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. I INTRODUCTION

This report describes the results and findings of the 2004 Monitored Natural Attenuation (MNA)
study at SS 13 (Diesel Seep Area) and 5S1I5 (Underground Storage Tank [USTI Spill Area), and
the 2004 Long-Term Monitoring (LTM) study at LF03 (Landfill No. 2) at the Cape Romanzof
Long Range Radar Site (LRRS), Alaska. Site locations are shown in Figure 1-1.

The work described in this report was performed by Paug-Vik Development Corporation (Paug-
Vik) as part of the 2004/2005 Environmental Monitoring and Remedial Investigation/Feasibility
Study for the 61 1fh Civil Engineer Squadron (611 CES). The work was awarded as Delivery
Order No. 34980 under an indefinite delivery/indefinite quantity contract (No. 1435-04-03-CT-
71697) with the Department of Interior, Minerals Management Service (GovWorks).

1.1 Description of Current Study
The project scope was described in the Record of Decision for Interim Remedial Action at Sites:
Spill Site SSO]3, Spill Site SSO 15, and Landfill Site LF003 (61 1 CBS, 2002); and the Final Work
Plan for Environmental Monitoring and Remedial Investigation/Feasibility Study at the Cape
Romanzof Long Range Radar Site (LRRS) (Paug-Vik, 2004).

The Interim Record of Decision (ROD) (611 CBS, 2002) was developed to satisfy the
requirements of the Defense Environmental Restoration Program, 10 U.S. Code 270 1; Alaska
Department of Environmental Conservation (ADEC) Oil and Hazardous Substances Pollution.Control Regulations (1 8 Alaska Administrative Code [AAC] 75); the Comprehensive
Environmental Restoration Compensation and Liability Act of 1980 (CERCLA), and, to the
extent practicable, the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP) (40 Code of Federal Regulations 300).

The Work Plan was consistent with the Interim ROD and current Applicable Regulations and
Appropriate Requirements (ARARs) such as ADEC Water Quality Standards (1 8 AAC 70) and
other regulatory guidance for developing preliminary Remedial Action Objectives (RAOs).

1.1.1 2004 Monitored Natural Attenuation and Long-Term Monitoring Activities
Figure 1-2 shows an overview of the installation layout and project study sites noted below.
Project activities in 2004 include:

* MINA sampling at SS13 and SSls .

* LTM sampling at LF03 (Landfill No. 2).

• Closed Landfill cap inspection at LFO3.

* Soil investigation of polychlorinated biphenyls (PCB) hot spots at LF03 and remedial
recommendations. (Note: this aspect of Interim ROD requirements is reported
separately.)

0
PDC Project No. 4112 - Final Report i-i Paug-Vilk Development Corp.
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1.1.2 Project Purpose

The purpose of the 2004 MNA and LTM activities is to collect multi-media enivirolnmental

samples at SS13, 5S1I5, and LF03 in accordance with the Interim ROD (611 CES, 2002) and as

described in the Final Work Plan (Paug-Vik, 2004).

Specifically, the purpose of the MINA effort at S513 and 5515 is to:

* Monitor petroleum contaminant concentrations in soil, sediment, groundwater, and

surface water.

* Evaluate and identify the rates at which site contaminants may be decreasing over

time; and evaluate whether natural attenuation will effectively mitigate site

contaminants.

Specifically, the purpose of the LTM effort at LF03 is to:

* Monitor petroleum and PCB contaminant concentrations in groundwater and surface

water at the landfill to identify any leachate emanating from buried landfill debris.

• Inspect the landfill's surface cap to assess its effectiveness.

These actions are intended to address risks to human health and the environment at the sites.

1.2 Data Quality Objectives

Data quality objectives (DQOs) for environmental samples were developed in the Work Plan

(Paug-Vik, 2004) and based upon preliminary RAOs identified for each media of concern.

Development of preliminary RAOs for groundwater, surface water, soil, and sediments is

discussed in Section 4.0 of this report.

Contaminants of potential concern (COPCs) previously identified at SSl13, 51 5, and LFO3

include:

* SS 13 - Diesel range organics (DRO) in groundwater, soil, and sediment and residual

range organics (RRO) in sediment. (Total aromatic hydrocarbon [TAll] and total

aqueous hydrocarbon [TAqH] analyses were performed for surface water samples.)

* 51 5 - Gasoline range organics (GRO), DRO, RRO, and benzene in groundwater,

surface water, and sediment.

* LF03 - DRO; benzene, toluene, ethylbenzene, and total xylenes (BTEX); polynuclear

aromatic hydrocarbons (PAHs); and polychlorinated biphenyl s (PCBs) in groundwater,

surface water, and sediment.

1.3 Technical Report Organization

This report describes project activities and presents findings, conclusions, recommendations,

from field sampling and analyses in 2004 for the MNA and LTM tasks in accordance with the

Interim ROD (611 CBS, 2002) and the Work Plan (CES 2004). Table 1-1 identifies report

organization.

P00 Project No. 4112 - Final Report 1-2 Paug-Vik Development Corp
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* Table 1-1 Technical Report Organization
Report Unit Contents

Section 1 Introduction
Section 2 Summary of Historical and Existing Information
Section 3 2004 Field Activities
Section 4 Remedial Action Objectives
Section 6 2004 Findings for Hydrocarbon-Related Sample Data and Comparative Evaluation with Similar

Historical Results (Organic and Hydrocarbon Related Compounds).

Section 6 2004 Inorganic Results and Intrinsic Remediation Conditions.
Section 7 Conclusions and Recommendations
Section 8 Report References

Appendix A - Field Site Photographs
Appendix B - Daily Status Reports and Project Field Notes

Appendices Appendix C - Groundwater Sampling Log Sheets
Appendix 0 - Quality Assurance Report
Appendix E - Summary Analytical Data Tables

_______________Appendix F - Complete Analytical Data Package (electronic only)
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. 2 SUMMARY OF HISTORICAL AND EXISTING INFORMATION

'[he USAF has conducted numerous environmental studies at the Cape Romnanzof LRRS site.
Various environmental reports and technical memorandums published as a result of these studies
were reviewed and guided in the development of DQOs for this project, including:

* Remedial Investigation/Feasibility Study Technical Report Cape Romnanzof LRRS,
Alaska (USAF, December 1992).

* Remedial Investigation/Feasibility Study Report for SS 13 (USAF, 1998).

* Closure Monitoring Report for Landfill 2 (LFO3) (USAF, 1997).

* Long Term Monitoring and Landfill Cap Inspection Report (USAF, 2000).

* Long Term Monitoring Technical Report, Landfill 2 (LFO73), SS13 and SS15 (USAF,
2001).

* Long Term Monitoring Technical Report, Landfill 2 (LFO3), 51 3 and 51 5 (USAF,
2003).

In March 2002, the USAF produced an Interim Record of Decision for Spill Site 51 3, Spill Site
51 5, and Landfill Site LF003 (61 1 CES, 2002) documenting interim remedial action decisions

for each of the three sites. The decisions were based upon findings from the 1992 and 1997. Remedial Investigation/Feasibility Study (RI/FS) and subsequent groundwater sampling events.
The Interim ROD identified the following response actions for SS 13, 51 5, and LF03 to mitigate
the actual or threatened release of contaminant hazards characterized for each of the sites:

* SS 13 and 51 5 - Monitored Natural Attenuation (NINA) for soil, sediment,
groundwater, and surface water to reduce risk to human health and the environment
by utilizing natural remedial technologies with a five-year review of annual and
comprehensive data results.

* LF03 - Landfill Closure combined with PCB hotspot removal. The main elements of
the landfill closure portion of the remedy are capping and long-term monitoring
(LTM) of groundwater and any effluent generated by the landfill with a five-year
review of annual and comprehensive data results.

Section 2.1 is a historical summary of site conditions. Figure 2-1 shows the location and aerial
proximity of each site.

2.1 551 3 Diesel Seep Area

Site 5SS13 is located 800 feet south of the Lower Camp composite facility and is accessible by
road (Figure 2-1). Environmental concerns were created at SS13 in 1979 when 14,000 gallons of
diesel ffiel were spilled there. In 1992, Woodward-Clyde conducted an investigation at this site
and included the findings in a subsequent report to the USAF. The main contaminants of

a concern identified were petroleum hydrocarbons in groundwater and soils. In 1997, another
investigation was conducted to delineate the extent and magnitude of petroleum contaminants in

POC Project No. 4112 - Final Report 2-1 Paug-Vik Development Corp.



144 1?
Environmental Monitoring Report June 14, 2005

Cape Romanzof LRRS, Alaska

site soils, surface water, and groundwater. In 1998, an LIM plan was developed for the site,

which included a determnination of aquifer characteristics and natural attenuation parameters in 0
groundwater.

2.1.1 SS13 Groundwater

Groundwater samples collected at SSl3 monitoring wells in 1999 showed that petroleum

contaminants previously detected (1 997) had decreased to below cleanup levels, with the

exception of DRO. Other groundwater data collected in 1999 indicated that natural attenuation

processes were active and that concentrations of hydrocarbon constituents were generally

decreasing with time.

DRO levels in groundwater at this site continue to exceed cleanup levels as evidenced by

sampling events in 2000 and 2003.

2.1.2 SS13 Surface Water

Analytical results for surface water samples in 1999 and 2000 showed that hydrocarbon

constituents were below method detection limits for parameters analyzed. Surface water samples

were not collected in 2003 due to frozen conditions.

2.1.3 SS13 Sediments

DRO concentrations have exceeded the cleanup level during each of the four annual sampling

events (i.e., 1997, 1999, 2000, and 2003). In 2003, GRO showed an increase to levels above

cleanup criteria. BTEX and RRO contaminants were also present in some instances. Almost alla

semnivolatile organic compound (SVOC) results for the various years were below methodW

detection limits.

2.1.4 SS13 Soils

For near-surface soil samples collected at SS13 in 1997, 1999, 2000 and 2003, DRO levels were

above cleanup criteria in all but the 2000 and 2003 sample collected from location LB-03. RRO

levels exceeded cleanup levels at one sampling location for prior years.

2.2 SS15 Underground Storage Tank Spill Area

Site SS515 is located 200 feet south of the main composite facility and is accessible by road

(Figure 2-1). SiteS5515 was the result of spills, leaks and seeps from two underground storage

tanks (USTs) used to store diesel fuel, one with a 5,000-gallon capacity and one with a 15,000-

gallon capacity. In 1991, both USTs and 900 cubic yards of contaminated soil were removed

from that location. ENSR Corporation conducted a preliminary assessment of the site in 1991

and followed up with an investigation in 1993. However, findings from the 1993 investigation

did not effectively delineate the extent of diesel contamination. The USAF conducted a second

investigation of the site in 1995. In 1998, a follow-up effort included a determination of aquifer

characteristics and natural attenuation parameters in groundwater.
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2.2.1 SS15 GroundwaterO Groundwater samples collected from SS 15 monitoring wells in 1997, 1999, 2000, and 2003
indicated that most results were below cleanup levels except in WWO2 which consistently had
elevated concentrations of GRO, DRO, and benzene. Initially, three wells were in the
monitoring plan, but one well, WWO7, was not sampled in 2003 because it did not produce
enough water. In 2004, WW09 was installed but could also not be sampled due to lack of water.

2.3 LFO3 Landfill No. 2
LFO3 is situated approximately one-half mile northwest of the main composite facility and is
accessible by the road that leads to the runway. This landfill was used from the 1950s to the
1970s. During this period, garbage, construction material, shop waste, and incineration ash were
deposited into the landfill.

In 1992, Woodward Clyde conducted an RI/FS at LFO3. In 1994, the landfill was capped. In
1995, the USAF conducted a Remedial Assessment on SS515 and LFO3. In 1996, Harding
Lawson conducted a Remedial Assessment at LFO3. Total petroleum hydrocarbons (TPH) and
P3CBs were detected in surface water, and TPH was detected in sediment and soil. PCBs and
l)RO were detected in sediment samples.

2.3.1 LFO3 Groundwater

Groundwater samples were collected from up to seven wells at LF03 in 1996, 1997, 1999, 2000,
* and 2003. Hydrocarbon constituents detected in the 1999 groundwater results were lower in

1999 than in 1997 samples, and none of the 1999 or subsequent results exceeded cleanup levels
for constituents of concern.

2.3.2 LF03 Surface Water

Surface water samples were collected from three locations at LF03 in 1997, 1999, 2000, and
2003 and analyzed for hydrocarbon constituents of concern. None of the sample results from
1999 to 2003 exceeded surface water criteria.

2.3.3 LFO3 Sediment

Sediment samples were collected from co-located surface water sampling sites in 1997, 1999,
2000, and 2003. DRO and PCB exceedances were observed in 2000 and PCBs exceedences
were observed in 2003 at location SD-2.

PDC Project No. 4112 - Fia eot2-3 Paug-Vik Development Corp.
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. 3 PROJECT FIELD TASKS CONDUCTED IN 2004

Field sampling activities at Cape Romanzof sites SS13, 5515, and LF03 were completed in June
and August of 2004. The landfill surface cover was inspected, and repair recommendations were
reported. Sampling protocols and field tasks were described in the project work plan (Paug-Vik,
2004).

The field team collected environmental samples from groundwater, surface water, sediments, and
soil media from specified locations as noted in Table 3-1. Sample locations for each site are
shown on Figures 3-1, 3-2, and 3-3. Field site photographs from 2004 are included in Appendix
A. Copies of the daily status report and original field notes are included in Appendix B.

Samples were submitted for laboratory analyses of specified chemical parameters of concern
(Table 3-1). Groundwater samples were additionally field tested for specific parameters at the
time of collection (i.e., temperature, pH, conductivity, dissolved oxygen, reduction oxidation
[redox] potential, and turbidity). Groundwater Sampling Log Sheets are included in Appendix C
for each well.

Table 3-1 SitelLocation-Specific Sample Analytical Parameters
Site J Medla/Locatlans Sampled j Analytical Parameters JPurpose

SS1 3 (Diesel Groundwater: MW-Oi and MW-02 BTEX, DR0, RRO, PAH, Alkalinity, Monitored Natural
Spill Area) Dissolved Iron, Sulfate, Attenuation scope

_______ _______ _______ _______ Nitrate/Nitrite
Surface Water: SW-01, SW-02, SW- BTEX, DRO, RRO, PAH, TAH,
03 __ _ _ _ _ _ _ _ _ _ _ TAqH
Sediments: SS-01 and SS-06 BTEX, DRO, RRO, PAH

Nar-surface Soil: LB-03, LB-07, and BTEX, DRO, RRO, PAH
LB-08

S-S15 (UST Groundwater: WW-02, WW-07 and BTEX, GRO, DRO, RRO, PAH, Monitored Natural
Seep Area) WW-08 Alkalinity, Dissolved Iron, Sulfate, Attenuation scope

Nitrate/Nitrite
LFO3 (Closed Groundwater: MW-i, CMW-1, BTEX, DRO, PAl, PCBs Long Term Monitoring
Landfill No. 2) CMW-2, CMVW-3, CMW-4, CMW-5, and Landfill Cap

CMW-6, and CMW-7. I_____________ Inspection scope
Surface Water: SW-i, SW-2, and BTEX, DRO, PAHl, PCBs
SW-3

____________Sediments: SS-11, 53-2, and SS-3 BTEX, DR0, PAHl, PCBs
Definitions: POBs =polychlorinated biphenyls
BTEX = benzene, toluene, ethylbenzene, and total xylenes RRO =residual range organics
CR0 = diesel range organics TAHl total aromatic hydrocarbons = sum of BTEX
GRO = gasoline range organics concentrations
PAHs = polynuclear aromatic hydrocarbons TAqH = total aqueous hydrocarbons = sum of BTEX and

PAHl concentrations

Poe Project No. 4112 - Final Report 3-1 Paug-Vik Development Corn.
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3.1 Laboratory Analyses

Laboratory analytical parameters and methods for water samples submitted for this project in

2004 are listed in Table 3-2. Analytical parameters and methods for soil and sediment samples

are listed in Table 3-3. Organic hydrocarbon results and findings are discussed Section 5.

Inorganic and field measurements results are presented in Section 6. Conclusions and

recommendations from project findings are presented in Section 7.

Table 3-2 Laboratory Methods for Groundwater/Surface Water Samples

Sample Location Analyte Analytical Method (PQL (nmg/)

LFO3, SS13,5515 BTEX 8021B .00kI to 2.00 pag/L

5515 GRO AK101 0. 100 pg/L

LFO3, SS13, SS15 DRO AK102 1 00 lpg/L

S513,S5515 RRO AK103 1.00 mig/L

LF03, SS13, SS15 PAH 8270-SIMS 0.1I00 vig/L to 0. 15 Vg/L

LF03 PCBs 8082 1.00 ag/L

SS13 TAH 602 or 8021 B 0.500 pLg/L- to 2.00 pg/L

SS13 TAqH 61 0 or 8270 0.400 pigIL to 1.00 pg/L

SS13,S5515 Alkalinity 310.1 20.0 mg/L

55S13, SS15 Ferrous Iron 6001000 pg/L

55913, 5515 Sulfate E 300 0.500 mg/L

5513,S5515 Nitrate/Nitrite E 300 0.500 mg/L

Note: DRO = diesel range organics0
This value reflects the actual value reported in the data set. GRO = gasoline range organics

There is no Air Force Center for Environmental mg/L = milligrams per liter
Excellence P01 requirement for iron by inductively PCBs = polychlorinated biphenyls
coupled plasma - mass spectroscopy (ICP-MS). PQL practical quantitation limit

Definitions: RRO =residual range organics
gtg/l- = micrograms per liter TAH =total aromatic hydrocarbons = sum of BTEX
BTEX = benzene, toluene, ethylbenzene, total xylenes concentrations

TAqH = total aqueous hydrocarbons = sum of BTEX and PAH
concentrations

Table 3-3 Laboratory Methods for Soil/Sediment Samples

Sample Location .j.Analyte Analytical Method PQL (mgIL)

LF03,SS13 ~~~BTEX 80218 0.01 25mrig/kg to 0.0O500 mg/kg

LF03,SS13 ~~DRO AKIO2 20____ 0__mgfkg ____

SS13 ~ ~ ~ ~ ~ ROAK103

LF03,SS13 ~~~PAH 8270-SIMS 006mg/kg

LF03 ~~~~~~PCBs 8082003mgk

Definitions: PQL = practical quantitation limit
BTEX =benzene, toluene, ethylbenzene, total xylenes RRO = residual range organics
DRO =diesel range organics TAH = Total aromatic hydrocarbons = sum of BTEX

GRO =gasoline range organics concentrations
mg/L =milligrams per liter TAqH = Total aqueous hydrocarbons = sum of BTEX and PAH

PAHs =polynuclear aromatic hydrocarbons concentrations

PCBs =polychiorinated biphenyls tg/ll = micrograms per liter
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Sample collection, handling, and management adhered to strict quality assurance/quality control
(QA/QC) criteria. Laboratory analytical QAIQC reporting such as data quality assessment and
data validation information is presented in the Quality Assurance Report for this study and is
included in Appendix D.

3.3 Groundwater Field Measurements

Before groundwater samples were collected from monitoring wells identified in this scope, total
well depths and water levels were measured and recorded in the field and each well was purged
by removing approximately three well volumes of water. The purpose of purging is to draw true
formation water into the well for sampling so that actual aquifer conditions are measured and
analyzed. In a few instances, the well recharge rates were slow, and the total purge volume
could not be removed. When this occurred, available water was collected and used for the
analytical sample.

Table 3-4 identifies groundwater sample locations where field measurements were obtained,
along with the measurement method and unit ranges for each field test. Groundwater samples
were typically field tested at the time of sampling for temperature, pH, conductivity, dissolved
oxygen, redox potential, and total dissolved solids (TDS). In 2004, field readings were recorded
on field data sheets. Specific measurements and results obtained in 2004 are reported in Section
6.

O Table 3-4 Field Parameters Measurement Methods
Location (Well ID) Parameter Method Range

Temperature E170.1 0-50'C
LF03 (CMW-1 to CMW-7, Mw-i) PH SW9040C 0-14 units
SSI 3 (MW-0l and MW-02) Conductivity E120.1 0-100 mS/cm2

551 5 (WW02, WMNO7, WWO8) Dissolved Oxygen E360.1 0-1 9.9 mg/L
redox Potential ASTM 01498 +/l- 999 myv

______________________________ I TDS El180.1 0-1990 ppm
Definitions: my = millivolts
'C = degrees Celsius ppm = parts per million
mg/L = milligrams per liter TDS = total dissolved solids
mS/cm2 = milliseimers per square centimeter

3.4 SS13 Field Tasks

Two groundwater, three surface water, two sediment, and three near-surface soil samples were
collected at SS13 and submitted for laboratory analyses (Figure 3-1). Requested analytical
parameters varied according to sample media (Table 3-1).

3.4.1 Groundwater Sampling

Paug-Vik collected a groundwater sample from MW-01 on June 22, 2004. On August 31, 2004,. ~Paug-Vik also collected a sample from MW-02 because that well was dry during the June
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attempt to sample. MW-0l and MW-02 groundwater samples were submitted to the project

laboratory for the following analytical parameters in 2004: BIEX, DRO, RRO, PAHs,

alkalinity, dissolved iron, sulfate, and nitrate/nitrite.

BNCJ installed and sampled well MW-03 at SSl3 in 2004 under a separate contract and project

scope. Sampling and analytical details for this well are provided in Volume I of the Landfill 2

(LFO3), SS13 and SS]S Long Term Monitoring Cape Romnanzof LRRS, Alaska (BNCJ, 2004).

This sample was submitted for the following laboratory analyses: GRO, DRO, RRO, BTEX,

SYOC, alkalinity, total iron, dissolve iron, sulfate, and nitrates.

Table 3-5 provides information about SS13 wells MW-01, MW-02, and MW-03 from 2004.

Groundwater field measurements for temperature, pH, conductivity, dissolved oxygen content,

redox potential, and TDS are presented and discussed in Section 6.

Waterra® inertial pumps were found in MW-01 and MW-02 and were removed prior to

sampling. The pumps consist of half-inch-diameter plastic tubes with foot valves that produce

water flow when oscillated up and down in the well. However, the foot valves had silted up

because of noncontinuous use and were not operational at the time. The pumps were cut and

disposed of with other sampling debris.

The casing and well monument at MW-02 were noted to be in extremely poor condition. Both

the casing and monument were loose and not cemented into place. Water had pooled around the

well casing (approximately 1 foot in depth). A gurgling sound was noted during sampling, and

the integrity of ths well is suspect.

Organic hydrocarbon results are presented and discussed in Section 5. Inorganic analytical

results are discussed in Section 6 as part of natural attenuation processes.

Table 3-5 Monitoring Well Information at SS13 in 2004
Total Well IWater Level

Well-ID Depth' Depth'
(units) (feet) j (feet) Date Sampled Comments

MW-Cl 26.3 23.0 June 22, 2004 2-inch (diameter) well.

M- iW-02 12.04 4.06 Aug 31, 2004 No water in June but sampled successfully in
August. Poor condition 2-inch well. Casing Bent
at 6 feet below top of casing.

MW-03 23.02 9.36 Aug 31,2004 BNCI installed a 2-inch well in 2004.

rNote:
0Depths measured from top of casing.

3.4.2 Surface Water Sampling

Three surface water samples were collected on June 9, 2004, from the main drainage

downgradient of the SS13 spill area (Figure 3-1). Sample locations are identified as SW-01,

SW-02, and SW-03. SW-01 was the farthest downgradient location from the small pond from

which the drainage appeared to originate. SW-02 was collected several yards upgradient from

SW-01, and SW-03 was collected further upgradient at the confluence of a small drainage and
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Othe main stream. Surface water samples were submitted to the project laboratory for analyses of
the following parameters: BTEX, DRO, RRO, PAHs, TAH, and TAqH.

3.4.3 Sediment Sampling

Two sediment samples were collected on June 9, 2004, from locations identified as SS-01 and
SS-06 inan intermittent drainage that joins the larger stream downgradient. Sediment sample
locations are upgradient of the surface water sample sites (Figure 3-1). Sediment samples were
submitted to the project laboratory for analyses of the following parameters: BIEX, DRO, RRO,
and PAHs.

3.4.4 Near-S urface Soil Sampling

Near-surface soil samples were collected from three locations identified as LB-03, LB-07, and
LB-OS (Figure 3-1) and submitted to the project laboratory for analyses for the following
parameters: BTEX, DRO, RRO, and PAHs.

3.5 S615 Field Tasks

Only groundwater samples were collected at the SS15 site in 2004. Watenrag inertial pumps
were found in wells WW-02, WW-07, and WW-08 at SS15. The pumps were removed from
WW-02 and WW-08 prior to sampling. However, the pump in WW-07 could not be removed
despite repeated attempts. The pumps consist of half-inch-diameter plastic tubes with foot
valves that, when oscillated up and down in the well, produce a flow of water. However, the footO valves had silted up because of noncontinuous use and were no longer operational. The pumps
were cut and disposed of with other sampling debris.

Well WW-02 was the only well sampled at this site during the June 2004 sampling event. A fuel
odor was noted when the field team opened well WW-02. Using a product interface probe
lowered into the well, the field team did not note the presence of any free product in the well.
Sheen was noted during purging and sampling of groundwater from the well.

WW-08, which was dry in June, was later sampled in August when groundwater levels had risen.
Table 3-6 provides available information for the wells sampled at SS15in 2004. It should be
noted that WW-08 had been incorrectly labeled "WW-09" on previous reports and work plans.
The well number was clearly marked on the well as "WW-08" and was reported as such.

An attempt to sample WW-07 in 2004 because the field team could not remove old inertial pump
and tubing left in well WW-07. Some water was extracted from the inside of the pump during an
initial attempt to purge and sample this well anyway, but the water quickly went dry and no
water was available for a sample. As a result, no sample was collected from this well. Attempts
to lace peristaltic pump tubing between the existing pump tubing and the casing were
unsuccessful due to a slightly bent well casing.

A third monitoring well was installed in June 2004 at 5SS15 by BNCL under a separate contract
(WW-09). Sampling details and data for this well are provided in Volume I of the Landfill 2
(LFO3), 5513 and 5515 Long Term Monitoring Cape RomanzofLRRS, Alaska, (BNCJ, 2004).
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Table 3-6 Monitoring Well Information at SSl 5 in 2004

Total Well Water Level
-Well ID Depth1 Depth'

(units) (feet) - (feet) jDate Sampled Comments

WW-02 69.15 63.36 June 8, 2004 Fuel odor and sheen noted. 4-inch well.

WW-07 12.03 7.42 NA Unable to withdraw pump tubing so could not
sample well. 2-inch well..

WW-08 25 62 10.10 Aug 31, 2004 This well was dry in June but was sampled
successfully in August. 2-inch well.

\AM-09 14.49 r NA Well installed in 2004 under separate contract
for BNCI. Well was inspected in June and
August, 2004, and was dry both times. 2-inch
well

Note:
1 Depths measured from top of casing.

3.6 LFO3 Field Tasks

Seven groundwater wells were sampled at LF03 in 2004. Three co-located surface water and

sediment samples were collected from downgradient seep areas (Seep 1, Seep 2, and Seep 3).

3.6.1 Groundwater Sampling

Seven groundwater wells in the LTM scope for the landfill were sampled in June and August

2004 (Table 3-1). The eighth monitoring well in the scope (CMW-2) was dry during both

attempts and could not be sampled in 2004. Table 3-7 provides specific information on the O

sampled LTM wells at the LF03. Sampled well locations are shown on Figure 3-2.

Groundwater samples were submitted to the project laboratory for BTEX, DRO, PAH, and PCB

analyses. Groundwater samples were field tested for temperature, pH, conductivity, dissolved

oxygen, redox potential, and total dissolved solids (turbidity) at the time of collection. The

information was recorded for each well in the groundwater sampling field data sheets (Appendix

C).

3.6.2 Surface Water and Sediment Sampling

Three co-located surface water and sediment samples were collected in June 2004 from

downgradient drainages emanating from the landfill area identified as Seep 1, Seep 2, and Seep 3

(Figure 3-2). Surface water samples generally appeared clear when collected with no other
noteworthy observations. Both surface water and sediment samples were analyzed at the project

laboratory for BTEX, DRO, PAH, and PCB constituents.
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O Table 3-7 LFO3 Monitoring Well Information

Total Well Water Level
Well ID Depth Depth
(units) (feet) (feet) Date Sampled Comments

MW-i 20.00 17.20 June 13, 2004 Sampled. Well stand in poor condition.
0MW-i 10.05 5.08 June 24, 2004 Sample collected.
CMW-2 9.80 9.25 June 13, 2004 Not sampled. Well dry at each attempt.
CMW-3 9.12 7.60 June 24, 2004 Sample collected
CMW-4 10.37 7.02 June 13, 2004 Sample collected
CMW-5 10.35 4.95 June 13, 2004 Sample collected
CMW-6 15.00 13.01 June 13, 2004 Sample collected. Good recovery.

I ~ ~ ~ ~ ~ ~~~_____________Duplicate sample collected.
CMW-7 13.85 11 .65 June 24, 2004 Sample collected.

Note:
1Depths measured from top of casing.

PDC Project No. 4112 - Final Report 3-7 Paug-Vik Development Corp.
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. 4 PRELIMINARY REMEDIAL ACTION OBJECTIVES

Analytical sample results for groundwater, surface water, soil, and sediment samples are
presented in Section 5 and compared against preliminary updated RAOs developed for the sites,

based on current ADEC regulations and guidance. In some cases, the updated preliminary RAOs
presented in this report are different from the cleanup levels presented in the Interim ROD (61 1

CES, March 2002). The RAOs presented in this report are based upon up-to-date regulations
and guidance.

Development of the preliminary RAOs for specific media of concern (i.e., groundwater, surface
water, soil, and sediment) is presented in Sections 4.1 through 4.4, along with a discussion of any

deviation from the initial cleanup levels identified in the Interim ROD (611 CES, 2002).

4.1 Groundwater

Preliminary RAOs for groundwater were developed in accordance with the Alaska Oil and Other

H-azardous Substances Pollution Control Regulations (1 8 AAC 75.345 [b] [a] Method Two [Table

C] groundwater cleanup levels). Preliminary RAOs for groundwater contaminants of concern at

SSI13, SS 15, and LF03 are presented in Table 4-1 and include contaminants of concern (COCs)

presented in the Interim ROD and COPCs detected in the 2004 analytical data. COPCs
presented in Section 5 are compared with groundwater RAOs presented in Table 4-1.

Groundwater RAOs identified for GRO, DRO, and RRO are consistent with the projected.cleanup levels identified in the Interim ROD (61 1 CES, 2002).

4.2 Surface Water

Preliminary RAOs for surface water were developed in accordance with the Alaska Water

Quality Standards (AWQS), 18 AAC 70. There are no quantitative criteria established for GRO,

DRO, and RRZO in surface water. Instead, the AWQS provide water quality criteria for specific
hydrocarbon constituents (i.e., TAH, and TAqH). TAll is defined as the sum of the BTEX

concentrations. TAqH is defined as the sum of TAll and the sum of PAH as analyzed by
USEPA-approved methods. Water quality standards for specific COCs identified in the Interim

ROD and COPCs detected in 2004 samples are presented in Table 4-2 as preliminary RAOs.
Contaminant levels detected in 2004 surface water samples are compared with Table 4-2 cleanup

levels in Section 5.

The preliminary RAOs presented in Table 4-2 are not consistent with the projected cleanup
levels for the surface water COPCs (PC13s) presented in the Interim ROD.
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Table 4-1 Groundwater Cleanup Levels for COCs and COP~s
I ~~~~Cleanup Level

Contaminant of Concern (mgIL) IRegulatory Basis
Bulk Hydrocarbons

GRO ±1.3
DRO .5 iS8AAC 75.345(b)(1)

RRO 1.1

Benzene 0.005

Toluene 1.0 18 ~~~~~~~~~~~~~iAAC 75.345(b)(1)
Ethylbenzene 0.7

Total Xylenes 10

PAHs

Naphthalene 0.7

Acenaphthene 2.2

Anrthracene 11.0

Benzo(a)anthracene 0.001

Benzo(a)pyrene 0.0002

Benzo(b)fluoranthene 0.001

BEenzo(k)fluoranthene 0.01 18 AAC 75 345(b)(1)

Chrysene 0.1

Dibenzo(a~h)anthracene 0.0001

Fluoranthene 1.46

Fluorene 1.46

lnd~eno(1 ,2,3-c,d)pyrene 0.001

Pyrene 1.1

Phenanthrene 11.0 ADEC Tech Memo 01 -007

Benzo(g,h,i)perylene 1.1

PCBs

PCBs 0.0005 iS18AAC 75.345(b)(1)

Notes: Definitions:
iS AAC 75.345(b)(1) = Alaska Department of Environmental DRO = diesel range organics
Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two mg/L = milligrams per liter
(Table C) groundwater cleanup levels. PAI-s = polynuclear aromatic hydrocarbons
Calculated cleanup level in accordance with 18 AAC 75.340(g); PCBs = polychlorinated biphenyls
provided in ADEC Tech Memo 01 -007, dated November 24, RRO = residual range organics
2003 VOCs = volatile organic compounds
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. Table 4-2 ADEC Surface Water Criteria for COCs and COPCs
Contamninant of Concern Criteria (mgIL) IRegulatory Basis

Bulk Hydrocarbons

TAH 0.010
TAqH 0.015 j iSAAC 70.020(b)

CR0, GRO, RRO No sheen 1
VOCs

Benzene 0.005

Ethylbenzene 0.7 iS AAC 70.020(b)
Toluene 1.0

Total Xylenes 10
PA~s

Benzo(b)fluoranthene 0.3 NOAA SQuiRT Marine Criteria 2

BTenzo(g,h,l)perylene 0.3
Naphthalene 0.62 NOAA SQuiRT Freshwater Criteria

Pyrene 0.960 18 AA 70.020 (b)
PCBs

PCBs 0.000014 18 MAC 70.020 (b)

Notes: Definitions:
1 8 MAC 70.020 = Alaska Department of Environmental DRO = diesel range organics

Conservation Water Quality Standards; water quality GRO = gasoline range organics
criteria; Alaska Water Quality Standards tables, as mg/L = milligrams per liter
amended through June 26, 2003 (ADEC, 2004b). PAHs = polynuclear aromatic hydrocarbons

NOMA SQuiRT = National Oceanic and Atmospheric PCBs = polychlorinated bilphenyls
Administration Screening Quick Reference Tables, RRO =residual range organics
updated September 1999 (Buchman, 1999). TAH =Total aromatic hydrocarbons = sum of BTEX

There are no quantitative surface water criteria for CR0, concentrations
RRO, or GRO; 18 AAC 70 requires that petroleum TAqH = Total aqueous hydrocarbons = sum of BTEX and
hydrocarbons, oils, and grease may not cause a visible PAH concentrations
sheen upon the surface of the water. VOCs = volatile organic compounds

2There are no standards provided for these analytes in
18AAC7O; therefore, ambient water quality criteria values
found in the NOAA SQuiRT tables are used as surface
water screening criteria. Note that the NOMA SQuiRT
values are not regulatory cleanup levels,

4.3 Soil

Preliminary RAOs for soil were developed in accordance with the Alaska Oil and Other
Hazardous Substances Pollution Control Regulations (1 8 AAC 75.341 [e] and [d] Method Two,
under 40-inch [precipitation] zone [Tables B I and B32] soil cleanup levels). The more restrictive
cleanup level of the "ingestion," "inhalation," and "migration to groundwater" pathways were
used to develop preliminary RAOs.

