cannikin mud pit and
one of the Drill Site D mud pits. Mud from most of the sites was not tested for PCBs. Since
drilling mud reportedly was pumped from Drill Site D to other drill sites, it is possible that low
levels of PCBs could be present in the mud in other mud pits.

The drilling mud in all of the mud pits is submerged below standing water, with the exception of
the Rifle Range Road mud pit. The mud-pit water is contained within earthen berms, some of
which were holding as little as 20,000 gallons and one with several million gallons of water at
the time of the field investigation. In the case of the Long Shot and Drill Sites 1) and E, the mud
pits have trenches or drains that allow high water to flow from the mud pits to nearby streams.

In contrast to the drilling mud, elevated concentrations of contaminants were only rarely detected
in the mud-pit water. Low levels of DRO were detected in all of the water samples, but at
concentrations generally consistent with biogenic levels in the reference streams and well below
ADEC action levels. Only the small mud pit at Drill Site F had concentrations of any
constituents consistently above ERBSCs and background levels (aluminum and copper).
Isolated occurrences of other metals were also detected at levels above background, but in each
case the concentrations were below ERBSCs.
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• The mud pits are not situated where they pose a significant risk of a release to streams that drain
the sites, with one exception. At Drill Site 0 high earthen berms isolate a large quantity of
drilling mud and impounded water from Falls Creek and an unnamed lake at its headwaters. The
berms have performed adequately to date and appear to be stable, but it is possible that a large
earthquake could reduce that stability and lead to failure.

5.2 Residual Impacts to Site Drainages

The evaluation of chemical impacts of past releases from the mud pits included investigation of
streams known to have experienced releases during operations, as well as other water bodies in
susceptible locations. This included four lakes (Cannikin Lake, Heart Lake, Drill Site 0 Lake,
and Reed Pond) in the immediate vicinity of the drill and test sites.

The eight streams that drain the test and drill sites were sampled at five stations each to evaluate
surface water and sediment chemistry, and at three stations each for macroinvertebrate and
bioassay assessments. The sediment chemistry, benthic community, and bioassay results from
each of these stations were evaluated using Triad Analysis. This approach provides a means of
evaluating overall sediment quality and whether residual chemicals from mud pit releases have
affected the benthic community in the streams. Four reference streams (not affected by site
activities) were also sampled using the same techniques to provide background data for
comparison. Fish samples for chemical analysis were also collected from the streams where
sampling could be accomplished without endangering the resource.

Although several of the streams were greatly affected by releases of large quantities of drilling
mud during the late 1 960s or early 1 970s, little physical or chemical evidence of these releases
remains. Very few occurrences of drilling mud were found during the stream reconnaissance,
and chemical analyses of stream water and sediment detected occasional minor traces of elevated
contamination. Summaries of the exceedances in stream water and sediment are provided in
Tables 5-3 and 5-4. Sununaries of the exceedances in lake water and sediment are presented in
Tables 5-5 and 5-6.

Only slight evidence remains of historic drilling-mud releases at the Milrow Test Site. Chemical
analyses of Heart Lake sediment show elevated copper in sediment and no elevated metals in
water. There is limited evidence of a chemical impact to Clevenger Creek, including elevated
DRO in sediment and elevated aluminum and boron in water. The Triad Approach indicated the
stream sediment quality was comparable to that in the reference streams. Analysis of two fish
tissue samples from Clevenger Creek detected PCBs at estimated concentrations slightly above
the EPA Region III RBC for human consumption. Similarly, total arsenic and inorganic arsenic
were detected in fish tissue at levels above the RBCs and background levels.

Long Shot, Long Shot Pond, Reed Pond, and the streams that drain them (Bridge Creek and
Cloudberry Creek) show no visible evidence of past drilling-mud releases and only slight
chemical impacts. Reed Pond contained elevated barium in surface water and elevated copper in
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sediment. The Triad Analysis ranks Bridge Creek and Cloudberry Creek stations as comparable
to or better in overall sediment quality than reference streams. Rainbow Creek. which drains the
Long Shot mud pits, does show evidence of a minor impact. The sediment samples from
Stations 3 and 4 of Rainbow Creek contain elevated concentrations of diesel and chromium.
which may be reflected in the toxicity and low diversity observed in the benthic
macroinvertebrates at Station 3. Sediment quality may be a contributing factor to poor habitat
along with low gradient, low discharge, poorly-defined drainage, and the excessive aquatic and
bank vegetation observed in upper and middle Rainbow Creek. Only Station 3 of Rainbow
Creek has an overall sediment quality ranking, as determined by the Triad Analysis, lower than
the reference streams. A fish sample from Station 5 of Rainbow Creek contained Aroclor 1260
and inorganic arsenic, both at about 10 times the Region III RBCs for human consumption. The
only other fish sample from the Long Shot streams that contained contaminants at levels above
background and RBCs was from Station 5 of Bridge Creek, which contained slightly elevated
levels of inorganic arsenic and iron.

Drilling mud released during nuclear testing activities at the Cannikin Test Site was encountered
in sediment in the southwestern corner of Cannikin Lake. This mud contains elevated diesel.
PAHs, and VOC concentrations as well as chromium, copper, nickel, and PCBs at levels above
their respective RBCs and background levels. The lake water from this area contained elevated
arsenic and boron. Chemical impacts to White Alice Creek, which drains both the lake and the
test site, are considerably less pronounced. Chromium, copper, and nickel were elevated in
stream sediment, whereas arsenic and boron were elevated in water, as was the case for Cannikin
Lake. The Triad Analysis found the White Mice Creek station immediately downstream of the
lake to have poor sediment quality relative to essentially all other iowland stream stations. This
poor ranking reflected the elevated concentrations of metals as well as lower than reference rank~.
for the other two Triad components. In contrast, the other stations on White Alice Creek had an
overall ranking within the range of the reference streams. Fish samples from each of the ~\‘hite
Alice Creek stream stations and from Cannikin Lake contained Aroclor 1260 at estimated
concentrations of about 10 to 20 times the RBC. The fish sample from farthest downstream alst’
contained inorganic arsenic at a concentration above the RBC and background level in reference
streams.

Minor residual affects from drilling mud releases at Drill Site D were noted in the chemical
results from the lake directly below the mud pits and from the uppermost Falls Creek sampling
station. Sediments in the lake contain slightly elevated DRO concentrations as well as elevated
levels of chromium and copper. Stream sediment also had elevated chromium and copper. The
Triad Analysis ranked Falls Creek as a whole within the range of the reference stations. Fish
samples collected from Falls Creek exceed the RBCs for inorganic arsenic and PCBs. The
arsenic concentrations were about one tenth of the concentration detected in upland reference
streams and therefore cannot be attributed to site-related activities. It appears likely that drilling
mud is the source of PCBs in fish, since the fish were resident and presumably could not have
been exposed to PCBs in the ocean. PCBs were probably introduced to the stream environment
during historic mud spill events.
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Chemical results from Drill Site E stations indicate little evidence of residual impacts from
historical drilling-mud releases. The only detections of chemicals in exceedance of ERBSCs and
background levels were single occurrences of chromium and nickel in sediment from the upper
two sampling locations. The Triad Analysis gave these stream stations high ranks relative to the
reference streams. The fish tissue analyses from this stream detected no PARs or PCBs, and no
metals were detected in excess of both background and ERBSC values.

Stream water and sediment from Drill Site F (Limpet Creek) do not appear to be adversely
impacted from past drilling-mud releases. No DRO, volatiles, or PARs were detected, and the
only metal that exceeded both background and ERBSCs in either water or sediment was zinc in
one sediment sample. The Triad Analysis supported this finding, ranking all Limpet Creek
stations above the reference streams in sediment quality. Aroclor 1260 was detected in two of
three fish samples at concentrations about 10 times the RBC. The source of the PCBs is not
known because drilling mud samples at Drill Site F were not tested for PCBs. However, it is
likely that the PCBs detected in the fish are from the stream environment, since the sampled fish
were resident and not likely exposed to the ocean environment. It is possible that drilling mud
released historically into Limpet Creek contained PCBs that have persisted in the stream
environment.

5.3 Radionuclide Sampling

Six fish samples from Cloudberry Creek, White Alice Creek, Cannikin Lake, and Pumphouse

C~) Lake were analyzed for americium-24 1, plutonium-23 8, plutonium-23 9/240 and cesium- 137.
The purpose of this sampling program was to provide site-specific data on radionuclide levels in
resident fish that could be compared against world-wide fallout levels. The sample from
Pumphouse Lake was collected to evaluate background levels of radioisotopes in fish that reside
several miles away from the test sites.

Cesium-i 37 is the only radioisotope detected in the fish samples. It was detected in every
sample, with the highest concentration of 0.739 piC/gm in a whole fish sample collected from
the upper part of Cloudberry Creek. Levels detected in fish from White Mice Creek and
Cannikin Lake (which are connected) ranged from 0.0999 to 0.223 piC/gm in fish guts, and
0.0967 to 0.154 piC/gm in gutted fish. The sample from Pumphouse Lake contained cesium-137
at 0.06 13 piC/gm in gutted fish, but no radioisotopes were detected in the associated sample of
fish innards. Given the reported error ranges for these analytical results, all of the samples from
the Cannikin site contain low levels of cesium-137 within or below the range of cesium in the
background sample; whereas, the sample from Cloudberry Creek is slightly elevated relative to
background.
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5.4 Aircraft Graveyard

The 1998 sampling results, obtained from a short distance downslope and downgradient from the
Aircraft Graveyard, indicate that PCBs do not appear to be migrating from the site in
groundwater or surface water. Similarly, no PCBs were detected in sediment samples. although
the reporting limits were elevated due to the peaty nature of the streambed. The prevalent
vegetative cover at the site and along the drainage, and the general lack of sediment in the
stream, appears. to result in low sediment transport from the site. Based on the findings from this
investigation, the concentrations of PCBs reported in 1995 water samples (as great at 62 ug/L) do
not appear to be representative of this site. This interpretation is supported by the relative
insolubility of PCBs in water. A concentration of 62 ug/L, being relatively high. should be
indicative of conditions that would be reflected in the 1998 sampling. It is possible that an
inadvertent inclusion of a small amount of sediment in the 1995 water samples was responsible
for the elevated PCB concentrations.

0
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TABLE 5-1
SUMMARY OF SURFACE WATER ANAYTICAL RESULTS FOR MUD PITS

(concentrations in micrograms per liter)
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Background concentrations are presented in Table 2-8 of this report. See Appendix D of this report for a
description of background concentration calculations.

6 Ecological Risk-Based Screening Concentrations (ERBSCs) are presented in Table 2-8 of this report.

Mean concentration calculations included nondetect results, which were assigned values of one-half their
respective reporting limit.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

- No background or ERBSC value is available for this compound or element.
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TABLE 5-3 (cont.)
SUMMARY OF SURFACE WATER ANALYTICAL RESULTS FOR SITE STREAMS

(concentrations in micrograms per liter)

~I:I~I ~!n!!~
~

ni~msan
r: ~ W!t

~
Diesel Ran~&f r 104 68.5 r ND
Organics j I I
Metals
Aluminum 2 3 625 296 2 2 105 73.9
Arsenicd 3 0 1.85 1.16

Boron 2 2 88.7 44.7
Calcium 2 - 4,470 3,998
Chromiumd 1 1 12 2.8

Cobalt 1 0 4.32 2.0
Copper 1 2 11.8 6.63
Iron 1 1 1,070 731 I
Lithium 1 0 1.04 0.61
Magnesium
Molybdenum 1 0 1.01 0.6
Nickel 2 0 1.97 1.02
Potassium 1 - 2,730 2,322 5 , - 2,270 2,038 4 - 1,610 1,333 4 - 1,640 1,322
Selenium
Strontium
Titanium 3 - 123 49.3 2 - 7.7 3.75
Vanadium 1 0 4.44 2.97 5 0 2.37 1.88 2 0 2.25 1.27 1 0 2.02 1.27
Zinc 2 0 23.3 14.4 1 0 13.7 9.2 2 0 60.8 20.8

= == = = = = = = ===

a Background concentrations are presented in Table 2-8 of this report. See Appendix D of this report for a

description of background concentration calculations.
b Ecological Risk-Based Screening Concentrations (ERBSCs) are presented in Table 2-8 of this report.

Mean concentration calculations included nondetect results, which were assigned values of one-half their
respective reporting limit.
Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this
element; see Table 2-8.

- No background or ERBSC value is available for this compound or element.
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a Background concentrations are presented in Table 2-9 of this report. See Appendix D of this report for a description of background concentration calculations.

Ecological Risk-Based Screening Concentrations (ERBSCs) are presented in Table 2-9 of this report.
Mean concentration calculations included nondetect results, which were assigned values of one-half their respective reporting limit.

* Mean concentration based only on detected concentrations due to reporting limits greater than twice the detected concentrations.

z No background or ERBSC value is available for this compound or element.
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TABLE 5-4
SUMMARY OF SEDIMENT ANALYTICAL RESULTS FOR SITE STREAMS

(concentrations in milligrams per kilogram)
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TABLE 5-5
SUMMARY OF SURFACE WATER ANALYTICAL RESULTS FOR SITE LAKES

(concentrations in micrograms per liter)

I -

AT~c3F ~
-

-g~e~x~U ~
~

-

La

Revision No. 0
Date: 9/30/99

Page 1 of I

CanniknE~ff&~f
- .3

~ea~t~iiflThoiifShofl
~4j~~a

v,4z

tint

ii’
2%

rs~i~&sq
~8~l ~o~4

hr
‘~I4 ~~
t* LX4f ~
%_ t~;i~t~.

-

q;—
S ~rec

I-,

—

-

a

~ I
Diesel Range — — ~2 2 634 = 137125 568 56 8T 119 831
Organics
Metals

Aluminum 0 2 102 90.6 0 3 261 245 2 2 186 119
Arsenic d ~ 3 7.53 7.2
Barium 2 2 53 51.2
Boron 3 3 468 445
Calcium 3 - 5,500 5,370 1 - 7,330 5,375 —

Chromiumd 1 3 1 11.5 lox
Cobalt 2 0 4.81 2.92
Lithium . 3 0 1.18 114
‘Jickel I 0 1.2 0.7 3i0 1.81 1.57 2 01 1.92 I 8
Potassium ~.— 3 - 2.080 l.~N’
Titanium I ~1 3 - 8.21 8.03 3 - 8.83 4I

Vanadium 30 5.3115.22 2 0 1.65 )c4
= == = = = .= =

a Background concentrations are presented in Table 2-8 of this report. See Appendix D of this report for a

description of background concentration calculations.
b Ecological Risk-Based Screening Concentrations (ERBSCs) are presented in Table 2-8 of this report.
C Mean concentration calculations included nondetect results, which were assigned values of one-half their

respective reporting limit.
d Analytical results were compared to the lowest Ecological Risk-Based Screening Concentration for this

element; see Table 2-8.
- No background or ERBSC value is available for this compound or element.
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TABLE 5-6
SUMMARY OF SEDIMENT ANALYTICAL RESULTS FOR SITE LAKES

(concentrations in milligrams per kilogram)
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TABLE 5-6 (cont.)