Preliminary RAOs for soil COPCs identified in the Interim ROD and detected in the 2004
sampling data are presented in Table 4-3. Contaminant levels discussed in Section 5 are
compared against those preliminary RAOs developed (Table 4-3). Preliminary RAOs for DRO. and RRO are consistent with the projected cleanup levels for COCs presented in the Interim
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ROD. Preliminary RAOs for other COPCs detected in 2004 are also included (i.e., GRO, BTEX,
PAHs, and PCBs).

Table 4-3 Soil Cleanup Levels for 2004 COCs and COPCs

Soil Cleanup Levels

Ingestion Migration to
Contaminant of Pathway f Inhalation j Groundwater

Concern (mg/kg) Pathway (mglkg jPathway (mg/kg) Regulatory Basis

Bulk Hydrocarbons*___________

GRO 10,250 1,400 300

DRO 10,000 j 12,500 250 18 MAC 75.341 (d)

RRO 10,000 22,000 j 11,000 _ _________

VOCs

Benzene 20,300 9 0.02

Toluene 10,000 180 5.4 1 8MGA 75.341 (c)
Ethylbenzene 203,000 89 5.5

Xylenes (total) 203,000 81 78
PAils and other SVOCs

Chrysene 2,000 Not available 620

Napthalene 3,000 120 21

Pyrene 4,100 Not available 1,500

Fluoranthene 10,000 Not available 2,100 18MGA 75.341 (c)

Di-n-butylphthalate 4,100 Not available 1,700

Flourene 11 Not available 270
Benzo(b)fluoranthene 30,000 Not available 20

Phenanthrene 3000 Not available 4,300

Benzo(g,h,l)perylene 2030 Not available 1500 ADEC Tech Memo 01 -007

2-Methylnaphthalene 590 Not available 60.9

B~is-2(ethylhexyl) 590 Not available 1200 18MGA 75.341 (c)
phthalate ____ ____

PCBs

PCBs 1* 1 10 1 8MGA 75.341 (c)

Notes: Bolded cleanup level is the most stringent of the available
'The inhalation/ingestion cleanup level of 1 mgA~g Pose is cleanup levels and is protective of inhalation, ingestion,

protective of residential use. For commercial/industrial and migration to groundwater.
use, a cleanup level of 10 mgfrg PCBs is protective.

1 8 AAC 75.341 (c) and (d) = Alaska Department of Definitions:
Environmental Conservation Oil and Hazardous DRO = diesel range organics
Substances Pollution Control Regulations, as amended GRO = gasoline range organics
through May 26, 2004; Method Two (under 40-inch mg/L = milligrams per liter
precipitation) soil cleanup levels; 341 (c) refers to PAHs = polynuclear aromatic hydrocarbons
chemicals other than petroleum hydrocarbons (Table PCBs = polychlorinated biphenyls
51), and 341(d) refers to petroleum hydrocarbons RRO = residual range organics
(Table 132) VOCs = volatile organic compounds

Calculated cleanup level in accordance with 18 AAC
75.340(g); provided in ADEC Tech Memo 01 -007,
dated November 24, 2003.

PDC Project No. 4112- Final Report 4-4 Paug-Vik Development Corp.



1 44 .34
Environmental Monitoring Report June 14, 2005
Cape Romanzof LRRS, Alaska

aNote: Unlike surface water or groundwater samples, analytical results for soil (and sediment)
S ~~~matrix samples cannot be rigorously compared from sampling event to sampling event.

This is due to the inherent heterogeneity of the soil/sediment matrix and the likely
irregular distribution of contaminants within a given spatial area. In addition, the precise

sampling location cannot be duplicated from event to event as it can with water, since the
process of sample collection of a solid in and of itself is destructive, requiring the removal

of materialfrom the site.

4.4 Sediments

Preliminary RAOs for sediment were developed in accordance with ADEC's Technical
Memorandum on Sediment Quality Guidelines (ADEC, 2004) and Risk Assessment Procedures

Manual (ADEC, 2000). If available for any given analy-te, National Oceanic and Atmospheric
Administration (NOAA) Screening Quick Reference Tables (SQuiRT) threshold effects level
(TEL) or probable effects level (PEL) sediment benchmarks were selected as preliminary RAOs.
If there are no NOAA SQuiRT PEL/TEL values published for an analyte, then the most

conservative sediment screening value provided by other published sources (e.g., NOAA
SQuiRT that are not PEL or TEL values, Oak Ridge National Laboratory sediment quality
benchmarks or the USEPA Office of Solid Waste and Emergency Response Ecotox Thresholds)
were selected as the preliminary RAO. There are no quantitative sediment quality criteria

established for GRO, DRO, or RRO in sediments. Preliminary RAOs for sediment COPCs. (identified both in the Interim ROD and from 2004 analytical data) are presented in Table 4-4.
Contaminant levels discussed in Section 5 are compared with RAOs (Table 4-4).

It should be noted that preliminary RAOs presented in Table 4-4 are not consistent with project
cleanup levels for sediment COPCs (DRO and PCBs) presented in the Interim ROD and are
consistent with current regulatory guidelines. The Interim ROD presented cleanup levels of 250
milligrams per kilogram (mg/kg) for DRO and 10 mg/kg for PCBs; however, recent ADEC
sediment quality guidelines (ADEC, 2004b) does not provide for quantitative sediment quality
criterion for DRO in sediments, but does provide a sediment quality criteria of 0.0341 mg/kg for

PCBs. Table 4-4 presents preliminary RAOs for COPCs identified in the Interim ROD and in

the 2004 sampling data (i.e., BTEX and PAHs).

4.5 Data Evaluation Procedures

This section outlines how the data were evaluated and presented. Table 4-5 summarizes each
general sampling activity, sampling objective, and data evaluation standard with recommended
actions. Specific evaluation of each sample location is presented in Section 5 for hydrocarbon
contaminants and in Section 6 for field parameters and inorganic data use to assess intrinsic
remediation activity in groundwater.
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Table 4-4 Sediment Screening Benchmarks for COPCs Detected in Sediments in 2004

Sediment Screening Benchmark
Contaminants of Concern (mgikg)' EReference

Bulk Hydrocarbons 2

VOCs _ _ _ _ _ _ _ _ _ _ _ _ _ _

Benzene 0.057 OWSER ET
T~oluene 0.05 ORNL SOB
Ethylbenzene 0.089 ORNL SOB
Xylenes (total) 0.025 OSWEREFT

PAHs
Chrysene 0.0571 NOAA SCuiRT TEL
Napthalene 0.01465 NOAA SQuiRT Lowest ARC TEL
Pyrene 0 053 NOAA SQuiRT TEL

Fluoranthene 0.111 NOAA SQuiRT TEL

Fluorene 0.010 NOAA SQuiRT Lowest ARC TEL

Phenanthrene 0.0419 NOAA SQuiRT TEL

Benzo(b)fluoranthene 1.8 NOAA SQuIRT Marine AET

Bgenzo(g,h,I)perylene 0.3 NOAA SQuiRT UET

PCBs
PCBs 0.0341 NOAA SQUIRT TEL

Notes: OSWER ET= Environmental Protection Agency (USEPA)
Sediment screening was performed in accordance with Office of Solid Waste and Emergency Response

Alaska Department of Environmental Conservation Ecotox Thresholds (USEPA, 1996)ORNL SOB =Oak

Technical Memorandum Sediment Quality Guidelines Ridge National Laboratory Sediment Quality
(2004). Benchmark (Jones et al., 1997)

2There are no screening benchmarks for bulk hydrocarbons PAHs = polynuclear aromatic hydrocarbons
in sediment. PCBs = polychlorinated biphenyls

Definitions: PEL = probable effects level
AET = apparent effects threshold TEL = threshold effects level
mg/kg = milligrams per kilogram UET = upper effects threshold
NOAA SQuiRT = National Oceanic and Atmospheric VOCs = volatile organic compounds

Administration Screening Quick Reference Tables,
updated September 1999 (Buchman, 1999).

4.6 Evaluation of Intrinsic Remnediation

Biodegradation of fuel constituents by microbial processes is directly affected by various
inorganic and geochemical factors including dissolved oxygen, iron, pH, nitrate, sulfate, and
alkalinity. Additional factors that affect or may be indicators of remediation activity include
conductivity, redox potential, and temperature.

Biodegradation of fuels occurs either aerobically or anaerobically. In many subsurface
environments, both aerobic and anaerobic biodegradation can occur simultaneously. Both of
these processes require an electron acceptor to complete the degradation reaction of fuel
contaminants.
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O Table 4-5 Data Evaluation Procedures
Activity/Objective Data Evaluation/Action

Groundwater: Collect groundwater data from * Compare data to ADEC groundwater cleanup levels in 18 AAC
monitoring wells to assess the nature, degree, 75.345 Groundwater Cleanup Levels (Table C).
and extent of potential contaminant plumes. * Compare data to previous sample data.

* Assess status of intrinsic remediation.
Surface Water: Collect surface water data to * Compare data to ADEC water quality standards in 18 AAC
assess the degree and extent of any potential 70.020(b)
contaminants, or any adverse effects on water * Compare data to previous sample data.
quality from surface water runoff. Assess status of intrinsic remtediation, if applicable.

Soil: Collect soil data to assess the nature, * Compare data to: ADEC soil cleanup levels in 18 AAC 75.341
degree, and extent of potential contaminants. Tables B-i and 8-2 (<40" zone, Migration to GW) for soil

cleanup levels.
* Compare data to previous sample data.
* Assess current status of soil conditions.

Sediments: Collect sediment data to assess the * Compare data to ADEC Technical Memo "Sediment Quality
nature and extent of potential adverse Guidelines" (ADEC, March 2004)..
environmental impacts from identified * Compare data to previous sample data.
contaminants.

Aerobic degradation is the dominant process using oxygen as the electron acceptor. Aerobic
degradation requires dissolved oxygen to function. If oxygen is limited, the process will proceed
under anaerobic conditions using nitrate, iron, and sulfate (in respective order) as electronO acceptors.

Table 4-6, developed in accordance with the Air Force Center for Environmental Excellence
(AFCEE) publication Technical Protocol for Implementing Intrinsic Remediation with Long-
Term Monitoring for Natural Attenuation of Fuel Contamination Dissolved in Groundwater
(March, 1999), presents a brief description of field parameter measurements and inorganic
constituents and how they are used in this report to evaluate intrinsic remediation activity.
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Table 4-6 Summary of Evaluation Factors for Intrinsic Remediation

Parameter -Evaluation Factors

pH * Generally, pH will range from 6 to 8 for optimal biodegradation

Temperature * Bioremediation is known to occur from 0 to 750 Celsius (0 C). Slower rates occur at
lower temperatures although numerous studies have shown that bacteria in cold climates
are acclimated to and function optimally at cold temperatures. Activity generally slower if
<500C.

-Directly affects solubility of dissolved oxygen; dissolved oxygen is more soluble in cold
water.

Alkalinity * Helps buffer pH. Hydrocarbon bioremediation will increase alkalinity relative to
background.

Redox Potential * Measure of electron activity (determination of aerobic or anaerobic environment).

Conductivity * Can be used to identify similar or different water sources.

Nitrate/Sulfate * Acts as electron acceptor when oxygen is depleted.

Iron (II) * Acts as electron acceptor during anaerobic fuel degradation

Dissolved Oxygen * Most important factor for aerobic biodegradation. DO > 1.0 mg/L will limit anaerobic
(DO) activity.

Intrinsic remediation, also commonly referred to as natural attenuation, is the natural chemical,
physical, and biological processes that reduce or eliminate contaminant concentrations in soil,
surface water, or groundwater. Intrinsic remediation results from several subsurface attenuation

mechanisms that are either destructive or nondestructive to the contaminant of concern.a

Destructive attenuation removes contaminant mass from the soil or water. Biodegradation is theV
most important destructive attenuation mechanism (Weidemeier et al., 1995). Nondestructive

attenuation mechanisms include sorption, dispersion, dilution, and volatilization.

The significance of the various intrinsic remediation parameters (geochemical indicators)

important for aerobic biodegradation of fuel hydrocarbons is discussed in Section 6.

4.7 Evidence of Intrinsic Remediation

Field parameter measurements and inorganic data were obtained during the 2004 field effort at

Cape Romanzof for the purpose of evaluating the intrinsic remediation activity and potential of

affected groundwater. During collection of groundwater samples, temperature, pH, conductivity,
dissolved oxygen, redox potential, and turbidity were measured in the field. Groundwater
samples were also analyzed at the project laboratory for alkalinity, ferrous iron, sulfate, and

nitrite/nitrate. These results are discussed in Section 6, but theft significance and how the
information is used is discussed below.

In bioremediation, microorganisms obtain energy by oxidation of an electron donor and
reduction of an electron acceptor. Electron donors are fuel hydrocarbon or other organic carbon

compounds; they act as a microbial substrate or food source during microbial reactions. The
electron acceptors are elements or compounds that are required to complete the electron transfer

reaction (coupled redox reaction). In natural groundwater systems, these elements and
compounds generally consist of oxygen, nitrate, ferric iron (iron [III]), sulfate, and carbon
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availability.

Three lines of evidence can be used to support the occurrence of intrinsic remediation: (1) loss of
contaminant mass, (2) changes in geochemnical parameters, or (3) direct microbial evidence such
as microcosm studies. Intrinsic remediation reduces the total mass of contaminant dissolved in
groundwater using naturally occurring biological attenuation mechanisms. These mechanisms
can be aerobic or anaerobic, or both, and commonly occur in a sequence that is somewhat
dependent on the groundwater geochemnical conditions and available geochemnical electron
acceptors. The attenuating mechanisms bring about measurable changes in the groundwater
chemistry in the affected area. By measuring these geochemnical changes at the site, intrinsic
remnediation can be quantitatively evaluated.

In general, the following geochemical indicators for intrinsic remediation can be quantitatively
evaluated:

* Indicators of biological activity such as dissolved oxygen, nitrate, ferrous iron,
sulfate/sulfide, and methane.

• Indicators-such as alkalinity, temperature, pH, and redox potential-used to
evaluate the environmental conditions of an aquifer and used to determine whether
they are favorable for biological activity.

* Indicators-such as chloride and conductivity-used to determine whether the
sampling locations are all within the same hydrogeologic unit.
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. 5 2004 FINDINGS FOR HYDROCARBON-RELATED SAMPLE DATA
AND COMPARATIVE EVALUATION WITH SIMILAR HISTORICAL
RESULTS

This section presents analytical results for hydrocarbon compounds detected in environmental

samples collected from three study sites as part of the 2004 LTM!MNA effort at the Cape

Romanzof LRRS. Other results that are related to evaluating natural attenuation conditions, such

as analytical data for inorganic constituents and groundwater field measurements, are discussed

in Section 6.

During the field effort in June and August 2004, samples were collected from four types of

media (i.e., groundwater, sediments, and near-surface soils) at the three study sites for this

project:

1. SSI3 -Diesel Seep Area(NINA).

2. SS1 5 -UST Spill Area (NNA).

3. LF03 - Closed Landfill No. 2 (LTM).

Figure 2-1 shows an overview of the locations of the three study sites. Site details for SST13,

SS1 5, and LF03 are presented on Figures 5-1, 5-2, and 5-3, respectively. The sampling scope for
each site is summarized in Table 5-1.

. Table 5-1 2004 Sampling Scope for MNAILTM Study at Cape Romanzof

Site Medla/Locations Sampled Analytical Parameters Purpose
SS13 (Diesel Spill Groundwater: MW-O1, MW- BTEX, DRO, RRO, PAH, Monitored Natural
Area) 02, and MW-03. 1 Alkalinity, Dissolved Iron, Sulfate, Attenuation scope

______ ______ ______ _____ and Nitrate/Nitrite.

Surface Water: SW-01, SW- BTEX, DRO, RRO, PAH, TAH,
02, and SW-03. and TAqH.L
Sediments: SS-01 and SS- BTEX, DRO, RRO, and PAH.
06.
Near-surface Soil: LB-03, BTEX, DRO, RRO, and PAH.
LB-07, and LB-08.

SS 15 (UST Seep Groundwater: WW-02, WW- BTEX, GRO, DRO, RRO, PAH, Monitored Natural
Area) 07, and WW-08. Alkalinity, Dissolved Iron, Sulfate, Attenuation scope

and Nitrate/Nitrite. _ _ _ _ _ _ _ _ _ _ _ _ _

LF03 (Closed Groundwater: MW-1, CMW- BTEX, DRO, PAH, and PCBs. Long-term Monitoring and
Landfill No. 2) 1, CMW-2. CMW-3, CMW-4, Landfill Cap Inspection

CMW-5, CMW-6, and CMW- scope
7 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Surface Water: SW-1, SW-2, BTEX, DRO, PAH, and PCBs.
and SW -3 _ _ _ _ _ _ _ _ _ _ _ _ _ _

Sediments: SS-1, SS-2, and BTEX, DRO, PAH, and PCBs.
I I SS~~8-3

FSample collected -under a separate project and contract.
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Data tables in this section include a comparison to preliminary RAOs developed in Section 4 of

this report. These preliminary RAOs have been updated from the projected cleanup levels0
presented in the Interim ROD (611 CES, 2002) based upon current regulations and guidelines.

5.1 Site SS13 Hydrocarbon-Related Compounds

Groundwater, surface water, sediments, and near-surface soils were collected at this site in the

summer of 2004 for NINA evaluation. Identified media-specific sample locations are listed
below and shown on Figure 5-1:

* Groundwater at MW-0l, MW-02, and MW-03 1.

* Surface Water at SW-01, SW-02, SW-03.

* Sediments at SS-0 1 and SS-06.

* Near-surface Soils at LB-03, LB-07, LB-08.

Groundwater samples were collected from monitoring well MIW-01 on June 22, 2004, and from
MW-02 and MW-03 on August 31, 2004. Surface water, sediment, and soil samples were

collected on June 9, 2004. Samples were submitted to the project laboratory for the analytical
parameters listed in Table 5-1.

MW-03 was installed and sampled in 2004 under a separate project and contract, with details and
results provided in BNCI's November 2004 report (BNCI, 2004). Soil samples collected from

the borehole were collected and analyzed at specific depth intervals. Although initially presenteda
in BNCI's November 2004 report, soil results are also included in this report.W

The subsections below discuss only organic hydrocarbon results. Groundwater samples were
also analyzed for inorganic parameters such as alkalinity, dissolved iron, sulfate, and
nitrate/nitrite to assess the natural attenuation processes currently at work. The natural
attenuation results are discussed in Section 6.

5.1.1 SSI3 Groundwater Hydrocarbon Data

Groundwater samples collected from MIW-01 and MW-02 were analyzed for BIEX, DRO,
RRO, and PAils in 2004. Samples for MW-03 were analyzed for BTEX, DRO, and RRO.
Semnivolatile organic compounds (SVOCs) were also analyzed in the MW-03 sample. Table 5-2
lists the groundwater sampling results.

As noted in BNCI's 2004 report, MW-03 was installed on June 17, 2004, under a separate
project and contract. Immediately after well completion in June 2004, MW-03 was reported to
be dry and no sample was collected. The well was re-visisted on August 31, 2004, and there was
enough water volume to collect an analytical sample. The groundwater data from the August
sampling event at MW-03 is included in Table 5-2 of this report.

1 Sample collected under a separate project and contract.0
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Tables 5-2 and 5-2a include tabulated 2004 analytical results for hydrocarbons at SS13
groundwater wells, along with preliminary RAOs for groundwater.

Low levels of GRO, DRO, RRO, and napthalene (a PAH) were detected in 2004 in one or more

of the groundwater samples collected from MW-01, MW-02, and MW-03. None of the
constituents detected exceeded preliminary RAOs. GRO, DRO, and RRO values were reported
below the Practical Quantitation Limit (PQL) for the analytical methods used, which means that
their accuracy is suspect because the reported concentrations are so low.

Table 5-2 2004 Hydrocarbon Results for SSI3 Groundwater Samples

SSiS GRO DRO RRO Benzene Ethylbenzene' Toluerne Xylenes PA~s (mgIL).
location (mgIL) (mgIL) (mgIL) (mgIL) (mgiL (mgIL) (mgIL) ______

_7A__s7_ (1.3) (1.5) (1. 1) (0.005) (0.7) (1.0) (10) See Table 5-2a

MW-01 ND 0.1750 Q.393a ND ND ND ND See Table 5-2a

MW-02 0.023908 0.142a 0.1068 ND ND ND ND ND

_W__03 0.142 ND NA ND ND ND ND NDOc

Notes: Definitions:
18AAC 75.345(b)(1) = Alaska Department of Environmental DRO = diesel range organics

Conservation Oil and Hazardous Substances Pollution GRO = gasoline-range organics
Control Regulations, as amended through May 26, mg/L = milligrams per liter
2004; Method Two (Table C) groundwater cleanup NA = not analyzed
levels. ND = below method detection limits

aValue indicated is below the Practical Quantitation Limit PAHs = polynuclear aromatic hydrocarbons
(POL) for the analyte but above the Method Detection PCBs = polychlorinated biphenyls;
Limit (MDL). RAOs = remedial Action Objectives (preliminary)

"This well was installed in 2004 by another contractor with RRO = residual range organics
data reported originally in the 2003 LTM report for SVOCs = semi-volatile organic compounds
551 3, 551 5, and LF03 by BNCI (dated Nov 2004).

0SVOCs were analyzed instead of PAHs for this sample only
in 2004. All results were reported below method
detection limits for all SVOC constituents.

Table 5-2a 2004 PAH Results for S91 3 Groundwater Samples
Location PAH Detected ~Level Detected Groundwater RA~s'
MW-01 Naphthalene 0.0000706 mg/L 0.7 mg/L

Note: DefinItions:
118AAC 75.345(b)(1) = Alaska Department of Environmental mg/L = milligrams per liter PAHs =Polynuclear aromatic

Conservation Oil and Hazardous Substances Pollution hydrocarbons
Control Regulations, as amended through May 26, RAOs = Remedial Action Objectives (preliminary)
2004; Method Two (Table C) groundwater cleanup
levels.

5.1.1.2 Comparative Analyses of Hydrocarbon Trends at MW-01

As shown in Table 5-3, between 1997 and 2003, DRO was the only contaminant detected at
MW-0 I in excess of preliminary RAOs. DRO levels appear to have been consistent from year to

year up until 2004 when DRO levels dropped. In 2004, DRO was reported below preliminary
RAOs at MW-01 and was below the PQL for the analytical method used (AK102).
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Other constituents initially detected in 1997 were generally not detected in subsequent years, anda
if they were, their occurrence appears sporadic and the reported concentrations are low is
(Table 5-3).

Table 5-3 Comparison of MW-0l Hydrocarbon Levels: 1997-2004

SS513 GRO DRO RRO Benzene Ethylbenzene1 Toluerne Xylenes SVOC (mng/-)
MW-01 (mgIl.) j (mg/I) j(mg/r ) J mgli) (mg/I.) (mgIL) (mgIL)

(RA~sf (1.3) (1.5) (1. 1) (0.005) (0.7) (1.0) (10) See Tableb5-3a

2004 ND 0.175 0.393 ND ND ND ND NA

2003 ND 2.22 0.245 ND ND 0.00186 ND ND

2000 ND 1.9 ND ND ND ND 2.9 ND

1999 ND 2.7 0.5 ND ND ND ND NA

-1997 0.091 12.47 0.628 0.0003 1 0.003 0.0005 10.004 See Table 5-3a-

Note: Definitions:
18 AAC 75 345(b)(1) =Alaska Departrment of Environmental DRO = diesel range organics
Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two mgL[ = milligrams per liter
(Table C) groundwater cleanup levels NA = not analyzed

Values in Bold exceed preliminary RAOs. ND = below method detection limits
RAOs = Remedial Action Objectives (preliminary)
RRO = residual range organics
SVOCs = semivolatile organic compounds

As shown in Table 5-3a, semnivolatile organic compounds (SVOCs) were detected at MW-01 in

1997, but were not detected in subsequent sampling years (Table 5-3) with the exception of
napthalene, which was detected in 2004 (Table 5-2a). SVOC results have not exceeded current
preliminary RAOs (Table 5-3 a).

6.1.1.3 Comparative Analyses of Hydrocarbon Trends at MW-02

As shown in Table 5-4, hydrocarbon concentrations detected between 1997 and 2004 did not

exceed preliminary RAOs.

5.1.2 SSISSurface!Water Hydrocarbon Data

Surface water samples were collected in 2004 from three locations as shown on Figure 5-1: SW-
01, SW-02, and SW-03. Samples were collected on June 9, 2004 and analyzed for BTEX, DRO,
RRO, PA~ls, TAH and TAqH.

8.1.2.1 Summary of 2004Surface Water Results at SSI3

DRO, RRO, and napthalene (a PAH) were detected at low concentrations in all three surface

locations sampled in 2004 (Tables 5-5 and 5-5a). Reported concentrations are below the PQL
for all analytes detected. None of the constituents of concern exceeded preliminary RAOs for
surface water at any location. (Note: There are no numerical regulatory requirements or

guidelines for DRO and RRO in surface water, and thus no RAOs have been identified.)
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Location (year) SVOC Detected Level Detected Groundwater IRAOs1

MW-01 (1997) 2-Methylnaphthalene 0.0087 mg/L 0.78 mg/L 2
MW-01 (1997) 4-Methylphenol 0.0004 mg/L 0.183 mg/L'
MW-01 (1997) Di-n-octyl phthalate 0.0002 mg/L 0.7 mg/L
MW-Oh (1997) Fluorene 0.0002 mg/L 0.7 mg/L
MW-01 (1997) Naphthalene 0.0073 mg/L 0.7 mg/L
MW-01 (1997) Phenanthrene 0.0001 mg/L I 1 1.0 mg/L

Notes: Definitions:
lie AAC 75.345(b)(1) = Alaska Department of Environmental mg(L = milligrams per liter
Conservation Oil and Hazardous Substances Pollution Control RAOs = Remedial Action Objectives (preliminary)
Regulations, as amended through May 26, 2004; Method Two (Table SVOCs = semnivolatile organic compounds

2C) groundwater cleanup levels.
2Calculated cleanup level in accordance with 18 AAC 75.340 (g);
3provided in ADEC Tech Memo 01-007, dated November 24, 2003.
Calculated cleanup level in accordance with 18 AAC 75.340 (g)

Table 6-4 Comparison of MW-02 Hydrocarbon Levels 1997-2000

SSI 3 GRO DRO RRO Benzene Ethylbenzenel Toluene Xylenes SVC
MW-02 (mgiL) (mgIL) (migill) (mgIL) (mg/L) (mgIL) (nigIL) (mgIL)
(RAOs)Y (1.3) (1.5) (I. 1) (0.005) (0.7) (1.0) (10) ____

2004 0.0239 0.142 0.106 ND IND ND IND NA
2003 IND 0.114 0.123 ND IND 0.000727 ND IND
2000 IND IND IND IND IND IND ND IND. ~~~1999 IND 0385 NDND ND ND ND NA
1997 N D 0.~213 0.202 0.0002 ND 0.0003 ND ND

Note: Definitions:
118 MAC 75.345(b)(1) = Alaska DRO = diesel range organics
Department of Environmental Conservation GRO = gasoline range organics
Oil and Hazardous Substances Pollution mg/L = milligrams per liter
Control Regulations, as amended through NA = not analyzed
May 26, 2004; Method Two (Table C) ND = below method detection limits
groundwater cleanup levels RAOs = Remedial Action Objectives (preliminary)

RRO = residual range organics
SVOCs = semnivolatile organic compounds
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Table 5-5 2004 Surface Water Hydrocarbon Results at SSI3

5S13 DRO RRO Benzene I Ethylbenzene Toluene Xylenes PA~s TAH TAqN
Location (mg/I) (mgiL) (migIL.) L (mgIL) (mgiL) (mng/I) (mg/L) (mrgIL.) (mg/I)

(RAOs)' No No2 (0.005) (0.7) (1.0) (1 0) Table 5- (0.010) (0.015)
sheen 2 sheen'5

SW-01 0.0637a 0.0969 ND ND ND ND ND ND ND
a

SW-OlD ND 0.0678 ND N NDND Table 5- ND N
5a

SW-02 0.0653 0.1398 ND ND ND ND Table 5- ND ND
a 5a

S~W-03 0.917 039 ND ND ND ND Table 5- ND ND
a Li a

Notes: Definitions:
18 AAC 70.020 = Alaska Department of Environmental DRO = diesel range organics
Conservation Alaska Water Quality Standards, as amended GRO = gasoline range organics
through June 26, 2003 (ADEC, 2003). mg/L = milligrams per liter

2 There are no quantitative surface water criteria for DRO, RRO, NA = not analyzed
or GRO; iS AAC 70 requires that petroleum hydrocarbons, ND = below method detection limits
oils, and grease may not cause a visible sheen upon the PAHs = polynuclear aromatic hydrocarbons
surface of the water. RAOs = Remedial Action Objectives (preliminary)

8=Value indicated is below the Practical Quantitation Limit for RRO =Residual range organics
the analyte but above the Method Detection Limit. TAH =Total aromatic hydrocarbons = sum of BTEX

concentrations
TAqH = Total aqueous hydrocarbons = sum of BTEX and PAH
concentrations

Table 5-5a 2004 Surface Water PAH Results at 551 3

Location PAH Detected Level Detected Surface Water RA~s

SW-0lD Naphthalene 20.0000171 mg/L 0. 62 mg1L

SW-02 Naphthalene 2 0.0001 15 mgIL 0. 62 mg1.

SW-03 Naphthalene 2 0.0000312 mg/La 0.62 rnglL

Notes: Definitions:
NOAA SQuiRT = National Oceanic and Atmospheric mg/L =milligrams per liter
Administration Screening Quick Reference Tables, updated PAHs =polynuclear aromatic hydrocarbons
September 1999 (Buchman, 1999). RAOs = Remedial Action Objectives

2 There are no standards provided for these analytes in 18 AAC
70; therefore, ambient water quality criteria values found in the
NOMA SQuiRT tables are used as surface water screening
criteria. Note that the NOAA SQuiRT values are not regulatory
cleanup levels
NOAA SQuiRT Freshwater Criteria.

a~Value indicated is below the Practical Quantitation Limit for
I the analyte but above the Method Detection Limit.

5.1.2.2 Comparative Analyses of Hydrocarbon Trends in Surface Water Samples

As noted in Tables 5-6, 5-7, and 5-8, surface water results obtained from the three locations at

SS13 between 1997 and 2004 do not show an exceedance of preliminary RAOs.

A comparison of current and historical surface water sample data from SS13 does not indicate

the presence of petroleum contaminants above AWQS. Samples at this site were collected from

the drainages located on site (Figure 5-1). It should be noted that in 2003, surface water samplesa

could not be collected at 51 3 because the drainages were frozen.W
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SS13 GROD DR0O RRO IBenzene Ethyllbenzene Toluene IXylenes SVOC
SW-Ol (mg/I) (mgiL) j(mgIL) (mg/L) (mg/L) (mgIL) J(mgIL) (mgIL)

(RA~s-)`' No sheen No sheen 2 No sheen 1 (.0)(0.7) (1.0) (10)
2 2 (0.005)_ _ _ _ _ _ _ _

2004 NA 003 0.0969a N ND ND ND NA
2003 Surface water samples were not collected in 2003 (frozen conditions) ____

2000 0.15 ND ND ND ND ND ND ND
1999 ND ND ND ND ND ND ND NA
1997 N D N D N D N D N D N D N D N D

Notes: Definitions:
1 8 AAC 70.020 = Alaska Department of Environmental DRO = diesel range organics
Conservation Water Quality Standards; water quality critenia;
water quality standards tables, as amended through June 26, GRO = gasoline range organics
2003 (ADEC, 2003). mg/L = milligrams per liter
2There are no quantitative surface water criteria for DRO, RRO, NA = not analyzed
or GRO; 15 AAC 70 requires that petroleum hydrocarbons, ND = below method detection limits
oils, and grease may not cause a visible sheen upon the RAOs = Remedial Action Objectives (preliminary)
surface of the water. RRO = residual range organics

Vleindicated is below the Practical Quantitation Limit for the SVOCs = semnivolatile organic compounds
analyte but above the Method Detection Limit.

Table 5-7 Comparison of SW-02 Hydrocarbon Levels for 1997-2004

SSI3 GRO CR0 RRO Bernzene Ethylbenzone Toluene Xylenes SVOC. ~~~SW-02 (mgIL) (Mg/L) (mgIL) (mgIL) (mg/L) (mgIil) (mg/I) (mg/L)

(RA s)1 N shen N he No sheen 2 (0.005) (0.7) (1.0) (I10)
2004 NA 0.05 0.j39a ND ND, N D I N D4 NA
2003 Surface water samples were not collected due to frozen conditions
2000 ND ND ND ND ND ND ND ND__

1999 ND ND ND ND ND ND ND NA__

1997 ND ND ND ND ND ND ND N
Notes: Definitions:

18 MAC 70.020 = Alaska Department of Environmental DRO = diesel range organics
Conservation Water Quality Standards; as amended through GRO = gasoline range organics
June 26, 2003 (ADEC. 2003). mg/L = milligrams per liter

2 There are no quantitative surface water criteria for DOb, RRO, NA = not analyzed
or GRO; 18MGA 70 requires that petroleum hydrocarbons, ND = below method detection limits
oils, and grease may not cause a visible sheen upon the RAOs = Remedial Action Objectives (preliminary)
surface of the water. RRO = residual range organics
Value indicated is below the Practical QuantItation Limit for the SVOCs = semnivolatile organic compounds
analyte but above the Method Detection Limit.

0~~~~~~~~~~~~~~~~~~~~~~__
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Table 5-8 Comparison of SW-03 Hydrocarbon Levels 1997-2004

SS1 3 GRO DRO RRO Benzene Ethylbenzene Touere Xyenes SO
SW-03 (mgIL) (mIL) (mg/I) (mgI) (mg/L) (mgIL) (mgiL) (mgJL)

(RAOs)1 No sheen No sheen No sheen (0.005) (0.7) (1IC) (IC)
2 2 2

2004 NA O07a 0.363a ND ND ND ND NA

2003 Surface water samples were not collected in 2003 (frozen conditions)
2000 ND ND___ 0__23 ND ND ND ND ND

1999 ND ND____ NE_ _ NDND I ND NA

Notes: N NDi NDefniiNs:N
197otes:__ _ _ _ _ _ N D eNDiNDtionND

1 18 AAC 70.020 = Alaska Department of Environmental DRO =diesel rage orgainics
Conservation Water Quality Standards; as amended GRO =gasoline range organics
through June 26, 2003 (ADEC, 2003). mg/L milligrams per liter

2 There are no quantitative surface water criteria for DRO, RRO, NA = not analyzed
or GRO; IS AAC 70 requires that petroleum hydrocarbons, ND = below method detection limits
oils, and grease may not cause a visible sheen upon the RA~s = Remedial Action Objectives (preliminary)
surface of the water. RRO = residual range organics

318AAC 75.345(b)(1) = Alaska Department of Environmental SVOCs = semnivolatile organic compounds
Conservation Oil and Hazardous Substances Pollution
Control Regulations, as amended through May 26, 2004;
Method Two (Table C) groundwater cleanup levels

a =Value indicated is below the Practical Quantitation Limit for
the analyte but above the Method Detection Limit.

5.1.3 SS13 Sediment Hydrocarbon Data

Sediment samples were collected from two drainage locations at SS 1 3 on June 9, 2004

(Figure 5-1). Samples obtained from locations identified as SSO1 and SS06 were analyzed for

BTEX, DRO, RRO, and PAHs.

5.1.3.1 Summary of 2004Sediment Sample Results atS5513

Sediment sample results for the year 2004 are presented in Tables 5-9 and 5-9a, along with

preliminary RAOs.

DRO was detected at concentrations between 998 mg/kg and 1,680 mg/kg, and RRO was

detected at concentrations between 743 mg/kg and 1,060 mg/kg at both sample locations

(Table 5-9). However, there are no preliminary RAOs established for DRO and RRO in

sediments.

Xylenes and fluorine were detected in primary and duplicate samples collected at SSOlI in excess

of preliminary RAOs (Tables 5-9 and 5-9a). (It is notable that the flourene result exceeded the

preliminary RAO; however, the concentration reported is below the laboratory PQL for the

method used. Results reported below the PQL may be imprecise because the method accuracy is

challenged at such low levels.)

Other analytes detected in 2004 at levels below preliminary RAOs include phenanthrene at SSOlI

and chrysene and pyrene at SS06 (Table 5-9a). Both of these constituents are reported at

concentrations below the PQL.
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O Table 6-9 2004 Sediment Sample Results at SS13
SS13 DRO RRO Benzene Ethylbenizene' Toluene Xylenes PAHs

Location (mg/kg) (mg/kg) (mgigkg) (mglkg) (mgikg) (mgigkg) (mig/kg)
(RAOS)1 ~ -r-- *7on (0.057 (089 (00) Table 5-9a

SS01 998 1060 ND ND ND 0.0569 Table 5-9a
55010 1290 834 ND ND ND 0.0837 a Table 5-9a
SS06 1680 743 ND ND ND ND Table 5-9a

Notes: Definitions:
Sediment screening was performed in accordance with Alaska DRO = diesel range organics

Department of Environmental Conservation Technical mg/kg = milligrams per kilogram
Memorandum Sediment Quality Guidelines (SQG)," dated NA = not analyzed
March 2004. ND = below method detection limits

2 There are no screening benchmarks for bulk hydrocarbons in PAI-s = polynuclear aromatic hydrocarbons
sediment. RAOs = Remedial Action Objectives (preliminary)

USEPA, 1996. RRO = residual range organics
4Jones et al., 1997.

4Value indicated is below the Practical Quantitation Limit for the
analyte but above the Method Detection Limit.

Table 5-9a 2004 Sediment PAH Results at SS13

Sample Location (2004) PAH Detected Level Detected Preliminary RAOS1,
5501 Fluorene 0.0323 mglkg8 0.0 10 mg/kg3

SSOI10 Fluorene 0.0306 mg/kg 0.010 Mg/kg 3

SS01D Phenanthrene 0.01 18 mg/kg'a 0.01419mg/1kg4

SS06 Chrysene 0.00372 mg/kg 80.0571 mg/kg4a 55~~~~S06 Pyrene 0.00442 mg/kg' 0. 053 mg/kg4

W Notes: Values in Sold exceed preliminary RA~s.
Sediment screening was performed in accordance with Alaska Definitions:
Department of Environmental Conservation Technical mg/kg = milligrams per kilogram
Memorandum Sediment Quality Guidelines (2004). PAI-Is = polynuclear aromatic hydrocarbons

2NOAA SQuIRT [National Oceanic and Atmospheric R.AOs = Remedial Action Objectives (preliminary)
Administration Screening Quick Reference Tables, updated
September 1999 (Buchman, 1999)].
NCAA SquiRT Lowest ARC Threshold Effects Level.
NOAA SquiRT Threshold Effects Level.
Value indicated is below the Practical Quantitation Limit for the
analyte but above the Method Detection Limit .

5.1.3.2 Comparative Analyses of Hydrocarbon Trendsin Sediments atSS901(1997-2004)

As shown in Table 5-1 0, all four BTEX constituents were detected above preliminary RAOs for
sediments in samples collected at SSO1I in 2003. Previously, only xylenes (in 1997 only) and
bis(2-Ethylhexyl) phthalate (an SVOC and common laboratory contaminant that was only
detected in 2000) were detected above preliminary RAOs (Tables 5-1 0 and 5-10Oa).

The pattern exhibited in the DRO results between 1997 and 2004 is a curve with a sharp peak in
1999 that is followed by a declining trend. The peak concentration at 55,800 mgikg is quite high
although there are no RA~is for DRO in sediments. The GRO concentration increased sharply
from steady levels in 2003, which does not correspond with the timing of peak DRO
concentrations at this location. However, benzene and ethylbenzene exceedances in 2003O ~correspond closely with the GRO concentration peak exhibited. There are no numerical
regulatory criteria for GRO, DRO, and RRO in sediments.
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Table 5-10 Comparison of 5501 Sediment Hydrocarbon Levels 1997-2004

1 1 1
Location GRO DRO RRO Benzene Ethylbenzene Toluene Xylenes SVOC

SW0 J.(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mglkg) (mg/kg) (mrg/kg) (mgikg)

(RAOS)1 Non~e 2 oe2 None (Q5) 009 ~ (.~ (0. 025/g Table 5-1 Oa

2004 NA 998 1060 ND ND ND ND ND

2-003 1,730 1,150 561 06.409 19.7 3.40 378ND

2000 1'3 52,000 3,800 ND ND ND ND Table 5-10a

1999 16.4 5,0 7,5NDDND ND N

1997 9 416 83 ND 0.02 N3 0.08 N

Notes: Definitions:
Sediment screening was performed in accordance with Alaska DRO = diesel range organics

Department of Environmental Conservation Technical mg/kg = milligrams per kilogram
Memorandum Sediment Quality Guidelines (2004). NA = not analyzed

2 There are no screening benchmarks for bulk hydrocarbons in ND = below method detection limits

sediment. Use alternate RAOs established for soil. PAI-s = polynuclear aromatic hydrocarbons

'USEPA, 1996. RAOs = Remedial Action Objectives (preliminary)

'Jones et al., 1997. RRO = residual range organics
Values in Bold exceed preliminary RAOs

Table 5-l0a 2000 Sediment SVOC Results at SSI3

Sediment Sample
Location (2000) SVOC Detected Level Detected Sediment RAOs1

S0 1 Bis (2-Ethyihexyl) phthalate Deintins mg/kg Not available

Note: Dfntos
=NOAA SquiRT Upper Effects Threshold Effects Level. mg/kg = milligrams per kilogram

RAOs = Remedial Action Objectives (preliminary)
SVOCs = semivolatile organic compounds

5.1.3.3 Comparative Analyses of Hydrocarbon Trends in Sediments at SS06 (1997 -2004)

As shown in Table 5-1 1, benzene, toluene, and ethylben~zene were detected above preliminary

RAOs in sediments collected in 2003 from location SS06 (Figure 5-1). Prior to 2003, only bis(2-

ethylhexyl) plithalate and di-n-butyl phthalate (SVOCs) were detected above preliminary RAOs

in the 2000 data (see Table 5-1 la). Phthalates are common laboratory contaminants often

associated with plastic equipment used to analyze samples at the laboratory. All of the 2000 data

do appear to exhibit a pattern of common laboratory contaminants potentially affecting the data

in that year.

As with samples collected from SSO1I, a comparison of the data collected at SS06 indicates that

GRO above detection limits occurs for the first time in 2003, along with BTEX constituents.

However, a similar pattern is not apparent in reported DRO concentrations between 1997 and

2004. In 2003, the benzene concentration exceeded the current preliminary RAO for sediments,

which are based upon guidelines. There are no numerical regulatory criteria for GRO, DRO, and

RRO in sediments.
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O Table 5-1 1 9913 Comparison of SS06 Hydrocarbon Levels in Sediments 1997-2004

SS13 GRID DRO RRO Benzene Ethylbenzene Toluene Xylenes SVOC (mglkg)
SS06 (mglkg) (mgikg) (mglkg) (mglkg) (mglkg) (Mgikg) (Mgikg) _______

(RAOS) Nn r Nn (.5) 009 (0.05) 4 (0.025)5 See Table 5-1lie
2004 NA 1,680 743 ND ND ND ND See Table 5-9a
2003 10.6 75.0 547 0.09230 0.127 0.366 ND ND
2000__ ND 4,300 4,300 ND ND ND ND See Table5-1 la
1999 ND 154 421D ND ND ND ND ND

1997 ND 1,710 11,230 N D ND ND ND ND

Notes: Definitions:
Sediment screening was performed in accordance with Alaska DRO = diesel range organics
Department of Environmental Conservation Technical mg/kg = milligrams per kilogram
Memorandum Sediment Quality Guidelines (SQG), (2004). NA = not analyzed
2There are no screening benchmarkcs for bulk hydrocarbons in ND = below method detection limits
sediment. Use alternate RA~s established for soil. RAOs = Remedial Action Objectives (preliminary)
3USEPA, 1996. RRO = residual range organics
4Jones et al., 1997. SVOC = semnivolatile organic compounds
8Value indicated is below the Practical Quantitation Limit (POL)
for the analyte but above the Method Detection Limit (MDL). In
this instance, the POL is above the RAO established for
benzene in this analyses.
bSB-04 was alternative sample location in 2000 for SS-06.
Values in Bold exceed preliminary RA~s.

Table 5-11Ia 2000 Sediment SVOC Results for SB-04 at SS13O Sediment SampleI
Location (2000) SVOC Detected j Level Detected Sediment RAOs 1'2

SB-04 3Bis (2-Ethylhexyl) phthalate 0.22 mg/kg 0.75 mg/kg

SB-04 3Di-n-butylphthalate 0.31 mglkg 0. 11 mg/kg

Notes: Definitions:
Sediment screening was performed in accordance with Alaska mg/kg = milligrams per kilogram
Department of Environmental Conservation Technical RA~s = Remedial Action Objectives (preliminary)
Memorandum 'Sediment Quality Guidelines (SQG)," dated SVOC = Sernivolatile organic compounds
March 2004.

2 NOAA SquiRT Upper Effects Threshold Effects Level (UET).
SB-04 was alternative sample location in 2000 for SS-06.

Values in Bold exceed preliminary RA~s.

5.1.4 SS'13 Near-surface SOil Hydrocarbon-Related Compounds

Near-surface soil samples were collected from three locations at SS13 in 2004. Shallow samples
collected from locations identified as LB3-03, LB-07, and LB-OS were analyzed for BTEX, DRO,
RRO, and PAHs (Figure 5-1). Tables 5-12 and 5-12a present the hydrocarbon results obtained
from these samples in 2004.
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Table 5-12 2004 Near-surface Soil Sample Results at SSl 3

SS13
Sample DRO RRO Benzene Ethylbenzene Toluene Xylenes. PA~s

Location (mglkg) (Mg/kg) (mglkg) (mgikg) (mg/kg) (Mglkg) (mglkg)

(RA~s)1 (250) (11,000) (0.02) (5.0) (6.0) (78) Table 5-12a

LB03 411 1140 ND ND ND ND ND

LB07 4390 5160 ND ND ND ND Table 5-12a

LB08 48,500 51,600 1 ND ND ND ND Table 5-12a

Notes: Definitions:
18 AAC 75.341 (c) and (d) [Alaska Department of DRO = diesel range organics

Environmental Conservation Oil and Hazardous mg/kg = milligrams per kilogram
Substances Pollution Control Regulations, as amended NA = not analyzed
through May 26, 2004; Method Two (under 40-inch ND = below method detection limits
precipitation) soil cleanup levels; 341(c) refers to PAI-s = polynuclear aromatic hydrocarbons
chemicals other than petroleum hydrocarbons (Table 81), RAOs = Remedial Action Objectives (preliminary)
and 341(d) refers to petroleum hydrocarbons gTable B2)]. RRO = residual range organics

Values in Bold exceed preliminary RAOs.

Table 5-12a 2004 Near-surface Soil Sample PANHResults at SSI3

Sediment Sample I
Location (2004) PAN Detected Level Detected Soil Cleanup Levels 2

LB07 Chrysene 0.0292 mg/kg 620 mg/kg

LB07 Naphthalene 0 0128 mg/kg 21 mg/kg

LB07 Pyrene 0.0376 mg/kg 1500 mg/kg

LB08 Chrysene 0.532 mg/kg 620 mg/kg

LB08 Fluoranthene 0.457 mg/kg 2, 100 mg/kg

LB08 Pyrene 0.584 mg/kg - 1,500 mg/kg

Notes: Definitions
18 AAC 75.341 (c) and (d) (Alaska Department of mg/kg =milligrams per kilogram

Environmental Conservation Oil and Hazardous PAI-s =polynuclear aromatic hydrocarbons
Substances Pollution Control Regulations, as amended RAOs =Remedial Action Objectives (preliminary)
through May 26, 2004; Method Two (under 40-inch
precipitation) soil cleanup levels; 341(c) refers to
chemicals other than petroleum hydrocarbons (Table
81), and 341(d) refers to petroleum hydrocarbons (Table
B2)]

DRO was detected in the soil from all three samples in excess of preliminary RAOs. The highest
DRO result detected in 2004 was at location LBO08, which also exhibited the only RRO hit in

excess of the preliminary RAO. RRO was also detected at LBO3 and LB07 at levels below the

current preliminary RAO in 2004.

The 2004 BTEX results were all reported below method detection limits. Several PAHs were
detected at locations LBO7 and LB08 in 2004 (see Table 5-12a). Chrysene, pyrene, and

napthalene were detected at LB07 below current preliminary RAOs. Chrysene, pyrene, and

flouranthene were detected at LBO8 below current preliminary RAOs.
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O 65.1.4.1 Comparative Analyses ofHydrocarbon Trends Soil Samples at LBO3(1997-2004)

DRO is the only contaminant historically detected in soil at this location at levels in excess of
preliminary RAOs (see Table 5-13). DRO levels exceeded preliminary RAOs at LB03 in the
1997 data (the year with the highest reported level), in 1999, and then again in 2004. RRO is
consistently detected in data collected for all prior years, but at concentrations below preliminary
RAIDS.

As with previous 2000 data patterns, di-n-butylphthalate (an SVOC and common laboratory
contaminant) was detected in 2000 (see Table 5-13a). There were no other SVOCs detected in
other years. PAHs were also not detected at this location in 2004.

Table 5-13 S513 Comparison of Hydrocarbon Levels in Soil at LB03 (1 997-2004)

SS13 GRID DRO RRO Benzene Ethyllbenzene Toluene Xylenes M VC
LB-03 (mglkg) (Mgikg) (mg/kg) (Mglkg) (Mglkg) (mg/kg) j(mg/kg) j(mglkg)

(RAOs)1 (300) (250) (11,000) (0.02) (5.0) (6.0) (76) See Table
5-13a

2004 NA 411 1140 ND ND ND ND ND

2003 8.75 158 83.2 ND 0.0819 0.0809 ND ND

2000 ND 48 140 ND ND ND ND See Table
I 5-13a

1999 ND 466 469 ND ND ND ND ND

1997 119 16,800 1,610 ND 0.46 ND 1.14 ND

Notes: Deflinitions:
iS AAC 75.341 (c) and (d) [Alaska Department of DRO = diesel range organics

Environmental Conservation Oil and Hazardous mg/kg = milligrams per kilogram
Substances Pollution Control Regulations, as amended NA = not analyzed
through May 26, 2004; Method Two (under 40-inch ND = below method detection limits
precipitation) soil cleanup levels; 341(c) refers to PAHs = polynuclear aromatic hydrocarbons
chemicals other than petroleum hydrocarbons (Table RA~s = Remedial Action Objectives (preliminary)
Bt), and 341(d) refers to petroleum hydrocarbons RRO = residual range organics
(Table B2)].

Values in Bold exceed preliminary RAOs.

Table 5-1 3a 2000 Near-surface Soil Sample SVOC Results for L603

SedIment SampleII
Location (2000) SVOC Detected Level Detected Soil Cleanup Levels'

LB03 Di-n-butylphthalate 0.042 mg/kg 1,700 mg/kg
Notes: Definitos

1= ISAC 75.341(c) and (d) [Alaska Department of mg/kg = milligrams per kilogram
Environmental Conservation Oil and Hazardous PAHs = Polynuclear aromatic hydrocarbons
Substances Pollution Control Regulations, as amended RAOs = Remedial Action Objectives (preliminary)
through May 26, 2004; Method Two (under 40-inch
precipitation) soil cleanup levels; 341 (c) refers to
chemicals other than petroleum hydrocarbons (Table Bi),
and 341(d) refers to petroleum hydrocarbons (Table B2)J.
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5.1.4.2 Comparative Analyses of Hydrocarbon Trends Soil Samples at LB07 (1997 -2004)a

Historically, GRO and BlEX levels have been reported below method detection limits at LB07,W

with the exception of GRO and ethylbenzene results in 2003, as shown in Table 5-14. All of the

DRO detections at LB107 between 1997 and 2004 were above preliminary RAOs, with the peak

concentration of 3 1,000 mg/kg exhibited in the 2003 data.

Table 5-14 SS13 Comparison of Hydrocarbon Levels in Soil at LB07 (1997-2004)

SS13 GRO DRO f RRO [ Benzene Ethylbenzene1 Toluene Xylenes SVC
LB07 (mglkg) (mglkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

(FRA~s)2 (300-) (250) ~(11,000) (0.02) (5.0) (6.0) (78) Table 5-
1 4a

2004 NA 4,390 5,160 ND ND ND ND NA

2003 ~9.02 3T1,000 77,640 ND 0.128 ND N D ND

2i000 ND 8900 6,0 DN DND Table 5-
1 4a

1999 ND ~~5,0 3',44 NDNDND ~ ND

1997 1 ND 7,050 2,56 =ND .3N DN

Notes: Definitions:
18MGA 75.341 (c) and (d) [Alaska Departrment of DRO = diesel range organics
Environmental Conservation Oil and Hazardous Substances GRO = gasoline range organics
Pollution Control Regulations, as amended through May 26, mg/kg = milligrams per kilogram
2004; Method Two (under 40-inch precipitation) soil cleanup NA = not analyzed
levels; 341 (c) refers to chemicals other than petroleum ND = below method detection limits
hydrocarbons gTable Bil), and 341(d) refers to petroleum PAHs = polynuclear aromatic hydrocarbons
hydrocarbons (Table B32)J. RAOs = Remedial Action Objectives (preliminary)

Values in Bold exceed preliminary RAOs. RRO = residual range organics

In 2000, bis (2-Ethyihexyl) phthalate (an SVOC and common laboratory contaminant) was

detected at LB07 below RAOs, as shown in Table 5-14a. This is consistent with a potential

chronic problem with laboratory data from that year.

Table 5-14a 2000 Near-surface Soil Sample SVOC Results for LB07

PoluionCnrl Rap eguloatos asaeddthog a 26,VOSVeteste semvelaDtiecorani com ounds A

200;0Mtho Tw udr4-nhpeiptto)silau
levels;i341(c)trefers to chemicals othergthan6petroleu

hydrocarbons (Tableers1)o andmi41ls)orefershto petroleum

hydrocarbons (Table 132)].
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a .1.4.3 Comparative Analyses of Hydrocarbon Trends Near-surface Soil Samples at LB08 (19973 -~~~2004)

As shown in Table 5-15, all of the DRO results obtained at LBOX between 1997 and 2004 exceed
the preliminary RAO for soil. RRO results exceeded the preliminary RAO for all data years
except for 1999 and 2000. BTEX results were below method detection limits for all years
between 1997 and 2004, except for one low ethylbenzene hit in 1997.

Table 5-15 SS13 Comparison of Hydrocarbon Levels in Soil at LB08 (1997-2004)

SSI3 GRO DRO RRO Benzene Ethylbenzene Toluene Xylenes SVOC
L808 (mg/kg) (mgikg) (mglkg) (mg/kg) (mglkg) (mg/kg) (mg/kg) (mg/kg)

(RA Os)' (300) (250) (11,000) (0.02) (5.0) (6.0) (78) TableS5-
____________ ____________ ____________ ____________ 1 Sa

2004 NA 48,500 51,800 ND ND ND ND NA
2003 5.21 59,400 19,400 ND ND ND ND ND
2000 ND 820 810 ND ND ND ND Table 5-

___________ __________ _ _________ __ ________ ___ ____________I 1 a

1999 ND 2,680 1,880 ND ND ND ND ND
1997 13 110,000 35,000 ND 0.03 ND ND ND

No-te: Definitions:
118 AAC 75.341 (c) and (d) [Alaska Department of DRO = diesel range organics

Environmental Conservation Oil and Hazardous Substances GRO = gasoline range organics
Pollution Control Regulations, as amended through May 26, mg/kg = milligrams per kilogram
2004; Method Two (under 40-inch precipitation) soil cleanup NA = not analyzed
levels; 341 (c) refers to chemicals other than petroleum ND =below method detection limitsO ~~~hydrocarbons (Table 611), and 341(d) refers to petroleum RAOs = Remedial Action Objectives (preliminary)
hydrocarbons (Table 82)J RRO = Residual range organics

Values in Bold exceed current preliminary RAOs. SVOCs = semnivolatile organic compounds

Historic SVOC results were at very low to mostly nondetectable levels between 1997 and 2004,
as shown in Table 5-15a. Consistent with the 2000 analytical data, two common laboratory
contaminants were detected in 2000, di-n-butylphthalate and bis(2-Ethylhexyl) phthalate, at
levels below preliminary RAOs (Table 5-i5a). These SVOCs did not show up in the analytical
data from other years.

Table 5-15a 2000 Near-surface Soil Sample SVOC Results for LB08

(2000) ~~SVOC Detected Lee eetd Soil Cleanup Levels
L808 ~~~~~Di-n-butylphthalate 0 gk 2 gk

_808 ~Bis (2-Ethylhexyl) phthalate 0.07 g/kgj2j100m g/kg
Note: ~~~~~~~~~~~~~~Definitions:

18 AAC 75.341(c) and (d) [Alaska Department of mg/kg = milligrams per kilogram
Environmental Conservation Oil and Hazardous Substances RAOs = Remedial Action Objectives (preliminary)
Pollution Control Regulations, as amended through May 26, SVOCs = semnivolatile organic compounds
2004; Method Two (under 40-inch precipitation) soil cleanup
levels; 341 (c) refers to chemicals other than petroleum
hydrocarbons (Table 81), and 341(d) refers to petroleum
hydrocarbons (Table 62)1.
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A comparison of the DRO and RIRO data at LB08 between 1997 and 2004 show a closea

correlation between the DRO and RRO concentrations, which exhibit a "U" shaped curve patternW

when plotted over time, with the lowest detection for both in the year 2000 data. This pattern at

LB08 is also apparent at the other two soil locations sampled (LBO33 and LBO7), which would

support a conclusion of some common fuel contaminant source and timing sequence.

Throughout all of the historical data, GRO levels remain consistently low between 1997 and

2004 at LBO08.

5.1.5 Site5313 SoHlBoting Hydrocarbon Data for MW-03

In 2004, MW-03 was installed at SS 13 by another contractor (BNCI) under a separate contract

and project scope. Well construction detail is described in a technical report produced by BNCJ

(2004). One soil sample was collected from the soil boring and analyzed. Results obtained from

the 2004 report are discussed below for comparative purposes.

As shown in Tables 5-16 and 5-16a, there were no preliminary RAO exceedances detected in the

soil sample collected at the 2.5- to 4.5-foot depth interval. GRO, DRO, RIRO, and bis(2-

ethylhexyl)phthalate were detected in the soil sample at concentrations below preliminary RAOs.

Table 5-16 2004 Results for Soil Boring Samples Collected at New Well MW-03

.MW-03,
Soil

Boring GRO DRO RRO Benzene Ethylbenzone Toluene Xylenes SVOCs
Depth (mglkg) (mglkg) (mgflkg) (mglkg) (mgikg) (Mglkg) (mg/kg) (mglkg)9

(RAOsf (300) (250) (11,000) (0.02) (5.0) (6.0) (78) TableS5-j _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _1 6 a

2.5 to 4.5 1.03a 67.3 600 ND ND ND ND Table 5-

feet bgs L__ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ 1 a
Note: Definitions:

18MGA 75.341 (c) and (d) [Alaska Department of bgs = belowground surface
Environmental Conservation Oil and Hazardous Substances DRO = diesel range organics
Pollution Control Regulations, as amended through May 26, GRO = gasoline range organics
2004; Method Two (under 40-inch precipitation) soil cleanup mg/kg = milligrams per kilogram

levels, 341 (c) refers to chemicals other than petroleum ND = below method detection limits
hydrocarbons (Table Bi), and 341(d) refers to petroleum RAOs = Remedial Action Objectives (preliminary)
hydrocarbons (Table B2)]. RRO = residual range organics

SVOCs = semnivolatile organic compounds

Table 5-16a 2004 SVOC Results for WW-09 Soil Boring Samples

Location SVOC Detected Level Detected Soil RAOs

MW- .03 2.5 to 4.5 Bis(2-Ethylhexyl)phtaaE 0.04 mg/kg 590 mg/kg

Note: Definitions:
118 I-AA 75.341(c) and (d) [Alaska Department of mg/kg = milligrams per kilogram
Environmental Conservation Oil and Hazardous Substances NA = not analyzed
Pollution Control Regulations, as amended through May 26, ND = below method detection limits
2004; Method Two (under 40-inch precipitation) soil cleanup RAOs = Remedial Action Objectives (preliminary)
levels; 341 (c) refers to chemicals other than petroleum SVOCs = semivolatile organic compounds
hydrocarbons (Table 831), and 341(d) refers to petroleum
hydrocarbons (Table B32)J.
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O 5.2 Site SS15 Hydrocarbon-Related Compounds

SS 15 groundwater samples were collected from monitoring wells WWO2 and WW08 in 2004
(WW02 was sampled on June 8, 2004, and WWOS was sampled in August 31, 2004). Multiple
attempts to collect a groundwater sample from WW07 in 2004 were unsuccessful due to a lack of
available water. The two groundwater samples successfully collected were analyzed for GRO,
DRO, RRO, BTEX, and PAHs. Well locations and analytical results at this site are shown on
Figure 5-2.

In 2004, a new monitoring well was installed (WWO9) under a separate project and contract by
BNCI. Soil samples were collected from the boring column in 2004, with the results originally
reported by BNCI (2004). The soil results presented in the BNCI report are summarized here for
comparative purposes. A groundwater sample was not collected from WW09 in 2004 and no
groundwater data are available.

5.2.1 SiteS5515 Groundwater Hydrocarbon Data

Although groundwater samples were also analyzed for alkalinity, dissolved iron, sulfate, and
nitrate/nitrite as inorganic parameters to help indicate natural attenuation processes, the
following discussion only addresses results for organic hydrocarbons. Inorganic and field testing
results for groundwater are discussed in Section 6.

5.2.1.1 Summary of 2004Groundwater Results at SSI5. GRO, DRO, and benzene were detected above preliminary RAOs in 2004 groundwater samples
collected from WWO2, as shown in Table 5-17. Benzo(a)pyrene and naphthalene (PAHs) were
also detected in WW02 in 2004 above preliminary RAOs, as shown in Table 5-16a.
Ethylbenzene, toluene, total xylenes, and 13 other PAH compounds were reported in the 2004
data for WW02, but at levels below RAOs (Tables 5-17 and 5-17a). The RRO concentration was
below detection limits at WW02.

Table 5-17 2004 Groundwater Sample Hydrocarbon Results at SS15

9515 GRO DRO RRO Benzene Ethylbenzene Toluene Xylones IPAHs
Location (mgIL (mgIL) (mgIL) (mg/L) (mgIL) (mgIl.) (mIL) (mgIL

(RA~s)1 (1.3) (1.5) (1. 1) (0.005) (0.7) (.) 10) Table 5-17a
WW~-02 8.38 387 ND 0.311 0.063 0.0392 0.457 Table 5-17a
WV-07 This well was dry and could not be sampled in 2004
'W-08 o.0212 a 10.3158 o .223a ND I ND ND ND Table 5-17a

Notes: Definitions:
'16 AAC 75.345(b)(1) = Alaska Department of Environmental DRO = diesel range organics
Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two mglL = milligrams per liter
(Table C) groundwater cleanup levels. ND = below method detection limits

'Value indicated is below the Practical Quantitation Limit (PQL) PAHs =polynuclear aromatic hydrocarbons
for the analyte but above the Method Detection Limit (MDL). In RRO =residual range organics
this instance, the POL for the benzene analysis is above the VOCs =volatile organic compounds
preliminary RAO established for benzene.

Values in Bold exceed preliminary RAOs.
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Table 5-17a 20041Groundwater PAH Results at SSI5

Location PAN Detected Level Detected [ Groundwater RAOs1

WWA-02 Acenaphthene 0.26m/L 2.2 mgIL

WWN-02 Anthracene 0.001 17 mg/L 1 1.0 mgIL

WW-02 Benzo(a)anthracene 0.000631 mg/L 0.001 mg/i.

WWm-02 Benzo(a)pyrene 0.000434 mgIL 0.0002 mgIL
WVV02 Benzo(b)fluoranthene 0.000438 mg/L 0.01 mg/L

WW-02 Benzo(g,h,l)perylene 0.000278 mg/L 1.1 mg/L2

VN-02 Benzo(k)fluoranthene 0.000406 mg/L 0.01 mg/L

VTVN-02 Chrysene 0.000866 mg/L 0.1 mg/L

WW -02 Dibenzo(a,h)anthracene 0.0000756 mg/L 0.0001 mg/L

WW-02 ~~~~~~Fluoranthene 0.00246 mg/L 1.46 mg/L

WW-02 Fluorene 0.0496 mg/L 1.46 mg/L

WW-02 Indeno(1,2,3-c,d)pyrene 0.000213 mg/L 0.001 mgIL

WW-02 Naphthalene 0.967 mgiL 0.7 rng/lL

WW-02 ~~~~~~Phenanthrene 0.0182 mg/L 1 1.0 mg/L2

WW-02 Pyrene 0.00302 mg/L 1.1 mig/L

WW-08 Naphthalene 0.0000509 mg/L 0 0.7 mg/L

Notes: DTefinitions:
18 AAC 75.345(b)(1) =Alaska Department of Environmental mglL =milligrams per liter
Conservation Oil and Hazardous Substances Pollution Control RAOs = Remedial Action Objectives (preliminary)
Regulations, as amended through May 26, 2004; Method Two SVOCs = semnivolatile organic compounds
(Table C) groundwater cleanup levels.

2 Calculated cleanup level in accordance with iS AAC 75.340
(g); provided in ADEC Tech Memo 01-007, dated November
24, 2003.

'Value indicated is below the Practical Quantitation Limit (POL)
for the analyte but above the Method Detection Limit (MDL).

IValues in Bold exceed current preliminary R.AOs

There were no exceedances of preliminary RA~s identified in 2004 groundwater data for WWO8

(Tables 5-17 and 5-17a). GRO, DRO, RRO, and naphthalene (a PAH) were detected at
concentrations below the PQL at WWO8. All other analytes were below method detection limits.

5.2.1.2 Comparative Analyses of Previous Hydrocarbon Trends at WW-02 (1997 -2004)

Between 1997 and 2004, historical data results for WWO2 indicate that GRO, DRO, RRO,

benzene, and ethylbenzene exceeded current preliminary RAOs for groundwater multiple times,

as shown in Table 5-18. GRO and DRO concentrations represent the most consistent

exceedances during this span of time, however trends in the historical data are not readily

apparent.

A rather long list of SVOC constituents have been historically detected in samples from well

WW-02 over the years, as shown in Table 5-18a. Only one hit of Benzo(a)pyrene, detected in

WW-02 in 1997, meets (considered an exceedance) the current preliminary RAG level for this

constituent. In 2004, PAll analyses replaced the historical SVOC analyses so that lower

detections could be achieved. Many of the same SYOC constituents historically detected were

detected in the 2004 PAHl results from this well (Table 5-17a).
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O Ta~ble 5-18 SSI Comparison of WW-02 Hydrocarbon Levels 1997-2004

SSI5 GRO DRO RRO Benzene Ethylbenzene Toluene Xylenes MVC
WW-02 (rnglL) (mg/L) (mgil-) (mgIL (mgIL) (mgIL) (mgiL) (mgIL
(FRA 's)1 (1.3) (1.5) (1. 1) (0.005) (0.7) (1.0) (10) Table 5-

I 8a

2004 8.38 387 ND 0.311 0.063 0.0392 0.4571 NA
2003 3.16 50.4 0.628 0.563 0.304 0.144 0.5212 Table 5-

1 8a

2000 4.4 3.2 ND 0.7 0.14 0.17 0.37 TableS5-
1 8a

1999 NA 7.23 ND NA NA NA NA Table 5-
1 1 1 1 ~~~~~~~~~~~~~~~~~~~~~~~~1 18a

1997 17.95 r 400 1.38 1.11 0.31 0.15 0.553 TableS5-

Note: NA = not analyzed
'18 AAC 75.345(b)(1) =Alaska Department of Environmental ND = below method detection limits
Conservation Oil and Hazardous Substances Pollution RRO = residual range organics
Control Regulations, as amended through May 26, 2004; SVOCs = semnivolatite organic compounds
Method Two (Table C) groundwater cleanup levels

Values in Bold exceed current preliminary RAOs.
Definitions:
DRO = diesel range organics
GRO = gasoline range organics

1mg/L = milligrams per liter
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Table 5-lea Previous Groundwater SVOC Results at WW-02 (1997-2000)

Location (year) J SVOC Detected ( Level Detected Groundwvater RA~ts'

WWI-02 (1997) Acenaphthene 0.006 mng/L 2.2 mg/i.