SUMMARY OF SEDIMENT ANALYTICAL RESULTS FOR SITE LAKES
(concentrations in milligrams per kilogram)

~~~ ___

~IE?~I~&s~JI~~!1s~is;~I~tIW~~I~

~~
~II!t~tI~ ~‘C ,.S I~WA~T @è ~c I U~ ‘flI~~n1~~-aI~e.I
~ IO~~ ~!T ~~

~1I~,t~- ~1~CW~

Chromium 3 2’ 257: 175 2 - 21.714 44 695 420
Copper 2 3 203 142 0 2 47.5 37.5 4 5 192 96.3 2 5 98.3 72.4
Iron 0 3 55,900 48,733 0 3 166,400 28,592 0 5 32,700 27,220
Magnesium 3 - 23,300 19,167 2 - a9,400 11,274
Manganese 0 2 956 746 0 4 783 550
Nickel 3 3 66.9 34.3
IPotassium —.— I - 1,580 922 4- 2,020 1,509
Istrontium I I - 251 144 1 - 196 . 101
Imorium 2- 2.81 1.94 1- 0.8551 1.66 5- 16.8 7.76
Titanium — — — — 1 2 - 1,950 1,293
luranium 4 : - 6.22 3.2

= = =____= a____

• Background concentrations are presented in Table 2-9 of this report. See Appendix D of this report for a

description of background concentration calculations.
Ecological Risk-Based Screening Concentrations (ERBSCs) are presented in Table 2-9 of this report.
Mean concentration calculations included nondetect results, which were assigned values of one-half their
respective reporting limit.
No background or ERBSC value is available for this compound or element.
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APPENDIX A

MODIFICATIONS TO THE
AUGUST 1998 MANAGEMENT PLAN

This appendix documents significant modifications to the DOE 1998 Drill Site Investigation
Management Plan (MP) in implementing project field work. The first section describes the
discretionary sampling performed, the second section lists sites not sampled, and the third
section discusses modifications to the technical approach outlined in the MP.

SECTION 1
DISCRETIONARy SAMPLING

Provisions were made in the scope of work for discretionary sampling in areas found or thought
to be potentially-impacted based on recolmaissance efforts. The following section presents an
annotated list of the locations where additional samples were collected.

PCB Testing
The original scope of work included PCB testing of only the water and sediment at the Aireralt
Graveyard site only. During the course of the 1998 field work and in the months that folIo~~ed.
the scope of work was expanded to include PCB analysis of select mud-pit and stream sediment
samples as well as most fish samples. The additional testing was performed on samples that itid
already been collected and were being stored at project laboratories.

Based on concerns of the on-site USFWS representative and subsequent discussions ~ ith thL~
DOE manager and others, the decision was made to collect discretionary samples from the south
end of Cannikin Lake. The concerns were the result of past reports (referenced. in a I SI \V S

database) of a possible landfill on the slopes above Cannikin Lake, which could have irnp~wted
the lake environment. Cannikin Lake sampling included PCB analysis of the three eollectei
surface water and sediment samples. Test results showed two of three sediment samf’!c.
contained PCBs (Aroclor 1248 and Aroclor 1260) at concentrations of 0.11 to 0.18 rn~
Surface water samples results reported no detection of PCBs.

In light of these results, it was decided that other Cannikin sediment samples, including all mud-
pit and stream sample locations, should also be tested for PCBs. Two of twelve mud pit samples
reported PCBs, while none of the White Alice Creek sediment samples had detected PCBs. The
mud pits at Drill Site D were also tested for PCBs as were selected reference stream sediment
samples. Based on concerns of PCB exposure in the aquatic environment of Cannikin Lake and
the potential at other streams, as many fish samples as possible (35) were tested for PCBs. This
included reference streams to provide a basis for comparison. All of the PCB analyses, besides
Aircraft Graveyard, were added to the original scope of work.

The remainder of the discretionary sampling efforts are listed site by site.



Rifle Range Road Additional Mud Pit
As described in Section 4.1.4.3 of this report, four potential mud pit sites were investigated near
the intersection of Infantry and Rifle Range Roads. Based on probing, one of these sites was
determined to be a former mud pit and was sampled. Three discretionary mud/soil samples were
collected from the mud pit.

Long Shot Site
Based on a reconnaissance of the Long Shot Site, the stream referred to as Rainbow Creek was
added to the scope of work (Section 4.2.4.2.2.) A drainage ditch was found leading from the
Long Shot Mud Pits, through a culvert under Infantry Road, and downstream to the road. This
stream was investigated and sampled in the same manner as other project streams.

The reconnaissance of Long Shot also found that a trench leading to Reed Pond contained a
small quantity of diesel-contaminated drilling mud. Based on these findings, Reed Pond was
sampled, although there was no evidence of drilling mud, diesel odor, or sheen in near-shore
sediments. Two discretionary samples (surface water and sediment) were collected to determine
potential impacts to Reed Pond (Section 4.2.4.3.).

Cannikin Site
The original scope of work in the Cannikin investigation included the collection of sediment
from five locations in the SGZ mud pit. This number of sampling locations was based on the
classification of the mud pit as “large.” The actual dimensions of the mud pit as measured in the
field were smaller than anticipated, and the mud pit was reclassified as “small.” Therefore, only
three locations were sampled in the mud pit (see Section 3.3-1 of the 1998 Management Plan for
the definitions of “large” and “small” mud pits).

Two additional mud pits were observed near an exploratory hole located south of Cannikin SGZ.
Sampling of these mud pits was added to the scope of work, as discussed in detail in Section
4.3.4.1 of this report.

The original scope of work did not include sampling of Cannikin Lake for potential chemical
impacts. During the 1998 investigation, the on-site USFWS expressed concern about a possible
landfill reported southwest of the lake (which was never found during reconnaissance efforts). A
sampling effort including three surface water and three sediment samples was added to the scope
of work in order to investigate possible impacts (Section 4.3.1.).

Drill Site E
During a reconnaissance of Drill Site E two small mud pits were discovered. A sampling effort
was added to the scope of work to characterize these mud pits. The added sampling effort
consisted of one surface water and one sediment sample from each mud pit (Section 4.8.4.1.).

Drill Site F
The original scope of work proposed that the mud pit at Drill Site F be sampled in five locations,
based on its classification as large (length greater than 200 feet). Based on reconnaissance, the
mud pit was found to be small, and so the number of samples was reduced to three. At each
sample location both a surfaée water and sediment sample were collected.



fl Pumphouse LakeA fish sample was collected from Pumphouse Lake near base camp and analyzed for
radionuclides as a background sample (Section 2.3.3.2.). The reference streams did not contain
enough fish to provide the sample size of 2,000 grams necessary to achieve the desired reporting
limits. Rather than depleting the resource, the background sample was collected from
Pumphouse Lake, near base camp.

SECTION 2
SITES NOT SAMPLED

The following sites were investigated during the 1998 (in accordance with the MP) but not
sampled, based on field findings. These modifications are discussed in more detail in the
sections referenced for each site.

Long Shot Pond
As described in Section 4.2.4.3, a reconnaissance was conducted at Long Shot Pond. This
included visual observation and sediment sampling from near shore and the middle of the pond.
No drilling mud, diesel odor, or sheen was observed. Based on these findings, no samples were
collected. Associated trenches were also observed, and no drilling mud was found.

Milepost 13 Lake
A reconnaissance of MP13 Lake found no evidence of drilling mud or related impacts, and as a
result no samples were collected. As discussed in Section 4.4 of this report, subsequent research
has indicated that the lake identified in the MP may not have been the lake reported to have
contained drilling mud.

Milepost 14 Lake
MP14 Lake was probed but showed no evidence of drilling mud, sheen, or odor. The
surrounding area also revealed no impacts from drilling mud. Therefore, the surface water and
sediment samples planned for the site were not collected (Section 4.5.)

Drill Site F Lake
The western drainage, a large lake located west of Drill Site F and the upper section of its
drainage stream, was observed, and the lake was probed using a hand auger. No drilling mud or
impact from drilling mud was observed during the reconnaissance of the lake and stream. No
samples were collected for laboratory analysis (Section 4.7.4.3).

Reference Stream 3
The originally proposed Reference Stream 3 was not sampled because of potential anthropogenic
impacts. The pond at the stream’s headwaters was downgradient from the emplacement hole at
Drill Site D. This location implied the possibility that drilling mud could have reached the pond
and stream. While there was no evidence of impacts found during the reconnaissance, a decision
was made to abandon the proposed stream in favor of another stream away from drill sites
(Section 4.5.2.)



SECTION 3
MODIFICATIONS TO TECHNICAL APPROACH

Stream Sediment and Surface Water Sampling (Section 5.3 of MP)
In referring to the preferred sequence of sampling activities, the MP stated that fish samples
would be collected after water sampling and before sediment sampling in order to minimize
disturbance of sediment in the stream. Instead, water and sediment samples from a given stream
were collected at roughly the same time, and fish and benthic sampling occurred at least 24 hours
later. The MP also indicated that fish samples would be collected a minimum of 12 hours
following any disturbance of sediment; this was accomplished.

Stream Water Sampling (Section 5.3.1 of MP)
The MP indicated that stream water sampled for metals would be collected using a peristaltic
pump with field filters. A hand vacuum pump was used instead of the peristaltic pump for all
stream water samples. Other procedures, including using new tubing and filters at each station,
were completed in accordance with the MP. This modification did not change the quality of
samples in any way.

Horiba meters were used to measure water quality parameters. In many cases the turbidity meter
did not work properly on these units. The values obtained were recorded and are presented in the
report. If no number was obtained, the water was simply described as clear, slightly turbid, or
turbid.

Stream Sediment Sampling (Section 5.3.2 of MP) . ED
The most effective technique for sampling stream sediment in most cases turned out to be the
gloved-hand method as opposed to using an Eckman dredge, coring device, or scoop.

During initial sampling efforts, drawbacks to the other proposed methods became apparent,
including loss of sediment to the current and difficulty in maneuvering devices under cutbanks.
With the gloved-hand method, a clean surgical glove was used at each station. The sampler was
able to feel for pockets of suitable, fine-grain, organic-rich sediment, often located in hard-to-
reach overhanging cutbanics. With this method there was less loss of sediment as it was brought
to the surface than. with a scoop, and without equipment to clean, the potential for cross-
contamination was greatly reduced. This modification is considered to have improved the
quality of sediment samples over other methods.

Because the PID did not appear to be an effective screening tool for determining which samples
should be analyzed for volatiles, stream sediment samples were generally not screened. During
initial sampling efforts, high PID readings (greater than 500 ppm) were obtained in highly-
organic sediment that, based on lack of odor and setting, was unlikely to contain POL-based
hydrocarbons. Whereas, most mud pit sediment samples, which were screened with a PID,
reported low (less than 14 ppm) readings even where a strong diesel odor was evident. The
conclusion was made that PID readings of stream sediment correlated primarily with percent
organic content rather than presence of hydrocarbons. The fourth sample location from the
mouth (usually Station 2) was generally sampled and tested for volatiles, by default, as specified



in the MP. This modification has no significant impact on the conclusions drawn at stream
locations.

Benthic Invertebrate Sampling (Section 5.4 of MP)
It was implied in the MP that BMI could be individually placed in sample containers with
forceps. Clevenger Creek and Reference Stream 1 were sampled for benthics in this way by
hand-picking the organisms in the field and placing them into the preservative. This technique
was judged to be too time-consuming. Subsequent benthic samples were collected by
transferring the rinsed net contents, minus large rocks, into jars. Individual benthic organisms
were counted and identified in the laboratory.



CM

wit

—.
C
Zn

t

31
Cd

ii
—. —I.

4

4~c.



- H -

—~ —- -

-_z. —
- - — - -

— —~ ~ —4- ‘d — — • —

.44 c

• .~; ~ .•-~ .-- --~ ~ . -

- 4- ~ — ~

-~ I

c

- ~•-~-1.~ -

-~ ~

• v~__ •‘r~’V~ -

—t __r —~≥ ~ El,

t* 4~’!) I ~ 4

£144

—.

• ~.r 4’ A—•:?! 4~4-;-n:. --~-:;‘-~ .rc ‘.--..~.
•‘4P~ •i.ê. 4. •~ •~-,i ~ — —

— ~ ‘~~::L..
A I 4 ~ 1

-. 4_~)~ •fl - - - . .

p -. .- 1 .~- .-~.

• ~ ._ — . • .: .. ~~ .: •... — -

‘.- 4-, ‘ ~ ‘~ ‘ ‘ — F

— -4.. 4?

• ,. . -,••-.—— --

I, - .“ y:

-- .•,J_’ —4-;-. - ‘1--- 4-,- - .~r._ •• •_. --
— —: ~~‘_ - - .4 . . y•~ F.. •~- •-.: -

31

— -. .4
.4•.-;-.— •~,f-.

Zr. ‘‘.:

ciit~&r



0
w
>
0
a-a
‘C

a.’
C-)
C

0

2
)
‘C>

C

CANNIKIN SURFACE
AND GROUNDWATER

SAMPLING LOCATIONS
AMCHITKA ISLAND, ALASKA

Bering Sea
0

ZCL

‘Cx

to’

N “

Sand Cove Beach

Banjo
Point~_4~ N

— Gaging 7
Station I

L

— r C

S..
>-

C
U

-J

-I
L)

)
C

C Ice Box
Lake

\

I
/

/
/

=1
D1

LEl

Groundwater
Sampling Locations

~ GW-AW—4
@J GW-HTh-3
GJ GW-AW-2

LFGEND

Surface Water
Sampling Locations

SW—0K45
ñs sw—w~ca SW—ID

SW—PSGZ

~ SW—SCL

4- Surface Ground Zero & SW—NCL

Fault

Creeks, and shoreline
Improved Raads

C

I
C
C
0

0’

nJ

ni
C

‘0

C
C
p.,

Unimproved Roads
Ponds ond Lakes

SCALE

0 2,500 5,000 Feet

FIGURE 2—i

0 750 1,500 Meters

2-3



LEGEND

+
A

0

Surface Ground Zero

Surface Water Sampling location
Fault
Creeks
improved Roods
Unimproved Roads
Ponds and Lakes

SCALE

/

Cove

Clam
Point

Pacific Ocean

z
C

0

V

0

0 2.500

fl
0

C
0

5,000 Feet

760 1 .520 Meters

FIGURE 2—2
MILROW SURFACE WATER

SAMPLING LOCATIONS
AMCHITKA ISLAND, ALASKA

2-4



r
C
C
0
0

C’

V

0

In
C
C

C’

1~

7
/

S

0

•W—3

GW—W—5

GW—W—8 GW—W—7

C

C
LEGEND

0

Surface Ground Zero
Groundwater Sampling Locations
Creek
Improved Roads
Ponds and Lakes

SCALE

0 800

0

1,600 Feet

240
- -a

480 Meters

FIGURE 2—3
MILROW GROUNDWATER
SAMPLING LOCATIONS,

AMCHITKA ISLAND, ALASKA

2-5



9
/
/

/
/

/1

Reed
Pond

C

a’
C

ZQ~
— L.J

<2:

Cz

•% 0

>-
>-

= LaJ

LU O~

0<

fl

z

I
C
0
0
C

0’

nJ
nJ
0

0

C
0

C’

/
I

41’

0/

Surface Water
Sampling Locations

As

a
&
Asa
As

Groundwater
Sampling Locations

o
CW—LSGZ—1

© GW—LSGZ—2
GW—WL-2

© GW—EPAW— 1

SW—LSPD—2
SW—LSPD— I
SW—LSMP—1
SW—LSMP—2
SW—LSMP—3
Sw—SELS
SW—REED
SW—LSPD—3

LEGEND

Surface Ground Zero

Creek
Improved roads

Ponds and Lakes

SCALE

0 400

0

800 Feet

120 240 Meters

FIGURE 2—4
LONG SHOT SURFACE

AND GROUNDWATER
SAMPLING LOCATIONS

AMCHITKA ISLAND, ALASKA

2-6



SL—CK—1
SL_CK—~4~Connikin

sGzSL_CK_3•1 •SL—CK—7

SL—CK—4 ,‘~SL—CK—5

SL~CK~6

I

I
•0I
0~

a1

/

/
/

/4

As>

a:to
innikin
Lake

/

-z
V

-I,

/

I)

/

\

I,
LEGEND

t
=

/1

1~’
/1

Surface Ground Zero
Soil Sampling Location
Creeks
Improved Roads
Dirt Roads
Foults

0

/

Ponds and Lakes
C
0
C
C

V

C
Cu
N
nJ
C

C
C

en

/

SCALE

0

/
—.-. /

V

0

1.000 2,000 Feet
-~

300 600 Meters

FIGURE 2—5
CANNIKIN SOIL

SAMPLING LOCATIONS
AMCI-iITKA ISLAND, ALASKA

2-10



C

C

0’

— Li

:3=cx
-7

>- =

= Li
Li>

C) ~
ama

fl
.0’

:3%’
• C

C r~
4%~

C)

/

/

---4---

A
/

/

0

SL—UL—3 0

C
z
:3
Ct
C

~1

z
C
0
0
0

C’

N
0

C

C
0

0’

LEGEND
Surface Ground Zero

• Soil Sampling Locations
Creek
Improved Roads
Ponds and Lakes

SCALE

0 800

0 240

1,600 Feet

480 Meters

FIGURE 2—6
MILROW SOIL

SAMPLING LOCATIONS
AMCI-iITKA ISLAND, ALASKA

2-11



C

3’

cx

=

=
-s-i>

w O~

a’

z

-fC

LEGEND

Surface Ground Zero

Creek
Improved roads

• Soil Sampling Locations

Ponds and Lakes
a
0
0

FIGURE 2—7
SCALE

I LONG SHOT SOILV

N a 400 800 Feet SAMPLING LOCATIONS
C

I AMCHITKA ISLAND, ALASKA
0’ 0 120 240 Meters
C

/
/

/

9:

/

Reed
Pond

/

.1
1~

N
1~~

2-12



MIIIUIIILl~d IIdIILI.~) .aaiiip..ii~ ‘—‘u’’’

Inorganics in Surface Water
Cánnikin

(all values in jagIL)

SW-0K45 SW-WAC SW-NCL SW-SCL SW-PSGZ SW-lB
Analyte Value Value L9.... valLlejc2 Value Q Value Q Value_j Q

Aluminum 120 112 201 — 53.8 U 53.8 U 60.4
Antimony 29.4 U 29.4 U 29.4 U 29.4 U 29.4 U 29.4 U
Arsenic 1 U 1 U 9.1 — 7.7 1 U I U
Barium 2 1.2 U .1.7 1.2 U 1.2 U 1.2 U
Beryllium 1 U 1 U 1U 1 U 1 U 1 U
Cadmium 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U
Calcium 3150 5190 7070 6710 5710 5060
Chromium 3.7 U 3.7 U 3.7 U 3.7 U 3.7 U 3.7 U
Cobalt 4.5 U 4.5 U 4.5 U 4.5 U 4.5 U 4.5 U
Copper 5.8 — 3.6 U 3.6 U 3.6 U 3.6 U 3.6 U
Iron 46.4 180 323 108 27.3 107 —

Lead 6.3 1.8 5.3 12 1.4 1.5
Magnesium 3480 3470 2880 2650 1750 3430
Manganese 2 — 6 — 30.3 — 3.6 — 1.6 U 1.6 U
Mercury 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Nickel 13.2 U 13.2 U 13.2 U 13.2 U 13.2 U 13.2 U
Potassium 4390 U 4390 U 4390 U 4390 U 4390 U 4390 U
Selenium 1 U 1 U 1U I U 1 U I U
Silver 3.4 U 3.4 U 3.4 U 3.4 U 3.4 U 3.4 U
Sodium 21000 22400 — 118000 115000 17800 — 21700 —

Thallium 1 U I U 1 U 1 U I U 1 U
Vanadium 7.9 7.1 10.5 8.5 — 6.5 — 8.5 —

Zinc 15.7 — 16.5 — 16.3 — 31.7 9.4 6.8

Q = Data qualifier
U = Analyte not detected above the specified value



Amchitka Island 1993 Sampling Event
lnorganics in Surface Water

Milrow
(all values in 1.tgIL)

SW-HL SW-DCC SW-RRC SW-UDC
Analyte Value L9... Value [Q Value Q Value_L9_

Aluminum 2600 114 439 165
Antimony 29.4 U 29.4 U 29.4 U 29.4 U
Arsenic 1. U I U I U 1 U
Barium 3.1 1.5 — 1.2 U 1.3 —

Beryllium 22 — I U I U I U
Cadmium 5.6 — 2.8 U 2.8 U 2.8 U
Calcium 4520 — 6010 4280 — 5450 —

Chromium 3.7 U 3.7 U 179 3.7 U
Cobalt 4.5 U 4.5 U 4.5 U 4.5 U
Copper 4.8 — 4.4 — 155 — 5.4 —

Iron 1200 — 192 — 530 — 234 —

Lead 3.4 — 1 U 9.9 — 1 U
Magnesium 5570 — 5630 — 3980 — 5870 —

Manganese 13.4 — 8.4 — 11.2 — 7.4 —

Mercury 0.1 U .0.1 U 0.1 U 0.1 U
Nickel 13.2 U 13.2 U 13.2 U 13.2 U
Potassium 4390 U 4390 U 4390 U 4390 U
Selenium 1.4 — I U 1.4 — 1 U
Silver 9.6 — 3.4 U 3.4 U 13.2 U
Sodium 23400 — 33500 — 72800 — 30400
Thalhum 1 U 1 U 15.5 — I Ii
Vanadium 4.7 U 4.7 U 4.7 U 4.7 U
Zinc 36.7 = 23.2 = 2330 — 30.3 —

Q = Data qualifier

0 0



Mmcnmca IsIanL(Z) oampiiny cvent
Inorganics in Surface Water

Long Shot
(all values in jigIL)

SW-SELS-1 SW-REED-I SW-LSMP-1 SW-LSMP-2 SW-LSMP-3 SW-LSP-I
Analyte Value_La. Value L° ValueIQ Value Value L9_ Value [Q

Aluminum 53.8 U 63.1 53.8 U 78.5 53.8 U 219 —

Antimony 29.4 U 29.4 U 29.4 U 29.4 U 29.4 U 29.4 U
Arsenic I U 1 U 1U I U I U I U
Barium 2A 79.2 — 1.2 U 12 U 1.2 U 12 U
Beryllium I U 1 U 1 U 1 U 1 U 1 U
Cadmium 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U
Calcium 18700 — 6100 — 13800 15100 16000 985
Chromium 3.7 U 37 U 3.7 U 37 U 3.7 U 3.7 U
Cobalt 4.5 U 4.5 U 4.5 U 4.5 U 4.5 U 4.5 U
Copper 3.6 U 3.6 U 3.6 U 8.7 — 3.6 U 3.6 U
Iron 3730 320 260 — 376 — 735 152
Lead 1 U 1 U IU 1 U 3.6 1 U
Magnesium 9720 4160 — 9020 — 8960 — 9330 — 2730
Manganese 1020 — 10.9 — 132 — 101 145 — 13.8
Mercury 0.1 U 0.1 U . 0.1 U 0.1 U 0.1 U 0.1 U
Nickel 13.2 U 13.2 U 132 U 13.2 U 13.2 U 13.2 U
Potassium 4390 U 4390 U 4390 U 4390 U 4390 U 4390 U
Selenium 1 U 1 U lU 1 U I U 1 U
Silver 3A U 3.4 U 3A U 3.4 U 3.4 U 3.4 U
Sodium 25600 — 18700 — 30400 30000 28800 22600
Thallium 1 U 1 U 1 U I U 1 U 1 U
Vanadium 6.7 — 8.1 4.7 U 4.7 U 4.7 U 4.7 U
Zinc 19 29.1 — 19.7 — 7 16.5 — 20.2

Q = Data qualifier
U = Analyte not detected above the specified value



Amchitka Island 1993 Sampling Event
Inorganics in Surface Water

Long Shot
(all values in jagIL)

SW-LSPD-2 SW-LSPD-3
Analyte Value_[Q Value

Aluminum 475 207
Antimony 29.4 U 29.4 U
Arsenic I U 1 U
Barium 1.2 U 1.5
Beryllium I U 1 U
Cadmium 2.8 U 2.8 U
Calcium 918 3470 —

Chromium 3.7 U 3.7 U
Cobalt 4.5 U 4.5 U
Copper 3.6 U 3.6 U
Iron 684 423 —

Lead 8.5 1 U
Magnesium 2000 — 4630 —

Manganese 15.7 — 41.4 —

Mercury •0.1 U 0.1 U
Nickel 13.2 U 13.2 U
Potassium 4390 U 4390 U
Selenium 1 U 1 U
Silver 3.4 U 3.4 U
Sodium 19200 — 24900 —

Thallium 1 U 1 U
Vanadium 4.7 U 4.7 U
Zinc 26.5 — 17.8 —

Q = Data qualifier

0 0 0



MIIIUIIIL~d oaiiipiiiiy LYCIIL D
Inorganics in Groundwater

Cannikin
(all values in jigIL)

GW-AW-2 = GW-AW-4 GW-HTH-3
Analyte Value [Q Value L9... Value Q

Aluminum 60.5 53.8 U 53.8 U
Antimony 29.4 U 29.4 U 29.4 U
Arsenic I U 1 U 1.2
Barium 5.7 —— 1.2 U 1.2 U
Beryllium 1 U 1 U I U
Cadmium 2.8 U 2.8 U 2.8 U
Calcium 6430 —— 3230 — 2150
Chromium 3.7 U 3.7 U 3.7 U
Cobalt 4.5 U 4.5 U 4.5 U
Copper 6.4 —— 3.8 — 7.9 —

Iron 123 —— 30.3 — 396 —

Lead 6.8 —— 6.6 — 6.2 —

Magnesium 3020 —— 2200 — 438 —

Manganese 6.9 —— 1.6 U 50.3 —

Mercury 0.1 . U 0.1 U 0.31
Nickel 13.2 LI 13.2 U 13.2 U
Potassium 6220 —— 4390 U 4390 U
Selenium 1 U 1 U 1 U
Silver 3.4 Ii 3.4 U 3.4 U
Sodium 25100 —— 51200 — 78300
Thallium 1 U 1 U 1 U
Vanadium 7.8 —— 6.6 — 8.4
Zinc 45.9 —— 22.3 — 6.3

Q = Data qualifier
U = Analyte not detected above the specified value



Amchitka Island 1993 Sampling Event
Inorganics in Groundwater

Long Shot
(all values in jigIL)

GW-WL-1 GW-WL-2 GW-LSGZ-1 GW-LSGZ-2 GW-EPAW-1
Analyte Value Value Value Q Value Q Value_[ ~

Aluminum 53.8 U 65 — 53.8 U 59.5 = 53.8
Antimony 29.4 U 29.4 U 31.1 29.4 U 29.4 U
Arsenic ‘LI — 1 U 1 U 1 U 1 U
Barium 1.3 1.5 3.3 6.6 2.3 —

Beryllium 1 U 1 U I U 1 U I U
Cadmium 2.8 U 2.8 U 2.8 U 2.8 U 2.8 U
Calcium 16400 13100 U 5180 9600 19300 —

Chromium 3.7 U 3.7 U 3.7 U 3.7 U 3.7 U
Cobalt 4.5 U 4.5 U 4.5 U 4.5 U 4.5 U
Copper 3.6 U 3.6 U 6.6 — 3.6 U 3.6 U
Iron 468 — 505 — 1030 — 51.6 46.3 —

Lead 1 U 1 U 2.5 — 1 U I U
Magnesium 10200 — 9440 — 4080 — 6910 — 9490 —

Manganese 864 — 702 — 47.8 54.5 82.4 —

Mercury 0.1 U 0.1 . U 0.15 — 0.1 U 0.1 U
Nickel 13.2 U 13.2 U 13.2 U 13.2 U 13.2 U
Potassium 4390 U 4390 U 5010 4850 — 4390 U
Selenium I U I U 1 U I U 1.7
Silver 3.4 U 3.4 U 3.4 U 3.4 U 3.4 U
Sodium 34300 — 25100 — 70300 — 46000 — 27800 —

Thallium 1 U 1 U 1 U I U 1 U
Vanadium 6.5 — 4.7 U 6.2 — 4.7 U 4.7 U
Zinc 25.8 — 8 28.5 — 5.1 — 6.3 —

Q = Data qualifier

0 0 0



MIIIUIIILI~d OdIIIpIIIIy CV~IIL

Inorganics in Soils
Cánhikin

(all values in mg/kg)

SL-CK-1 SL-CK-2 SL-CK-3 SL-CK4 SL-CK-5 SL-CK-6 SL-CK-7
Analyte Value_L9_ Value jQ Value Value Q Value [ Q Value [ Q Value

Aluminum 29000 33000 8900 20600 38000 = 37400 66300
Antimony 9.2 10.6 11.7 U 7 U 16.8 12.6 15.7
Arsenic . 4.2 — 7.1 — 2.7 —- 0.24 U 2.9 12.8 1.7 —

Barium 138 57.9 — 97.7 —- 32.9 126 — 120 1,,52
Beryllium 0.23 U 0.29 U 0.4 U 0.24 U 0.25 U 0.34 U 0.29 U
Cadmium 0.65 U 0.8 U 1.1 U 0.67 U 0.71 U 0.96 U 0.81 U
Calcium 10900 18600 59100 6820 11100 — 34400 4050 —

Chromium 7.9 198 — 199 12.8 — 21.7 559 9.9
Cobalt 27.8 25.5 — 4 —- 12.8 27.7 — 23 36.7 —

Copper 167 — 197 281 —- 65.1 142 181 179
Iron 48700 48600 8420 21500 49200 43200 65900
Lead 96.1 54.7 29.6 7 10.6 97 4.8
Magnesium 16300 17700 — 4230 —- 5200 — 24700 — 13400 28800
Manganese 1140 — 579 149 —- 412 1080 — 807 1300 —

Mercury 0.06 U 0.07 U 0.1 . U 0.06 U 0.06 U. 0.09 U 0.07 U
Nickel 19.8 — 55.2 — 5.2 U 19.5 30.9 — 20.4 — 32 —

Potassium 2610 1270 — 1740 U 1050 U 1260 — 1500 U 1440
Selenium 0.23 U 0.29 U 0.4 U 0.24 U 0.25 U 0.34 U 2.9 U
Silver 0.79 U 0.97 U 1.4 U 0.81 U 0.86 U 1.2 U 0.98 U
Sodium 1800 — 1450 Ii 512 —- 1470 1820 9110 — 961 —

Thallium 0.23 U 0.29 U 0.4 U 0.24 U 0.25 U 0.34 U 0.29 U
Vanadium 142 — 138 — 37.5 —— 72.5 156 — 168 — 196
Zinc 123 188 = 32.9 == 33.5 = 69.5 = 85.9 101

Q = Data qualifier
U = Analyte not detected above the specified value



Amchitka Island 1993 Sampling Event
Inorganics in Soils

Milrow
(all values in mg/kg)

SL-ML-1 SL-ML-2 SL-ML-3 SL-ML-4 SL-ML-5 SL-ML-6 SL-ML-7
Analyte Value_L~ Value Value [Q Value_[2... Value jQ Value H Value

Aluminum 43200 19800 68300 22000 8290 23800 21500
Antimony 12.2 — 9.3 — 15.7 — 11.7 — 6.4 U 9.8 — 6.6 U
Arsenic 7.1 — 12.6 — 2.1 17.6 — 0.99 — 8.9 — 2.8 —

Barium 100 144 141 133 67.5 4940 — 46
Beryllium 0.26 U 0.28 U 0.3 U 0.28 U 0.22 U 0.33 U 0.22 U
Cadmium 0.73 U 0.77 U 0.83 U 0.78 U 0.61 U 0.91 U 0.63 U
Calcium 9350 — 26100 5190 — 51500 3190 — 52600 7600 —

Chromium 10.5 886 27.7 — 389 — 3.5 410 — 5.6
Cobalt 30.8 17.4 36.3 — 14.2 7.9 — 22.5 20.5 —

Copper 195 — 98.1 173 81.8 47.3 125 146
Iron 57600 35500 61500 29700 13900 40400 35100
Lead 7.9 77.7 — 3.2 — 34.4 — 5.5 509 — 3.4 —

Magnesium 20800 10300 26600 10200 4690 18600 11100
Manganese 879 — 745 — 965 — 545 — 263 — 558 616 —

Mercury 0.07 U 0.07 U 0.07 .,...Q 0.07 U 0.05 U 0.08 U 0.06 U
Nickel 18.5 — 12.6 — 21.7 — 12 6.9 22.2 — 14.1
Potassium 1790 — 1680 — 2150 — 1810 1060 — 1870 — 1910
Selenium 0.26 U 0.28 U 0.3 U 0.28 U 0.22 U 0.33 U 0.22 U
Silver 0.89 U 0.94 U 1 U 0.94 U 0.74 U 1.1 U 0.76 U
Sodium 2460 — 4140 — 1750 3590 1130 — 2080 1580
Thallium 0.26 U 0.28 U 0.3 U 0.28 U 0.22 U 0.33 U 0.22 U
Vanadium 183 — 108 — 206 — 80 — 37.3 135 — 99.9 —

Zinc 74.4 95.9 77.7 81.2 252 = 80.6 64.9

o = Data qualifier

o 0 0



C Mmcnmca is~anc6D aaiiipiiisy CVUIIL
lnórgariics iii Soils

Long Shot
(all values in mg/kg)

SL-LS-1 SL-LS-2 SL-LS-3 SL-LS-4 SL-LS-5 SL-LS-6
Analyte Value_L9... Value_Ls... ValuejO Value_j Q Value Q Value

Aluminum 15300 31200 10600 18300 = 47000 = 43100
Antimony 7.3 U 13.5 16.8 7.6 U 15.8 — 12.4 —

Arsenic 2.8 — 6.1 — 3.2 — 2.3 3.8 2.1
Barium 52.4 94.3 — 77 — 105 70.5 — 63
Beryllium 0.25 U 0.28 U 0.54 U 0.26 U 0.3 U 0.25 U
Cadmium 0.7 U 0.78 U 1.5 U 0.73 U 0.85 U 0.7 U
Calcium 24600 — 14400 — 48700 27800 3770 — 3540 —

Chromium 18.7 — 6.5 — 64.4 — 182 — 6.3 — 5.9 —

Cobalt 9.9 26.7 7.8 21.8 — 25.5 28.9 —

Copper 43.2 197 36.4 111 153 174
Iron 20400 55900 19200 36600 — 40800 53300
Lead 44.4 — 3.6 4() 110 — 8 4.4 —

Magnesium 5770 — 25600 — 9350 18800 12200 21900 —

Manganese 305 1010 442 992 803 957
Mercury 0.06 U 0.07 U . 0.14 U 0.06 U 0.08 U 0.06 U
Nickel 10.6 15.7 7.5 27.2 17.7 17.7
Potassium 1620 1220 2380 U 1230 1340 U 1690
Selenium 0.25 U 0.28 U 0.54 U 0.26 U 0.3 U 0.25 U
Silver 0.85 U 0.94 U 1.8 U 0.88 U 1 U 0.85 U
Sodium 2140 13900 — 1170 1470 856 U 760 —

Thallium 0.25 U 0.28 U 0.54 U 0.26 U 0.3 U 0.25 U
Vanadium 59.2 — 195 44.5 109 125 152
Zinc 53.3 75.6 46.9 247 54.3 61.1

Q = Data qualifier
U = Analyte not detected above the specified value



Amchitka Island 1993 Sampling Event
Preliminary Background Concentrations

Inorganics in Surface Soils
(all values in mg/kg)

Analyte 5S005 55006 55007 Mean SD
Aluminum 14300 14500 13200 14000 700
Arsenic 2.6 2.3 2.4 2.4 0.2
Barium 30.7 29 25.2 28.3 2.8
Beryllium 0.35 ND 0.3 0.33 0.04
Calcium 8980 26700 10900 15527 9724
Chromium 7.1 6.1 6.6 6.6 0.5
Cobalt 8.7 8.6 8.1 8.5 0.3
Copper 54.7 52.6 48 51.8 3.4
Iron 21600 21900 21200 21567 351
Lead 4.5 2.8 4.4 3.9 1.0
Magnesium 6080 6340 5620 6013 365
Manganese 289 321 288 299 19
Nickel 8.9 6.5 5.3 6.9 1.8
Potassium 1300 1300 1180 1260 69
Sodium 2030 1880 1610 1840 213
Vanadium 72.9 .75~4 74.2 74.2 1.3
Zinc 52 45.1 43.3 46.8 4.6

SD = Standard deviation
— .. — .-.- n.-—.---. A.~,..h;u.n lnnnrj AIac’t,o

0 0 0
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Preliminary BaökgroLlnd Concentrations
Inorganics in Sediments

(all values in mg/kg)

Analyte [_SEOOI_(_SEOD2I_SEOO3 Mean ( SD
Aluminum 18700 26100 21200 22000 3764
Arsenic 2 2.2 1.4 1.9 0.4
Barium 26.8 37 33.3 32.4 5.2
Calcium 9840 13500 9900 11080 2096
Chromium 7.8 9.2 8.2 8.4 0.7
Cobalt 10.7 11.9 10.7 11.1 0.7
Copper 51.4 59.2 51.5 54.0 4.5
Iron 29700 33700 31000 31467 2040
Lead 2.2 2.6 1.5 2.1 0.6
Magnesium 7770 8900 8340 8337 565
Manganese 387 439 397 408 28
Nickel 8.5 11.2 9.5 9.7 1.4
Potassium 1440 1900 1720 1687 232
Sodium 1830 2860 2230 2307 519
Vanadium 115 129 117 120.3 7.6
Zinc 55.3 63.5 60.2 59.7 4.1

SD = Standard deviation

Data are for the Southern Background Site presented in the USFWS Draft Final Site Inspection Report, Amchitka Isand, Alaska



Amchitka Island 1993 Sampling Event
Preliminary Background Concentrations

Inorganics in Subsurface Soils
(all values in mg/kg)

[ Analyte [_SUOOI 5U002_( SUOO3 Mean SD
Aluminum 12000 13900 14400 13433 1266
Arsenic 1.5 1.4 1.2 1.4 0.2
Barium 24 27.3 30.8 27.4 3.4
Calcium 5400 6950 7020 6457 916
Chromium 9.9 11 9.7 10.2 0.7
Cobalt 6.5 9.2 8.4 8.0 1.4
Copper 35.3 44.5 39.9 39.9 4.6
Iron 14700 32600 21500 22933 9036
Lead 2.6 2.9 4.6 3.4 1.1
Magnesium 4040 4890 5110 4680 565
Manganese 148 264 202 205 58
Sodium 1480 1530 1450 1487 40
Vanadium 93.5 103 99.1 98.5 4.8
Zinc 36.6 43 42.2 40.6 3.5

SD = Standard deviation
.L a..._ :tl....I......S

0 0• 0



LQ = Laboratory qualifier
DV = Data validation qualifier

MmcIIIlKa ED
Semivolatile Organic Compounds in Surface Water

Milrow
(detected SVOCs only)

(all values in ~igIL)

SW-HL ~

Analyte Value jLQ DV

IDiethylphthalate 23 I I I



Amchitka Island 1993 Sampling Event
Semivolatile Organic Compounds in Soils

Cannikin
(detected SVOCS only)

(all values in jig/kg)

Note: 2-methylnaphthalene was detected in the laborato’y blank in the SL-CK-6RE run
the original run. It is likely that this compound is not present in SL-CK-3.

LQ = Laboratory qualifier

0 0 0

SL-CK-1 SL-CK-3 SL-CK-6RE SL-CK-7
Analyte Value LO DV Value [LQIDV Value 169 DV Value LQ DV

2-Methylnaphthalene 100 J J
N-Nitrosodiphénylamine — — — — — — 110 J J
Fluoranthene 72 J J
Pyrene —— —— 250 J J

but not in



K flu ‘bill LRC lola. iJ~ __~_,) ~a.. ‘i’.’’ ‘~ —. —. .%

Volatile Organic CompoUnds in Surface Water
Canni kin

(detected VOC5 only)
(all values in 1igIL)

11 SW-WAC IIa Ana~yte Value ILQ IDV U
IlToluene 2 IJIJIj

LQ = Laboratory qualifier
DV = Data validation qualifier



Amchitka Island 1993 Sampling Event
Volatile Organic Compounds in Surface Water

Mi I row
(detected VOCs only)

(all values in ~sg/L)

SW-HL
Analyte Value I!9_I9YJ

Benzene 2 J J
Chlorobenzene 4 J J
Toluene 4 J J
Trichloroethene 2 J J

LQ = Laboratory qualifier

U



LQ = Laboratory qualifier
DV = Data validation qualifier

nh.,~ii.tna .o.an~c~ ~‘‘r’~ —

Volatile Organic Compounds in Groundwater
Cannikin

(detected VOCs only)
(all values in pgIL)

GW-AW-4
Analyte Value ILQ ID~’

lBenzene :ii 2 I I I



Amchitka Island 1993 Sampling Event
Volatile Organic Compounds in Soils

Cannikin
(detected VOCs only)
(all values in ~IgIkg)

SL-CK-6
Analyte Value ILO DV

Toluene 3 J J
1,1,1-Trichloroethane 2 J J

LQ = Laboratory qualifier

0 o~ 0



-~

Mmcnm(a IsIanL~L..3 ~ampiing tveni
Volatile Organic Compounds in Soils

,~“64.
Milrow

(detected VOCs only)
(all values in ~1gIkg)

SL-ML-2 SL-ML-4 SL-ML-4RE
Analyte Value LQjDV Value jLQ DV Value LQ[OV

Tetrachloroethene 3 J J
Toluene 42 14
1,1,1-Trichloroethane 2 J J
Trichloroethene 1 J J

LQ = Laboratory qualifier
DV = Data validation qualifier



Amchitka Island 1993 Sampling Event
Volatile Organic Compounds in Soils

Longshot
(detected VOCs only)

(all values in pig/kg)

SL-LS-1 SL-LS-2 SL-LS-3 I
Analyte ValueILQIDV Value ILQ[DV Value !9J!?YJ

2-Butanone 96
Chloromethane 60
Ethylbenzene 11
Tetrachloroethene 2 J J
Toluene 2 J J 360
Xylenes (total) 120

LQ = Laboratory qualifier

0 0



MIIIUIIILfld QaiiipIIIPU ~vc... fl
Semivolatile Organic Compounds in Soils

Milrow
(detected SVQCs only)

(all values in gglkg)

SL-ML-2 SL.ML-2RE SL-ML-4 SL-ML-4RE

Analyte Value I’-~ mV Value ILQ jDV Value ILQ IDV Value LQ DV
~Pyrene II 95 I I 11400 I ~ I ~ 11450 I I J 100 I

LQ = Laboratory qualifier
DV = Data validation qualifier



Amchitka Island 1993 Sampling Event
Semivolatile Organic Compounds in Soils

Longshot
(detected SVOCS only)

(all values in gglkg)

SL-LS-3
Analyte Value ILO ID~’

IPhenanthrene 111400 I I I

LO = Laboratory qualifier

0 LQ
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Inorganics Analytical Results
Cannikin (White Alice Creek)
(all values in mg/kg dry weight)

Sediment TOC Al Sb As Ba
Sample Description Value j~9~ Value__[9~ Value__j~9~ Value__[9 Value Q

XCN-1 Brown siltto silty clay 79400 .1 19700 1.1 UJ 32.6 J 87.8 .J
XCN-5 Brown silt to silty clay 89100 J 17900 — 1.5 UJ 7.6 3 67.9 J

XCN-61 Brown silty fine sand 20700 J 63900 0.34 UJ 18 J 89.9 J
CN-IA Brown silt with fine sand 49900 J 44000 — 0.8 UJ 11.7 J 225 J
CN-1B Brown silty fine to coarse sand 63400 .J 43400 — 0.75 UJ 21.2 ± 279 J
CN-IC Brown silt 113000 J 26700 — 1.3 UJ 9.7 J 118 J
CN-1D
CN-2A Brown silty fine to coarse sand 23100 J 48900 0.44 UJ 96.6 J 227 J
CN-2B Brown with oxidized iron sandy silt
CN-2C Brown silt
CN-2D
CN-3A Brown silt with s~nd
CN-3B Brown sandy silt to silty sand — — — — —

CN-3C Brown fine to coarse sand 6730 J 54400 — 0.31 UJ 47.7 J 150 i
CN-3D
CN-4A Brown fine to coarse sand 5080. J 48500 — 0.32 UJ 47.6 ± 137 J
CN-4B Brown fine to coarse sand —

CN-4C Brown silty fine sand — — — — —

CN-4D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from Cannikin Lake Page 1 of 7



Amchitka Sediment Samples
Inorganics Analytical Results
Cannikin (White Alice Creek)
(all values in mg/kg dry weight)

Sediment Be Cd Ca Cr Co
Sample Description Value Value [0 Value Q Value__jQ Value [9

XCN-1 Brown silt to silty clay 0.54 U 0.54 U 4090 J 11.8 J 10.7
XCN-5 Brown silt to silty clay 0.75 U 0.75 U 3530 J 4.6 J 10.1 —

XCN-61 Brawn silty fine sand 0.17 U 0.17 U 4050 J 6.6 J 19.7 —

CN-1A Brown siltwith fine sand 0.4 ii 1.1 — 8270 J 20 J 36.8 —

CN-1B Brown silty fine to coarse sand 0.37 U 0.83 — 8880 J 11.6 J 37.1 —

CN-1C Brown silt 0.65 U 0.73 — 7910 J 14.4 J 14.6 —

CN-1D
CN-2A Brown silty fine to coarse sand 0.22 U 0.22 U 10400 J 17.3 J 19.3
CN-2B Brown with oxidized iron sandy silt — — — — —

CNL2C Brown silt
CN-2D
CN-3A Brown silt with sand
CN-3B Brown sandy silt to silty sand — — — — —

CN-3C Brownfinetocoarsesand 0.16 U 0.16 U 10700 J 17.6 J 21 —

CN-3D
CN-4A Brown fine to coarse sand 0.16 U 0.16 U 10500 J 15.8 J 20.3 —

CN-4B Brown fine to coarse sand — — — — —

CN-4C Brown silty fine sand — — — — —

CN-4D = =

U = Analyte not detected above the specified value

a a



fl fl
t4IIIi.IIILnd IlL aaiiipie~
Inorganics Analytical Results
Cannikin (White Alice Creek)
(all values in mg/kg dry weight)

Sediment Cu Fe Pb Mg Mn
Sample Description Value Value 0 Value Q Value__L Q Value

XCN-1 Brown silt to silty clay 40.4 23900 J 4.6 — 7990 1490 J
XCN-5 Brown siltto silty clay 41.5 — 16700 i 6.2 6100 263 J

XCN-61 Brown silty fine sand 115 54600 J 4.9 26700 1080 J
CN-1A Brown silt with fine sand 50.7 — 50700 J 6.9 — 10200 4570 J
CN-IB Brown silty fine to coarse sand 66.7 — 107000 J 7.7 — 11400 — 27900 J
CN-1C Brown silt 47.8 35900 .1 9.4 — 6210 4040 J
CN-1D
CN-2A Brown silty fine to coarse sand 63.8 72500 3 4.8 19700 9020 3
CN-2B Brown with oxidized iron sandy silt
CN-2C Brown silt
CN-2D
CN-3A Brown silt with sand
CN-3B Brown sandy silt to silty sand — — — — —

CN-3C Brown fine to coarse sand 108 — 70900 J 8.1 — 27900 — 5170 J
CN-3D
CN-4A Brown fine to coarse sand 90.4 . 69100 J 3.8 — 25700 — 5080 J
CN-4B Brown fine to coarse sand — — — — —

CN-4C Brown silty fine sand — — — — —

CN-4D = =_______ =

U = Analyte not detected above the specified value
J = Estimated concentration

Sample is from Cannikiri L ‘‘ Page 3 of 7



Amchitka Sediment Samples
Inorganics Analytical Results
Cannikin (White Alice Creek)
(all values in mg/kg dry weight)

Sediment Ni K Se Ag Na
Sample Description Value Q Value Value Q Value 0 Value [9

XCN-1 Brown slltto silty clay 10 J 1310 1.6 UJ 0.54 U 5600 U
XCN-5 Brown silt to silty clay 6.1 J 2010 — 2.2 UJ 0.75 U 7030 U
XCN-6’ Brown silty fine sand 15.5 J 911 . 0.5 Ui 0.17 U 2730 U
CN-1A Brown silt with fine sand 22.3 J 1070 — 1.2 UJ 0.4 U — 5050 U
CN-1B Brown silty fine to coarse sand 20.7 J 1030 — 1.1 UJ 0.37 U 4970 U
CN-1C Brown silt 11.7 J 687 2 Ui 0.65 U 7040 U
CN-1D
CN-2A Brown silty fine to coarse sand 14.9 J 1510 0.66 UJ 0.22 U 5520 U
CN-2B Brown with oxidized iron sandy silt
CN-2C Brown silt — —

CN-2D
CN-3A Brown silt with sand
CN-3B Brown sandy silt to silty sand — — — — —

CN-3C Brownfinetocoarsesand 21.1 J 1610 — 0.47 UJ 0.18 — 4540 U
CN-3D
CN-4A Brown fine to coarse sand 20.2 . J 1400 0.48 UJ 0.16 U 4390 U
CN-4B Brown fine to coarse sand — —

CN-4C Brown silty fine sand — — — — —

CN-4D

U =Analyte not detected above the specified value

0 a o



MIIIUIIIL~d IlL OdIIl~Wb

Inorganics Analytical Results
Cannikin (White Alice Creek)
(all values in mg/kg dry weight)

Sediment TI V Th Zn B
Sample Description Value Q Value Q Value Q Value jQ Value__[9

XCN-1 Brown silt to silty clay 0.54 U 182 J 0.54 UJ 46.1 J 3.2 U
XCN-5 Brown silt to silty clay 0.75 U 228 ~.l 0.75 UJ 42.9 J 4.5 U

XCN-61 Brown silty fine sand 0.17 U 219 J 0.45 J 64.1 J 5.8 U
CN-1A Brown silt with fine sand 0.78 J 397 J 0.74 J 152 2.4 U
CN-1B Brown silty fine to coarse sand 0.93 J 395 J 0.37 UJ 173 J 2.2 U
CN-1C Brown silt 0.65 U 272 J 0.65 UJ 91.5 J 3.9 U
CN-1D
CN-2A Brown silty fine to coarse sand 0.22 U 338 J 0.45 J 99 J 17
CN-2B Brown with oxidized iron sandy silt
CN-2C Brown silt
CN-2D
CN-3A Brown silt with sand
CN-3B Brown sandy silt to silty sand — — — —

CN-3C Brown fine to coarse sand 0.16 U 245 J 0.47 J 89.2 J 5.3 U
CN-3D
CN-4A Brown fine to coarse sand 0.16. U 236 J 0.54 J 80.7 J 5.8 U
CN-4B Brown fine to coarse sand —

CN-4C Brown silty fine sand — — — — —

CN-4D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from Cannikin Lake Page 5 of 7



Amchitka Sediment Samples
Inorganics Analytical Results
Cannikin (White Alice Creek)
(all values in mg/kg dry weight)

Sediment Li Mo Sn Sr Ti
Sample Description Value Q Value I~s~ Value Value [9~ Value__12

XCN-1 Brown silt to silty clay 6.9 U 1.2 7.6 UJ 60.1 — 704 —

XCN-5 Brown silt to silty clay 5.6 U 0.85 — 9.6 Ui 75.8 654

XCN-61 Brown silty fine sand 35.7 — 0.29 — 3.7 UJ 34.3 1420
CN-1A Brownsiltwithfinesand 18.2 — 0.94 — 5.1 UJ 168 1130
CN-IB Brown siltyfine to coarse sand 15.6 — 1.2 — 6 UJ 202 — 1020
CN-1C Brown silt 8.4 U 0.88 9.3 Ui 112 774
CN-1D
CN-2A Brown silty fine to coarse sand 20.3 1.6 5.4 UJ 214 1490
CN-2B Brown with oxidized iron sandy silt
CN-2C Brown silt
CN-2D
CN-3A Brown silt with sand — —

CN-3B Brown sandy silt to silty sand
CN-3C Brownfinetocoarsesand 25.7 — 0.41 — 6.2 UJ 181 — 1350 —

CN-3D
CN-4A Brown fine to coarse sand 22.2 . — 0.39 — 4.1 UJ 164 — 1230 —

CN-4B Brown fine to coarse sand
CN-4C Brown silty fine sand — — — — —

CN-4D

U =Analyte not detected above the specified value

0 0 0
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Inorganics Analytical Results
Cannikin (White Alice Creek)
(all values in mg/kg dry weight)

Sediment Cs U Ce
Sample Description Value jQ Value 0 Value

XCN-1 Brown silt to silty clay 0.54 U 0.54 U 5.2
XCN-5 Brown silt to silty clay 0.75 U 0.75 U 4.8 —

XCN-61 Brown silty fine sand 0.88 0.24 6.4
CN-1A Brown silt with fine sand 0.47 — 0.88 — 15.6 —

CN-1B Brown silty fine to coarse sand 0.41 — 0.55 — 10.7 —

CN-1C Brown silt 0.65 U 0.71 — 8.2 —

CN-1D
CN-2A Brown silty fine to coarse sand 0.61 0.55 6.9
CN-2B Brown with oxidized iron sandy silt — — —

CN-2C Brown silt
CN-2D
CN-3A Brown silt with sand — — —

CN-3B Brown sandy silt to silty sand — — —

CN-3C Brown fine to coarse sand 0.6 — 0.39 — 6.9 —

CN-3D
CN-4A Brown fine to coarse sand . 0.43 0.36 — 6.9 —

CN-4B Brown fine to coarse sand — — —

CN-4C Brown silty fine sand — — —

CN-4D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from Cannikin Lake Page 7 of 7
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Inorganics Analytical Results
Milrow (Clevenger Creek)

(all values in mg/kg dry weight)

Sediment TOC Al Sb As Ba
Sample Description Value 0 Value Q Value__I~9~ Value Q Value__j Q

MR-2A Brown sandy silt — — — —

MR-2B Brown silt — —

MR-2C Brown silt
MR-2D
MR-3A Brown silt with sand
MR-3B Brown silt with sand —

MR-3C Brown with oxidized iron silt with sand —

MR-3D
MR-4A Brown fine to coarse sand 9420 J 38800 0.25 UJ 4.1 ~ 78.5 J
MR-4B Brown fine to coarse sand 4390 J 37500 — 0.25 UJ 3.7 J 64.4 J
MR-4C Brown fine to coarse sand 5310 J 33300 — 0.25 UJ 3.3 J 56.8 J
MR-4D

U = Analyte not detected above the spec’ted value
= Estimated concentrat’on

Page 1 of 7



Amchitka Sediment Samples
Inorganics Analytical Results

Milrow (Clevenger Creek)
(all values in mg/kg dry weight)

Sediment Be Cd Ca Cr Co
Sample Description Value [o Value__[9 Value [9 Value [9~ Value__[9

MR-2A Brown sandy silt
MR-2B Brown silt —

MR-2C Brown silt
MR-2D
MR-3A Brown silt with sand
MR-3B Brown silt with sand
MR-3C Brown with oxidized iron silt with sand
MR-3D
MR-4A Brownfinetocoarsesand 0.22 0.12 U 12800 J 3.7 J 11
MR-4B Brown fine to coarse sand 0.21 — 0.13 U 12800 ± ~ ± ~ —

MR-4C Brownfinetocoarsesand 0.18 0.13 U 11400 J 3.2 J 9.4
MR-4D

U = Analyte not detected above the specified value

0 0 0



ant ~ampies
Inorganics Analytical Results

Milrow (Clevenger Creek)
(all values in mg/kg dry weight)

Sediment Cu Fe Pb Mg Mn
Sample Description Value__[Q Value Value 12: Value [Q Value 0

MR-2A Brown sandy silt —

MR-2B Brown silt — —

MR-2C Brown silt — —

MR-2D
MR-3A Brown silt with sand —

MR-3B Brown silt with sand
MR-3C Brown with oxidized iron silt with sand
MR-3D
MR-4A Brown fine to coarse sand 64.7 35900 ± 11500 1040 J
MR-4B Brown fine tocoarse sand 59.7 — 33000 ~.J 3.1 — 10800 — 874 J
MR-4C Brown fine to coarse sand 52.4 — 30200 J 2.6 — 9750 — 781 J
MR-4D

U = Analyte not detected above the specified value
J = Estimated concentration

Page 3 of 7



Amchitka Sediment Samples
Inorganics Analytical Results

Milrow (Clevenger Creek)
(all values in mg/kg dry weight)

Sediment Ni K Se Ag Na
Sample Description Value Q Value jQ Value__jQ Value Q Value__L21

MR-2A Brown sandy silt
MR-2B Brown silt
MR-2C Brown silt
MR-2D
MR-3A Brown silt with sand
MR-3B Brown silt with sand
MR-3C Brown with oxidized iron silt with sand
MR-3D
MR-4A Brownfinetocoarsesand 6.6 J 3120 0.37 UJ 0.12 U 17600 J
MR-4B Brown fine to coarse sand 6.3 J 2970 — 0.38 UJ 0.13 U 17200 J
MR-4C Brownfinetocoarsesand 6.3 J 2690 — 0.38 UJ 0.13 U 15300 J
MR-4D

U = Analyte not detected above the specified value

0 0 0



MIlIUflhlKd ii oampies
lnorganics Analytical Results

Milrow (Clevenger Creek)
(all values in mg/kg dry weight)

Sediment TI V Th Zn B
Sample Description Value__[9 Value__[Q Value Value Q Value

MR-2A Brown sandy silt
MR-2B Brown silt — —

MR-2C Brown silt —

MR-2D
MR-3A Brown silt with sand
MR-3B Brown silt with sand —

MR-3C Brown with oxidized iron silt with sand —

MR-3D
MR-4A Brown fine to coarse sand 0.12 U 131 J 0.58 J 64.6 J 2.4 U
MR-4B Brown fine to coarse sand 0.13 U 122 J 0.58 J 64.7 J 6.6 U
MR-4C Brown fine to coarse sand 0.13 U 129 J 0.5 J 57.6 J 4.6 U
MR-4D

U = Analyte not detected above the specified value
J = Estimated concentration
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Amchitka Sediment Samples
lnorganics Ahalytical Results

Milrow (Clevenger Creek)
(all values in mg/kg dry weight)

Sediment Li Mo Sn Sr Ti
Sample Description Value Value__[Q Value [9 Value Q Value [Q

MR-2A Brown sandy silt
MR-2B Brown silt
MR-2C Brown silt —

MR-2D
MR-3A Brown silt with sand
MR-3B Brown silt with sand
MR-3C Brown with oxidized iron silt with sand — — —

MR-3D
MR-4A Brownfinetocoarsesand 13.2 0.47 5.6 U 319 1780
MR-4B Brown fine to coarse sand 12.5 — 0.39 — 3.3 U 289 — 1660 —

MR-4C Brown fine to coarse sand 11 — 0.37 2.5 U 259 — 1580 —

MR-4D

U = Analyte not detected above the specified value

0 0 0
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Inorganics Analytical Results
Milrow (Clevenger Creek)

(all values in mg/kg dry weight)

Sediment Cs Ce
Sample Description Value__[0 Value Q Value [9~

MR-2A Brown sandy silt — — —

MR-2B Brown silt — — —

MR-2C Brown silt —

MR-2D
MR-3A Brown silt with sand .

MR-3B Brown silt with sand — — —

MR-3C Brown with oxidized iron silt with sand —

MR-3D
MR-4A Brown fine to coarse sand 2.8 — 0.41 — 13.6 —

MR-4B Brown fine to coarse sand 2.5 — 0.36 — 14.4 —

MR-4C Brown fine to coarse sand 2.3 — 0.32 12.4
MR-4D

U = Analyte not detected above the specified value
J = Estimated concentration
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Inorganics Analytical Results
Long Shot (Unnamed Creek)
(all values in mg/kg dry weight)

Sediment TOC Al Sb As Ba
Sample Description Value Value Q Value Value__H Value

LS-1A1 Drilling Mud

LS-1B1 Drilling Mud

LS-1C1 Drilling Mud
LS-1 D1 Drilling Mud

XLS-72 Brown to black silty fine muck
LS-2A Brown silt
LS-2B Brown silt with sand
LS-2C Brown clayey silt 90300 J 35900 — 0.95 UJ 3.5 J 158 J
LS-2D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from the Long Shot mud pits

2 Sample is from a groundwater seep draining into the unnamed stream
Page 1 of 7



Amchitka Sediment Samples
Inorganics Analytical Results
Long Shot (Unnamed Creek)
(all values in mglkg dry weight)

Sediment Be Cd Ca Cr Co
Sample Description Value__12. Value__[Q Value__[Q Value Value Q

LS-1A1 Drilling Mud

LS-181 Drilling Mud

LS-1C1 Drilling Mud
LS-1D’ Drilling Mud

XLS-72 Brown to black silty fine muck
LS-2A Brown silt
LS-2B Brown silt with sand
LS-2C Brown clayey silt 0.48 U 0.48 U 4430 J 2.5 J 21.7 —

LS-2D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Samp!e is from the Long Shot mud pits

0 0 0



MIIIU~IILKd nit aampies
Inorganics Analytical Results
Long Shot (Unnamed Creek)
(all values in mg/kg dry weight)

Sediment Cu Fe Pb Mg Mn
Sample Description Value Q Value Value Value__[Q Value Q

LS-1A1 Drilling Mud
LS-1B1 Drilling Mud —

LS-1C1 Drilling Mud —

LS-1D1 Drilling Mud

XLS-72 Brown to black silty fine muck
LS-2A Brown silt
LS-28 Brown silt with sand
LS-2C Brown clayey silt 83.9 — 45400 J 9.8 — 10400 — 1030 J
LS-2D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from the Long Shot mud pits
2 Sample is from a groundwater seep draining into the unnamed stream
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Amchitka Sediment Samples
Inorganics Analytical Results
Long Shot (Unnamed Creek)
(all values in mglkg dry weight)

Sediment Ni Se Ag Na
Sample Description Value Value__[0 Value Q Value [9~ Value__[9

LS-1A1 Drilling Mud

LS-1 B1 Drilling Mud

LS-1C1 Drilling Mud
LS-1& Drilling Mud

XLS-72 Brown to black silty fine muck
LS-2A Brown silt
LS-2B Brown silt with sand
LS-2C Brown clayey silt 7.3 J 1390 — 1.4 UJ 0.48 U 6130 U
LS-2D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from the Long Shot mud pts

0 0



Sediment
Description

flflhIIbIIILI%O •IL

Inorganics Analytical Results
Long Shot (Unnamed Creek)
(all values in mg/kg dry weight)

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from the Long Shot mud pits
2 Sample is from a groundwater seep draining into the unnamed stream

K C

TI I V

Drilling Mud

Drilling Mud

Drilling Mud

Th Zn B

Drilling Mud

Brown to black silty fine muck
Brown silt
Brown silt with sand
Brown clayey silt
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Amchitka Sediment Samples
Inorganics Analytical Results
Long Shot (Unnamed Creek)
(all values in mg/kg dry weight)

Sediment Li Mo Sn Sr Ti
Sample Description Value 12.. Value Q Value [9~ Value jQ Value

LS-1A1 Drilling Mud

LS-1 B1 Drilling Mud

LS-1C1 Drilling Mud
LS-1D1 Drilling Mud

XLS-72 Brown to black silty fine muck
LS-2A Brown silt
LS-2B Brown silt with sand
LS-2C Brown clayey silt 13.4 — 1.1 — 8.4 UJ 92.6 — 1560 —

LS-2D

U = Analyte not detected above the specified value
J = Estimated concentration
‘Sample is from the Long Shot mud pits

0 0 0
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Inorganics Analytical Results
Long Shot (Unnamed Creek)
(all values in mg/kg dry weight)

Sediment Cs U Ce
Sample Description Value__jQ Value__[9 Value [Q

LS-1A1 Drilling Mud
LS-1B1 Drilling Mud

LS-1C1 Drilling Mud
LS-1D1 Drilling Mud

XLS-72 Brown to black silty fine muck — — —

LS-2A Brown silt
LS-2B Brown silt with sand — — —

LS-2C Brown clayey silt 0.48 U 0.57 — 8.1 —

LS-2D

U = Analyte not detected above the specified value
J = Estimated concentration
1 Sample is from the Long Shot mud pits
2 Sample is from a groundwater seep draining into the unnamed stream
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-0. 0
Wet ~~eight

(all values in mg/kg)

Mud Pits A and B Mud Pits C and D Mud Pits A and B1 Std. 95% UCL
Analyte Value j Qual. Value Qual. Value Qual. Mean Dev. of Mean

Aluminum 9680 J 15200 J 10200 J 11693 3048 15142
Arsenic 2.2 J 1.8 J 5.4 J 3.1 2.0 5.4
Barium 43.1 56.9 60.9 53.6 9.3 64.2
Calcium 4810 8410 5120 6113 1995 8371
Chromium 18.2 J 19.1 J 18.1 J 18.5 0.6 19.1
Cobalt 5.5 J 8.1 J 6.7 J 6.8 1.3 8.2
Copper 39.1 J 70.9 J 64.3 J 58.1 16.8 77.1
Iron 15400 21400 14700 17167 3683 21334
Lead 6.4 J 7.9 J 8.4 J 7.6 1.0 8.7
Magnesium 5130 8150 5280 6187 1702 8113
Manganese 275 487 289 350 119 484
Nickel 4.3 J 6 J 5 J 5.1 0.9 6.1
Potassium 712 1200 977 963 244 1239
Selenium 0.78 J 0.78 J 0.92 J 0.83 0.08 0.92
Sodium 1720 U 2850 1920 U 21632 6032 28462
Vanadium 56.8 40.5 53.4 50.2 8.6 60.0
Zinc 33.7 J 32.5 J 44.8 J 37.0 6.8 44.7
Thorium 0.94 1.2 0.96 1.03 0.14 1.20
Molybdenum 0.94 J 1.5 J 1.1 J 1.18 0.29 1.51
Strontium 106 133 86.1 108 24 135
Titanium 773 849 769 797 45 848
Cesium 0.32 0.47 0.41 0.40 0.08 0.49
Uranium 0.33 J 0.35 J 0.23 J 0.30 0.06 0.38
Cerium 6.6 J 10.4 J 9.8 J 8.9 2.0 11.2
TPH 5800 J 5700 J 3200 J 4900 1473 6567

‘Duplicate sample
2Nondetected analyte was assumed to be present at the detection limit for the purpose of the statistical calculations

Page 1



Amchitka Island LOfl~SflOt IVIUQ VhS

Metals Analytical Results (detected analytes only)
Dry Weight

(all values in mglkg)

Mud Pits A and B Mud Pits C and D Mud Pits A and B1 Std. 95% UCL
Analyte Value ( Qual. Value [ Qual. Value Qual. Mean Dev. of Mean