WW-02 (1997) Benzo(a)anthracene 0.0002 mg/L 0.001 mg1Z.

WW-02 (1997) Benzo(a)fluoranthene 0.0003 mg/L 0.001 mg/i.

WW-02 (1997) Benzo(a)pyrene 0.0002 ~mgIL 0.0002 mgIL

WW-02 (1997) Benzoic Acid 0.020 mg/L 146. 0 mg/L

WW~-02 (1997) Benzo(k)fluoranthene 0.0001 mg/L 0.01 mgIL

VWW-02 (1997) Bis 2(ethylhexyl)phthalate 0.005 mg/L 0. 006 mg/i.

WW-02 (1997) di-n-octyl phthalate 0.0005 mg/L 0. 7 mg/i.

WW-02 (1997) Fluoranthene 0.0008 ~mg/L 1.46 mg/i.

WW-02 (1997) Fluorene 0.001 mg/L 1.46 rng1L.

WW-02 (2000) 2-Methylnaphthalene 0.011 mg/L 0.78 mg17 2

WW-02 (2003) 2-Methylnaphthalene 0.01 1 mglL 0. 78 m~g/I

WW-02 (1999) 2-Methylnaphthalene 0.08 ~mglL 0. 78 mg/I
WW-02 (1997) 2-Methylnaphthalene 0.530 mg/L 0. 78 mg/I

\WJV-02 (2000) Naphthalene 0.04 mg/L 0. 7 mg/i.

WW-02 (2003) ~~~Naphthalene 0.19 mg/L 0.7 mg/L

~~-02 (1999) ~~~ Naphthalene 0.05 mg/L 0. 7 mg/i.

WW-02 (1997) Naphthalene 0.450 mglL 0. 7nigIL.

WW-02 (1997) Naphthalene 0 0073 mg/L 0. 7 mg/i.

VWV-02 (1997) Phenanthrene 0.005 mg/L 1 1. 0mrg/I

VAM-02 (1997) Phenol 0.014 mg/L 22. 0 mg/i.

WW-02 (1997) Pyrene 0.0009 mg/L 1. 1 mg/L

Notes: Definitions:
IS AAC 75.345(b)(1)= Alaska Department of Environmental mg/L = milligrams per liter RAOs =Remedial Action
Conservation Oil and Hazardous Substances Pollution Control Objectives (preliminary) SVOCs = semnivolatile organic
Regulations, as amended through May 26, 2004; Method Two compounds
(Table C) groundwater cleanup levels.

2 Calculated cleanup levels in accordance with 18 AAC 75.340
(g), provided in ADEC Tech Memo 01-007, dated November 24,
2003.

Values in Bold exceed current preliminary RA~s.

5.2.1.3 Comparative Analyses of Previous Hydrocarbon Trends at WW-07 (1997-2000)

Groundwater analytical data for WW07 are not available from 2003 and 2004. Historical results

obtained from 1997 to 2000 are shown in Tables 5-19 and 5-19a. In 2000, DRO, RRO, benzene,

toluene, and total xylenes were detected below preliminary RA~is developed in this report. All

analytical constituents were below detection limits in 1999. DRO, toluene, xylenes, and n-

nitrosodi-n-propylamine (an SVOC) were detected in 1997 at levels below preliminary RAOs. A

pattern of low results for all constituents is all that is apparent in the historical data.
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O Table 5-19 SS15 Comparison of WW-07 Hydrocarbon Levels 1997-2000

SSI 5 GRO DRO RRO Benzene Ethylbenzene Toluene IXylenes MYC
WW-07 (mgIL) (mgiL (mgIL) (mgIL) (mgIL) (mgIL) (mgIL) (mgIL)

(MCLS) (1.3) (1.5) (1. 1) (0.005) (0.7) (1.0) (10) Table 5-
__________ ____ I I W e l w s no a p e . _ _ _ _ _ _ _ _ _

2004 Well was not sampled due to lack of water.
2000 ND 0.6l.6 0.0013not 0.011p.003d.

1999 ND 0ND ND6 ND01 ND ND01 0N003 NA

1997 ND 0.063 NNDND 0.0004 0.0002 Table 5-

Note0: NA = not analyzed
lie AAC 75.345(b)(1) =Alaska Department of Environmental ND = below method detection limits
Conservation Oil and Hazardous Substances Pollution Control PAHs =polynuclear aromatic hydrocarbons
Regulations, as amended through May 26, 2004; Method Two RRO =residual range organics
(Table C) groundwater cleanup levels SVOCs = semnivolatile organic compounds

Values in Bold exceed preliminary RA~s.
DeflinIltions:
DRO =diesel range organics
GRO = gasoline range organics

Img/L = milligrams per liter

Table 5-19a 1997 Groundwater SVOC Results at WW-07

Location SVOC Detected Level Detected Groundwater RAO'
WW-07 N-Nitrosodi-n-propylamine 0.0002 mg/L 1.46 mglL

S Note: mg/L = milligrams per liter
I8APAC 75.345(b)(1) = Alaska Department of Environmental RAOs = Remedial Action Objectives (preliminary)
Conservation Oil and Hazardous Substances Pollution Control SVOCs = semnivolatile organic compounds
Regulations, as amended through May 26, 2004; Method Two
(Table C) groundwater cleanup levels

Definitions:

5.2.1.4 Comparative Analyses of Previous Hydrocarbon Trends at WW-038(1997-2004)

As shown in Tables 5-20 and 5-20a, historical results for analytes of concern are low to
nondetect in groundwater samples collected from WWO8 between 1997 and 2004. None of the
reported historical results exceeded preliminary RAOs and all appear to be consistently low.
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Table 5-20 SS15 Comparison of WW-08 Hydrocarbon Levels 1997-2004

SS15 GRO DRO RRO jBenzene Ethylbenzene Toluene Xylenes SVOC
WW-08 -(mgIL) (mgiL) (mgIL) (ngIL) (mgIL) (mgIL) (ingIL) (mgIL)

(RAOs/' (1.3) (1.5) (I. 1) (0.005) (0.7) (10 1) Table 5-20a

2004 0.02128a 0.315 a 0.2238 ND ND ND ND NA
2003 ~ND 0.129 NDND 0.011 000131 0.002 ND

2000 N0.6 02NDND ND 002ND

1 999 ND 0.363 ND ND ND ND ND NA

199 ND 0.165 0.275 ND NDNDN Table 5-20a

Notes: GRO = gasoline range organics
iS AAC 75 345(b)(1) =Alaska Department of Environmental mg/L = milligrams per liter
Conservation Oil and Hazardous Substances Pollution Control NA = not analyzed
Regulations, as amended through May 26, 2004; Method Two ND = below method detection limits
(Table C) groundwater cleanup levels. RRO = residual range organics

aValue indicated is below the Practical Quantitation Limit (POL) SVOCs = semnivolatile organic compounds
for the analyte but above the Method Detection Limit (MDL).

Definitions:
DRO = diesel range organics

Table 5-20a 1997 Groundwater SVOC Results at WW-08

Location . SVOC Detected Level Detected I Groundwater RAG

V NY-08 4-Metypel000 mgL0. 183 mng't

Note: RAOs = Remedial Action Objectives (preliminary)

Calculated cleanup level in accordance with 18 AAC 75.340 SVOCs = semnivolatile organic compounds

and Hazardous Substances Pollution Control Regulations,

as amended through May 26, 2004
Definitions:

Img/L = milligrams per liter

5.2.2 Site 3315 Sonl Boring Hydrocarbon Data for WWO9

BNCI installed Well WWO9 at SS515 in 2004 under a separate contract and project scope. Well

construction detail is described in the following technical report produced by BNCI: Landfill 2

(LFO3), 88 13 and 8815 Long Term Monitoring Cape RomanzofLRRS, Alaska, November 2004.

Three soil samples (plus a duplicate) were collected from the soil boring for this well. Soil

sample results are shown in Tables 5-21 and 5-21a. DRO is the only soil contaminant detected

above preliminary RAOs in soil boring samples, with preliminary RAO exceedances reported at

every depth interval sampled. GRO, RRO, and BTEX constituents were detected at one or more

depth intervals sampled but at levels below preliminary RAOs (Table 5-21).
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. Table 5-21 2004 Results for Soil Boring Samples Collected at New Well WWO9
8516 Soil

Boring
Depth GIRD DRO RRO Benzene Ethylbenzene Toluene Xylenes SVC

Interval bils (migikg) (mglkg) (mig/kg) (mgikg) (mgikg) (mglkg) (mgikg) (mglkg)
(RAOs)/ (300) (250) (11,000) (0.02) (5.0) (6.0) (78) TableS5-

____________ ~~~~~~~~~~~~21 a

5.2 to 7.2 73.5 8,010 299 0.0119 0.121 0.0437 0.947 ND
feet

5.2 to 7.2 32.4 5,460 249 0.00984 0.0556 ND 0.452 ND
feet IIIIII

7.5Sto 9.5 9.7 740 76.6 ND 0.0172 ND 0.1312 ND
feetII

iotat 12 feet 14.6 856 156 ND 0.0387 ND 0.1612 Table 5-
1 ~~~~~~21a

Note: Definitions:
115 AAC 75.341 (c) and (d) [Alaska Department of Environmental bgs = belowground surface
Conservation Oil and Hazardous Substances Pollution Control CR0O diesel range organics
Regulations, as amended through May 28, 2004; Method Two GRO =gasoline range organics
(under 40-inch precipitation) soil cleanup levels: 341 (c) refers to mg/kg =milligrams per kilogram
chemicals other than petroleum hydrocarbons (Table 61), and ND = below method detection limits
341 (d) refers to petroleum hydrocarbons (Table 632)]. RA~is = Remedial Action Objectives (preliminary)

Values in bold exceed preliminary RAOs. RRO = residual range organics
SVOCs = semnivolatile organic compounds

Two SVOCs (2-Methylnaphthalene and Bis[2-Ethylhexyl]phthalate) were detected at the 10- to.12-foot depth interval at levels below the preliminary RAO in the soil boring (Table 5-21a).

Table 5-21a 2004 SVOC Results for WW-09 SoilBoring Samples
Location SVOC Detected Level Detected Soil RA~s

SB/WW-09 2-Methyinaphthalene 0.359 mg/kg 0. 78 mg/kg
1 0 to 12 feet bgs Bis(2-Ethylhexyl)phthalate 0. 104 mg/kg 5go mg/kg

Notes: Definitions:
118 AAC 75.341 (c) and (d) [Alaska Department of bgs = belowground surface
Environmental Conservation Oil and Hazardous Substances mg/kg = milligrams per kilogram
Pollution Control Regulations, as amended through May 26, RAOs = Remedial Action Objectives (preliminary)
2004; Method Two (under 40-inch precipitation) soil cleanup SVOC = Semnivolatile organic compound
levels; 341 (c) refers to chemicals other than petroleum
hydrocarbons (Table 61), and 341(d) refers to petroleum
hydrocarbons (Table 62)].

2 Calculated cleanup level in accordance with iS AAC 75.340
(g); provided in ADEC Tech Memo 01-007, dated November
24, 2003.
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5.3 Site LFO3 Hydrocarbon Related Compounds

Groundwater, surface water, and sediments were sampled in 2004 as part of the LTM program at

LFO3, anow-closed landfill as part of provisions in thelInterim ROD (611 CES, 2002). LTM

samples were collected at the following media-specific locations:

• Groundwater at MW-i, CMW-1, CMW-2, CMW-3, CMW-4, CMW-5, CMW-6, and

CMW-7.

* Surface water at SW-i, SW-2, and SW-3.

* Sediments at SD-i, SD-2, and SD-3 (co-located at surface water sample sites).

Two attempts to sample MW-2 were unsuccessful because the well was dry. Sample locations at

LFO3 are shown on Figure 5-3. Sections 5.3.1 and 5.3.2 discuss organic hydrocarbon analytical

results obtained from sample locations and media identified as part of the LTM program (note

that investigative surface soil sampling at LF03 is presented in a separate 2005 report'. and is not

part of the LTM program)

5.3.1 LFO3Groundwater- Hydrocarbon Data

Groundwater samples were collected from MW-1, CMW-4, CMW-5, and CMW-6 on June 13,

2004. Samples were collected from CMW-1, CMW-3, and CMW-7 on June 24, 2004. A low

volume sample was collected from CMW-2 on August 31, 2004, because the well recharge ratea

was slow. Well MW-2 could not be sampled in 2004 due to a lack of groundwater.W

5.3.1.1 Summary of 2004Groundwater Sample Results at LFO3

LTM groundwater samples collected in 2004 from eight monitoring wells at LF03 and were

analyzed for BTEX, DRO, PCBs, and PAHs. Inorganic analytical results (for groundwater only)

and field measurement data are presented in Section 6 for evaluating intrinsic remediation

conditions in groundwater.

Tables 5-22 and 5-22a present the analytical results. Preliminary RAOs were not exceeded for

any 2004 groundwater analytes. Low levels of DRO, benzene, toluene, and xylenes were

detected in some of the wells, but most of these detections were below the PQL for the analytical

methods used (Table 5-22). Ethylbenzene and PCBs were not detected in any of the wells

sampled in 2004.

Naphthalene (a PAHl) was detected in all the wells sampled in 2004 but at levels below

preliminary RAOs and in some cases below the PQL (Table 5-22a). Acenaphthene and fluorene

(also PAHs) were detected in well CMW-4 at levels below preliminary RAOs (Table 5-22a).

2Final Report Former Landfill (LFO3) Surface Soil Investigation Report, Cape Romanzof LRRS, Alaska, February 8, 2005.
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Historical groundwater results for all the wells sampled in 2004 are discussed collectively in this
section because there were no historical exceedences of current preliminary RAOs, with the
exception of 1996 and 1997 results at CMW-4.