Aluminum 36473 J 34506 J 32588 J 34522 1943 36721
Arsenic 8.3 J 4.1 J 17.3 J 9.9 6.7 17.5
Barium 162 129 195 162.0 32.7 199.0
Calcium 18124 19092 16358 17858 1386 19427
Chromium 68.6 J 43.4 J 57.8 J 56.6 12.7 70.9
Cobalt 20.7 J 18.4 J 21.4 J 20.2 1.6 22.0
Copper 147 J 161 J 205 J 171.2 30.4 205.6
Iron 58026 48581 46965 51191 5974 57951
Lead 24.1 J 17.9 J 26.8 J 23.0 4.6 28.1
Magnesium 19329 18502 16869 18233 1252 19650
Manganese 1036 1106 923 1022 92 1126
Nickel 16.2 J 13.6 J 16.0 J 15.3 1.4 16.9
Potassium 2683 2724 3121 2843 242 3117
Selenium 2.9 J 1.8 J 2.9 J 2.55 0.67 3.31

Sodium 6481 U 6470 6134 U 21632 6032 28462
Vanadium 214 91.9 171 158.9 61.9 228.9
Zinc 127 J 73.8 .1 143 J 114.6 36.3 155.7
Thorium 3.5 2.7 3.1 3.11 0.41 3.58
Molybdenum 3.5 J 3.4 .1 3.5 J 3.49 0.07 3.57
Strontium 399 302 275 325 65 399
Titanium 2913 1927 2457 2432 493 2990
Cesium 1.2 1.1 1.3 1.19 0.12 1.33
Uranium 1.2 J 0.79 J 0.73 J 0.92 0.28 1.24
Cerium 24.9 J 23.6 J 31.3 J 26.6 4.1 31.3
TPI-I 21854 J 12940 J 10224 J 15006 6084 21890

1Duplicate sample
2Non-detected analvte was ass’j’ne’I 19 L’~ 1~recnnt at the detection limit for the purpose of the statistical calculations

0 0 0



Amchitka Island
Longshot Mud Pits

Metals Analytical Results

Total Cr
Value
1160
1960
1750
2030
2320
2070
1580
1810
2080
1480
2000

Cr(VI)
Value
22.7
28.1
21.9
41.6
43.2
56.5
22.4
21.6
53

32.6
64.7

U
U

NOTE:
Based on the analytical results for the Longshot mud pit sediments, it appears that chrome
lignosulfonate, a dommon drilling mud additive, was not used for the Longshot drilling. However,
historical records indicate that at least 1400 tons of chrome lignosulfonate were shipped to the
island for the Milrow drilling. If this additive was used for Milrow and subsequent drilling operations
(Cannikin and Drill Sites D, E, and F), chromium concentrations in the drilling mud remaining from
those operations are expected to be higher than the concentrations measured in the Longshot
drilling mud.

The following table provides total and hexavalent chromium data for eleven samples collected
from a mud pit at the Central Nevada Test Area (CNTA), where chrome lignosulfonate was used
as a drilling mud additive. If chrome lignosulfonate was used on Amchitka for Milrow and post
Milrow drilling, chromium concentrations in the drilling mud should be no greater than those
measured in the CNTA samples.

Q
U

Mean 1840 37.1
Std. Dev. 329 15.6

95% UCL of Mean 2035 46.4
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Inorganics Analytical.Results

Reference Area Creek
(all values in mg/kg dry weight)

Sediment TOC Al Sb As Ba
Sample Description Value [Q Value Value Value Q Value__12

8KG-IA Dark Brown clayey silt
8KG-lB Brown sandy clayey silt 43200 J 32600 — 0.42 UJ 7.9 J 167 J
BKG-1C Brown silty fine to coarse sand 41300 J 31900 — 0.43 UJ 7.4 J 176 J
8KG-ID
BKG-2A Brown silty fine sand
BKG-2B Brown silty fine to medium sand
BKG-2C Brown clayey silt with sand
BKG-2D

U = Analyte not detected above the specified value
J = Estimated concentration
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Amchitka Sediment Samples
Inorganics Analytical Results

Reference Area Creek
(all values in mg/kg dry weight)

Sediment Be Cd Ca Cr Co
Sample Description Value [Q Value 12.. Value Value 12.. Value 1.9

BKG-IA Dark Brown clayey silt
BKG-IB Brown sandy clayey silt 0.21 U 0.26 — 4950 .1. 10.5 J 16 —

BKG-IC Brown silty fine to coarse sand 0.21 U 0.46 — 6360 J 17.5 J 18.3 —

BKG-1D
BKG-2A Brown silty fine sand
BKG-2B Brown silty fine to medium sand
BKG-2C Brown clayey silt with sand
BKG-2D

U = Analyte not detected above the specified value

0 0 0
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Inorganics Analytical Results
Reference Area Creek

(all values in mg/kg dry weight)

Sediment Cu Fe Pb Mg Mn
Sample Description Value Q Value Q Value Q Value Q Value

BKG-1A Dark Brown clayey silt —

BKG-1B Brown sandy clayey silt 45.7 — 27900 J 4.6 — 7580 — 285 J
BKG-1C Brownsiltyfinetocoarsesand 47.6 — 49500 J 4.5 — 11200 — 3340 J
BKG-1D
BKG-2A Brown silty fine sand
BKG-2B Brown silty fine to medium sand
BKG-2C Brown clayey silt with sand
BKG-2D

U = Analyte not detected above the spe if ed vahie
J = Estimated concentration
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Amchitka Sediment Samples
Inorganics Analytical Results

Reference Area Creek
(all values in mg/kg dry weight)

Sediment Ni K Se Ag Na
Sample Description Value Value__[9 Value [Q Value Q Value__[Q

BKG-1A Dark Brown clayey silt
BKG-IB Brown sandy clayey silt 20.9 J 658 — 0.63 UJ 0.21 U 2910 U
BKG-1C Brown silty fine to coarse sand 52.9 J 854 — 0.64 UJ 0.21 U 2970 U
BKG-1D
BKG-2A Brown silty fine sand
BKG-2B Brown silty fine to medium sand
BKG-2C Brown clayey silt with sand
BKG-2D

U = Analyte not detected above the specified value

0 0
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Inorganics Analytical Results

Reference Area Creek
(all values in mg/kg dry weight)

Sediment TI V Th Zn B
Sample Description Value Q Value Value Q Value Q Value__[Q

BKG-1A Dark Brown clayey silt
BKG-IB Brown sandy clayey silt 0.21 U 224 3 0.39 J 84.6 J 1.3 U
BKG-IC Brown silty fine to coarse sand 0.21 U 170 J 0.42 J 89.9 .J 1.3 U
BKG-1D
BKG-2A Brown silty fine sand
BKG-2B Brown silty fine to medium sand — — — — —

BKG-2C Rrown clayey silt with sand — — — — —

BKG-2D

U = Analyte not detected above the specified value
J = Estimated concentration
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II = An~hitp nnt detected above the specified value

Amchitka Sediment Samples
Inorganics Analytical Results

Reference Area Creek
(all values in mg/kg dry weight)

0 0 0

Sediment Li Mo Sn Sr Ti
Sample Description Value Value 0 Value Value Q Value

BKG-1A Dark Brown clayey silt
BKG-1B Brown sandy clayey silt 12.1 — 0.79 — 4 UJ 59.3 1400
BKG-1C Brown silty fine to coarse sand 13.9 — 0.75 — 18.8 UJ 74.7 — 1370 —

BKG-1D
BKG-2A Brown silty fine sand
BKG-2B Brown silty fine to medium sand
BKG-2C Brown clayey silt with sand — —

BKG-2D I. I_I
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Inorganics Analytical Results
Reference Area Creek

(all values in mg/kg dry weight)

Sediment Cs U Ce
Sample Description Value__I~s~ Value__[9 Value [o

BKG-IA Dark Brown clayey silt
BKG-IB Brown sandy clayey silt 0.21 U 0.61 — 7.8 —

BKG-1C Brown silty fine to coarse sand 0.3 — 0.47 — 6.9 —

BKG-ID
BKG-2A Brown silty fine sand
BKG-28 Brown silty fine to medium sand — — —

BKG-2C Brown clayey silt with sand — — —

BKG-2D

U = Analyte not detected above the specified value
J = Estimated concentration
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Appendix C

Data Quality Assessment Summary
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DATA QUALITY ASSESSMENT SUMMARY
1998 DEPARTMENT OF ENERGY DRILL SITE CHARACTERIZATION

AMCHITKA ISLAND, ALASKA

C1.O INTRODUCTION

Cli PROJECT DESCRIPTION

Through the Alaska District, U.S. Army Corps of Engineers (Corps), the U.S. Department of
Energy (DOE) in early 1998 contracted the planning of an investigation of possible chemical
impacts at drill sites used during underground nuclear testing by its predecessor agencies on
Amchitka Island. The fieldwork in support of this investigation was conducted during late
summer 1998, and included the following:

• Sampling for chemical analysis of surface water and sediment (drilling mud) in former
mud pits at each of the drill sites and test sites where they are still present, and in lakes
that were used for mud storage.

• Sampling for chemical analysis of stream water and sediment in streams draining each of
the drill sites and test sites, and in four reference streams.

• Sampling these streams to determine the abundance and ditersity of benthic invertebrates
and to collect sediment samples for bioassays.

• Collection of fish for chemical analysis from these streams.
• Collection of fish for radionuclide analysis from as many of the planned streams as

contained a sufficient number of fish.
• Sampling surface water, sediment, and groundwater from the Aircraft Graveyard for

polychlorinated biphenyls (PCBs) analysis.

This work was performed for the U.S. Army Corps of Engineers, Alaska District under Contract
No. DACA85-94-D-0009, Delivery Order No. 0021, under funding provided by DOE.

C1.2 DESCRIPTION OF THE SAMPLING AND ANALYSIS AND QAIQC
PROGRAMS

The Sampling and Analysis Plan (SAP) contained in the Final Report, Amchitka Army Air Base,
Phase I Remedial Investigation, Amchitka Island, Alaska, Management Plan, issued on
December 16, 1996, and the August 14, 1998, Management Plan, Department of Energy 1998
Drill Site investigation, Amchitka Island, Alaska, included multimedia sampling and analyses.
The data collected in the field and produced by the laboratory were used to assess the impacts
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from former DOE drill sites. The December 1996 Quality Assurance Project Plan (QAPP) and
its addendum (Section 6.0 of the August 1998 plan) included quality assurance/quality control
(QA/QC) goals for generating data of known and acceptable quality. This appendix presents the
assessment of the implementation of the SAP and QAPP and the resulting data qualifications.

C1.3 SAMPLING TECHNIQUES

Procedures for collecting surface water, sediment, benthic invertebrates, and fish samples are
presented in the SAP portion of the December 1996 Phase I RI Management Plan, and Section
5.0 of the August 14, 1998, Drill Site Investigation Management Plan. The August 1998 DOE
Management Plan referred to the December 1996 Management Plan for detailed information
regarding specific sampling and sample handling procedures. All samples were preserved and
submitted in laboratory-provided sample containers, certified pre-cleaned by their manufacturers,
as defined in the above-referenced plans.

C1.4 FIELD QC GOALS

Field QC samples were used to assess the influence of sampling procedures, equipment, and
handling on the reported results. They were also used to characterize matrix heterogeneity. Field (~)
QC samples consisted of field duplicate samples and trip blanks as defined below. The field QC
data assessment procedures are discussed in Section C2.0. The field QC sample results are
discussed in Section C3.0.

C1.4.1 Field Duplicate Samples

Field duplicates were collected in the form of collocated and split samples. The collocated
sample was an additional sample collected at the same location as the original sample. Split
samples were collected and homogenized before transferring aliquots into separate sets of sample
containers. Field duplicate results were used to assess total precision and variability associated
with the laboratory analysis and the sample collection process. Duplicate samples refer to a
second sample collected simultaneously or sequentially using identical recovery techniques and
treated identically during transportation and analysis.

Duplicates of volatile portions were collected as collocated, discrete samples, and were not
homogenized. Duplicates of nonvolatile portions were collected as split samples, and were
homogenized.
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Duplicate samples were submitted blind to the project laboratory (North Creek Analytical,
Bothell, Washington) for analysis. The frequency goal for the collection of field duplicates
was a minimum of 10 percent of environmental samples. Section C3.0 presents the field
sample and duplicate results.

C1.4.2 Equipment Blanks

Equipment rinsate blanks were collected when decontaminated sampling equipment was used, to
determine the adequacy of the decontamination process. Two rinsate blanks were collected by
pouring ASTM Type II water over a decontaminated equipment hand auger barrel. The
frequency goal for collecting equipment blanks was 5 percent of samples collected with reusable
sampling devices. The rinsate samples were analyzed for the same chemical constituents as the
environmental samples, with the exception of the following:

• rinsate sample 98D0E-DRSD-1075-RB was not analyzed for polychiorinated
biphenyls (PCB5) by Method SW8082 or volatile organic compounds (VOCs) in
Method SW5030/SW8260B

• rinsate sample 98D0E-LONG-l 136-RB was not analyzed for VOCs by Method
SW5030/SWS26OB, as well as 21 metals by Methods SW6O1OB, SW6020. and
SW7470A.

The equipment blank results are discussed in Section C3.O.

C1.4.3 Trip Blanks

A trip blank is a sample of organic-free water placed in a sample container in an uncontaminated
laboratory area prior to fieldwork, and then handled in the same manner as the field sample’
Trip blanks were prepared only for aqueous volatile organic compound (VOC) samples. 1 rip
blank results were used to identif3r contamination from sample containers, or from cross
contamination of samples during transportation and/or storage procedures. The goal of trip blank
submittal was one trip blank to accompany each cooler containing samples for VOC analysis.

Aqueous sodium bisulfate trip blanks (low level) and methanol trip blanks (high leveh
accompanied soil and sediment samples for analysis by Methods 5W5035/SW8260B and
SW5030/SWS26OB, respectively.
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C1.5 SAMPLE STORAGE AND SHIPMENT PROCEDURES

Samples were collected in the field and delivered to the on-site laboratory (located in a separate
“Weatherport” tent) at the end of each day for storage and shipment. Samples were stored in
refrigerators at 4°C ± 2°C.

Samples were prepared for shipment by the project chemist. Sample containers were
individually wrapped in resealable plastic bags and shipped in sample coolers with ice substitute,
“bubble wrap” packing material, and a temperature blank. A completed chain-of-custody (COC)
form and a blank cooler receipt form were enclosed in a plastic bag and taped to the lid of the
cooler. The cooler drain was taped shut, custody seals applied, and the cooler securely taped and
labeled in accordance with federal and state regulations.

Samples were generally packed and shipped from Amchitka to Adak by Security Aviation
charter aircraft the day before the scheduled twice-weekly Reeve Airlines flight from Adak to
Anchorage. On Adak, an agent of Clearwater Environmental took custody of the coolers and
stored them in a cool, secure location. The coolers were then shipped as priority freight on
Reeve to Anchorage, arriving about 30 hours after they had been packed. In Anchorage, the
samples were retrieved by a representative of North Creek Analytical (NCA), who checked
cooler temperatures, re-iced the samples, completed COC and cooler receipt documentation, and
shipped them on a night flight to the Seattle-Tacoma Airport via Alaska Airlines Gold Streak
service. There they were picked up by a NCA courier and transpofted to their Bothell laboratory,
arriving about 48 hours after they originally left Amchitka. The exception to this procedure was
on weekends, with no Reeve flights, when samples were flown directly from Amchitka to
Anchorage on Security Aviation charter aircraft.

The project chemistry laboratory was the Bothell, Washington, facility of North Creek Analytical
(NCA). There was no independent quality assurance (QA) laboratory; no triplicate QA samples
were analyzed for either chemistry or radionuclides. All soil and water samples were analyzed in
Bothell with the exception of the SW5030/SW8260B and SW5035/SW8260B field-extracted
volatiles analyses on sediment samples, since only the Portland facility was set up to perform
these analyses. Similarly, all chemical analyses of fish tissue were performed in the Portland
facility, except as noted below. Samples analyzed by NCA’s Portland facility were sent to
Portland, Oregon via Alaska Airlines or Federal Express.

Analysis of inorganic arsenic in fish tissue was performed at the Battelle Marine Sciences
Laboratory in Sequim, Washington. Radionuclide analyses on fish tissue were performed at the
Charleston,. South Carolina facility of General Engineering Laboratories (formerly known as
Environmental Physics, Inc.). Identification of invertebrates in the stream sediment samples was
performed in the Somerset, New Jersey office of IT Corporation, under subcontract to DOE.
American Aquatics Testing, Inc. in Allentown, Pennsylvania, under subcontract to IT
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Corporation performed bioassay tests using the stream sediment samples. Organic content and
grain size analyses on stream sediment samples were performed in Shannon & Wilson’s
Fairbanks, Alaska soil laboratory.

North Creek Analytical analyzed samples from both the 1998 Department of Energy Drill Site
Investigation and the Corps Phase II Remedial Investigation (RI). Therefore samples from the
two projects were often shipped in the same cooler with a common trip blank, although separate
chain-of-custody forms were completed for each project (see Appendix H). The laboratory also
analyzed samples from both projects in the same sample delivery group, and laboratory QC
samples were common to the two projects.

C1.6 NUMBER OF SAMPLES SUBMITTED

Attachment 1 presents the list of samples submitted for this project, along with the laboratory
sample identification, the sample matrix, and the analyses performed. Table Cl-i presents the
number of environmental samples, trip blanks, and field duplicates, as well as the percentage of
field duplicates. All samples were analyzed for the requested analyses.

C1.7 SIGNIFICANT PROBLEMS ENCOUNTERED

For soil sample 98DOE-MILR-40 17-SD, dry weight could not be calculated due to insufficient
sample volume. Results were reported on a wet weight basis for this sample. Similarly, sample
weight could not be determined for sample 98DOE-LONG-405l-SD, therefore an average
weight of other sediment samples was used by the laboratory; all results for this sample are
considered estimates. 5W5030/SW8260B results for 67 sediment samples and
SW5035/SW8260B results for 30 sediment samples had elevated reporting limits due to low dry
weight (less than 50 percent solids). The results for several compounds in six
5W5030/SW8260B samples were adjusted due to percent solids (qualified as estimated “3”), and
results for an additional three samples were qualified as estimated “3” due to the use of sample
field weights in the calculations.

Two fish samples had elevated reporting limits for 5W8081 due to limited sample quantity.
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C2.O QA/QC ACTIVITIES

C2.1 FIELD AUDITS

Field audits were performed by the RI Task Manager to assure that proper procedures were being
followed and field documentation was complete. Field audits included the observation of
sampling and sample packing procedures, and the review of logbooks and forms. Deviations
from the documented SAP procedures were corrected immediately in the field. Additional work
was performed when review of the logbooks indicated further investigation was necessary to
meet the requirements of the SAP.

C2.2 DATA ASSESSMENT PROCEDURES

Laboratory data generated for this project was assessed to determine whether the project-
specified quality assurance objectives (QAO5) were met, quantitatively evaluate data quality,
identi& potential limitations on data use; and determine whether site-specific data quality
objectives (DQO5) were met. The data assessment calculations and applications used for the
Amchitka Island data are based on the United States Environmental Protection Agency (USEPA)
Guidelines for Assessing and Reporting Data Quality for Environmental Measurements (January
1983), and the USEPA Contract Laboratory Program National Functional Guidelines for
Inorganic and Organic Data Review (February 1994).

Several procedures were used to control the sampling and analytical processes to produce data of
sufficient quality for project needs. These included thorough project planning, the use of
standard field, analytical, and QC procedures, and auditing performed during field activities. If a
problem occurred in spite of these controls, this data assessment report identifies the problem,
determines which data were affected, and states how use of that data may be limited.

The routine QC procedures conducted in the laboratory are established in the published methods,
the QAPP, and the analytical standard operating procedures (SOPs) prepared by each laboratory.
The laboratory was responsible for following the procedures and operating the analytical systems
within statistical control limits. These procedures included proper instrument maintenance,
calibration and calibration checks, and laboratory QC sample analyses at the required frequencies
(i.e., method blanks [MBsJ, laboratory control samples/laboratory control sample duplicates
[LCSs/LCSDs], etc.). Associated QC sample analytical results were reported with the sample
results so the project staff could evaluate the analytical process performance in conjunction with
field QC data, and make determinations about data quality and suitability for intended data uses.
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A project data review was conducted on an analytical and field batch basis, by utilizing the
project laboratory case narratives and assessing QC samples and associated field sample results.
Project data assessment procedures included:

• Initial review of analytical and field data for complete and accurate documentation,
chain-of-custody forms, and required frequency of field and laboratory QC samples.

• Calculation of completeness by method and matrix or by analyte, if designated.

• Review of field QC sample results to identi& contamination and assure DQOs were
met.

• Evaluation of analytical blank results to identif3r systematic contamination.

• Comparison of spike and duplicate results with project objectives for precision and
accuracy.

• Statistical calculations for overall method accuracy and precision using the
appropriate QC sample results.

• Assigning data qualifier flags to the data as necessary to reflect limitations identified. CD
The statistical calculations for the data assessment process, and ways in which the calculations
apply to environmental sample results, are presented in Table C2-1.

The data qualification scheme for field and analytical QC samples is described in the QAPP and
its addendum. The data qualifier flags shown in Table C2-2 are based on the USEPA National
FunctiQnal Guidelines. Table C2-3 shows the relationships between various types of QC and
field samples that may be similarly influenced by QC problems. The data qualification scheme
provided the basis for determining whether sample results should be qualified, but the reviewers’
judgment was also critical in determining whether data quality and usability had been
systematically influenced and whether additional data points required qualification. The
following descriptions provide rationale for the data qualification scheme.

C2.2.1 Blank Data Assessment

Blank results indicate whether reported analytes (such as methylene chloride) may be attributed
to laboratory sources (reagents, glassware, and instrumentation), or to field sources or conditions
(equipment, shipping, handling, and ambient conditions), rather than the sampled soil or water.
Laboratory blanks include method or system blanks analyzed with each preparation and
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analytical batch. Equipment and trip blanks are field blanks collected at specified frequencies or
under selected conditions to monitor contamination from non-laboratory sources.

The most common laboratory contaminants, methylene chloride, phthalates, acetone, toluene,
and 2-butanone, are ubiquitous; controlling them to within acceptable low levels is part of

standard laboratory procedures. When these or other analytes were reported in field samples or
field blanks and in the associated method blank at concentrations attributable to blank
contamination (within five or ten times the blank concentrations, depending on the analyte), the
field sample results were qualified “U” to indicate the result should be considered not detected.
Common contaminants in field samples that are not reported in the associated method blank may
be qualified if they are systematic.

Field blank results were assessed individually. Field blanks are related to the field samples as
shown in Table C2-3. The probable contamination source was identified, and associated sample
results were qualified as necessary based on the relative concentrations between the blank and
field sample (in accordance with the National Functional Guidelines). The results of the blank
assessment are presented in Section C3.O.

C2.2.2 Accuracy

Accuracy is associated with correctness and is a comparison between a measured value and a
known or expected value. Accuracy is assessed by comparing LCS, matrix spike (MS),
surrogate spike, and performance evaluation (PB) sample recoveries with the project objectives
presented in the QAPP and its addendum. Section C3.l presents the results of the LCS, MS, and
surrogate spike data assessment.

C2.2.3 Laboratory Control Samples

Laboratory control samples are spikes of target analytes in reagent-grade water or clean (Ottawa)
sand that are taken through sample preparation and analysis to assess statistical control of the
method. If a LCS recovery is outside the established limits, samples from the same preparation
and/or analytical batch may exhibit similar analyte recoveries, and are qualified in accordance
with the National Functional Guidelines. Nondetect sample results associated with low LCS
recoveries indicate a potential false negative; elevated LCS recoveries indicate the potential for
falsely elevated results. The system must be assessed to determine the reason for the out-of-
control occurrence, and corrective action may be indicated, up to and including resampling and
reanalysis of affected samples.
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C2.2.4 Matrix Spikes/Matrix Spike Duplicates (MS/MSD)

A matrix spike is a solution of target analytes at known concentrations that is spiked into a field
sample before sample preparation and analysis. The results of the duplicate MS are compared to
the original MS to provide an estimate of bias present due to potential matrix interferences.
Matrix spike results were assessed by comparison with the MS recovery ranges presented in the
QAPP and its addendum. When MS recoveries were outside this range, corresponding sample
results were qualified as appropriate. The results of the MSIMSD data assessment are presented
in Section C3.O.

C2.2.5 Surrogate Spikes

Surrogate spikes are a group of compounds that are not otherwise found in nature but behave
similarly to the target analytes that have been selected for each method. Reported for organic
analyses, surrogate spike results are used to assess target analyte recovery for each sample and
measure system performance and matrix interference. Surrogate spike recoveries were compared
to the recovery limits presented in the QAPP and its addendum. Surrogates represent different
types or classes of analytes measured by a method, and the results are used to qualif~’ similar
analytes (e.g., acid extractables, phenolic compounds, etc.). Field sample results that had
surrogate recoveries outside the limits were qualified as estimates and were rejected if recoveries
were very low.

C2.2.6 Precision

Precision is a measure of variability between duplicate analyses, and is calculated for field and
laboratory duplicates. Precision is evaluated by comparing the relative percent difference (RPD)
of LCSsILCSDs, MSsIMSDs, and field duplicate samples with the RPD objectives stated in the
QAPP and its addendum.

If the RPD for the LCSILCSIJ did not meet the objective, all samples in the same analytical or
preparation batch were qualified. Because the MS/MSD and field duplicate RPD objectives are
based on the same criteria, any MS/MSD or field split results which did not meet the objective
may indicate increased or excessive analytical or matrix variability and were qualified, in
accordance with the National Functional Guidelines.
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n 0

TABLE C2-1
STATISTICAL CALCULATIONS

*
Relative Percent RPD Measure of variability that Used when there are only two
Difference / adjusts for the magnitude of observations; mathematically

I Xi - Xi’ x 100 observations related to CV
((xî+x2)
k.. 2

Percent Recovery R ( N Recovery of spiked compound Recovery of LCS, surrogate
~ Xn,eas I x 100 in pure matrix spikes
~. X,~1~)

Percent Recovery R value of value of Recovery of spiked compound MS recovery
spiked sample - unspiked sample ~ in sample matrix

value of added spike

X = Observation (concentration)
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TABLE C2-2
DATA QUALIFIER FLAGS

QuaIifi&FIh~j-~k ≤~ ‘~ Defiuitiow
~ V ~

J Analyte concentration considered an estimated value
because one or more QC specifications were not met
Analyte identification verified, but quantitation is below
detection limit or above calibration range for the
analysis

R Rejected results; identification and/or quantitanon could
not be verified because critical QC specifications were
not met

U Analyte was not detected
Analyte concentrations attributed to blank
contamination; result considered nondetect

N Analyte identification presumptive; no second column
analysis performed, or CC/MS tentative identification
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TABLE C2-3

QUALITY CONTROL AND FIELD SAMPLE RELATIONSHIPS

Associate&Fiéld Sarnpl~.~;~
~~ •. H : . •.~.:, .Y~

Method Blank Analytical batch, preparation date Samples prepared and analyzed in the same
analytical or preparation batch

LCS/LCSD Analytical batch, preparation date Samples prepared and analyzed in the same
analytical or preparation batch

MS/MSD Analytical batch, preparation date, Samples prepared and analyzed in the same
matrix analytical or preparation batch; similar matrix

conditions (same soil type, site, well, boring,
etc.)

Surrogate Spikes Sample ID, location, preparation date Samples collected from a similar matrix;
same preparation batch

Trip Blanks Cooler ID, sample date VOC samples shipped in the same cooler,
containers from the same lot

Equipment Blanks Equipment ID, sample dates Samples collected with the same equipment
before and after blank was collected, similar
sampling conditions

Field Duplicates Sample ID, location, sampling team, Samples collected from similar
matrix conditions/matrix using similar procedures

Laboratory Duplicates Sample ID, analytical batch, Samples in the same analytical or preparation
preparation batch, matrix batch, similar matrix conditions

ID identification number
LCS/LCSD laboratory control sample/laboratory control sample duplicate
MS/MSD matrix spike/matrix spike duplicate
VOC volatile organic compound
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C3.O METHOD PERFORMANCE SUMMARIES/ASSESSMENTS

This section presents the laboratory and field method performance summaries and assessments.
The data were assessed using the procedures described in Section C2.0

Table C3-l lists the laboratory analytical methods used to analyze samples submitted for this
project. Methods performed for this project were identical with those presented in the QAPP
with the exception of total organic carbon (analyzed by Method E4 15.1 rather than E4 10.1). In
addition, three soil samples were analyzed for gasoline range organics by Method AK 101 and 37
fish tissue samples were analyzed for inorganic arsenic by draft USEPA Method 1632. These
analyses were added during the project and were not included in the QAPP.

Sample quantitation limits were generally met for most methods, with exceptions occurring due
to dilutions for high levels of analytes, matrix interference, and percent solids less than 50
percent (which occurred frequently due to the highly organic nature of most soils on Amchitlca).
No field analyses were performed for this project with the exception of pH, conductivity,
turbidity, dissolved oxygen, and temperature measurements for water samples, which were
performed as defined in the QAPP; and Level I headspace screening of soils for total volatiles
with a photoionization detector.

C3.1 DATA ASSESSMENT SUMMARY

Project data were reviewed for complete and accurate documentation and achievement of
required QC sample frequency. The data assessment included a review of representativeness,
comparability, and completeness. A summary of the findings is presented below.

C3.1.1 Sample Receipt

Samples that were not properly labeled and logged in were identified by comparison of field
sample documentation, chain-of-custody records, and laboratory sample log-in documentation,
and corrected by the laboratory. The most common error affected the portion of the sample
number speci~ing the media sampled. The nature of the sample numbering system incorporates
redundancy, so it was possible to determine with certainty from the field notes the correct sample
number. Quality was not affected by these occurrences.

Sample COC forms were complete. In each of these cases custody of the samples is documented
by the cooler receipt forms, which show custody seals were present and intact on the coolers
upon receipt.
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Four samples were received broken by the NCA Bothell facility. These samples included one 1- (~)
liter amber bottle each for samples 98D0E-DRSF-1023-SW, 98D0E-ACGY-2007-SW, 98D0E-
LONG-3010-SW, and 98D0E-LONG-41 19-SW. Multiple sample containers were submitted to
the laboratory for each of these samples; therefore, the laboratory was able to perform the
requested analyses.

Temperatures were not recorded in Anchorage for coolers NCA Bothell-59, NCA Bothell-75,
and NCA Bothell-76; however the highest cooler temperature recorded for the other 71 coolers
upon arrival in Anchorage was 6.9 degrees Celsius (°C). Since the three coolers for which
temperatures were not measured were in transit for a similar amount of time as the other 71
coolers, the lack of temperature measurements does not adversely affect the data.

Temperatures above 8°C were measured for several coolers upon receipt at the NCA Portland
facility (after they had been shipped there from NCA’s Bothell facility). The coolers, samples
contained in the coolers, requested analyses, and cooler temperatures are listed below:

B809041, Cooler NCA Portland-Ol, 8.6°C in Bothell and 10.2°C in Portland
98D0E-MILR-1004-SD All samples analyzed by SW5030/SW8260B and
98D0E-MILR-1 005-SD SW5035/SW8260B
98D0E-MILR-1 006-SD
98D0E-MILR-1 007-SD
98D0E-MILR-l 008-SD
98D0E-TBO2-0000-TB

• B809153, Cooler NCA Portland-03, 20.4°C
98D0E-LONG-4035-SD All samples analyzed by SW5030/5W8260B and
98D0E-DRSF-30 12-SD SW5035/SW8260B
98D0E-LONG-405 1-SD
98D0E-DRSD-l 047-SD
98D0E-DRSD-l 045-SD
98D0E-DRSD-1 044-SD
98D0E-DRSD-1 046-SD
98D0E-DRSD- 1048-SD

• B809256, Cooler NCA Portland-OS, 18.2°C
98D0E-DRSD-1051-SD All samples analyzed by SW5030/SW8260B
98D0E-DRSD- 1053-SD
98D0E-DRSD- 1052-SD
98D0E-DRSD- 1049-SD
98D0E-DRSD- 1050-SD
TB-101

0
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• B809421, Cooler NCA Portland-08, 11.2°C
98D0E-CANN-1 105-SD All samples analyzed by SW5030/SW8260B
98D0E-CANN-1 111-SD
98D0E-CANN-1 114-SD
98D0E-CANN-1 109-SD
98D0E-CANN-1 115-SD
98D0E-CANN-1 110-SD
98D0E-DRSD-1099-SD
98D0E-CANN- 1104-SD
98D0E-DRSD-1 097-SD
98D0E-DRSD- 1096-SD
98D0E-DRSD-1091-SD
98D0E-DRSD- 1092-SD
98D0E-DRSD-1 093-SD
9SDOE-DRSD-1 095-SD
98D0E-CANN-1 103-SD
98D0E-DRSD- 1 094-SD~
98D0E-DRSD- 1098-SD
98D0E-LONG-41 20-SD

• B809457, CoolerNCAPortland-10, 14.8°C
98D0E-LONG-1 140-SD All samples analyzed by SW5030/SW8260B and
98D0E-LONG-1 139-SD SW5035/SW8260B

• B809458, CoolerNCAPortland-09, 11.5°C
98D0E-DRSE-1 117-SD All samples analyzed by SW5030/SW8260B
98D0E-LONG- 1127-SD
98D0E-LONG-1 129-SD
98D0E-LONG-1 125-SD
98D0E-LONG- 1124-SD
98D0E-LONG- 1128-SD
98D0E-LONG-1 131-SD
98D0E-LONG-1 134-SD
98D0E-LONG-1 126-SD
98D0E-LONG-1 130-SD
98D0E-LONG-1 132-SD
98D0E-LONG- 1135-SD
98D0E-LONG-1 133-SD
98D0E-LONG-1 123-SD
98D0E-DRSE-1 119-SD
High/low level trip blank

~1
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According to the project laboratory, all samples were iced with ice substitute the morning they (~)
were shipped from Bothell via Alaska and Horizon Airlines GoldStreak Service. The samples
were received and temperatures recorded by NCA Portland personnel on the same business day
that the samples were shipped, typically about 8 horns after leaving the Bothell facility. The ice
substitute bags were stiff and cold when the coolers were opened. Water temperature blanks
were not enclosed in the coolers.

NCA normally measures soil temperatures using a Raytek PM Plus infrared temperature gun;
however, the NCA Portland employee recording the temperatures thought that all temperatures
were measured with a glass thermometer, which she had experience using for water temperature
blanlcs. The temperatures for the coolers listed above were measured by NCA Portland personnel
by placing a glass thermometer inside the cooler upon receipt. The thermometer was not placed
against or in samples, but recorded the air temperature in the cooler, which is not reflective of
sample or gel-ice temperatures. The measured temperature was recorded on log-in documents
when the thermometer was withdrawn from the cooler. The length of time the thermometer was
in the cooler was not recorded; however, it was typically only for several minutes prior to
logging in the samples. On one instance, the NCA Portland emplpyee placed the thermometer in
a cooler when picking the samples up at the GoldStreak office, and left the thermometer in the
cooler for about 20 minutes while returning to the laboratory. In this case the temperature was
allowed to equilibrate for a longer period, resulting in a measured temperature of 7.8°C.

The temperature measurement technique clearly provided results that are biased high. Since the
ice substitute was cold and samples were only in transit from the Bothell facility for 6 to 8 hours,
the sample temperatures were likely well below those recorded. This is confirmed by the
temperature of cooler NCA Portland-06, which was logged in at the NCA Portland facility by a
different NCA employee using the Raytek PM Plus infrared temperature gun. In this case, a
temperature of 1°C was recorded for samples that were in transit a similar period of time as those
listed above.

Although it is unlikely that data quality was affected, the results for the samples listed above
have been qualified as follows to reflect the elevated cooler temperatures.

• Results for samples analyzed by Method SW5035/SW8260B have been qualified as
estimated “J” or “UJ” due to potential low bias. It should, however, be noted that
although sample temperatures were potentially above 8°C, samples submitted for
this analysis were preserved in the field using an aqueous sodium bisulfate solution
to inhibit biological growth and the associated degradation of volatile compounds.

• Samples analyzed by Method SW5030/SW8260B were extracted/preserved in the
field with methanol. Methanol is also used to field extract/preserve samples for
Method AK1 01, Gasoline Range Organics, to minimize the loss of volatiles during
transit to the laboratory. With the methanol preservation, refrigeration of AKlOl
samples at 4°C is not required, although samples must be kept below 25°C. Since C)
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the SW5030/SW8260B samples were similarly preserved and the cooler
temperatures were not above 25°C, the results for this method were not qualified.

Samples were properly preserved and analyzed within the specified holding times with the
following exceptions:

• Sample 98D0E-MILR-1003-SW for AK102 analysis was re-extracted outside of
holding time. The original extract was lost during the last phase of extraction. The
result was qualified as estimated “J”.

• PCB analyses were performed from 3 to 4 months beyond holding time for the
following samples. Since PCBs are persistent in the environment and the sediment
samples were stored at 4°C (a temperature cooler than field conditions on Amchitka),
the sample results were qualified as estimated “J” or “UP’.

98D0E-CANN-1019-SD
98D0E-CANN-1 016-SD
98D0E-CANN-1 017-SD
98D0E-CA’NN-101 8-SD
98D0E-CANN- 1020-SD
98D0E-CAflN-1021-SD
98D0E-CANN-1 022-SD
98D0E-DRSD-1 045-SD
98D0E-DRSD-1 047-SD
98D0E-DRSD-1 044-SD
98D0E-DRSD-l 046-SD
98D0E-DRSD-1 048-SD
98D0E-RSO1 -4084-SD
98D0E-DRSD-1050-SD
98D0E-DRSD-1 071-SD
98D0E-DRSD-1 070-SD
98D0E-DRSD-1 074-SD
98D0E-DRSD-1 073-SD
98D0E-CANN-41 10-SD
98D0E-CANN-4 102-SD
98D0E-CANN-4 108-SD
98D0E-CANN-41 04-SD
98D0E-CANN-4106-SD
98D0E-RSO4-3044-SD
9800E-RSO4-3047-SD
98D0E-RSO4-3048-SD
98D0E-DRSD-1 093-SD
98D0E-DRSD-1099-SD

5ECTION do METHOD PERFORMANCE 5UMMARIE5IA55E55MENT5 Revision No. 0
U.s. Anny Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page C3-5

DOE 1998 SITE CHARACTERIZATION REPORT X-0926-04



98D0E-DRSD- 1097-SD C)
98D0E-DRSD-1 092-SD
98D0E-DRSD-109 1-SD
98D0E-R503-306l -SD
98D0E-R503-3063-SD
98D0E-CANN-1 114-SD
98D0E-CANN-1 115-SD

PCB analyses for all fish samples were performed from 4 to 7V2 months beyond
holding time. Since PCBs are persistent in the environment and the fish tissue
samples were frozen, the sample results were qualified as estimated “J” or “UJ”.

C3.1.2 Method Blanks

Methqd blanks (MB) were free of common laboratory contaminants with the exception of
methylene chloride in eight 5W8260B method blanks. Detections of methylene chloride at less
than 10 times the MB concentration were qualified as nondetect, “U”. There were no methylene
chloride detections in samples associated with the method blanks that were greater than 10 times
the blank concentration.

The laboratory also identified methylene chloride as a suspected contaminant for the following
5W8260B samples: C)

98D0E-MILR-1001 -SW
98D0E-MILR-1002-SW
98D0E-LONG-1 009-SW
98D0E-LONG-101O-SW
98D0E-LONG- 1011-SW
98D0E-LONG- 1012-SW
9SDOE-MILR-1 000-rn
98D0E-CANN-1 013-SW
98D0E-CANN-1014-SW
98D0E-CANN- 1015-SW
98D0E-MILR-1 006-SD
98D0E-MJLR-1007-SD

The laboratory indicated that toluene in sample 98D0E-CANN-1 108-SW was suspected
laboratory contamination.

Three AK1O2 laboratory method blanks contained similar concentrations of diesel range organics
(DRO) as reported in the samples. In accordance with the USEPA National Functional
Guidelines for Organic Data Review (USEPA, 1994) these samples could be qualified as
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nondetects at detection limits conesponding to the reported values because they are less than five
times the method blank concentration. However, this approach might be questionable when used
on samples from a mud pit known to contain diesel. Accordingly, stream samples associated
with these method blanics were qualified as nondetect, “U”, and samples from mud pits were
qualified “B” to indicate the presence of DRO in the method blank.

The laboratory identified carbon disulfide as being a suspected contaminant originating from the
sample containers (which were not certified clean for carbon disulfide) used for the following
SW5035/SW8260B samples. The carbon disWfide results for these samples were qualified as
nondetect, “U”.

98D0E-TBO2-0000-TB
98D0E-CANN-1 019-SD
98D0E-DRSF-1 026-SD
98D0E-DRSF-1027-SD
98D0E-CANN-1017-SD
98D0E-MILR-40 16-SD
98D0E-MILR-40 17-SD
98D0E-DRSF-30 12-SD
98D0E-LONG-405 1-SD
98D0E-TB-1 00
98D0E-DRSD-1087-SD
98D0E-DRSD-1 086-SD
98D0E-DRSD-1 090-SD
98D0E-DRSD-1 089-SD

In addition, copper, magnesium, potassium, and titanium were each detected in one method
blank, and although the sample concentrations were sufficiently higher than the blank
concentration (according to the USEPA National Functional Guidelines for Organic Data
Review) the laboratory indicated that the sample results may be biased high. These associated
results were therefore qualified as estimated “3”.

Method blanks for fish tissue sample contained boron, copper, and molybdenum. Detections of
these compounds at less than five times the method blank concentrations were qualified as
nondetect, “U”. The laboratory also indicated possible instrument contamination by thorium,
which was previously used as an internal standard. All thorium sample results have been
qualified “B” to indicate possible laboratory contamination.
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C3.1.3 Laboratory Control Sample Results

LCS results were reviewed for all analytical batches. Data were qualified according to National
Functional Guidelines. In general, LCS results that were below the project-specified control
limit were qualified as estimated or rejected because of the potential low bias. LCS results that
were above the project-specified control limit were qualified as estimated because of the
potential high bias.

The project laboratory erroneously failed to perform LCS analyses for the SW8260B water
samples (encompassing ten sample delivery groups). However, they note that the method
requires the analysis of LCS samples “to verify that the laboratory can perform the analysis in a
clean matrix when the results of the matrix spike analysis indicate a potential problem due to the
matrix itself.” The• laboratory points out that all the spike recoveries for the MS and MSD
analyses for these sample delivery groups were within acceptance criteria.

The LCS results indicated that the systems were generally in control. LCS recoveries for
naphthalene by Method SW8270C SIM were low for one analytical batch and the sample results
were rejected “R”. In addition, the LCS recovery for iron in SW6OIOB analytical batch 1080150
was above the upper control limit; positive iron results for samples in the analytical batch were
qualified as estimated “3”.

Fish tissue LCS recoveries were high for boron for two analytical batches and for thorium for (~‘)
one analytical batch. Positive results for these compounds were cjualified as estimated “J” in the
appropriate analytical batches.

C3.1.4 Matrix Spikes

In general, the MS/MSD results indicated good precision and accuracy, with the exception of
metals in sediment and fish tissue. Boron results were qualified as estimated for 72 sediment
samples due to low MS recovery; 2 results were rejected. Sediment results for a variety of other
metals were also qualified as estimated due to low MS or MSD recovery: beryllium and cerium
for 14 samples; chromium and manganese for 12; cobalt and nickel for 34; molybdenum for 46;
potassium for 27; selenium for 39; thorium for 8; and zinc for 11. High MS recovery or MS
recovery not being reported resulted in estimated values for 17 sediment samples for potassium,
copper, and vanadium.

Fish tissue MS and MSD recoveries outside criteria were typically, high or not reported. The
result for pyrene for one fish tissue sample was qualified as estimated. Positive boron and
thorium results were qualified as estimated for 37 and 10 samples, respecfively. Aluminum,
iron, strontium, and titanium results were qualified as estimated for 17 samples.

0
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C3.1.5 Surrogate Spikes

Surrogate spikes were generally in control with the exception of some out-of-criteria recoveries
for Methods AK1OI and SWS26OB. Data were qualified according to National Functional
Guidelines. In general, the results for samples with surrogate recovery results below the project-
specified control limit were qualified as estimated or rejected due to the potential low bias.
Results above the project-specified control limit were qualified as estimated due to the potential
high bias. Results were qualified as estimated for six sediment samples for Method
5W5035/SWS26OB and detected compounds were qualified as estimated for another eight
samples. Detected compounds were qualified as estimated for four Method SW8260B surface
water or trip blank samples due to high surrogate recovery. Results were also qualified as
estimated for three AK1O1 sediment samples and two Method SW8081 fish tissue samples.

C3.1.6 Laboratory Duplicates

RPDs for laboratory duplicate samples were outside criteria for a variety of metals in sediment
and fish tissue, including aluminum, arsenic, beryllium, boron, cadmium, cesium, chromium,
cobalt, copper, lithium, manganese, molybdenum, nickel, potassium, selenium, strontium,
thallium, thorium, titanium, uranium, vanadium, and zinc. Results for these metals (791
individual metals sample results) were qualified as estimated “3” or “UJ”.

Metals qualified as estimated for fish tissue due to RPDs outside criteria for laboratory duplicate
samples included 17 arsenic, chromium, cobalt, iron, and thallium results, and 37 molybdenum
results.

C3.1.7 Internal Standards
Recovery of internal standards was not included in this data evaluation. However, the laboratory
indicated internal standard recoveries as potentially affecting data in several instances. Positive
Method SW5035/5W8260B results were qualified as estimated for 19 samples due to a
laboratory indication that results may be biased high. Results for four of these samples were also
considered estimated because they were beyond the calibration range of the analysis.

C3.1.8 Other Quality Control Issues

Calibration data were not included in this data evaluation. However, results for one Method
5W5035/5W8260B and one Method SW5030/SWB26OB sample were qualified as estimated
since the laboratory indicated it was run just outside the 12-hour BFB tune time limit. In
addition, results for vinyl chloride for two SW5030/SW8260B samples were qualified as
estimated due to continuing calibration checks outside the method criteria.
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C3.2 FIELD QC SAMPLE DATA ASSESSMENT SUMMARY C)
C3.2.1 Trip Blanks

Eight aqueous trip blanlcs were submitted for VOC analyses. Methylene chloride was detected in
the aqueous SW8260B trip blanks. The detected concentrations were 2.58 to 9.48 micrograms
per liter (ug/L). These detections had no direct impact on the data since they were consistent
with detections in the method blanlcs and were present in the field samples at less than 10 times
the concentration detected in the method blanks. Therefore, all methylene chloride detections in
project water samples were attributed to laboratory contamination and the field sample results
were qualified “U”.

Three methanol trip blanks were submitted along with soil and sediment environmental samples
for SW5030/SW8260B (high-level) analyses in order to identify potential contaminants in the
methanol used to preserve the samples and to determine if cross contamination occurred during
sample storage, handling, or transportation. Three aqueous sodium bisulfate trip blanks were
analyzed by Method SW5035/SW8260B (low-level volatiles). No contaminants were detected in
the methanol trip blanks; carbon disulfide was detected in all of the aqueous sodium bisulfate trip
blanks at concentrations ranging from 0.00719 to 0.0142 milligrams per kilogram (mg/kg).
These detections had no direct impact on the data because they were consistent with detections in
the method blanks and were present in the field samples at less than 10 times the concentration
detected in the method blanks. Therefore, all carbon disulfide detections in project water
samples were attributed to laboratory contamination and the field sample results were qualified

C3.2.2 Field Blanks

Two rinsate blanks were collected by pouring ASTM Type II water over a decontaminated
equipment hand auger barrel.

Rinsate blank 981J0E-DRSD-1075-RB contained 173 ug/L of DRO, 289 ugIL potassium, 2.59
ug/L nickel, and 1.8 ug/L vanadium. The next sample collected with the decontaminated hand
auger was 9800E-RRMP-1076-SL, which contained significantly higher concentrations of the
analytes detected in the rinsate blank (2,620 mg/kg DRO, 1770 mg/kg potassium, 5.67 mg/kg
nickel, and 95.1 mg/kg vanadium).

Rinsate blank 98D0E-LONG-1 136-RB contained 63.7 ug/L DRO, 5.6 ug/L nickel, and 14.1
ug/L zinc. No subsequent samples were collected with the decontaminated hand auger.
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C3.2.3 Field Duplicates and Replicates

The project-specified frequency for the collection of field duplicates and replicates was one per
10 environmental samples. Only 5 to 7 percent duplicates were analyzed for soil methods, with
the exception of AK1O1 for which no duplicate samples were analyzed (there were only 3
AK1O1 samples). For water samples, 5 percent duplicates were analyzed for AK1O2, SW8260B,
SW8270C SIM, and metals; no duplicates were analyzed for PCBs. Eight percent duplicates
were analyzed for SW8270C SIM, SW8082 and metals in fish tissue, and 5 percent duplicates
were analyzed for inorganic arsenic. These deviations are not considered to have significantly
affected the ability to evaluate data quality. Numbers of samples, and calculated percentages of
duplication, are shown in Table Cl-I. The field duplicate results and calculated RPD values for
original sample/duplicate pairs are presented in Tables C3-2 and C3-3 for soil and water,
respectively.

RPD values for soil samples were within the project-specified control limit of 50 percent with the
exceptions of:

• Diesel range organics in 98D0E-DRSD-105l/l052-SD had a RPD of 77.8 percent.

• RPDs for 1,2,4-trimethylbenzene, l,3,5-trimethylbenzene, n-butylbenzene, and
xylenes 98DOE-LONG-1 123/1224-SD ranged from 50 to 76 percent.

• The RPD for fluorene for 98DOE-CANN-1020/1021-SD was 52.4 percent, and the
RPD for naphthalene for 98D0E-CANN-l 109/1110-SD was 139 percent. RPDs for
eight SW8270C SIM compounds for 98D0E-DRSD-1 051/1052-SD ranged from 84
to 140 percent. RPDs for four 5W8270C SIM compounds for 98D0E-LONG-
1123/1124-SD ranged from 60 to 67 percent.

• The RPDs for all detected compounds for 98D0E-MILR-4008/4009-SD exceeded the
control limit and ranged from 67 percent for zinc by SEM to 98 percent for barium.

• RPDs for boron and copper for 98DOE-CANN-l020/1021-SD were 55 percent.

• RPDs for arsenic, chromium, cobalt, nickel, and vanadium in 98DOE-RSO2-
4139/4140-SD ranged from 66 to 169 percent.

• Manganese had a RPD for 98D0E-RSO3-3060/3061-SD of 83 percent; acid volatile
suiCides had a RPD of 81 percent.

R.PD values for water samples were within the project-specified control limit of 30 percent with
the following exceptions:
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• Diesel range organics had RPDs of 39 and 47 percent for 98D0E-CANN-1 106/1107-
SW and 98D0E-DRSD-1080/108 1-SW, respectively.

• Cobalt had RPDs of 131 and 122 percent for 98D0E-CANN-1106/1107-SW and
98D0E-LONG-1 011/1012-SW, respectively.

• RPDs for manganese in 98D0E-CANN-1106/1107-SW, 98D0E-DRSE-3034/3035-
SW, and 98D0E-RSO4-3044/3045-SW were 77, 84, and 106 percent, respectively.

• Potassium had RPDs of 48 and 40 percent in 98D0E-CANN-I 106/1107-SW and
98D0E-LONG-1 011/1012-SW, respectively.

• RPDs for aluminum, copper, and titanium ranged from 48 to 152 percent in 98D0E-
DRSE-3034/3035-SW.

• Nickel had a RPD of 114 percent in 98D0E-LONG-101 1/1012-SW.

The peat and highly organic soils found on Amchitka were difficult to homogenize when
duplicate split samples were being prepared in the field. In addition, duplicate soil and sediment
samples for volatile and gasoline range organics (GRO) analyses were collocated samples rather
than split, homogenized samples. Given the low percent solids of the peat soils, a relatively
minor change in the solids content could impact the RPD between collocated samples. These
factors (in addition to spatial variability in contaminant concentrations) may explain some of the
cases of RPDs that exceeded the project QAO5.

C3.3 LABORATORY RE-ANALYSES

The project laboratory reanalyzed the following samples:

• 28 sediment samples for aluminum

• 1 sample for PCBs by SW8082

• 9 surface water samples for beryllium

• 22 sediment and 10 surface water samples for boron

• 35 sediment and 10 surface water samples for calcium

• 19 surface water samples for chromium

• 1 surface water sample for diesel range organics (E)
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• 55 sediment and 19 surface water samples for iron

• 32 sediment samples for lithium

• S sediment and 10 surface water samples for magnesium

• 15 sediment and 9 surface water samples for molybdenum

• 11 sediment and 10 surface water samples for potassium

• 9 surface water samples for thallium

• 9 surface water samples for thorium

• 19 surface water samples for vanadium

• I fish tissue sample for PCBs

• 1 fish tissue sample for polycyclic aromatic hydrocarbons

The laboratory reported only the results for reanalyses.
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TABLE C3-1
ANALYTICAL METHODS FOR WATER AND SOIL SAMPLES,

1998 DOE DRILL SITE INVESTIGATION

Method I Parameter/Analytes - I Reference

AKIOI Gasoline Range Organics Alaska Department of Environmental Conservation
Underground Storage Tanks Procedures Manual

AKIO2 Diesel Range Organics Alaska Department of Environmental Conservation
Underground Storage Tanks Procedures Manual

SW8O2IB Aromatic and Halogenated USEPA Test Methods for Evaluating Solid Waste, SW846,
Volatiles Revision 2, December 1996

SW8082 Polychlorinated Biphenyls USEPA Test Methods for Evaluating Solid Waste, SW846,
December 1996

SW8260B Volatile Organic USEPA Test Methods for Evaluating Solid Waste, SW846,
Compounds December 1996

5035/8260B Low-level USEPA Test Methods for Evaluating Solid Waste, SW846,
Extraction/Volatile Organic December 1996
Compounds

503018260B High-level USEPA Test Methods for Evaluating Solid Waste, SW846,
Extraction/Volatile Organic December 1996
Compounds

SW82700 SIM Polycyclic Aromatic USEPA Test Methods for Evaluating Solid Waste, SW846,
Hydrocarbons (Selective Ion Revision 3, December 1996
Monitoring)

SW6OIOB Metals USEPA Test Methods for Evaluating Solid Waste, SW846,
Revision 2, December 1996

SW6020 Metals USEPA Test Methods for Evaluating Solid Waste, SW846,
September, 1994

E4 15.1 modified Total Organic Carbon USEPA Methods for the Chemical Analysis of Water and
Wastes, EPA-60014-79-020, USEPA , EMSL, 1979

D9IAVS/SEM Acid Volatile Sulfides- Draft Analytical Method for Determination of Acid Volatile
Simultaneously Extracted~ Sulfides in Sediment, USEPA 1991
Metals

SIM Selective Ion Monitoring
USEPA United States Environmental Protection Agency
AVS/SEM method: Metals are analyzed by SW6020.
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TABLE C3-2
FIELD DUPLICATE PAIR RESULTS, SOIL SAMPLE DETECTIONS

AN]) CALCULATED RPD VALUES

icfleih&1 ~:3~j~c>~ Original FieldOuplicate, OriginaV~
:;; ~/m?.i~ ~: Sample R~uIt v Result : Duplicate~NPD

9SDOE-CANN-1 020-SD
Diesel Range Organics AK 102 mg/kg 3330 4430 28.4
Naphthalene SW5035/SW8260B mg/kg ND(0.0524) 0.0582 -

Acenaphthene SW8270C mg/kg 0.0953 0.154 47.1
Fluoranthene mg/kg 0.0635 0.101 45.6
Fluorene mg/kg 0 372 0 636 524
Naphthalene mg/kg 0.0191 ND(0.02) -

Phenanthrene mg/kg 1.59 2.42 41.4
Pyrene mg/kg 0.146 0.239 48.3
Aluminum SW6OIOB mg/kg 20000 21500 7.2
Arsenic SW6020 mg/kg 16.9 20.2 17.8
Barium SW6020 mg/kg 148 166 1 1.5
Boron SW6OIOB mg/kg 467 81 7 54~5
Calcium SW6OIOB mg/kg 102000 133000 26.4
Cerium SW6020 mg/kg 21.4 27.7 25.7
Chromium SW6020 mg/kg 326 483 38.8
Cobalt SW6020 mg/kg 10.5 11.6 10.0
Copper SW6020 mg/kg 149 263 553
Iron SW6OIOB mg/kg 29300 24700 17.0
Lithium SW6020 mg/kg 8.22 10 1 9.5
Magnesium SW6OIOB mg/kg 9520 10500 9.8
Manganese SW6020 mg/kg 507 499 1.6
Nickel SW6020 mg/kg 25.5 28.2 10.1
Potassium SW6OIOB mg/kg 667 667 0.0
Strontium SW6020 mg/kg 181 170 6.3
Thorium SW6020 mg/kg 5.8 7.62 27.1
Titanium SW6020 mg/kg 905 I 160 24.7
Uranium SW6020 mg/kg 2.46 3.48 34.3
Vanadium SW6020 mg/kg 69.4 64.6 7.2
Zinc SW6020 mg/kg 125 139 10.6
98DOE-CANN-l 109-SD
Diesel Range Organics AK 102 mg/kg 2940 1770 49.7
Acenaphthene SW8270C mg/kg 0.277 0.201 31.8
Fluoranthene mg/kg ND(0.0489) 0.0257 -

Fluorene mg/kg 0.81 0.599 30.0
Naphthalene mg/kg 0119 00214 1390 ~
Phenanthrene mg/kg 1.4 1.04 29.5
Pyrene mg/kg 0.0593 0.0471 22.9
Aluminum SW6OIOB mg/kg 33200 31800 4.3
Arsenic SW6020 mg/kg 2.81 2.67 5.1
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TABLE C3-2 (cont.)
FIELD DUPLICATE PAIR RESULTS, SOIL SAMPLE DETECTIONS

AND CALCULATED RPD VALUES

A~i~& u~k~ Original : Field Duplicate. Ori~naV~
~~fJ ~ Sample R~ult Result Duphcate~RPD1
Barium SW6020 mg/kg 335 305 9.4
Cadmium SW6020 mg/kg ND(1.48) 1.64 -

Calcium SW6O1OB mg/kg 23100 17200 29.3
Cerium SW6020 mg/kg 22.2 23.1 4.0
Chromium SW6020 mg/kg 140 158 12.1
Cobalt SW6020 mg/kg 10.9 10.7 1.9
Copper SW6020 mg/kg 113 124 9.3
Iron SW6OIOB mg/kg 38200 35300 7.9
Lithium SW6020 mg/kg 8.26 8.32 0.7
Magnesium SW6OIOB mg/kg 22300 16900 27.6
Manganese SW6020 mg/kg 1270 1300 2.3
Nickel SW6020 mg/kg 45.5 51.2 1 1.8
Potassium SW6OIOB mg/kg 2410 2020 17.6
Strontium SW6020 mg/kg 308 332 7.5
Thorium SW6020 mg/kg 6.12 6.84 1 1.1
Titanium SW6020 mg/kg 546 815 39.5
Uranium SW6020 mg/kg 2.4 2.5 4.1
Vanadium 5W6020 mg/kg 72.1 85.1 16.5
Zinc SW6020 mg/kg 57.9 57.1 1.4
98DOE-DRSD-1051-SD
Diesel Range Organics AK 102 mg/kg 475 1080
Naphthalene SW5030/SW8260B mg/kg 0.533 0.682 24.5
Acenaphthene SW8270C mg/kg 1 34 0 413 1058 A

Anthracene mg/kg ND(0.0033) 0.312 -

Benzo (a) anthracene mg/kg 0.018 ND(0.00862) -

Benzo (b) fluoranthene mg/kg 0 054 0 0174 102 5~
Benzo (ghi) perylene mg/kg 0.00771 ND(0.00862) -

Benzo (k) fluoranthene mg/kg 0.00642 ND(0.00862) -

Chrysene mg/kg 0.027 0.00871 :iO2:4i~i4~t
Fluoranthene mg/kg 0 243 0 0975 85 5 ,~

Fluorene mg/kg 4.83 1.54 *~1O3~3~~
Indeno (1,2,3-cd) pyrene mg/kg 0.0218 ND(0.00862) -

Naphthalene mg/kg 0.862 0.152
Phenanthrene mg/kg 19.7 6.3 -,

Pyrene mg/kg 0.437 0.178
Aluminum SW6OIOB mg/kg 25800 22200 15.0
Arsenic SW6020 mg/kg 6.71 6.41 4.6
Barium SW6020 mg/kg 298 279 6.6
Calcium SW6OIOB mg/kg 26400 24500 7.5
Cerium SW6020 mg/kg 27.7 32.9 17.2
Cesium SW6020 mg/kg 0.731 ND(1.31) -
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TABLE C3-2 (cont.)
FIELD DUPLICATE PAIR RESULTS, SOIL SAMPLE DETECTIONS

AND CALCULATED RPD VALUES

•~*~ r Original Field Duplicate. Originál/*~Analyte Analytical Method Units
..~ ~ Sample Result Result. Duplicate.RPD

Chromium SW6020 mg/kg 1040 1020 1.9
Cobalt SW6020 mg/kg 10.6 10.6 0.0
Copper SW6020 mg/kg 142 130 8.8
Iron SW6OIOB mg/kg 39100 31600 21.2
Lithium SW6020 mg/kg 9.58 8.35 13.7
Magnesium SW6OIOB mg/kg 11800 10500 11.7
Manganese SW6020 mg/kg 852 842 1.2
Molybdenum SW6020 mg/kg 0.676 ND(1.31) -

Nickel SW6020 mg/kg 8.17 9.23 12.2
Potassium SW6OIOB mg/kg 3000 2680 11.3
Selenium SW6020 mg/kg 0.706 ND(1.31) -

Strontium SW6020 mg/kg 198 189 4.7
Thorium SW6020 mg/kg 5.3 7.74 37.4
Titanium SW6020 mg/kg 1 870 1670 1 1.3
Uranium SW6020 mg/kg 2.17 2.99 31.8
Vanadium SW6020 mg/kg 86.3 82.2 4.9
Zinc SW6020 mg/kg 68.6 69.4 1.2
98D0E-LONG-1 123-SD
Diesel Range Organics AK 102 mg/kg 11600 15200 26.9
l,2,4-Tnmethylbenzene SW5030/5W8260B mg/kg 105 198 ~61 4?ifa

I,3,5-Trimethylbenzene mg/kg 19 8 39 I ., 65 5~ ~
Naphthalene mg/kg 84.9 137 47.0
n-Butylbenzene mg/kg 9 23 20 6 76 2- ~
p-lsopropyltoluene mg/kg ND(7.17) 14.6 -

Xylenes (total) mg/kg 1.67 2.79 .~:

Acenaphthene SW8270C mg/kg 1 6 0 802 66 4t~ j”

Acenaphthylene mg/kg 0.509 ND(0.286) -

Fluorene mg/kg 3 76 1 87 67 1~
Naphthalene mg/kg 31.2 16.9
Phenanthrene mg/kg 2 03 1 07 6~ 9~7
Aluminum SW6OIOB mg/kg 23900 21600 10.1
Arsenic SW6020 mg/kg 5.82 5.25 10.3
Barium SW6020 mg/kg 167 146 13.4
Calcium SW6OIOB mg/kg 46200 40400 13.4
Cerium SW6020 mg/kg 31.3 28.2 10.4
Chromium SW6020 mg/kg 98.6 89.4 9.8
Cobalt SW6020 mg/kg 13.2 11.7 12.0
Copper SW6020 mg/kg 123 108 13.0
Iron SW6O 108 mg/kg 52200 48000 8.4
Lithium SW6020 mg/kg 14.5 12.8 12.5
Magnesium SW6OIOB mg/kg 21800 19100 13.2
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TABLE C3-2 (cont.)
FIELD DUPLICATE PAIR RESULTS, SOIL SAMPLE DETECTIONS

AND CALCULATED RPD VALUES

~__________________

Manganese SW6020 mg/kg 1130 1030 9.3
Nickel SW6020 mg/kg 7.88 7.12 10.1
Potassium SW6OIOB mg/kg 1660 1470 12.1
Strontium 5W6020 mg/kg 431 404 6.5
Thorium SW6020 mg/kg 6.51 6.04 7.5
Titanium 5W6020 mg/kg 1220 1120 8.5
Vanadium SW6020 mg/kg 108 92.8 15.1
Zinc 5W6020 mg/kg 79.4 72.9 8.5
9800E-LONG-4053-SD
Aluminum SW6OIOB thg/kg 17100 18000 5.1
Arsenic SW6020 mg/kg ND(6.3 1) 6.45 -

Barium SW6020 mg/kg 79.5 68.5 14.9
Calcium SW6OIOB mg/kg 8010 7840 2.1
Cerium SW6020 mg/kg 6.83 7.7 12.0
Chromium SW6020 mg/kg ND(6.31) 6.45 -

Cobalt 5W6020 mg/kg 8.33 8.82 5.7
Copper SW6020 mg/kg 59.3 52.6 12.0
Iron 5W60 108 mg/kg 49600 48200 2.9
Lithium SW6020 mg/kg 10.2 12 16.2
Magnesium SW6OIOB mg/kg 7490 7620 1.7
Manganese SW6020 mg/kg 711 566 22.7
Nickel 5W6020 mg/kg 6.86 7.61 10.4
Potassium SW60IOB mg/kg 1080 1220 12.2
Strontium 5W6020 mg/kg 59.6 50.8 15.9
Titanium SW6020 mg/kg 702 639 9.4
Vanadium SW6020 mg/kg 135 121 10.9
Zinc SW6020 mg/kg 70.2 71.5 1.8
Copper 5W6020 SEM mg/kg 40.2 38.2 5.1
Nickel SW6020 SEM mg/kg ND(6.31) 18.5 -

Zinc SW6020 SEM mg/kg 66.8 70 4.7
Simultaneously Extracted Summation umol/g 1.63 1.96 18.4
Metals
Acid Volatile Sulfide Titration umol/g 1550 1200 25.5
Total Organic Carbon E415.1 mod. mg/kg 157000 220000 33.4
98D0E-MILR-4008-SD
Diesel Range Organics AK 102 mg/kg 29.6 ND(8.5) -

Aluminum SW6OIOB mg/kg 90600 34900 ~
Arsenic SW6020 mg/kg 14 6 605 82~
Barium SW6020 mg/kg 355 121 .~ 98 3i~1
Boron SW6OIOB mg/kg 193 768 861
Calcium SW6OIOB mg/kg 20200 8180 843 ~“
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TABLE C3-2 (cont.)
FIELD DUPLICATE PAIR RESULTS, SOIL SAMPLE DETECTIONS

AND CALCULATED RPD VALUES

___________________~ Field nuPlicatej OriginalI%z
Cerium SW6020 mg/kg 30.9 13.5
Cesium SW6020 mg/kg 4.26 1.8 ..8L2c
Chromium SW6020 mg/kg 24 7 9 8 864 ~
Cobalt SW6020 mg/kg 38.3 14.5
Copper SW6020 mg/kg 247 942 89 6’w~p:
Iron SW6OIOB mg/kg 93100 36000 ~~.~8&S$~4
Lithium SW6020 mg/kg 41 7 169 846~ ~t”
Magnesium SW6OIOB mg/kg 37500 15500 83fl~t’~”4
Manganese SW6020 mg/kg 793 297 9P0 ~-

Nickel SW6020 mg/kg 1 8.9 7.35
Potassium SW6OIOB mg/kg 3560 1480 82k5~ ~.

Strontium SW6020 mg/kg 609 262
Titanium SW6020 mg/kg 5760 2410 82 04~
Vanadium SW6020 mg/kg 420 154 92 7~’~’
Zinc SW6020 mg/kg 208 90.5
Copper SW6020 SEM mg/kg 16 7.63 ... ~;•.

Zinc SW6020 SEM mg/kg 93 8 465 674’$~
Simultaneously Extracted Summation umol/g 1 67 0 823 6L0~ ~

: ~-;U~~Metals
Acid Volatile Sulfide Titration umol/g 112 ND(0.0106) -

Total Organic Carbon 8415 1 mod mg/kg 92000 44900 688 3r~
98D0E-RSO2-4139-SD
Aluminum . SW6OIOB mg/kg 30200 33000 8.9
Arsenic SW6020 mg/kg 3.42 40.3 .

Barium SW6020 mg/kg ND(633) 149 -

Calcium SW6OIOB mg/kg 2350 2830 18.5
Cerium SW6020 mg/kg 7.72 8.65 1 1.4
Chromium SW6020 mg/kg 34 757 760 :~
Cobalt SW6020 mg/kg 8 75 17 3 65 6 ..~

Copper SW6020 mg/kg 46.3 59.3 24.6
Iron SW6OIOB mg/kg 53400 61000 13.3
Lithium SW6020 mg/kg 15.7 12.9 19.6
Magnesium SW6OIOB mg/kg 5170 6150 17.3
Manganese SW6020 mg/kg 5100 3300 42.9
Nickel SW6020 mg/kg 4.25 9.17
Potassium SW6OIOB mg/kg 635 808 24.0
Strontium SW6020 mg/kg 45.4 69.5 41.9
Titanium SW6020 mg/kg 1930 1750 9.8
Vanadium SW6020 mg/kg 77 6 163 71 ~
Zinc SW6020 mg/kg 70.5 81.4 14.4
Copper SW6020 SEM mg/kg 66.1 67.3 1.8
Nickel SW6020 SEM mg/kg 9.21 8.51 7.9
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TABLE C3-2 (cont.)
FIELD DUPLICATE PAW RESULTS, SOIL SAMPLE DETECTIONS

AND CALCULATED RPD VALUES

1Pk*~.~~~ Is~ptI1~ FieI~Du~ic~te

Zinc SW6020 SEM mg/kg 125 127 1.6
Simultaneously Extracted Summation umol/g 3.07 3.1 1.0
Metals
Acid Volatile Sulfide Titration umol/g ND(0.0 127) 0.369 -

Total Organic Carbon E415.1 mod. mg/kg 15900 16000 0.6
98D0E-RSO3-3060-SD
Aluminum SW6OIOB mg/kg 33100 30300 8.8
Arsenic SW6020 mg/kg 17.1 13.8 21.4
Barium SW6020 mg/kg 104 146 33.6
Calcium SW6OIOB mg/kg 6510 5980 8.5
Cerium SW6O2O mg/kg 7.89 8.37 5.9
Chromium SW6020 mg/kg 5.98 7.48 22.3
Cobalt SW6020 mg/kg 12.2 16.5 30.0
Copper SW6020 mg/kg 54 57.7 6.6
Iron SW6OIOB mg/kg 64100 67400 5.0
Lithium SW6020 mg/kg 15.2 14.2 6.8
Magnesium SW6OIOB mg/kg 12200 10900 11.3
Manganese SW6020 mg/kg 761 1840 83.0
Nickel 5W6020 mg/kg 6.65 8.84 28.3
Potassium SW6O lOB mg/kg 506 678 29.1
Strontium SW6020 mg/kg 123 181 38.2
Titanium SW6020 mg/kg 942 965 2.4
Vanadium SW6020 mg/kg 194 191 1.6
Zinc SW6020 mg/kg 93.6 113 18.8
Copper SW6020 SEM mg/kg 73.1 52.2 33.4
Nickel SW6020 SEM mg/kg 13.3 11.7 12.8
Zinc SW6020 SEM mg/kg 191 143 28.7
Simultaneously Extracted Summation umol/g 4.24 3.18 28.6
Metals
Acid Volatile Sulfide Titration umol/g 150 355 81.2
Total Organic Carbon E415.1 mod. mg/kg 40500 49700 204

sample not analyzed or RPD value not calculated
ND(I) not detected, with the reporting limits shown in parentheses
RPD relative percent difference
mg/kg milligrams per kilogram
ug/g micrograms per gram
umol/g micromoles per gram
shaded RPD greater than project-specified control limit of 50%.
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TABLE C3-3
FIELD DUPLICATE PAIR RESULTS, WATER SAMPLE DETECTIONS

AND CALCULATED RPD VALUES

.~, .QriginAl~, FieldDuplicãt~ Ofiginal!
~ .Anal~ica[.~:.~ .,

~ Ana1yte~ ~.. - Sample Result Result Duplicate
~ .~ .~

~ ~. ~ ~1- ~ (~w~) H .,. ~.•: :RPD~
98D0E-CANN-1 106-SW
Diesel Range Hydrocarbons AK 102 286 192 ~.

Aluminum SW6020 59.2 58.2 1.7
Calcium SW6OIOB 2810 2800 0.4
Cobalt SW6020 1.12 5.38
Copper SW6020 2.76 2.8 IA
Magnesium SW6OIOB 1320 1330 0.8
Manganese SW6020 9.1 20.4
Nickel SW6020 ND(1) 1.25 -

Potassium SW6OIOB 338 549
Strontium SW6020 15.8 15.3 3.2
9800E-DRSD-1080-SW
Diesel Range Hydrocarbons AK 102 77.7 125 ...

Aluminum SW6020 83.3 75.3 10.1
Calcium SW6O 108 3060 3030 1.0
Chromium SW6020 3.68 2.8 27.2
Copper SW6020 1.64 1.31 22.4
Magnesium SW6OIOB 1790 1750 . 2.3
Manganese SW6020 3.41 3.17 7.3
Molybdenum SW6020 ND(1) 1.05 -

Potassium SW6OIOB 753 989 27.1
Strontium 5W6020 21.7 21 3.3
Thallium SW6020 ND(1) 1.62 -

Thorium SW6020 ND(1) 1.15 -

Titanium SW6020 1.02 ND(1) -

9SDOE-DRSE-3034-SW
Diesel Range Hydrocarbons AK 102 ND(50) 54.3 -

Aluminum SW6020 85 8 524 48’3
Calcium SW6OIOB 3780 3570 5.7
Cobalt SW6020 4.63 ND(l) -

Copper SW6020 285 11 886 ~
Iron SW6OIOB 150 ND(150) -

Magnesium SW6OIOB 2830 2780 1.8
Manganese SW6020 19.9 8.09
Nickel SW6020 1.65 ND(1) -

Potassium SW6OIOB 1220 1330 8.6
Strontium SW6020 29.3 28.5 2.8
Titanium SW6020 7 7 1 05 152 0
Vanadium SW6020 ND(1) 1.31 -
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TABLE C3-3 (cont.)
FIELD DUPLICATE PAW RESULTS, WATER SAMPLE DETECTIONS

AN]) CALCULATE!) RPD VALUES

A - Original Field DupIi~te OriginaU
~- - - - Analjtte, - ~-. - Sample Result Result Duplicäte:~
‘ - - - - (ug!L) (ug/L). RPD~::

Zinc fSW6O2O 11.6 [ ND(10) -

98DOE-LONG-1 01 1-SW
Diesel Range Hydrocarbons AK 102 284 278 2.1
Calcium SW6O 108 9300 9440 1.5
Cobalt SW6020 1.35 5.56
Iron SW6OIOB 540 597 10.0
Magnesium SW6OIOE 5280 5420 2.6
Manganese SW6020 112 125 11.0
Nickel SW6020 1.61 5.91 ~114~4t
Potassium SW6OIOB 958 1430 ~39;5~E$
Strontium SW6020 50.5 51.8 2.5
Thallium SW6020 ND(1) 1.09 -

Titanium SW6020 1.65 1.6 3.1
Vanadium SW6020 ND(l) 1.82 -

98DOE-RSO4-3044-SW
Calcium SW6OIOB 8520 8710 2.2
Cobalt SW6020 ND(l) 3.83 -

Magnesium SW6OIOB 3320 3320 0.0
Manganese SW6020 4.53 14.8
Potassium SW6OIOB 906 785 14.3
Strontium 5W6020 44.1 42.5 3.7

- sample not analyzed or RPD value not calculated
ND(l) not detected, with the reporting limits shown in parentheses
RPD relative percent difference
ugIL micrograms per liter
shaded RPD greater than project-specified control limit of 30%.
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C4.O SUMMARY

Samples were collected and analyzed as specified in the Final Report, Amchitka A i-my Air Base,
Phase I Remedial Investigation, Amchitka Island, Alaska, Management Plan, issued on
December 16, 1996, and the August 14, 1998, Management Plan, Department of Energy 1998
Drill Site Investigation, Amchitkn Island, Alaska. Data quality were assessed by comparing field
and laboratory QC sample results with the QAOs for representativeness, comparability, and
completeness. The data quality assessment indicated most sample results were acceptable for use
without qualification. However, some individual sample results and analytical batch results were
qualified as estimated values or rejected because one or more QC specifications were not met.

Samples were received by the laboratory in a chilled state, intact, and with their COC forms, with
the exceptions noted in Section C3.0. Samples were analyzed within the required hold times
with the exceptions discussed in Section C3.0.

Project sample locations were selected to include each of the potentially affected media at sites of
concern. These media included surface and subsurface soils, groundwater, surface water, and
stream sediment. Samples were collected using accepted standard field procedures, as described
in project sampling plans, and were analyzed in accordance with standard USEPA and Alaska
Department of Environmental Conservation (ADEC) methods. The use of standard sampling
procedures between locations, and standard analytical procedures by the project laboratory
ensures the representativeness of the data and the comparability of one set of sample analytical
data to another.

Laboratory QC results were generally in compliance, with the exceptions discussed in Section
C3.0. Field QC samples indicated no external contamination of the samples.

Completeness calculations were conducted for each analytical method for the project laboratory
samples. Data that were qualified as estimated values (“J” and “UJ”), or data qualified “U”
because the compound was detected in a method blank, are considered usable; rejected data were
qualified “R” and are not usable. Completeness for each of the analytical methods was 100
percent, with the exception of the following. Completeness for SW6O 1 OB in soil was just below
100 percent, due to the rejection of results for 2 of 834 samples due to low matrix spike
recoveries. Completeness for SW8270C SIM in soil was 99 percent, due to the rejection of
naphthalene results for 22 samples for low LCS recoveries.
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LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

fl

Fish
‘a
—
t
C

~ S~ n
@3 00 ~ 0 ~ Q U)

~

SampleNumber LabSamplelD L~±±LLLILflaiLLLLLLLflI:~
Aircraft Graveyard — — — —

98D0E-ACGY-2003-SW 8809108-03 Water
98D0E-ACGY-2004-SD 8809115-12 Soil
98D0E-ACGY-2005-SW 8809108-02 Water
98D0E-ACGY-2006-SD 8809115-14 Soil
98D0E-ACGY-2007-SW 8809108-01 Water — — —

98D0E-ACGY-2008-5D 8809115-13 Soil I
98D0E-ACGY-2009-GW 8809111-16 Water — — — —

98D0E-ACGY-2010-GW 8809111-14 Water — — —

Cannikin Site —

98D0E-CANN-1013-SW 8809034-09 Water —

98D0E-CANN-1013-SW 8809036-01 Water 1 1
98D0E-CANN-1013-SW 8809037-06 Water 1 1 — — — —

98D0E-CANN-1014-SW 8809034-10 Water 1 — — —

98D0E-CANN-1014-SW 8809036-02 Water 1 1
98D0E-CANN-1014-SW 8809037-07 Water 1 1
98D0E-CANN-1015-SW 8809034-11 Water 1
98D0E-CANN-1015-SW 8809036-03 Water 1 1
98D0E-CANN-1015-SW 8809037-08 Water I 1
98D0E-CANN-1016-SD 8809105-03 Soil 1
98D0E-CANN-1016-SD B809113-02 Soil 1 1 1 1 1
98D0E-CANN-1016-SD B809113-O2RE1 Soil I
98D0E-CANN-1016-SD 88091 13-02RE3 Soil 1
98D0E-CANN-1017-SD B809105-09 Soil I — — —
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ATIEACHMENT 1
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

0
ATTACHMENT 1

fl

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

— —— Soil Water — Fish
‘a
I

,t

~

~
Q (_) C ~ rn .<

.~ ~~ Ifl In cc 00 ~O ‘C cn In 00 00 00 ~O ‘0 00 00 ‘0 ‘0

98D0E-CANN-1017-SD 8809H3-03 ~ A14LL44LflflLLLLLLL~ti
98D0E-CANN-1017-SD 8809113-O3REI Soil
98D0E-CANN-1017-SD B809113-03RE3 Soil 1
98D0E-CANN-I018-SD 8809105-11 Soil I
98D0E-CANN-1018-SD B809113-04 Soil 11111
98D0E-CANN-1018-SD 88091I3-04RE1 Soil I
98D0E-CANN-1018-SD 8809113-04RE3 Sod
98D0E-CANN-1019-SD 8809105-01 Soil 1 1 — — — —

98D0E-CANN-1019-SD 8809113-01 Soil 1 1 1 1 1
98D0E-CANN-1019-SD B809113-O1REJ Soil 1 — — —

98D0E-CANN-1019-SD 8809113-OIRE3 Soil I —

98D0E-CANN-1020-SD 8809105-08 Soil QS1
98D0E-CANN-1020-SD 8809113-05 Soil Q~1 1111
98D0E-CANN-1020-SD B809113-O5REI Soil 2!~
98D0E-CANN-1020-SD B809113-05RE3 Soil 2!iz
98D0E-CANN-1021-SD 8809105-06 Soil FD 1
98D0E-CANN-1021-SD 8809113-06 Soil FD 1 1 1 1 1
98D0E-CANN-1021-SD B809113-06RE1 Soil FD 1
98D0E-CANN-102 1-SD 88091 13-06RE3 Soil FD
98D0E-CANN-1022-SD 8809105-07 Soil 1 — —

98D0E-CANN-1022-SD 8809113-07 Soil 1 1 1 1 1 —

98D0E-CANN-1022-SD 88091 13-O7RE1 Soil I — — —

98D0E-CANN-1022-SD B809113-07RE3 Soil 1 — — — —

98D0E-CANN-1100-SW 8809376-01 Waler 1 1 1
98D0E-CANN-1100-SW 8809384-05 Water 1
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ATTACHMENT I
U.S. Anny Corps of Fngnit•erc. Al t-L p

Anichitka Island. Alaska

0
ATTACHMENT 1

0

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

— — — Soil Water Fish
‘a
-I

‘D
0

~
~

~ 0C ~ Q LI)

:~~
tioo-s~v~ w~r~~4fhU11

98D0E-CANN-1100-SW B809388-02 Water
98D0E-CANN-1101-5W 8809368-02 Water — — 1 T
98D0E-CANN-11o1-SW 8809384-03 Water — — —

98D0&CANN41O1-.SW 8809384-O3REI Water —.

98D0E-CANN-1101-SW B809388-01 Water — — —

98D0E-CANN-1102-Sw 8809368-01 Water — — — 1 1
98D0E-CANN-1102-5W 8809384-04 Water — — — —

98D0E-CANN-1102-SW B809384-O4REI Water
98D0E-CANN-1102-SW B809388-03 Water —

98D0E-CANN-1103-SD 8809388-10 Soil 1 1 1 1 1
98D0E-CANN-1103-SD 8809421-15 Soil I
98D08-CANN-1 103-SD 8809479-02 Soil — 1 —

98D0E-CANN-1104-SD 8809388-09 Soil 1 1 1 1 1
98D0E-CANN-1104-SD 8809421-08 Soil I —

98D0E-CANN-l 104-SD 8809479-01 Soil 1
98D0E-CANN-1 105-SD 8809377-01 Soil I 1 I I I
98D0E-CANN-1105-SD 8809421-01 Soil 1
98D0E-CANN-l 105-SD 8809479-03 Soil
98D0E-CANN-1106-SW 8809385-09 Water Q~j~ — — — — 1 ~
98D0E-CANN-1106-SW 8809387-02 Water Q~j~ — — — — —

98D0E-CANN-1107-SW 8809385-07 Waler FD 1 I 1 — — —

98D0E-CANN-l107-SW 8809387-03 Waler FD I
98D0E-CANN-1107-SW 88093894)3 Waler Ii) — — — — I
98D0E-CANN-1108-SW 8809385-08 I I
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Wa~ Fis
‘a
.-
0

~
g

SampleNumber LabSamplelD

98D0E-CANN-1108-SW 8809387-01 Water — — I I
98D0E-CANN-1109-SD 8809377-02 Soil Or~ 1 1 1 1 I
98D0E-CANN-1109-SD 8809421-04 Soil
98D0E-CANN-lllo-SD 8809377-03 Soil FD 1 1 1 1 1 — — —

98D0E-CANN-l110-SD 8809421-06 Soil FD 1 — — —

98D0E-CANN-1I11-SD 8809377-04 Soil 1 1 1 1 1 —

98D0E-CANN-llll-SD 8809421-02 Soil 1
98D08-CANN-11l2-SW 8809385-12 Water — — I — — 1 1
98D0E-CANN-1112-SW 8809389-02 Water 1 1
98D0E-CANN-l113-SW 8809385-11 Water I I I
98D0E-CANN-1113-SW B809389-0l Water 1 1 — — —

98D0E-CANN-1114-SD B809421-03 Soil
98D0E-CANN-1l14-SD 8809475-09 Soil 1 1 1 1 1
98D0E-CANN-1115-SD 8809421-05 Soil — 1
98D0E-CANN-l•l 15-SD 8809475-10 Soil 1 1 1 1 1
98D0E-CANN-4101-SW 8809299-03 Water — —

98D0E-CANN-4101-SW 8809302-02 Water 1
98D0E-CANN-4101-SW 8809303-19 Water 1 1
98D08-CANN-4101-SW B809303-I9REI Water 1 I
98D0E-CANN-4101-SW 8809309-27 Water 1
98D0E-CANN-4102-SD 8809305-07 Soil 1 1 1 1 1 1 1
98D0E-CANN-4102-SD B809305-O7RE1 Soil
98D0E-CANN-4102-SD 8809305-07RE2 Soil
98D0E-CANN-4103-SW 8809297-01 Water 1 1
98D0E-CANN-4103-SW 8809309-12 Water 1 1 1

fl 0
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C 0 0
ATTACHMENT 1

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

————s Water Fish

‘C
—
t
C

~ S
~ -S~ ~ 0 ° ~ 0

.~ ~

LabSamplelD ~L A11L1LL1111~t1jILiLLiii1
98D08-CANN4104-SD 8809305-09 Soil — I 11T1T1 —

98D0E-CANN-4104-SD 8809305-O9REI Soil —

98D0E-CANN-4104-SD 8809305-09RE2 Soil — 1
98D08-CANN-4105-SW 8809296-03 Water — I
98D0E-CANN-4105-SW B809297-03 Water I
98D0E-CANN-4105-SW 8809303-17 Water 1 1
98l3OE-CANN-4105-SW B809303-17R81 Water 1 1
98D0E-CANN-4105-SW 8809309-25 Water 1
98D0E-CANN-4106-SD 8809305-10 Soil 1 1 1 1 1 1 1
98D0E-CAI’TN-4 106-SD 8809305-lOREl Soil
98D0E-CANN-4106-SD 8809305-IORE2 Soil
98D0E-CANN-4 107-SW 8809296-02 Water I 1
98D0E-CANN-4107-SW 8809309-05 Water I I 1 — —

98D0E-CANN-4l07-SW 8809309-O5REI Water I I
98D0E-CANN-4l08-SD 8809305-08 Soil 1 I 1 1 1 1 1
98D0E-CANN-4 108-SD B809305-O8REI Soil
98D0E-CANN-4108-SD B809305-08RE2 Soil 1
98D0E-CANN-4108-SD 8809310-16 Soil 1 —

98D0E-CANN-4109-SW 8809299-01 Water 1 1 — — —

98D0E-CANN-4l09-SW 8809303-18 Water 1 1 — — —

98D0E-CANN-4109-SW 8809303-I8REI Water I 1 — — —

98D0E-CANN-4109-SW 8809309-24 Water 1 — — —

98D0E-CANN-4110-SD 8809305-06 Soil 1 1 1 1 1 1 I — — — —

98D0E-CANN4I 10-SD B809305-O6RE1 Soil I — — —

ATTACHMENT I
U.S. Aimy Corps of Engineers, Alaska District
Amchitka Island, Alaska
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0
ATTACHMENT 1

ATrACIJMENT 1
U.S. Army Cows of Engineers, Alaska District
Amchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

————~ Water Fish
~0
-4

t

z
~

@2 00 0 Cl)

~

10SD 8809305-06RE2 Soil
98D0E-CANN-4125-F5 1341-32 Fish I —

98D0E-CANN-4125-FS P904267-32 Fish I T~T~T
98D0E-CANN-4127-FS 1341-31 Fish — —

98D0E-CANN-4127-F5 P904267-3 1 Fish I — — — I I — I — —

98DOWCANN-4130-FS 1341-30 Fish —

98D0E-CANN-4130-FS P904267-30 Fish — — —

98D0E-CANN-4132-FS 1341-29 Fish i —

98D0E-CANN4132-FS P904267-29 Fish Q~ — — — — 1 1 T —

98D0E-CANN-4132-F5 P904267-29RE1 Fish —

98D0E-CANN-4146-FS B809495-07 Fish ~ — — — — i ±. a. I
98D0E-CANN-4147-FS 8809495-08 Fish FD I I I 1 1
98D0E-CANN-4148-FS 1341-28 Fish FD
98D0E-CANN-4148-FS P904267-28 Fish FI3 I T — —

Drill Site D
98D0E-DRSD-1037-SW 8809150-02 Water I I —

98D0E-DRSD-1037-SW 8809161-01 Water I I I
98D0E-DRSD-1038-SW 8809149-03 Waler I 1
98D0E-DRSD-1038-SW B809161-02 Water 1 i I —

98D0E-DRSD-1039-SW 8809149-02 Water 1 1 —

98D0E-DRSD-1039-SW 8809161-03 Waler 1 1 I
98D0E-DRSD-1040-SW B809152-03 Water I I
98D0E-DRSD-1040-SW 8809161-04 Waler I I I —

98D0E-DRSD-1041-SW B809152-02 Water I I
98D08-DRSD-1041-SW 8809161-05 Waler 1 1 1 —
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C 0
ATTACHMENT I

0

AnACHMENT I
U.S. Axmy Corps of Engineers, Alaska District
Amchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES
Soil Water Fish

‘0
—
‘D

~
~

~ ~ C ~ C Cl) .<
t — c It) C e~ C C C C eq C C C — C C

.~ ç5 S.C

SamyleNumber LabSamplelD ~ LLLLLLILIILIIILIILIII
98D0E-DRSD-1042-SW 8809150-03 Water 1 — — — —

98D0E-DRSD-1042-SW 8809152-01 Water 1
98D0E-DRSD-L042-SW 8809161-06 Water 1 1 1
98D0E-DRSD-1044-SD 8809153-06 Soil 1 1 — — — —

98D0E-DRSD-1044-SD 8809162-03 Soil 1 1 1 1 1
98D0E-DRSD-1044-SD B809162-O3RE1 Soil 1
98D0E-DRSD-1045-SD 8809153-05 Soil — 1 1
98D0E-DRSD-1045-SD 8809162-01 Soil 11111
98D0E-DRSD-l045-SD B809162-O1RE1 Soil
98D0E-DRSD-1046-SD 8809153-07 Soil 11
98D0E-DRSD-1046-SD 8809162-04 Soil 11111
98D0E-DRSD-1046-SD 8809162-O4REI Soil
98D0E-DRSD-1047-SD 8809153-04 Soil 11
9800E-DRSD-1047-SD 8809162-02 Soil 11111
98D0E-DRSD-l047-SD B809l62-O2RE1 Soil
98D0E-DRSD-l048-SD 8809153-08 Soil 1j•_~
98130E-J3RSD-1048-SD 8809162-05 Soil 111
98D0E-DRSD-1048-SD B809l62-O5REI Soil
98D0E-DRSD-1049-SD 8809256-04 Soil 1_
98D0E-DRSD-1049-SD 8809258-01 Soil 111±.
98D0E-DRSD-1050-SD 8809256-05 Soil
98D0E-DRSD-1050-SD 8809258-02 Soil iiIIj_
98D0E-DRSD-1051-SD 8809256-01 Soil Q~1
98D0E-DRSD-1051-SD 8809258-03 Soil~
98D0E-DRSD-1052-SD 8809256-03 Soil FD1

Revision No. 0
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0
ATTACHMENT I

fl

ATIEACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Wat~ Fish

‘a
-I

.~

~
~ t~ ~ C) ~ Li En

.~

SampleNUmber I~abSampIeW J AlLLiiiiLiflLLiIiflhifl
98D0E-DRSD-1053-SD 8809256-02 Soil 1
98D0E-DRSD-1053-SD 8809258-04 Soil liii
98D0E-DRSD-1069-SD 8809303-09 Soil iii
98D0E-DRSD-1069-SD 8809310-04 Soil 1
98D0E-DRSD-1070-SD 8809303-06 Soil 11111
98D0E-DRSD-1070-SD 8809310-03 Soil
98D0E-DRSD-1071-SD B809303-05 Soil 11111
98D0E-DRSD-1071-SD 8809310-02 Soil 1
98D0E-DRSD-1072-SD 8809303-10 Soil 1 1 1 1 — —

98D0E-DRSD-1072-SD 88093 10-06 Soil — 1
98D0E-DRSD-1073-SD 8809303-08 Soil I 1 1 1 1
98D0E-DRSD-1073-SD 8809310-09 Soil
98D0E-DRSD-l074-SD 8809303-07 Soil 1 1 1 1 1
98D0E-DRSD-l074-SD 8809310-08 Soil 1 — — — —

98D0E-DRSD-1075-RB 8809298-03 Water
98D0E-DRSD-l075-RB B80930l-03 Water
98D0E-DRSD-1075-RB 8809303-02 Water I I
98D0E-DRSD-1079-SW 8809296-01 Water I
98D0E-DR5D-1079-SW 8809309-19 Water 1 I 1
98D0E-DRSD-1079-SW 8809309-I 9REI Water
98D0E-DRSD-1080-SW 8809300-02 WaterOr~
98D0E-DRSD-1080-SW 8809309-06 Water2!a 1 1
98D0E-DRSD-1080-SW 8809309-O6RE1 Water 2!1& 1 1
98D08-DRSD-1081-SW 8809300-01 Water FD I
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0
ATTACHMENT I

0

AITACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

—— Water — Fish

‘0
—
.t
C

~
—4 0 0 4)

~ S.
~ ~ 0 5° ~ o

~
SampkNumber LabSamplelD 1r444~hh1fl
98D0E-DRSD-1081-SW 8809309-11REl Water 93
98D0E-DRSJJ-1082-SW 8809297-02 Water
98D0E-DR5D-1082-5W 8809300-03 Water
98D0E-DRSD-1082-SW 8809309-04 Water I I
98D0E-DRSD-1082-SW 8809309-O4RE1 Water i T~
98D0E-DRSD-I083-5W 8809302-03 Water
98D0E-DR5D-1083-SW 8809309-01 Water I T
98D0E-DRSD-1083-SW B809309-01RE1 Water 1 1
98D0E-DRSD-1084-5W 8809304-01 Water
98D0E-DRSD-1084-SW 8809309-03 Water I I
98D0E-DRSD-1084-SW 8809309-O3RE1 Water 1 1 —

98D0E-DRSD-1085-SW 8809302-01 Water 1 —

98D0E-DRSD-1085-SW 8809304-02 Water I
98D0E-DRSD-1085-SW 8809309-18 Water 1 I 1
98D0E-DRSD-1085-SW 8809309-18REI Water I
98D0E-DRSD-1086-SD 8809305-03 Soil 1 1 1 1
98D0E-DRSD-1086-SD 8809305-O3RE1 Soil — 1
98D0E-DRSD-1086-SD 8809305-03RE2 Soil 1
98D0E-DRSD-1086-SD 8809310-12 Soil I — —

98D0E-DRSD-1087-SD 8809305-05 Soil 1 1 1 1 — —

98D0E-DRSD-1087-SD 8809305-O5RE1 Soil 1 — — —

98D0E-DRSD-1087-SD 8809305-05RE2 Soil 1 — — —

98D0E-DRSD-1087-SD 8809310-11 Soil 1
98D0E-DRSD-1088-SD 8809305-02 Soil lilT
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0
ATTACHMENT I

LJST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Water Fish

‘3
—
t

~— C C —
N ~ ‘~

~

Ifl Tfl 00 00 ~O ‘3 — ,~ — N C C C N C C C

088SD J A1LLLLLL4ij~LiiLLLiLI11
98D0E-DRSD-1088-SD 8809305-02RE2 Soil
98D0E-DRSD-1088-SD B809310-15 Soil I
98D0E-DRSD-l089-SD 8809305-04 Soil liii
98D0E-DRSD-1089-SD B809305-O4RE1 Soil
98D0E-DRSD-1089-SD B809305-04RE2 Soil
98D0E-DRSIJ-1089-SD 8809310-14 Soil 1
98D0E-DRSD-l090-SD B809305-0l Soil 1 11
98D0E-DRSD-l090-SD 8809305-OIREI Soil
98D0E-DRSD-l090-SD 8809305-OIRE2 Soil 1
98D0E-DRSD-l090-SD 8809310-13 Soil I
98D0E-DRSD-1091-SD 8809375-13 Soil 1111
98D0E-DRSD-1091-SD 8809375-13RE1 Soil ii
98D0E-DRSD-1091-SD 8809375-13RE2 Soil
98D0E-DRSD-1091-SD 8809421-li Soil I
98D0E-DRSD-1092-SD 8809375-12 Soil 1 1 111
98D0E-DRSD-1092-SD 8809375-12RE2 Soil 1 1
98D0E-DRSD-l092-SD 8809421-12 Soil 1
98D0E-DRSD-1093-SD 8809375-06 Soil 1 — 1 111
98D0E-DRSD-1093-SD 8809375-O6REI Soil
98D0E-DRSD-1093-SD 8809375-06RE2 Soil
98D0E-DRSD-1093-SD 8809421-13 Soil I
98D0E-DRSD-l094-SD 8809375-09 Soil I iii
98D0E-DRSD-l094-SD 8809375-O9REI Soil —

98D0E-DRSD-l094-SD 880917S (mRF2 Soil — — — — I — —

ATtACHMENT I
U.S. Aimy Corps oiEnginccr% Al’ 4 • Ii
Amchitka Island. Al;,sk:i
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C 0
ATTACHMENT 1

A1TACHMENT I
U.S. Army Corps of Engineers, Alaska District
Ameijitica Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

—___≥l Water Fish
‘t

t

~ C C —
eq ‘O ‘3

fl ~ ~ ~ — ~ — eq eq o C C eq o C C ~

SampleNUmber LabSamplelD LflLfllflflLflhLLifl

98D0E-DRSD-1095-SD 8809375-07 Soil
98D0E-DR5D-1095-SD B809375-O7RE1 Soil
98D0E-DRSD-1095-5D 8809375-07RE2 Soil
98D08-DR5D-1095.-S13 8809421-14 Soil I
98D0E-DRSD-1096-SD 8809375-08 Soil iiif —

98D0E-DRSD-1096-SD 8809375-O8RE1 Soil
98D0E-DRSD-1096-SD B809375-08RE2 Soil
98D0E-DRSD-1096-SD 8809421-10 Soil 1
98D0E-DRSD-1097-SD 8809375-11 Soil IIJ11
98D0E-DRSD-1097-SD B809375-IIREI Soil
98D0E-DRSD-l097-SD 8809375-I1RE2 Soil
98D0E-DRSD-l097-SD 8809421-09 Soil 1
98D0E-DRSD-1098-SD 8809375-14 Soil 1 lii
98D0E-DRSD-1098-SJ3 8809375-I4REI Soil I
98D0E-DRSD-1098-SD 8809375-14RE2 Soil
98D08-DRSD-1098-SD 8809421-17 Soil I
98D0E-DRSD-1099-SD 8809375-JO Soil 11111
98D0E-DRSD-1099-SD B809375-I0REI Soil
98D0E-DRSD-1099-SD 8809375-1ORE2 Soil
98D0E-DRSD-1099-SD 8809421-07 Soil 1
98D0E-DRSD-3001-SD 8809105-13 Soil I
98D0E-DRSD-3001-SD 8809115-08 Soil — 1 11111
98008-DRSD-3001-SW 8809110-01 Water
98D0E-DRSD-300l-SW B8091l1-04 Water I

Revision No. 0
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C

ATTACHMENT!
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish —

‘C—
t
C

~
~ -~

GJ GO 0 0
‘t 0 Il) C eq 0 0 0 0 eq 0 0 0 — C 0

14 C fl P) t GO — eq — ‘C t GO — (9 t GO — eqs
SampleNumber LabSamplelD ~

98D0E-DRSD-3002-SD 8809105-16 Soil 1 — — —

98D0E-DRSD-3002-SD 8809115-07 Soil 1 1 1 1 1 1 — — — — —

98D0E-DRSD-3002-SW 8809110-03 Water 1 1 —

98D0E-DRSD-3002-SW 8809111-01 Water 1 1 1
98D0E-DRSD-3003-SD 8809105-14 Soil
98D0E-DRSD-3003-SD 8809115-09 Soil 1 1 1 1 1 1
98D0E-DRSD-3003-SW 8809109-03 Water — 1
98D08-DRSD-3003-SW 8809111-02 Water 1 1
98D0E-DRSD-3004-SD 8809105-15 Soil 1 —

98D0E-DRSD-3004-SD 8809115-10 Soil 111111
98D0E-DRSD-3004-SW 8809110-02 Water
98D0E-DRSD-3004-SW 8809111-05 Water 1 1
98D0E-DRSD-3005-SD 8809115-11 Soil 111111
98D0E-DRSD-3005-SW 8809109-02 Water
98D0E-DRSD-3005-SW 8809111-03 Water I 1 —

98D0E-DRSD-3006-F1 1341-10 Fish I —

98D0E-DRSD-3006-F1 p904267-10 Fish I ii
98D0E-DRSD-3007-F1 1341-9 Fish I —

98D0E-DRSD-3007-F1 p904267-09 Fish
98D0E-DRSD-3007-Fl P904267-O9RE1 Fish
DriliSiteE
98D0E-DRSE-1116-SW 8809465-02 Water
98D0E-DRSE-1116-SW 8809467-02 Water
98D0E-DRSE-1116-SW 8809470-05 Water I I
98D0E-DRSE-1117-SD 8809458-01 Soil I —— —

A1TACHMENT i Revision No. 0
U.S. Anny Corps of Engineers, Alaska District Date: 9/30/9 9
Amchitka Island, Alaska Page CA- 12
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n 0
ATTACHMENT 1

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish — —

‘C
—
t

~~ S
C? C) ~ C)
‘~ .- C Ifl C r~1 0 0 0 0 Cl 0 0 0 — 0 0 z..

SampkNumher LabSamplelD
98D0E-DRSE-1 I 17-SD 8809475-08 Soil 1 1 1 1 — — —

98D0E-DRSE-l118-5W 8809465-01 Water — — — — — — — 1 —

98D0E-DRSE-1118-SW 8809467-01 Water I
98D0E-DRSE-lll8-Sw 8809470-04 Water 1 1
98D0E-DRSE-lll9-SD 8809458-15 Soil
98D0E-DRSE-1119-SD 8809475-11 Soil 1 1 1 1
98D0E-DRSE-3032-SD 8809265-03 Soil 1 1 1 1 1 1
98D0E-DRSE-3032-SW 8809262-01 Water — 1 1 1
98D0E-DRSE-3032-SW 8809265-01 Water 1 1
98D0E-DRSE-3033-SD 8809265-04 Soil 111111 —.

98D08-DRSE-3033-SW 8809262-02 Water 1 1
98D0E-DRSE-3033-SW 8809265-02 Water I ii —

98D0E-DRSE-3034-SW 8809298-02 Water~
98D0E-DRSE-3034-SW 8809303-04 WaterQ~j~ 1 1
98D0E-DRSE-3034-SW 8809309-22 Water9~
98D0E-DRSE-3035-SD 8809303-15 Soil 111111
98D08-DRSE-3035-SW 8809298-01 WaterFD
98D0E-DRSE-3035-SW 8809299-02 WaterFD
98D0E-DRSE-3035-SW 8809303-03 WaterFD 1 1
98D0E-DRSE-3035-SW 8809309-23 \VaterFD
98D0E-DRSE-3036-SD 8809303-14 Soil 111111
98D0E-DRSE-3036-SD 8809310-01 Soil 11
98D0E-DRSE-3036-SW 8809301-02 Water
98D08-DRSE-3036-SW 8809309-02 Water 1 i
98D08-DRSE-3036-SW 8809309-O2REI Water 1 1

ATTACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska
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N C
ATTACHMENT I

n

Drill Site P
98D0E-DRSF-1023-SW 8809108-04 Water
98D0E-DRSF-1023-SW 88091 11-09 Water
98D0E-DRSF-1024-SW 8809109-01 Water
98D0E-DRSF-1024-SW 8809111-08 Water
98D0E-DRSF-1025-SW 8809107-03 Water
98D0E-DRSF-1025-SW B8091 11-10 Water
98D0E-DRSF-1026-SD 8809105-02 Soil
98D0E-DRSF-1026-SD 88091 13-08 Soil
9SDOE-DRSF-1026-SD 88091 13-O8REI Soil
98D0E-DRSF-1026-SD B809113-08RE3 Soil
98D0E-DRSF-1027-SD 8809105-04 Soil
98D0E-DRSF-1027-SD 8809113-09 Soil
98D0E-DRSF-1027-SD 8809113-O9REI Soil
98D0E-DRSF-1027-SD B809113-09RE3 Soil

ATTACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCJATED ANALYSES

Soil Water Fish
‘C
I

.t
C
‘C~

~ ‘D

0) ~2
‘C ‘~ C It) C eq C C C C eq C o c — c

~ C fl fl t~- 00 — eq — ‘a I’— 00 — eq t— 00 — eq.s °
SampleNumber LabSamplelfl

98D0E-DRSE-3037-SD 8809303-16 Soil 1 1 1 1 1 1 —

98D0E-DRSE-3037-5W 8809301-01 Water 1 1 —

98D0E-DRSE-3037-SW 8809303-01 Water 1 1
98D0E-DRSE-3037-SW 8809309-26 Water
98D0E-DRSE-3039-F1 1341-13 Fish 1
98D0E-DRSE-3039-F1 P904267-13 Fish 1 ii
98D0E-DRSE-3040-F1 1341-12 Fish 1 —

98D0E-DRSE-3040-Fl P904267-12 Fish I ii
98D0E-DRSE-3042-F1 1341-Il Fish 1 —

98D0E-DRSE-3042-F1 P904267-il Fish 1 ii

Revision No. 0
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Appendix B

Calculations of Naturally Occurring
Backgroánd Concentrations



Calculation of Naturally Occurring Background Concentrations

B 1.0 Introduction

In support of the 1998 Drill Site Investigation on Amchitka, samples were collected from
streams unlikely to have been impacted by known previous human activity. Data from
chemical analysis of these background samples are evaluated in this appendix in order to
establish naturally-occurring levels of inorganics with which data from project samples
can be compared. Such comparisons are necessary to determine whether inorganic
concentrations detected in project samples are present in the environment due to human
activity or solely as a result of natural processes.

D 2.0 Background Data

Shannon and Wilson, Inc. collected background samples from four reference streams
(RS01 — RSO4) on Amchitka during the 1998 Drill Site Investigation. Five sediment
samples were collected from each stream, and field duplicate sediment samples were
collected from P.501 and P.503. Five water samples were also collected from each
stream, and a field duplicate water sample was collected from RS04. Fish samples were
also collected from each reference stream and analyzed. A total of 14 fish tissue samples
were analyzed from the reference streams.

The four reference streams are located in different elevations on Amchitka. Streams
RSOI and RSO2 drain areas of lower elevation. Streams draining the lowland area of
Amchitka have low gradients and velocities. Few gravel or rocky areas are present, and
the stream substrate is predominately soft organic muck. Streams RSO3 and RSO4 drain
areas of higher elevation. Streams draining the upland area of Amchitka are typically
better developed than lowland streams and have steeper gradients. Many of the streams
in the upland area have a bedrock substrate along much of their length. Because the
differences between the upland and lowland streams are likely to cause differences in
stream chemistry, inorganic results for sediment were compared between upland and
lowland streams to determine whether statistically significant differences were present.
Similarly, inorganic results for water were compared between upland and lowland
streams, and inorganic results for fish tissue samples were compared between upland and
lowland streams.

D 2.1 Comparing Upland and Lowland Reference Streams

The upland and lowland stream distributions were compared using the statistical test
appropriate for the type of distributions being compared. The Shapiro-Wilk test was used
to determine whether distributions were normal, lognormal or nonparametric. T-tests
were used to compare normal and lognormal distributions, and Wilcoxon rank sum tests
were used for nonparametric distributions. Results of these comparisons were
statistically significant (p-value <0.05) for some of the inorganic chemicals compared in
each medium. Because distributions of upland and lowland reference streams were



statistically different for some inorganic chemicals in each medium, background
concentrations were analyzed separately for upland and lowland reference streams for
each medium.

D 3.0 Calculation of Background Metals Concentrations for Comparison with
Project Sample Concentrations

Inorganic concentrations in background samples were used to calculate upper tolerance
limits (UTLs) for water, sediment, and fish tissue in both upland and lowland streams.
The UTL is defined as the 95% upper confidence limit on the 95th percentile of the
distribution of background concentrations. If the distribution of background
concentrations was normally distributed, the UTL was calculated using the following
formula:

UTL = x + ks
Where:

x = mean of the background data.
k = one-sided tolerance factor for a specified percentile and sample size
s = standard deviation of the background data

If the distribution of background concentrations was lognormally distributed, the UTL
was calculated using the following formula (USEPA, 1989):

UTL’=exp(x’+ks’) Q
Where:

exp = constant (base of the natural log)
= mean of the log transformed data

k = one-sided tolerance factor for a specified percentile and sample size
s’ = standard deviation of the log transformed data

If the distribution of background samples for a metal was nonparametric, the maximum
concentration was used as the background concentration because for nonparametric
distributions of relatively few samples, the UTL is approximated by the maximum value
(USEPA, 1992).

Summary statistics, including UTLs, are shown for sediment, water and fish tissue for
upland and lowland reference streams in Tables 0-1 through 0-6.

For some inorganic chemicals, the fraction of samples with results reported as non-detect
exceeded 30%. In these cases, no comparison was made between the upland and lowland
streams, and a UTL was not calculated. Instead, the maximum concentration detected in
the appropriate group of background samples was used as the background concentration.
When 30% or less of the samples were reported as non-detect, the non-detect results were

0



included in comparisons or calculations, and the value assigned to a non-detect result was
equal to one-half the detection limit.

Field duplicates were included in the comparisons and calculations as additional samples.

Two extreme values were excluded from the calculation of the background UTL for
manganese in lowland stream sediment. These outlying values were the maximum
concentrations of manganese detected in reference or site-related streams, and were
excluded from the analysis based on professional judgement.

D 4.0 References

United States Environmental Protection Agency (USEPA), 1989. Statistical analysis of
ground-water monitoring data at Resource Conservation and Recovery Act
(RCRA) facilities, interim final guidance. Office of Solid Waste. Waste
Management Division. PB8915 1047. Washington. April.

USEPA, 1992. Statistical analysis of ground-water monitoring data at Resource
Conservation and Recovery Act (RCRA) facilities, addendum to interim final
guidance. Office of Solid Waste. Waste Management Division. Washington.
July.
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Table D-1

elenium

itium

iallium

~ium

‘itanium

ran i urn

‘anadium

LflC

Notes:
a - Mean values are from normal distributions unless otherwise noted.
b - Standard deviations are from normal distributions unless otherwise noted.
c - K-statistics were based on the 95% confidence limit on the 95th percentile and n1 I (except for manganese, where n9)
d - Upper tolerance limits (UTLs) are for normal distributions unless otherwise noted.
e - Value shown is the geometric mean.
f-Value shown is the geometric standard deviation.
g - UTL is based on a lognormal distribution.
h - UTL was not calculated because the chemical was not detected in background samples.

- UTL was not calculated due to insufficient number of detections in background samples.
- Two extreme results were excluded from this analysis.

conc. - concentration
mg/kg - milligrams per kilogram
NC - Not calculated



Table D-2

Notes:
a - Mean values are from normal distributions unless otherwise noted.
b - Standard deviations are from normal distributions unless otherwise noted.
c - K-statistics were based on the 95% confidence limit on the 95th percentile and n=l I.
d - Upper tolerance limits (UTLs) are for normal distributions unless otherwise noted.
e - Value shown is the geometric mean.
f- Value shown is the geometric standard deviation.
g - UTL is based on a lognormal distribution.
h - UTL was not calculated because the chemical was not detected in background samples.

- UTL was not calculated due to insufficient number of detections in background samples.
• conc. - concentration

ng/kg - milligrams per kilogram
NC - Not calculated



Table D-3

a - Mean values are from normal distributions unless otherwise noted.