Table 5-22 2004 Groundwater Sample Hydrocarbon Results at LFO3
LF03 Location DRO Benzene Ethylbenzene Toluene 1Xylenes ]PCBs PAI-s

~~~~~(mg/L) (mgIL) (mgiL) (mg/L) j (mgIL) j(nig/L) (mgIL)
(RA Os)1 15 005 (0.7) (1.0) } (0) (0.0005) Table 5-22a
MW-i 0.07130 ND ND ND J ND ND Tble 5-22a
MW-2 The well was dry in 2004 and could not be sampled.
0MW-i ND ND ND ND ND ND Table 5-22a
CMW-2 0.2260 ND ND ND ND ND Table 5-22a
CFMW-3 ND 0.000156a ND ND ND ND Table 5-22a
CMW-4 0.355 0.000393" ND ND 0.0020558a ND Table 5-22a
0MW-S 0.157 0.0001950a ND 0.00054308 0.00056a ND Table 5-22a
CMW-6 0.0853 0.00024 a ND 0.00075708 0.001320- ND ND
CMW-6D 0.184 0.000532 ND 0.001390 0.00248 ND Table 5-22a
CMW-7 ND ND ND ND ND ND Table 5-22a
N-otes: Definitions:

18 AAC 75.345(b)(1) a Alaska Department of Environmental DRO = diesel range organics
Conservation Oil and Hazardous Substances Pollution Control mg/L = milligrams per liter
Regulations, as amended through May 26, 2004; Method Two ND = below method detection limitsO (Table C) groundwater cleanup levels. PAI-s = polynuclear aromatic hydrocarbons

'Value indicated is below the Practical Quantitation Limit for the PCBs = polychlorinated biphenyls
analyte but above the Method Detection Limit. RAOs = Remedial Action Objectives (preliminary)

Table 5-22a 2004 Groundwater PAH Results at LFO3

Location PAN Detected Level Detected Groundwater RA Os
MW-i Naphthalene 0.00003 mg/La 0. 7 mg/U

0MW-i Naphthalene 0.000259 mg/L 0. 7mg/U
CMW-2 Naphthalene 0.0000864 mg/L 8 0. 7 mg/U
CMW-3 Naphthalene 0.0000833 mg/L 0. 7 mg/U
CMW-4 Acenaphthene 0.0000882 mg/L 2.2 mg/U
CMW-4 Fluorene 1 0.00042 mg/L 0 1. 46 mg/U
CMW-4 Naphthalene OQ00liS mg/L 0 0. 7mg/U
CMW-5 Naphthalene 0.0000163 mg/L 0. 7mg/U

CMW-6D Naphthalene 0.0000162 mg/L 0. 7 mg/U
CMW-7 Naphthalene 0.OO0iOi mg/L 0. 7 mg/U

Notes: Definitions:
118 AAC 75.345(bl)(1) Alaska Department of mg/L =milligrams per liter

Environmental Conservation Oil and Hazardous PAHs =polynuclear aromatic hydrocarbons
Substances Pollution Control Regulations, as amended RAOs = Remedial Action Objectives (preliminary)
through May 26, 2004; Method Two (Table C)
groundwater cleanup levels.

8Value indicated is below the Practical Quantitation Limit
for the analyte but above the Method Detection Limit.
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Historical and current data for MW- I is presented in Table 5-23. Sample data were obtaineda

initially from this well in 2000. Most of the results for analytes of concern are below detectable V
levels. A low concentration of toluene was detected in MW- I in 2003, and a low concentration

of DRO was detected in 2004. There were no historical exceedences of current preliminary

RAOs detected in MW-i.

Table 5-23 Comparison of MW-I Hydrocarbon Levels 2000-2004

LFO3 IGRO DRO Benzene Ethyibenzene Toluene [Xylenes IPCBs voc svC
Mw-I (mngil) (mgIL) (mgIL) (mglL) (mgIL) (mgIL) (mngll-) (mgIL) (mngIL)

(RAOs)' (1.3) (1.5 (005) (0.7) (1.0) (1 0) (0.0005) NA NA

2004 NA 0.0713a N D N D ND N D N D NA NA

2003 N ND ND ND 0000510 N ND ND ND

2000 ND ND ND ND ND ND ND- ND ND

Notes: Definitions:
=8 iAAC 75.345(b)(1) = Alaska Department of Environmental DRO = diesel range organics

Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two mg/L = milligrams per liter
(Table C) groundwater cleanup levels. NA = not analyzed

a~Value indicated is below the Practical Quantitation Limit for the ND = below method detection limits
analyte but above the Method Detection Limit. PCBs = polychlorinated biphenyls;

Values in Bold exceed current preliminary RAOs RAOs = Remedial Action Objectives (preliminary)
SVOC = semnivolatile organic compounds
VOCs = Volatile organic compounds

Historical and current data for CMW-i are presented in Table 5-24. Historical data are availablea

for this well starting in 1996, when low levels of GRO, DRO, and RRO were detected. DROW

was detected again in 1997 but not again until 2003. All other results for analytes of concern

were below detectable levels. There are no RAO exceedances historically reported in the

groundwater data from CMW- 1.

Table 5-24 Comparison of CMW-1 Hydrocarbon Levels 1996-2004

LF03 fGRO IDRO Benzene Ethylbenzene Toluene Xylenes [PCBs VOC SVC
CMW-I (ingIL) (mglL) -(mg/L (mngIL) (mngIL) (mgIL) (nngILl) (mngiL) (mglL

(RAOs) (1.3) (1.5) (0.005) (0.7) (1.0) (10) (0.0005) NA NA

2004 NA ND N D N D N D ND N D NA NA

2003 ND 0.0863 ND ND ND ND NDND ND

2000 ND ND ND ND ND ND ND ND ND

1999 ND ND ND ND ND ND ND ND ND

1997 ND 0.179 D ND ND NDNA NED L ND

1996 013 08 001NDND ND NA ND N=D

Notes: Deiitions:
iS AAC 75.345(b)(1) = Alaska Department of Environmental DRO = diesel range organics
Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two Mg/L = milligrams per liter
(Table C) groundwater cleanup levels. NA = not analyzed

aValUe indicated is below the Practical Quantitation Limit for the ND = below method detection limits
analyte but above the Method Detection Limit. PCBs = polychlorinated biphenyls

RAOs = Remedial Action Objectives (preliminary)
SVOC = semnivolatile organic compounds
VOCs = volatile organic compounds
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Cape Romanzof LRRS, Alaska. Historical and current data for CMW-2 are presented in Table 5-25. This well was initially
sampled in 1996 but was not sampled again until 2000. In 1996, only DRO was detected at 1.34
mg/L. In 2000, DRO levels were below method detection limits along with all of the other
reported levels for analytical constituents of concern. In 2003, CMW-2 could not be sampled
because water was not available in the well. In the 2004 data, only GRO and DRO were detected
at very low levels below the PQL. Current preliminary RAOs have not been historically
exceeded in this well.

Table 5-25 Comparison of CMW-2 Hydrocarbon Levels 1996-2004

LFO3 GRO DRO Benzenie Ethylbenzene Toluene Xylenes PCBs VOC SVOC
CMW-2 (mg/L) (mgIL) (mg/L) (mg/L) (mgIL) (mg/L) (mg/L) (mgIL) (mgIL)

(RAOs)/ (1.3) (1.5) (0.005) - (0.7) (1.0) (1 0) (0.0005) ___

2004 0.0216 0.2)26 N D N D N D ND NDNA NA
aa

2003 Could not be sampled due to lack of water

2000 ND ND) ND ND J ND] ND ND ND ND

1996 ND 1.34 j ND ND J ND j ND j NA jND ND
Notes: DefinItIons:

=8 16M 75.345(b)(1) =Alaska Department of Environmental DRO = diesel range organics
Conservation Oil and Hazardous Substances Pollution GRO = gasoline range organics
Control Regulations, as amended through May 26, 2004; mg/L = milligrams per liter
Method Two (Table C) groundwater cleanup levels. NA = not analyzed

a Value indicated is below the Practical Quantitation Limit for ND = below method detection limits
the analyte but above the Method Detection Limit. PCBs = polychlorinated biphenyls

RAOs = Remedial Action Objectives (preliminary)
SVOC = semnivolatile organic compounds
VOCs = volatile organic compounds

Historical and current data for CMW-3 are presented in Table 5-26. Data are available for this
well for the years 1996, 1999, 2000, and 2003. DRO results from this well were very similar in
1996 and 2003. DRO was below detection limits in 2004. Benzene was the only analyte
detected in CMW-3 in 2004 and was reported at low levels below the PQL. Cur-rent RAC~s have
not been historically exceeded in this well.
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Table 5-26 Comparison of CMW-3 Hydrocarbon Levels 1996-2004

LF03 GRO DRO Benzene Ethylbenzenef Toluene Xylenes PCBs VOC SVC
CMW-3 (mgIL-) (mgIL) (mgIL) (mgIL) (rniglL-) (mgIL) (mg/L) (mgIL) (mgIL)

(R 7s 1.3) (1.5) (0.005) (0.7) (1.0) (1 0) (0.0006) NA NA

2004 NA ND 0.000156a ND ND N D N D NA NA

2003 ND 0.0949 ND ND ND ND ND ND ND

2000 ND ND ND ND ND ND NA ND ND

1999 ND IND ND ND ND ND NA ND ND

1996 D 002 N INDNNDA ND N

Notes: Definitions:
118 AAC 75.345(b)(1) = Alaska Department of Environmental DRO = diesel range organics

Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004, Method Two mglL = milligrams per liter
(Table C) groundwater cleanup levels. ND = below method detection limits

indicated ~~~~~~~NA =not analyzed PCBs =polychlorinated bphenyls
Vale idictedis below the Practical Quantirtation Limit for the RAOs = Remedial Action Objectives (preliminary)

analyte but above the Method Detection Limit. SVOC = sernivolatile organic compounds

VOCs = Volatile organic compounds

Historical and current data for CMW-4 are presented in Tables 5-27, 5-27a, and 5-27b. DRO

results exceeded current preliminary RA~s in 1996 and 1997, with concentrations of 1.62 mg/L

and 2.13 mg/b respectively (the current preliminary RAG for DRO is 1.5 mgIL). DRO levelsa

declined to 0.079 mg/L in 1999, then to below detection limits in 2000. DRO was again detectedV

in 2003 and 2004 at 0.436 mgIL and 0.355 mg/L, respectively (Table 5-27). GRO was detected

at low levels in 1996 and 2003 (0.03 mg/L) but was not detected in the intervening years. GRO

was not analyzed in 2004.

In 2003, nine VOCs were detected in samples from CMW-4 (Table 5-27a) although most of

these results were below the PQL (BNCI, 2004). No VOCs were detected from 1996 to 2000.

Benzoic acid (an SVGC) was detected at a very low concentration in 1996 (Table 5-27b). No

other SVOCs were detected during any of the sampling events from 1996 to 2003. Three PM-Is

were detected at low levels in 2004 (see Table 5-22a).
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O Table 5-27 Comparison of CMW-4 HydrocarbonLevels 1996-2004 _ _______

Ethyl-
LFO3 GRO DRO Benzerne benzene Toluene Xylenes PCBs VOC MVC

CMW-4 (mgi) (mg/L) (mgIL) (mgIL) (mgiL) (mgIL) (nigiL) (mgIL) (mgIL)
(RA~s)1(1.3) (1.5) (0.005) (0.7) (10 1) (0.0005) TableS5- See TableS5-

27a 27b
2004 NA 0.355 0.000393 N D N D 0.002055 N D NA NA

2003 0.0343 0.436 N D N D 0.000570 ND N D TableS5- ND
__________ __________ ~~~~~~~~~~~~~27a

2000 ND ND ND ND ND ND NA ND ND
1999 ND 0.79 ND ND ND ND NA ND ND
1997 ND 2.13 NNDND ND NA ND ND
1-996 0.3 .2 N DND ND NA ND See Table 5-

27b
Notes: Definitions:

iS AAC 75.345(b)(1) =Alaska Department of Environmental DOR = diesel range organics
Conservation Oil and Hazardous Substances Pollution GRO = gasoline range organics
Control Regulations, as amended through May 26, 2004; mg/L = milligrams per liter
Method Two (Table C) groundwater cleanup levels. NA = not analyzed

'Value indicated is below the Practical Quantitation Limit for the ND = below method detection limits
analyte but above the Method Detection Limit. PCBs =polychiorinated biphenyls

Values in Bold exceed preliminary RA~s RAOs = Remedial Action Objectives (preliminary)
SVOC = semnivolatile organic compounds
VOCs = volatile Organic compounds

Table 5-27a 2003 Groundwater VOC Results at CMW-40 ~~~~Location Other VOCs Detected Level Detected Groundwater RAOs
CMW-4 (2003) Chloroiethane, 0.000710 mg/L 0.29mng/L 2

1,1-Dichtoroethane 0.000590 mg/L 3.65 mg/L
1,2-Dichloroethane 0.000510 mg/L 0.005 mg/I.
n-Propylbenzene 0.000510 mg/L 1.46 mg1L2
tert-Butylbenzene 0.000380 mg/L 1.46 mg/L2
sec-Butylbenzene 0.00400 mgIL 1.46 Mg/L 2
4-isopropyltoluene 0.000500 mg/L 3.65 mg/L2

n-Butylbenzene 0.00172 mgIL 1. 46 mg1L2
Notes: Definitions:

=8 IAAC 75.345(b)(1) =Alaska Department of Environmental mg/L = milligrams per liter
Conservation Oil and Hazardous Substances Pollution RA~s = Remedial Action Objectives (preliminary)
Control Regulations, as amended through May 26, 2004; VOCs = volatile organic compounds
Method Two (Table C) groundwater cleanup levels.

2 =Calculated cleanup level in accordance with 18 AAC
75.340(g) (Alaska Department of Environmental
Conservation Oil and Hazardous Substances Pollution
Control Regulations, as amended through May 26, 2004).

Value indicated is below the Practical Quantitation Limit
(PQL) for the analyte but above the Method Detection Limit
(MDL).

PDC Project No. 4112 - Final Report 5-29 Paug-Vik Development Corn.



1 44 68
Environmental Monitoring Report June 14, 2005

Cape Romanzof LRRS, Alaska

Table 5-27b 1996 Groundwater SVOC Results at CMW-4

Location SVOC Detected Level Detected Groundwater RA~s

CMW-4 Benzoic acid 002 gL160m/

Notes: Definitions:
=18 AAC 75.345(b)(1) = Alaska Department of Environmental mg/L =milligrams per liter

Conservation Oil and Hazardous Substances Pollution RAOs =Remedial Action Objectives (preliminary)

Control Regulations, as amended through May 26, 2004; VOCs =volatile organic compounds
Method Two (Table C) groundwater cleanup levels

8 WValue indicated is below the Practical Quantitation Limit
(PQL) for the analyte but above the Method Detection Limit
(MDL).

Values in Bold exceed current RA~s

Historical and current data for CMW-5 are presented in Table 5-28. DRO was detected at low

levels below RAOs in 1996, 1999, 2003, and 2004. DRO levels were below detection limits in

1997 and 2000. GRO was not detected in data collected from 1996 to 2003 and was not

analyzed for in 2004. VOCs and SVOCs were not detected in the data collected from 1996 to

2003 (this includes BTEX constituents). Benzene was detected in the 2004 data at low levels

below the PQL. Toluene was detected at low levels in 2003 and 2004. Xylenes were detected at

low levels below the PQL in 2004. PCBs were added to the analyte list in 2003 and were not

detected in the 2003 or 2004 data. RAOs have not been historically exceeded at this well for any

of the constituents of concern.

Table 5-28 Comparison of CMW-5 Hydrocarbon Levels 1996-2004

LFO3 GRO DRO1 Benzene Ethyl- Toluene Xylenes PCBs VOC SVOC
CMW-5 I(mgIL) (mgIL) I(mgIL Ibenzene (mgIL) (mgIL) (mglL) (mgIL) (mgIL)

I I ~~~~~~(mgIL) _ _ _ _ _ _ _

(RAOsfl (1.3) (1.5) (0.005) (07) (1.0) (10) (0.0005) ____

2004 NA 0.157 0.000195 ND 0.000543 0.00056 ND NA NA
a ~ ~ ~~~~~~a a

2003 ND 0.178 ND ND 0.000400 ND ND ND ND

2000 ND ND ND ND ND ND NA ND N

1999 ND 0.41 ND ND ND ND NA ND ND

1--997 ND ND ND ND ND ND NA ND ND

1T99-6 ND 0.31 ND ND ND ND NA ND ND

Notes: Deiniti'ns:
lie AAC 75.345(bl)(1= Alaska Department of Environmental DRO = diesel range organics
Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two mng/L = milligrams per liter

(Table C) groundwater cleanup levels NA = not analyzed
aValue indicated is below the Practical Quantitation Limit for the ND = below method detection limits

analyte but above the Method Detection Limit. PcBs = polychlorinated biphenyls
RAOs = Remedial Action Objectives (preliminary)
SVOC = semtivolatile organic compounds
VOCs = volatile organic compound~sL ........
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Cape Romainzo LRRS, Alaska. Historical and current data for CMW-6 are presented in Table 5-29. DRO was not detected
between 1996 and 2000. DRO was detected in 2003 (0.104 mg/L) and at a much lower level in
2004 (0.0853 mg/L). GRO was not detected in this well between 1996 and 2003. GRO was not
analyzed in 2004. Between 1996 and 2003, VOCs and SVOCs were not detected in CMW-06
(including BTEX constituents). Benzene, toluene, and xylenes were detected at very low levels,
below the PQL, in 2004. PCBs were not detected in 2003 and 2004 and were not analyzed prior
to 2003.

Historical and current data for CMW-7 are presented in Table 5-30. GRO and benzene were
detected at very low levels in 1996 but were below detectable levels from 1997 to 2004. DRO
was detected in 1996 and 1997 at 1.21 mg/L and 0.25 mg/L, respectively (the preliminary RAO
for DRO is 1.5 mgIL). DRO was not detected between 1999 and 2004. Historical DRO
concentrations at MW-07 show a declining concentration pattern over time. VOCs (including
BIEX constituents) and SVOCs were not detected between 1996 and 2004. PCBs were not
detected in 2003 and 2004, and were not analyzed in prior years. Current preliminary RAOs
have not historically been exceeded in this well.

5.3.2 ff03 Surface Water- Hydrocarbon Data

Surface water samples were collected from three drainage/seep locations emanating from the toe
of the landfill on June 9, 2004 (Figure 5-3). Surface water sample 3 locations are correspondingly
identified as SW-i (Seep 1), SW-2 (Seep 2) and SW-3 (Seep 3). Surface water samples wereO analyzed for BTEX, DRO, PAHs, and PCBs at the project laboratory.

Table 5-29 Comparison of CMW-6 Hydrocarbon Levels 1996-2004
LF03 GROD DRO Benzene Ethylbenzeno Toluene Xylenos PC~s VOC SVOC

CMW-6l (mgIL.) (mngil) (mgiL) (mg/L.) (mngill) (niglL) (mg/L.) (mngIL) (mng/L.)
(RAOs)' (1.3-) (1.5) (0.005) (0.7) (1.0) (10) (0.0005) NA NA

2004 NA 0.0853 0.00024a ND 0.0O0757 a 0.00132a ND NA NA
2003 ND 0.104 ND ND 0.00420 ND ND ND ND
2000 ND ND ND ND ND ND NA ND ND
1999 ND ND ND ND ND ND NA ND ND
1997 ND ND ND ND ND ND NA ND ND
1996 ND ND ND ND ND ND NA ND ND

Notes: Definitions:
'18 AAC 75.345(b)(1) = Alaska Department of Environmental DRO = diesel range organics

Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two mg/L = milligrams per liter
(Table C) groundwater cleanup levels. NA = not analyzed

Value indicated is below the Practical Quantitation Limit for the ND = below method detection limits
analyte but above the Method Detection Limit.. PCBs = polychlorinated biphenyls

RAOs = Remedial Action Objectives (preliminary)
SVOC = semnivolatile organic compounds
VOCs = volatile organic compounds

Note: At LFO3, surface water samples were co-located with sediment samples.
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Table 5-30 Comparison of CMW-7 Hydrocarbon Levels 1996-2004

LFO3 GRO DRO Benzene Ethylbenzene Toluerne [Xylenesr PCBs VO vocSv
CMW-7 j(mgIL) (mgIL) (mgIL) (mgIL) (mgIL) (mgIL) (mgIL) (mgIL) (mgIL)

(RAOs) (1.3) (15) (0.0065) ~ (0.7) (.1.0-) (10) (0.0005) NA NA

2004 NA ND ND ND ND ND ND NA N

2003 ND ND ND ND ND ND ND ND ND

2000 ND ND ND ND ND ND NA ND N

1999 ND ND ND ND ND ND NA ND ND

1997 ND 0.25 ND NDND ND NAND END
1996 0.074 1.21 007NND ND NA ED N=D

Notes: Definitions:
118 AAC 75.345(b)(1) = Alaska Department of Environmental CR0 = diesel range organics
Conservation Oil and Hazardous Substances Pollution Control GRO = gasoline range organics
Regulations, as amended through May 26, 2004; Method Two mg/L = milligrams per liter
(Table C) groundwater cleanup levels. NA = not analyzed

a Value indicated is below the Practical Ouantitation Limit for the ND = below method detection limits
analyte but above the Method Detection Limit. PCBs = polychiorinated biphenyls

RA~is = Remedial Action Objectives (preliminary)
SVOC = semnivolatile organic compounds
VOCs = volatile organic compounds

5.3.2.1 Summary of 2004 Surface Water Hydrocarbon Results at LFO3

Analytical results for 2004 surface water samples are shown in Tables 5-30 and 5-30Ca. PCBs

were detected in a surface water sample collected from SW-2 (Seep 2) at 0.0797 mg/L, a level

exceeding the current preliminary RAO for PCBs in surface water (0.000014 mg/L). This was

the only preliminary RAO exceedance in 2004 surface water samples collected at the landfill.

PCBs were not detected in surface water samples collected from the other two seep locations

(SW-i and SW-3).

Low levels of DRO were detected in 2004 samples collected from all three seep locations (three

primary samples and one duplicate). DRO levels ranged in concentration from 0.07 mg/L to

0.21 mg/L. There are no preliminary RAOs for DRO in surface water, as noted in Table 53 31
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Table 5-31 2004 Surface Water Hydrocarbon Levels
LF03 DRO Benzene Ethylbenzene IToluene Xylenes PCBs ITAH ITAqH
2004 (mginLl) (mgIL) (mgILl) j(mgIL) (mgIL.) (mg/i.) (nngIl-) (mgIL) PAH (mg/L)

(RA Os) seno2 (0.005) (0.7) (1.0) (10) (0.000014) (0.010) (0.015) See Table 5-31 a

SW-i 0.0708a ND N D N D N D N DD N~ DDF ND
(Seep_1) ____

S iD 0.0882 N ND ND ND ND N~Db See Table 5-31 a

(Seep_1) _ _ _ _

SW-2 0.2080a 0.0003258 ND 0.008240 0.001488 0.0797 Th76T6' 0.010 ND
(Seep_2) b____

SW..3 0.1170a ND ND ND ND ND ND See Table 5-31a
(S eep 3) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Notes: Definitions:
'18 AAC 70.020 = Alaska Department of Environmental DRO = diesel range organics
Conservation Water Quality Standards; water quality criteria; water GRO = gasoline range organics
quality standards tables, as amended through June 28, 2003 mg/L = milligrams per liter
(ADEC, 2003). ND = below method detection limits

2There are no quantitative surface water criteria for DRO, RRO, or PAHs = polynuclear aromatic hydrocarbons
GRO; 18 MAC 70 requires that petroleum hydrocarbons, oils, and RAOs = Remedial Action Objectives (preliminary)
grease may not cause a visible sheen upon the surface of the RRO = residual range organics
water. TAH = total aromatic hydrocarbons = sum of BTEX concentrations
iS AAC 75.345(b)(1) = Alaska Department of Environmental TAqH = Total aqueous hydrocarbons = sum of BTEX and PAH
Conservation Oil and Hazardous Substances Pollution Control concentrations
Regulations, as amended through May 26, 2004; Method Two
(Table C) groundwater cleanup levels.

'Value indicated is below the Practical Guantitation Limit for the
analyte but above the Method Detection Limit.
TAH and TAqH are calculated values based upon definition below.

Values in Bold exceed preliminary RAOs

Naphthalene (a PAH) was detected surface water samples collected from SW-i (Seep 1) and
SW-3 (Seep 3) in 2004 at levels below preliminary RAOs, as well as below the method PQL
(Table 5-31a). No other analytical constituents were detected in surface water samples from
SW-I and SW-3 in 2004.

Benzene, toluene, and xylenes were detected in the 2004 surface water sample collected from
SW-2, with concentrations below preliminary RAOs and below the method PQL (Table 5-13).
Ethylbenzene was not detected in the 2004 surface water sample from SW-2.

PDC Project No. 4112 - Final Report 5-33 Paug-Vik Development Corp.



1 44 ia
Environmental Monitoring Report June 14, 2005

Cape Romanzof LRRS, Alaska

Table 5-31a 2004 Surface Water PAH Results at LFO3

Location PAH Detected Level Detected RAOS 1, 23

SW-ID Naphthalene 00013g/La 0. 62 mg/L

SW-3 Naphthalene 0.0000154 mg/L 0 0. 62 mg/L

Notes: Definitions:
'16 AC 70.020 = Alaska Department of Environmental mgIL =milligrams per liter
Conservation Water Quality Standards; water quality PAHs= Polynuclear aromatic hydrocarbons
criteria; water quality standards tables, as amended RA~s = Remedial Action Objectives (preliminary)
through June 26, 2003 (ADEC, 2003).

2 There are no standards provided for these analytes in 1 8
AAC 70; therefore, ambient water quality criteria values
found in the NOMA SQuiRT tables are used as surface
water screening criteria Note that the NOAA SQuiRT
values are not regulatory cleanup levels.

3NOAA SQuiRT Freshwater Criteria.
8Value indicated is below the Practical Quantitation Limit
for the analyte but above the Method Detection Limit.

DRO was detected in the sample from SW-2 although a preliminary RAO for DRO

concentrations in surface water does not exist. At the time the 2004 surface water sample was

collected at SW-2 (Seep 2), the field team noted some staining and surface sheen at the sample

site. The presence of sheen does constitute an exceedance of the preliminary RAOs for

petroleum hydrocarbons in surface water.

Only DRO was detected in the 2004 sample collected at SW-3 (Seep 3). As mentioned, a

preliminary RAO for DRO concentrations in surface water does not exist. At the time thisa

location was sampled in 2004, the field team noted some staining and surface sheen at location'W

SW-3. The presence of sheen constitutes an exceedance of the preliminary RAO for petroleum

hydrocarbons in surface water.

5.3.2.2 Comparative Analyses of Historical Surface Water Hydrocarbon Results from LF03 (1997-

2004)

Historical results for SW-t (Seep 1) are presented in Table 5-32. GRO was not detected from

1997 to 2003, and no analysis for GRO was performed in 2004. DRO was detected at low levels

below the PQL in 2004, but had not been detected in 1997 through 2003 data. PCBs were not

detected from 1997 to 2004. VOCs (including BIEX constituents) and SVOCs were not

detected from 1997 to 2004.

Historical results for SW-2 (Seep 2) are presented in Table 5-33. PCBs were detected above

preliminary RAOs in 2004 as well as in 1997. No other contaminants were detected above

preliminary RAOs in surface water samples collected at SW-2, with the exception of the surface

sheen observed when collecting the 2004 surface water sample. GRO was not detected in

samples collected in 1997, 1999, or 2003. Surface water samples were not collected at LFO3 in

2000, and GRO was not analyzed in samples collected in 2004. DRO was detected at low levels

in 1997, 2003, and 2004 but was not detected in 1999. Benzene, toluene, and xylenes were

detected at low levels in 2004. BTEX constituents were not detected in samples collected in

prior years (Table 5-33). VOCs (including BTEX constituents) and SVOCs were not detected ina

samples collected from 1997 to 2004.W
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LF03 GRO DRO Benzene Ethylbenzene Toluene Xylenes PCBs IVOC SVOC
MW- (mgIL) (mgIL) (mgiL) (mgiL) (mgIL) j(mgIL) (mgIL j(mgIL) (mgIL)

(RAOs9 N No (0.005) (0.7) (1.0) (10) (0.00014) NA NA
sheen 2 sheen 2

2004 NA 0.0708a N D N D N D N D N D NA NA
2003 N D N D N D N D N D N D N D IND N D

2000 IND N D N D N D IND IND N D N D N D
1999 IND N D N D N D N D N D N D IND N D
1997 N D N D N D N D IND N D N D N D N D
Notes: Definitions:
lie AC 70.020 = Alaska Department of Environmental DRO = diesel range organics

Conservation Water Quality Standards; water quality GRO = gasoline range organics
criteria; water quality standards tables, as amended mg/L = milligrams per liter
through June 26, 2003 (ADEC, 2003). NA = not analyzed

2 There are no quantitative surface water criteria for DRO, ND = below method detection limits
RRO, or GRO; iS AAC 70 requires that petroleum PAI-I = Polynuclear aromatic hydrocarbons
hydrocarbons, oils, and grease may not cause a visible RAOs = Remedial Action Objectives (preliminary)
sheen upon the surface of the water. RRO = residual range organics

1 8AAC 75.345(b)(1) = Alaska Department of Environmental
Conservation Oil and Hazardous Substances Pollution
Control Regulations, as amended through May 26, 2004;
Method Two (Table C) groundwater cleanup levels.

Value indicated is below the Practical Quantitation Limit for
the analyte but above the Method Detection Limit.

* Table 5-33 Comparison of SW-2 Surface Water Hydrocarbon Levels (1997-2004)

LF03 GIRO DRO Benzene Ethyllbenzene Toluene Xylenes PC~s VOC I VOC
SW-2 (mgiL) (mngIL) (mgiL) (mgIl.) (mgIL.) (mgIL) (mgIL) (mgIL) j(niglL)

(RAOS)' No No sheen (0.005) (0.7) (1.0) (10) (0.000014)
sheen 2 2

2004 NA 0.2088 0.000325 ND 0.00824 0.00148 0.0797 NA NA
2003 ND 0.108 ND ND ND ND ND ND ND
1999 ND ND ND ND ND ND ND ND ND
1997 ND 10.205 ND ND ND ND 0.046 NDD

Notes: Definitions:
=18MGA 70.020 = Alaska Department of Environmental DRO = diesel range organics
Conservation Water Quality Standards; water quality GRO = gasoline range organics
criteria; water quality standards tables, as amended NA = not analyzed
through June 26, 2003 (ADEC, 2003). ND = below method detection limits

2 =TeeaenquniaiesraewtrcieifoDR, RAOs = Remedial Action Objectives (preliminary)
Theeaeoqanitaiv 70reuirfaes thate prietrifoleum RRO = residual range organics

RRO, or GRO; 18 AA 0rqie htptoemSVOC = sennivolatile organic compounds
hydrocarbons, oils, and grease may not cause a visible VOC = volatile organic compounds
sheen upon the surface of the water.

=Value indicated is below the Practical Quantitation Limit for
the analyte but above the Method Detection Limit.

Values in BolId exceed preliminary RAOs

Historical results for SW-3 (Seep 3) are presented in Tables 5-34 and 5-34a. GRO was not
detected at this location from 1997 to 2003, and no analysis for GRO was performed in 2004.
DRO was detected at this location in 2003 and 2004 only. Toluene was detected at SW-3 inO 2003 at a very low level (0.00031 mg/L) (Tables 5-34 and 5-34a). Three other VOCs were
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detected at this location in 2000 but not at levels above RAIDS (Table 5-34a). No othera

contaminants were detected, and preliminary RAOs were not exceeded, with the exception of the V
surface sheen observed when collecting the 2004 surface water sample.

Table 5-34 Comparison of SW-3 Surface Water Hydrocarbon Levels (1997-2004)

LF03 1 GRO 1 DRO 1 Benzene1 Ethylbenzene Toluene Xylenes PCBs VOC MVC

SW-2 J (mglL) J(mgI (mgiL (mngil) (mglL) (mglL) (miglL-) (mgIL) (mgIL)

(RA Qs)1 No No sheen (0.005) (0.7) (1.0 (1) (0.000014) Table 5- NA
sheen 2 2 34a

2004 NA Or NDND ND ND ND NA NA

2003 ND 0.0733 ND ND 0.00031 ND ND TableS- ND
343 _ __ _ _

2000 ND -DN DND N D Table 5- -ND

199N2D N ND ND ND ND ND ND

1997 ND ND ND ND ND NDDNDD

Notes: GRO = gasoline range organics
'18 AAC 70.020 = Alaska Department of Environmental NA = not analyzed
Conservation Water Quality Standards; water quality criteria; ND = below method detection limits
water quality standards tables, as amended through June 26, RAOs = Remedial Action Objectives (preliminr

2003 (ADEC, 2003). RRO = residual range organics
2 There are no quantitative surface water criteria for DRO, RRO, SVOC = semnivolatile organic compounds

or GRO; 18 AAC 70 requires that petroleum hydrocarbons, VOC = volatile organic compounds
oils, and grease may not cause a visible sheen upon the
surface of the water.

31ISAAC 75.345(b)(1) = Alaska Department of Environmental
Conservation Oil and Hazardous Substances Pollution Control
Regulations, as amended through May 26, 2004; Method Two

0Value indicated is below the Practical Quantitation Limit for the

analyte but above the Method Detection Limit.
Definitions:

IDRO = diesel range organics

Table 5-34a Surface Water VOC Results at SW-3

Location } VOC Detected Level Detected [ Frelimninary RAOs

SW-3 (2003) Toluene 0.00031 0 mgIL 1. 0 nmgiL

SW-3 (2000) 1 ,2,3-Trichlorobenzene 0.004 mgIL None available

SW-3 (2000) Naphthalene 0.009 mgIL 0.62 MigIL 2,3

SWV-3 (2000) 1 ,2,4-Trichlorobenzene 0.0072 mgIL 0.0-7 migiL

Notes: mglL = milligrams per liter
118 AAC 70.020 = Alaska Department of Environmental RAOs = Remedial Action Objectives (preliminary)

Conservation Water Quality Standards; water quality criteria; VOC =volatile organic compounds
water quality standards tables, as amended through June 26,
2003 (ADEC. 2003).

2 There are no standards provided for these analytes in 18 AAC
70, therefore, ambient water quality criteria values found in the
NOAA SQuiRT tables are used as surface water screening
criteria. Note that the NOAA SQuiRT values are not regulatoiy
cleanup levels.
NOAA SQuiRT Freshwater Criteria.

IDefinitions:
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. 5.3.2.3 Summary of 2004 Sediment Results at LF03

Sediment samples were collected on June 9, 2004, from locations SD-I, SD-2, and SD-3 at LF-
03 (Figure 5-3). The three sediment samples were collected from seep drainages 1, 2, and 3
emanating from the toe of the landfill and were co-located with the surface water samples
collected in 2004. Sediment and surface water samples are correspondingly numbered. Table 5-
35 presents the 2004 sediment sample results.

Table 5-35 2004 Sediment Hydrocarbon Results

LF03 DRO Benzeno Ethylbenzene Toluene Xylenes PCBs PAN
2004 (mg/kg) (mgikg) (mg/kg) (mglkg) (mg/kg) (mglkg) (mg/kg)

(FRA~s)1 None T ' (QQ057)3~ (0.089) (QQ05)T (0.025)' (0.0341)"" Table 5-35a
SD-i 42.7a NO ND ND 0.09188a ND
SD-2 154 ND ND ND 0,3898 153 Table 5-35a
SD-3 0.02960 ND ND ND 0.0469a ND C ND

Notes: Definitions:
Sediment screening was performed in accordance with Alaska DRO = diesel range organics
Department of Environmental Conservation Technical mg/kg = milligrams per kilogram
Memorandum Sediment Quality Guidelines, dated March NO = below method detection limits
2004. PAH = polynuclear aromatic hydrocarbons

2There are no screening benchmarks for bulk hydrocarbons in PC~s = polychlorinated biphenyls
sediment. RAOs = Remedial Action Objectives

'USEPA, 1996. PRO = residual range organics
4Jones et al., 1997.
NOAA SOuiRT Lowest ARC Threshold Effects Level.
Vau indicated is below the Practical Quantitation Limit for thea ~~~analyte but above the Method Detection Limit.

b method detection limit for this analyte is 0.1 18mglkg which is
above the RAO for POBs in sediments,0Method detection limit for this analyte is 0.0815 mg/kg which is
above the RA for PCBs in sediments.

Values in BolId eceedr preliminary RAOs

At all three sediment sample locations, xylenes were detected above preliminary RAOs for
sediments (SID-1, SD-2, and SD-3). PCM were detected at SD-2 at 153 mg/kg, which is above
the preliminary sediment RAO of 0.0341 mg/kg for PCBs (Table 5-35). DRO was detected at
SD-l, SD-2, and SD-3, at concentrations of 42.7 mg/kg, 154 mg/kg, and 0.0296 mg/kg,
respectively. (Note: There is no preliminary RAO for DRO in sediments.)

B~enzo(b)fluoranthene, benzo(g,h,l)perylene, and pyrene (all PAHs) were detected in sediments
from SD-2 below preliminary RAOs, as shown in Table 5-35a. No other chemicals were
detected in sediment samples.

5.3.2.4 Comparative Analyses of Sediment Hydrocarbon Results at SD-I1 1997-2004

DRO has consistently been detected in sediment samples collected between 1997 and 2004 from
SD-I, as shown in Table 5-3 6. Historic DRO results range from about 21 mg/kg to 98 mg/kg,
although a preliminary RAO for DRO in sediments does not exist (Table 5-36).
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Table 5-35a 2004 Sediment Sample Results

Location PAH Detected Level Detected Preliminary RAOS'.

SD-2 Benzo(b)fluorantherne 016mg/kg 1.8 mg/kg
SD-2 B-enzo(gh.h )perylefle 0.005 mg/kg a3. 0 mg/kg4

SD-2 Pyrene 0.00319 mg/kga 0.0T53 mg/kg7

Nots Definitions:
Sediment screening was performed in accordance with mg/kg = milligrams per kilogram

Alaska Department of Environmental Conservation PAH = polynuclear aromatic hydrocarbons

Technical Memorandum Sediment Quality Guidelines, RA~s = Remedial Action Objectives (preliminary)
dated March 2004.

2 Values identified in NOAA SquiRT reference table
guidelines.

Identified in NOAA SquiRT as Marine Apparent Effects
Threshold value.

4Identified in NOAA SquiRT Threshold Effects Level.
'Value indicated is below the Practical Quantitation Limit

for the analyte but above the Method Detection Limit.

Table 5-36 Comparison of Sediment Hydrocarbon Levels at SD-I 1997-2004

LF03 GRO DRO Benzene Ethylbenzene Toluene Xylenes; PCBs VOC M VC

SD-I (mg/kg) (mglrkg) (mgikg) (m~g/kg) (mglkg)t (mg/kg) (mg/kg) (mglkg) (mglkg)
1FAs 2 2 3443

(RO) None N/one (0.057) (0.089) (0.05) (0.025)3 (0.034 1) NA NA

20Z04 NA 42.7 ND ND NDDNDNA N

200O3 ND 164 N DND ND 0.0867 ND NOD

2000 ND 21 ND ND ND ND 045 ND ND

1999 ND 98.3 ND ND ND ND ND ND ND

1997 ND 3. DN DND ND ND ND

Notes:CR=dislrneoaic
Sediment screening was performed in accordance with Alaska GRO =gasoline range organics

Department of Environmental Conservation Technical mg/kg =milligrams per kilogram

Memorandum Sediment Quality Guidelines, dated March 2004. NA = not analyzed
2 There are no screening benchmarks for bulk hydrocarbons in ND = below method detection limits

sediment. PCBs = polychlorinated biphenyls
3USEPA, 1996. RA~s = Remedial Action Objectives (preliminary)

4Jones et aL., 1997. SVOC = semnivolatile organic compounds
5NOAA SquiRT Lowest ARC Threshold Effects Level. VOC = volatile organic compounds
aValue indicated is below the Practical Quantitatioil Limit for the
analyte but above the Method Detection Limit.
bmethod detection limit for this analyte is 0.1 18mg/kg which is
above the RAO for PCBs in sediments.

Values in Bold exceed preliminary RA~s
Definitions:

The PCB Aroclor-1260 was first detected in 2000 at a concentration of 0.045 mg/kg, and again

in 2003 at 0.0867 mg/kg. Both of these results exceed the current preliminary RAO, but did not

exceed the projected cleanup level presented in the Interim ROD (61 1 CBS, March 2002). The

PCB result for the 2004 sample collected at this location was below the detection limit. Betweena

2000 and 2004, historic data shows a definite decline in PCB levels at this location.V
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GRO, VOCs (including BTEX constituents), and SYOCs were not detected in any of the prior
* sampling years at SD-i, and were not analyzed in 2004. BTEX results for the 2004 sample were

below method detection limits.

5.3.2.5 Comparative Analyses Sediment Hydrocarbon Results at SD-2 1997-2004

As shown in Table 5-37, DRO was detected at fairly consistent levels at SD-2 for all sample
years between 1997 and 2004. There is no preliminary RAO for DRO in sediments.

PCBs were detected at levels exceeding the preliminary RAO in 1997, 2000, 2003, and 2004
(Table 5-37). PCBs were not detected in 1999. PCB concentrations ranged from 69.1 mg/kg to
341 mg/kg from 1997 to 2003. These levels exceed the current preliminary RAO for PCBs for
sediments (0.0341 mg/kg), but did not exceed cleanup levels presented in the 2002 Interim ROD.

Table 5-37 Comparison of Sediment Hydrocarbon Levels at SD-2 1997-2004

LF03 GRO DRO Benzene Ethylbenzene Toluene Xylenes PCBs VOC SVOC
SD-2 (mg/kg) (mgikg) (mgigkg) (mg/kg) (mglkg)j (mgikg) (mglkg) (mglkg) (mglkg)
(R -) None- None (00) (09) (0. 05) (0.025)' (00341)5 NA Table 5-

7190AY One One___ __0_057__ 3 (_________4 36a

2004 NA 154 N ND ND ND 153 NA NA
2003 1.02 156 ND ND ND ND 342 ND ND
2000 ND 310 ND ND ND ND 250 ND Table 5-

__________ _ ________ ___ ____________ __________36a

1 999 N D 112 ND ND ND NO D ND N D. 1997 ND 18~ ~ ~~~1 ND N D ND ND 69.1 ND TableS5-
__ __ __ _ __ __ __ _ __ __ __ __ __ __ __ __ __ __ __ __ _ __ __ __ _ __ __ __ __ ___I_ 3 7 a

Notes: GRO = gasoline range organics
Sediment screening was performed in accordance with Alaska mg/kg = milligrams per kilogram

Department of Environmental Conservation Technical NA =not analyzed
Memorandum Sediment Quality Guidelines, dated March ND = below method detection limits
2004. PCBs = polychlorinated biphenyls

2 There are no screening benchmarks for bulk hydrocarbons in RAOs = Remedial Action Objectives (preliminary)
sediment. SVOC = semivolatile organic compounds

3 uSEPA, 1996. VOC = volatile organic compounds
'Jones et al., 1997.
NOAA SQuiRT Lowest ARC Threshold Effects Level.
Value indicated is below the Practical Quantitatian Limit for the

analyte but above the Method Detection Limit.
Values in Bold exceed preliminary RAOs
Definitions:

IDRO = diesel range organics

VOCs (including BTEX constituents) were not detected in sediments collected from SD-2 in
1997, 1999, 2000, or 2003 (Table 5-37).

SVOC results are shown in Table 5-37a. Di-n-Octylphthalate was detected in 1997 above the
preliminary RAO (Table 5-37a). Bis(2-Ethylhexyl) phthalate was detected above its preliminary
RAO in 2000 (Table 5-37a). Both of these SVOCs are common laboratory contaminants and the
detections are suspect, especially for the 2000 data, which exhibits a pattern of similar
anomalous detections of this nature. It is unlikely that either SVOC detection represents actual
environmental conditions.
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Table 5-37a 2000 and 1997 SVOC Sediment Sample Results at SD-2

Location (year) SVOC Detected Level Detected PreliinryR40s'

SD-2 (2000) Bis (2-Ethyihexyl) phthaat 0.84 mglkg 0. 75 mglkg2

SD-2 (1997) Di-n-Octylphthalate 0.331 mg/kg 0. 061 mg/kg

Notes: mg/kg = milligrams per kilogram
=Sediment screening was performed in accordance with NA = not analyzed

Alaska Department of Environmental Conservation ND = below method detection limits

Technical Memorandum "Sediment Quality Guidelines RAOs = Remedial Action Objectives (preliminary)

(S00),7 dated March 2004. SVOC = semnivolatile organic compounds
2 = NOAA SQuiRT Upper Effects Threshold (UET) level for

freshwater sediment (Buckman, 1999)
3= NOAA SQuiRT Apparent Effects Threshold (AET) for

marine sediments (Buckman, 1999).
Values in Bold exceed current preliminary RAOs.

IDefinitions:

5.3.2.6 Comparative Analyses Sediment Hydrocarbon Results at SD-3 1997-2004

As shown in Table 5 -3 8, DRO was detected in sediment samples at low, but fairly consistent

concentrations in results obtained from location SD-3 between 1997 and 2004. PCBs were not

detected in sediments from this location between 1997 and 2004. GRO was detected in 2003 at a

very low level below the PQL. There is no preliminary RAO for GRO in sediments.

Table 5-38 Comparison of Sediment Hydrocarbon Levels at SD-3 1997-2004

LF03 GRO DRO Benzene Ethylbenzene Toluene Xylenes PCBs VOC M VC

SD-3 (mglkg) (Mglkg) (Mglkg) (mglkg) (Mglkg) (Mglkg) (Mglkg) (mglkg) j (miglkg)

(RA Os? None oe2 (0.057) (0.089) 005 0.0275)' (.341) NA See Table 5-
5 ~~~~38a

2004 NA ND ND ND ND ND NDob NA N

2003 0-.745 10.5 ND NDND ND ND ND ND

2000 ND 1 8 ND ND ND ND ND ND See Table 5-
38a

1999 ND 19 NNDNND NNDN

1997 ND131 NNDNND NNDD

Notes: DRO - diesel range organics

Sediment screening was performed in accordance with Alaska GRO = gasoline range organics

Department of Environmental Conservation Technical Memorandum mg/kg = milligrams per kilogram

Sediment Quality Guidelines, dated March 2004. NA = not analyzed

2 There are no screening benchmarks for bulk hydrocarbons in ND = below method detection limits

sediment. PCBs = polychlorinated biphenyls

3USEPA, 1996. RAOs = Remedial Action Objectives (preliminary)

4Jones et al., 1997. SVOC = semnivolatile organic compounds

5NOAA SQuiRT Lowest ARC Threshold Effects Level VOC = volatile organic; compounds
aValue indicated is below the Practical Quantitation Limit for the

analyte but above the Method Detection Limit.
bMethod detection limit for this analyte is 0.0815 mgtkg which is

above the RAO for PCBs in sediments.
Definitions:
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* SVOC results are presented in Table 5-38a. Di-n-butylphthalate was detected above its
preliminary RAO in 2000. Di-n-butylphthalate is a common laboratory contaminant, and the
2000 data exhibits a consistent pattern of anomalous detections of this nature and is suspect.

Table 5-38a 2000 Sediment Sample Results at Location SD-3

Location (year) j SVOC Detected Level Detected jPreliminary RAOs 1,2
SD-3 (2000) Di-n-butylphthalate 0.57 mg/kg 0.1I1 mg/kg
SD-3 (2000) Di-n-butylphthalate 0.88 mg/kg 0 1 1 mg/kg

Notes: mg/kg = milligrams per kilogram
Sediment screening was performed in accordance with RAOs = Remedial Action Objectives (preliminary)
Alaska Department of Environmental Conservation SVOC = semnivolatile organic compounds
Technical Memorandum Sediment Quality Guidelines,
dated March 2004.

2 NOAA SquiRT Upper Effects Threshold (UET) level for
freshwater sediments (Buckman, 1999).

Definitions:
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. 6 ASSESSMENT OF GROUNDWATER CONDITIONS THROUGH
FIELD MEASUREMENTS AND INORGANIC DATA RESULTS

This section presents findings of groundwater field condition measurements and laboratory
analyses of inorganic parameters as an aid to the interpretive assessment of groundwater
conditions, plume stability, and intrinsic remediation probability.

6.1 SS13 Groundwater Conditions

Field measurements and inorganic data were obtained from groundwater samples collected from
the three monitoring wells at SSI13 successfully sampled in 2004: MW-i, MW-2, and MW-3.
Similar historic data are available and reported for MW- I and MW-2.

At the time of collection, groundwater samples were field tested for temperature, pH,
conductivity, dissolved oxygen, oxygen-reduction potential (redox), and total dissolved solids
(turbidity). Laboratory analyses for inorganic conditions of alkalinity, ferrous iron, sulfate, and
nitrate/nitrite were also obtained for groundwater samples collected in 2004 at SS13. Field
testing and analytical results obtained from each well in 2004, and prior years if available, are
shown below in Tables 6-1, 6-2, and 6-3.

Table 6-1 SS13 (MW-01) Groundwater Field Measurements and Inorganic Data 1997-
2004. ~~~Paranmeter/Analyte o___ MW-0l (SSI3) _____

Collection Date Units Sept-97 Oct-99 Sept-00 0cf-03 June-04
Depth to Water Feet BTOC _____ ____ 14.73 23.0
Temperature 'C 2.25 2.0 1.7 1.1 2.9

PH 5.66 8.7 5.3 5.27 5.52
Conductivity SMICM2 0.085 0.10 16.0 0.109 60

Dissolved Oxygen mg/L 7.1 6.9 9.70 0 4.0
redox MIV 157 69 87 428 405

Turbidity NTU 1000 42 132 150 Not measured
TDS Ppm No data No data No data No data 30

Alkalinity mg/L 120 37.6 42 40.0 30
Sulfate mgIL 28.00 2.73 4.4 2.08 1.49

Nitrate Ppm 39.1 0.667 ND < 0.2 Not analyzed
Total Iron mgIL 7.8 13.6 20 2.33 Not analyzed

F~errous Iron ~(Fe 2) mg/L No data No data No data 0.116 Not analyzed
-Ferric Iron (Fe+3) mgL N at~a No data~ No data 2.214 Not analyzed
Definitions: NTU = Nessler turbidity units
'C = degrees Celsius ppm = ?arts per million
BTOC = below top of casing Sm/cm = milliseimens per centimeter squared
mg/L = milligrams per Liter TOS = Total Dissolved Solids
my = millivolts
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Table 6-2 S513 (MW-02) Groundwater Field Measurements and Inorganic Data 1997-
2004

ParameterlAnalyte J _____ MW-02 (5813) Sampling Results
Collection Date Units Sept-97 [Oct-99 jSept-00 [Oct-03 A--ug-04

Depth to Water Feet BTO 6.59 4.06

Temperature 2.4 1.0 0.92 2.1 5.2

PH 5.7 8.5 5.55 5.1 1 4.8

Conductivity Smc 2 0034 0.34.6 0.048 40

Dissolved Oxygen mg/L 10.4 1.1311.21 3.5

redox MV 116 142 190 424 411

Turbidity NTU 312 NA 561 > 999 Not measured

TDS Ppm No data No data No data No data 60

Alkalinity mg/L 60 12 10 24.0 N-ot a -nalyzed

Sulfate mg/L NA 1.47 1.50 1.69 2.91

Nitrate Ppm 33.7 0.70 0.18 < 0.2 Not analyzed

Total Iron mg/L 2.4 116 39 56.5 Not analyzed

Ferrou Iron (Fe2) mg/L No data No data No data No data Not analyzed

Ferric Iron (Fe3) mg/L No data No data No data 56.5 Not analyzed

Definitions:
'C= degrees Celsius NTUJ = Nessler turbidity units

BTOC = below top of casing ppm = parts per million
mg/L = milligrams per Liter Sm/cm = milliseimens per centimeter squared
mV = millivolts TDS = Total Dissolved Solids

Table 6-3 SS13 (MW-03) Groundwater Field Measurements and Inorganic Data June
2004

ParmneterlAnalyte jUnits MW-03 (551 3)
Collection Date ~~~~~~~~June 04

Depth to Water Feet BTOC 9.36
Temperature C~~~~N 3.7

pH ~~~~~~~~~~~~~~~~~~~~~~4.0
Conductivity SM/cm2 0.030

Dissolved Oxygen mg/L 4.0 (bailed)

redox MV 368

Turbidity NTUI Low

TFDS ppm Not measured

Alkalinity mgL12.5
Siulfate mg/L 1.07

Nitrate ppm 0.360F

Total Iron mgIL 44.6

Ferrous Iron (Fe") mg.L 0.127F

Ferric Iron (Fe3) mg/L 44.473
D5efinitions:
'C = degrees Celsius NTUI = Nessler turbidity units
BTOC = below top of casing ppm = ?arts per million
mg/L = milligrams per Liter Smlcrn = mtilliseimens per centimeter squared
My = millivolts TDS = Total Dissolved Solids
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* 6.2 SS15 Groundwater Conditions

Field measurements and inorganic data obtained from the two wells successfuilly sampled at
SS 15 in 2004 (WW-02 and WW-08) are shown in Tables 6-4 and 6-5, along with available
historical data for each.

Table 6-4 SS15 (WW-02) Groundwater Field Parameter/inorganic Data = 1997 - 2004

-Parameter/Analyte Units WW-02 (5515) Sampling Results _____

Sept-97 Oct-99 Sept-00 Oct-03 June-04
Depth to Water Feet BTOC 45.82 63.36
Temperature C 2.53 2.0 1.93 1.1 6.80
PH 6.37 8.4 5.57 6.01 7.28
ConductivIty Sm/cm2 0.51 0.20 34.6 0.401 270
-Dissolved Oxygen mg/L 2.36 3.2 (bailed) 9.85 0.00 (bailed) NA
rmdox MV 330 40 1 235 18 179
Turbidity NTLJ 149 42 199 23.8 Not analyzed
TDS ppm No data No data No data No data 80
Alkalinity mg/L 260 104 110 143 141
Sulfate mg/L 55.0 54.3 42.0 39.6 34.1
Nitrate ppm 99.8 0.62 No data 1 .9 Not analyzed
Total Iron mg/L 10 8.52 10 16. 7.61
Ferrous Iron (Fe2 ) mg/L No data No data No data 167 Not analyzed
Ferric Iron (Fe*3) mgL N aa N aaNo data No data Not analyzed