b - Standard deviations are from normal distributions unless otherwise noted.
c - K-statistics were based on the 95% confidence limit on the95th percentile and n=1O.
d - Upper tolerance limits (UTLs) are for normal distributions unless otherwise noted.
e - UTL was not calculated because the chemical was not detected in background samples.
f - The maximum detected concentration was used as the UTL for nonparametric distributions.
g - UTL was not calculated due to insufficient number of detections in background samples.
h - Value shown is the geometric mean.

- Value shown is the geometric standard deviation.
- UTL is based on a lognormal distribution.

~onc. - concentration

( ug/L —micrograms per liter
‘s~—-’ NC - Not calculated

Notes:



Table D-4

iron

‘ithium

iesium

[anganese

~~denum

lickel

ium

Selenium

Strontium

allium

Thorium

Titanium

Uranium

‘anadium

inc

Notes:
a - Mean values are from normal distributions unless otherwise noted.
b - Standard deviations are from normal distributions unless otherwise noted.
c - K-statistics were based on the 95% confidence limit on the 95th percentile and n=1 1.
d - Upper tolerance limits (UTLs) are for normal distributions unless otherwise noted.
e - UTL was not calculated due to insufficient number of detections in background samples.
f- UTL was not calculated because the chemical was not detected in background samples.
g - The maximum detected concentration was used as the UTL for nonparametric distributions.
h - Value shown is the geometric mean.

- Value shown is the geometric standard deviation;

j - UTL is based on a lognormal distribution.
;onc. - concentration

( ugfL -micrograms per liter
*—‘ NC - Not calculated



Table fl-S

ium

,elenium

trontium

Ilium

ium

‘itanium

Tranium

inad ium

:inc

Notes:
a - Mean values are from normal distributions unless otherwise noted.
b - Standard deviations are from normal distributions unless otherwise noted.
c - K-statistics were based on the 95% confidence limit on the 95th percentile and n=7.
d - Upper tolerance limits (UTL5) are for normal distributions unless otherwise noted.
e - Value shown is the geometric mean.
f- Value shown is the geometric standard deviation.
g - UTL is based on a lognormal distribution.
h - UTL was not calculated because the chemical was not detected in background samples.

UTL was not calculated due to insufficient number of detections in background samples.
‘he maximum detected concentration was used as the UTL for nonparametric distributions.

4 ic. - concentration
- milligrams per kilogram

NC - Not calculated



Table D-6

ium

elenium

tium

[album

Lorium

LiUffi

Pranium

‘an ad ium

Zinc

Notes:
a - Mean values are from normal distributions unless otherwise noted.
b - Standard deviations are from normal distributions unless otherwise noted.
c - K-statistics were based on the 95% confidence limit on the 95th percentile and n=7.
d - Upper tolerance limits (UTLs) are for normal distributions unless otherwise noted.
e - Value shown is the geometric mean.
f-Value shown is the geometric standard deviation.
g - UTL is based on a lognomial distribution.
h - UTL was not calculated because the chemical was not detected in background samples.

- UTL was not calculated due to insufficient number of detections in background samples.
he maximum detected concentration was used as the UTL for nonparametric distributions.

.c. - concentration
- milligrams per kilogram

NC - Not calculated
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Appendix E

Electronic Laboratory Data Files
(included only in some copies of this report)

1W



• NOTES FOR APPENDICES E and G

Appendix E to the Amchitka Army Air Base Phase II RI Site Characterization Report consists of
an electronic (“disk”) file in Microsoft Excel 97 presenting the laboratory results for all samples
analyzed by the project laboratories. Appendix E is a hard copy printout of the same data
presented in the electronic file. Users of the electronic file are cautioned that executing a
“print” command will result in printing a large number of sheets of paper. The following
information is presented for every sample and analysis:

• Project sample number (“Sample Number”)
• Laboratory sample number (“Lab Sample ID”)
• Reported result
• Qualifier flags assigned based on data review by Shannon & Wilson, Inc.
• Laboratory reporting limit (this is the reporting limit that was achieved, taking into

account dilutions and interferences, not the method detection limit)

The primary purpose of these appendices is to provide the laboratory reporting limits for all
analytes for every sample. The tables presented in Section 4.0 of the 1998 Drill Site
Characterization Report contain all analytes that were detected in the samples.

Separate tables are presented for each analytical method (or group of methods), and for “soil”,
“water”, and “fish” matrices. Each table within this appendix is page-numbered separately
according to the following list. In both the electronic and hard copy versions, sample numbers
are presented as rows, and analytes are presented as columns. Page numbers increase with
increasing sample number, with continuation sheets for additional analjrtes. For tables that
contain several pages of analytes, the first analyte (ordered alphabetically, with numbers
appearing first) on each group of pages is also indicated below.

Samples have been sorted by the second four-character group in the project sample number,
which generally distinguishes the site at which the sample was collected (the reader is referred to
the discussion of the sample numbering scheme presented in Section 2.2.5 of the 1998 Drill Site
Characterization Report).

All of the data for a given analysis or group of analyses are contained in a single file. Soil,
water, and fish results are contained in different “sheets” within the file. Sheet names are listed
in the table of contents below.

Table Page Numbering Sheet in
Electronic File

Petroleum Hydrocarbons in Sediment A-l through A-4 hydrocarbons sediment

Petroleum Hydrocarbons in Surface Water B-i through B-3 hydrocarbons water



Volatile Organic Compounds in Sediment C-I through C-66 VOCs sediment
i,i,i,2-Tetrachloroethane C-i
1,1-Dichioropropene C-7
1 ,2-Dibromoethane C-i 3
1 ,3-Dichloropropane C-i 9
4-Chlorotoluene C-25
Bromodichioromethane C-3 1
Chloroethane C-37
Dibromomethane C-43
Methylene Chloride C-49
sec-Butyibenzene C-55
trans-i ,3-Dichloropropene C-6 1

Volatile Organic Compopnds in Surface Water 1)-i through 0-24 VOCs water
1,1,1 ,2-Tetrachloroethane 0-i
1 ,2,3-Trichloropropane D-4
i,3,5-Trimethylberizene 0-7
4-Chiorotoluene 0-10
Bromomethane D- 13
cis-1,3-Dichloropropene D-i 6
Methylene Chloride 0-19
tert-Butylbenzene 0-22

Polycyclic Aromatic Hydrocarbons in Sediment E-i through E-10 PAHs sediment
Acenaphthene E-i
Chrysene E-6

Polycyclic Aromatic Hydrocarbons in Surface Water F-i through F-6 PAHs water
Acenaphthene F-i
Chrysene F-4

Polycyclic Aromatic Hydrocarbons in Fish 0-i through 0-4 PARs fish
Acenaphthene 0-i
Chrysene 0-3

Polychlorinated Biphenyls in Sediment H-i through H-2 PCBs sediment

Polychiorinated Biphenyls in Surface Water I-i PCBs water

Polychlorinated Biphenyls in Fish J-i through J-2 PCBs fish

Metals in Sediment K-i through K-30 metals sediment
Aluminum K-i
Chromium K-i i
Potassium K-2i
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Metals in Water L-l through L-15 metals water
Aluminum L-i
Chromium L-5
Potassium L-i 1

Metals in Fish M-l through M-9 metals fish
Aluminum M-l
Chromium M-4
Nickel M-7

Total Organic Carbon in Sediment N-i through N-2 TOC sediment

Acid Volatile Sulfide and Simultaneously 0-I through 0-3 AVS-SEM sed
Extracted Metals in Sediment

Fish Lipids ~-i lipids fish

Radionuchdes in Fish not numbered not in electronic file
(Radionuclide results were not included in Shannon & Wilson’s QC data review.)

Laboratory sample numbers with a suffix containing the letter “R” indicate that the sample was
reanalyzed.

Results are presented as a number if the analyte was detected, or as “ND” followed by the
reporting limit (in parentheses). Results are followed by a letter flags if applicable. For instance,
in the example:

ND(100)U

The “ND” indicates that the analyte was not detected.

The “000)” indicates that the laboratory reporting limit was 100 (units are presented in
the heading of each table).

The result was flagged “U” (not detected) by Shannon & Wilson (see Appendix C for a
description of the flagging conventions), and

In the example:

20.6J

The “20.6” is the laboratory-reported value (units are presented in the heading of each
table), and

The result was flagged “J” (estimated) by Shannon & Wilson (see Appendix C for a
description of the flagging conventions).

3



A blanic cell:

0
indicates that the sample was not analyzed for that parameter or analyte.

Data Qualifier Flags Used in this Appendix:
B analyte present in analytical method blank
J estimated concentration
R rejected value
U analyte undetected
UJ undetected, estimated concentration

List of Trip Blanks

Trip blanks appear in the tables of laboratory data in this appendix. The following list should be
referred to for identification of trip blanks.

Matrix
water
water
water
water

water
soil
soil
soil
soil
soil
soil

Lab Sample ID
98D0E-MILR- 1000-TB
98D0E-TBO7-0000-SW
Trip Blank
TRIP BLANK

Trip Blank-28
98D0E-TBO2-0000-TB
High/low level trip blank
TB- 101
98D0E-TB- 100
98D0E-TBO2-0000-TB
Trip Blank

Sample Number
B809034-08
B809161-16
B809111-15
B809309-28
B809385-10
B809465-06
B809265-05
B809165-10
B809041-06
B809458-l6
B809256-06
B809153-09
B809041-06
B809105-19

Analytical Method
EPA 8260B
EPA 8260B
EPA 8260B
EPA 8260B
EPA 8260B
EPA 8260B
EPA 8260B
EPA 8260B
EPA 8260B/5030
EPA 8260B/5030
EPA 8260B/5030
EPA 8260B15035
EPA 8260B/5035
EPA 8260B/5035

water Trip Blank
water Trip Blank
water Trip Blank-100

0

a
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘0
—
•D
0

‘C
~ C c

~Cg N —
4~ 00 ~ Q Z .<
t C In C N C C C C N C C C — C C z

N 0 fl fl t— 00 — N — ~t t- 00 — N t- 00 — N
.— 0 C C C C N C C C • C N N C C C N C C C— — — In If) 00 00 ‘.0 ‘0 Cl) ~ — 00 00 00 ‘0 ~0 00 00 ‘0 ‘0 • -

SampleNumber LabSamplelD ~

98D0E-CANN-4103-SW 8809309-I2RE1 Water 1
98D0E-CANN-4104-SD 8809305-09 Soil 1 1 1 1 1 I 1
98D0E-CANN-4104-SD B809305-O9REI Soil — — — 1
98D0E-CANN-4104-SD 8809305-09RE2 Soil — 1
98D0E-CANN-4105-SW 8809296-03 Water
98D0E-CANN4IO5-SW 8809297-03 Water 1 — —

98D0E-CANN-4105-SW 8809303-17 Water 1 1
98D0E-CANN-4105-SW 8809303-I7REI Water I 1
98D0E-CANN-4105-SW 8809309-25 Water
98D0E-CANN-4l06-SD 8809305-10 Soil — — 1 — 1 1 1 1 1 I
98D0E-CANN-4106-SD 8809305-lORE Soil
98D0E-CANN-4106-SD 8809305-1ORE2 Soil
9890E-CANN-4107-SW 8809296-02 Water
98D0E-CANN-4107-SW B809309-05 Water I I
98D0E-CANN-4107-SW 8809309-O5RE1 Water I 1
98D0E-CANN-4108-SD 8809305-08 Soil 1111111
98D0E-CANN-4108-SD 8809305-O8REI Soil
98D0E-CANN-4108-SD 8809305-08RE2 Soil
98D0E-CANN-4108-SD 8809310-16 Soil I
98D0E-CANN-4109-SW 8809299-01 Water
98D0E-CANN-4109-SW 8809303-18 Water 1 1
98D0E-CANN-4l09-SW B809303-I8REI Water 1 1
98D0E-CANN-4109-SW 8809309-24 Water
98D0E-CANN-4110-SD 8809305-06 Soil — — 1 — 1 1 1 1 1 1
98D0E-CANN-4110-SD 8809305-O6REI Soil

ATFACHMENT I
U.S. Army Corps of Engineers, Alaska District
Ainchitka Island, Alaska
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Date: 9/30/99
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

— — Soil Water Fish —

‘a
-I

t

~
;~

~ ~ C.? ~ .<

.~

SampleNumber LabSamplelD ~
98D0E-CANN-41 10-SD 8809305-06RE2 Soil 1
98D0E-CANN-4125-FS 1341-32 Fish I —

98D0E-CANN-4125-F5 P904267-32 Fish — 1 1 — T —

98D0E-CANN-4127-FS 1341-31 Fish 1
98D0E-CANN-4127-FS P904267-31 Fish 1 11
98D0E-CANN-4130-FS 1341-30 Fish I —

98D0E-CANN-4130-FS P904267-30 Fish — — — — 1 1 — 1 — —

98D0E-CANN-4132-FS 1341-29 Fish — — — — — 1 —

98D0E-CANN-4132-FS P904267-29 Fish Q — I I
98D08-CANN-4132-FS P904267-29RE1 Fish Or~
98D0E-CANN-4146-FS 8809495-07 Fish I 1111
98D0E-CANN-4147-FS 8809495-08 Fish FD 1 1 1 I
9SDOE-CANN-4148-FS 1341-28 Fish FTJ I
98D0E-CANN-4148-FS P904267-28 Fish FD 1 1
Drill Site D
98D0E-DRSD-1037-SW 8809150-02 Water 1 1
98D0E-DRSD-1037-SW B809l61-0l Water — I I I
98D0E-DRSD-1038-SW 8809149-03 Water I
98D0E-DRSI3-1038-SW 8809161-02 Water 1 1 1
98D0E-DRSD-1039-SW 8809149-02 Water I
98D0E-DRSD-1039-SW 8809161-03 Water I I I
98D0E-DRSD-1040-SW 8809152-03 Water 1 1
98D0E-DRSD-I040-SW 8809161-04 Water — 1 1 1 —

98D0E-DRSD-1041-SW 8809152-02 Water 1 1
98D0E-DRSD-1041-SW 8809161-05 Water 1 1 1

ATTACHMENT I Revision No. 0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page CA-6
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

. Soil Water Fish
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Sample Number Lab Sample ID ~ In In ~ ~ ç~

98D0E-DRSD-1042-SW 8809150-03 Water — — — —

98D0E-DRSD-1042-SW 8809152-01 Water
98D0E-DRSD-1042-SW 8809161-06 Water I I
98D0E-DRSD-1044-SD 8809153-06 Soil ii
98D0E-DRSD-1044-SD 8809162-03 Soil 1 1 1 1 1
98D0E-DRSD-1044-SD 8809162-O3RE1 Soil
98D0E-DRSD-l045-SD 8809153-05 Soil 11
98D0E-DRSD-1045-SD 8809162-01 Soil 1 1111
98D0E-DRSD-1045-SD 8809162-O1RE1 Soil 1
98D0E-DRSD-1046-SD 8809153-07 Soil 11
98D0E-DRSD-1046-SD 8809162-04 Soil 1 111
98D0E-DRSD-1046-SD B809162-O4REI Soil 1
98D0E-DRSD-1047-SD 8809153-04 Soil 11
98D0E-DRSD-1047-SD 8809162-02 Soil 11111
98D0E-DRSD-1047-SD B809162-O2REI Soil
98D0E-DRSD-l048-SD B809153-08 Soil 11
98D0E-DRSD-1048-SD 8809162-05 Soil 11111
98D0E-DRSI3-1048-SD 8809162-O5REI Soil
98D0E-DRSD-1049-SD 8809256-04 Soil 1
98D0E-DRSD4O49SD 8809258-01 Soil I ii
98D0E-DRSD-1050-SD 8809256-05 Soil I
98130E-DRSD-1050-SlJ B809258-02 Soil I Iii
98D0E-DRSD-1051-SD 8809256-UI Soil Q~I
98D0E-DRSD-l051-SD 8809258-03 Soil Q~iIIj_
98D0E-DRSD-1052-SD 8809256-01 Soil Fl)

U.S. Mny Cows of FTIgIIICCTc. Al:,$.t lb ~ Revision No.0
Amchitka Island, Alaska . Date: 9/30/99

DA] /--LrIYASSFSSSII •i~ ‘“‘I.e
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘a
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SamleNmb LbS ‘ID ~p U er a amp e ~_ ~ -. .~. ~. .~. .~. .~. ~. sa. .S_ ...~_ .s. ~. sa. ~. .sa. .sa. ~a. sa .sa. .sa. a. a.
98D08-IJRSD-1052-SD 8809258-05 Soil FD 1 1 1 1
98lJOE-DRSD-1053-SD 8809256-02 Soil — 1 —

9SDOE-DRSD-1053-SD 8809258-04 Soil 1 — I I I
98D0E-DRSI3-1069-SD B809303-09 Soil 1 1 1 1
98D0E-DRSD-1069-SD 8809310-04 Soil
98D0E-DRSD-1070-SD 8809303-06 Soil — 1 — 1 1 1 1
98D08-DRSD-1070-SD 8809310-03 Soil I -

98D0E-DRSD-1071-SD 8809303-05 Soil 1 1 1 1 1
98D0E-DRSD-1071-SD 8809310-02 Soil 1 —

98D0E-DRSD-1072-SD 8809303-10 Soil 1111
98D0E-DRSD-1072-SD 8809310-06 Soil 1
98D0E-DRSD-1073-SD 8809303-08 Soil I 1 1 1 1
9800E-DRSD-1073-SD B8093l0-09 Soil 1
98D0E-DRSD-1074-SD 8809303-07 Soil 11111
98D0E-DRSD-l074-SD 8809310-08 Soil 1
98D0E-DRSD-1075-RB 8809298-03 Water
98D0E-DRSD-1075-RB 8809301-03 Water
98D0E-DRSD-l075-R8 8809303-02 Water 1 I
98D0E-DRSD-1079-SW 8809296-01 Water
98D0E-DRSD-1079-SW 8809309-19 Water 1 1 —

98D0E-DRSD-1079-SW 8809309-I9REI Water
98D0E-DRSD-1080-SW 8809300-02 Water 2!i& —

98D0E-DRSD-l080-SW 8809309-06 Water Q~_ 1 1 —

98D08-DRSD-1080-SW B809309-O6RE1 Water I I
98D0E-DRSD-1081-SW 8809300-01 Water FD

ATI’ACHMENT I
U.S. Army Corps of Engineers, Alaska District
Ainchitka Island, Alaska
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ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘0—
t

~
~
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SampleNumber LabSamplelD

98D0E-DRSD-1081-SW 8809309-11 Water FD 1 1 1
98D0E-DRSD-1081-5W 8809309-11RE1 WaterFD
98D0E-DRSD-1082-5W B809297-02 Water
98D0E-DRSD-1082-5W 8809300-03 Water — 1 — — — —

98D0E-DRSD-1082-SW 8809309-04 Water I I I
98D0E-DRSD-1082-SW B809309-O4RE1 Water I I
98D0E-DRSD-1083-SW 8809302-03 Water 1 1 — — —

98D0E-DRSD-1083-SW 8809309-01 Water I I I
9800E-DRSI3-1083-SW 8809309-OIREI Water I I
98D0E-DRSD-1084-SW 8809304-01 Water — 1 1
98D0E-DRSD-1084-SW 8809309-03 Water — . 1 1 1
98D08-DRSD-1084-SW 8809309-O3REI Waler — — — — — — — — I I
98D0E-DRSD-1085-SW 8809302-01 Water
98D0E-DRSD-1085-SW 8809304-02 Water .

98D0E-DRSD-1085-SW 8809309-18 Water 1 1 1
98D0E-DRSD-l 085-SW 8809309-18REI Water 1
9800E-DRSD-1086-SD 8809305-03 Soil 1 1 1 1
98D0E-DRSD-1086-SD 8809305-O3REI Soil
98D0E-DRSD-1086-SD 8809305-03RE2 Soil — 1 — — —

98D0E-DRSD-1086-SD 8809310-12 Soil —

98D08-DRSD-1087-SD 8809305-05 Soil 1 1 1 1
98D0E-DRSD-1087-SD B809305-O5REI Soil — — — — I — —

98D0E-DRSD-1087-SD 8809305-OSRE2 Soil 1
98D0E-DRSD-1087-SD 8809310-il Soil 1
98lJOE-DRSD-1088-SD 8809305-02 Soil 1 1 1 1

1W \L]TY ASSESSMEWF SUMMARY ‘926-04

ATTACHMENT I Revision No. 0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
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ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
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Sample Number Lab Sample ID ~ ~ a s a a s~ a a a a a
9SDOE-DRSD-1088-SD 8809305-O2REI Soil
98D0E-DRSD-l088-SD 8809305-0211E2 Soil 1
98D0E-DRSD-1088-SD 8809310-15 Soil 1
98D0E-DRSD-1089-SD 8809305-04 Soil 1 1 ii
98D0E-DRSD-1089-SD B809305-O4REI Soil 1
98D0E-DRSD-1089-SD 8809305-04RE2 Soil 1
98D0E-DRSD-1089-SD B809310-14 Soil 1
9800E-DRSD-1090-SD B809305-01 Soil 1111
9890E-DRSD-1090-SD 8809305-OIREI Soil
98D0E-DRSD-1090-SD B809305-O1RE2 Soil
98D0E-DRSD-1090-SD 8809310-13 Soil — I
9SDOE-DRSD-1091-SD 8809375-13 Soil 1111
98D0E-DRSD-1091-SD 8809375-I3REI Soil 11
98D0E-DRSD-1091-SD 8809375-13RE2 Soil
98D0E-DRSD-1091-SD 8809421-Il Soil I
9SDOE-DRSD-1092-SD 8809375-12 Soil 1111
98D0E-IJRSD-1092-SD B809375-12RE2 Soil 11
98D0E-DRSD-1092-SD 8809421-12 Soil
98D0E-DRSD-1093-SD 8809375-06 Soil 11111
98D0E-DRSD-1093-SD 8809375-O6REI Soil
98D0E-DRSD-1093-SD B809375-06RE2 Soil
98D0E-DRSD-1093-SD 8809421-13 Soil I
98D0E-DRSD-1094-SD 8809375-09 Soil fIll
98D0E-DRSD-1094-SD R809375-O9REI Soil
98D0E-DRSD-1094-SD B809375-l)ORE2 Soil

ATTACHMENT I Revision No. 0
U.S. Anny Corps olEngineci”. Al.i k1!’1”’’ Date: 9/30/99
Amchitka Island, Alaska Page CA-JO
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ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

— — Soil Water Fish
‘0
-I
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SampleNumber LabSamplelD ~

98D0E-DRSD-1094-SD 8809421-16 Soil 1
98D0E-DRSD-1095-SD 8809375-07 Soil liii
98D0E-DRSD-1095-SD 8809375-O7RE1 Soil I
98D0E-DR5D-1095-SD 8809375-07RE2 Soil — — — — 1 —

98D08-DRSD-1095-SD 8809421-14 Soil 1
98D0E-DRSD-1096-SD B809375-08 Soil 1 1 1 1
98D0E-DRSD-l096-SD 8809375-08RE1 Soil I — — —

98D0E-DRSD-1096-SD 8809375-08RE2 Soil
98D0E-DRSD-1096-SD 880942 1-10 Soil
98D0E-DRSD-1097-SD 8809375-11 Soil I — I I I I — — —

98D0E-DRSD-l097-SD 8809375-IIREI Soil
98D0E-DRSD-1097-SD 8809375-1IRE2 Soil — — — — I —

98D0E-DRSD-1097-SD 8809421-09 Soil I —

98D0E-DRSD-1098-SD 8809375-14 Soil 1 1 1 1
98D0E-DRSD-1098-SD B809375-14REI Soil
981J0E-DRSD-l098-SD B809375-I4RE2 Soil — 1
98130E-DRSI3-1098-SD 8809421-17 Soil — I —

98D0E-DRSD-1099-SD 8809375-10 Soil 1 1 1 1 1
98D0E-DRSD-1099-SD B809375-IOREI Soil
98130E-DRSD-1099-SD 8809375- IORE2 Soil
98D0E-DRSD-1099-SD 8809421-07 Soil 1 — —

98D0E-DRSD-300l-SD 8809105-13 Soil 1 — —

98D0E-DRSD-3001-SD 8809115-08 Soil 1 1 1 1 1 1
98D0E-DRSD-3001-SW 8809 110-01 Water I
98D0E-DRSD-3001-SW 8809111-04 Water — — 1 1 1

A11EACHMENT I
US. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Water
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SampleNumber LabSamplelD ~

98D0E-DRSD-3002-SD 8809105-16 Soil — — 1
98D0E-DRSD-3002-SD 8809115-07 Soil
98D0E-DR5D-3002-SW 8809110-03 Water
98D0E-DRSD-3002-SW 8809111-01 Water 1 1 1
98D0E-DRSD-3003-SD 8809105-14 Soil 1
98D0E-DRSD-3003-SD 8809115-09 Soil 1 1 1 1 1 1 — — —

98D0E-DRSD-3003-SW 8809 109-03 Water I I
98D0E-DRSD-3003-5W 88091 11-02 Water 1 1 1
98D0E-DRSD-3004-SD B809105-15 Soil I — — —

98D0E-DRSD-3004-SD 8809115-10 Soil 1 1 1 1 1 1
98D0E-DRSD-3004-SW 88091 10-02 Water 1 1
98D0E-DRSD-3004-SW 8809111-05 Water 1 1 1
98D0E-DRSD-3005-SD 8809115-11 Soil I — 1 1 1 1 1
98D0E-DRSD-3005-SW 8809109-02 Water I
98D0E-DRSD-3005-SW 8809111-03 Water I I I
98D0E-DRSD-3006-F1 1341-10 Fish
98D0E-DRSD-3006-F1 P904267-10 Fish 1 1
98D0E-DRSD-3007-FI 1341-9 Fish
98D0E-DRSD-3007-F1 P904267-09 Fish 1
98D0E-DRSD-3007-F1 P904267-O9RE1 Fish
Drill Site £
98D0E-DRSE-l 116-SW 8809465-02
98D0E-DRSE-l 116-SW 8809467-02
98D0E-DRSE-l 116-SW 8809470-05
98D0E-DRSE-1 117-SD 8809458-01

ATfACHMENT I
U.S. Anny Corps of Engineers, Alaska District
Amchitka Island, Alaska Page CA-I2
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ATTACHMENT 1
NUMBERS AND ASSOCIATED ANALYSESLIST OF SAMPLE

Soil Water Fish
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Sample Number Lab Sample ID -~ ~ a a a a A a a a a a a a a a ~

98D0E-DRSE-1 I 17-SD 8809475-08 Soil 1 1 1 1
98D0E-DRSE-1118-SW 8809465-01 Water 1
98D0E-DRSE-1118-SW 8809467-01 Water — 1
98D0E-DRSE-1118-SW 8809470-04 Water — — 1 1
98D0E-DRSE-1119-SD 8809458-15 Soil 1
98D0E-DRSE-1119-SD 8809475-11 Soil 1111 —

98D0E-DRSE-3032-SD 8809265-03 Soil 111111
98D0E-DRSE-3032-SW 8809262-01 Water 1 1 —

98D0E-DRSE-3032-SW 8809265-01 Water I I —

98D0E-DRSE-3033-SD 8809265-04 Soil — 1 11111
9SDOE-DRSE-3033-SW 8809262-02 Water I I —

98D0E-DRSE-3033-SW 8809265-02 Water 1 11 —

98D0E-DRSE-3034-SW 8809298-02 WaterQ~j~ —

98D0E-DRSE-3034-SW 8809303-04 WaterQ ii
98D0E-DRSE-3034-SW 8809309-22 WaterQ~
98D0E-DRSE-3035-SD B809303-15 Soil 111111
98D0E-DRSE-3035-SW 8809298-01 WaIerFD
98D0E-DRSE-3035-SW 8809299-02 WaIerFD
98D0E-DRSE-3035-SW 8809303-03 WaterFD I 1
98D0E-DRSE-3035-SW 8809309-23 WaterFD
98D0E-DRSE-3036-SD 8809303-14 Soil 111111
98D0E-DRSE-3036-SD 8809310-01 Soil 11
98D0E-DRSE-3036-SW 8809301-02 Water
98D0E-DRSE-3036-SW 8809309-02 Water 1 1
98D0E-DRSE-3036-SW B809309-02R.E1 Water 1 1

AT]EACHMENT I
U.S. Army Corps of Engineers, Alaska District
Ainchitka Island, Alaska
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ATTACHMENT 1

ATrACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

“926-04
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Sample Number Lab Sample ID ~ —~ —~ —~ —~ —~ —~ —~ ~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~ —~

98D0E-DRSE-3037-SD 8809303-16 Soil — 1 11111
9800E-DRSE-3037-SW B809301-01 Water
98D0E-DRSE-3037-SW 8809303-01 Water 1 1
98D0E-DRSE-3037-SW 8809309-26 Water
98D0E-DRSE-3039-F1 1341-13 Fish I —

98D0E-DRSE-3039-F1 P904267-13 Fish 1 11
98D0E-DRSE-3040-F1 1341-12 Fish I —

98D0E-DRSE-3040-F1 P904267-12 Fish~ 1 11
98D0E-DRSE-3042-F1 1341-11 Fish I —

98D0E-DRSE-3042-F1 P904267-li Fish I II
Drill Site F
98130E-DRSF-1023-SW 8809108-04 Water
98D0E-DRSF-1023-SW 8809111-09 Water 1 1
9800E-DRSF-1024-SW 8809109-01 Water
98D0E-DRSF-l024-SW 8809111-08 Water 1 1
98D0E-DRSF-1025-SW 8809107-03 Water
98D0E-DRSF-1025-SW B809111-l0 Water 1 1
98D0E-DRSF-1026-SD 8809105-02 Soil I
98D0E-DRSF-1026-SD 8809113-08 Soil 1111
98D0E-DRSF-1026-SD 8809I13-O8REI Soil
98D0E-DRSF-1026-SD 8809113-08RE3 Soil
98D0E-DRSF-1027-SD 8809105-04 Soil 11
98D0E-DRSF-1027-SD 8809113-09 Soil 1111
98D0E-DRSF-1027-SD 8809113-09RE1 Soil
98D0E-DRSF-1027-SD 8809113-09RE3 Soil

DAT. (~.iTY ASSESSMENT SUMMARY

Revision No. 0
Date: 9/30/99
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ATTACHMENT 1

ATTACHMENT 1
U.S. Anny Corps of Engineers, Alaska District
Amclutka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

O \~26-O4

— Soil Water Fish —
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SamyleNumber LabSamplelfl ~
98D0E-DRSF-1028-SD B809105-l0 Soil 1 —

98D0E-DRSF-1028-SD 8809113-10 Soil 1111
98D0E-DRSF-1028-SD B809113-1ORE1 Soil
98D0E-DRSF-1028-SD 8809113-IORE3 Soil
98D0E-DRSF-1029-SD 8809105-12 Soil Ii
98D0E-DRSF-1029-SD 8809113-11 Soil 1111
98D0E-DRSF-1029-SD 8809113-lIBEl Soil
98D0E-DRSF-1029-SD 8809113-11BE3 Soil
98D0E-DRSF-l030-SD 8809105-05 Soil 11
98D0E-DRSF-l030-SD 8809113-12 Soil 1111
Y8DOE-DRSF-1030-SD 8809113-I2REI Soil — I — — —

98D0E-DRSF-1030-SD B8091l3-12RE3 Soil — — I — — — —

98D0E-DRSF-3009-SD 8809158-06 Soil I I 1 1 1 1 —

98D0E-DRSF-3009-SD 88091 58-O6REI Soil
98D0E-DRSF-3009-SD 88091 58-06RE2 Soil
98D0E-DRSF-3009-SW 8809155-01 Water — 1 1 — — — — — —

98D0E-DRSF-3009-SW 8809165-02 Water I I I —

98D0E-DRSF-30 10-SD 8809162-06 Soil — 1 — I 1 1 1 1 — — — —

98D0E-DRSF-30 10-SD 8809 162-O6RE1 Soil
98D0E-DRSF-3010-SW 8809148-03 Water 1
98D0E-DRSF-3010-SW 8809165-01 Water 1 I I
98D0E-DRSF-3011-SD 8809162-08 Soil 1 1 1 1 1 1 — —

98D0E-DRSF-301 1-SD 8809 162-O8RE1 Soil I — —

9SDOE-DRSF-301 I-SW 8809147-02 Waler 1
98D0E-DRSF-3011-SW 8809161-07 Water — I I I — — — — —

DAT (~ NLITY ASSESSMENT SUMMARY

Revision No. 0
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ATTACHMENT I

ATrACUMENT I
U.S. Army Corps of Engineers, Alaska District
Ainchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

--0926-04

0 U

Soil Water Fish
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SampleNumber LabSamplelfl ~
98D0E-DRSF-3012-SD 8809153-02 Soil ii
98D0E-DRSF-3012-SD 8809162-07 Soil 1 11111
98D0E-DRSF-3012-SD 8809162-07RE1 Soil
98130E-DRSF-3012-SW 8809150-01 Water
98D0E-DRSF-3012-SW 8809161-10 Water 1 1
98D0E-DRSF-3013-SD 8809162-11 Soil 1 11111
98D0E-DRSF-3013-SD 8809162-I1REI Soil
98D0F-DRSF-3013-SW B809147-03 Water
98D0E-DRSF-3013-SW 8809165-03 Water 1 1
98D0E-DRSF-3014-F1 1341-16 Fish I —

98D0E-DRSF-3014-Fl P904267-16 Fish 1 11
98D0E-DRSF-30l5-Fl 1341-15 Fish
98D0E-DRSF-3015-F1 P904267-15 Fish ——- 1 11
98D08-DRSF-3016-F1 1341-14 Fish I
98D0E-DRSF-3016-F1 P904267-14 Fish
Long Shot Site
98D0E-LONG-1009-SW 8809034-04 Water 1 I
98D0E-LONG-1009-SW 8809039-04 Water
98D0E-LONG-1009-SW 8809040-06 Water I 1
98D08-LONG-l0l0-SW 8809034-05 Water
9SDOE-LONG-10I0-SW 8809035-01 Water
98D0E-LONG-l010-SW 88090404)1 Water I I
98D0E-LONG-10lI-SW 8809034-06 WaterQ
98D0E-LONG-1011-SW 8809035-02 WaterQ
98D0E-LONG-1011-SW 8809039-05 WaterQ~j~

DK: (7 ‘iffY ASSESSMENT SUMMARY

Revision No. 0
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ATTACHMENT I
LIST QF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
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SampleNumber LabSamplelD ~

98D0E-LONG-1011-SW 8809040-07 Water 1 1
98D0E-LONG-1012-SW B809034-07 Water FL) — — — — —

98D0E-LONG-1012-SW 8809035-03 Water FL) 1
98D0E-LONG-1012-SW 8809040-02 Water FL). — 1 1 1
98D0E-LONG-1120-SW 8809465-03 Water I
98D0E-LONG-1120-SW 8809468-02 Water 1 1
98D0E-LONG-1120-SW 8809470-03 Water i I
98D0E-LONG-1 121-SW 8809465-04 Water 1
98D0E-LONG-1 121-SW 8809470-02 Water 1 1 1 1
98D0E-LONG-1 122-SW 8809465-05 Water 1
98D0E-LONG-1122-SW 8809468-01 Water — I — —

981308-LONG-I 122-SW 8809470-0 1 Water 1 1 1 1
98D0E-LONG-1123-SD 8809458-14 Soil Q~1
98D0E-LONG-l123-SD 8809475-02 Soil Q~1 Iii
98D0E-LONG-1 124-SD 8809458-05 Soil FL)
98D0E-LONG-1 124-SD 8809475-03 Soil FD 1 1 1 1
98D0E-LONG-l 125-SD 8809458-04 Soil — — 1
98D0E-LONG-1 125-SD 8809475-04 Soil 1 1 1 1
98D08-LONG-l 126-SD 8809458-09 Soil 1
98D0E-LONG-1 126-SD 8809475-07 Soil 1 1 1 1
98D0E-LONG-1127-SD 8809458-02 Soil 1
98DOE-LONG-1127-SD 8809475-05 Soil 1 1 1 1
98D0E-LONG-l128-SD 8809458-06 Soil 1
98DOE-LONG-l 128-SD 8809475-06 Soil 1 1 1 1
981308-LONG-I 129-SD 8809458-03 Soil 1 — — — —

ATLACI-IMENT I

U.S. Anny Corps of Engineers, Alaska District
Amchitka Island, Alaska

DA1 Ufl’ ASSESSMENT SUMMARY 0

Revision No. 0
Date: 9/30/99
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ATTACHMENT 1

ATrACHMENT I
U.S. Army Corps of Engineers, Alaska District
Arnchitka Island, Alaska

DAT. ( ~UTY ASSESSMENT SUMMARY

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

. Soil Water Fish —

S8
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t
C

‘C
-‘ t

C ©
~

~ 00 ccc) Cl)
t ~ C el C C C C e~ C C C — C C

.~ ~
~ 0 SI ~

Sample Number Lab Sample ID .2. t a S... S... a a a Sn- sa

98D0E-LONG-I129-SD 8809475-01 Soil 1 111
98D0E-LONG-1130-SD 8809458-10 Soil 1
98D0E-LONG-1130-SD 8809485-06 Soil 1 I ii
98D0E-LONG-1131-SD 8809458-07 Soil I
98D0E-LONG-1131-SD 8809485-02 Soil 1 1 1 1
98D0E-LONG-1132-SD 8809458-11 Soil I
98D0E-LONG-1132-SD 8809485-04 Soil 1 1 11
98D0E-LONG-1133-SD 8809458-13 Soil I
98D0E-LONG-1l33-SD B809485-0l Soil 1 111
98D08-LONG-l134-SD 8809458-08 Soil I
98D0E-LONG-1134-SD 8809485-03 Soil 1111
98D0E-LONG-1l35-SD 8809458-12 Soil 1
98D0E-LONG-1135-SD 8809485-05 Soil 11j_j
98D0E-LONG-ll36-R8 8809468-03 Waler
98D0E-LONG-1137-SW B809462-0l Water I i
98D0E-LONG-l137-SW 8809466-01 Water
98D0E-LONG-1138-SW 8809462-02 Waler I I
98D0E-LONG-1138-SW 8809166-02 Waler
98D0E-LONG-1139-SD 8809457-02 Soil 11
98D0E-LONG-1l39-SD 8809479-05 Soil 1111
98D0E-LONG-1140-SD 8809457-01 Soil 11
98D0E-LONG-l140-SD 8809479-04 Soil 1111
98D0E-LONG-4034-SW 8809151-01 Water
98D0E-LONG-4034-SW 8809161-14 Waler I I
98D0E-LONG-4035-SD 8809153-01 Soil 11

Revision No. 0
Date: 9/30/99
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘a
-4

t
C.z—~ — — V
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4) ~ 00 ~ U)
t C in c t-l C C C C r4 C C C — C C i..

~ C — ~ fl fl ~ 00 — (4 — ‘0 t~- 00 — fl 00 — r4 —,
•~ C C C C Cl C C C • C ~ C C C eq C C C
~ — -( U) U) 00 00 ‘0 ~0 cn U) — 00 00 00 ‘0 ~0 00 00 ~0 ‘0 •~ :s

SampleNumber LabSamplelD
98D0E-LONG-4035-5D B809158-O1 Soil 1 1 1 1 1 1
98D0E-LONG-4035-SD 8809158-O1RE1 Soil 1
98D0E-LONG-4035-SD 8809158-01R82 Soil 1
98D0E-LONG-4036-SW 8809147-01 Water — 1
98D0E-LONG-4036-SW 8809151-02 Water 1
98D0E-LONG-4036-SW 8809161-15 Water — — — — 1 1 1
98D0E-LONG-4037-SD 8809158-02 Soil — — 1 — 1 1 1 1 1
98D0E-LONG-4037-SD B809158-02R81 Soil
9800E-LONG-4037-SD 8809158-02RE2 Soil
98D0E-LONG-4038-SW B809l48-02 Water
98D0E-LONG-4038-SW 8809161-13 Water I I
98D0E-LONG-4039-SD 8809158-05 Soil 111111
98D0E-LONG-4039-SD B809158-O5REI Soil
98D0E-LONG-4039-SD B809158-05RE2 Soil
98D0E-LONG-4040-SW 8809148-01 Water 1
98D0E-LONG-4040-SW 8809149-01 Water
98D0E-LONG-4040-SW 8809161-12 Water 1 1
9SDOE-LONG-4041-SD 8809158-04 Soil 111111
98D0E-LONG-4041-SD B809158-O4REI Soil
98D0E-LONG.4041-SD 8809158-04RE2 Soil
98D0E-LONG-4042-SW 8809151-03 Water
98D0E-LONG-4042-SW 8809161-il Water 1 i
98D0E-LONG-4043-SD 8809158-03 Soil 111111
98D0E-LONG-4043-SD B809158-O3RE1 Soil
98D0E-LONG-4043-SD B809158-03RE2 Soil

ATrACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

Revision No. 0
Date: 9/30/9 9
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish_
‘a—
t

~
~

~ 00 U)

.~ ~

SampleNumber LabSamplelD ~ ~1LLL1LLLI111LI1III1II~i
98D0E-LONG-4044-SW B809156-0l Water
98D0E-LONG-4044-SW B809165-04 Waler — — 1 1
98D0E-LONG-4045-SD 8809162-09 Soil — 1 TI11T
98D0E-LONG-4045-SD B809162-O9RE1 Soil —

98D0E-LONG-4046-SW 8809159-01 Water — — — — —

98D0E-LONG-4046-SW B809161-09 Water — — — 1 1 1
98D0E-LONG-4047-SD 8809162-12 Soil 1 1 1 1 1 1 — — —

98D0E-LONG-4047-SD 8809 162-I2REI Soil 1 — — —

98D0E-LONG-4048-SW 8809157-01 Water 1 1
98D0E-LONG-4048-SW 8809161-08 Water — 1 1 1 — — — —

98D0E-LONG-4049-SD B809162-l0 Soil — 1 1 1 1 1 1 —

98D0E-LONG-4049-SD B809162-IORE1 Soil
98D0E-LONG-4050-SW 8809156-02 Waler 1
98130E-LONG-4050-SW 8809165-06 Water I I I —

98D0E-LONG-4051-SD 8809153-03 Soil 1 1
98D0E-LONG-4051-SD 8809165-08 Soil 1 1 1 1 I 1
98D0E-LONG-4052-SW 8809157-02 Water I I
98D0E-LONG-4052-SW 8809165-05 Water — 1 1 1
98D0E-L.ONG-4053-SD 8809165-09 Soil Q~1_L±_L_L_L
98D0E-LONG-4054-SD B809165-07 Soil FD I I I 1 1 I
98D0E-LONG-4I 15-SW 8809372-02 Water 1
98D0E-LONG-41 15-SW 8809388-07 Water I I I
98D0E-LONG-41 16-SD 8809375-04 Soil 1 1 1 1 1 1
98D0E-LONG-41 16-SD 8809375-O4REI Soil 1
98D0E-LONG-41 16-SD 8809375-04RE2 Soil 1

ATTACHMEWI’ I Revision No. 0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page CA-20
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ATTACHMENT I

ATTACHMENT I
U.S. Army Corps of Engineerc. Al.. 4... IN ‘ii.

Amchitka Island, Alaska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

m926-04

0 U

Soil Water Fish — —
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C
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~? ~Q Li
t C Ifl C r4 C C — C C t~ C C C — C C 1

~4 C fl fl t 00 — (9 ~C 00 — Cl 00 — Cl

SampleNumber LabSamplelD ~ IIIIILLIIILI11II1IIII
9800E-LONG-4117-SW 8809370-01 Water — — 1
98D0E-LONG-41 17-SW 8809388-05 Water I I I
98D0E-LONG-4118-SD 8809375-01 Soil 1 1 1 1 1 1 — — — — —

9800E-LONG-4118-SD 8809375-OIREI Soil I —

98D0E-LONG-4118-SD B809375-OIRE2 Soil 1 — — — — —

98D0E-LONG-4119-SW 8809372-03 Water — — — 1
98D0E-LONG-4119-SW B809388-06 Water — — — — — — 1 — I I
98D0E-LONG-4120-SD B809375-05 Soil 1 1 1 1 1 1
98D0E-LONG-4120-SD 8809375-O5REI Soil
98D0E-LONG-4120-SD B809375-05RE2 Soil 1 — —

98D0E-LONG-4120-SD 8809421-18 Soil 1
98D0E-LONG-4121-SW B809372-0l Water I
98D0E-LONG-4121-SW 8809388-04 Waler 1 1 1
98D0E-LONG-4122-SD 8809375-02 Soil 1 1 I I I I
98D0E-LONG-4122-SD 8809375-O2RE1 Soil
98D0E-LONG-4122-SD 8809375-02RE2 Soil
98D0E-LONG-4 123-SW 8809370-03 Water I
98D0E-LONG-4l23-SW 8809388-08 Water 1 I I
98D0E-LONG-4124-SD 8809375-03 Soil 1 1 1 1 1 1
98D0E-LONG-4 124-SD B809375-O3REI Soil
98D0E-L0NG4124SD B809375-03RE2 Soil
98D0E-LONG-4071-Fl 1341-I Fish
98D0E-LONG-4071-Fl 1341-38 Fish
98D0E-LONG-4071-Fl P904267-UI Fish I I
98D08-LONG-4072-Fl 1341-2 Fish —

DAT~ (~j~JTY AssI:scsn ‘.1 ‘‘i’’

Revision No. 0
Date: 9/30/99
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ATTACHMENT 1

AflACIIIvWNT I
U.S. Army Corps of Engineers, Alaska District
Aniclutka Island, Alaska

DAt ~Z1ITY ASSESSMENT SUMMARY

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES
Soil Water Fish
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~
Sample Number Lab Sample ID a a -~- S A ~ á~ ~ ~dz
98D0E-1.ONG-4072-F1 P904267-02 Fish 1 11
98D0E-LONG-4073-F1 1341-6 Fish I —

98D0E-LONG-4073-F1 P904267-06 Fish 1 11
98D0E-LONG-4074-F1 1341-7 Fish 1
98D0E-LONG-4074-F1 P904267-07 Fish 1 II
98D0E-LONG-4111-F1 1341-8 Fish I —

98D0E-LONG-4111-F1 P904267-08 Fish 1 11
98D0E-LONG-4155-FS 1341-37 Fish —. 1 —

98D0E-LONG-4155-FS P904267-37 Fish
98D0E-LONG-4157-FS 1341-36 Fish I —

98D0E-L0NG4157-FS P904267-36 Fish
Milrow Site
98D0E-MILR-l00J-SW 8809034-01 Waler 1 1
9800E-MILR-l001-SW 8809039-01 Water
98D0E-MILR-1001-SW 8809040-03 Water
98D0E-MILR-1002-SW 8809034-02 Water ... I I
98D0E-MILR-1002-SW B809039-02 Water
98D0E-MILR-1002-SW 8809040-04 Water
98D0E-MILR-1003-SW 8809034-03 Water I I
98D0E-MILR-1003-SW 8809039-03 Water
98D0E-MILR-1003-SW 8809040-05 Water 1 I
98D0E-MILR-1004-SD 8809037-01 Soil 11
98D0E-MILR-1004-SD 8809037-OIREI Soil
98D0E-MILR-1004-SD 8809037-OIRE2 Soil
98D0E-MILR-1004-SD 8809041-01 Soil 11

Revision No. 0
Date: 9/30)99
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

0

Soil Water Fish__
%0
—
t

5
e~l t

SampleNumber LabSamplelD ~ L±±
98D0E-MILR-1005-SD 8809037-02 Soil 1 1 1
9SDOE-MILR-1005-SD B809037-O2REI Soil
98D0E-IvIILR-1005-SD 8809037-02RE2 Soil
98D0E-MILR-1005-SD 8809041-02 Soil 11
98D0E-MILR-1006-SD 8809037-03 Soil 1 1 1 — — —

98D0E-MILR-1006-SD 8809037-O3RE1 Soil I — — —

98DOE-MILR-1006-SD 8809037-03RE2 Soil — 1 — —

98D0E-MILR-1006-SD B809041-03 Soil 1 1 —

98D0E-MILR-1007-SD 8809037-04 Soil — — 1 — 1 — —

9800E-MILR-1007-SD B809037-O4REI Soil 1
98D0E-MILR-1007-SD B809037-04RE2 Soil
98D08-MILR-1007-SD 8809041-04 Soil 1 1 — —

98D0E-MILR-1008-SD 8809037-05 Soil 1 1 1
98D0E-MILR-1008-SD 8809037-O5RE1 Soil — I
98D0E-MILR-1008-SD 8809037-05RE2 Soil —

98D0E-MILR-1008-SD 8809041-05 Soil I I
9800E-MILR-4007-SW 8809107-01 Water 1
98D0E-MILR-4007-SW 8809 ill-Il Water 1 1 1
98D0E-MILR-4008-SD 8809115-04 Soil Q~1_L__L±J_~L
98D0E-MILR-4009-SD 8809115-03 Soil FD 1 1 1 I 1 1
98D0E-MILR-401 1-SW 8809 106-02 Water 1 1
98D0E-MILR-4011-SW 8809111-13 Water 1 1 1
98D0E-MILR-4012-SD 8809115-01 Soil 1 1 1 1 1 1
98D0E-MILR-4013-SW 8809107-02 Water 1
98D0E-MILR-4013-SW 8809111-12 Water I 1 1

ATI’ACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

DAT? (ITY ASSESSMENT SUMMARY
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

0

Soil Water — — Fish
‘3
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v Q~ Q C ~ U)

.~ ~

~ ‘3 ‘3 U) ~ ~ 00 ‘3 ‘0 00 00 ‘0 ‘0 .~ .~

SampleNuniher LabSamplelD ~
98D0E-MILR-4014-SD 8809115-02 Soil 1 1 1 1 1 1 — —

98D0E-MILR-4015-SW 8809106-03 Water 1 1 —

98D0E-MILR-4015-SW 8809111-06 Water I I I — — — —

9SDOE-MILR-4016-SD 8809105-17 Soil Or~ I — —

98D0E-MILR-4016-SD 8809115-06 Soil Orj~ 1 1 1 1 1 1 — — — —

98D0E-MILR-4017-SD B809105-18 Soil FD 1 1 — — — —

98D0E-MJLR-4018-SW 8809106-01 Water — 1 1 — —

98D0E-MILR-40l8-SW 8809111-07 Water — — — — 1 1 1
98D0E-MILR-4019-SD 8809115-05 Soil 1 1 1 1 1 1
9800E-MILR-4028-FS 13414 Fish — — — — I —

98D0E-MILR-4028-FS p904267-04 Fish — — 1 1
98D0E-MILR-4029-FS 1341-3 Fish
98D0E-MILR-4029-FS P904267-03 Fish I I I
98D0E-MILR-4095-FS 1341-5 Fish — —

98D0E-MILR-4095-FS P904267-OS Fish — — 1 1
Rifle Range Road Mud Pits
98D0E-RRMP-1076-SL 8809303-13 Soil — — I I I I
98D0E-RRMP-1076-SL 8809310-07 Soil
98D0E-RRMP-l077-SL 8809303-12 Soil 1 1 1 1
98D0E-RRMP-1077-SL B809310-10 Soil 1
9SDOE-RRMP-1078-SL 8809303-I I Soil I I I I
98D0E-R.RIVIP-I078-SL 8809310-05 Soil I
Reference Stream 1
98D0E-RS0I-4083-SW 8809253-O4REI Watcr
98D0E-RS0140835W B809255-02 \V;ii~t 1 1

ATTACHMENT I
U.S. Army Corps ol Engineer Al • . I”
Arnchitka Island. Alaska

DAT, (_j.IIVASSI SS\ll I
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Water Fi_
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SampleNumber LabSamplelD ~ LILLtflAflLLLLLLLLII
98D0E-RSO1-4084-SD 8809255-10 Soil — 1 1 1111
98D0E-RSO1-4086-SW 8809253-01 Water
98D0E-RS01-4086-SW 8809255-05 Water 1 1
98D0E-RSOI-4087-SD 8809255-08 Soil i____Lj._Li_
98D0E-RSO1-4088-SW B809253-05 Water
98D0E-RSO1-4088-SW 8809255-01 Water I I
98D0E-RSOI-4089-SD B809255-06 Soil i___L_L._LJ_
98D0E-RSOI-4090-SW 8809253-02 Water
98D0E-RS01-4090-SW 8809255-03 Water I I
98D0E-RS01-4091-SD B809255-07 Soil i___.L_LJ_L
98D0E-RS01-4092-SW 8809253-03 Water
98D0E-RSOI-4092-SW B809255-04 Water I I —

98D0E-RSO1-4093-SD 8809255-09 Soil 1 111 I —

98D0E-RS01-4094-FS 1341-19 Fish
98D0E-RSOI-4094-FS P904267-19 Fish 1 1
98D0E-RSOI-4097-FS 1341-18 Fish
98130E-RS0l-4097-FS P904267-18 Fish I II
98130E-RS01-4099-FS 1341-17 Fish
98130E-RS01-4099-FS P904267-17 Fish
98D0E-RSOI-4160-FS 1341-20 Fish —

98D0E-RS01-4160-FS P904267-20 Fish 1 11
Reference Stream 2
98D0E-RS02-4134-SW 8809378-05 Water
98D0E-R502-4134-SW 8809384-16 Waler
98D0E-R502-4134-SW 8809384-T6RE1 Water Revision No. 0

Dale: 9/30/99
U.S. Army Corps of Engineers, Alaska District Page CA-25
Anichilka Island, Alaska
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ATTACHMENT!
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

— Soil Water Fish
- ‘a
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Sample Number Lab Sample ID ~ ..& a a S ~ a a sa sn~ sa a a a
9SDOE-RS02-4135-SD 8809385-03 Soil 11111
98D0E-RSO2-4135-SD B809385-031{E1 Soil
98D0E-RSO2-4135-SD 8809385-03RE2 Soil
98D0E-RSO2-4136-SW 8809378-04 Water
98D0E-RSO2-4136-SW 8809384-15 Water
98D0E-RSO2-4136-SW 8809384-I5RE1 Water
98D0E-RSO2-4137-SD 8809388-11 Soil 1 1111
98D0E-RSO2-4l38-SW 8809378-01 Water 1 —~

98D0E-RSO2-4138-SW 8809385-04 Water I I
98D0E-RSO2-4139-SD 8809388-12 Soil Orj~1 1111
98D0E-RSO2-4140-SD 8809385-01 Soil FD1111J_
98D08-RSO2-4140-SD 8809385-OIRE1 Soil F13
98D0E-RSO2-4140-SD 8809385-OIRE2 Soil FD
98D08-RSO2-4l41-SW 8809378-03 Waler
98D0E-RSO2-4141-SW 8809385-06 Waler I 1
98D0E-RS02-4142-SD 8809388-13 Soil iiiI._L
98D0E-RSO2-4143-SW 8809378-02 Water
98D08-RSO2-4143-SW 8809385-05 Water I I
98D0E-RSO2-4l44-SD 8809385-02 Soil 1111
98D0E-RSO2-4144-SD 8809385-O2REI Soil
98D0E-RSO2-4144-SD 8809385-02RE2 Soil
98D0E-RSO2-4149-FS 1341-23 Fish I —

98D0E-RSO2-4149-FS P904267-23 Fish I II
98D0E-RSO2-4151-FS 1341-22 Fish 1 —

98D0E-RSO2-4l51-FS P904267-22 Fish I II
ATTACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

DAT) CDATY ASSESSMENT SUMMARY
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AnACHMENT I
U.S. Anny Corps of Engineers, Alaska District
Anichitka Island, Alaska

DAT1 (jrFY ASSESSMENT SUMMARY (Z)

ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish — —

‘0
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C ~ ‘~~: -~ ~ Cl)

.~

~
Sample Number Lab Sample ID ,,,~ ,,~ 3 S- S —~ á~ á~ —~ —~ ~ —~ ~

98D0E-RSO2-4153-FS 1341-21 Fish I —

98D0E-RSO2-4153-FS P904267-21 Fish 1 11
Reference Stream 3 — — —

98D0E-RSO3-3057-SW 8809371-03 Water —

98D0E-RSO3-3057-SW 8809384-08 Water
98D0E-RSO3-3057-SW B809384-O8RE1 Water
98D0E-RSO3-3060-SD 8809384-10 Soil ~f~1 I’ll
98D08-RSO3-3061-SD 8809384-09 Soil FD1 1111
9800E-RSO3-3062-SW 8809371-01 Water
98D0E-RSO3-3062-SW 8809384-02 Water
98D0E-RSO3-3062-SW B809384-O2RE1 Water
98D0E-RSO3-3063-SD 8809384-13 Soil 1 1111
98D0E-RSO3-3064-SW 8809371-02 Water
98D0E-RSO3-3064-SW 8809384-06 Water
98D0E-RS03-3064-SW 8809384-O6RE1 Water
98D0E-RSO3-3065-SD 8809384-14 Soil 1j..j,,,..L....L.
98D0E-RSO3-3066-SW 8809376-03 Water
9800E-RSO3-3066-SW B809384-07 Water
98D0E-RSO3-3066-SW B809384-O7REI Water
98D0E-RSO3-3067-SD 8809384-12 Soil 1 111
98D0E-RSO3-3068-SW B809376-02 Water
98D0E-RSO3-3068-SW 8809384-01 Water
98D0E-RSO3-3068-SW 8809384-OIREI Water
98D0E-RSO3-3069-SD 8809384-11 Soil —

98D0E-RSO3-3070-FS 1341-26 Fish Q~~g
Revision No. 0

Date: 9/30/99
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ATrACI-IMENT 1
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

DAT1 CDATY ASSESSMENT SUMMARY

ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘0
—
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~ t
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t C If) S Cl C C — C C Cl C C C — C C ~

~ C — ~ fl fl t~ 00 — N — ~ ~O 00 — N t~. 00 — N
r~ C S N C S C • N Cl C C C N S C C

— — In It) 00 00 %3 ‘0 c62 In — 00 00 00 -‘0 ‘3 00 00 ‘0 ‘0

SampleNumber LabSamplelD jA1±LLLLLLA1LLLILLLLL4~
98D0E-R503-3070-FS p904267-26 Fish 9~ 1 11
98D0E-RSO3-3071-F5 1341-27 Fish FD — —

98D0E-RSO3-3071-FS P904267-27 Fish FD 1 11
98D0E-R503-3073-FS 1341-25 Fish I —

98D0E-RSO3-3073-FS P904267-25 Fish 1 11
98D0E-RSO3-3075-FS 1341-24 Fish I —

98D0E-RSO3-3075-FS P904267-24 Fish 1 11
Reference Stream 4
98D0E-RSO4-3044-SD 8809309-07 Soil 1 1111_L
98D0E-RSO4-3044-SD B809309-O7RE1 Soil 1 1
98D0E-RSO4-3044-SW B809306-02 WalerOr~~_
98D0E-R504-3044-SW 8809309-15 ~ I I
98D0E-R504-3044-SW 8809309-I5REI WaterOrj~_......_
98l30E-R504-3045-SW B809304-04 WaterFD
98DOE-RSO4-3045-SW B809309-20 WaterFD__~_~~~ I I
98D0E-R504-3045-SW 8809309-2OREI~
98D0E-R504-3047-SD B809309-08 Soil 11._LJ.........L...L
98D0E-RSO4-3047-SD 8809309-O8REI Soil 11
98D0E-R504-3047-SW 8809306-04 Water
98D0E-R504-3047-SW 8809309-16 Water I 1
98D0E-RSO4-3047-SW B809309-I6RE1 Waler
98D0E-R504-3048-SD 8809309-21 Soil 1j__L_L....Lj_.
98D0E-R504-3048-SD B809309-2IREI Soil
98D0E-R504-3048-SD B809309-2lRE2 Soil
98D0E-R504-3048-SW 8809306-03 Water
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ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
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SampleNumber LabSam~,IeID ~

98D0E-RSO4-3048-5W 8809309-17 Water 1 1
98D0E-R504-3048-SW B809309-17RE1 Water 1
98D0E-R504-3049-SD 8809309-10 Soil 1 1 1 1 1
98D0E-RSO4-3049-SD 8809309-IORE1 Soil 1
98D0E-RSO4-3049-SD 8809309-1ORE2 Soil — —

98D0E-RSO4-3049-SW 8809304-03 Water — 1
98D0E-RSO4-3049-SW B809309-13 Water — 1 1
98D0E-RSO4-3049-SW 8809309-13RE1 Water — — —

98D0E-RSO4-3050-SD 8809309-09 Soil — — 1 1 1 1 1
98D0E-RSO4-3050-SD B809309-O9RE1 Soil 1
98D0E-R504-3050-SD 8809309-09RE2 Soil
98D0E-RSO4-3050-SW 8809306-01 Water
98D0E-RSO4-3050-SW 8809309-14 Waler I I
9890E-RSO4-3050-SW 8809309-I4REI Water
98D0E-RSO4-305l-FS 1341-35 Fish I —

9800E-RSO4-305l-FS P904267-35 Fish 1 ii
981J0E-RSO4-3053-FS 1341-34 Fish I —

98D0E-RSO4-3053-FS P904267-34 Fish I III
98D0E-RSO4-3055-FS 1341-33 Fish I —

98D0E-RSO4-3055-FS P904267-33 Fish 1 ii
Trip Blanks

High/low level trip blank
TB-101 8809256-06
98D0E-TB-100 8809153-09

A17ACHMENT I
U.S. Anny Corps of Engineers, Alaska District
Amchitka Island, Alaska
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98D0E-TBO2-0000-TB 8809041-06
8809458-16
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘0
—
t
C
‘C

~
;~
~ 000 C ~ z

.~

SampleNumber LabSampleffi ~ ~±I&LLLLL~ALLLLLLLLLL=~=1
98D0E-TBO2-0000-TB 8809041-06 Soil 1
TripBlank 8809105-19 Soil 1
98D0E-MILR-1000-TB B809034-08 Water
98D0E-T807-0000-SW B809161-16 Water
Trip Blank 8809111-15 Waler
TRIPBLANK B809309-28 Waler
Trip Blank 8809385-10 Water
TripElank 8809465-06 Water
Trip Blank-100 8809265-05 Water
Trip Blank-28 B809165-10 Waler = = = = = = = ± = = =

See Table C3-l for definitions of analytical methods
Orig project sample
FD field duplicate
FR field replicate
QA quality assurance

QC quality control

ATI’ACHfrWNT I
U.S. Anny Corps of Engineers, Alaska District
Ainchitka Island, Alaska
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1.0 Introduction

Amchitka Island, located near the western end of the Aleutian Islands, has been used by

U.S. Government agencies for a variety of activities since 1943. These activities included a
World War II military installation, a radio relay station as part of the Distant Early Warning
Radar Network (Dew Line), and asite for underground nuclear tests. Cunently, the island is
uninhabited and access is restricted. In late summer 1998, a field sampling program sponsored

by the U.S. Department of Energy was undertaken in order to evaluate present impacts, if any,

from implacement hole drilling activities related to underground nuclear testing.

Sampling was conducted in eight streams that drain the six drilling locations. These locations
included three sites where implacement holes were drilled but nuclear tests were not conducted

(Drill Sites E, F, and D), and three sites where underground nuclear detonations took place
(Cannikin, Milrow, and Long Shot). Sampling was also conducted in four unimpacted reference
streams.

Sediment quality in the streams draining the three drill and three test sites was evaluated using a
weight-of evidence approach known as the Sediment Quality Triad. The Triad approach,
originally proposed by Long and Chapman (1985), incorporates three measures of sediment
quality:

• Sediment chemistry

• Sediment bioassays
• Benthic macroinvertebrate community structure

It is difficult to make definitive statements about impacts to benthic habitats and biota with any

of the three measurements taken alone. Sediment chemistry is a measure of chemical
contamination, but does not measure biological effects. Sediment bioassays performed in the

laboratory measure sediment toxicity but do not indicate the specific cause of toxicity, nor do the

tests indicate actual field effects. The examination of benthic community structure indicates

variability in the field, but does not identi& the cause of the variability, which may be natural or

anthropogenic. The three components of the Triad approach integrate chemical and biological

response information, and can provide stronger evidence of degraded sediment quality than the

evaluation of any single component.
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If all three components indicate impact (i.e., contaminated sediments, toxic in laboratory tests,
with altered benthic communities), then the weight of evidence strongly indicates negative

impact. In the opposite case, unimpacted conditions are indicated if there is low chemical

contamination, low toxicity, and unaltered benthic communities. Intermediate or mixed results

can be meaningful but require careful interpretation (Chapman, 1992).

For each of the three Triad components, three individual measures were incorporated. The
sediment chemistry component included the following:

• Normalized diesel-range organics (DRO)

• Total metals toxic units
• Total polyclyclic aromatic hydrocarbon (PAH) toxic units

The sediment toxicity component of the Triad included the following:

• Chironomus tentans normalized survival
• Chironomus tentans normalized growth
• Chironomus tentans normalized biomass

The benthic macroinvertebrate community component of the Triad included:

• Family Biotic Index
• Ephetneroptera-Plecoptera-Trichoptera (EPT) relative abundance
• SpeciesDiversity (Shannon’s Index)

Amchitka Island is approximately 40 miles long but is quite narrow (only about 3 miles wide in

the study area). The island’s streams, which arise in the higher terrain along the mid-spine of the
island, are very short and flow only a mile or two before reaching either the North Pacific Ocean

or Bering Sea. Benthic macroinvertebrate communities in the streams of Amchitka are affected

by natural stream morphology and sediment characteristics, as well as by potential anthropogenic
stressors. The substrate of the streams is variable and dependent on island topography. Near the

headwaters, stream sediments were fine or peaty. In the lower stream reaches, gravel and

cobbles were the predominant substrate types. Variability in the substrates made it necessary to

compare site stream data to reference stream data based on similarity of location. That is,
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up-siream stations in site streams were compared to up-stream reference stream stations, central

to central, and down-stream to down-stream. Because of the substrate variability, four reference

streams were sampled: two for lowland and two for upland comparisons. A ranking method was

used in the Triad Analysis, wherein each location is ranked for each parameter in the analysis.

Overall mean ranks for each sampling location and each Site stream were then calculated.
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2.0 Methods

Evaluating the sediment quality involved measuring sediment chemistry, bioassays, and Benthic
Macroinvertebrate community structure.

2.1 Sample Collection
Shannon & Wilson, Inc. collected benthic macroinvertebrate samples for biological analysis and

sediment samples for chemical analysis and toxicity testing from Amchitka Island, during
August and September 1998. Details regarding the collection of the benthic samples are

addressed in the Shannon & Wilson report, DOE 1998 Drill Site Characterization Report
(Shannon & Wilson, 1999). Five locations were sampled on each stream. Of these, three
locations were selected for Triad Analysis sampling (four locations on White Alice Creek). At

the Triad stations, additional sediment samples were collected for toxicity tests, and benthic
macroinvertebrate sampling was conducted. Figures 2.1-1 — 2.1.4 show the Triad stations for

upland streams, and Figures 2.1-5 — 2.1-7 show the lowland stream Triad locations.

The benthic macroinvertebrate samples were shipped to the IT Corporation Somerset,
New Jersey laboratory facility for sorting, enumeration, and identification. Sediment samples on

which toxicity tests were performed were shipped to American A~uatic Testing, Inc., in
Allentown, Pennsylvania. Sediment samples collected for the analysis of contaminants of
potential concern (COPC5) were shipped to North Creek Analytical in Bothell, Washington.

2.2 Sediment Chemistry
Sediment samples were analyzed for contaminants of potential concern including metals and

total (PAHs). Diesel range organics analysis was also performed on the sediment samples. The

sediment chemistry data were evaluated and incorporated into the Triad Analysis as described in
the following sections.

2.2.1 Data Analysis
In order to evaluate the impact of the levels of COPCs in sediment, the following parameters

were selected to be used in the sediment chemistry portion of the Triad: carbon-normalized

DRO, total metals toxic units, and total PAN toxic units.
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2.2.1.1 Diesel Range Organics
In order to adjust bulk concentrations for changes in bioavailability related to organic carbon

adsorption, the DRO concentrations were normalized to the percent total organic carbon (TOC)

in each sample. This was accomplished by dividing the DRO concentration by the percentage
TOC in the sample.

2.2.1.2 Total Metals Toxic Units
Total metals toxic units were derived by dividing individual metals concentrations by the lowest

(most conservative) screening level for each respective metal. For example, an aluminum
concentration of 63,900 parts per million (ppm) was divided by 12.1 ppm (the threshold effect
concentration). A sum of the metals toxic unit concentrations was derived for each sediment

sample.

2.2.1.3 PAH.Toxic Units
Polycyclic aromatic hydrocarbons were assessed using the additive toxicity index model
developed by Swartz et al. (1995). The £PAH model was developed to predict the probability of

acute sediment toxicity to amphipods caused by the additive effect of 13 PAHs (Swartz et al.,
1995). The ZPAH model uses equilibrium partitioning, quantitative structure-activity
relationships (QSARs), and toxic unit additivity (Swartz et al., 1995).

Swartz et al. (1995) identified measured porewater concentrations lethal to 50% of test organisms

(LC50s) for three PAHs (acenaphthene, phenanthrene, and flouranthene) from controlled
experiments measuring the toxicity of spiked sediment to several amphipod species. A QSAR

was then used to estimate porewater LC50s for the additional PAHs, based on an empirical

relationship between LC50 and log Kow (octanol-water partition coefficient). The resulting set of
porewater LC50, is applied to whole-sediment concentrations of PAHs using the equilibrium

partitioning approach (Di Toro et al., 1991; Swartz et al., 1995) as follows:

SQBfocxK,jcxWQB

where:

SQB = Sediment quality benchmark

f~= Fraction of the total mass of dry sediment that consists of organic carbon, set at 0.01 to
provide SQBs that are normalized to 1% TOC
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K,~=ChemicaJ-specific partition coefficient (ratio between amount of chemical adsorbed to
organic carbon and amount in porewater at equilibrium)

WQB=Water quality benchmark; in this case, the porewater LC50

To assess the toxicity of PANs, the sediment quality benchmarks for individual PARs are
combined in an additive toxicity index. The PAH index provides a sum of sediment PAH
concentrations, where the concentration of each PAR is weighted based on that congener’s
toxicity:

[PAHiI [PAm] [PAmJ)
PAH index = +

SQBi SQB2 SQBI4

where:

[PAN~] = Concentration of the nth congener

SQB~ = Sediment quality benchmark for the nth congener

Using individual PAN data from each sample, the PAR index was developed for each station.

2.3 Toxicity Tests
The 10-day freshwater sediment bioassay tests were performed according to American Society
for Testing and Materials (ASTM), Method E 1706-95b (ASTM, 1997), using larvae of the
midge Chironomus tentans. The test procedures are summarized in the following sections.

2.3.1 Preparation of Sediment Samples for Testing
Once the samples anived at the laboratory, they were stored at 4 degrees Celsius (°C) until used

for testing. Due to the high percentage of gravel and large pieces of plant material in the
samples, sediment samples used for toxicity testing were not sieved prior to use. Control
sediments were collected from Spruce Run Reservoir in Clinton, New Jersey. The control

sediments were sieved prior to transport to the laboratory and stored at 4 °C prior to use.

2.3.2 Test Organisms
Test organisms (Chironomus tentans) used in the toxicity tests were obtained from stock cultures

maintained by ABS, Inc. of Fort Collins, Colorado. Prior to testing, the organisms were held

under conditions similar to testing conditions. Once daily, the chironomids were fed
approximately 4.0 milligrams (mg) of flake fish food. Reference toxicant tests, using potassium
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chloride as the toxicant, were conducted concurrently with each of the ten-day exposures to

verify the health of the lot of organisms used in the tests. The 48-hour (hr) LC50 values of

1,800 ppm, 1,125 ppm, and 1,203.1 ppm for the three lots of test organisms were within ranges

of a round robin study conducted by the U.S. Environmental Protection Agency in 1992
(Ingersoll, 1994).

2.3.3 Experimental Procedures
Test chambers were filled with 100 milliliters (ml) of sediment, which was covered with 175 ml

of laboratory reconstituted fresh water with a hardness of 100 mg/L. All test chambers were
allowed to settle for 24 hours prior to test initiation. After the settling period, water changes

were performed and alkalinity, ammonia, conductivity and pH were measured within each test
chamber prior to the introduction of the organisms. Dissolved oxygen and temperature were

measured initially and every 24 hours for the duration of the 10-day exposure.

The exposure period began by placing 10 randomly selected test organisms into each of the eight
replicate test chambers for each sample location and control sample.

Approximately 4.0 mg of fish food was then added to each test chamber. Each day during the

exposure period, the number of dead organisms was observed an&recorded. The overlying water
was siphoned off twice per day and replaced.

At the end of the 10-day exposure period, the physical water quality parameters were recorded

from each test chamber. Each chamber was gently stirred and poured through a #60 mesh sieve
and rinsed in a shallow pan. The remaining contents on the sieve were placed into a second
shallow pan of water over a light table. The material was sorted to remove surviving test
organisms. All surviving organisms were transferred to a 30-mi cup to record the number of

survivors and prepare them for dry weight analysis.

After all test chambers had been sorted and the number of surviving organisms from each test

chamber had been recorded, 0.5 ml of ethanol was added to each cup to kill the test organisms.

The organisms were then transferred to a previously dried and weighed aluminum pan and placed

in a drying oven maintained at 105 °C for six hours. Upon removal from the oven, the pans were
placed into a dessicator to cool. The organisms were weighed to the nearest 0.01 mg.

a
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2.3.4 Data Analysis
Data analysis was performed following procedures published by the EPA (Ingersoll,1994). Data

for each sample replicate chamber consisted of survival (percentage of initial organisms

surviving to the end of the test), growth (average dry weight of surviving organisms), and

biomass (total dry weight of surviving organisms). Since the toxicity tests were conducted in

three batches, the data were control normalized in order to make appropriate comparisons.

Normalization consisted of expressing the results as a percentage of the average laboratory

control response for the laboratory control sample tested concurrently with the particular sample.

2.4 Benthic Macroinvertebrates
Benthic macroinvertebrate samples were collected and analyzed for calculation of appropriate

benthic metrics. The procedures used are summarized in the following sections.

2.4.1 Benthic Macroinvertebrate Sofling, Enumeration and Identification
The benthic macroinvertebrate samples were subsampled and sorted to remove organisms from

the vegetative debris. Organisms removed from the debris were identified to a minimum of

family-level taxonomic classification. Lower classification was not practical in most cases

because of the early life stages (instars) of the organisms present in the samples.

2.4.2 Subsampling and Sofling
The contents of multiple containers from each sampling location were poured into a

0.25-millimeter (mm) sieve and rinsed with cold tap water to remove fonualin and silt/clay

particles from the sample. The sample was then removed from the sieve and placed into a

stainless steel mixing bowl to be homogenized by stirring with a spoon. The bowl was then

emptied into a white enamel pan partially filled with water. Large pieces of grass and rock were

removed from the pan after any adhering organisms were removed and placed with the remainder

of the sample. The remaining residue in the pan, containing gravel, algae, small bits of

vegetation and invertebrates, was emptied into a plankton splitter and homogenized. Each time

the sample was poured into the splitter it was separated into equal volumes. A 100-organism

target subsample size was used in order to expedite laboratory processing and to ensure valid

comparability of individual metrics. All organisms were removed from each successive fraction

(e.g., 1/8, 1/4, ‘A) until 100 organisms were removed, and were placed into glass vials containing

ethanol. Each vial containing invertebrates was labeled with the station identification number.
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2.4.3 Macroinvertebrate Identification
Organisms were identified using keys developed by Merritt and Cummins (1984), Peckarsky

et al. (1990), and Pennak (1989). Each taxon of organisms identified at each location was placed

into separate vials containing ethanol as a preservative in order to assemble a reference collection
for this project. The organisms identified from each station location were enumerated and

recorded on laboratory data sheets.

2.4.4 Data Analysis
In order to evaluate the benthic macroinvertebrate component of the Triad, the following thsee
metrics were calculated: diversity, percent relative abundance of EPT taxa, and modified family

biotic index. These metrics are described in detail below.

2.4.4.1 Diversity
Diversity (H’), also known as the Shannon’s Index, was calculated using the program

SPDIVERS.BAS from Ludwig and Reynolds (1988). For this investigation, H’ was calculated

using logarithmic base e. The equation for estimating H’ is:

H’=Z[Q?i) lnQ~)] .

Shannon’s Diversity Index is based on information theory and is a measure of the average degree

of uncertainty in predicting the taxon of an individual chosen at random from a collection of S
(taxa) and n (individuals). The average uncertainty increases as the number of taxa increases and

as the distribution of individuals among the taxa becomes even. Therefore, H’ incorporates both
the number.oftaxa and the relative abundance of organisms among the taxa. H’ is equal to zero

if, and only if, there is one taxon in the sample. The maximum possible value of H’ for a
particular sample is the log of the total number of taxa in the sample. H’ is maximum only when

all taxa contain the same number of individuals (i.e., when there is a perfectly even distribution

of abundances).

2.4.4.2 Percent Relative Abundance of EPT Taxa
The EPT taxa, Mayflies (Ephemeroptera), Stoneflies (Plecoptera) and Caddisflies (Trichoptera),

are generally more abundant in areas of higher water quality (i.e., they are pollution sensitive).

The relative abundance of organisms within the EPT taxa was calculated by dividing the number C)
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of oiganisms within the Families Ephemeroptera, Plecoptera, and Trichoptera, by the total

number of organisms in the sample and is expressed as a percentage.

2.4.4.3 Modified Family Biotic Index
The Modified Family Biotic Index (FBI) metric was calculated from the benthic

macroinvertebrate data from each location as part of the procedures outlined in EPA Rapid

Bioassessment Protocol II (Plafkin et al., 1989). This index, developed by Hilsenhoff (1988),

summarizes the tolerances of the benthic macroinvertebrate community to pollutants with a
single value. Tolerance values used in the calculation of FBI were obtained from Hilsenhofi’

(1988) and Bode (1988). The FBI is calculated by multiplying the number of organisms in each

taxon by the tolerance value for that taxon, summing the products, and dividing by the total

number of organisms in the sample for which an index exists. Values for the FBI range from

0.00 to 10.00 with higher values corresponding to greater levels of pollution tolerance.

Therefore, higher FBI values are indicative of greater levels of environmental stress.

2.5 Triad Approach
The calculation of risk to benthic communities from sediment contamination follows a weight-

of-evidence approach to interpret the implications of the different measurement endpoints. The

approach used, often referred to as the Sediment Quality Triad, incorporates the results of three

investigative areas: sediment chemistry, sediment toxicity, and in situ benthic community

effects. The three components of the Triad approach integrate chemical and biological response

data. They also provide the strongest evidence for identi~ing contaminant-induced degradation.

Because multiple reference streams with variable sediment chemistry, toxicity and benthic

community results were sampled on Amchitka, RTR normalization was not employed in the

present analysis. Rather, a ranking method was used, where each location is ranked for each

parameter in the analysis. Overall mean ranks for each sampling location and each site stream

were then calculated. Mean rankings were assigned to each sample location for each of the three

Triad components (benthic macroinvertebrates, sediment chemistry, and toxicity test results).

Lowland streams were ranked separately from upland streams. Using toxicity data in lowland

streams as an example, the location with the highest mean of the survival, growth, or biomass

was assigned a rank of one for that endpoint. The sample with the lowest mean of the survival,

growth or biomass was assigned a rank of 22 for that endpoint, indicating that this sample was

rated last among 22 locations/samples. When ties occurred, locations were scored by calculating

the average of the numerical ranks. A rank for each Triad component was calculated by
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averaging the ranks of the three endpoints of that component and then ranking the average ranks.

An overall mean rank for each station was calculated by averaging the rank for each of the three

Triad components.

The mean ranks for each Site station were compared to the mean average ranks for the reference
stations for either upland streams or lowland streams. A probability analysis was also conducted
for the mean ranks. The probability of obtaining mean ranks’ were determined. From this the
mean rank, for which there is a 10% probability of randomly obtaining a higher mean rank, was
calculated. This was considered the level which indicates rare poor quality ranks. Similarly, the

20% probability was considered the level of uncommon poor quality ranks. The 10% and 20%
probability for lower mean ranks was considered the level of rare and uncommon good quality

ranks.

Each site stream was also compared individually to the two reference streams in its geomorphic

region. The test site streams (Clevenger Creek, Cloudberry Creek, Rainbow Creek, Bridge
Creek, and White Alice Creek), which drain relatively lower elevations, were compared to
Reference Streams 1 and 2. The drill site streams (Streams D, E, and F), which drain relatively
higher elevations, were compared to Reference Streams 3 and 4. This was done by creating
radial plots of the Triad ranks for each Site station, and then comparing them to the radial plots C)
for the appropriate reference stations. Each leg of the radial plots represents the rank for one of

the Triad components: biology, chemistry, or toxicity. If a leg of a Site station radial plot
extends out further than the legs of the reference station radial plots, then the Site station is

considered to have poorer than reference quality for that Triad component.

A site station, which has all legs of the radial plot extending further than the legs of the reference
station radial plots, has a weight-of-evidence indicating that chemical contamination is impacting

the benthic community. However, there are many instances where one or two legs of the radial
plots for a station are worse (or better) than the legs of the reference station and the other leg is

better (or worse). The conclusions for such stations are less definitive. The radial plots can also

be used to compare the area defined by the plots between the Site stations and the reference

stations. Since numerically lower ranks indicate higher quality, a triangle with its vertices at the

ranks of the three components will enclose a smaller area when sediment quality is relatively

good. Conversely, large Triad areas reflect poorer quality sediments.

a
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The ranking method of Triad Analysis discussed previously is informative, but it does not

illustrate the degree of magnitude of differences between sites. To better understand the

magnitude of difference between stations that appear to show a negative impact and the non-

impacted stations, particularly the reference locations, a multi-dimensional scaling approach was

applied. In essence, this technique is used to represent the differences between stations as

measured in many parameters (FBI, benthic diversity, EPT tan, Chironomus survival,

Chironomus biomass, Chironomus growth, PAHs, metals, and DRO) into a two-dimensional

display.

The method chosen for the multi-dimensional scaling is called Principal Component Analysis

(PCA) (Ludwig and Reynolds, 1988). First, the individual parameters are standardized and

normalized (i.e., expressed in terms of standard deviations from the mean, with the mean

established as zero). The distances between the samples are then calculated, and the two axes are

determined which can best present the differences between the points in two dimensions and

leave the least amount of difference unrepresented. In mathematical terms, the procedure

calculates the principal eigenvectors. The first two principal eigenvectors are referred to as

Principal Component I and Principal Component II and are represented as the x-axis and the

y-axis. The mathematical equation of the eigenvectors describes the contribution of each

parameter to the axes.
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3.0 Results

The results of the sediment chemistry, toxicity, and benthic macroinvertebrate analysis are

presented individually in this section, followed by the Triad Analysis which incorporates the

three components into the overall sediment quality evaluation.

3.1 Sediment Chemistry
A summary of benchmarks for the sediment chemistry analytes is presented in
Table 3.1-1. The results of the chemical analyses are presented in Tables 3.1-2 and 3.1-3 for
upland streams, and in Tables 3.1-4 and 3.1-5 for lowland streams. Data is presented only for
analytes for which at least one sediment sample had a detected concentration.

3.1.1 Upland Streams
As shown in Table 3.1-2, PAHs were detected in two of the streams: Drill Site D Stream
Location 1 and Drill Site E Stream Location 1. The Drill Site E location had detectable levels of
three PAHs: acenaphthene, fluorene, and phenanthrene. The Drill Site D location had detectable

levels of 12 PAHs, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, fluoranthene, fluorene,

indeno(1 ,2,3-cd)pyrene, phenanthrene, and pyrene.

Diesel range organics were detected in four of the five upland streams. It was not detected in
Drill Site F Stream. Lowest concentrations were in Reference Stream 4, with concentrations of

9.95 milligrams per kilogram (mg/kg) at Location 3 and 10.7 mg/kg at Location 4. The highest
concentrations were in Reference Stream 3, with a concentration of 206 mg/kg at Location 1.
The detection of DRO in reference streams (where it was found in 5 of 10 sediment samples)

indicates that biogenic DRO is common in Amchitka stream sediments. Diesel Range Organics
were also detected at 22.1 mg/kg in Drill Site E Stream Location 2 and 176 mg/kg in Drill Site D

Stream Location 1.

Carbon disulfide was not detected in any of the upland stream sediments. Total organic carbon

content ranged from 1.2% at Drill Site D Stream Location 1 and Reference Stream 4 Location 3

to 15.9% at Reference Stream 3 Location 1.

Acid volatile sulfides (AVS) were detected in only half of the upland stream samples. Detected
concentrations ranged from 2.63 millimole-per-kilogram (mmol/kg) at Reference Stream 3
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Location I to 170 mmollkg at Drill Site D Stream Location I. Simultaneously extracted metals

(SEM) were detected in all samples, with concentrations ranging from 0.553 mmol/kg at Drill

Site D Stream Location 2 to 6.12 mmol/kg at Drill Site B Stream Location 1. The AVS

concentrations exceeded SEM in only five locations: Drill Site D Locations 1 and 4, Drill Site F

Stream Location 5, and Reference Stream 3 Locations 2 and 4. This indicates reduced metal
bioavailability due to the presence of sulfides is not expected to be a major consideration.

A total of 23 metals were detected in upland streams: aluminum, arsenic, barium, boron,

cadmium, calcium, cerium, chromium, cobalt, copper, iron, lithium, magnesium, manganese,
molybdenum, nickel, potassium, selenium, strontium, thallium, titanium, uranium, vanadium,
and zinc. Beryllium, cesium, thallium, and thorium were not detected in upland streams. Most
metals were detected in all samples except for the following. Uranium was only detected at Drill

Site D Stream Location 1 (2.49 mg/kg). Cadmium was only detected at Drill Site E Stream

Location 1 (8.5 mg/kg). Molybdenum was only detected at Drill Site D Stream Location 2

(0.555 mg/kg) and Drill Site F Stream Location 3 (1.63 mg/kg). Boron was detected in five
samples: all three Drill Site D Stream samples, one Drill Site F Stream sample, and one
Reference Stream 3 sample. Selenium was detected in seven samples: two of three Drill Site B
Stream samples, one Drill Site F Stream sample, one Reference Stream 3 sample, and all three
Reference Stream 4 samples. Lithium was detected in all samples except for Reference Stream 3 (1)
Location 1.

All detected concentrations were compared to conservative sediment benchmarks (see

Table 3.1-1) based on both bulk chemistry and, for organics, carbon normalized concentrations.
Carbon disulfide was not detected above its benchmark value and was not included in further
analyses. Many of the PAHs were detected above the benchmark values; therefore, all PAHs
were retained for further evaluation. Nine of the metals detected have benchmark values:

aluminum, arsenic, cadmium, chromium, copper, iron, manganese, nickel, and zinc. At least one

sample for each of these metals had a detected concentration above the benchmark except for
aluminum. However, all nine metals were retained for further analysis.

A PAH index was calculated as described in Section 2.2.1.3 for each upland stream station.

Since only two upland stream samples had detectable levels of PAHs, the PAH index was

calculated for these samples only: 0.021 for Drill Site D Stream Location 1 and 0.001 for Drill

Site B Stream Location 1. These are presented in Table 3.1-3.

0
3-2



The DRO concentrations were carbon-normalized in order to get a relative idea of the

bioavailability of DROs in each of the samples. The carbon-normalized DRO concentrations for

the five stations at which DROs were detected are 2.1 mg/percent organic carbon (%OC) at

Drill Site E Stream Location 2, 5.9 and 8.3 mg/%OC at Reference Stream 4 Locations 4 and 3,

13.0 mg/%OC at Reference Stream 3 Location 1, and 152 mgl%OC at Drill Site D Stream

Location I (Table 3.1-3).

Total metals toxic units were calculated for each upland stream sample as the sum of the

individual metal concentrations divided by the conservative sediment benchmark. These ranged

from 2.9 at Drill Site F Stream Location 3 to 31.4 at Reference Stream 3

Location 2. These are also shown in Table 3.1.3.

3.1.2 Lowland Streams
Lowland stream sediment chemistry analytical results are shown in Table 3.1-4. PAHs were not

detected in any of the lowland stream samples. The DROs were detected in eleven of the 22

• samples ranging from 9.47 mg/kg at Reference Stream 2 LocationS to 2,110 mg/kg at Rainbow

Creek Location 3. The DROs were not detected in any of the Bridge Creek, Cloudberry Creek,

• or Reference Stream 1 samples. However, DRO was detected in four of ten lowland reference

• stream samples, indicating that biogenic DRO is present in Amchitka stream sediments. The

maximum DRO concentration detected in lowland reference streams was 15.3 mg/kg. The

maximum concentration detected at a Triad reference location was 13.6 mg/kg at Reference

Stream 2 Location 2.

Carbon disulfide was detected in two of the lowland stream samples. Clevenger Creek

Location 2 had 0.136 mg/kg CS2 and Cloudberry Creek Location 2 had 0.025 mg/kg. Total

Organic Carbon ranged from 0.8% in White Alice Creek Location 3 to 28.4% in Rainbow Creek

Location 2. Carbon Disulfide was detected in trip blank samples and is not certified as

non-detect by the manufacturer of the sample containers. Therefore, the detected concentrations

of carbon disulfide are attributable to contaminated sample containers and are not believed to be

site-related.

The AVS were detected in 12 of the lowland stream samples. They were not detected in

Rainbow Creek. Detected concentrations ranged from 0.132 mmol/kg in Reference Stream 2

Location 2 to 1,375 mg/kg in Cloudberry Creek Location 1. The AVS concentrations exceeded

SEM in nine of the lowland stream samples. Therefore, AVS may play a role in reducing metals
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bioavailabiliw in a significant portion of the lowland streams. However, the AVS are
insufficient to completely reduce bioavailability of these metals in more than half of the stream

locations.

All 27 metals for which analyses were conducted were detected in at least one lowland stream
sample. Beryllium was only detected in Cloudberry Creek Location 5 (2.9 mg/kg). Thorium and
uranium were only detected in Reference Stream 2 Location 5 (0.5 mg/kg and 2.11 mg/kg,
respectively). Cadmium and thallium were only detected in Cloudberry Creek Location 5 and

Reference Stream 2 Location 5. Cesium was detected in Clevenger Creek Location 5 and

Cloudberry Creek Location 5. Boron was detected in Clevenger Creek Locations 2 and 5,
Rainbow Creek Location 5, and Reference Stream 2 Location 5. Molybdenum was detected in
Cloudberry Creek Location 5, Reference Stream 1 Location 3, and Reference Stream 2 Location
5. Selenium was detected in seven of the 22 samples. Cobalt and lithium were detected in all

but two samples (Rainbow Creek Locations 2 and 3). And chromium was detected in all but one
sample (Rainbow Creek Location 2).

All detected concentrations were compared to conservative sediment benchmarks
(see Table 3.1-1) based on both bulk chemistry and, for organics, carbon-normalized
concentrations. Carbon disulfide was not detected above its benchmark value and was not C)
included in further analyses. The PAHs were not detected in any of the lowland stream samples
and are, therefore, not above the benchmark values. Nine of the metals detected have benchmark
values: aluminum, arsenic, cadmium, chromium, copper, iron, manganese, nickel, and zinc. At
least one sample for each of these metals had a detected concentration above the benchmark
except for chromium. However, all nine metals were retained for further analysis.

The PAH toxic units, metals toxic units, and carbon-normalized DRO concentrations for the
Lowland stream locations are presented in Table 3.1-5. A PAH index was assumed to be zero for
all lowland stream locations since they were not detected in any lowland stream sample.

The DRO concentrations were carbon-normalized in order to get a relative idea of the

bioavailability of DROs in each of the samples. The carbon-normalized DRO concentrations for
the eleven stations at which DROs were detected ranged from 2.2 mg/%OC at Clevenger Creek

Location S to 141 mg/%OC at White Alice Creek Location 3.
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Total metals toxic units were calculated for each lowland stream sample as the sum of the

individual metal concentrations divided by the conservative sediment benchmark. These ranged

from 2.7 at Rainbow Creek Location 2 to 84.4 at Reference Stream 2 Location 5. These are also

presented in Table 3.1.5.

3.2 Sediment Toxicity
The results of the sediment toxicity tests are presented in Table 3.2-1 and Table 3.2-2 and are

discussed in the following sections.

3.2.1 Upland Streams
Survival in the upland stream samples ranged from 26.25% in Stream D Location 2 to 91.25% in

Reference Stream 3 Location 4 and Reference Stream 4 Location 3. The control-nonnalized

survival ranged from 27.99% in Stream D Location 2 to 102.82% in Reference Stream 4
Location 3. Growth in these samples ranged from an average dry weight per surviving

organism of 0.280mg in Stream E Location 4 to 1.367mg in Stream D Location 1. The control-

normalized growth ranged from 55.6% in Stream E Location 4 to 185.1% in Stream D

Location 1. The total surviving biomass ranged from 1.82 mg in Reference Stream 3 Location 1

and Location 2 to 6.37 mg in Stream D Location 1. The control-normalized biomass ranged

from 33.2% in Stream D Location 2 to 92.2% in Stream D Location 1.

3.2.2 Lowland Streams
Survival in the lowland stream samples ranged from 0% in Rainbow Creek Location 3 to 92.5%

in White Alice Creek Location 2. The control-normalized survival ranged from 0% in Rainbow

Creek Location 3 to 104.23% in White Alice Creek Location 2. Growth in these samples ranged

from 0 mg in Rainbow Creek Location 3 to 1.315 mg in Cloudberry Creek Location 1. The

control-normalized growth ranged from 0% in Rainbow Creek Location 3 to 177.9% in

Cloudbeny Creek Location 1. The total surviving biomass ranged from 0 mg in Rainbow Creek

Location 3 to 6.77 in Cloudberry Creek Location 1. The control normalized-biomass ranged

from 0% in Rainbow Creek Location 3 to 116.3% in White Alice Creek Location 2.

3.3 Benthic Macroinverterbrate Community Analysis
The results of the benthic macroinvertebrate community analysis are presented in Tables 3.3-1

and 3.3-2 and are summarized in the following sections.
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3.3.1 Upland Streams
A summary of taxa identified at the upland stations is shown in Table 3.3-1. The FBI, EPT. and

species diversity values are also shown on Table 3.3-1. The FBI ranged from 4.38 at Site E

Stream Location ito 7.94 at Reference Stream 4 Location 3. The relative abundance of EPT

taxa ranged from 1.1% at Reference Stream 4 Location 3 to 70.8% at Site E Stream Location 1.
Species diversity values ranged from 0.12 at Reference Stream 4 Location 3 to 1.47 at SiteD
Stream Location 2.

3.3.1.1 Site D Stream
A total of nine taxa were identified at the Stream D stations. The dominant organisms at Stream
D were two Families of amphipods (Gammaridae and Talitridae). Of the six taxa identified at
Station Dl, Hyalella sp. were the dominant organisms. Chironomidae larvae and Gammarid

amphipods were also present in abundance at Location Dl. Five tan were identified at D2
where the dominant organism was Chironomidae larva. Five taxa were identified at D4 where

Tubifex worms were dominant. The FBI ranged from 5.54 at D2 to 7.09 at D4. The overall FBI
values at the Stream D stations were higher than the overall values at Reference Stream 3 and
lower than the overall FBI values at the Reference Stream 4 stations. The relative abundance of
EPT taxa ranged from 6.10% at Di to 25.7% at D2. The overall relative abundance of EPT taxa
at the Stream 0 stations was lower than the overall values at Reference Stream 3 and higher than
the overall values at Reference Stream 4. Species diversity ranged from 0.98 at D4 to 1.47 at D2.
Overall species diversity values at the Stream D stations were higher than the overall values at
Reference Streams 3 and 4.

3.3.1.2 Site E Stream
A total of six taxa were identified in the Stream E samples, where mayfly nymphs (Pseudocloeon
sp.) were the most abundant organisms. (An adult arachnid, a terrestrial spider, was also found

in the Stream E samples.)~ A total of four taxa were identified at Stream E Location I and
caddisfly larvae (Limnephilidae) were numerically dominant. Three taxa were identified at E2,

where Mayfly nymphs were dominant. Two tan were identified at E4 where Caddisfly larvae

and Tubifex worms were identified. The FBI ranged from 4.38 at El to 5.33 at E4. Overall FBI
values at Stream E were lower than the overall FBI values at Reference Stream 3 or 4. The

relative abundance of EPT taxa ranged from 70.8% at El to 66.7% at E4. The overall relative

abundance of EPT taxa at Stream E was higher than the overall relative abundance of EPT taxa at
Reference Streams 3 and 4. Species diversity decreased from 1.23 at El to 0.64 at E4. Overall

U
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species diversity values for the Stream E were lower than the overall Reference Stream 3
diversity values, but higher than the overall diversity values at Reference Stream 4.

3.3.1.3 Site F Stream
A total of eight taxa were identified at Stream F (Limpet Creek). A total of five taxa were
present at Site F Location I. Clams (Sphaeriidae) and amphipods (Hyalella sp.) were dominant
at Fl. Three taxa were identified at F3, and Tubifiex worms were the dominant taxon. Four taxa
were identified at F5 where Tubifex worms were also the dominant taxon. The FBI ranged from

7.09 at F5 to 7.84 at Fl. Overall FBI values at the Stream F sampling locations were higher than

the overall values at Reference Stream 3 and similar to the overall values at Reference Stream 4.

The relative abundance of EPT taxa ranged from 1.3% at Fl to 22.7% at F5. The overall relative
abundance of EPT tan for the Stream F were lower than the overall values at Reference

Stream 3, but greater than the overall values at the Reference Stream 4 stations.

3.3.2 Lowland Streams
A summary of the taxa identified at the lowland stations is shown in Table 3.3-2. The FBI, EPT,
and species diversity values are also shown in Table 3.3-2. The FBI ranged from 4.14 at
Reference Stream 2 Location 5 to 7.72 at Bridge Creek Location 3. The percent relative
abundance of EPT taxa ranged from 86.40% at Reference Stream 2 Location 5 to 0% at White
Alice Creek Location 4 and Cloudbeny Creek Location 1. Species diversity values varied from
1.6 at Clevenger Creek Location 2 to 0.31 at Reference Stream 1 Location 1.

3.3.2.1 Bridge Creek
A total of nine taxa were identified in the Bridge Creek samples. Chironomid larvae and

Caddisfly larvae (Limniphilidae) were the most abundant taxa in terms of relative abundance. Of
the seven taxa identified at Bridge Creek Location 2, Chironomidae and Limniphilidae larvae

were numerically dominant. Tubificid worms were the most abundant organisms of the four taxa

identified at Bridge Creek Location 3. Of the four taxa identified at Bridge Creek Location 5,

Chironomid larvae and clams (Sphaeriidae) were most abundant. The family biotic index ranged

from 5.76 at the upstream station Bridge Creek 2 to 7.72 at Bridge Creek 3. The FBI value of

5.76 at Bridge Creek 2 is lower than the FBI values at all Reference Stream 1 sampling stations.
The FBI calculated at Bridge Creek 3 is higher than the FBI values calculated at Reference

Streams 1 and 2. The relative abundance of EPT taxa ranged from 28.20% at Bridge Creek 2 to

1.5% at Bridge Creek 3. The EPT abundance at Bridge Creek 2 was higher than that at

Reference Stream 1 Location 1 and Reference Stream 2 Location 2, which had EPT percentages
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of 7.9% and 4.7%, respectively. Species diversity ranged from 1.29 at Bridge Creek 2 to 0.34 at
Bridge Creek 3. Species diversity was higher at Bridge Creek 2 than at the upstream reference

locations, Reference Stream I Location 1 and Reference Stream 2 Location 2, which had

diversity values of 0.31 and 0.65 respectively. Diversity at Bridge Creek Location 3 was lower

than at the corresponding reference stations (Reference Stream 1 Location 3 and Reference
Stream 2 Location 3) which had values of 1.22 and 0.73.

3.3.2.2 Cloudberry Creek
A total of 14 taxa were identified in the Cloudberry Creek samples. Chironomid larvae and
isopods (Asellidae) were the most abundant taxa in tenns of relative abundance. Five taxa were

identified at Cloudberry Creek Location I with Chironomidae larvae being the most abundant.
Nine tan were present at Cloudberry Location 2, with Chironomidae larva and isopods being
most abundant. Of the seven taxa identified at Cloudberry 5, Chironomidae larva were
numerically dominant. Significantly fewer Chironomidae larva were present at Cloudberry 5 as

compared to Cloudberry Locations 1 and 2. Family Biotic Index values ranged from 6.10 at
Cloudbeny 1 to 6.94 at Cloudberry 2. Overall FBI values for Cloudberry Creek were higher than
those calculated from the Reference Streams 1 and 2 data. The relative abundance of EPT taxa
ranged from 0% at Cloudberry ito 13.9% at Cloudberry 5. The overall percentage of EPT taxa
was lower for Cloudberry Creek than for Reference Streams 1 or 2. Species diversity values ()
ranged from 0.67 at Cloudberry 1 to 1.45 at Cloudberry 2. Overall species diversity values for
Cloudberry Creek were higher than those calculated for Reference Streams 1 and 2.

3.3.2.3 Clevenger Creek
A total of 12 taxa were identified at the Clevenger Creek stations. The most abundant taxa
identified in the Clevenger Creek samples were Chironomidae larvae. Six taxa were identified at
Clevenger Creek Location 1 and Chironomidae larvae and isopods were dominant. Seven tan

were identified in Clevenger Creek Location 2 where Mayfly nymphs (Pseduocloeon sp.) were
dominant. Five taxa were identified at Clevenger 5 where Tubifex worms were present in the

greatest number. Overall abundance of organisms decreased from upstream station Clevenger 2

to downstream station Clevenger 5. The FBI values ranged from 5.45 at Clevenger 2 to 6.83 at
Clevenger 5. The FBI values calculated for the Clevenger Creek samples fall within the range of

FBI values at Reference Streams 1 and 2. The relative percent abundance of EPT taxa increased

from 2.4% at Clevenger I to 38% at Clevenger 2. Overall EPT abundance at the Clevenger
Creek stations were greater than that at Reference Stream 1 but lower than Reference Stream 2.

0
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Spedies diversity increased from 0.93 at Clevenger 1 to 1.6 at Clevenger 2. Overall species

diversity values at the Clevenger Creek stations were higher than at Reference Streams 1 or 2.

3.3.2.4 Rainbow Creek
A total of eight taxa of benthic macroinvertebrates were identified in the Rainbow Creek

samples. A terrestrial arachnid was also found in the Location 2 sample. The most abundant

organisms were Chironomidae larvae. Six taxa were identified at Rainbow Creek Location 2 and

Diamesinae midge larvae were numerically dominant. Chironomidae larvae were dominant at

Rainbow Creek 3, where a total of three tan were identified.. Four taxa were identified at

Rainbow Creek 5 where Chironomidae larva were also dominant. The FBI index ranged from

5.89 at Rainbow Creek 3 to 6.15 at Rainbow Creek 5. Overall FBI values at the Rainbow Creek

stations were lower than Reference Streams 1 or 2. The relative abundance of EPT taxa

increased in a downstream direction from 3.1% at Rainbow Creek 2 to 8.9% at Rainbow Creek 5.

The overall relative abundance of EPT taxa were higher at Reference Streams I and 2 than in

Rainbow Creek. Species diversity ranged from 0.34 at Rainbow Creek 3 to 1.01 at Rainbow

Creek 5. Overall species diversity values at the Rainbow Creek stations were within the range of

the values obtained at Reference Stream I and lower than the overall species diversity values at

Reference Stream 2.

3.3.2.5 White Alice Creek
A total of twelve taxa were identified from the White Alice Creek samples. Amphipods

(Gammaridae) were dominant in terms of relative abundance followed by Chironomidae larvae.

Chironomidae larvae were dominant at White Alice Creek Location 2 where four taxa were

identified. Eight tan were identified at White Alice Creek 3 where midge larvae and blackfly

larvae were dominant. Amphipods (Gammaridae) were dominant at White Alice 4 where five

taxa were identified. Chironomidae larva and amphipods were dominant at White Alice 5 where

eight taxa were identified. Benthic macroinvertebrate abundance generally increased from the

upstream stations towards the downstream stations. The FBI ranged from 4.23 at White Alice 4

to 6.27 at White Alice 3. Overall FBI values at the White Alice Creek stations were lower than

Reference Streams 1 or 2. The relative abundance of EPT taxa ranged from 0% at White Alice 4

to 21.1% at White Alice 2. Overall EPT abundance at the White Alice Creek stations was lower

than Reference Streams 1 or 2. Species diversity ranged from 0.42 at White Alice 4 to 1.41 at

White Alice 3. Overall species diversity at the White Alice Creek stations was lower than the

overall diversity at the Reference Stream I stations and higher that the overall diversity values at

the Reference Stream 2 stations.
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3.4 Triad Analysis
Due to the need to sample various reference streams with different characteristics, the RTR

method of evaluating site locations with the Triad approach was not employed. An approach

using ranking of the lowland stations and of the upland stations was used. The following
sections describe the results of those rankings.

3.4.1 Upland Streams
The following sections present the results of the Triad Analysis for the upland streams, which
include Site D Stream, Site E Stream, Site F Stream, as well as Reference Streams 3 and 4.

3.4.1.1 Benthic Macroinvertebrates
The numerical ranking for the 15 upland stations is presented in Table 3.4-1. Lower number

ranks represent better conditions. Reference stream station ranks ranged from 3 to 15 for the
Family Biotic Index. Reference Stream 4 Locations 3 and 4 were ranked 15 and 13, respectively.

Drill Site E Stream Locations I and 2 were ranked better than all reference stream locations with
ranks of 1 and 2, respectively. Drill Site F had the poorest FBI ranks overall of the upland site
streams with ranlcs of 14, 12, and 10.5 for Locations 1,3, and 5, respectively.

Reference stream station ranks ranged from 4 to 15 for relative percentage of EPT taxa. (1)
Reference Stream 4 Locations 3 and 4 were ranked 15 and 11, respectively, and Reference
Stream 3 Location I was ranked 13. Drill Site E Stream Locations 1,2, and 3 were ranked better

than all reference stream locations with ranks of 1, 2, and 3, respectively. Drill Site F Stream
Location I had the poorest EPT rank among the upland site streams with a rank of 14.

Reference stream station ranks ranged from 4 to 15 for species diversity. Reference Stream 4
Locations 3 and 4 were ranked 15 and 13, respectively. Drill Site D Stream Locations 1 and 2

and Drill Site E Stream Location I had diversity rankings better than all upland reference stream
locations with ranks of 2, 1, and 3, respectively.

The upland stream stations were ranked with regard to average benthic endpoint rank. The

reference stream station ranks ranged from 2.5 to 15. Reference Stream 4 Locations 3 and 4

were ranked 15 and 14, respectively. Drill Site E had the best ranks overall with ranks of 1,4,

and 5 for Locations 1,2, and 4. Drill Site F had the worst ranks overall of the upland site

streams with ranks of 12.5, 12.5, and 9 for Locations 1,3, and 5, respectively.
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Each of the site stream locations was compared to the appropriate reference stream locations in

order to determine whether the site stream location had ranks within the range of(or better than)

the appropriate reference stream locations. Up-stream stations were compared to up-stream

reference stations, central stations were compared to central reference stream stations, and down

stream stations were compared to down-stream reference stream stations. These comparisons are

presented symbolically in Table 3.4-2. A “+‘ is presented if the site stream station was ranked

better than or within the range of the appropriate reference stations. A “-“ is presented if the site

stream station was ranked worse than both of the appropriate reference stations. The up-stream

station (Location 1) on Drill Site F Stream was ranked worse than the up-stream reference

stations for both FBI and EPT relative abundance, as well as for overall benthic quality. No

other upland stream locations were ranked worse than the reference stations for any endpoints.

3.4.1.2 Sediment Chemistry
Reference stream station ranks ranged from 5.5 to 14 for DRO. Reference Stream 3 Location 1

and Reference Stream 4 Locations 3 and 4 had DRO ranks of 14, 12, and 12, respectively. All

other reference stream stations had ranks of 5.5 due to nondetectable levels of DRO. Drill Site D

Stream Location 1 and Drill Site E Stream Location 2 had DRO ranks of 15 and 11, respectively.

All other site stream stations had ranks of 5.5 due to nondetectable levels of DRO.

Reference stream station ranks ranged from 2 to 15 for metals. Reference Stream 3 had higher

values with ranks of 13, 15, and 10 for Locations 1,2, and 4, respectively, whereas Reference

Stream 4 had ranks of 9,5, and 2 for Locations 2, 3, and 4, respectively. Drill Site F Stream had

the lowest overall metals ranks with ranks of 6, 1, and 4 for Locations 1, 3, and 5, respectively.

The highest metals ranks for site samples were found at Drill Site E Location 1 and Drill Site D

Locations I and 4 with ranks of 14, 11, and 12, respectively.

Reference stream stations all had ranics of 7 for PAHs due to nondetectable levels of PAHs. Drill

Site D Location 1 and Drill Site E Location I had PAH ranks of 15 and 14, respectively. All

other site stream stations had ranks of 7 due to nondetectable levels of PARs.

The overall chemistry ranks for the reference stream stations ranged from 6 to 14. Reference

Stream 3 Locations 1 and 2 had ranks of 14 and 12, respectively. Drill Site F Stream had the

best overall chemistry ranks with ranks of 4, 1, and 3 for Locations 1,3, and 5, respectively. The

worst chemistry ranks in upland site samples were at Drill Site D Stream Location I and Drill

Site E Locations 1 and 2 with ranks of 15, 13, and 11, respectively.
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A comparison of ranks for up-stream, central, and downstream site stations to the appropriate

reference stations for chemistry is presented in Table 3.4-2. For up-stream stations, Drill Site D

Location I had ranks for DROs and PANs worse than the reference streams and Drill Site E

Location 1 had ranks for metals and PAHs worse than the reference streams. Drill Site D

Location I also had an overall chemistry rank worse than reference. None of the central site
stream stations were ranked worse than the central reference ~tations for any of the chemistry
endpoints. For down-stream stations, Drill Site D Location 4 was ranked worse that reference
for metals as well as for overall chemistry.

3.4.1.3 Toxicity Testing
Reference stream station ranks ranged from 1 to 11 for toxicity test survival. All Drill Site D
Stream stations ranked worse with ranks of 14, 15, and 12 for Locations 1,2, and 4, respectively.
Drill Site E Stream stations were ranked best of the upland site streams with ranks of 6,4, and 3,

for Locations 1, 2, and 4, respectively.

Reference stream station ranks ranged from 7 to 13 for toxicity test growth. Drill Site E Stream

Locations 2 and 4 had ranks of 14 and 15, respectively. Drill Site D Stream had the best ranks
among the site streams with ranks of 1, 2, and 5 for Locations 1, 2, and 4, respectively.

Reference stream station ranks ranged from 2 to 13.5 for toxicity test biomass. Reference Stream
3 Locations I and 2 had ranks of 13.5. Drill Site D Stream Location 2 had the worst site rank
with a rank of 15 and Drill Site D Stream Location 1 had the best site rank with a rank of 1.

The overall toxicity ranks for the reference stream stations ranged from 1.5 to 15. Reference