* ~~~Definitions:
*C = degrees Celsius NTU = Nessler turbidity units
STOC = below top of casing ppm = Farts per million
mgIL = milligrams per Liter Sm/cm = milliseimens per centimeter squared
mV = millivolts TDS = Total Dissolved Solids

Table 6-5 SSI5 (WW-08) Groundwater Field Measurements and Inorganic Data 1997 -
2004

ParameterlAnalyte Units WW-08 (8815) Sampling Results ______

_________________ ~~Sept-97 Oct-99 Sept-00 Oct-03 Aug-04

Depth to Water Feet BTOC ____ 12.74 10.10
Temperature CC 2.57 1.0 1.19 1.5 3.4
PH 5.87 7.6 5.63 5.24 5.1
Conductivity Sm/cm2 0.057 0.06 7.5 0.081 80
Dissolved Oxygen mg/L 13.9 11.0 12.13 4.51 4.40
redox MV 244 108 235 422 434
Turbidity NTUI 490 1000 265 10.9 Not measured
TDS ppm No data No data No data No data 116
Alkalinity mg/L 40 NA 26.0 21 .0/22 22.0
Sulfate mg/L 6.0 NA 1.90 1.93/1.8 4.04
Nitrate ppm 88.1 NA 1.0 1.8/1.3 Not analyzed
Total Iron mgIL 2.2 43.9 28 0.144/0.147 Not analyzed
Ferrous Iron (Fe") mg/L No data No data No data ND/0.0782 Not analyzed
Ferric Iron ('Fe3 ) mg/L No data No data No data 0.144/0.0688 Not analyzed

* ~~~Definitions:
C= degrees Celsius NTU =Nessler turbidity units
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BTOC = below top of casing ppm = Farts per million
mg/L = milligrams per Liter Sm/cm = milliseimens per centimeter squared
my = millivolts TDS = Total Dissolved Solids

Tabulated data includes water-level measurements for each well, field sample results for
temperature, pH, conductivity, dissolved oxygen, redox, total dissolved solids, and inorganic
laboratory analytes (i.e., alkalinity, ferrous iron, sulfate, and nitrate/nitrite).

6.3 LFO3 Groundwater Conditions

In 2004, groundwater samples from seven well s4 were successfully field tested at LF03 (i.e.,
MW-1, CMW-1, CMW-3, CMW-4, CMW-5, CMW-6, and CMW-7). Field measurements and
inorganic data obtained from the LF03 wells in 2004 are shown in Tables 6-6 through 6-12
below, along with available historical data for each.

Tabulated data include water level measurements for each well, field sample results for
temperature, pH, conductivity, dissolved oxygen, redox, and total dissolved solids. Data for
inorganic laboratory analytes were not obtained.

Table 6-6 LF03 (MW-I) Groundwater Field Measurements 1997-2004

Parameter/Analyte Units MW-I Sampling Results
________________ ~~~~~Sept-00 Oct-03 June-04

Depth to Water Feet BTOC No data 20.68 17.20
Temperature 00 2.63 3.6 6.0
pH __ _ _ _ _ _ _ _5.66 5.18 6.91

Conductivity S__m/cm 2 3.2 0.03 30
Dissolved Oxygen mg/L 12.75 9.23 12.81
redox MV241 46 311
Turbidity NTU 999 22.2 Not measured

TDS ppm No data No data 10
Definitions: NTU = Nessler turbidity units
00 = degrees Celsius ppm = ?arts per million
BTOC = below top of casing Sm/lcm = milliseimens per centimeter squared
mg/L = milligrams per Liter TDS = Total Dissolved Solids
my = millivolts

Field testing was not performed on the sample obtained from well CMW-2 because not enough water was available as a result of
slow recharge of the well.
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. Table 6-7 LFO3 (CMW-1) Groundwater Field Measurements 1997-2004

ParameterlAnalyte Units ____ CMW-1 Sampling Results _______

_______________ __________July-96 Sept-97 Oct-99 Sept-00 Oct-03 June-04

Depth to Water Feet BTOC 5.19 5.08
Temperature 00 5.0 1.4 3.0 2.74 2.2 7.1
PH 6.3 6.3 10.1 5.69 4.89 6.64

Conductivity Sm/cM2 0.024 0.09 0.02 2.6 0.035 30
Dissolved Oxygen mg/L 1 4.1 9.65 12.7 12.8 9.1 13.75

redox MV -81 1 85 87 263 48.7 189
Turbidity NTUI 1000 1000 99 99 54.4 Not measured

_TDS ppm No data No data No data No data No data 10
Definitions: NTUI = Nessler turbidity units

'C= degrees Celsius ppm = ?arts per million
BTOC = below top of casing Sm/cm = milliseimens per centimeter squared
mg/L = milligrams per Liter TDS = Total Dissolved Solids
my = millivolts

Table 6-8 LFO3 (CMW-3) Groundwater Field Measurements 1997-2004

ParamneterlAnalyte Units CIVW-3 Sampling Results _ ____

_______________ __________ July-96 Oct-99 Sept-00 Oct-03 June-04

-Depth to Water Feet BTOC _____ _____ _____ 7.07 7.6

-Temperature CC 8.0 3.0 4.93 1.6 6.3. ~~~~PH 6.1 8.2 5.61 5.26 6.89
Conductiv~~~ty Sm/cm 0.05 0.04 4.7 0.047 6

-Dissolved Oxygen mg/L 5.8 9.9 10.94 1.73 5.11
redox MV 165 77 1 249 278 56
Turbidity NTU 1000 99 999 25.8 Not

I ~~~~~~measured
TDS ppm No data No data INo data INo data 20
Definitions: NTUI = Nessler turbidity units

'C= degrees Celsius ppm = parts per million
BTOC = below top of casing Sm/cm = milliseimens per centimeter squared
mg/L~ n I milsigrms pe r Lite r TDS = Total Dissolved Solids
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Table 6-9 LFO3 (CMW-4) Groundwater Field Measurements 1997-2004

ParameterlAnalyte Units CMW-4 SamplingResults
_______________ ________Jully-96 Sept-97 Oct-99 Sept-00 Oct-03 June-04

Depth to Water Feet 4.42 7.02
BTOC

Temperature 00 4.0 1.0 3.0 3.55 2.4 6.2
PFH 6.1 6.67 7.1 5.9 5.58 7.12
Conductivity Sm/CM2 0.18 0.46 0.15 13.6 0.191 120
Dissolved Oxygen mg/L 52 7.99 7.3 9.61 0.0 5.68
redox MV -33 132 65 96 178 147
Turbidity NTUL 1000 1000 99 399 31.9 Not

measured
TDS ppm No data No data No data No data No data 60
Definitions: NTU = Nessler turbidity units

'C= degrees Celsius ppm = arits per million
BTOC = below top of casing Sm/cm = milliseimrens per centimeter squared
mg/L = milligrams per Liter TDS = Total Dissolved Solids
my = millivolts

Table 6-10 LFO3 (CMW-5) Groundwater Field Measurements 1997-2004

ParameterlAnalyte Units _ ___-CMyW-5 SamplingResults
_______________ _________ July-96 Sept-97 Oct-99 Sept-00 Oct-03 June-04

Depth to Water Feet 4.81 4.95
___ ___ ___ ___ BTOC _ _ _ _

Temperature _____ 5.0 2.2 3.0 3.2 1.2 3.3
PFH ____ 5.7 6.2 8.3 5.66 5.31 6.75
Conductivity Sm/cm2 0.08 0.036 0.07 6.2 0.079 40
Dissolved Oxygen mg/L 3.2 3.24 12.0 8.45 0.0 9.44
redox MVV 106 -177 51 145 413 290

Turbidity NTU 478 340 15173.0 Not
P = ~~~~~measured

TDS ppm No data No data No data INo data INo data 20
Definitions: NTU = Nessler turbidity units
'C = degrees Celsius ppm = ?arts per million
BTOC = below top of casing Sm/cm = milliseimens per centimeter squared
mg/L = milligrams per Liter TDS = Total Dissolved Solids
mV = millivolts
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O Table 6-11 LF03 (CMW-6) Groundwater Field Measurements 1997-2004
ParameterlAnalyto Units CMW-6 Sampling Results

________________ ~~July-96 Sept-97 Oct-99 Sept-00 Oct-03 June-04
Depth to Water Feet 8.34 13.01

____ ___ ___ ___ BTOC _ _ _ _

Temperature CC 2.0 0.8 2.0 1.13 2 2.2
PH 6.6 6.40 8.7 5.57 5.86 7.07
Conductivity Sm/cm2 0.03 0.027 0.03 4.3 0.045 40
Dissolved Oxygen mg/L 7.1 11.9 11.9 12.66 5.58 12.5
redox V 14 -128 52 279 300 349
Turbidity NU 78 1000 99 571 8.8 Not

measured
TDS ppm No data Nodt-odt odt odt 20
Definitions: NTU = Nessler turbidity units
'C = degrees Celsius ppm = ?arts per million
BTOC = below top of casing Sm/cm = milliseimens per centimeter squared
mg/L~ = mni.lligramns per Liter TDS = Total Dissolved Solids

Table 6-12 LF03 (CMW-7) Groundwater Field Measurements 1997-2004

ParameterlAnalyte Units CMW-7 Sampling Results
July-96 Sept-97 Oct-99 Sept-00 Oct-03 June-04

Depth to Water Feet 8.23 11.65
BTOC

Tempemature 0C 3.0 0.3 2.0 1.34 1.9 5.10
PH 6.1 6.15 10.1 5.78 5.56 7.50
Conductivity Sm/cm2 0.82 0.125 0.06 5.9 0.067 140
Dissolved Oxygen mg/L 5.0 7.6 11.4 10.85 5.59 13.29
redox I'MV -49 109 94 272 419 280
Turbidity NTUJ 1000 708 99 566 280 Not

Imeasured
TDS ppm No data No data No data No data No data 70
Definitions: NTU = Nessler turbidity units
'C = degrees Celsius ppm = ?arts per million
BTCC = below top of casing Sm/cm = milliseimens per centimeter squared
mg/Ll = mirilligtrams per Liter TDS = Total Dissolved Solids
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. 7 CONCLUSIONS AND RECOMMENDATIONS

This section provides the conclusions and recommendations of the 2004 Cape Romanzof LRRS
Environmental Monitoring study.

7.1 SS13 Diesel Seep Area
7.1.1 Groundwater
7.1.1.1 2004 Exceedances of Preliminary RAOs

As showed in Table 5-2, there were no analytes detected above preliminary RAOs in 2004
groundwater samples from SS 13 monitoring wells (MW-01, MW-02, and MW-03).

7.1.1.2 Natural Attenuation Analysis

Tables 5-3 and 5-4 present the historical contaminant chemistry at MW-01 and MW-02. Since
there are only data from 1 year (2004) for MW-03, the results from this well were not used to
evaluate whether the groundwater plume is stable or shrinking.

The primary line of evidence for natural attenuation in groundwater, a stable to shrinking
groundwater plume, can be inferred from the data collected at this site. At MW-01, DRO
decreased from around 2.5 mg/L in 1997 and 1999 to about 2 mg/L in 2000 and 2003, and to
0.175 mgIL in 2004. RRO also decreased from 0.628 mg/L in 1997 to 0.393 mgIL in 2004.
Other than xylenes, BTEX compounds remain at or below detection limits. The trend in xylenes. is complicated by an increase to 2.9 mg/L in 2000 followed by a decrease to nondetect in 2004.

1 1At MW-02, GRO remains near or below the detection limit, DRO has decreased from above 0.2
mg/L before 1999 to around 0.1I mg/L since 2003, and BTEX compounds remain at or below
detection limits.

A secondary line of evidence for natural attenuation in groundwater is consumption of electron
acceptors (oxygen, nitrate, sulfate); production of dissolved ferrous iron; and lower redox
potential in areas with more petroleum hydrocarbons (Tables 6-2 to 6-4). It is very difficult to
look at these data and conclude that secondary evidence for biological degradation of petroleum
hydrocarbons exists. From 1997 to 2000, dissolved oxygen (DO) levels at the more
contaminated well (MW-0l) were lower than at MW-02. However, in later years, this same
correlation does not exist. Comparing MW-01 to MW-02 (or earlier, more contaminated years
with later, less contaminated years) does not yield a clear conclusion that ferrous iron is higher or
nitrate and sulfate are lower where contamination is higher.

Other measurements were made to determine whether aquifer conditions are generally hospitable
to biologic activity in this aquifer. The water at SS13 is cold, generally between 10 C and 30 C.
These temperatures will slow, although not prevent, biologic processes. Except for the
measurements made in 1997, the water has also been acidic, with pH ranging from 4.8 to 5.7. A
pH below 6 is not optimal for biodegradation.

In summary, although the primary line of evidence suggests that natural attenuation is acting to.keep hydrocarbon levels in groundwater at this site stable or declining, the secondary evidence
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for natural attenuation is weak. In addition, aquifer conditions are not optimal for biologic

degradation of hydrocarbons.

7.1.2 Near-surface Soils

Figure 5-1 shows the locations of the three near-surface soil samples collected at this site in

2004; Tables 5-12 to 5-15 list the analytical data collected at these sites from 1997 to the present.

7.1.2.1 2004 Exceedances of Preliminary RAOs

As shown in Table 5-12, DRO and RRO were detected above preliminary RA~s in 2004 in SS 13

near-surface soil samples collected from locations LBO3, LB07, and LB08. DRO was detected

at 411 mg/kg (LBO33), 4,390 mg/kg (LBO7), and 48,500 (LBO8), versus the preliminary RAG for

250 mg/kg. RRO was detected at 51,600 mg/kg (LBO8), versus the preliminary RAG of 10,000

mg/kg.

7.1.2.2 Summary of5513 Historical Soil Contamination

DRO levels in surface soil have generally been above, and some times substantially above,

preliminary RA~sat SS-13. RRO levels are also elevated and generally, above preliminary

RA~s at LB-OS, but generally below preliminary RA~s at LBO3 and LBO7. GRO, BTEX, and

PAH levels are below preliminary RA~s.

MW-01 was installed at the south edge of the spill (Figure 5-1) in 1997 (USAF, 1998). The

boring log for this well shows increasing DRO with depth: 798 mg/kg at about 2.5 to 4.5 feet

belowground surface (bgs) and 2,100 mglkg at about 5 to 7 feet bgs. Field screening readings,

using an Organic Vapor Monitor (GVM) and a Handby test kit (which measures TPH), showed
low levels at 0 to 2 feet bgs, slightly higher levels at 2.5 to 4.5 feet bgs, much higher levels at 5

to 7 and 7.5 to 9.5 feet bgs, and then low and decreasing levels with depth below the water table
(about 10 feet bgs).

Combining all these data, it appears that the spill ran over ground and left what is still

contaminated material near the surface over a wide area. The spill percolated into the water table

in some areas and left contamination that has been and may still be above RA~s.

7.1.3 Sediments

Figure 5-1 shows the locations of the three sediment samples collected at this site in 2004;

Tables 5-9 to 5-1 1 list the analytical data collected at these sites from 1997 to the present.

7.1.3.1 2004 Exceedances of Preliminary RAOs

As shown in Tables 5-9 and 5-9a, xylenes and fluorine were detected above preliminary RA~s in

the 2004 sediment sample obtained from location SSO1 at SS13. Xylenes were detected at

0.0569 mg/kg (0.0837 mg/kg in a duplicate sample), versus the preliminary RAG of 0.025
mg/kg. Fluorene was detected at 0.0323 mg/kg (0.0306 mg/kg in a duplicate sample), versus the

preliminary RAG of 0.01I mg/kg.

7.1.3.2 Summary of5513 Historical Sediment Impact

Petroleum hydrocarbons are present at both sediment sample locations, at levels that exceeda
preliminary RA~s for some PAll compounds. This is not surprising considering that 2004 DROW
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been as high as 55,800 mg/kg at SSO1 and 4,300 mg/kg at SS-06.

7.1.4 Surface water

Figure 5-1 shows the locations of the three surface water samples collected at this site in 2004.
Tables 5-5 to 5-8 list the analytical data collected at these sites from 1997 to the present.

7.1.4.1 2004 Exceedances of Preliminary RAOs

As shown in Table 5-2, there were no analytes detected above preliminary RA~is in 2004 surface
water samples obtained from SS 1 3.

7.1.4.2 Historical Surface Water Contamination

Petroleum hydrocarbons in surface water at SS 13 have been quite low since monitoring began at
this site and have never above preliminary RAOs.

7.1.5 SS13 Recommendations

The following is a bulleted list of recommendations:

Groundwater, soil, sediment, and surface water monitoring should continue. Additional
data will allow continued evaluation of MNA processes at this site. However, PAH
analyses should be removed from the analytical suite for all sample matrices, and GRO,
DRO, and RRO parameters should be removed from the sediment and surface water
sample suites.0 *~~ The surface water sampling locations should be reconsidered, or additional sample
locations should be used. All three of the current samples come from closely spaced
locations along Fowler Creek, south of this site (Figure 5-1), and no sample locations
assess the ephemeral drainage that runs through SS-0l and SS-06. Water quality should
be monitored closer to the spill zone, preferably at one of the sediment sampling
locations or, if no water is present at SS-01 or SS-06, at the pond. The least useful of the
current sample locations is SW-02, so this sampling location should be the first to be
abandoned in favor of a surface water sampling location closer to the spill.

* Sediment samples should be taken along Fowler Creek, at the same locations that surface
water samples are collected. Some contaminants are soluble and are therefore more
likely to be in surface water, and some contaminants are insoluble and thus are more
likely to be in sediments. It is better to collect a surface water/sediment pair at any
location where one wants to measure migration through surface water drainages.

* All three wells should be surveyed, and an accurate water table map should be created
using data obtained from this site combined with any information obtained from water
elevations at nearby sites. The new monitoring well has not been surveyed, and
monitoring well elevations do not remain static with time. For these reasons, monitoring
well networks should be periodically resurveyed. Monitoring wells that cannot be

* ~~~redeveloped or repaired should be decommissioned and replaced with new wells.
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One upgradient monitoring well should be installed to measure electron acceptor

concentrations in an uncontaminated area. Comparing the levels of these analytes to

contaminated areas can yield important evidence for natural attenuation.

7.2 SS15 UST Spill Area

This section describes conclusions and recommnendations for groundwater at SS 15.

7.2.1 Groundwater

7.2.1.1 2004 Excoedances of Preliminary RAOs

As shown in Table 5-17 and 5-17a, GRO, DRO, benzene, and benzo(a)pyrene were detected

above preliminary RAOs in the 2004 groundwater sample obtained from well WW-02 at SSl15.
GRO was detected at 9.38 mg/L, versus the preliminary RAO of 1.3 mg/L. DRO was detected at

387 mg/L, versus the preliminary RAO of 0.005 mg/L. Benzene was detected at 0.311 mg/L,

versus the preliminary RAO of 0.005 mg/L. Benzo(a)pyrene was detected at 0.000434 mg/L,

versus the preliminary RAO of 0.0002 mg/L.

No analytes were detected above preliminary RAOs in the 2004 groundwater sample collected

from well WW-08 at SS15. Due to dry conditions, no sample was collected from WW-07.

7.2.1.2 Natural Attenuation Analysis

Tables 5-17 and 5-20 present the historical contaminant chemistry at SS15 monitoring wells.

Note that DRO, GRO, and benzene have been detected above preliminary RAOs at WW-07 and a
WW-0 8.V

The primary line of evidence for natural attenuation in groundwater, a stable to shrinking

groundwater plume, can be inferred from the data collected at this site. At WW-02, DRO and

GRO decreased from about 400 and 8 mg/L, respectively, in 1997, to about 3 and 4 mg/L,

respectively, in 2000, and then increased back to about 400 and 8 mg/L, respectively, in 2004.

The high DRO and GRO numbers are probably more indicative of dissolved concentrations. At

WW-02, benzene levels show a consistent decline, and other BTEX compounds show a stable

and declining trend in BTEX concentrations. At WW-07, the period of record is so short (1997

to 2000), and the contaminant levels are so low, that no clear pattern can be inferred. At WW-

08, the trend in DRO and RRO appears to be stable, and the other analytes have no trend because

the concentrations are so low.

A secondary line of evidence for natural attenuation in groundwater is consumption of electron

acceptors (oxygen, nitrate, sulfate); production of dissolved ferrous iron; and lower redox

potential in areas with more petroleum hydrocarbons (Tables 6-2 to 6-4). It is very difficult to

look at these data and conclude that secondary evidence for biological degradation of petroleum

hydrocarbons exists. No clear pattern of lower DO, nitrate, and sulfate, or higher ferrous iron, at

the more contaminated well (WW-02) exists compared to less-contaminated wells (WW-07 and

WW-08).

Other measurements were made to determine whether aquifer conditions are generally hospitablea

to biologic activity in this aquifer. The water at SSI5is cold, generally betweenl10C and 60C. V
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measurements made in 1999 (some of which are suspect), the water at WW-02 has been neutral,
and the water at WW-07 and WW-08 has been acidic. The pH value observed at WW-07 and
WW-08 are not optimal for biodegradation.

In summary, although the primary line of evidence suggests that natural attenuation is acting to
keep hydrocarbon levels at this site stable or declining, the secondary evidence for natural
attenuation is weak. In addition, aquifer conditions are not optimal for biologic degradation of
hydrocarbons.

7.2.2 Borehole for WW-09

Figure 5-2 shows the location of the borehole drilled for WW-09; Table 5-21 lists the analytical
data collected from this borehole soil sample.

7.2.2.1 2004 Exceedances of Preliminary RAOs

As shown in Table 5-21, DRO was detected above the preliminary RAO in all soil samples
collected from borehole WW-09. DRO was detected at 8,01 0 mg/kg between 5.2 and 7.2 feet
bgs (5,460 mgikg in a duplicate sample), at 740 mg/kg between 7.5 and 9.5 feet bgs, and at 856
mg/kg between 10 and 12 feet bgs, versus the preliminary RAO of 250 mg/kg. No other analytes
were detected above preliminary RAOs in the WW-09 borehole samples.

7.2.3 SS15 Recommendations

• Groundwater, soil, sediment, and surface water monitoring should continue. Additional
data will allow continued evaluation of MINA processes at this site. However, for well
WW-02, PAH and RRO analyses should be removed from the sample suite.

• A statistical analysis of groundwater concentration trends should be made with the next
data set collected at this site. These tests should be nonparametric (e.g., Mann-Kendall).

* All wells should be surveyed, and an accurate water table map should be created using
data from this site combined with any information from water elevations at nearby sites.

* One upgradient monitoring point should be installed to measure electron acceptor
concentrations in an uncontaminated area.

7.3 LFO3 Landfill No. 2

This sections presents conclusions and recommendations for LFO3.

7.3.1 Groundwater,

This section discusses conclusions and recommendations for groundwater at LF03.

7.3.1.1 2004 Exceedances of Preliminary RAOs

As shown in Table 5-22 and 5-22a, there were no analytes detected above preliminary RAOs in
2004 groundwater samples from LF03 monitoring wells MW-I, CMW-1, CMW-2, CMW-3,. CMW-4, CMW-5, CMW-6, and CMW-7. No sample was collected from MW-2 because it was
dry.
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7.3.1.2 Natural Attenuation Analysis

Tables 5-22 and 5-30 present the historical contaminant chemistry at LF03 monitoring wells.

Note that all analytes have been below RA~s over the entire period of record.

The primary line of evidence for natural attenuation in groundwater, a stable to shrinking

groundwater plume, can be inferred from the data collected at this site. An apparently declining

DRO concentration trend has been observed at CMW-1, CMW-2, CMW-4, CMW-5, and CMW-

7. The DRO concentrations at MW-I, CMW-3, and CMW-6 have been too low to discern any

trend. The concentrations of all other analytes have been too low to discern a trend.

A secondary line of evidence for natural attenuation in groundwater is consumption of electron

acceptors (oxygen, nitrate, sulfate); production of dissolved ferrous iron; and lower redox

potential in areas with more petroleum hydrocarbons (Tables 6-1 0 to 6-16). The only parameter

measured that could provide secondary evidence for natural attenuation is DO, but no clear

relationship can be inferred between elevated petroleum hydrocarbon levels and depressed DO

from these data. DO was high (near saturation) at MW-i, CMW-1, CMW-6, and CMW-7, and

these wells had low DRO levels. DO was somewhat depressed to about 5 mgIL at CMW-3 and

CMW-4 and about 9 mg/L at CMW-5. CMW-4 did have the highest DRO levels, but CMW-3

and CMW-5 did not have high DRO levels. The lack of a clear relationship between DO and

petroleum hydrocarbon levels is probably due to the lack of significant petroleum hydrocarbon

contamination at this site. Naturally occurring carbon compounds are probably a more important

oxygen sink at this site.a

Other measurements were made to determine whether aquifer conditions are generally hospitableV

to biologic activity in this aquifer. The water at this site is cold, generally between 20 C and 70

C. These temperatures will slow, although not prevent, biologic processes. Except for the

measurements made in 1999 (some of which are suspect), the water at this site has been neutral

to slightly acidic, and optimal or nearly optimal for biodegradation.

In summary, although the primary line of evidence suggests that natural attenuation is acting to

keep hydrocarbon levels at this site stable or declining, the secondary evidence for natural

attenuation does not exist. In addition, aquifer conditions are hospitable for biologic degradation

of hydrocarbons.

7.3.2 SurfacellWater and Sediments at Seeps

Figure 5-3 shows the locations of surface water sampling; Tables 5-31 to 5-34 list the analytical

data collected from these locations.

7.3.2.1 2004 Exceedances of Preliminary RAOs

As shown in Table 5-31 and 5-31la, PCBs were detected above preliminary RAOs in the 2004

surface water sample from SW-2. PCBs were detected at 0.0797 mg/L, versus the preliminary

RAG of 0.000014 mg/L. No other analy-tes were detected above preliminary surface water

RA~s in SW-I, SW-2, or SW-3. The presence of an observable sheen at SW-2 and SW-3 does

constitute an exceedance of preliminary RAOs for petroleum hydrocarbons.
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* As shown in Table 5-35 and 5-35a, PCBs were also detected in sediments above preliminary
RAOs in the 2004 at sample collect at location SD-2. PCBs were detected at 153 mgIL, versus a
preliminary RAO of 0.0341 mg/kg. In addition, xylenes were detected above their preliminary
RAO of 0.025 mg/kg in the sediment samples collected at SD-i (0.0918 mg/kg), SD-2 (0.0389
mg/kg), and SD-3 (0.0469 mg/kg). No other analytes were detected in sediments above
preliminary RAOs at locations SD-I, SD-2, and SD-3.

7.3.2.2 Historical Surface Water and Sediment Contaminant Analysis
At SW- I and SW-3, all analyte concentrations have been below preliminary RAOs. At SW-2,
PCB levels have exceeded preliminary RAOs, and TAH levels are at the preliminary RAO
(calculated concentrations from BTEX and PAH concentrations). No clear concentration trends
can be observed.

Figure 5-3 shows the locations of sediment samples, and Tables 5-31 to 5-34 list the analytical
data collected from these locations.

Location SD-2 had the highest contaminant levels with PCBs above preliminary RAOs currently
and each year measured in the past. SD-2 also had higher petroleum hydrocarbon levels than the
other sediment samples, but they were below preliminary RAOs. At SD-I, PCBs have been
above preliminary RAOs in the past but were not detected during 2004. SD-3 has consistently
had the lowest petroleum hydrocarbon levels and no PCB detections.

Taken together, these data suggest that seeps emanating from this landfill have petroleum
* hydrocarbon contamination, and some have PCB contamination above preliminary RAOs.

Samples collected from Seep No. 2 have the highest contaminant concentrations of the three seep
areas at the landfill. The worst seepage site is Seep 2. No clear decreasing trends in PCB levels
could be observed at this location.

7.3.3 LFO3 Recommendations

* Groundwater, soil, sediment, and surface water monitoring should continue. Additional
data will allow continued evaluation of MANA processes at this site.

* A statistical analysis of groundwater concentration trends should be made with the next
data set collected at this site. These tests should be nonparametric (e.g., Mann-Kendall).

* All wells should be surveyed, and an accurate water table map should be created using
data from this site combined with any information from water elevations at nearby sites.

* Petroleum hydrocarbon levels are so low that no recommendation can be made to
monitor for additional electron acceptors. Such monitoring is unlikely to show any clear
patterns between contamination and electron acceptor levels.

7.4 LFO3 (Landfill No. 2) Cap Inspection and Repair Recommendations
As part of LTM activities at LFO3, the field crew visually inspected the entire extent of the
landfill cap and documented its condition in field notes, site sketches, and photographs. (Appendix A).

PDC Project No. 4112 - Final Report 7-7 Paug-Vik Development Corp.



1 44 9 7
Environmental Monitoring Report June 14, 2005

Cape Ronianzof LRRS, A/aska

7.4.1 Inspection Results

Three seeps appear to be flowing out of the capped landfill area. During the June 2004 field

inspection, the landfill liner was exposed in several places around the top of the landfill and at

the toe area. Although exposed in several places, there were no rips or tears observed in the

liner. During a second inspection of the landfill in August 2004, the field team observed that a

layer of soil from a decommissioned biocell had been added to the top of the landfill by the 611

CBS. The added soil did cover previously observed exposed liner at the top of the landfill, but

the liner was still exposed at areas near the toe of the landfill.

During the inspections, the field team observed various amounts of nonhazardous waste such as

metal scrap and assorted household waste in the region downhill of the landfill toe area

(Photographs 19 and 20, Appendix A). This area was beyond the intended area of the landfill

surface cap.

The landfill cap appears to be intact, and no direct precipitation is likely entering the landfill

through the cap. However, the three seeps noted during the investigation indicate that water is

still entering (and exiting) the landfill area.

Water is likely entering the landfill via subsurface routes. While the landfill is covered with an

impermeable cap, it is possible that there is no liner below or aquitard upgradient of the landfill.

The entire area surrounding LF03 is composed of boulders and talus slopes and easily supports

migration of water. It is likely that water is flowing through the talus and can enter the landfill

by traveling under the road, upgradient of the landfill. In periods of higher groundwater regimes,a

water could also enter the landfill from below.W

7.4.2 Recommendations

As evidenced by the three seeps emerging from the toe of the landfill, water is still entering the

landfill, despite the landfill cap. Future efforts to prevent water from entering the landfill is

recommended, although they may not involve repair of the surface cap.