Stream 3 Locations 1 and 2 had overall toxicity ranks of 14 and 15, respectively. Reference
Stream 4 had overall toxicity ranks of 1.5, 3.5, and 5 for Locations 2,3, and 4, respectively. For

the site streams, the four worst site overall toxicity ranks were found at Drill Site D Location 2,
Drill Site E Locations 2 and 4, and Drill Site F Location 3 with ranks of 13, 11, 12, and 10,

respectively.

A comparison of ranks for up-stream, central, and down-stream site stations to the appropriate

reference stations for toxicity is presented in Table 3.4-2. For up-stream stations, Drill Site D

Stream Location 1 and Drill Site F Stream Location 1 had ranks for survival worse than the

reference streams. Overall toxicity ranics were within the range of reference stations. For central

stations, Drill Site D Location 2 had worse ranks for survival and biomass, Drill Site E Location 0
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2 had worse ranks for growth, and Drill Site F Stream Location 3 had a worse rank for survival.

None of the central site stream stations were ranked worse than the central reference stations for

average toxicity. For down-stream stations, Drill Site D Location 4 was ranked worse that

reference for survival and biomass. Drill Site E Location 4 was ranked worse than reference for

growth and biomass. Drill Site F Location 5 was ranked worse than reference for survival and

biomass. All three of the site down-stream locations were ranked worse than reference for

overall toxicity.

3.4.2 Lowland Streams
The following sections present the results of the Triad Analysis for lowland streams, which

include White Alice Creek, Bridge Creek, Rainbow Creek, Cloudberry Creek, Clevenger Creek,

and Reference Streams 1 and 2.

3.4.2.1 Benthic Macroinvertebrates
The numerical ranking for the 22 lowland stations is presented in Table 3.4-3. Reference stream

station ranks ranged from 1 to 21 for the Family Biotic Index. Reference Stream 2 Locations 2

and 3 were ranked 20 and 21, respectively, whereas Reference Stream 2 Location 5 had an FBI

ranicing of I. White Alice Creek Locations 4 and 5 were ranked best of the site stream locations

with ranks of 2 and 3, respectively. Bridge Creek Location 3 had the worst rank of the site

streams with a rank of 22.

Reference stream station ranks ranged from 1 to 15 for relative percentage of EPT taxa.

Reference Stream 2 Locations 2 and 3 were ranked 14 and 15, respectively, and Reference

Stream 2 Location 5 was ranked 1. White Alice Creek Locations 4 and 5 and Cloudberry Creek

Locations 1 and 2 had the worst ranks for site stations with ranks of2l.5, 19.5, 21.5, and 19.5,

respectively. Clevenger Creek Location 2 and Bridge Creek Location 2 had the best ranks

among the site stations with ranks of 2 and 3, respectively.

Reference stream station ranks ranged from 8 to 22 for species diversity. Reference Stream 1

Location I was ranked 22. Clevenger Creek 2 and Cloudberry Creek 2 were ranked best with

ranks of 1 and 2, respectively. Bridge Creek 3 and Rainbow Creek 3 were ranked worst among

the site stations with a rank of 20.5.

The lowland stream stations were ranked with regard to average benthic endpoint rank. The

reference stream station ranks ranged from 2 to 20.5. Reference Stream 2 Locations 2 and 3
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were both ranked 20.5. Reference Stream 2 Location 5 was ranked 2. Clevenger Creek Location

2 had the best rank of 1 and Bridge Creek Location 3 had the worst average benthic rank of 22.

The up-stream stations Cloudberry Creek Location 1, Clevenger Creek Location 1, and Rainbow

Creek Location 2 were ranked worse than the up-stream reference stations for EPT relative
abundance. They were within the range of the up-stream reference streams for overall benthic

quality.

3.4.2.2 Sediment Chemistry
Reference stream station ranks ranged from 6 to 18 for DRO. Reference Stream 2 Locations 2

and Shad DRO ranks of 17 and 18, respectively. All other reference stream stations had ranks of
6 due to nondetectable levels of DRO. Clevenger Creek Locations 1, 2, and 5 had ranks of 20,

19, and 12, respectively. Rainbow Creek Locations 2 and 3 had ranks of ~ 4 and 21, respectively.
White Alice Creek Locations 2, 3, 4, and S had ranks of 16,22, 13, and 15, respectively. All
other site stream stations had ranks of 6 due to nondetectable levels of DRO.

Reference stream station ranks ranged from 9 to 22 for metals. Reference Stream 2 Location 5
had a rank of 22, and Reference Stream 1 Location 5 had a rank of 9. White Alice Creek
Location 2 and Rainbow Creek Location 5 had the worst site station metals ranks with ranks of
21 and 20, respectively. The best metals ranks for site samples were found at Rainbow Creek
Location 2, Cloudberry Creek Location 1, and Rainbow Creek Location 3 with ranks of 1, 2, and
3, respectively.

All lowland stations had PAH ranks of 11.5. PARs were not detected in lowland streams.

The overall chemistry ranks for the reference stream stations ranged from 6.5 to 21.5. Reference
Stream 2 Locations 5 and 2 had ranks of2l.5 and 16, respectively. White Alice Creek had the

worst overall chemistry ranks with ranks of 20, 21.5, 17.5, and 19 for Locations 2, 3,4, and 5,
respectively. The best chemistry ranks in site samples were at Cloudberry Creek with ranks of 1,

5, and 4 at Locations 1, 2, and 5, respectively, and Bridge Creek with ranks of 3 and 2 at

Locations 2 and 5, respectively.

A comparison of ranks for up-stream, central, and down-stream site stations to the appropriate
reference stations for chemistry is presented in Table 3.4-4. For up-stream stations, Clevenger

Creek Location 1 had a rank for DROs worse than the reference streams and White Alice Creek (J)
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Location 2 had a rank for metals worse than the reference streams. Both of these up-stream

stations had an overall chemistry rank worse than reference. For the central site stream stations,

Clevenger Creek Location 2, Rainbow Creek Location 3, and White Alice Creek Locations 3 and

4 were ranked worse than the central reference stations for DRO. All of these except for the

Rainbow Creek station had overall chemistry ranks worse than the central reference stations. For

down-stream stations, none of the site stations were ranked worse than the reference stations.

None of the Bridge Creek or Cloudberry Creek stations were ranked worse than their respective

reference stations on any of the chemistry endpoints.

3.4.2.3 Toxicity Testing
Reference stream station ranks ranged from 2 to 18 for toxicity test survival. White Alice Creek

Location 2 was ranked best for the site stations with a rank of 1. Rainbow Creek Location 3,

White Alice Creek Location 4, and Clevenger Creek Locations I and 5 were ranked worse with

ranks of 22, 21, 19.5, and 19.5, respectively. White Alice Creek Locations 2 and 5 were ranked

best of the site streams with ranks of 1 and 3, respectively.

Reference stream station ranks ranged from 4 to 19 for toxicity test growth. Cloudberry Creek

Location 1, Clevenger Creek Location 1, and White Alice Creek Location 4 had the best ranks

among the site streams with ranics of 1,2, and 3, respectively. Rajnbow Creek Locations 3 and 5

and Cloudberry Creek Location 5 had the worst growth ranks with ranks of 22, 20, and 21,

respectively.

Reference stream station ranks ranged from 6.5 to 17 for toxicity test biomass. Rainbow Creek

Locations 3 and 5, Cloudberry Creek Location 5, Clevenger Creek Location 5, and White Alice

Creek Location 4 had the worst site ranks with ranks of 22, 19, 21, 20, and 18, respectively.

White Alice Creek Locations 2 and 5, Cloudberry Creek Location 1, and Bridge Creek Locations

5 and 3 had the best site ranks with ranks of 1, 3,2,4, and 5, respectively.

The overall toxicity ranks for the reference stream stations ranged from 6 to 18. Reference

Stream 2 Locations 2 and 3 had overall toxicity ranks of 16 and 18, respectively. Reference

Stream I Location 3 had an overall toxicity rank of 6. The four worst site stream overall toxicity

ranics were found at Rainbow Creek Locations 3 and 5, Clevenger Creek Location 5, and

Cloudberry Creek Locations with ranks of 22, 19, 21, and 20, respectively.
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A comparison of ranks for up-stream, central, and down-stream site stations to the appropriate
reference stations for toxicity is presented in Table 3.4-4. For up-stream stations, Bridge Creek

Location 2, Cloudberry Creek Location 1, Clevenger Creek Location 1 and Rainbow Creek

Location 2 were ranked worse than their respective up-stream reference stations. For central
stations, Rainbow Creek Location 3 was ranked worse than the respective reference stations on

all endpoints and White Alice Creek Location 4 was ranked worse on survival and biomass, but
not overall toxicity. No other central stream locations were ranked worse than the reference for
any toxicity endpoints. For down-stream stations, Cloudberry Creek Location 5 and Rainbow
Creek Location 5 were ranked worse than the down-stream reference stations for growth and

biomass. Clevenger Creek Location 5 was ranked worse than reference for survival and biomass.
All three of these site down-stream locations were ranked worse than reference for overall
toxicity.

3.5 Analysis of Results
Over their relatively short lengths, the streams of Amchitka are quite variable in gradient, flow
velocity and substrate, with habitats ranging from ponded areas with silty substrates to rocky
riffles, waterfalls and pools. All streams sampled included an up-stream location, a location in
the central reach of the stream, and a down-stream location near the mouth. (The sample
location designated number one was the furthest up-stream location, number five the furthest
down-stream location.)

The upstream sampling areas in site streams were most similar to upstream reference locations,

central areas in site streams closely resembled reference stream central areas, and downstream
portions of the site streams were most similar to downstream reference areas. For this reason,

most comparisons in this analysis compare specific sampling locations to the corresponding
locations on reference streams. Comparisons incorporating all stations were also made in order

to evaluate overall habitat quality of site streams in comparison to reference streams. Upland and

Lowland sites were analyzed separately.

3.5.1 Upland Streams
Of the total of 15 sampling locations on upland streams (9 stations on site streams, 6 stations on
reference streams), four of the five highest overall ranked locations were on Drill Site Streams.

Site E Stream Location 1 ranked second overall, Stream E Location 4 was third, Stream F
Location 5 ranked fourth, and Stream D Location 2 ranked fifth. All three of the Drill Site

streams had locations ranked as high quality in relation to the reference streams. The three (j)
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lowest ranked locations were on reference streams, which were unimpacted by contaminants

from the Drill Sites. The mean ranks for the upland sampling locations are shown in the table

below.

I______________ Upland Stream Station Mean Ranks 1
Rank Station Rank Station

I RS42 9 F3

2 El 10 RS44

3 E4 11 E2

4 F5 12 D4

5 D2 13 RS43

6 RS34 14 R532

7.5 Fl 15 RS31

7.5 Dl

No obvious pattern of differences is apparent between sampling stations on site streams and
those on reference streams. Factors controlling the mean ranks were variable for both site

stations and test stations.

3.5.1.1 Upland Stream Probability Analysis
The ranlcing data were used to calculate the probability of randomly receiving a certain rank.

From this, the Triad stations with average ranks that are unlikely to occur by chance alone can be
determined. The 1 0th percentile was chosen to represent the rare occurrences and the 20th

percentile was chosen to represent uncommon occurrences. These data are plotted in

Figure 3.5-1. In this analysis, the upstream station on Reference Stream 3 was in the poorer 0~
percentile. Upstream Stations on Stream E and Reference Stream 4 were of uncommon good

quality rank. All central and downstream sampling stations fell in the “common rank”

probability range. The probability analysis did not indicate any difference in quality among the
Drill Site stream and reference stream sampling stations.
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3.5.1.2 Upland Stream Triad Area Plots
The area of radial plots of the Triad ranks can also be used to evaluate sediment quality. For

upland streams, these area plots are presented in Figures 3.5-2 — 3.5-13. Each figure presents

data for site streams compared to the appropriate reference stream data. The ranks for the Triad

components are plotted on the axes of the radial plot. Since numerically lower ranks indicate
higher quality, a triangle with its vertices at the ranks of the three components will enclose a
smaller area when sediment quality is relatively good. Conversely, large Triad areas reflect
poorer quality sediments. The calculated areas are shown in each figure. The figure showing the

mean rank for the stream as a whole is described first, followed by a description of the individual
station area plots.

Drill Site D Stream

Figure 3.5-2 shows the area plots for the Site D Stream mean ranks along with the mean ranks

for the two upland reference streams. As indicated by the areas enclosed by the triangles,
sediment quality (as evaluated from all components of the Triad Analysis) was within the range

of overall quality found in the reference streams.

Triad plots of the individual Stream D stations are shown in Figures 3.5-3 through 3.5-5. As
shown in Figure 3.5-3, the quality range in the upstream reference stations was quite large, with ()
poorer sediment quality found in Reference Stream 3. The area of the Stream D upstream station
was in the range of the reference stations, but closer to the higher quality Reference Stream 4
upstream location.

In Figure 3.5-4, the centralTriad station on Stream D (Station 2) is compared to the central

stations on the upland reference streams. The areas indicate that overall sediment quality at the
central Stream D station is quite good relative to the comparable reference stations. The central

reference stations were similar in plotted Triad area, but the individual component rankings
varied considerably.

Figure 3.5-5 shows the Triad plot of the downstream station on Site I) Stream compared to the

appropriate upland reference stations. Although none of the three Triad components ranked very

poorly, the area of the Site D Triad plot is greater than both of the comparable upland reference

stations. This was the only upland Drill Site sampling station that ranked lower in area than both

of the appropriate reference locations.

0
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Drill Site E Stream

Figure 3.5-6 presents the area plots for the Site E Stream mean ranks along with the mean ranks

for the two upland reference streams. Overall Stream E sediment quality, as evaluated from all

components of the Triad Analysis, was higher than overall quality found in the two reference

streams. As evaluated by the Triad area plots, the overall sediment quality in the Site E Stream

was the best of the five upland streams included in this investigation.

The Site E upstream station comparisons are shown in Figure 3.5-7. This location had a
relatively poor sediment chemistry ranking but the benthic and toxicological rankings were quite

good, resulting in a Triad area lower than both reference locations.

The Site E Stream central and downstream station comparisons are shown in Figure 3.5-8 and
3.5-9, respectively. The area plots for both of these locations indicate that sediment quality in
the Site E Stream is higher than in the comparable areas of the reference streams.

Drill Site F Stream
Figure 3.5-10 presents the area plots for the Site F Stream mean ranks along with the mean ranks
for the two upland reference streams. Overall Stream F sediment quality, as evaluated from all
components of the Triad Analysis, was higher than overall quality found in the two reference
streams.

Figure 3.5-il shows the area plot of the upstream Site F location compared to the upstream
locations on the two upland reference streams. The sediment quality as indicated by the areas is
within the range of the reference locations, and closer to the better of the two reference stations.

Triad plots of the central and downstream locations on Site F Stream are shown in Figures 3.5-12

and 3.5-13, respectively. Sediment quality as indicated by the area plots was higher at both
Site F Stream locations than at the comparable upland reference locations.

3.5.1.3 Upland Stream Principal Component Analysis
A weakness of the ranking method of Triad Analysis is that it loses the degree of magnitude of
differences between sites. To better understand the differences between stations that appear to

show a negative impact and the other stations, particularly the reference locations, a multi

dimensional scaling approach was applied. In essence, this technique is used to represent the

differences between stations as measured in many parameters (FBI, benthic diversity, EPT taxa,
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Chironomus survival, Chironomus biomass, Chironomus growth, PANs, metals, and DRO) into

a two-dimensional display.

The method chosen for the multi-dimensional scaling is called Principal Component Analysis

(PCA) (Ludwig and Reynolds, 1988). First, the individual parameters are standardized and

normalized (i.e., expressed in terms of standard deviations from the mean with the mean
established as zero). The distances between the samples are then calculated and the two axes are

determined which can best present the differences between the points in two dimensions and

leave the least amount of difference unrepresented. In mathematical terms, the procedure
calculates the principal eigenveetors. The first two principal eigenvectors are referred to as

Principal Component I and Principal Component II and are represented as the x-axis and the
y-axis. The mathematical equation of the eigenvectors describes the contribution of each
parameter to the axes.

Figure 3.5-14 presents the results of the PCA for the upland sampling locations. All stations are

plotted with respect to the two Principal Components. Principal Component I, as determined by
the eigenvector equations, represents increasing PAHs and DRO in the positive (right) direction
and decreasing toxicity test growth and biomass in the negative (left) direction. Principal
Component II represents increasing metals in the positive (up) direction and increasing FBI, and (J~
decreasing EPT and diversity in the negative (down direction).

There is essentially one main grouping of stations on the PCA plot with two pairs of stations and

two isolated stations. The two pairs consist of Stream E Stations 2 and 4, and Stream E Station 1
and Reference Stream 3 Station 2. These all lie in the upper left quadrant indicating slight

toxicity test effects and increased metals. Stream D Stations 2 and I lie in the upper right
quadrant with Station I well removed from the rest. These represent increases in metals, DRO

and PAils with Dl showing a large separation due to DRO and PAH concentrations. The
important conclusion to be drawn from the PCA of the upland stream data is that the biological

parameters are not included in the same eigenvectors as the chemical parameters. In other words,
elevated metals and organic chemicals do not appear to be related to variation in benthic

macroinvertebrate community structure in the upland streams.

C
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3.5.2 Lowland Streams
A total of 22 locations were analyzed on the lowland streams, 16 locations were on the five Test

Site streams and six locations were on the two lowland reference streams. The mean ranks for

the lowland sampling locations are shown in the table below.

Lowland Stream Station Mean Ranks

Rank Station Rank Station

1 Bridge 5 11.5 RS1 1

2 Bridge 2 13 RS2 5

3 CB1 14 Bridge3

4 RS1 5 15 Clev. 5

5.5 RB 2 16 Clev. 1

5.5 Clev. 2 17 RB 5

7 Wh.A.2 18 Wh.A3

8.5 CB 5 19 RS2 3

8.5 RS1 3 20 RB 3

10 CB2 21 Wh.A.4

11.5 Wh.A. 5 22 RS2 2

Of the seven locations whose ranking indicated the highest sediment quality, six were on Test

Site streams, and all five of the Test Site Streams had at least one high ranked sampling location.
Bridge Creek; Rainbow Creek, and Cloudberry Creek drain the Long Shot test area. Bridge

Creek Locations 2 and 5 were ranked second and first overall, respectively. On Cloudberry
Creek, the up-stream location had an overall rank of three, and on Rainbow Creek, the up-stream
location had an overall rank of 5.5, a rank tied with Location 2 on Clevenger Creek, which drains

the Milrow Test Site. The three poorest ranked locations were Location 2 on Reference
Stream 2, White Alice Creek Location 4 and Rainbow Creek Location 3. There is no clear

indication of lower mean ranks for site stream stations, and, as in the upland stream analysis,
controlling factors (i.e., the individual Triad components) were variable among the site stream

and reference stream stations.

3.5.2.1 Lowland Stream Probability Analysis
As was done for the upland stations, the ranking data for lowland stations were used to calculate

the probably of randomly receiving a certain rank. The Triad stations with avenge ranks that are
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unlikely to occur by chance alone were then determined. Again, the ~ percentile was chosen to
represent the rare occurrences and the 20th percentile was chosen to represent uncommon

occurrences. These data are plotted in Figure 3.5-15.

For the upstream stations on the lowland streams, Bridge Creek and Cloudberry Creek had better
than normal quality; all other upstream stations had common ranks except for Reference Stream

2 which had a ranlc within the rare, poor quality 1 0th percentile. In the central stream stations,
White Alice Creek Station 4 and Rainbow Creek were in the poorer 1 0th percentile and White

Alice Creek Station 3 was in the poorer ~ percentile; however, the Reference Stream 2 central
location was also in the poorer 20th percentile. All downstream stations were either of common
rank or good quality ranks. The downstream location on Bridge Creek was above the 90tI~

percentile showing good sediment quality.

3.5.2.2 Lowland Stream Triad Area Plots
The area of radial plots of the Triad ranks can be used to evaluate sediment quality, as previously
described for upland streams (Section 3.5.1.2). For lowland streams, these area plots are
presented in Figures 3.5-16 — 3.5-36. The mean rank plot for each stream is described first,
followed by the individual station figures.

White Alice Creek, the stream that drains the area of the Cannikin Test Site, is different from the
other Amchitka streams studied in that it flows into and out of two lakes on its way to the
Bering Sea. Four Triad stations were sampled on this stream: one station upstream of Ice Box

Lake, one Station between Ice Box Lake and Cannikin Lake, and two stations downstream of
Cannikin Lake.

The area plot of the mean ranks for White Alice Creek and the lowland reference streams is

shown in Figure 3.5-16. Although the mean chemistry ranking the stream was poor, the benthic
and toxicological rankings were average, and the area of the plot is within the range of the two

lowland reference streams.

The area plot of the upstream station on White Alice Creek and the appropriate lowland stream

reference stations is shown in Figure 3.5-17. The chemistry ranlcing was poor, but the area of the

plot is low in relation to reference stations indicating relatively good sediment quality.

Figure 3.5-18 shows the Triad area plot for White Alice Station 3, one of two central stations
KN
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sampled. Again, the chemistry rank was poor, but the overall sediment quality as indicated by

the area plot is within the reference station range.

Station 4 on White Alice Creek is also best compared to central reference stations. This

comparison is shown in Figure 3.5-19. This location ranked relatively poorly in all three Triad

components, and thus the area plot was greater than both reference locations. This was one of

only four lowland stations that had Triad areas greater than the reference locations.

Figure 3.5-20 shows the area jlot for the downstream station, White Alice Creek Station 5. This

location had a very good toxicological ranking and a Triad area within the range of the reference

stations.

Bridge Creek is one of three streams associated with the Longshot Test Site, all of which flow

into the Bering Sea. Figure 3.5-21 shows the Triad plot of the mean ranks for Bridge Creek

compared to the lowland reference stations. Overall, Bridge Creek appears to have good quality

sediments, as indicated by a Triad area lower than both of the reference streams.

Figure 3.5-22 shows the area plots for Bridge Creek’s upstream station compared to the upstream

reference stations. This station had very good chemistry and benthic rankings and consequently

had a very low Triad area relative to the two reference stations. The central station area plot for

Bridge Creek is shown in Figure 3.5-23. Although this location had a relatively poor rank for

benthic invertebrates, the area was within that of the reference locations. The downstream

Bridge Creek station area plot is shown in Figure 3.5-24. The area plots indicate that sediments

at this station were of very good quality relative to the reference stations.

Rainbow Creek also drains the Long Shot Test Site. This stream contained two of the four

lowland sampling stations where the Triad area plots indicated sediment quality to be lower than

the appropriate reference locations. However, the area plot of the mean ranks showing overall

sediment quality for this stream was within the range of the two lowland reference streams

(Figure 3.5-25). The upstream station area plot for this stream (Figure 3.5-26) showed sediment

quality to be higher than found at the appropriate reference stations.

The central area plot for Rainbow Creek is shown in Figure 3.5-27. This station had a poor

toxicological ranking, and the Triad Analysis indicated sediment quality to be lower than the

appropriate reference stations. The downstream Rainbow Creek area plot (Figure 3.5-28) also
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indicated sediment quality to be lower than the comparable lowland downstream reference

locations. C)
Cloudberry Creek, the third stream that drains the Longshot Test Site, had overall sediment

quality higher than the lowland reference streams (Figure 3.5-29). As shown in Figure 3.5-30,
the upstream sampling location had very good chemistry rank, good toxicological rank, and very
good sediment quality relative to upstream reference locations.

The central station on Cloudberry Creek (Figure 3.5-3 1) had intermediate rankings for the Triad
components, and a Triad area within that of the central reference locations. The downstream
Cloudberry station had a plotted Triad area slightly smaller that the better of the two downstream
reference locations, indicating comparable sediment quality

(Figure 3.5-32).

Clevenger Creek drains the Milrow Test Site and flows into the Pacific Ocean. The Triad area

plot of the mean ranks for this stream is presented in Figure 3.5-33. The plotted area indicating
overall sediment quality is within the range of the two lowland reference streams. Similarly, the
area for the upstream location on Clevenger Creek (Figure 3.5-34) indicates sediment quality
within the reference range. . ()
The central Clevenger Creek station Triad area plot (Figure 3.5-35) showed sediment quality to
be higher than that at the comparable reference stations. However, at the downstream station
(Figure 3.5-36), the Triad area indicated sediment quality to be lower than at the comparable
reference locations, primarily because of a low toxicological ranking.

3.5.2.3 Lowland Stream Principal Component Analysis
Figure 3.5-37 presents the results of the PCA for the lowland sampling locations. The principal
components for the lowland stream plots are different from those identified for the upland

streams. For the lowland streams, Principal Component I, as determined by the eigenvector

equations, represents increasing metals in the positive (right) direction and increasing FBI,

decreasing EPT, increasing DRO, and decreasing toxicity test survival and biomass in the

negative (left) direction. Principal Component II represents increasing FBI and decreasing EPT

in the positive (up) direction and increasing DRO and metals, and decreasing toxicity test growth

and biomass in the negative (down direction).

0
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There is essentially one main grouping of stations on the PCA plot with six stations lying outside

this grouping. Cloudberry Creek Station I is separated from this cluster in the direction of

poorer benthic communities (increasing FBI and decreasing EPT). White Alice Creek Stations 2

and 5 are separated in the direction of increasing metals, and White Alice Creek Station 3 is

slightly removed in the direction of poorer benthic communities and toxicity test results, and

increasing DRO. Rainbow Creek Station 3 is well removed from the general cluster in the

direction of poorer benthic communities, toxicity test results, and increasing DRO, and

Reference Stream 2 Station 5 is well removed in the direction of increasing metals and poorer

toxicity test results.

Unlike the PCA of upland stream data, where the biological parameters are not included in the

same eigenvectors as the chemical parameters, the PCA of lowland stream data shows some

alignment of chemical and biological vectors. Toxicological vectors are aligned with increasing

DRO and metals in Principal Component 1, and both benthic community and toxicological

vectors align with increasing DRO in Principal Component IL
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4.0 Conclusions

Chemical analyses indicated only a few drill or test site stations with higher contaminant
concentrations than the reference locations. PAHs were only detected at two locations in the

upland streams and were not detected in any samples from lowland streams. Detected PAH

concentrations were low with respect to effect levels of these substances. Biogenic DRO was

found to be common in the reference streams of Amchitka Island. DRO was found at
concentrations greater than reference areas predominantly in the lowland streams, where
Clevenger Creek, Rainbow Creek, and White Mice Creek had individual stations with DRO
concentrations above the reference concentrations. In both upland and lowland areas, metals
concentrations were high in the reference streams in relation to Site stream concentrations.
Sulfides, though present at many locations, were not always sufficient to effectively reduce all

bioavailability of metals, particularly in the lowland streams.

The results of the Chironomus tentans toxicity tests found very few locations that showed greater
toxicity than reference locations. Several upland stations showed moderate reduction in
organism survival, though growth-related endpoints were not affected. At lowland sampling
locations, Rainbow Creek Location 3 was shown to be toxic in the laboratory tests, with no
survival of test organisms.

The benthic macroinvertebrate community at Site stream sampling stations was generally
comparable to the reference stations. At the upland sites, similar species composition was found
in both Drill Site streams and reference streams. Diversity was low throughout all upland
locations, and no Drill Site stream location exhibited significant effects relative to upland

reference locations. Similarly, in the lowland streams, species composition was similar in Test
Sites and reference sites. The benthic investigation did not indicate major impacts at any Test

Site stream or individual location. Rainbow Creek Station 3, which was found to be toxic in the
Chironomus tentans laboratory tests, had numerous Chironomid larvae in the field samples,

indicating that the sediments are not very toxic under field conditions.

The Triad Analysis did not find clear indication of degraded conditions at any of the upland Drill
Site Streams. The great majority of endpoint rankings were within or better than the range of the

reference locations. No upland Triad location showed strong evidence of pollution-induced

degradation, as would be indicated by poorer than reference ranks for all three Triad components
at a single location.
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water — — — Fish
‘0
-4

~
~

~ ~ 0 Z Q CI) -<

.~ ~
SampleNumber LabSamplelD ~

98D0E-DRSF-1028-SD 8809105-10 Soil 1
98D0E-DRSF-1028-SD 8809113-10 Soil 1i’li
98D0E-DRSF-1028-SD 8809113-lOREl Soil
98D0E-DRSF-1028-SD B809l13-IORE3 Soil
98D0E-DRSF-1029-SD 8809105-12 Soil ii
98D0E-DRSF-1029-SD 88091 13-li Soil 1 1 1 1
98D0E-DRSF-1029-SD 8809113-1IRE1 Soil
98D0E-DRSF-1029-SD 8809l13-1IRE3 Soil 1 — — — —

98D08-DRSF-1030-SD 8809105-05 Soil ii
98D0E-DRSF-1030-SD 8809113-12 Soil 1 1 1 1 — —

9800E-DRSF-1030-SD 8809113-12REI Soil — 1 — —

98D0E-DRSF-1030-SD 88091 13-12RE3 Soil — — — I — — —

98D0E-DRSF-3009-SD 8809158-06 Soil 1 1 1 1 1 1
98D0E-DRSF-3009-SD 8809158-O6REI Soil
98D0E-DRSF-3009-SD 8809158-06RE2 Soil — 1 — —

98D0E-DRSF-3009-SW 8809155-01 Water — 1
9800E-DRSF-3009-SW 8809165-02 Water — 1 1 1
98D08-DRSF-3010-SD 8809162-06 Soil 1 1 I 1 1 1
98D0E-DRSF-3010-SD 8809162-O6REI Soil
98D0E-DRSF-30 10-SW 8809 148-03 Waler 1
98D08-DRSF-3010-SW 8809165-01 Water 1 1 1
98D0E-DRSF-3011-SD 8809162-08 Soil 1 — I I I I I — — —

98D0E-DRSF-301 1-SD 8809 162-O8REI Soil
98D0E-DRSF-3011-SW 8809147-02 Water — — — — — — — 1 1 — — — — — —

98D0E-DRSF-3011-SW 8809161-07 Water 1 1 1
ATI’ACHMENT I Revision No. 0
U.S. Army Corps of Engineers. Alaska District Date: 9/30/99
Arnchitka Island, Alaska Page CA-I 5
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ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

— — — — ii Water Fish
‘a
—
t

~

.~— If) If) 00 00 ‘3 ‘3 tED ~ — 00 00 00 ~0 ‘3 00 00 ‘3 ‘3

98D0E-DRSF-3012-SD LabSamplell)
98D0E-DRSF-3012-SD 8809162-07 Soil 111111
98D0E-DRSF-30l2-SD B809162-O7REI Soil
98D0E-DRSF-3012-SW 8809150-01 Water
98D0E-DRSF-3012-5W 8809161-10 Water____ 1 1
98D0E-J3RSF-3013-SD 8809162-11 Soil 1 11111
98D0E-DRSF-3013-SD 8809162-IIREI Soil
9SDOE-DRSF-3013-SW B809147-03 Water
98D0E-DRSF-30l3-SW 8809165-03 Water I 1 1
98D06-DRSF-3014-Fl 1341-16 Fish I —

98D08-DRSF-3014-F1 P904267-16 Fish I I I — —

98D0E-DRSF-3015-FI 1341-15 Fish
98D0E-DRSF-3015-F1 P904267-IS Fish I I I
98D0E-DRSF-3016-F1 1341-14 Fish
98D0E-DRSF-3016-F1 P904267-14 Fish I I I
Longshot Site
98D0E-LONG-1009-SW 8809034-04 Water — — I I
98D0E-LONG-I 009-SW 8809039-04 Water
98D0E-LONG-1009-SW 8809040-06 Waler I I
98D0E-LONG-I010-SW 8809034-05 Water
98D0E-LONG-10 10-SW 8809035-01 Water 1
98D0E-LONG-10I0-SW 8809040-01 Waler I I 1
98D0E-LONG-1011-SW 8809034-06 Water Q4~ — — — — —

98D0E-LONG-101I-SW B809035-02 Water Q~ — — — — —

98D0E-LONG-101I-SW B809039-05 Water Qth — — — — — I

~‘926-O4Km

U.S. Anny Corps of Engineers, Alaska District
Axnchitka Island, Alaska

DAT ~ ‘LITY ASSESS?VWNT SUMMARY

A-rrACHMENT i Revision No. 0
Date: 9/30/99

Page CA-US
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
~0
-I
‘t
C
‘C

—
C C

;~ -

U 0 ~0 U)

~
Sample Number Lab Sample ID ~ p -~- -~- a a a a a a a a
98D0E-LONG-l011-SW 8809040-07 Water Q~ — — — I I
98D0E-LONG-1012-SW 8809034-07 Water ED —

98D0E-LONG-1012-SW 8809035-03 Water ED — — — — —

98D0E-LONG-1012-SW 8809040-02 Water ED 1 1
98D08-LONG-1120-SW 8809465-03 Water
98D0E-LONG-1120-SW 8809468-02 Water
98D0E-LONG-1120-SW 8809470-03 Water 1 1
98D0E-LONG-1121-SW 8809465-04 Water
98D0E-LONG-1121-SW 8809470-02 Water I I
98D0E-LONG-1122-SW 8809465-05 Water
98D0E-LONG-1122-SW B809468-01 Water
98D0E-LONG-1122-SW 8809470-01 Water 1 1
98D0E-LONG-1123-SD B809458-14 Soil Orj~__L
98D0E-LONG-1123-SD 8809475-02 Soil 2!iE__L~L__L_L
98D0E-LONG-l124-SD 8809458-05 Soil FD1
98D0E-LONG-l124-SD 8809475-03 Soil FD_L___~,L_j__L
98D0E-LONG-1125-SD 8809458-04 Soil
98D0E-LONG-1125-SD 8809475-04 Soil
98D0E-LONG-1l26-SD 8809458-09 Soil
98D0E-LONG-1l26-SD 8809475-07 Soil I_.__L__L_L.
98D0E-LONG-1127-SD 8809458-02 Soil 1
98D0E-LONG-1127-SD 8809475-05 Soil 11__L.._L
98D0E-LONG-l128-SD 8809458-06 Soil
98D0E-LONG-1128-SD 8809475-06 Soil
98D0E-LONG-1129-SD 8809458-03 Soil Revision No. 0

A1TACHMENT I
U.S. Anny Corps of Engineers. Alaska District Date: 9/30/99
Amchitka Island, Alaska Page CA-I 7

DA (DUTY ASSESSMENT SUMMARY C) -1226-04



ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘a
—
t
C
.~

~ t
~ -

V ~ 0 C ~ C,)

~
SampleNumber LabSamplelD
98D0E-LONG-1129-SD 8809475-01 Soil — — I — 1 1 1
98D0E-LONG-1130-SD 8809458-10 Soil — — —

98D0E-LONG-l 130-SD 8809485-06 Soil 1 1 1 1
98D0E-LONG-1 13 1-SD 8809458-07 Soil 1
98D0E-LONG-1 13 1-SD 8809485-02 Soil 1 1 1 1
98D08-LONG-l 132-SD 8809458-11 Soil
98D0E-LONG-1132-SD 8809485-04 Soil 1111
98D0E-LONG-1133-SD 8809458-13 Soil 1
98D0E-LONG-1133-SD 8809485-01 Soil 1111
98D0E-LONG-l134-SD 8809458-08 Soil 1
98D0E-LONG-1134-SD 8809485-03 Soil 1111
98D0E-LONG-1135-SD 8809458-12 Soil 1
98D0E-LONG-1135-SD 8809485-05 Soil 1111
98D0E-LONG-ll36-RB 8809468-03 Water
98D0E-LONG-1137-SW B809462-01 Water I I
98D0E-LONG-1137-SW 8809466-01 Water
98D0E-LONG-1138-SW 8809462-02 Water I I
98D0E-LONG-1138-SW 8809466-02 Water
98D0E-LONG-I139-SD 8809457-02 Soil 11
98D0E-LONG-1139-SD 8809479-05 Soil 1111
98D0E-LONG-1140-SD 8809457-01 Soil 11
98D0E-LONG-1140-SD 8809479-04 Soil 1111
98D0E-LONG-4034-SW 8809151-01 Water
98D0E-LONG-4034-SW 8809161-14 Water 1 1
98D0E-LONG-4035-SD 8809153-01 Soil 11

AUACHMENT I
U.S. Anny Corps of Engineers, Alaska District
Ainchitka Island, Alaska

DK (LITY ASSESSMENT SUMMARY

Revision No. 0
Date: 9/30/99

Page CA-I B

E~D a



ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Wat~
‘a
—
,D

z
~

U 0 ~ 0

.~ ~

SampleNumher LabSampiclD ~ A11i1LLLL1~1I1!II1I1IiI
98D0E-LONG-4035-SD 8809158-01 Soil 1 1 1 1 1 1
98D0E-LONG-4035-SD 8809158-01RE1 Soil
98D0E-LONG-4035-SD 8809158-O1RE2 Soil
98D0E-LONG-4036-SW 8809147-01 Water —

98D0E-LONG-4036-SW B809151-02 Water — — — — —

98D0E-LONG-4036-SW 8809161-15 Water 1
98D0E-LONG-4037-SD 8809158-02 Soil 1 1 1 1 1 1
98D0E-LONG-4037-SD 8809158-O2RE1 Soil 1
98D0E-LONG-4037-SD B809158-02RE2 Soil I
98D0E-LONG-4038-SW 8809148-02 Water 1
98D0E-LONG-4038-SW 8809161-13 Water 1
98D0E-LONG-4039-SD 8809158-05 Soil 1 1 1 1 1 1
98D0E-LONG-4039-SD 8809158-O5RE1 Soil 1
9800E-LONG-4039-S13 8809158-05RE2 Soil 1
98D0E-LONG-4040-SW 8809148-01 Water ‘

98D0E-LONG-4040-SW 8809149-01 Water
98D0E-LONG-4040-SW 8809161-12 Water — 1
98D0E-LONG-404 I-SD 8809158-04 Soil I — I 1 1 I 1
98D0E-LONG-404l-SD 8809158-O4REI Soil — I
98D0E-LONG-4041-SD B809158-04RE2 Soil 1
98D0E-LONG-4042-SW 8809151-03 Water 1
98D0E-LONG-4042-SW 8809161-11 Water 1
98D0E-LONG-4043-SD 8809158-03 Soil I — 1 1 1 1 1
98D0E-LONG-4043-SD 8809158-O3REI Soil
98D0E-LONG-4043-SD 8809158-03RE2 Soil

A’YrACFIMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

DAT (,LTTY ASSESSMENT SIJM?vIARY

Revision No. 0
Date: 9/30/99

Page CA-19
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ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘C
—
t
C.z
.-

~ — — 4)

;~
4)00 ~ ~ (tJ
t - C Ifl C eq C C ~ © C eq C C C — C C .

bi C — fl fl t— Q~ — C%~ ‘0 1 00 — (9 t- 00 — Cl —‘

.~ Q © © C C eq © © © • C eq eq © © o eq C 0 0
— — — In Ifl 00 00 ‘3 — 00 00 00 ‘3 ‘3 00 00 ~0 ‘C

Sam leNumber Lk5 len) ~ ~p a amp ~ ~ ~. .sa. .sa. .sa. sa S. ..s.. ~. ~. sa. sa ~. ~. .sa sa. sa. ~. ~

98D0E-LONG-4044-SW B809156-01 Water 1 1
98D0E-LONG-4044-SW 8809165-04 Water — 1 — I I — —

98D0E-LONG-4045-SD 8809162-09 Soil — 1 1 1 1 1 1
98D0E-LONG-4045-SD B809162-O9RE1 Soil — 1
98D0E-LONG-4046-SW B809159-0l Waler I
98D0E-LONG-4046-SW 8809161-09 Water — 1 1 1
98D0E-LONG-4047-SD 8809162-12 Soil — — I 1 1 1 1 1
981J0E-LONG-4047-SD 8809162-I2REI Soil
98D0E-LONG-4048-SW 8809157-01 Water — — I I — —

98D0E-LONG-4048-SW 8809161-08 Water I I
98D0E-LONG-4049-SD 8809162-10 Soil 1 1 1 1 1 1
98D08-LONG-4049-SD 8809162-lORE! Soil
98D0E-LONG-4050-SW B809156-02 Water
98D0E-LONG-4050-SW 8809165-06 Waler I I
98D0E-LONG-4051-SD 8809153-03 Soil ii
98D0E-LONG-4051-SD 8809165-08 Soil 111111
98D0E-LONG-4052-SW 8809157-02 Water
9SDOE-LONG-4052-SW 8809165-05 Waler I 1
98D0E-LONG-4053-SD 8809165-09 Soil Q~j~ 111j_j_± —

98130E-LONG-4054-SD 8809165-07 Soil FD 111111
98130E-LONG-4115-SW 8809372-02 Water — — — — —

98D0E-LONG-41l5-SW B809388-07 Water I 1
98D0E-LONG-4116-SD 8809375-04 Soil 111111
98D0E-LONG-4116-SD 8809375-O4RE1 Soil
98D0E-LONG-4116-SD 8809375-04RE2 Soil

I- 926-04

0DAT ~‘.ITY ASSESSMENT SUMMARY

ATrACHMENT I Revision No. 0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page CA-20



ATTACHMENT 1

AUACIfl~NT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

DA (LITY ASSESSMENT SUMMARY

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Revision No. 0
Date: 9/30/99

Page CA-fl

Water Ft__
‘0
—
‘D
C
‘C

p., t
C C

;~ ‘0 -

C? ~ en
‘~ ~ C Ifl C N C C C C N C C C — C C I..N ~ 00 — r~ — %a i— 00 — t~ t-~ 00 , ti s

.~ C C C ~ eq ~ ~ • C ~q c C C eq C C C
:_ “ — — Ifl ‘1) 00 00 ‘0 ~O (j) In — 00 00 00 %0 00 00 ~O ~O

~ ~
Sample Number Lab Sample ID ~ p en ,,ç~ ça. S... S. — sa sn sa ç~ ,~ ~g
98D0E-LONG4117-SW 8809370-01 Water — —

98D0E-LONG-4117-SW 8809388-05 Water 1 1
98D0E-LONG-4118-SD 8809375-01 Soil 1 1 1 1 1 1
98D0E-LONG-4118-SD B809375-O1RE1 Soil 1
98D0E-LONG-4118-SD B809375-OIRE2 Soil —

98D0E-LONG-4119-SW 8809372-03 Water
98l3OE-LONG-4119-SW 8809388-06 Water I 1
98D0E-LONG-4120-SD 8809375-05 Soil
98D0E-LONG-4120-SD 8809375-O5RE1 Soil 1
98D0E-LONG-4120-SD B809375-05RE2 Soil
98D0E-LONG-4120-SD B809421-18 Soil I
98D0E-LONG-412l-SW 8809372-01 Water
98D0E-LONG-4121-SW B809388-04 Water 1 1
98D0E-LONG-4l22-SD 8809375-02 Soil 1._L_±±_LJ_
98D0E-LONG-4122-SD B809375-O2REI Soil
98D0E-LONG-4122-SD 8809375-02RE2 Soil
98D0E-LONG-4123-SW 8809370-03 Water
98D0E-LONG-4123-SW 8809388-08 Water 1 1
98D0E-LONG-4124-SD 8809375-03 Soil
98D0E-LONG-4124-SD B809375-O3REI Soil
98D0E-LONG-4124-SD 8809375-03RE2 Soil —

98D0E-LONG-4071-Fl 1341-I Fish —

98D0E-LONG-4071-Fl 1341-38 Fish
98D0E-LONG-407l-F1 P904267-01 Fish 1 1
98D0E-LONG-4072-Fl 1341-2 Fish



ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
. ‘C

-‘
t
Ca

~
~

0) 00 ~! C.) ~ C.) ‘I’
t C It) C N C C ía] C C N C C C — C C i..

H o — N ~ ~ — ~ — N ~° 1— 00 — N t~- 00 — N —‘•~ ç C © C N C C C N N C C C N C C C
— -c ~n It) 00 00 ~C ‘C (I) It) 00 00 00 ‘0 ~0 00 00 ~0 ~O

S IN b LbS lii) ~ ~amp e urn or a arnp e ~ ~.s_ ..a. .sa.~ sa. La. La. La. a .S..~ ~ ..~. La. a .sa. .sa. sa. La. .sa. .sa. sa. ~. .A.
98D0E-L0NG4072-F1 P904267-02 Fish 1 1 1
98D0E-LONG-4073-F1 1341-6 Fish
9800E-LONG-4073-Fl P904267-06 Fish 1 1
98D0E-L0NG4074-Fl 1341-7 Fish
98D0E-LONG-4074-F1 P904267-07 Fish 1 1 1
98D0E-LONG-4111-Fl 1341-8 Fish 1
98D0E-LONG-4111-F1 P904267-OS Fish 1 I 1
98D0E-LONG-4155-FS 1341-37 Fish
98D0E-LONG-4155-FS P904267-37 Fish 1 1 1
98D0E-LONG-4157-FS 1341-36 Fish 1 —

98D0E-LONG-4157-FS p904267-36 Fish
Milrow Site
98D0E-MILR-100l-SW 8809034-01 Water 1 1
98D0E-MILR-1001-SW 8809039-01 Water
98D0E-MILR-1001-SW 8809040-03 Water I 1 —

98D0E-MILR-1002-SW 8809034-02 Water 1 1 —

98D0E-MILR-1002-SW B809039-02 Water —

98D0E-MILR-1002-SW 8809040-04 Water I I
98D0E-MILR-1003-SW B809034-03 Water 1 1
98D0E-MILR-1003-SW B809039-03 Water
98D0E-MILR-1003-SW 8809040-05 Water ——~ I 1
98D0E-MILR-1004-SD 8809037-01 Soil I I
98D0E-MILR-1004-SD B809037-OIREI Soil I
98D0E-MILR-1004-SD 8809037-OIRE2 Soil
98D0E-MILR-1004-SD 8809041-01 Soil ii

A1TACI-IMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

DAT ~JLrrY ASSESSMENT SUMMARY

Revision No. 0
Date: 9/30/99
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ATTACHMENT 1

A17ACHMENT I
U.S. Army Corps of ltngiIIeeTc. AIi4 i I
Amchitka Island. Ahiska

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

--q926-04

U

Soil Water Fish
‘3
,-

0
.~

~ t
~

0J ~ 0 ~o U)
t — C Ifl C ~q C C C C eq o C — C C L.

~ 0 — ~ fl c.~ I~- 00 — eq — ‘3 00 — fl 00 — el
t 0 C C C C ti C C C .. • C eq c eq o —— — tfl tfl 00 00 ~3 ~3 j) W) — 00 00 00 ~0 ~O 00 00 ‘3 ~3

SamleNumber LhSmlID ~p a a ~) C ~ — sa. sa sa~ ~S_ ~. ~a. sa. sa. .sa~ a sa. .sa. .sa. a sa. ~a.
98D0E-MILR-1005-SD 8809037-02 Soil 1 1 1
98D0E-MILR-1005-SD 8809037-O2REI Soil I —

98D0E-MILR-1005-SD B809037-02RE2 Soil
98D0E-MILR-1005-SD 8809041-02 Soil 1 1
98D0E-MILR-1006-SD 8809037-03 Soil 1 1 1
98D0E-MILR-1006-SD 8809037-03RE1 Soil I
98D0E-MILR-1006-SD 8809037-03RE2 Soil
98D0E-MILR-1006-SD 8809041-03 Soil 1 1
98130E-MILR-1007-SD 8809037-04 Soil ii
98D0E-MILR-1007-SD B809037-O4REI Soil
98D0E-MILR-1007-SD 8809037-04RE2 Soil
98130E-MILR-1007-SD 8809041-04 Soil ii
98D08-MILR-1008-SD 8809037-05 Soil 11
98D0E-MILR-l008-SD 8809037-O5REI Soil ——S———
9890E-MILR-1008-SD 8809037-05RE2 Soil
98D0E-MILR-1008-SD B809041-05 Soil 11
98D0E-MILR-4007-SW 8809107-01 Water
98D0E-MILR-4007-SW 8809111-11 Waler I I —

98130E-MILR-4008-SD 8809115-04 Soil Q1j~i11j_j_j_
98D0E-MILR-4009-SD 8809115-03 Soil FDI 11111
98D0E-MILR-4011-SW 8809106-02 Watcr —.

98D0E-MILR-4011-SW 8809111-13 Water 1 1
98D0E-MILR-4012-SD 8809115-01 Soil 111111
9800E-M1LR-4013-SW 8809107-02 Water
98D0E-MILR-40135W 8809111-12 i i

DAl ,\SSISS’.l PIS III.;

Revision No. 0
Date: 9/30/99
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ATTACHMENT 1
NUMBERS AND ASSOCIATED ANALYSES

Revision No. 0
Date: 9/30/99

Page CA-24

“926-04

0 U

LIST OF SAMPLE

Soil - Water Fish
‘0
—
‘D
0
,~—~

— C Cz -~ ~ S~ U ~U

.~

SampleNumber LabSamplelD ±±~LIILflAIL±LLL~LILaJ
98D0E-MILR-4014-SD B809115-02 Soil 111111 —

98D0E-MILR-4015-SW 8809106-03 Water —

98D0E-M1LR-4015-SW 8809111-06 Water 1 1 —

98D0E-MILR-4016-SD 8809105-17 Soil 9~i —

98D0E-MILR-4016-SD 8809115-06 Soil 11111
98D0E-IvIILR-4017-SD 8809105-18 Soil FD 11
98D0E-MILR-4018-SW 8809106-01 Waler
98D0E-MILR-4018-SW 8809111-07 Waler I I —

98D0E-MILR-4019-SD 8809115-05 Soil 111111
98D0E-MILR-4028-FS 1341-4 Fish 1 —

98lJOE-MILR-4028-FS P904267-04 Fish 1 II
98D0E-MILR-4029-FS 1341-3 Fish
98D0E-MILR-4029-FS P904267-03 Fish 1 Ii
98D0E-MILR-4095-FS 1341-5 Fish I ii
98130E-MILR-4095-FS P904267-OS Fish
Rifle Range Road Mutt Pits
98D0E-RRMP-1076-SL 8809303-13 Soil 111
98D0E-RRMP-l076-SL 8809310-07 Soil I
98D0E-RRIvIP-l077-SL 8809303-12 Soil 111
98D0E-RRIVIP-1077-SL 8809310-10 Soil 1
98D0E-RRIvIP-1078-SL 8809303-11 Soil 1111
98D0E-RRMP-1078-SL 8809310-05 Soil 1
Refcrence Stream 1
98D0E-RSOI-4083-SW 8809253-O4RE1 Waler 1
98D0E-RSOI-4083-SW 8809255-02 Water I I

A19’ACWvIENT I
U.S. Army Corps of Engineers, Alaska District
Arnchitka Island, Alaska

DM (JITY ASSESSMENT SUMMARY



ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
%0
—
t

~
~ ,D

SampleNumber LabSamylelD ii
98D0E-R5Ol-4084-SD B809255-10 Soil 1 1 1 1 1 1 —

98D0E-RSOI-4086-SW 8809253-01 Water I
98D0E-RSOI-4086-5W 8809255-05 Water 1 1
98D0E-RS01-4087-SD 8809255-08 Soil 1 liii
98D0E-RS01-4088-SW B809253-05 Water 1 — — — —

98D0E-R501-4088-SW 8809255-01 Water I I
98D0E-RSO1-4089-SD 8809255-06 Soil 1 1 1 1 1 — — — —

98D0E-RSOI-4090-SW 8809253-02 Water 1 — — — —

98D0E-RSOI-4090-SW 8809255-03 Water — — 1 1
981J0F-RSOI-4091-SD 8809255-07 Soil 1 1 1 1 1
981J0E-RS01-4092-SW 8809253-03 Water 1 —

98D0E-RS0 1-4092-SW 8809255-04 Water I I
98D0E-RSOI-4093-SD 8809255-09 Soil 1 1 1 1 1
98D0E-RSOI-4094-FS 1341-19 Fish I
98D0E-R5014094-FS P904267-19 Fish I I
98D0E-RSOI-4097-FS 1341-18 Fish — — —

98008-RS01-4097-FS P904267-18 Fish — 1 1 1
98D0E-RSO l-4099-FS 1341-17 Fish
98D0E-RS01-4099-FS P904267-17 Fish 1 1 1
98D0E-RS0 1-4 160-FS 1341-20 Fish
98D0E-R501-4160-FS P904267-20 Fish I 1 I
Reference Stream 2
98D0E-R502-4134-SW 8809378-05 Water 1
98D0E-RSO2-4 I 34-SW 8809384-16 Water
98130E-R502-4134-SW 8809384-16REJ Water

A11EACFIMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

DA7 (UTY ASSESSMENT SUMMARY 0

Revision No. 0
Date: 9/30/99
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ATTACHMENT 1
NUMBERS AND ASSOCIATED ANALYSES

Water
‘a
-I

t

~
~

4) ~ C) ~ C) r1 .~

~

25-SD LahSampklD J =~=14LLLL4444flLLLLflLLi!
98D0E-R502-4135-SD 8809385-O3REI Soil
98D0E-R502-4135-SD 8809385-03R82 Soil
98D0E-RSO2-4l36-SW 8809378-04 Water
98D0E-R502-4136-5W 8809384-15 Water — 1
98D0E-RS024136-5W B809384-ISREI Water — 1
98D0E-RSO2-4137-SD 8809388-Il Soil I 1 1 1 1
98D0E-RSO2-4138-SW 8809378-01 Water 1 — — —

98D0E-RSO2-4138-SW 8809385-04 Water I I — — — —

98lJOE-RSO2-4l39-SD 8809388-12 Soil 2!i& 1 1 1 1 1 — — — —

98D0E-R502-4140-SD 8809385-01 Soil FD 1 1 1 1 1
98D0E-RSO2-4140-SD 8809385-O1REI Soil FD
98D0E-RSO2-4l40-SD B809385-01RE2 Soil FD
98D0E-RSO2-4l41-SW 8809378-03 Waler — — I — —

98D0E-RSO2-4141-SW 8809385-06 Water 1 1
98D0E-RSO2-4142-SD 8809388-13 Soil 1 I 1 1 1
98D0E-RSO2-4l43-SW B809378-02 Water — — — — I — — —

98D0E-RSO2-4143-SW 8809385-05 Water 1 1
98D0E-R502-4144-SD 8809385-02 Soil I 1 1 1 1
98D0E-RSO2-4144-SD 8809385-O2REI Soil 1
98D0E-RSO2-4144-SD B809385-02RE2 Soil
98D0E-RSO2-4 149-FS 1341 -23 Fish
98D08-RSO2-4149-FS P904267-23 Fish — — — 1 1 I — —

98D0E-RSO2-415 l-FS 134 1-22 Fish
98D0E-RSO2-4151-FS P904267-22 Fish . 1 1 1

Nk2604

U

LIST OF SAMPLE

U.S. Army Corps of Enginecrc. AI.i4i Ph’’
Amchitka Island, Alaska

DAT ~YTY ASSFSSSII

A1TACEIMENT I Revision No. 0
Date: 9/30/9 9
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ATTACHMENT I
LIST OF SAMPLE NUMBERS AND

DA] ULITY ASSESSMENT SUMMARY ~“~26-O4

ASSOCIATED ANALYSES
Soil Water Fish

‘C
—
t

~
~

~ 00 ~ 0 0 Z

I ~flflfl~
9DOE-R502-4153-FS Fish A=LLLLLLLflA~1LLLLflLLjj
98D0E-R5024153-F5 P904267-21 Fish — — — 1 1 — I — —

Reference Stream 3 —

98D0E-RS03-3057-5W 8809371-03 Water
98D0E-RSO3-3057-5W 8809384-08 Waler —

98D0E-RSO3-3057-SW 8809384-O8REI Waler I
98D0E-RS03-3060-SD 8809384-10 Soil Or~ I I I 1 1
98D0E-RSO3-3061-SD 8809384-09 Soil FD 1 1 1 1 1 1
98D0E-RSO3-3062-SW 8809371-01 Water 1
98D0E-R503-3062-SW 8809384-02 Water I — — —

98D0E-RSO3-3062-SW 8809384-O2REI Waler I —

98D0E-RSO3-3063-SD 8809384-13 Soil 1 I 1 1 I I
98D0E-RSO3-3064-SW 8809371-02 Water
98D0E-R503-3064-SW 8809384-06 Water I
98D0E-R503-3064-SW 8809384-O6REI Waler
98D0E-RSO3-3065-SD 8809384-14 Soil 1 1 1 1 1
98D0E-RSO3-3066-SW 8809376-03 Water 1
98D0E-R503-3066-SW 8809384-07 Waler
98D0E-R503-3066-SW 8809384-O7REI Water
98D0E-RSO3-3067-SD 8809384-12 Soil 1 1 1 1 1
98D0E-RSO3-3068-SW 8809376-02 Water — I — — —

98D0E-RSO3-3068-SW 8809384-01 Water
98D0E-R503-3068-SW 8809384-OIREI Waler I — — —

98D0E-R503-3069-SD 8809384-Il Soil 1 1 1 1 1
98D0E-R503-3070-FS 1341-26 Fish Orig I —

A1TACFIMENT I
U.S. Anny Corps of Engineers, Alaska District
Ainchitka Island, Alaska

Revision No. 0
Date: 9/30/99

Page CA-27



ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

— Soil Water Fish
‘0
—
t
a
‘C

~ t
;~

~ ~ Q cn
‘D C In C N C C — C C N C C C — C C .,

~ — N ~ 00 — N — ‘a t- 00 — N t 00 — N ~
.- C C ~ C N C C C N N C C C N C C C~ — — It) In 00 00 ~O ‘C rfl In 00 00 00 ‘0 ‘0 00 00 ~0 ~C

SampleNumber LabSamplelD
98D0E-R503-3070-FS P904267-26 Fish Orj~ 1 ii
98D0E-RSO3-3071-FS 1341-27 Fish FD — 1
98D0E-RSO3-3071-FS P904267-27 Fish FD — — 1 1 1
98D0E-RSO3-3073-FS 1341-25 Fish I —

98D0E-RSO3-3073-FS P904267-25 Fish 1 1 1 — —

98D0E-RSO3-3075-FS 1341-24 Fish I —

98D0E-RSO3-3075-FS P904267-24 Fish —— 1 11
Reference Stream 4 —

98D0E-RSO4-3044-SD 8809309-07 Soil 1 11111 —

9BDOE-RSO4-3044-SD 8809309-O7REI Soil 11 —

98D08-R504-3044SW 8809306-02 Water Q~
98D08-R504-3044-SW 8809309-15 Water 1 1
98D0E-RSO4-3044-SW 8809309-I5REI Water2Lj~
98l3OE-RSO4-3045-SW 8809304-04 WaIerFD
98D0E-R504-3045-SW 8809309-20 WaterFD I I
98D0E-R504-3045-SW 8809309-2OREI WaterFD
98D0E-R504-3047-SD 8809309-08 Soil 111111
98D0E-RSO4-3047-SD B809309-O8REI Soil Ii
98D0E-R504-3047-SW 8809306-04 Water
98D0E-RSO4-3047-SW 8809309-16 Water I I
98D0E-R504-3047-SW B809309-I6RE1 Water
98D0E-R504-3048-SD 8809309-21 Soil 1 11111
98D0E-RSO4-3048-SD B809309-2IREI Soil —

98D0E-RSO4-3048-SD B809309-21RE2 Soil
98D0E-RSO4-3048-SW 8809306-03 Water

ATrACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchilka Island, Alaska

Revision No. 0
Date: 9/30/99

Page CA-28
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Trip Blanks

1-ligh/low level trip blank 8809458-16
TB-101 8809256-06

ATTACHMENT I
U.S. Army Corps of Engineers, Alaska District
Amchitka Island, Alaska

Date: 9/30/99
Page CA-29

12604

LIST OF SAMPLE
ATTACHMENT 1

NUMBERS AND ASSOCIATED ANALYSES
— Soil —— Water Fish —

‘0
—
,ta.c~

~ C C
~ .~

~ 00 00 CI) .~

.~

SampleNumber LabSamplelD ~

98D0E-R504-3048-SW B809309-17 Water 1 1
9SDOE-R504-3048-SW 8809309-17REI Water
98D0E-RSO4-3049-SD 8809309-10 Soil 11111
98D0ERS0430495D 8809309-IORE1 Soil
98D0E-R504-3049-5D B809309-1ORE2 Soil
98D0E-RSO4-3049-SW B809304-03 Water
98D0E-RSO4-3049-SW 8809309-13 Water 1 1
98D0E-RSO4-3049-SW 8809309-I3REI Water
98D0E-R504-3050-SD 8809309-09 Soil lull
98D0E-RSO4-3050-SD 8809309-O9REI Soil
98D0E-R504-3050-SD 8809309-09RE2 Soil 1
98D0E-R504-3050-SW 8809306-01 Water 1 ~
98D0E-RSO4-3050-SW 8809309-14 Water
98D0E-RSO4-3050-SW 8809309-I4REI Water —

9SDOE-RSO4-3051-FS 1341-35 Fish 1
98D0E-R504-3051-FS P904267-35 Fish I —

98D0E-R504-3053-FS 1341-34 Fish —~———~——-—~—

98D0E-RSO4-3053-FS P904267-34 Fish 1 —

98D0E-R504-3055-FS 1341-33 Fish
98D0E-R504-3055-FS P904267-33 Fish

98D0E-TBO2-0000-TB 8809041-06

98D0E-TB-100 8809153-09

DAT ~LrfY ASSESSMENT SUMMARY

Revision No. 0



ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘a
—
D
C

~
;~

V 0 ~ 0
.~

SampleNumber LabSamplelfl ~ £1L11LI1L1~1LL1LIII1Iil
98D0E-TBO2-0000-TB 8809041-06 Soil 1
TripBlank 8809105-19 Soil 1
98D0E-MILI{-1000-TB 8809034-08 Water 1
98D0E-TBO7-0000-SW B809161-16 Water 1
TripBlank B809111-15 Water 1 — — —

TRIP BLANK B809309-28 Water I
Trip Blank 8809385-10 Waler 1
Trip Blank B809465-06 Water 1
Trip Blank-l00 8809265-05 Water I
Trip Blank-28 8809165-10 Water = = = = = = = 1 = =

See Table C3-l for definitions of analytical methods
Orig project sample
FD lick! duplicate
FR lick! replicate
QA quality assurance
QC qualify control

ATrACFIMENT I
U.S. Army Corps of Engineers, Alaska District
Arnchitka Island, Alaska

DA’I CYTY ASSESSMENT SUMMARY

Revision No. 0
Date: 9/30/99

Page CA-30
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ATTACHMENT 1
LIST QF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

——__~ Water
‘C
—
t

~
~

~ 00 ~ ~ ç) Cl)

.~

SampkNumhcr LabSamplelD ~ ~L1111LLLLA1LLLL1L1I1I1
Aircraft Graveyard
98D08-ACGY-2003-SW 8809108-03 Water — — — — —

98D0E-ACGY-2004-5fl 8809115-12 Soil i
98D0E-ACGY-2005-SW 8809108-02 Water — — — —

98D0E-ACGY-2006-5D 8809115-14 Soil —

98D0E-ACGY-2007-SW 8809108-01 Water —

98D08-ACGY-2008-SD 8809115-13 Soil
98D0E-ACGY-2009-GW 8809111-16 Water — — —

98D0E-ACGY-2010-GW 8809111-14 Water — — — — — —

Cannikin Site — — —

98D0E-CANN-1013-SW 8809034-09 Water 1
98D0E-CANN-1013-SW 8809036-01 Water I I
98D0E-CANN-1013-SW 8809037-06 Water I I — — —

98D0E-CANN-1014-SW 8809034-10 Water 1 — —

98D0E-CANN-1014-SW 8809036-02 Water 1 1
98D0E-CANN-1014-SW 8809037-07 Water 1 1
98D0E-CANN-1015-SW 8809034-11 Water — —

98D0E-CANN-1015-SW B809036-03 Water I
98D08-CANN-10l5-SW 8809037-08 Water — I I
98D0E-CANN-1 0 16-SD 8809 105-03 Soil
98D0E-CANN-1016-SD 8809113-02 Soil 1 1 1 1 1
98D08-CANN-10l6-SD 88091 13-O2REI Soil — 1
98D0E-CANN-1016-SD 88091 13-02RE3 Soil — 1
98D0E-CANN-l0 17-SD 8809105-09 Soil

A17ACFIMENT I
U.S. Anny Carps of Engineers, Alaska District
Ainchitka Island, Alaska

DAT C,LITY ASSESSMENT SUMMARY

Revision No. 0
Date: 9/30199

Page CA-I
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ATTACHMENT 1

ATrACHMENT I
U.S. Anny Corps of Engineers, Alaska District
Amchitka Island, Alaska

DA: CYTY ASSESSMENT SUMMARY

LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

E) :.~.::592o~o4

Soil — Water Fish
‘0—
t
0.z

P.,
C C

;~
4J oc ~2 0 ~0 en

.~~
SampleNumber LabSamplelD ~ fl±Lflfltlaflflflfllfli
98D0E-CANN-10l7-SD 8809113-03 Soil I — — 1 1 1 1
98D0E-CANN-1017-SD B809113-O3RE1 Soil
98D0E-CANN-1017-SD B809113-03RE3 Soil
98D0E-CANN-1018-SD B809105-1I Soil I
98D0E-CANN-1018-SD 8809113-04 Soil 1 1 111
98D0E-CANN-1018-SD 8809113-O4REI Soil —

98D0E-CANN-1018-SD 8809113-04RE3 Soil
98D0E-CANN-1019-SD 8809105-01 Soil 11
98D0E-CANN-1019-SD 8809113-01 Soil 1 1111
98D0E-CANN-1019-SD B8091l3-O1REI Soil
98D0E-CANN-1019-SD B809113-OIRE3 Soil
98D0E-CANN-1020-SD 8809105-08 Soil Q~i&1
98D0E-CANN-1020-SD 8809113-05 Soil Q~I 1111
98D0E-CANN-1020-SD B809113-O5REI Soil Q~j~
98D0E-CANN-l020-SD 8809113-05RE3 Soil Q!i&
98D0E-CANN-1021-SD 8809105-06 Soil FD I
98D05-CANN-1021-SD B809113-06 Soil FDI 1111
98D0E-CANN-1021-SD 8809113-O6REI Soil FD
98D0E-CANN-1021-SD 8809113-06RE3 Soil FD
98D0E-CANN-1022-SD B809105-07 Soil 1
98D0E-CANN-l022-SD B8091l3-07 Soil 11111
98D0E-CANN-1022-SD 8809113-O7REI Soil
98D0E-CANN-1022-SD B809113-07RE3 Soil
98D0E-CANN-ll00-SW B809376-0l Water I I
98D0F-CANN-1100-SW 8809384-05 Water

Revision No. 0
Date: 9/30/99

Page CA-2



ATTACHMENT 1
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Soil Water Fish
‘0
I

t
C
.t

~

~ 00 ~ z 0

E
SampleNumber LabSamplelfl ~

98D0E-CANN-1100-SW B809384-O5RE1 Water
98D0E-CANN-1100-SW B809388-02 Water
98D0E-CANN-llOl-SW 8809368-02 Water 1 1
98D0E-CANN-1101-SW 8809384-03 Water
98D0E-CANN-11O1-SW B809384-O3REI Water
98D0E-CANN-1l0l-SW B809388-01 Water
98D0E-CANN-1102-SW 8809368-01 Water 1 1
98D0E-CANN-1102-SW 8809384-04 Water
98D0E-CANN-1102-SW 8809384-O4REI Water
98D0E-CANN-1102-SW B809388-03 Water
98D0E-CANN-1103-SD 8809388-10 Soil 11111
98D0E-CANN-1103-SD 8809421-15 Soil I
98D0E-CANN-1103-SD B809479-02 Soil 1
98D0E-CANN-1104-SD B809388-09 Soil 11111
98D0E-CANN-I104-SD 8809421-08 Soil 1
98D0E-CANN-1104-SD 8809479-01 Soil 1
98D0E-CANN-1105-SD 8809377-01 Soil 11111
98130E-CANN-l105-SD 8809421-01 Soil I
98130E-CANN-1105-SD 8809479-03 Soil 1
98DOE4DANN4IO6SW 8809385-09 Water Q~ — — — — 1
98D0E-CANN-1l06-SW 8809387-02 Water ~ — — — — —

98D0E-CANN-1107-SW 8809385-07 Water FD — — — — i i
98D0E-CANN-1107-SW 8809387-03 Water FD — — — — —

98D0E-CANN-1l07-SW 8809389-03 Water FD — — — — —

98D0E-CANN-1108-SW 8809385-08 Water 1 i

0DA] 11TY ASSESSMENT SUMMARY

A1TACHMENT I Revision No. 0
U.S. Army Corps of Engineers, Alaska District Date: 9/30/99
Amchilka Island, Alaska Page CA-3



ATTACHMENT I
LIST OF SAMPLE NUMBERS AND ASSOCIATED ANALYSES

Water
‘a
—
t

~
~

~2 00 ~ C.) ~ C) C~) .~

.~

SampleNumber LabSamplelD ~ ~±41jj1Lflk41LLL1IIL iii
98D0E-CANN-1108-SW 8809387-01 Water — — 1 1 — — — —

98D0E-CANN-1109-SD 8809377-02 Soil ITTTT
98D0E-CANN-iiO9-SD B809421-04 Soil 9~j~i
98D0E-CANN-i110-SD B809377-03 Soil FD T
9800E-CANN-1l10-5D 8809421-06 Soil FD1 —

98D0E-CANN-i111-SD 8809377-04 Soil 1 1 1 1 1
98D0E-CANN-llll-SD 8809421-02 Soil I
98D0E-CANN-1112-SW 8809385-12 Water — — 1 I 1
98D0E-CANN-11l2-5W 8809389-02 Water 1 1 — — — —

98D0E-CANN-1113-SW 8809385-li Water I I I
98D0E-CANN-i I 13-SW 8809389-01 Water I I — — —

98D0E-CANN-l I 14-SD 8809421-03 Soil
98D0E-CANN-I 1 14-SD 8809475-09 Soil 1 1 1 1 1 — — —

98D0E-CANN-l I 15-SD 880942 1-05 Soil
98D0E-CANN-1l15-SD 8809475-10 Soil — — 1 1 1 1 I
98D0E-CANN-4 101-SW 8809299-03 Water — — 1
98D0E-CANN-4101-SW 8809302-02 Water
98D0E-CANN-4101-SW 8809303-19 Water — — I I
98D0E-CANN-4101-SW 8809303-I9REI Water I I
98D08-CANN-4101-SW 8809309-27 Water
9800E-CANN-4102-SD 8809305-07 Soil 1 1 1 1 1 1 1
98D0E-CANN-4 I 02-SD 8809305-07RE1 Soil 1
98D0E-CANN-4 102-SD 8809305-07RE2 Soil
98D0E-CANN-4103-SW 8809297-01 Water 1 1
98D0E-CANN-4103-SW 8809309-12 Water 1 1 1

— ~126-04o U
DA’I tITY ASSESSMENT SUMMARY

A7TACI-IMENT I Revision No. 0
115. Aimy Corps of Engineers, Alaska District Date: 9/30/99
Amchitka Island, Alaska Page CA-4
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Figure 3.5-1
Probability Analysis for Mean Relative Ranks
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Figure 3.5-2
Triad Analysis

Upland Reference Streams vs. Site D Stream
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Figure 3.5-3
Triad Analysis

Upstream Reference Stations vs. Site 0 Station #1
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Figure 3.5-4
Triad Analysis

Central Reference Stations vs. Site D Station #2
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Figure 3.5-5
Triad Analysis

Downstream Reference Stations vs. Site D Station #4
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Figure 3.5-6
Triad Analysis

Upland Reference Streams vs. Site E Stream
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Figure 3.5-7
Triad Analysis

Upstream Reference Stations vs. Site E Station #1

Benthic Ranking
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Figure 3.5-8

Triad Analysis
Central Reference Stations vs. Site E Station #2
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Figure 3.5-9
Triad Analysis

Downstream Reference Stations vs. Site E Station #4
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Figure 3.5-10
Triad Analysis

Upland Reference Streams vs. Site F Stream
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Figure 3.5-11
Triad Analysis

Upstream Reference Stations vs. Site F Station #1

Senthic Ranking
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Figure 3.5-12
Triad Analysis

Central Reference Stations vs. Site F Station #3
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Benthic Ranking

Ranking
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Reference Station #403 102.84

Site F Station #3 = 63.87
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Figure 3.5-13
Triad Analysis

Downstream Reference Stations vs. Site F Station #5
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Figure 3.5-14
Upland Streams - Principal Components Analysis
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Figure 3.5-15
Probability Analysis for Mean Relative Ranks

Lowland Stream Sampling Stations
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Figure 3.5-16
Triad Analysis

Reference Streams vs. White Alice Creek
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Figure 3.5.17
Triad Analysis

Upstream Reference Stations vs. White Alice Creek Station #2
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Chemistry Ranking

Senthic flanking

Toxicological Ranking

fleference Station 103 *—Reterence Station 203 —*—White Alice Station i~i~

0

Figure 3.5-18
Triad Analysis

Central Reference Stations vs. White Alice Creek Station #3
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Figure 35-19

Triad Analysis
Central Reference Stations vs. White Alice Creek Station #4
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Figure 3.5-20
Triad Analysis

Downstream Reference Stations vs. White Alice Creek Station #5
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Figure 3.5-21
Triad Analysis

Reference Streams vs. Bridge Creek
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Figure 3.5-22
Triad Analysis

Upstream Reference Stations vs. Bridge Creek Station #2
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Figure 3.5-23
Triad Analysis

Central Reference Stations vs. Bridge Creek Station #3
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Figure 3.5-24
Triad Analysis

Downstream Reference Stations vs. Bridge Creek Station #5
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Figure 3.5-25
Triad Analysis

Reference Streams vs. Rainbow Creek
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Figure 3.5-26
Triad Analysis

Upstream Reference Stations vs. Rainbow Creek Station #2

Benthic Ranking

Chemistry Ranking Toxicological Ranking
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Reference Station #202 = 394.91

Rainbow Creek Station #2 99.92
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Figure 3.5-27
Triad Analysis

Central Reference Stations vs. Rainbow Creek Station #3
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Figure 3.5-28
Triad Analysis

Downstream Reference Stations vs. Rainbow Creek Station #5
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Figure 3.5-29

Chemistry Ranking Toxicological Ranking
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Triad Analysis
Reference Streams vs. Cloudberry Creek
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Figure 3.5-30
Triad Analysis

Upstream Reference Stations vs. Cloudberry Creek Station #1

Benthic Ranking
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Figure 3.5-31
Triad Analysis

Central Reference Stations vs. Cloudberry Creek Station #2
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• Figure 3.5-32
Triad Analysis

Downstream Reference Stations vs. Cloudberry Creek Station #5
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Figure 3.5-33
Triad Analysis

Reference Streams vs. Clevenger Creek
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Figure 3.5-34
Triad Analysis

Upstream Reference Stations vs. Clevenger Creek Station #1
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Figure 3.5-35
Triad Analysis

Central Reference Stations vs. Cleveriger Creek Station #2
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Figure 3.5-36
Triad Analysis

Downstream Reference Stations vs. Clevenger Creek Station #5
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Figure 3.5-37
Lowland Streams - Principal Components Analysis

Principal Component 1

• Bridge • Cloudberry Clevenger )< Rainbow XWhite Alice • Ref Stream 1 + Ref Stream 2

3.Increasing
Decreasing EPT
Increasing DRO

Decreasing Sujvival
Decreasing Biomass

Xw5

R3

- cv

Increasing Metals

toC ~
Cscc— o E

arc fl~

—so’s,
00

+RS205



Table 3.1-1
Analyte Benchmark Summary

(Page 1 of 2)

ANALYTE j BENCHMARK j REFERENCE
PAHS (mg/kg)
Acenaphthene NA
Anthracene 0.01 threshold effects level1
Benzo (a) anthracene 0.01 572 threshold effects level1
Benzo (a) pyrene 0.0319 threshold effects level1
Benzo (b) fluoranthene NA
Benzo (g,h,i) perylene NA
Benzo (k) fluoranthene 0.0272 threshold effects level1
Chrysene 0.02683 threshold effects level1
Fluoranthene 0.03146 threshold effects level1
Fluorene 0.01 threshold effects level1
Indeno (1,2.3-cd) pyrene 0.01732 threshold effects level’
Naphthalene 0.01465 threshold effects level’
Phenanthrene 0.01873 threshold effects level1
Pyrene 0.04427 threshold effects level1
Diesel-Range Organics NA
Carbon disulfide 0.00085 secondary chronic value2
Total Organic Carbon Not Applicable
Acid Volatile Sulfides Not Applicable
Simultaneously Extracted Metals ZSEM-AVS=0 no observable effects level3

Metals (mg/kg)
Aluminum 58,030 probable effect concentration (PEC)2
Arsenic 12.1 threshold effect concentration2
Barium NA
Beryllium NA
Boron NA
Cadmium 0.583 threshold effects level1
Calcium NA
Cerium NA
Cesium NA
Chromium 36.286 threshold effects level1
Cobalt NA
Copper 28 threshold effect concentration TEC2
Iron 40000 upper effects threshold UET (4%)1

Lithium NA



Table 3.1-1
Analyte Benchmark Summary

(Page 2 of 2)

ANALYTE BENCHMARK REFERENCE

• Magnesium NA
Manganese 614.722 threshold effects level1
Molybdenum NA
Nickel 19.514 threshold effects level1
Potassium NA
Selenium NA
Strontium NA
Thallium NA
Thorium NA
Titanium NA
Uranium NA
Vanadium NA
Zinc 94.15 threshold effects level1

PAHs Normalized (mgl% OC)
Acenaphthene 1.3 nawqc chronic2
Anthracene 0.027 fish2
Benzo (a) anthracene 0.11 secondary chronic value2
Benzo (a) pyrene 0.14 secondary chronic value2
Benzo (b) fluoranthene NA
Berizo (ghi) perylene 0.3 upper effects threshold’
Benzo (k) fluoranthene NA
Chrysene 0.8 upper effects threshold1
Fluoranthene 1.5 upper effects threshold1
Fluorene 0.3 upper effects threshold1
Indeno (1,2,3-cd) pyrene 0.33 upper effects threshold1
Naphthalene 0.6 upper effects threshold’
Phenanthrene 0.8 upper effects threshold’
Pyrene 1 upper effects threshold’

lowest LO 50, low persistence tuel oil,
Diesel Range Organics 4.7 per I % TOC4

NANot Available
I. U.S. Environmental Protection Agency. 1996. calculation and Evaluation of Sediment Eeffect concentrations for the Mipliipod HyaleIIa

Azteca and the Midge Chimnomus Pipaflus, EPA 905-R96- 008, Chicago, IL.
2. Jones, D.S.. G.W. Suter II. and R.N. Hull. 1997. Toxicological Benchmarks for Soreening contaminants of Potential concern for Effects on
Sediment,Assodated Biota: 1997 Revision, ESIERITM-95e’R4. Oak Ridge, Th: Oak Ridge National Labocato.y.
3. U.S. Environmental Protection Agency. 1995b. An SAS Report Review of the Agencfl Approach for Developing Sediment Criteria
for Fwe Metals. EPA-SAB-EPEc-95-o2o.
4. American Petroleum Institute. 1994. A Critical Review of Toxicity vak,~ and an Evaluation of the Persistence of Petroleum Products for Use
in Natural Resource Damage Assessments. Publication Number 4594, Wlmington, DE.
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Sediment Chemistry Data -Upland Stations

Stream and Station LOCatIOn
Drill SiteDS”eam Drill Site E Siream Drilt Site F Stream I Rererenca Stream #3 I Relerence Stream #4

MalyleConcenkatlonak,mgikg I 2 4 I 2 4 I 3 5(1 [‘W(T ‘Y’
PAHi
Acenaphthene ND ND ND 0.0103 ND ND ND ND ND ND ND ND ND ND ND
Mthracene aoisi ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(a)anthr.cene ~O34 ND W ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(a)p)Tene OMSOI NO ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo (b) r~jocanthen, 0.0876 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Banzo (g.h.l) perylene 0.0143 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(k)Ikioranlhene 0D322 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Chrysane ~02l5 ND ND ~W ND ND ND ND ND ND ND ND ND ND W
Fluoranthene Dfl32 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Fluorena 0.0125 44D ND ö~Y4 ND ND W W 9W 9W 51W 5W 51W 51W 51W
lndeno(l.2.3-cd)pyrsie 0.0197 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Naplithalene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Phenanthrene 0.125 ND ND 0.0702 ND ND ND ND ND ND ND ND ND ND ND
Pyreiie 0.0554 ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Diesel-Range Organic. 176 ND ND ND 22.1 ND ND ND ND 206 ND ND ND 9s5 10.7

CarbonDisuffide ND ND ND ND ND ND ND ND ND ND ND ND ND ND NO

Total Organic Carbon 11600 18600 82700 25600 103W 22800 44900 29300 19200 159W ID800C 70400 38000 12000 18000

AcldVolalileSulfldes(ninollkg) 170 ND 105 ND ND ND ND ND 11.3 2.63 50.9 5.94 ND ND ND
SlniultaneouslyExtradedMet.ls(r,vnollkp) 1.03 0.553 1.47 6.12 3.56 0.922 0.79 0.813 1.86 3.46 3.86 2.82 1.71 1.27 0,646

METALS
Aluminum 11900 9490 17500 25100 17000 19500 16000 15500 18000 7400 29800 32800 28400 15600 17300
Arsenic 1.62 4.05 ID 3.64 344 1.25 ND 3.73 2.49 11.2 23.6 11.7 3.01 1.15 0.982
Barium 86.9 53 139 76.7 36.5 49.9 58.9 36.8 93.1 91.1 232 145 44.3 38.5 43.2
Beryllium ND ND ND ND ND ND ND ND ND NDND ND ND ND ND
Boron 17.2 45 149 ND ND ND ND 30.6 ND ND ND 6.42 ND ND ND
Cadmium ND ND ND 8.5 ND ND ND ND ND ND NO ND ND ND ND
Calcium 4160 1700 2720 3400 2710 4860 3710 5440 5770 4220 4650 5090 4450 4390 4180
CerIum 14.6 3.71 8.19 19,710.39.826.276.71 5.55 3.79 10.9 8.06 9.41 6.77 7.47
Cesium ND ND ND ND ND ND ND ND ND ND ND ND ND NDND
Chromium 226 23.1 36.2 18.9 41.1 11.4 7.68 9.81 9.74 7.32 9.94 4.62 17.6 9.83 9.82
Cobalt 4.62 7.76 17.9 18.5 4.03 11.5 15.7 6.67 7.88 8.83 27.6 10.2 17.7 10.4 8.84
Copper 38.35 13.495 20.65 118 70.95 23.2 14.8 19.2 25.3 24.5 42.55 54.6 29.85 17.015 19.9
ron 8960 20200 68600 23000 31~ 23000 64800 13300 24200 52700 104000 70900 54200 26000 16000
Lithium 2.51 2.89 4.6 7.89 3.03 6.08 4.08 447 5.47 ND 8.29 12.2 15 11.6 10.1
Magnesium 2610 1660 2010 5320 1310 4980 839 859 3340 1280 7410 10800 11200 5810 6120
Manganese 256 1430 2310 748 350 840 1250 284 218 4910 13300 1420 2260 1500 786
Motybdenum ND 0.555 ND ND ND ND ND 1.63 ND ND NDND ND ND ND
Nickel 13.8 10.025 15.8 31.95 17.39 10.305 6.5 4.425 6.8 13.23 20.9 9.095 12.295 7.14 5.77
potassium 442 175 415 556 123 345 236 202 260 179 373 644 371 181 213
Selenium ND ND ND 1.66 3.31 ND ND 2.31 ND ND 3.15 ND 2.4 0.918 0.619
Strontium 35.2 19.8 38.1 38.2 47.9 43.4 30.3 25 37.4 45.9 70.3 107 29.1 37.4 38.3
ThallIum ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Thorium ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Titanium 650 376 755 940 715 937 1150 1030 865 285 1070 778 537 313 432
UranIum 2.49 ND ND ND ND ND ND ND ND ND ND ND ND NDND
vanadium 49.2 60.9 205 90.6 89.5 79.9 165 102 92.5 162 263 126 90.4 49 47.7
Zinc ‘ 52 62.75 84.15 122.45 45.1 42.75 47.95 34 171.85 106.65 175 115 95.95 67.5 39.7

=

9/24199 11:13 AM T31_2345.xls Upland Data
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PAH Toxic Units, Metals Toxic Units, Normalized DRO - Upland Stations

Stream and Station Location
Drill Site 0 Stream Drill Site E Stream Drill Site F Stream Reference Stream #3 II Reference Stream #4

~naIyte Units 1 2 T~T 2 4 T 3(5 1 214112(3 4
PAHs
\cenaphthene toxic units ND ND ND 7E-05 ND ND ND ND ND ND ND ND ND ND ND
;nthracene toxic units 0.0003 ND •51W ND ~5iW ND ND ND ND ND ND ND ND ND
Benzo (a) anthracene toxic units 0.0015 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(a)pyrene toxic units 0.0026 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo (b) fluoranthene toxic units 0.0069 ND ND ND ND ~i4W ND ND ND ND ND ND ND ND
Benzo (g,h.l) perylene toxic units 3E-07 ND EW ND ND ND ND ND ND ND ND ND ND ND
Benzo (Ic) fluoranthene toxic units 0.0031 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Chrysene toxic units 0.0009 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Fluoranthene toxic units 0.0006 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Fluorene toxic units 0.0003 ND ND 0.0003 ND FiW ~i~W ND ND ND ND ND ND ND ND
indeno(1,2,3-cd)pyrene toxic units IE-06 ND 5W ND ND ND ND ND ND ND ND ND ND ND ND
Naphthaiene toxic units ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Phenanthrene toxic units 0.0023 ND ND 0.0006 ND ND ND ND ND ND ND ND ND ND ND
Pyrene toxlcunits 0.002 ND 51W 51W ND ND ND ND ND ND ND ND ND ND ND

Total PAH Toxic Units 0.0206 ND ND 0.001 ND ND ND ND ND ND ND ND ND ND ND

Diesel-Range Organics mg/%OC 151.72 ND ND ND 2.1456 ND ND ND ND 12.956 ND ND ND 8.2917 5.9444

Metals Toxic Units
~luminum toxic units 0.2051 0.1635 0.3016 0.4325 0.293 0.336 0.2757 0.2671 0.3102 0.1275 0.5135 0.5652 0.4894 0.2688 0.2981
~rsenic toxlcunits 0.1339 0.3347 0.8264 0.3008 0.2843 0.1033 ND 0.3083 0.2058 0.9256 1.9504 0.9669 0.2488 0.095 0.0812
Cadmium toxic units ND ND ND 14.58 ND ND ND ND ND ND ND ND ND ND ND
Chromium toxic units 6.2283 0.6366 0.9976 0.5209 1.1327 0.3142 0.2111 0.2704 0.2684 0.2017 0.2739 0.1273 0.485 0.2709 0.2706
Copper toxic units 1.3696 0.482 0.7375 4.2143 2.5339 0.8286 0.5286 0.6857 0.9036 0.875 1.5196 1.95 1.0661 0.6077 0.7107
iron toxic units 0.224 0.505 1115 0.575 0.775 0.575 1.62 0.3325 0.605 1.3175 2.6 1.7725 1.355 0.65 0.4
Manganese toxic units 0.4164 2.3263 3.7578 1.2168 0.5694 1.3665 2.0334 0.462 0.3546 7.9874 21.636 2.31 3.6765 2.4401 1.2786
Nickel toxic units 0.7072 0.5137 0.8097 1.6373 0.8912 0.5281 0.3331 0.2268 0.3485 0.678 1.071 0.4661 0.6301 0.3659 0.2957
Zinc toxic units 0.5523 0.6665 0.8938 1.3006 ~~7g 0.4541 0.5093 0.3611 1.8253 1.1328 1.8587 1.2215 1.0191 0.7169 0.4217

Total Metals Toxic Units 9.8368 5.6283 10.039 24.776 6.9584 4.5057 5.51 12 2.9138 4.6213 13.245 31.423 9.3795 8.9699 5.4154 3.7566
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Sediment Chemistry Data - Lowland Stations
________________ Sn.m and StUlon location

&idg~Qnk CI.w.jlaCr.th Ooo~cr..k Raibowcrnk Wil• Alca Creak Relernoce Stiam II Raferenc. Stra.m #2
~neI~1.ConcanUabon.tomØy 2 3 5 1 2 5 1 2 5 2 3 5 2 3 4 5 I 3 5 ~T’ T T

PAN.
Ac.nKhth.n. ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
~nthracane ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(e)entwacane ND ND ND ND ND ND 11W 5W 11W 5W ~i~W SW SW SW SW SW 11W SW SW 11W 51W 11W
Bonn (.)Pv~ a ~ a a a ND ND ND ND ND ND ND ND ND ND ND ND ND ND 5W ND
Benn(b)fluoq.,then. ND ND ND ND ND ND SW SW SW SW SW SW 91W S6~ SW SW 11W 51W 11W 11W 51W SW
Benzo(ghi)pflne ND ND ND SW ND ND 11W 11W 51W 11W SW 11W 5W SW 5W SW SW 51W 51W SW SW 11W
Benzo00&~fl ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ~i1W ND 5W 51W SW 11W
Ct~ean. ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND SW 5W 5W 11W SW 11W
Ekiorenthene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ~i1W 51W 5W 5W 91W 5W 11W
Fk,oiene ND ND ND ND ND ND ND ND ND ND ND ND ND ND SW 11W 51W 5W 5W 11W 5W 11W
Indeno (t2.3.cdj pyren. ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Nephl’aI.n. ND ND ND ND ND ND ND ND ND ND ND SW 11W SW ~11W 11W 51W SW 11W 11W 51W 11W

rnbvene a ND ND ND ND ND ND ND ND ND ND ND ND 5W 5W 11W 11W SW SW 51W SW SW
~ aaaaannn nnnn
DlnI.R~. 0f980k. ND ND ND 542 90.3 148 ND ND ND 644 2110 ND 363 118 326 38 ND ND ND 139 ND 947

Ca.bondlsij6d. ND ND ND ND 0.136 ND ND 0.0247 ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Tolal Oi.dcC.ibon 16900 50200 95300 17800 120061 88450 18830 91900 81300 28400 19200 83300 70000 6250 12800 11300 91600 77600 67100 23300 15950 13800

AddVoI.t8eSuIfid.(rmnotlc9) 0.747 255 7.6 776 1110 58 1375 ND ND ND ND ND ND 13.4 123 ND 81.3 ND ND 0.132 0.1145 ND
ShnitI.nnnty ExIr.cl.d Metals (rrwnofl9) 2.58 2.22 1.52 4.05 2.58 1.248! 1.795 2 1.77 0982 3~08 2.86 18.5 2.81 2.51 311 1.08 359 191 1.89 3085 3.91

Melale
Alwnlotgn 63900 22500 34200 16000 20100 82150 17550 41000 29500 3990 9900 28600 41000 80100 88300 48400 24400 18400 20000 17200 31600 35000
Arsatlc 9 18.7 9,21 13.9 III ID.32f’3.225 3,58 8.68 ND 9.15 321 40.4 15.4 109 57.7 7.57 15.5 11.4 2.4821.0820.3
Badum 144 271 206 104 148 238 74 131 151 ND 84,7 266 377 ND 249 150 99.8 175 109 303 74.5 339
0.ryam, ND ND ND ND ND ND ND ND 2.9 ND ND ND ND ND ND ND ND ND ND ND ND ND
Bonn ND ND ND ND 101 134.9 ND ND ND ND ND 10.2 ND ND ND ND ND ND ND ND ND 5.42
Ca&nk,m ND ND ND ND ND ND ND ND 1585 ND ND ND ND ND ND ND ND ND ND ND ND 0.304
Celdun 7120 5570 5900 2880 3730 14190 7925 7000 5480 7300 2880 6470 5960 7940 6370 10800 1480 4580 4980 1950 2590 4090

atl.m, 924 7.11 11.8 997 7.58 22.2 7.265 8.92 12 ND 0.19 9.58 13.3 13.5 209 9 9.09 8.12 10.9 6.05 0.185 012
Cesium ND ND ND ND ND 3.03 ND ND 3.51 ND ND ND ND ND ND ND ND ND ND ND ND ND
Cteonium 111 T~ 5W 5fl I5T ‘WFs InS ‘151 11.3 ND 33.2 12.0 19.3 24.4 20.1 .I~!, ±!! .1±. 111 &iL5 S~L

~ob.ft 15.7 20.3 15.1 15.9 14.5 28.4 8.575 19.9 10 ND ND 28 38.2 28.1 16.2 15 20.2 35.4 21.4 9.45 13.025 31.7
Coppat 48.4 37.25 50.75 75.2 48.85 91.201 47,575 82.0 60.15 6.5 4D.65 37 106.4 56.15 95.75 137$ 31.7 24.05 42,05 27.7 59.75 41.3
on ~ ~ i~Th 12400 19200 96800 70600 59800 67600 53600 81400 48100 37700 57200 56500

IlUilum 145 10.3 17.5 10.6 293 11.1 17 14.1 ND ND 9.52 686 20.1 22.7 19.2 7.83 TD2 15.5 37.8 14.3 15.1
Maoneslun, ‘7~ ~ Ii~ i~5ö 13~1 nSöó 3551 15~Ô I~33 7S~ iWo ;eso 9180 15800 25400 36600 3510 4280 8220 4010 5660
M.nosirn. 373 8320 605 1130 1450 545 638.5 1750 140 132D 588 14700 9390 10300 1360 2570 6740 14400 2280 4840 4200 46300
Molybdantan 5W 5W SW 11W 11W SW 11W 5W ‘571 11W 51W 51W 11W ND ND ND ND 55 ND ND ND 5
Nidsel 756 9075 473 3.33 6315 6562. 92425 i5315 1W5 ND 21.05 9.49 536 1395 236 1145 249 9125 712 315 7185 10A2
Potasokan 4050 ~i~i’ 925 2520 1150 2630 537 370 324 746 527 1310 791 3000 163 572 026 441 721.5 759
sea.tn 5W 5W 111 11W 5W SW 11W 5W 11W 11W 11W ‘151 531 SW 11W 531 ~53T SW ND ND 0.951
Sbtn&mi 142 176 135 111 liT 4315 552 221 114 59.5 70.7 94.1 106 531 943 547 396 89 101 63.6 57A5 653
maeuni 5W SW SW 11W 51W SW 11W 5W ~ SW SW SW 51W a a a a a a a .n_
mann 5W 5W SW 11W 11W 11W 11W 5W 51W 11W ND ND ND ND ND ND ND ND ND ND ND 0.5
~ s~ w w ~mi ~ ~oiu ~8o sos 2W 988 ThW W4o nsa
urns, 5W 5W 5W SW 5W SW 11W 5W ND ND ND ND ND ND ND ND ND ND ND ND ND 211
V.n.dusn 230 5W 511 551’ W 287 ~iW SIT 15W 54.7 141 296 645 239 175 210 194 245 239 997 120.3 479
Zinc 113.5 119.5 92.05154 IDle 1097 69825 714 5205 ND 605 1445 fl 736 1195 449 10495.05 flflSO 249

9124199 11:13AM T31_23454s Lowland Data
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PAH Toxic Units, Metals Toxic Units, Normalized PRO - Lowland Stations

____________ Stream end Station Location
Dri~~fe.k CIev~reek CbU~TyCr.ek Rektow Creek Wile Ak. Creek Reference Stream NI Reference Stream #2

Mat~1e 2 3 5 I 2 5 1 2 5 2 3 ~9~j
PAHe Toxic Unit,
Ac.n~Nh,oe toxictxite ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Mlivecene toxic .‘it. ND ND ND ND ND ND ND ND ND ND ND 54W •1IW 54W •14W ~54W 54W 54W 54W •14W 54W 54W
Benzo(a)snhlyacen. toxic units ND NO ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Benzo(a)pyrene toxicunil. ND ND ND 54W 54F~ 54W ~i4W ND ND ND ~i4W 54W 54W ~IW 54F~ ~NW 54W~ 54W ~iW ~i4W 54W 54W
Benzo (b) lluorardh.n. toxic .m ND ND ND ND ND ND ND ND ND ND 54W ND ND ND ~i4W 54W SW 54W 54W SW 54W 54W
Demo (phi) p..yIene toxic site ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 54W 54W ~i4W 54W 54W 54W
Benzo(k)&iorfl,en. toxictxite NO ND ND ND ND ND ND ND ND ND ND 54W 54W 54W ~i4W 54W ~i4W ~i4W 54W 54W ~i4W 54W
Ciwysen. toxic site ND ND ND ND ND 54W ND ND ND ND 54W ND ND ND ND ND ND ND ND 54W 54W ~i4W
Fkjorenthen. toxic site ND ND ND ND ND ND ND ND ND ND ND ND ND ND 54W 54W 54W 54W 54W 54W 54W 54W
Fkjo,ene toxic sit. ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND S~W 54W 54W
Indeno (1 2 3-cd) p~tene toxic unit. ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 54W 54W 54W 54W 54W 54W
NeçflheIeoe toxic sits ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 54W 54W 54W
PfliUwen. toxic sit. ND ND 54W 54W 54W 54W SW 54W 54W 54W 54W 54W 54W 54W 54W 54W 54W 54W 54W 54W 54W 54W
Pyrene toxic site ND ND ND ND ND ND ND ND ND ND ND ND NO ND ND ND 54W 54W 54W 54W 54W 54W

TotelPAHToxicUnlt, ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Dienifleng. Organic. mflOC ND ND ND 30.449 7.525 2.1622 ND ND ND 2.9718 109.9 ND 5.2714 140.61 2.5873 3.3628 ND ND ND 5.6369 ND 6M623

M.tet. Toxic Unit,
Aksnknn toxlcund, 1.1012 0.3877 0.5894 0.2757 0.3484 1.0813 0.3024 0.7203 0.5084 0.0688 0.1706 0.4928 0.7065 1.0357 1.177 0.8341 0.4205 0.3171 0A825 0.2964 0.5445 0.6031
Arsenic tosicwits 0.7438 1.3802 0.7612 1.1468 0.9174 0.6533 0.2665 0.2959 0.7174 ND 0.7562 2.6529 4 1.2727 9.0063 4.7686 0.6256 1.281 0.9421 0.205 1.6066 1.6777
Cadmlix,i toxictxits ND ND ND ND ND ND ND ND 2.7187 ND ND ND ND ND ND ND ND ND ND ND ND 0.5214
Clvomkmi toxicLmits 0.1604 0.1608 0.2756 0.6118 0.5677 0.4754 0.0889 0.1885 0.3114 ND 0.915 0.3528 0.5319 0.6724 0.5539 0.381 0.2345 0.156 0.2315 0.1039 0.1512 0.1728
C~pw toxicisit. 1.7266 t~3~ iii~s ~1i~r t~7~2 3.2574 fl~I 22429 2.1482 0.2321 1.4516 1.3214 3.8 2.0054 3.4196 4.9107 1.1321 0.8589 1.5018 0.9893 2.1339 1.475
Iron tosicaits 1.185 2.465 1.4125 1.2625 1.1925 1.6130 1.2225 12925 04675 02018 0.31 4.8 2.42 1.765 1.495 1.69 1.34 2.035 1.2025 D.9425 1.43 1.4125
Manganese toxic 5141 0.6068 10.281 o:~ {I5~ i3~ii ÔI~ 1.0387 2.8468 0.2277 2.1473 0.9565 23.913 15.275 16.756 2.2124 4.1808 10.964 23.425 3.6765 7.5461 6.8324 75.319
Nidcei toxic unite 0.3874 0.4851 0.2424 0.1706 0.3236 0.3363 0.4224 0.5527 0.4497 ND 1.0787 0.4663 2.7467 0.7149 1.2094 0.5868 0.1276 0.4676 0.3956 0.1922 0.3989 0.534
Zk,c toxictsits 1.2055 1.2693 0.9777 1.6357 1.0791 1.1652 0.7395 0.8008 0.5528 ND 0.6426 1.5346 6.4578 1.6038 0.7617 0.9405 0.4727 1.9543 1.00% 0.7716 1.0725 2.6447

Total MetaliToxtcUnIts 7.1166 17.759 7.0554 9.6211 8.4587 9.6692 5.78 8.9404 8.1018 2.65 6,2814 35.554 35.938 25.825 19.657 18.272 15.317 30.495 9.4421 11.049 14.37 64.36

9124199 11:13AM T31_2345.xls LowtandlU
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Table 3.2-1

Toxicity Test Results - Upland Stations

. I Toxicity Test Endpoints
Survival Growth Biomass

Station Result Normalized Result Normalized Result Normalized
(%) (mg) (mg)

Stream 0 Location 1 46.25% 49.35% 1.367 185.10% 6.37 92.20%
Stream D Location 2 26.25% 27.99% 1.005 136.00% 2.30 33.20%
Stream D Location 4 53.75% 57.35% 0.743 101.30% 4.00 57.90%
Stream E Location 1 85.00% 89.47% 0.406 77.80% 3.32 67.30%
Stream E Location 2 83.75% 94.37% 0.291 57.70% 2.38 53.10%
Stream E Location 4 85.00% 95.79% 0.280 55.60% 2.37 52.90%
Stream F Location 1 57.50% 61.33% 0.776 105.00% 4.49 65.00%
Stream F Location 3 47.50% 50.67% 0.859 116.20% 3.79 54.80%
Stream F Location 5 62.50% 66.68% 0.681 92.20% 4.00 57.90%
Reference Stream 3 Location 1 62.50% 65.79% 0.324 62.10% 1.82 36.90%
Reference Stream 3 Location 2 57.50% 60.50% 0.318 60.90% 1.82 36.90%
Reference Stream 3 Location 4 91.25% 96.05% 0.320 61 .30% 2.87 58.20%
Reference Stream 4 Location 2 87.50% 92.11% 0.377 72.20% 3.33 67.50%
Reference Stream 4 Location 3 91.25% 102.82% 0.315 62.50% 2.86 63.80%
Reference Stream 4 Location 4 76.25% 85.90% 0.396 78.60% 2.99 66.70%

9/24199 11:10AM T32-1_2.xls Upland Data
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Table 3.2-2
Toxicity Test Results - Lowland Stations

Toxicity Test Endpoints
Survival Growth Biomass

Station Result Normalized Result Normalized Result Normalized
(%) (mg) (mg)

Bridge Creek 2 52.50% 56.00% 0.718 97.20% 3.74 54.10%
Bridge Creek 3 62.50% 66.67% 0.731 98.90% 4.65 67.30%
Bridge Creek 5 87.50% 92.11% 0.397 76.10% 3.45 70.00%
Cloudberry Creek 1 51.25% 54.67% 1.315 177.90% 6.77 98.00%
Cloudberry Creek 2 62.50% 66.67% 0.700 94.70% 4.29 62.10%
Cloudberry Creek 5 73.75% 83.10% 0.203 40.30% 1.56 34.80%
Cleveinger Creek 1 45.00% 48.00% 0.945 127.90% 4.17 60.30%
Clevenger Creek 2 51 .25% 54.67% 0.741 100.30% 3.74 54.10%
Clevenger Creek 5 45.00% 48.00% 0.680 92.00% 2.93 42.40%
Rainbow Creek 2 67.50% 71.05% 0.459 87.90% 3.09 62.70%
Rainbow Creek 3 0.00% 0.00% 0.000 0.00% 0.00 0.00%
Rainbow Creek 5 83.75% 88.16% 0.262 50.20% 2.16 43.80%
White Alice Creek 2 92.50% 104.23% 0.567 112.50% 5.21 116.30%
White Alice Creek 3 77.50% 81 .58% 0.345 66.10% 2.60 52.70%
Mute Alice Creek 4 32.50% 36.60% 0.606 120.20% 1.97 44.00%
White Alice Creek 5 87.50% 98.59% 0.499 99.00% 4.24 94.60%
Reference Stream I Location 1 90.00% 101.40% 0.280 55.50% 2.55 56.90%
Reference Stream 1 Location 3 47.50% 53.52% 0.588 116.70% 2.81 62.70%
Reference Stream 1 Location 5 83.75% 94.37% 0.281 55.80% 2.34 52.20%
Reference Stream 2 Location 2 97.50% 92.11% 0.299 57.30% 2.56 51 .90%
Reference Stream 2 Location 3 75.00% 78.95% 0.301 57.70% 2.28 46.20%
Reference Stream 2 Location 5 76.25% 80.26% 0.360 69.00% 2.75 55.80%

9/24/99 11:10AM T32-12.xls Lowland Data (2)



Table 3.3-1
Benthic Macroinvertebrate Community Analysis

Upland Stream Stations

Total
Family STatic Index

EPT Relative Abundance
Species Diversity

: Statj~njD
Class Order Family Genus Common Name Life Stage Di}__02 041__El E2 E4 T~ jF5’RS3O1I RS302 RS304’RS404RS40~RS404

Turbellaria Tricladida Planariidae flatworm adult — 7 2 —

Oligochaeta Tubiticida Tubifiddae tubifex worm adult 8 8 29 2 — 60 32 1 3 8 76 ~2 134
Gastropoda Mesogastropoda Lymnaidae snail juvenile 8 —

~ Planorbidae snail adult
Peleycopoda Spaeracea Sphaeriidae dam juvenile 96 68
Collembola Collembola Hypogasturidae springtail adult —

lsotomidae springtail adult —

Insecta Ephemeroptera Baetidae Pseudocloeon sp. mayfly nymph — 1 5 54 4 — 13 4 6 1 4
Hemiptera Veliidae ripple bug nymph — —

• Thchoptera Limniphilidae caddisfly laNa 48 9 2 12 3 4 8 8 6 4 41 6 6 6
Lepidoptera moth larva
Diptera Muscidae fly larva —

Empididae dance fly larva — 6
. Chironomidae midge larva 152 10 10 26 32 90 36 46 54 16

Chironominae rñldge lava — 4
Diamesinae midge larva — 3
Tanypodinae midge larva —

Rhagionidae snipefly pupa —

. Sirnulidae blackfly larva — 1 — 4
Tipulidae cranefly larva —

Hydracarina watermite adult —

Arachnoidea Arachnida spider adult — I
Crustacea Amphipoda Gammaridae scud adult 128 —

. Talitridae HyaleIla sp. scud adult 360 272 2 2
Isopoda Asellidae isopod adult

0 = Drill Site D
E = Drill Site E
F = Drill Site F
RS = Reference Stream

792 35 44 25 83 6 600 72 44 166 95 64 148 94 160
6.73 5.54 7.09 4.38 4.63 5.33 7.84 7.44 7.09 6.82 4.89 5.94 6.86 7.94 7.55
6.1% 25.7% 6.8% 70.8% 68.7% 66.7% 1.3% 11.1% 22.7% 2.4% 56.8% 15.6% 8.1% 1.1% 6.3%
1.44 1.47 0.98 1.23 0.76 0.64 0.99 0.56 0.86 0.89 1.21 0.89 1.1 0.12 0.59

9/24199 11:14AM T33_12.xls Upland



Table 3.3-2
Benthic Macroinvertebrate Community Analysis

Lowland Stream Stations

Common Life Station ID
Class Order Family Genus Name Stage i~1)1~ ~ CB1 CB2)CB5 Cvi cv~ C\’S R82)RB3 RB5 ~ ~~jWA5IRsi01JRs103lRs1o5iRs2o2jRs2o~Rs2os

Turbellaria Tricladida Planariidae flatworm adult 3 — 4 — — 2 — — 4 4 10
Oligochaeta Tubificida Tubificidae tubifex worm adult 60 8 9 6 7 8 15 so a s 4 164 102

Gastropoda Mesogastropoda Lymnaidae snail ju~eniIe 16 — 4 1 9 12 —

Planorbjdae snail adult — — — — — 8
Peleycopoda Spaeracea Sphaeriidae clam juvenile 16 II 8 72 3 36 48 332 560
Collembola Collembola Hypogasturidae springtail adult — — — — — — — — — — — — — — 3

~ lsotomidae springtail adult — — 2 4 — 2 8 — 4 8
Insecta Epheineroptera Baetidae Pseudocloeon sp. mayfly nymph — — — 4 — 13 — — — — 8 — — — 4 — — — 54

Hemiptera Veliidae ripple bug nymph 20 2 1 8 1
Trichoptera Limniphilidae caddisfly larva 116 r 3 4 7 2 2 8 24 6 38 24 24 56 56 42 20 24 22
Lepidoptera moth larva 4 1 8
Diptera Muscidae fly larva 8 16

Empididae dance fly larva’ — — — — — — — — — — —

Chironomidae midge larva 204 1 14 136 152 49 53 8 — — 396 42 138 — 96 1088 648 96 36 76 136 6
Chironominae midge larva 10 — — 1 3 — — — — — — — — — — —

Diamesinae midge larva — — ~oo — — 2 — —

Tanypodinae midge larva 8 1 248
Rhagionidae snipefly pupa 4116

. •Simulidae blackfly larva 13224072112
Tipulidae cranefly larva — — — — — — — — 4 — — —

Hydracarina watermite adult
Arachnoidea Arachnida spider adult a
Crustacea Amphipoda Gammaridae scud . adult 2040920 ——

Talitridae Hyalellasp. scud adult 52 ——

Isopoda Asellidae isopod adult 84624 I

Total 416 65 36 ¶64 348 78 83 34 14 265 432 67 180 657 2252 2216 708 332 192 428 736 88
Family Biotic Index 5.76 7.72 6.89 6.10 6.94 6.18 6.55 5.45 6.83 6.00 5.89 6.15 5.57 6.27 4.23 5.19 5,85 6.57 6.53 7.46 7.49 4.14

EPT Relative Abundance 28,2% 1.5% 6.3% 0.0% 1.1% 13.9% 2.4% 38.0% 14.3% 3.1% 5.6% 8.9% 21.1% 4.9% 0.0% 1.1% 7.9% 16.9% 21.9% 4.7% 3.3% 86.4%
Species Diversity 1.29 0.34 1.27 0.67 145 1.28 0.93 1.6 1.33 0.87 0.34 1.01 0.63 1.41 0.42 1.04 0.31 1.22 1.18 0.65 0.73 1.1

BR = Bridge Creek
CB = Cioudberiy Creek
CV = Cievenger Creek
RB = Rainbow Creek

9/24/99 11:14AM T33_12.xls Lowland



Table 3.3-2
Benthic Macroinvertebrate Community Analysis

Lowland Stream Stations

Common Life Station ID
Class Order Family Genus Name Stage ii~i ~ BR5JCB1(CB2 CB5 CV1 CV2 CVS RB2 RBS R85 WA2 WAS WA4 WA5’RS101’RS103lRSl05JRS202lRS20~RS205

Turbellaria Tricladida Planariidae flatworm adult —r 4 — — ......?..... — — — 4 — 4 10 1
OIigochaeta Tubificida Tubitlcidae tubifex worm adult 60 8 9 6 7 8 15 80 8 8 4 164 102

Gastropoda Mesogastropoda Lymnaidae snail juvenile 16 4 — — — 1 9 12 — — — —

Planorbidae snai! adult -— 8
Peleycopoda Spaeracea Sphaeriidae clam juvenile 16 11 8 72 3 — — — — — — — — 36 48 332 560 —

Coilembola Collembola Hypogasturidae springtail adult — — — — 3
lsotomidae springtail adult — 2 4 — — — — — — — 2 8 — 4 — 8

Insects Ephemeroptera Baetidae Pseudocloeon sp. mayfly nymph 4 13 8 4 54
Hemiptera Velfldae ripplebug nymph 202 1 81
Trichoptera Limniphilidae caddisfly larva 116 1 3 4 7 2 — 2 8 24 6 38 24 24 56 56 42 20 24 22
Lepidoptera moth larva 4 1 8
Diptera Muscidae fly larva 8 ..._........_i!..

• Empididae dancefly larv& —

Chironomidae midge larva 204 1 14 136 152 49 53 8 — — 396 42 138 — 96 1088 648 96 36 76 136 6
• Chironominae midge larva 10 — — — 1 3 — — —

Diamesinae midge larva — 200 — — — 48 — — 2 — — 1
Tanypodinae midge larva 8 — — — — •j_. — — — — .≥~. ........_... — — —

Rhagionidae snipefly pupa 1 16
~ Simulidae blackfly larva 1 3224072112

Tipulidae cranefly larva — — — — — — — ~ — .•j•••~. — —

Hydracarina watermite adult — 1 — — — — — —

Arachnoidea Arachnida spider adult 8
Crustacea Amphipoda Gammaridae scud .. adult 2040 920

Talitridae Hyaleilasp. scud adult 52
Isopoda Asellidae isopod adult 84 6 24

Total 416 65 36 164 343 79 83 34 14 265 432 67 180 657 2252 2216 708 332 192 428 736 88

FamIly Blotic Index 5.76 7.72 6.89 6.10 6.94 6.18 6.55 5.45 6.83 6.00 5.69 6.15 5.57 6.27 4.23 5.19 5.85 6.57 6.53 7.46 7.49 4.14
EPT Relative Abundance 28.2% 1.5% 8.3% 0.0% 1.1% 13.9% 2.4% 38.0% 14.3% 3.1% 5.6% 8.9% 21.1% 4.9% 0.0% 1.1% 7.9% 16.9% 21.9% 4.7% 3.3% 86.4%

Species DiversIty 1.29 0.34 1.27 0.67 1.45 1.28 0.93 1.6 1.33 0.87 0.34 1.01 0.63 1.41 0.42 1.04 0.31 1.22 1.18 0.65 0.73 1.1

BR = Bridge Creek
CB = Cloudbeny Creek
CV = Clevenger Creek
RB = Rainbow Creek

9/24199 11:14AM T33_12.xls Lowland



Table 3.4-1
Rankings of Triad Components for Upland Stations

Station ID

Benthic Macroinvertebrates Dl 02 04 El E2 E4 Fl F3 F5 RS3O1 RS302 RS304 RS402 RS403 RS404

Family Biotic Index 6.73 5.54 7.09 4.36 4.83 5.33 7.84 7.44 7.09 6.82 4.89 5.94 6.86 7.94 7.55

FBlRanking 7 5 10.5 1 2 4 14 12 10.5 8 3 6 9 15 13

EPT Relative Abundance 6.10% 25.70% 6.80% 70.80% 66.70% 66.70% 1.30% 11.10% 22.70% 2.40% 56.80% 15.60% 8.10% 1.10% 6.25%

EPTRanking 12 5 10 1 2 3 14 8 6 13 4 7 9 15 11

Species Diversity 1,44 1.47 0.98 1.23 0.76 0.64 0.99 0.56 0.66 0.89 1.21 0.89 1.1 0.12 0.59

Diveisity Ranking 2 1 7 3 11 12 6 14 10 8.5 4 8.5 5 15 13

Mean Rank 7 3.67 9.17 1.67 5 6,33 11.33 11.33 8.83 9.83 3.67 7.17 7.67 15 12.33

Benthlc Ranking 6 2.5 10 1 4 5 12.5 12.5 9 11 2.5 7 8 15 14

Sediment Chemlstiy

Normalized DRO . 151.72 0 0 0 2.15 0 0 0 0 12.96 0 0 0 8.29 5.84

DRO Ranking 15 5.5 5.5 5.5 11 5.5 5.5 5.5 5.5 14 5.5 5.5 5.5 13 12

Metals Toxic Units 9.84 5.63 10.04 24.78 6.96 4.51 5.51 2.91 4.82 13.25 31.43 9.38 8.97 5.42 3.76

MetalsRankirig 11 7 12 14 8 3 6 1 4 13 15 10 9 5 2

PAHToxicUnits 0.02 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0

PAHRanking 15 7 7 14 7 7 7 7 7 7 7 7 7 7 7

Mean Rank 13.67 6.5 6.17 11.17 8.67 5.17 6.17 4.5 5.5 11.33 9.17 7.5 7.17 8.33 7

ChemlstryRanking 15 5 9 13 11 2 4 1 3 14 12 6 7 10 6

loxiclty Testing

Normalized Survival 49.35% 27.99% 57.35% 89.47% 94.37% 95.79% 61.33% 50.67% 66.68% 65.79% 60.50% 96.05% 82.11% 102.82% 85.90%

SurvivalRanking 14 15,12 & 4 3 10 13 8 9 11 2 5 1 7

NormalizedGrowth 185.10% 136.00% 101.30% 77.80% 57.70% 55.60% 105.00% 116.20% 92.20% 62.10% 60.90% 61.30% 72.20% 62.50% 78.60%

GrowthRariking 1 2 5 8 14 15 4 3 ,6 11 13 12 9 10 7

Normalized Blomass 92.20% 33.20% 57.90% 67.30% 53.10% 52.90% 65.00% 54.80% 57.90% 36.90% 36.90% 50.20% 67.50% 63.60% 66.70%

Biomass Ranking 1 15 8.5 3 11 12 5 10 8.5 13.5 13.5 7 2 6 4

Mean Rank 5.33 10.67 8.5 5.67 9.67 10 6.33 8.67 7.5 11.17 12.5 7 5.33 5.67 6

ToxIcity RankIng 1,5 13 9 3.5 11 12 6 10 8 14 15 1 1.5 3,5 5

Mean Station Ranking .. 7.50 6.83 9.33 5.83 8.67 6.33 7.50 7.83 6.67 13.00 9.83 7.33 5.50 9.50 8.33

Overall Station Rank 7.5 5 12 2 11 3 7.5 9 4 15 14 6 1 13 10

D = Drill Site 0

E = Drill Site B

F = Drill Site F

RS = Reference Stream
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Table 3.4-2
Summary of Triad Results for Upland Stations

Station

DI 132 D4 El E2 E4 Fl F3 F5

FamilyBioUclndex + + + + + + - + +

EPT Relative Abundance + + + + + + - ÷ +

SpeclesDiversity + + + + + + + + +

Benthic Niacroinvertebrates + + + + + -+ . + +

NormalizedDRO - + + + + + + + +

MetalsToxicUnlts + + . - + + + + +

PAHToxlclJnits . + ÷ . + + + + +

Sedlmentchemlstry . + - + + + + + +

Normalized Survival . - . + + + . . -

NomializedGrowth + + + + - - + + +

Normalized Biomass + . + + - + + -

roxicltyTesung + + • + + - + +

D = Drill Site D

E = Drill Site E

F = Drill Site F
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Table 3.4-3
Rankings of Triad Components for Lowland Stations

Station ID 1
Benthic Macrolnvertebrates BR2 BR3 BRS CBI CB2 C85 CV1 CV2 CV5 RB2 RB3 PBS WA2 WA3 WA4 WA~ P8101 R5103 P5105 P5202 RS203 P5205
Family Blotic Index 5.76 7.72 6.89 6.10 6.94 6.18 6.55 5.45 6.83 6.00 5.89 6.15 5.57 6.27 4.23 5.19 5.85 6.57 6.53 7.46 7.49 4.14
~BiRanklng 6 22 18 10 19 12 15 4 17 9 8 11 5 13 2 3~ 7 16 14 20 21 1

. EPTRelativeAbundance 28.20% 1.50% 8.30% 0.00% 1.10% 13.90% 2.40% 38% 14.30% 3.10% 5.60% 8.90% 21.10% 4.90% 0% 1.10% 7.90% 16.90% 21.90% 4.70% 3.30% 86.40%
EPTRanking 3 18 10 21.5 19.6 8 17 2 7 16 12 9 5 13 21.5 19.5 11 6 4 14 15 1
Species Diversity 1.29 0.34 1.27 0.67 1.45 1.28 0.93 1.6 1.33 0.67 0.34 1.01 0.63 1.41 0.42 1.04~ 0.31 1.22 1.18 0.65 0.73 1.1
)iversltyRanking 5 20.5 7 16 2 6 13 1 4 14 20.5 12 18 3 19 ii’j 22 8 9 17 15 10.

• Aean Rank 4.67 20.17 11.67 15.8 13.5 8.87 15 2.33 9.33 13 13.5 10.67 9.33 9.67 14.2 11.17 13.33 10 9 17 17 4
~ Benthic Ranking 3 22 12 19 15.5 4 18 1 6.5 13 15.5 10 6.5 8 17 11 .~ 14 9 6 20.6 20.5 2

Sediment ChemIstry
Normalized DRO 0 0 0 0 0 0 30.45 7.53 2.16 2.97 109.9 0 5.27 140.61 2.59 3.36~ 0 0 0 5.84 0 6.86
)RORanking 6 6 6 6 6 6 20 19 12 14 21 6 16 22 13 15.16 6 6 17 6 18
AetaisToxic Units 7.12 17.76 7.06 5.78 8.94 8.1 9.63 8.46 9.67 2.65 6.28 35.55 35.94 25.83 19.86 18.27 15.32 30.5 9.44 11.05 14.37 84.36

MetaisRanking 5 15 4 2 8 6 16 7 11 1 3 20 21 18 17 164; 14 19 9 12 13 22
PAHToxicUnits 0 0 a 0 0 0 0 0 0 0 o. 0 0 0 0.~ 0 0 0 0 0 0
~AH Ranking 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.6 11.5 11.5 11.5 11.S~ 11.5 11.5 11.5 11.5 11.5 11.5
t4ean Rank 7.5 10.83 7.17 6.5 8.5 7.83 13.83 12.5 11.5 8.83 11.83 12.5 16.17 17.17 13.83 14.1? 10.5 12.17 8.33 13.6 10.17 17.17
Themistry Ranking 3 10 2 1 5 4 175 14.5 11 6.5 12 14.5 20 21.5 17.5 19 9 13 6.5 16 8 21.5
roxicity Testing
Normalized SurvIval 56.00% 66.67% 92.11% 54.67% 66.67% 83.10% 4800% 54.67% 48.00% 71.05% 0.00% 88.16% 104.23% 81.58% 36.60% 98.59% 101.40% 53.52% 94.37% 92.11% 78.95% 80.26%
Survival Ranking 15 13.5 5.5 16.5 13.5 8 19.5 16.5 19.5 12 22 7 1 9 21 3 2 28 4 5.5 11 10
Normalized Growth 97.20% 98.90% 76.10% 177.90% 94.70% 40.30% 127.90% 100,30% 92,00% 87.90% 0.00% 50.20% 112.50% 65.10% 120.20% 99.00% 55.50% 116.70% 55.80% 57.30% 57.70% 69.00%
3rowthRanking 9 8 13 1 10 21 2 6 11 12 22 20 5 15 3 7 .19 4 18 17 16 14
Normalized Blomass 54.10% 67.30% 70.00% 98.00% 62.10% 34.80% 50.30% 54.10% 42.40% 62.70% 0.00% 43.80% 116.30% 52.70% 44.00% 94.60% 56.90% 62.70% 52.20% 51.90% 46.20% 55.80%
Biomass Ranking 12.5 5 4 2 8 21 9 12.6 20 6.5 22 19 1 14 18 3 10 6.5 15 16 17 11

~ean Rank 12.17 8.83 7.50 6.50 10.50 16.67 10.17 11.67 16.83 10.17 22.00 15.33 2.33 12.67 14.00 4.33 10.33 9.50 12.33 12.83 14,67 11.67
roxicityRanking 13.0 5.0 4.0 3.0 10.0 20.0 7.5 11.5 21.0 7.5 22.0 19.0 1.0 15.0 17.0 2.0 9.0 6.0 14.0 16.0 18.0 11.5

~ Mean Station Ranking 6.33 12.33 6.00 7.67 10.17 9.33 14.33 9.00 12.83 9.00 16.50 14.50 9.17 14.83 17.17 10.67 10.67 9.33 8.50 17.50 16.50 11.67
)verali Station Rank 2 14 1 3 10 8.5 16 5.5 16 5.5 20 17 7 18 21 11.5 11.5 8.5 4 22 19 13

BR Bridge Creek ‘4
CB = Cioudbeny Creek . -;

CV = Cievenger Creek
RB = Rainbow Creek

WA=WiiteAhce Creek
RS = Relerence Stream
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Table 3.4-4
Summary of Triad Results for Lowland Stations

Station

BR2 BR3 BR5 CR1 CR2 CB5 Cvi CV2 CV5 RB2 RB3 RB5 WA2 WA3 WA4 WA5

FamflyBiotictndex + - - + + + + + - + + + + + + +

EPT Relative Abundance + - - - . . + - - + - +

SpeciesDiversity + - + + + + + + + + - - + + - -

Benthic Macroinvertebrates + - - + + + + + - + + - + + + -

NormalizedDRO + + + + + + -. - + + • + .+ • -

. i I I. • t
MétalItoxic’Uhits ~+r~•ZU+~’ + + + +~ .+~ +: ~++‘ +~ +‘ .1’ +~ +: ~

PAKToxiçunits ~+ +. + + + + + +• + + + + +~ ~

SedlnientChemlstiy +. + 4 ~f + - ••-: ~ + + + -~ - ~• +

NormalizedSurvival - + + -- - 4+ - - -- - - +_ -p~ •+

NormalizedGrowth + + + + + - f + + + - - + + + +

NormalizedBiomass + + + + + + +~ - + - - + - +

loxlcityTestlng + + -+ + + • + + - + - + +:+ +

BR = Bridge Creek

CB = Cloudberry Creek

CV = Clevenger Creek

RB = Rainbow Creek
WA = White Alice Creek
RS = Reference Stream
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