It is recommended that, at the least, all exposed areas of the landfill's surface liner be covered

with a soil having a minimum thickness of 24 inches, which should then be graded to promote

drainage, and revegetated to minimize erosion. This should be done with minimal disturbance of

the area beyond the lower boundaries of the landfill cap to avoid spreading PCB impacted soil.
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Appendix C

Groundwater Samnpling Log Sheets
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Figure A-3

I. ~~~~~~~GROUNDWATER SAMPLE DATA SHEET
Project Number: 4112 Sample Location (le. MW1):
Project Name: Cape Rornanzof 2003 Sample ID (ie. 9581A WG003):
Client: AFCEE Date Sample Collected:
Sampler: t( I ' tPt5n C Time sampled: /A

Groundwater: Caig (in): ....... M .... a) Well Depth (Ut):
b) Water Depth (ft).Other: _____________c) Water Column (ft):

d) Cabc. Purge Vol. (gal): 4i62

l' Nolume -T~~~~~~~~~~~~~~~~~~~~onducot: sntg an acvh 2%potat

(gallons) pH ductii C '/Y1Io~~ime (gllons). ________ T pertr ti oo Turuity Redox Dissolved O, Other

Sapl Metho (dsoal IAie, telo bIlr suberibe um, etc.) 4-L

btt~z recocsr - -~

SigneVoluevPure d:FeeeoucryL1

Sample Method (disposa~~le bailer, lotion bailer, suA3mGWsSampleuDataeShee
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (ie. MW1): .V\tJ-

Project Name: Cape Romanzof 2003 Sample ID (je. 95B1A WGOO3):

Client: AFCEE Date Sample Collected: 6 2

Saper: Tm ape: f , k ?e

Coasing

Groundwater: oW Diameter (in): a) Well Depth (if: __________

b) Water Depth (ft):

Other: 
c) Water Column (if):
d) Calc. Purge Vol. (gal):

p1. 1- pinging only wall casing volume 
nafNag and saPd pect vlm

ml ban 2-bych cub~g and 6-toot wile cctlrmy 
Youtan 2 - M 9.1id cast~g d~ d d pac,,ad OP oo w.Il... u

n. Purg Vole .016 X $e 06gasWaeOn 
Purge Vd.mn (0 16 X 6)+(O 71 X 6) 5 22 gaflo.flwte

Remars(el rec loveynusua mpnditionelorsTurbiiity

Duplicatlu e Sample Id: Free__ _ __ __ __ _Pro___

Sind:c 
Date:heen (y

Sirg n~ethdd/reiewer: e aCel T Date:

SapeehdCipsbeaL "'lx-J& (c.Ece~ f315, tc

Spli Samlevi ~ t AID:aml at he
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Figure A-3

* ~~~~~~~GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location lie. MW1): 0 V -
Project Name: Cape Romnanzof 2003 Sample ID (le. 95B1A WG003): _ ~ t-
Client: AFCIEE Date Sample Collected: 0r(k ,,
Sampler: -Time sampled: No £5&w~p

Casing
Groundwater: _____________ iaetr(i): 1. a) Well Depth (ft):

Otuhver 2-thetn ndf-otwtr our) o Wter 2- lunc (at)n,5ic ad ak n -oowlrou
Purge Volume. DIG XC * 090 ga~~~~~~ona wadttaO c Purge Vol~SI .(.X) (gal X): *52 *1- ae

Time (gallons) pH (inS) Temperature sM) Color Turbidity Redox Dissolved 02 O0ther

Total Volume Purged: 0 0'SAo. Free Prod ct (y/ ___________

Odor: b Sheen ytZ c
Purge Method (disposable bailer, teflon bailer, submersible pump, etc.)

Sample Method (disposable barler, teflon bailer, submersible pump, etc.)

Well Integrity (condition of casi g, flush mount sealing properly, cement seal intact, etc.)

Remarks (well recovery, unusual conditionstobservations):

Duplicate Sample IDJ: _________________

Split Sample ID:

Signed: Date: _ _ _ _

Signied/reviewer. . U.- f)pttc~Y Date:

0 5kvv~~~~~~~~~~~~~~~~~ ~~A3 GW Sample Data Sheet



1 44 14 6

Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (le. MW1l): m --

Project Name: Cape Romanzof 2003 Sample ID (Ie. 95B1A WG003): Mo $5 ft -'p k J

Client: AFCEE Date Sample Collected: _ ________

Sampler: Ka Time sampled: jjt SX (f

Other: ___________c) 
Water Clm f)

d) Calc. Pug Vl(gal)

spit 1- purg~~~,g only well casing volume Exam~Wple 2- purqing w1l casing and sed pack volume

on, Purge , Voh nde 6~ W 0.5gfaswater 
One Puvga Voiga (0.16 X 6)' (0.71 X SI * 5.2 gallons -aIr

2'. V.WW9 16xa- rM it~ .
PX____

Volume o~~~nductivity C

Time (galn) pMiS) Teprtr Cor Tubdy Rdo Dissolved 02D Ohe

Total Volume Purged: p I 44 ~~~~~Free Product (y9

Odor: A~~~~~~~~~~c4 ~~~Sheen(R.
Purg Mehod(diposblebaier, efln bile, sbmesibe pmp. etc.)

Sample Method (disposable bailer, teflon bailer, submers ible pump, etc.)

Well integrity (condition ofcasing. NuJh mount sealing properly, cement seal intact. et.)

Split Sample ID: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ A W apl DbShe
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Figure A-3

0 ~~~~~~~GROUNDWATER SAMPLE DATA SHEET
Project Number: 4112 - Sample Location (le. MW1): CNk 3
Project Name: Cape Romanzof 2003 -Sample ID (ic. 95BIA WGOO3): 0 q Llzo3CN'\v~ &w v
Client: AFCEE Date Sample Collected:

Sampler: Tpq5~ T)ime sampled: /4 0

Casing
Groundwater: ____________Diameter (in): -_____________a) Well Depth (fit):

b) Water Depth (ft): _XZ10
Other: ____________c) Water Column (ft): I ____________

d) talc. Purge Vol. (gal): 2lk t,

Wal C11n, ~un~ Multtyc)br, 1Sand P1~ertet 1Mu-Wyc)by

Note: asunt.in sad pa& ha, 29 .ofst,
E..pi. I. purgIng only wall .asin volu* CE.mpI. 2-puringus watt casig and sand pack vlm
outlays 24nd, casig and 84foo wanna~cl Wnn You hays 2-lch caSing. 8-ld, send pad, en 6-foot .war Wlu.s
ne Pug Volunna. C'SI Xe6-C HM ga. ts wa ne " Pu~lum (..fI.6 X 6) 4(0.71 X68) * 5.22gellomwainr

Volume Conductivity AdR&# ____ ___

Time (gallons) pH (inS) Temperaturex) Color Tu~idity Redox Dissolved 02 Other
IS7So - 0 '71 IL bo 3A1 6 _r. 11p
1v•5J1l /, S LL jg2± I!,r Ili /,22

* ~ ~ ~ ~ L~~s.~75 .S7 2 d C 2-- CsL 2 2

Total Volume Purged: 5'. ~ S /ltA S Free Product ___________

Odor: A) el Sheen (6
Purge Method (disposable bailer, terflon bailer, submersible pump. etc.)

Pset~' 5F4 1 bl'L Primnp

~Sample Method (disposable bailer, teflon bailer, submnersibie pump, etc.)

D crksL.J4c P&anP tQ
Weli Integrity (condition of casing, flush mount sealing properly, cement seal intact, etc.)

Remarks (weli recovery, unusual conditions/observations): ~t~ N .P 3 f\.I4&~

SplitSampe ID:~

Sind/reviewer:Dae

A3 GW Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (le. IVW1): M

Project Name: Cape Romanzof 2003 Sample ID (ic. O5BIA WOOD3): ~$ 1

Client AFCEE Date Sample Collected:

Sampler: e'ttL 4-1 I~CuC Time sampled: j~n ldS

Groundwater: Ciasee ing : 9a) Well Depth (It): ,(

b) Water Depth (t):

Other: ____________c) 
Water Column (ft): jLI

d) Cabc. Purge Vol. (gal): .L s.- --.

os hays 2-te4' casa~g an 6-fool waler coiunm to ha., 24& un,. B-nc sand pa-k. S6Art lChLi

nfl Purg Vo~wi O.ABX u.6 galona. war O.. purge VoIme" (GAS6 X 5)4(0 r1 X B) * 5.22,,~ ge Mtwtr

Time (gallons) pH (inS) Temperature (F) Color Turbidity Redox Dsole O Oter

Total Volume Purged: __________ _________ Free Product (y/)_ ___________

Odor. Sheeny (9C
Purge Method (disposable bailer, teflon bailer, submersible pump, etc.)

Sam eMho(dsoalbalrtelnbier, submersible pump, etc.)

WelIntegrit (condition ofcasingflush moun sealing propelrl, ceen sea intact, etc.)

A3 GWV Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (Ie. MW1): C~tAbw -q~
Project Name: Cape Romanzof 2003 Sample ID (le. 95B1A WG003): 0I4r 37 CI"vf liG

Client: AFCEE Date Sample Collected: -

Sampler: Tk4t tTee~ 7 ime sampled: /~ &

Casn
Groundwater: 5kA oi Diamee (in): _________ a) Well Depth (if):

b) Water Depth (ft):

Other. g__________c aerClmI)
d) CaIc. Purge Vol. (gal): ie q.t -

was cams 4w. MWWV ulcby. Sand Nkponmete, Meaity C) by

N.- assWnQ sand pack has 291 peosadIt
am~pla 1. purglng only well casin volua mpla 2. prging aIF casing and sand pac k v1t.n

You have 2-Ic camn and -fi~oot nbc colun. You have 24,h uasing, "chn sand pak. and 6oIdd water oobnn.
no " Pvuaa ogn 01l X6 X- 0.96 gillerm waer On. Pu,. Vohj.. (O.ICXC6)+ (0.71 XC6) * 6.22 gallin wale

Volume Conductivity q Wk-f
Time (gallons) pH (inS) Temperatureo' Color 'urbidity Redox Dissolved 02 Other

~~ o kA~~~~~6 7f ~ q fk_ b il27 /0/ !4±L __3

* ~~~~~~~~ ~~-7m0 -TaD /I 70 /ye 6-I15 __

Total Volume Purged: ,2 w e .h tn Free Product WC~~~)

Odor: sl t" ,w\- k irc t \co b. ,Sheen (yKtQ
Purge Method (disposable bailer, teflon baIlehr'sbnersiblVpump, etc.)

PC,,erVk AY ?'~ -'~& 'P
Sample Method (disposable bailer, teflon bailer, submersible pump, etc.),

?thts4A~~~~cc PLA~4

Well Integrity (condition of casin, flush mount sealing properly, cement seal intact, etc.)

Remarks (well recovery, unusual conditions/observations):

Duplicate Sample ID: __________________

Split Sample ID: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Signed: Date:

Sign ed/rev ~~~Date: 6 ff0

A3 GW Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (le. MW1):

Project Name: Cape Romarnzof 2003 Sample ID (ie. 95BlA WGOO3): o'4 tSOs Cm iv u

Client AFCEE Date Sample Collected: ~z 3 n 4-
Sampler: fk"tf AINA ~ )me sampled: 2~ocYT

Casing
Groundwtr Diameter (in): '-a) Well Depth (if):

b) Water Depth (if):

Other.__________ c) Water Column (ft):j j
d) Catc. Purge Vol. (gal): L'I -0

Casin mete MuhKipl)byJSandP.la Mu.s*c)by.

NO: sa wdg tls 29% ost

.mp~~o I-purging only wall casing tokens . Z.WI.Q caing d mIdpak voitm

n. 24r0 vol ii dt x set odin' teeter iue 6 XO6) (Oil1 X 6) = 5.22 g.afli wae

Volume CondJuctivty

Time (gallons) pH (inS) Teperature (F) Color Turbidity Redox Dissolved 0, Other

C?, .4±3 tr, '2_0 ~A - ~ _

Total Volume Purged: Cl ,i 4, Free Product (yZ62 ___________

Odor.Sen ri
Purge Method (disposable b-ailer, teflon bailer, submersible Pump. etc.)

Sample Method (disposable bailer, teflon baiersberil pump, etc.)

Well idgiy(odto fcsnflush mount sealing properly, cement seal intact, etc.)

Remark (ell rEcoErY , lunusa odit~ons/ose uJns: -Rp o ,-~ T Pt (3

DuplicateSape ID: Y I ~ A \ & rt ~ 9 g 4

Signed/reDaewe

AS GVW Sample Data Sheet
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. ~~Figure A-3

l's ~~~~~~~GROUINDI)WATER SAMPLE DAT.A, SHEET
Pr'jfect ttumr-- 41,12 Lerol cateion lie. MW1II

rnstName Cane Romanzc'f 20fl3 Sml r i.9RAWGCS):

Well infoimetion

Groundwater Dmmeler (ii). ~ ~ ~ ~~ --- a) Well Dentfl ff). - 2
b) Wator Depth (ff): 1 '

Giher: c~ Water C-olurrn (Ut).
d) Cpam Purqe Vol (qoi)-

bet Ccol~~~~~~q ~Calculating Puree Volume iOd ah ty

~~~~~~fl~~~~~~~~~~~~~~~~r- I~ ~ ~ ~ ~~~ ~~~~~~DII. v
PA 1- Muibnooe,, wnh coo~l rates Cflhnpe pur, n wa1ilk ta*In and1 ., d Eok vireton

Dn ~e ovno 0 0 Y, 6 0.90 ft., nie neP',Vlto'(~ X 0) O ~'r I ? goi, e

- fl Volurne~~~~~~~CndutI l
Time (gallon's) l-Ft I ) Tempeiettre (OjjCoborj Tri Redox D's~rlved C2 Gother

Qt~~l volume I'vr~~~~ed. Free, Product tyrl): -________

odor,___ _
Purge kfathod osatle biiler. on boilAEr, submetsible pump, et.&)

Samples lietho sps~ ailer. tefion bailer, subnser olqpm, t.

Wel ln'eprit {cnEa(Ilor of caS~no' to;,fl mount seqiier properly, cemenit Seal otneat, etc.)

Rerark ~w~l ecovery, unusual :onditotrOn~fservq~tons)

OuplicaLe SamnpleiD
Split Sample ID: _____

Sioned: Date: & z~~
Slnd/re~vie:r Dtote

AO CW Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (le. MW11):

Project Name: Cape Romanzof ~2003 ~ sample ID (1e. 95BIA WGOOS); __*1cz5fK

Clien: AFCEE . Date Sample Collected: i4-
Sampler: Time sampled: - 5

WI Wt- N4A¶W.lf QitIIf.

_ REM VW& ~ ~~~Casingof2
Groundwater: ~~Diameter in: k. .a) Well Depth (ft):

b) Water Depth (111):0

Other: ___________c) 
Water Column (Ut):

d) Caic. Purge Vol. (gal): 0 -

Cuhae2-d canin and -to ~wtecouri Y., ha" 24Ind caa, 8-,h snd pack and Wool waarcouni

Y. h. votini 01 8K 6 =e gatos - w ae 
One w Volu. (0.16 Xe6) . O0fl X 6) 6 22 iifSWtS

Time (gallons p Con TmeareC Color Turbidity Redox Dissolved 0 te

Rmars(el recloveynusua codtosOP ralfS

Signvlm Pred hed: Date~:

Split Sample I~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~3 WSape aa he
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Figure A-3

* ~~~~~~~GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (ifi. MWI): Ca fvh'N
Project Name: Cape Ramanzof 2003 -Sample ID (ie. 95BIA WGOO3):

Client: AFCEE Date Sample Collected: c

Sampler., ~ t A , M Time sampled: o

Groundwater: ________ ~Casing i
Groundwater:________Diameter (in): -aa ) Well Depth (It):

b) Water Depth 1)
O ther. __ _ _ _ _ __ _ _ ) ae ou

d) Calc. Purge Vo.(a)

Ml', -mmi nf

Note asu.b ad pat has 29%6 porosK
apeI' pIn, onyWe, cain . wolu.I.. E..mple 2. purgig "elt .asin an d sand pack vl

Y.i ha," 24Inc hcaig end 6-oo wle ctjra. You ~ line Z .In h g c asn 3-ihsad path, sl 6-foo "10 Woinil
ne. Purge Volumes 0.18 X 8*09guaa - 9water On.VPre Vohuli (0.1lOX 6I * tO0Ti X 6) = 6.22 gel., Vist,

lime (gallons) pH MS) Temperatur aO Color Turbidity Redox Dissolved 02 Other

_ _ wt~~~646 I sZ2 /0

Total Volume Purged: &.tO¶= FreeProduct (yn ___________

Odor: ----- 17> Sheen (y/n):
Purge Method ( ~posal betrl bailer, submersible pump, etc.)

Sample Method It lailerAdflon bailer, submersible pump, etc.)

Well Integrity (condition of casing, flush mount sealing properly, cement seal Intact. etc.)

&ooP0'
Remarks (well recovery, unusual conditions/observations):

rf IN Ls/4 0S-

Duplicate Sample ID:
Spit Sample ID:

Signed: Date:

Signedlreviewer: A Date:

A3 GW Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number. 4112 Sample Location (ic. MW1): V
Project Name: Cape Romanzof 2003 Sample ID (ie. 95BIA WG003):

Dlent AFCEE Date Sample Collected:

Sampler. n lme ampold: A

Casing

Groundwater ___________Diameter (in): ____________a) Well Depth (fi): __________

b) Water Depth (ft). :_________

Other __________c) 
Water Column (ft). : ________

d) CaIc. Purge Vol. (gal): _ __________

Vv4 ptZ2~~~~A~~ ,-.~~--.-p 7 W -

2 ~ ~ ~ ~ ~ ~ ~ ~ ~ .2

Od-r P'-
1 qiiy 

TC-En*.2 
p IWO.a wso o -va

Purg Mt ho i d' ca iso sa- bailer.ZTC Yu subiinMneernud;a&p-umptw

Well ntegity pondiio of casing , flush ou t setn rpetcmn seln act etc.__

thee - 'Wall Voalume Candudifly:

orli Sheene In

PureMehd (dsoalDbieatflnbieeumrilepmea

Split Sample ID: ______________________________W 
ampleDataShee
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Figure A-5
Sediment Sample Sheet

SamplelD O1Lro3$) GLsb Date 6-1>-O1 Time 1SO00

Site LV063 Sampler r~
Location LV 1E QAIQC Sample

/Jo -qo£4~
I*Issociated QNIQC Sample

S plit _ _ _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _ _

O7 Marine El Lake/Pond (LK) Sample Depth "'I
o Brackish A0ERiver (RV). Total Depth _____

R Freshwater Stream/Creek (SP) El Seep/Spring (SE) F Other

El Clay __ _ _ _ _ __ _ _ _ _E Color are !nl K .. t src ( 5 tAC c

____ ____silt__ E Odor N ,e& u
Sand __ _ __ _ _ l Sheen Mtx

El Gravel __ _ _ _ _ _ _ _ l Debris r.594S c~~~ Organic_____E Other____

Location Diagram/Notes Q ~Of ($P~?(,? -L*

A5 Ssdlrnt Sa.,l. Shet
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Figure A-5

Sediment Sample Sheet

SampleID Oq L oeso 20 D t 5Date 6-tYO Time u
Site LI-Or Sampler [Y) C-

Location 5I QA1QC Sample

El Associated QA/QC Sample
Split _ _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _

U Clay __ _ _ _ __ _ _ _ color ___ _r __ M IA__

9 Silt _ _ _ _ _ _ _ _ U Odor Aj w-

U Sand __ _ _ _ _ _ _ Sheen A-9_ _ __ _

U Gravel __ _ _ _ __ _ _ Debris D -
U Organic __ _ _ __ _ _ __ _ Other _ _ _ _ _ _ _ _ _

Location Diagram/Notes Tt0O ?A cs

CDA

AS Sed!.mnt Sample Sise
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Figure A-5

Sediment Sample Sheet

SamplelID U'1q-0550055US Date 6-13-cl Time ______

Site LVo3 Sampler / -t/fV\C

Location W u3 I QA/QC Sample

O Associated QA/QC Sample
* S plit _ _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _ _

U Marine U Lake/Pond (LK) Sample Depth 6"

U1 Clay _______Color ree'sv
W Silt______ Odor lao~
U Sand __ _ _ _ __ _ _ Sheen A-o
O Gravel n__ _ _ _ _ _ _ _ Debris . ~.

Organictc`4 I b U Other_______

Location Diagram/Notes Sh pt~FAi

M Sed~net Sample Sheet ~c / %
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Figure A-4

Surface Water Sample Sheet

SamplelID 2 i= o3S0 as- Date Time rtSTim
Site u- ~o-3 Sampler _ MC

Location -5 \Ai j • O5 U QAJOC Sample

U1 Associated QN1QC Sample
Split ____________

Duplicate

U Marine U Lake/Pond (LK) Sample Dept /
U Brackish U1 River (RV) Total Depth '

U Freshwater U Stream/Creek (SP) Velocity (ft./Sec.) .

X Seep/Spring (SE) U Other Flow Direction _ _

UEmergent Vegetation

Temperature 0C U Color ,(c

pH 7_ _____3 __ Odor r o. -

Conductance (inS) 22 Sheen ivCIo

U1 Debris vO ,

Dissolved 02 ElU Turbidity A

Location Diagram/Notes ?Av\- PC\( ?A

x ~%Z0
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Figure A-40 ~~Surface Water Sample Sheet

Sample ID p EOSA% Datej D-C3 4 Time _ __

Site_______________ Sampler V
Location 'b5 QAIQC Sample

Associated QAIQO Sample
Split
Duplicate n Q55t'

n Marine 0 Lake/Pond (LK) Sample Depth
U Brackish U River (RV) Total Depth 3 fi
U Freshwater KStream/Creek (SP) Velocity (ft./Sec.) J~.
o Seep/Spring (SE) n Other Flow Direction 'f ro
o Emergent Vegetation

Temperature 0C U '( Colorck c
pH U'j~<1 Odor_ ____

Conductance (inS) El Sheen )oV\
U1 Debris C

Dissolved 02 U 4 -( Turbidity (V90

Location Diagram/Notes a~,Mc4 I ,95 PCrs~s ,P'A 5

M Sufc Water SamW. Shad
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Figure A-4

Surface Water Sample Sheet

SamplelID O ~ L-FO3-,W3 L) 0Date________-V Time I)%o5

Site L(-G Q 3 sampler TtO /
Location SC? Ws 1Sf) Ifl QA/QC Sample

U Associated QA/OG Sample
S plit _ _ _ _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _ _

U1 Marine U Lake/Pond (LK) Sample Depth

U Brackish U River (RV) Total Depth 6
U Freshwater U Stream/Creek (SP) Velocity (ft./Sec.) .

P4Seep/Spring (SE)fl Other Flow Directi onn_

El Emergent Vegetation

Temperature OC Co UGlor C-kecc~
pH -7, ___ _ __El Odor -- aLt

Conductance (inS) .0 U Sheen ___\______

U Debris --- c .

Dissolved 02 j05 ~ Turbidity \

Location Diagram/Notes C ThR-- ?C3S

A4 Sfds Wto ar S.srt- Shot~(~~
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Figure A-S

0 ~~~~~~~GROUNDWATER SAMPLE DATA SHEET
Project Number. 4112 Sample Location (le. MWl): tNV S
Project Name: Cape Romanzof 2003 Sample ID (is. SSBIA WG0O3):
Clent: AFCEE Date Sample Collected: O 0
Sampler. MTIr~C- Time sampled: to

roundater .IQ~I...............Diametern ..... L......Well Depth (t) 2:
b) Water Depth (ft): I ,/t

Ohr.__________ C) Water Column (ft): (a-r.,

d) Cale. Purge Vol (gl)

_________ ~~~~~Calcu laef putri ol umi_ __ _ _ __ _ _ __ _ _ _
.5 et. O&M P~n a)by I ~n ~ 5M ~S )by

Time (gallons) pH J~B)4 TemperaturejA Color Turbldsty Redox Dissolved 2Oer F....
M.3 3 aclo Ksont 4L ¶0

r2 A~~~~o e - li>

Total Volume Purged: ________ ________ Free product (yin):

Pur Mtho (dspoabl baser mfountbilr subealinge puelcmenp elit, etc.) 6 ,L o

Remarkl(el rehovey unussuabl cbnitir tfonbiesuobsmevations) patmpc p..

p~~t Sample ID: 10~

Duplicate Sample ID: "U~~~~~~~~~~~~~~~S ampeDt he
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number. 4112 Sample Location (le. MWI):0

Project Name: Cape Romanzof 2003 Sample ID eiS-5BIAWG003OSYi

Client: AFCEE Dale Sample Collected:

Sampler. LC_~/f~ Time sampled: 9

Wenhll lntnnaiiiton
Casn

Groundwater. i~i~ Diaetr (in): -_________a) Well Depth (ft):2 3
b) Water Depth (ft). 7

Other. ________ _ 
c) Water Column (It): l

inrtrjt'YA'v d) Calc. Purge Vol. (gal): 2,2

Pt~~~~~r~~~okrrO18 Xe=O ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0.8X9e.(al 5

FIEILDMEU ____

T tme (gallons) pH (MnS) .Temperature (F) Color Turbidit Rox Dsove 2 othr

Total Volume Purged ________ ________ Free Product (yin)'

Odor. ~~~~~~~~~~~~~~~Sheen (yin):

Purge Method (disposable bailr teflon bailer, submersible Pump, etc.)

?ene1~* 41C Po mn(i
Sample MetR (d.isposable ailer tefOn balrsbeilepme)

oill Intei;y ~(condition of -casing, flush mount sealing properly, cement seal intact etc.) -c ~ d

v\Jell hasq iviabtAt Fuid tvk7,vl sC tld - 'yOU14 6 e~ w
Remarks (well recvery, unusual conditons/obSevations):

Duplicate Sample ID: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Split Sample ID: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Signed: /r ate:

~Signdrvewr4 Date: 0/-

A3 GW Sample Data Sheet
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Figure A-3

0 ~~~~~~~GROUNDWATER SAMPLE DATA SHEET
Project Number. 4112 Sample Location (i. MW1): IA 10 S4
Project Name: Cape Romanzof 2003 Sample In Pe. 95BLA WG003): V;;; Gi

Clent AFCEE Date Sample Collected: 1 2
Sampler: P4W 1 (\MA( Thise sampled:I-aC

Well bffonlaadogi
Groundwater. ~~~Casing L
Groundwater A oL~~~~ Diameter (in): -____________a) Well Depth (if): ( S

b) Water Depth (if): A0
Othor _________ c) Water Column (ft) C

d) Ca~c. Purge Vol. (gal):

_____ ~~~~~Calicullating PurgeValumi _________

N - San ~ has29% -. i

_____ _____ FIELD UEASUREMENTS _ _ _ _ _ _ _ _ _ _ _ _ _ _

Volume Cnutvt C
rime (gallons) pH 4m31A,6Temperrature (f) cob Turbidity Redox Dissolved 02 Other P

*115 I's s4&5 Z•BZ rr - 0

W A.5 IfA c4 ff A LL4C n

Total Volume Purged: e Free Product (yin):
Odor. ~ Sheen (yin):
Purge Method isoaf aler on bailer, submersible pump, etc.)

&Y 58otPPe1t I$V051 - 4r7-C'(NiJ& V1A'JW - 10" peat West T' 40 )t~e&-JT

Remarks (well recovery, unusual conditlonsiobservationa): I ' i F

~2~LL pty jg FAM tWsUWtb- WLLS"I- WXAPP\ 13060&UJ&~ Wd 1SE As
<ArvthD-epl - p~eeHA#S' CetFw ido

Duplicate Sample ID: AT&1V "MC''
Split Sample ID:N0 NCTO

Signed: Date: _ _ _ _ _ _ _

Sindrviewer: Date:

A3 GW Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number 4112 Sample Location (ie. MW1):4

Project Name: Cae omnof203Sample ID (is- 95BIAVWGOO3):

Client AFCEE . Date Sample Collected:

2mpler: 3T \ TAime samnpled: 3 A ~~

Csng

Groundwiater. __________ Diameter (in) __ _ _ _ _ _ _ _ _ _ _a) Well Depth (MY)
b) Water Depth (ft):

Other._ _ _ _ _ _ _ _ _ _ 
c) Water Column (if): ___________

d) Calc Purge Vol. (gal): ___________

Calcuklaing ~Volt.
CaM's Dlr~~~t' Mdl'91y ci b1

~~SaM Padk D a JMAt c) byy

isM I. pin.g9ft 5caigyaii 
E1.npI Z-"* P.& ainadsadpac *.

Y.j ha 24~ an fnd £4lV. 0AYu 
Pa~ las~g B-d sa) -. (a 1 6.4oo 5,: r 00m

________ - - ~~~~FIELD IMEASUUMNS_ __

lime (gallons) p1 (S) Temperature (F) Color Turbidity Redox Dissolved 0 te

Total Volume Purged: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Free Product (Yin):-_ _ _ _ _ _ _ _ _

Odor: Sheen (y in)

Purge Methd (disposable hailer, teflon: bailer, submersibl pump. etc.)

Sampl Mt sps balr onbiesbeilePUMP, etc.)

e~liIntegry V(condition of casing, flush mount sea119lngproprl,cementsa intactetc.)

Rem-ais.(w~ell recovery, unusualcon~d~iion-Slobwagions)

Duplicate Sample ID: _ _ _ _ _ _ _ _ _ _ _ _

Split Sample ID: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ined: 
Date

giged/reviewer / .z Date:/-Sa

AS GW Sample Data Sheet
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Figure A-6

Surface Soil Sample Sheet

Sample ID * 0t55U3t&Sa:3s Date b '1 ' Time io%1 -
Site 56 1/3 Sampler t-lJC-

Location tsar 4nm-4i 7~-: El QAIQC Sample

n Associated QA/QC Sample
Split _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _

Sample Depth 6ŽL Le~-

Total Depth 3

Clay __ _ __ _ __ _ Color t~a ri, 6.v x,.g
gSilt____El____ Odor t4o
USand __ _ __ Sheen A/J

U7 Gravel _______ Debris OrA O~fst
Organic __ _ _ _ _ _ _ _ _ Other _ _ _ _ _ _ _ _ _S ~~~~~~~~~~~~~~

Location Diagram/Notes

C~~~fV

L DIZ71 iw/ rqf r 4~

AS Surfac ScU Sample Shee
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Figure A-6

Surface SOil Sample Shieet

Sample ID.'S 0 $Y3tA 7-Date 4/1/01Time loti

Site S 5/ i3 Sampler Mkfb

Location ft 7yj.4 OA/OC Sample

U Associated QA/OC Sample
Split _ _ _ _ _ _ _ _ _ _ _ _

Duplicate

Sample Depth -~L5L6-.

Total Depth ~2- 1

$9 Clay ________ 
Color fttL*~

Silt______ Odor---n

LI Sand [I___ Sheen AP/d

U Gr avel_ Debrris/

~Org anic__ Oth er_

Location Diagram/Notes

AS Surfa Soal Sonple Shoot
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Figure A-S

Surface Soil Sample Sheet

Sample ID Ot5s/iS -t aS 5 DateŽ]lTjime loz
Site •5/Ž3 - .1 A -103 Sampler M-),$

Location Cj~ Arn, p, QA/QO Sample

U Associated QA/OC Sample
S plit _ _ _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _

Sample Depth 5U'k c
Total Depth _ _ _ _ _ _ _

9'Clay 7Color aog,
giSilt__ __ _1 Odor A"'I

U Sand _ _ _ _ _ _ _ 0 Sheen. 10

U1 Gravel __ _ _ _ _ __ _ _ _ Debris _ _ _ _ _ _ _ _ _

* ~~~~Org anic__ Oth er_

Location Diagram/Notes

foA~sn~tnd dscovre4 44~74be/.ss'S

0~~~~~~~~~~~~~~~~~~~~~20

AS S.48a. Soil Shm0e SI*.t
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Figure A-5

Sediment Sample Sheet

Sample ID pS3sSBDatek4$Time
site cg;a f~j S Sampler 2;:___

Locaton Ar. r*.~~~)Q9 A/QC Sample L

t Associatedl QAJO SmQ
Split I__ _ _ _ _ _ _ _ _ _

Duplicate n'~z:4.S In0Is N

U Marine U Lake/Pond (LK) Sample Depth "-b 1 '~~x uLf4t

U Brackish U River (RV) Total Depth _'--3"

D Freshwater Stream/Creek (SP) U Seep/Spring (SE) U Other

Clay___El___ Color kj%0- i"II t-rMVIAhs-4~
Silt D__ _ _ _ _ _U Odor t

U Sand __ _ _ _ _ _ _ _ _ I Sheen R
U Gravel __ _ _ _ _ __ _ _ _ _U Debris _ _ _ _ _ _ _ _ _

K Organic ElU Other_ ___

Location Diagram/Notes

5$. o\

ASSdiment Somple Sheet
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Figure A-S

Sediment Sample Sheet

Sample I oSil)n4 Date b4fl Ic71- Tine IDflO
Site ss SG-6oc& Sampler ST;
Location _________ Q AJOCSam Ie&SIM$Z

U Associated ONOQC Sample
Split _ _ _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _ _

El Marine 0 Lake/Pond (LK) Sample Depth A-' 1 f tM4v -
El Brackish U River (RV) Total Depth '- q ftMyu I
U Freshwater ~.Stream/Creek (SP) U Seep/Spring (SE) C: Other

Clay_______ Color AL-jr lhhtr,-g4*Aj
U silt __ _ _ _ _ __ _ _ _ Odor ~J oe

C Sand__ _ _ 0 Sheen ______
C Gravel 1-1___ _ _ __ _ _ Debris _ _ _ _ _ _ _ _ _

~organic 2-o '7 Other_ _ _

Location Diagram/Notes

AS Sediment Sample Shet
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Figure A-4

Surface Water Sample Sheet

Sample ID 0; p145lSW1jSW Date-o~vq tTimeJ159S

Site___________________ Sampler gr I Mt
Location (oM *.frl lts a4 K QAJQC Sample 50w~jpwe

tAddihnMt4 ~yLX Associated QA1QC Sample
Split
Duplicate0

II Marine El Lake/Pond (LK) Sample Depth •!L.'
U Brackish U River (RV) Total Depth

KFreshwater ;KStream/Creek (SP) Velocity (ft.ISec.)_:

U Seep/Spring (SE) U Other Flow Direction A L
El Emergent Vegetation

Conductance (inS) 0 Sheen
Dissolved 02 U~~ ~~~ Debris NO

Dissolved___02___ Turbidity i~ 4 j-I

Location Diagram/Notes
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Figure A-4

Surface Water Sample Sheet

Sample ID Jf4 T5i3•WOZ 5W Dateti.LLLf Time 1!530
Site S$ 13/ s jZ Sampler 6t-r!Pyt
Location f0ra o-f OAIOC Sample

0 Associated QAIQC Sample
Split _ _ _ _ _ _ _ _ _ _ _ _

Duplicate _ _ _ _ _ _ _ _ _

fl Marine U Lake/Pond (LK) Sample Depth -

C Brackish C River (RV) Total Depth -

1WFreshwater XStream/Creek (SP) Velocity (ft./Sec.)__.-
C Seep/Spring (SE) C Other Flow Direction y!
C Emergent Vegetation

Temperature IC 7. KColor &ttAL
pH Ufd Odor 1aIy

Conductance (inS) 0 217U Sheen NOY
U Debris 7 ie

Dissolved 02 11.4C Turbidity . t ~ -

Location Diagram/Notes

A4 Sut... Wale' Sample Stt
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Figure A-4

Surface Water Sample Sheet

Sample ID 04% 13EAV35N Date .. /tTime Wo

Site ; 3 i - 3Sampler 6T_ __ _ __ _ _

Location RoYAknVC{L_ U QAJQC Sample

U1 Associated ONOQC Sample
Split _ _ _ _ _ _ _ _ _ _ _

Duplicate

UMarine LI Lake/Pond (LK) Sample Depth 7"~1
UI Brackish U River (RV) Totai Depth Z'
x Freshwater x$"streamlCreek (SP) Velocity (ft./Sec.)_-~

El Seep/Spring (SE) U- Other Flow Direction i L L
UEmergent Vegetation

Temperature OC iJi;2 , Color SICAC

pH jj1 [I Odor N'
Conductance (inS) EJ Sheen No

Ul Debris SNOW

Dissolved 02 i0 U Turbidity Vet7 tif iI c.

A 4 S r fate W al er San Wpl s hee
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET
Project Number: 4112 Sample Location (ie. MWI):

Project Name: Cape Romanzof 2003 Sample ID (le. 95BIA WG003): _ _______

Client: AFCEE Date Sample Collected: 0q
Sampler. C Walt' M 4 LaV-iA Oa fl ad Time sampled: 92000

Casing 2it
Groundwater: ~Diameter (in). 2- -a) Well Depth 1)

b) Water Depth (ft):_________

Other: ____________c) Water Column f)

d) Calc. PurgeVo.(a)

Not.: asu"Nt' sam S h.2d o
Eonpia I. purino onlY wall casin vogten Ex-nrpd 2- purtn waf casimg and sand pack iM..
oYi han 2McJ, ua* and 8-fot watr rW.. You ha. Zndt c*Sfg. "O~c sand p~ack and 6-ooWatnu
n. ~"r Vo'm*. 0.18 X a 0.98 galn. Wit n Purge Vohjrnes(0.18 K 8).(0 71 X6) .5.22 iO.s wate

Volume Conductivity .a-x .
Time (gallons) pH (inS) Temperature)M Color Turbidity Redox Dissolved %, __te__

Tota Volume Purged: ___________________ Free Product (yin): lr4-
Odor. W~t.. Sheen (yin): \Pt2-r' L-T1- L Iz-
Purge Method (di ____bl a[ ,teflon bailer, submersible pump, aet.)

Sample Method (diRtsbE Iebir. teflon bailer, submersible Pump, etc.)

Well Integrity (condition of casing, flush mount sealing properly, cement seal intact, etc.)

Riemarks (well recovery, unusual conditions/observations):

AX2PCP ALC-P.
Duplicate Sample ID: ______ _________

Spilt Sample ID: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Signed: ________________ __ Date: ('?21q

Signed/revierwer: UDat6:

A3 GW Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number: 4112 Sample Location (ie. MWI): 15 r W A) V4 7- -

Project Name: Cape Romanzof 2003 Sample ID (ie. 95BIA WG003): 174 S S IYW IO2. 4 ~ V

Client AFCEE Date Sample Collected: ______________

Sampler: bPATMt Time sampled; /S140

Casing

Groundwater: 4 .Diameter (in): Ai.. ... a) Well Depth (if): o'1
b) Water Depth (ft): ,e.

Other: ... ,nLf..L..C kaCt c) Water Column (if): ±........
d) Cac. Purqe Vol. (gal): 4 I -~

Not: atlfS~sed flhas 29% Po.osMY

Enmp4 2- Purg0 g wel, caig n iad paok volum

Total Volume Purged: ~ .. Free Product (yin):o

Sample Matho ~Tpsbebie~bieteflon bailer, submersible pump. etc.)

Well Integrity (condition of casing, flush mount sealing properly, cement seal intact, etc.)

Remarks (well recovery, unusual conditions/observations);

9emoved i~ f~'" t-aK~~

DuplicaSape ID:
Split Sample ID: ________________

Signed: Date: co v o

Signed/reviewer C. --- ~~~~~~~~Date: l1 1

be kmvio 9-
A3 GW Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number. 4112 Sample Location (ie.MWl): ~ A"43
Project Name: Cape Romanzof 2003 Sample ID (ia 95BIA WOOD3): o r -ii!~ MVoZ-- Ct4

Client AFCEE Date Sample Collected: 171al

Sampler. S tl Time sampled: /%-a 0

Casing
Groundvater:-4 0 Diameter (in): -ia) Wenl Depth (if): I A

b) Water Depth (if):

Other.,__________ c) Water Column (It):
d) CaIc. Purge Vol. (gal):

t. Oan I*r ) ~by- I NP a' I C b
r - I TOO a,,

wm lP MY1___________j __________~~~~E,," 2 M _ _ _

N - - d( - 3

1-p~sg'n Voluwme Conductivitya - an ~dpf..h~i

Totl Vluolumeed Conductiducity -It
Timge (at allons) ailer sumeS7bl Temp.erturc.) oor Trdt adxDsove ,Ohr

Samle Mahonbilr subesil pump, etcZ.)~ __

W A~~~~~I 1,t5-5 - -i DI- vu ASnLv _____ --I-

Samplae Smot ipoble bailrTn bile, sbmeribl pup, tc.

Sined/reatiewerC

0 ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A3 GIN Sample Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET

Project Number 4112 Sample Location (le. MWI): .iL\/ L2,
Project Name: Cape Romnanzof 2003 -Sample ID (le. 95BIA WG003):

Client AFCEE Date Sample Collectedl:

Sampler. Time sampled:

Casing
Groundwater. Diameter (in): 2a) Well Depth (ft): 2p3

b,) Water Depth (ft):40

Ohr.__________ c) Water Column (ft): 4

V4 hre:LmctA wnAA t c r i fnr JMteVf cl ac Purge Vol. (gal); 2

C~v 1AM0 by.IL~711y
Exapi 2-prbg ng-asd-vk

Pig Vonr 'S (8Vo~f me Conuctvit

lime (gallons) pH (inS) inpemratture(F)i Color Turbidity Redox Dissolved 02 Other

Total Volume Purged: ________________ Free Product (yin): h

Odor. ~~~~~~~~~~~~~~~~Sheen (yin):
Purge Method (disposable bailer, teflon bailer, submersible pump, etc.)

?~er-nem dc P-d-A(r
Sample Method (disposable bailer, teflon bailer, submersible Pump. etc.)

f~tA94 q7- I f1 f -bng
Well Integrity (condition of casing, flush mount sealing property, cament seal intact, eta)

wed has' \flC-vtrtfQP ¾k-Vlvil vb -cmou(l vout ce rim c,
Remarks (well recovery, unusual conditions/observations): 1

PI/P NA 5AYWW /;~
Duplicate Sample ID: ______ _________

Split Sample ID: ________ _______

Signed: ADate: L i 0
Siginecdreviewer. Date:

A3 GWv Samrple Data Sheet
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Figure A-3

GROUNDWATER SAMPLE DATA SHEET
Project Number. 4112 Sample Location (Ia. MW1). N:O
Project Name: Cape Romanzof 2003 Sample ID (le. 95BIA WGOOS):

Client AFCEE Date Sample Collected: I04
Sampler. Time sampled:tae

Casing .,-

Groundwater. i s Diameter (in): ak~ ) Well Depth (ft).
b) Water Depth (ft).

Other. ___________) Water Column (Vt): C7C

d) Catc. Purge Vol. (gal):

r- inn 1 ~~~~~~~~~~~~~~~0 1 07

D * _~V.0l x6O f 1 2! V~ P1 )M7 )-

Volume Conductivity ps
rime (gallons) pH ju~rA C TemperatumJJ Coo ubiiy Rdx isle 2Ohr

4%nJ~~~~7Zfl ZiiiiKwas 'orL _ j

Total Volume Purged: _________________ Free Product (yin): s
Oor Mehoon Shelen (yin)

Purge Mehd(disposable bailer, terflon bailer, submersible pump, etc.)

2w45l4A[41L' (Ur'{
Sample Method (disposable baiter, teflon bailer, submersi Ie pump.'etc.)

WelllIntegrity (cndtondoaiongflsmountcsalrngpopetrly emnt a intact, etc.)a

Remarkcs (well recovery, unusual conditions/olbseratkons): -thglr ye1T mta%+
VVC1IAWX~VIA t~i4'imY - egC~ ~$~ r1tt4v@ aLd WAS CO%2CCfl4

Duplicate Sample ID: ' 'pAinA a?.
Split Sample ID: fW

Ir.

Sined: _ _ _ _ _ _ _ _ Date:

Slgnedfireviewer Date:

A3 GW Sample Data Sheet
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0 ~~~Appendix D

Quality Assurance Report

0



144 185

Appendix D - Quality Assurance Review
2004 Monitored Natural Attenuation Cape Romanzof LRRS

APPENDIX D: QUALITY ASSURANCE REPORT (QAR)

I QUALITY ASSURANCE REPORT (QAR)

In general, the overall quality of the data for the Monitored Natural Attenuation (MNA) sampling event at
the Cape Romanzof sites SS513, 51 5, and LF03 is acceptable and is considered usable for the purposes of
this project. The QA/QC data indicate that the quality control mechanisms were effective in ensuring
measurement data reliability within the expected limits of sampling and analytical error. Where
applicable, the appropriate data qualifiers have been assigned to the analytical results as discussed herein.
The computed completeness percentage for this project is 100 percent.

The data review procedures, calculations, and qualifications used for this project are based on the Air
Force Center for Environmental Excellence (AFCEE) and U.S. Environmental Protection Agency
(USEPA) procedural guidance documents. The reference documents used include the AFCEE Guidance
for Contract Deliverables, Quality Assurance Project Plan, Version 3.1 dated August 2001, USEPA
Contract Laboratory Program National Functional Guidelines for Organic Data Review (EPA 540/R-
99/008), October 1999; and the USEPA Con tract Laboratory Program National Functional Guidelines
for Inorganic Data Review (EPA 540/1R-01/008), July 2002. Specific procedures, calculations, and
qualifications for this sampling program have been completed in conformance with the June 1, 2004 final
Quality Assurance Project Plan (Paug-Vik, 2004) for this project.

1.1 Project Summary

SOS Environmental Services (SGS) provided project laboratory services for the field sampling event at
SS13 and 5515. The five analytical data packages (SGS work order numbers 1043252, 1043258,
1043273, 1043659, and 1045677) provided by the project laboratory were reviewed to evaluate the
integrity of the associated results. Sampling at these sites was conducted on June 8, 9, and 22, and
August 31, 2004. 505 Environmental Services also provided laboratory services for samples collected at
LFO3. The six analytical data packages (SOS work order numbers 1043353, 1043358, 1043361.
1043724, 1043725, and 1045677) provided by the project laboratory were reviewed to evaluate the
integrity of the associated results. Sampling at site LF03 was conducted on June 12, 13, and 24, and
August 31I, 2004.

1.2 Data Quality Objectives

The Final Work Plan for 2004 Environmental Monitoring and Remedial Investigation/Feasibility Study at
Cape Romanzof LRRS (dated June 1, 2004) provides the list of analytes to be included during the site
investigation activities. The analytical reporting limits required for this project include the most stringent
of the following requirements:

* 18 AAC 75 Method Soil Cleanup Levels (Tables B I and B32)
* Alaska Water Quality Standards 18 AAC 70 (Ground and Surface Water)
* NOAA Screening Quick Reference Tables (Sediment)

2 Summary of QA/QC Procedures

Problems with analytical data usually occur in spite of all precautions taken in the planning and execution0 ~~~of the sampling and analysis task. This Quality Assurance Report (QAR) specifies any data problems in
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terms of the data that are affected and how these data may be limited for use in their intended

applications. The data assessment is conducted in a two-step process. The first step is performed by the

analytical laboratory and is based on their standard operating and quality control procedures. After the

laboratory analyses have been completed and the laboratory has reported the data, the architect-engineer

(AE) firm performs the second step of the data assessment. This QAR discusses the second step of the

data review process. The data review procedures that were performed for this project include:

* Initial review of analytical and field data for complete and accurate documentation, holding time

compliance, and required frequency of quality control (QC) samples.

*Evaluation of blank samples to identify systematic contamination.

*Statistical calculations for accuracy and precision using the appropriate quality control sample results.

*Assigning of data qualifier flags to the data as necessary to reflect limitations identified by the data

assessment process.
*Estimate of completeness, in terms of the percent of valid data.

Quality control data provide information for identifying and defining qualitative limitations associated

with measurement data. The following key types of QC procedures provide the primary basis for

quantitatively evaluating data quality:

*Sample handling procedures.
*Field and laboratory blank samples.
*Laboratory control samples.
*Matrix spiked samples.
*Surrogate spikes.
*Field duplicate and split samples.

2.1 Sample Handling Procedures

Proper sample handling techniques are required to ensure sample integrity. The following items are

included in the sample handling criteria:

* Sample collection (i.e., container type) and preservation method.

* Maintaining proper sample temperature during storage and transport.

* Chain-of-custody procedures to prevent sample tampering.

* Holding time limits for sample extraction and analysis.

* Proper sample labeling and documentation to ensure correct sample identification.

The analytical data reports received from the laboratories were reviewed to determine compliance with

the sample handling and holding time criteria.

2.2 Blank Samples

2.2.1 Laboratory Blank Samples

Laboratory blank samples (method blanks) are laboratory-prepared, analyte-firee matrices designed to

detect the introduction of contamination or other artifacts into the laboratory sample handling and

analytical process. These blanks play an especially important role in sampling programs involving trace-

level analyses or analytes that are solvents commonly found in a laboratory.
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. ~~2.2.2 Trip Blanks

A trip blank is a sample of analyte-free media taken from the laboratory to the sampling site, and returned
to the laboratory unopened for analysis. A trip blank simulates a sample container and sample traveling
to/from the field. It is used to document contamination attributable to shipping and field handling
procedures. This type of blank is particularly useful in documenting contamination of volatile organic
samples.

2.3 Laboratory Control Samples

Laboratory control samples are used to assess analytical performance under a given set of standard
conditions. These are synthetic samples containing some or all of the analytes of interest at known
concentrations and prepared independently from calibration standards. The samples consist of laboratory
control samples (LCS) and laboratory control sample duplicates (LCSD). Typically analyzed with each
analytical batch, laboratory control samples may be used to estimate analytical accuracy and precision by
comparing measured results to theoretical concentrations.

Laboratory control samples are also duplicated in the laboratory and then analyzed in an identical manner
by the laboratory to assess the laboratory's internal precision. The analytical precision is expressed by
the relative percent difference (RPD) between the measurement results of the two duplicate samples.

2.4 Matrix Spikes and Matrix Spike Duplicates

Matrix spiked samples are field samples to which known amounts of a spike compound (one of the
analytes of interest) has been added. Both a spiked and an unspiked aliquot are analyzed. The difference
between the concentration of the spike compound in the spiked and unspiked aliquots is compared to the
amount of spike added before the extraction process. Since actual samples are used for the recovery
determination, any matrix effects are taken into consideration. Usually expressed as a percentage of the
mass of the spiked amount, spike recovery can be considered a measure of the method accuracy in the
field sample matrix.

Matrix spikes samples are also duplicated in the laboratory and then analyzed in an identical manner by
the laboratory to assess laboratory's internal precision. The analytical precision is expressed by the RPD
between the measurement results of the two duplicate samples.

2.5 Surrogate Compounds

Surrogates are generally added to all analytical samples being analyzed for organic compounds. All
samples are spiked with one or more of the surrogate compounds, which are chemically similar to the
analytes of interest but are not expected to be present in the original sample. Recovery of these surrogate
compounds gives an estimate of the effectiveness of the extraction and analysis for each individual
sample.

2.6 Field Duplicate and Split Samples

Field duplicate samples are collected simultaneously with or in immediate succession to a primary project
sample. Duplicates are designed to replicate their primary samples. Duplicates are treated in the same
manner as the primary sample during all phases of sample collection, handling, and analysis. Duplicate

sample results are used to assess precision, including variability associated with both the laboratory
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analysis and the sample collection process. Split samples are collected in an identical manner to duplicate

samples; however, they are submitted to an independent laboratory for analysis. Duplicate field samples

were collected and submitted blind to the project laboratory at a frequency of ten percent for this

program. Split samples were not collected under this sampling program.

The analytical results are reviewed for agreement with each other or their respective reporting limits and

evaluated for comparability. The primary, field duplicate, and QA laboratory results must be within the

RPD established by each of the analytical methods as established in the QAPP to be considered

comparable. Estimated data (results that have been quantified below the reporting limit and results

qualified with an "F" flag) will not be considered significant for the purpose of data agreement.

2.7 Completeness

Completeness is calculated for the aggregation of data for each analyte measured for any particular

sampling event or other defined set of samples. Completeness is calculated and reported for each method,

matrix and analyte combination. The number of valid results divided by the number of possible

individual analyte results, expressed as a percentage, determines the completeness of the data set. For

completeness requirements, valid results are all results not qualified with an "R" flag. The requirement

for completeness is 95 percent for aqueous samples and 90 percent for soil samples. For any instances of

samples that could not be analyzed for any reason (holding time violations in which re-sampling or re-

analysis was not possible, samples spilled or broken, etc.), the numerator of this calculation becomes the

number of results possible minus the number of non-reportable results.

The formula for calculation of completeness is presented below:

% comletenss -number of valid (i.e.. non-R flaggied) results
% comletenss =number of possible results

2.8 Data Qualification

Based on the data assessment the analytical data results are flagged with qualifiers to indicate potential

problems with the qualified results. The following is a list of data qualifiers that were used in this report.

A definition of the data qualifier meaning is also provided.

0
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O ~~Table E-1 Data Qualifiers

Qualifier Description
I The analyte was positively identified, but the quantitation is an estimation.

ND/U The analyte was analyzed for, but not detected. The associated numerical value is
at or below the method reporting limit. The method reporting limit is shown in
brackets.

F The analyte was positively identified but the associated numerical value is below
the laboratory's reporting limit.

R The data are unusable due to deficiencies in the ability to analyze the sample and
meet QC criteria.

B The analyte was found in an associated blank, as well as in the sample.

M A matrix effect was present.

S To be applied to all field screening data.

T ITentatively identified compound (using GCUMS).

V Indicates that the data qualifier was assigned during the data review process, as
____________I opposed to being assigned by the laboratory.

3 DATA QUALITY REVIEW OF SSI3AND SSI5 SAMPLE DATA

0 ~~Samples collected at SS13 and SSI5, consisting of surface soil, ground water, sediment, and surface
water, were analyzed in accordance with EPA methods found in SW846. QC procedures associated with
these samples included the evaluation of sample holding times, sample containers and preservation, blank
samples, laboratory control samples, field duplicates, matrix spikes, and surrogate spikes. Results of
these analyses are discussed in this section.

3.1 Holding Times

Holding times for all analytical sample requests were reviewed and found to be consistent with the
USEPA recommended holding times.

3.2 Containers and Preservation

Samples were received in containers with preservation consistent with requested analyses to be performed
at the laboratory.

SGS Environmental Services Alaska Division received the samples for this project in six coolers. All six
coolers had cooler temperatures within the recommended temperature range of 4 ± 2 degrees Celsius.
One temperature blank was below the recommended temperature range, these results are not qualified as
no effect on the results was apparent.

3.3 Ground Water Samples

Five groundwater samples were collected at SSI 3 and SSIS5 for gasoline range organics (GRO), diesel

range organics (DRO), residual range organics (RRO), benzene, toluene, ethylbenzene, and xylenes
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(BTEX), alkalinity, nitrogen and sulfate, iron, and polynuclear aromatic hydrocarbon (PAH) analyses.

Results for these five samples are included in three different work orders. Three samples (locations MW-
02, EB, and WW-08) are part of work order number 1045677, one sample (location MW-0l) is part of

work order 1043659, and the remaining sample (location WW-02) is part of work order 1043252.

3.3. 1 Gasoline Range Organics (GRO)

Four groundwater samples and two trip blanks were collected and analyzed for gasoline-range organics

(GRO) using Alaska Method AKIQI. This analytical method involves extraction of the sample with

methylene chloride and quantification by gas chromatography using a flame ionization detector. All

analytical results are acceptable for use on this project with the exceptions noted below.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to

assess potential sample contamination. GRO compounds were detected in a method blank and a trip

blank sample associated with work order number 1043252 at concentrations below the laboratory-
reporting limit (RL), but greater than the method detection limit (MDL). GRO compounds were also

detected in method blanks associated with work order number 1045677. Sample results less than five

times the highest blank concentration have been flagged VB to indicate potential blank

contamination.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for GRO analysis were within acceptance criteria in all of the LCS samples.

* A single surrogate spike compound (4-bromofluorobenzene) was added to each blank, QC sample,

and project sample to assess the sample extraction recovery. All surrogate recoveries were within

acceptable control limits

3.3.2 Diesel Range Organics (DRO)

Five groundwater samples were collected and analyzed for diesel-range organics (DRO) using Alaska
Method AK102. This analytical method involves extraction of the sample with methylene chloride and

quantification by gas chromatography using a flame ionization detector. All analytical results are

acceptable for use on this project with the exceptions noted below.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to

assess potential sample contamination. DRO compounds were detected in the method blank samples

associated with work orders 1043252 and 1045677 at concentrations below the laboratory reporting
limit, but greater than the method detection limit. Sample results that are less than five times the

method blank concentration in these work orders have been flagged VB to indicate potential blank
contamination.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recovery values for DRO analysis were within acceptance criteria in all of the LCS samples.

* A single surrogate spike compound (Cl9H32) was added to each blank, QC sample, and project

sample to assess the sample extraction recovery. The surrogate recovery associated with the sample

04SS15WWO2GW was above control limits and the sample result is flagged VJ. All other surrogate

recoveries were within acceptable control limits.
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333Residual Range Organics (RRO)
Fiegroundwater samples were collected and analyzed for residual-range organics (RRO) using Alaska

MehdAK 103. This analytical method involves extraction of the sample with methylene chloride and
quantification by gas chromatography using a flame ionization detector. The analytical results are
acceptable with the following qualifications.

Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to
assess potential PRO contamination. RRO compounds were detected in a method blank associated
with SOS work order number 1043252, sample results associated with this work order are non-detect
and qualifiers have not been assigned. All other method blank results and recoveries met acceptance
criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for RRO analysis were within acceptance criteria in all of the LCS samples.

* A laboratory MS/MSD sample pairs was analyzed to determine matrix effects on accuracy and
precision. One MS/MSD pair associated with work order number 1043659 and site SS13 had relative
percent difference (RPD) values above control limits. Qualifiers were not assigned because
associated results were not above reporting limits.

* A single surrogate spike compound (n-triacontane) was added to each blank, QC sample, and project
sample to assess the sample extraction recovery. All surrogate recoveries were within control limits.. ~~3.3.4 Benzene, Toluene, Ethylbenzene, and Xylenes (B TEX)

Five groundwater samples and three trip blanks were collected and analyzed for benzene, toluene,
ethylbenzene, and xylenes (BTEX) using EPA Method SW8021lB. This analytical method involves
purge-and-trap gas chromatography using a flame ionization detector. All analytical results are
acceptable for use on this project without exception.

* Method blanks and trip blanks were analyzed at the appropriate frequencies, with the above
referenced samples to assess potential sample contamination. Method and trip blank results and
recoveries met acceptance criteria.

*LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for BTEX analysis were within acceptance criteria in all of the LCS samples.

*Two surrogate spike compounds (1,4-difluorobenzene and 4-bromofluorobenzene) were added to
each blank, QC sample, and project sample to assess the sample extraction recovery. All surrogate
recoveries were within acceptable control limits.

3.3.5 Total Alkalinity

Five groundwater samples were analyzed for total alkalinity by EPA Method A2320. All analytical
results are acceptable for use on this project without exception.

* Method blanks were analyzed at the appropriate frequency to assess for potential alkalinity
contamination. All method blank results and recoveries met acceptance criteria.
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LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recoveries for alkalinity analysis were within acceptance criteria in all of the LCS samples.

3.3.6 Total Nitrogen and Sulfate

Five groundwater samples were analyzed for total nitrogen and sulfate using EPA Method E300.

Analytical results are acceptable for project use with the following exceptions noted below.

* Method blanks were analyzed at the appropriate frequency to assess for potential sulfate

contamination. No method blanks were analyzed to assess potential nitrogen contamination. Sulfate

was detected in the method blank sample associated with work order 1043252 at concentrations

greater than the method detection limit, but less than the reporting limit. Results were not qualified

because sample results were greater than five times the blank contamination.

* LCS samples were analyzed with the appropriate frequencies to assess method accuracy and

precision. The LCS sample associated with SOS work order number 1045677 had recoveries above

the control limits and associated positive sample results are flagged VJ. All other LCS recoveries

were within control limits.

3.3.7 Iron

Four groundwater samples were analyzed for iron. Two samples (locations MW-0l and WW-02) were

analyzed using EPA Method SW601lOB, and the two others (locations MW-02 and WW-08) were

analyzed using EPA Method SW6020. Because the analysis of dissolved metals involves the aspiration

of the sample directly onto the instrumentation, no extraction quality control were analyzed by this

method

3.3.8 Polynuclear Aromatic Hydrocarbons (PAHs)

Five groundwater samples were analyzed for Polynuclear Aromatic Hydrocarbons (PAHs) using EPA

Method SW8270-SIMS. This method uses a gas chromatograph/mass spectrometry (GC/MS) technique

for sample analysis, with selective ion monitoring. All analytical results arc acceptable for use on this

project with the exceptions noted below.

*Method blanks were analyzed at the appropriate frequency to assess for potential PAH contamination.

All method blank results and recoveries met acceptance criteria.

* LOS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

All LCS recoveries for PAH analysis were within control limits.

* Laboratory MSIMSD sample pairs were analyzed at the appropriate frequency to deteremine matrix

effects on accuracy and precision. Recoveries for the analyte benzo(a)pyrene were above the control

limits. No qualifies are assigned because all associated results are non-detect.

* Three surrogate spike compounds (acenaphthene-dlO, chrysene-dl2, and naphthalene-d8) were added

to each blank, QA/QO sample, and project sample to assess the sample extraction recovery. All

surrogate recoveries were within acceptable control limits.
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Three surface soil, and two sediment samples, one MS/MSD sediment sample pair, one sediment field
duplicate, and one trip blank were collected at SSI3 for DRO, RRO, BTEX, and PAH analysis. All
surface soil and sediment samples were part of work order number 1043258.

3.4. 1 Diesel Range Organics (DRO)

Three soil samples, three sediment samples, one MS/MSO sediment sample pair were collected and
analyzed for diesel-range organics (DRO) using Alaska Method AKIO 2. This analytical method involves
extraction of the sample with methylene chloride and quantification by gas chromatography using a flame
ionization detector. All analytical results are acceptable for use on this project with the exceptions noted
below.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to
assess potential sample contamination. All method blank results and recoveries met QAJQC
acceptance criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for DRO analysis were within acceptance criteria in all of the LCS samples.

* One sediment MS/MSD sample pair was analyzed to assess matrix effects on method accuracy and
precision. DRO recoveries in the MSIMSD were within control limits.

* A single surrogate spike compound (C19H32) was added to each blank, QC sample, and project
sample to assess the sample extraction recovery. The project samples O4SSI3LBO7SS,
O4SS13LBO8SS, and O4SS13SSOISD had surrogate recoveries above acceptance criteria. Reportable
concentrations of DRO in these samples are flagged VJ.

* One field duplicate sample pair was collected and analyzed for DRO. The RPD for the field duplicate
sample was within acceptance criteria.

3.4.2 Residual Range Organics (RRO)

Three soil samples, three sediment samples, one MS/MSD sediment sample pair were collected and
analyzed for residual-range organics (RRO) using Alaska Method AK1O3. This analytical method
involves extraction of the sample with methylene chloride and quantification by gas chromatography
using a flame ionization detector. The analytical results are acceptable with the following qualifications.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to
assess potential RRO contamination. All method blank results and recoveries met QA/QC acceptance
criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for RRO analysis were within acceptance criteria in all of the LCS samples.

* One sediment MS/MSD sample pair was analyzed to assess matrix effects on method accuracy and
precision. RRO recovery in the MS/MSD was below acceptance criteria. All RRO results in the
related matrix have been flagged VM to indicate a potential matrix bias.
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A single surrogate spike compound (n-triacontane) was added to each blank, QC sample, and project

sample to assess the sample extraction recovery. The project samples 0455SI3LB07SS,

O4SS13LBOSSS, O4SS13SSO1SD, and O4SS13SSIOISD had surrogate recoveries above acceptance

criteria. Reportable concentrations of RRO in these samples have been flagged VJ.

One field duplicate sample pair was collected and analyzed for RRO. The RPD for the field duplicate
sample was within acceptance criteria.

3.4.3 Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX)

Three soil samples, three sediment samples, one MS/MSD sediment sample pair, and one trip blank were

collected and analyzed for benzene, toluene, ethylbenzene, and xylenes (BTEX) using EPA Method

SWSO21B. This analytical method involves purge-and-trap gas chromatography using a flame ionization

detector. All analytical results are acceptable for use on this project with the exceptions noted below.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to

assess potential sample contamination. The analytes m&p-xylene were detected in a method blank at

concentrations greater than the method detection limit, but less than the reporting limit. As a result all

sample concentrations in the related sample data set within five times the method blank contamination

have been flagged VB.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recovery values for BTEX analysis were within acceptance criteria in all of the LCS samples.

* One sediment MSIMSD samnple pair was analyzed to assess matrix effects on method accuracy and

precision. BTEX recovery in the MSIMSD pair did not exceed percent recovery or RPD acceptance

criteria.

* Two surrogate spike compounds (1,4-difluorobenzene and 4-bromofluorobenzene) were added to
each blank, QC sample, and project sample to assess the sample extraction recovery. All surrogate

recoveries were within acceptable QC control limits.

*One field duplicate sample pair was collected and analyzed for BTEX. A comparison of the field

duplicate and the original sample concentrations was not possible because at least one result was

below the reporting limit in all instances.

3.4.4 Polynuclear Aromatic Hydrocarbons (PAHs)

Six samples and one sediment MS/MSD sample pair were analyzed for polynuclear aromatic

hydrocarbons (PAils) using EPA Method SW8270-SIMS. This method uses a gas chromatograph/mass

spectrometry (GC/MS) technique for sample analysis, with selective ion monitoring. All analytical results

are acceptable for use on this project with the exceptions noted below.

*Method blanks were analyzed at the appropriate frequency to assess for potential PAH contamination.

The PAH-SIM compounds naphthalene and phenanthrene were detected in the method blank sample

at concentrations greater than the method detection limit, but less than the reporting limit. As all

sample results are greater than five times the method blank contamination, no qualification was

required.
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* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for PAH-SIM analysis were within acceptance criteria in all of the LCS
samples.

* One sediment MS/MSD sample pair was analyzed to assess matrix effects on method accuracy and
precision. PAH-SIM recovery in the MS/MSD was above acceptance criteria for the analyte
compounds acenaphthene, acenaphthylene, fluorene, and naphthalene. Results above the reporting
limit are flagged VM indicating potential matrix bias.

* Three surrogate spike compounds (acenaphthene-dlO, chrysene-d12, and naphthalene-d8) were added
to each blank, sample, and project sample to assess the sample extraction recovery. Alt surrogate
recoveries were within acceptable QA/QC control limits.

* One field duplicate sample pair was collected and analyzed for PAH-SIMs. A comparison of the field
duplicate and the original sample concentrations was not possible because at least one result was
below the reporting limit in all instances.

3.5 Surface Water Samples

Three surface water samples, one field duplicate, one MS/MSD sample pair, and one trip blank were
collected at SS 1 3 for DRO, RRO, limited VOC, and PAH analysis. All results are included in work order
1043273.

. ~~3.5.1 Diesel Range Organics (DRO)

Three surface water samples, a field duplicate, and one MS/MSD sample pair were collected and analyzed
for diesel-range organics (DRO) using Alaska Method AKIO2. This analytical method involves extraction
of the sample with methylene chloride and quantification by gas chromatography using a flame ionization
detector. All analytical results are acceptable for use on this project with the exceptions noted below.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to
assess potential sample contamination. DRO compounds were detected in the method blank sample
at concentrations below the laboratory reporting limit, but greater than the method detection limit.
Sample results that are less than five times the method blank concentration in these work orders have
been flagged VB to indicate potential blank contamination.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for DRO analysis were below acceptance criteria in the LCS sample, all
results are flagged VJ.

* One MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. DRO
recovery in the MS/MSD pair did not exceed percent recovery or RPD acceptance criteria.

* A single surrogate spike compound (C19H32) was added to each blank, QC sample, and project
sample to assess the sample extraction recovery. All surrogate recoveries were within acceptable
control limits.
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One field duplicate sample pair was collected and analyzed for DRO compounds. A comparison of

the field duplicate and original sample concentrations was not possible because both sample results

were below the reporting limit.

3.5.2 Residual Range Organics (RRO)

Three surface water samples, a field duplicate, and one MS/MSD sample pair were collected and analyzed

for residual-range organics (RRO) using Alaska Method AK1O3. This analytical method involves

extraction of the sample with methylene chloride and quantification by gas chromatography using a flame

ionization detector. The analytical results are acceptable with the following qualifications.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to

assess potential RRO contamination. RRO compounds were not detected in the method blank.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recovery values for RRO analysis were below acceptance criteria in the LCS sample. All

results are flagged VM.

*One MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. RRO

recovery in the MSIMSD pair did not exceed percent recovery or RPD acceptance criteria.

*A single surrogate spike compound (n-triacontane) was added to each blank, QC sample, and project

sample to assess the sample extraction recovery. All recoveries are within acceptance criteria.

* One field duplicate sample pair was collected and analyzed for RRO compounds. A comparison of

the field duplicate and original sample concentrations was not possible because both sample results

were below the reporting limit.

3.5.3 Polynuclear Aromatic Hydrocarbons (PAHs)

Three surface water samples, a field duplicate, and one MS/MSD sample pair were collected and analyzed

for Polynuclear Aromatic Hydrocarbons (PAHs) using EPA Method SW8270-SIMS. All analytical

results are acceptable for use on this project with the following exceptions.

*Method blanks were analyzed at the appropriate frequency to assess for potential PAH contamination.

No PAll compounds were detected in the method blank.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

The analyte acenaphthylene was above acceptance criteria. No qualifiers were assigned because all

sample results are below reporting limits.

*One MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. One

MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. RRO

recovery in the MS/MSD pair did not exceed percent recovery or RPD acceptance criteria.

*Three surrogate spike compounds (acenaphthene-d 10, chrysene-dI12, and naphthalene-dS) were added

to each blank, QC sample, and project sample to assess the sample extraction recovery. All surrogate

recoveries were within acceptable control limits.
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* One field duplicate sample pair was collected and analyzed for PAH compounds. A comparison of
the field duplicate and original sample concentrations was not possible because all sample results
were below the reporting limit.

3.5.4 Volatile Organic Compounds (VOCs)

A limited number (benzene, toluene, ethylbenzene, xylenes, and chlorobenzenes) of volatile, or
purgeable, organic compounds (VOCs) were analyzed by EPA Method E624. Three surface water
samples, a field duplicate, one MS/MSID sample pair, and a trip blank were collected and analyzed by this
method. All analytical results are acceptable for use on this project without exception.

* Method and trip blanks were analyzed at the appropriate frequency to assess potential VOC
contamination. All method and trip blank results and recoveries met acceptance criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recoveries for VOC analysis were within acceptance criteria in the LCS samples.

* One MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. VOC
recoveries in the MS/MSD pair did not exceed percent recovery or RPD acceptance criteria.

*Three surrogate spike compounds (4-bormofluorobenzene, I1,2-dichloroethane-d4, and toluene-d8)
were added to each blank, QC sample, and project sample to assess the sample extraction recovery.
All surrogate recoveries were within acceptable control limits.

*One field duplicate sample pair was collected ahd analyzed for PAH compounds. A comparison of
the field duplicate and original sample concentrations was not possible because all sample results
were below the reporting limit.

4 DATA QUALITY REVIEW OF LFO3 SAMPLE DATA

Samples collected at LFO3, consisting of ground water, sediment, and surface water samples, were
analyzed in accordance with EPA methods found in SW846. QC procedures associated with these
samples included the evaluation of sample holding times, sample containers and preservation, blank
samples, laboratory control samples, field duplicates, matrix spikes, and surrogate spikes. Results of
these analyses are discussed in this section.

4.1 Holding Times

Holding times for all analytical sample requests were reviewed and found to be consistent with the
USEPA recommended holding times.

4.2 Containers and Preservation

Samples were received in containers with preservation consistent with requested analyses to be performed
at the laboratory.

SGS Environmental Services Alaska Division received the samples for this project in seventeen coolers.
All coolers had temperature blank and cooler temperatures within the recommended temperature range ofO ~~~4±+2 degrees Celsius.
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4.3 Ground Water Samples

Eight groundwater samples, one MS/MSD sample pair, one field duplicate, and two trip blanks were

collected at LF03. These samples were analyzed for DRO, BTEX, PCBs, and PAHs. Sample results
from sites CMW-01, CMW-03, and CMW-07 are included in work order number 1043725; the associated

trip blank for this work order is included in work order 1043724. Sample results from site CMW-02 are

included in work order number 1045677, and results for site MW-01 are included in work order number
1043358. Sample results for sites CMW-04, CMW-05, CMW-06, and the field duplicate (for site CMW-

06) are included in work order 1043353, the associated trip blank for these sites is included in work order

1043358.

4.3.1 Diesel Range Organics (DRO)

Eight groundwater samples, one MS/MSD sample pair, and one field duplicate sample were collected and

analyzed for diesel-range organics (DRO) using Alaska Method AK102. This analytical method involves
extraction of the sample with methylene chloride and quantification by gas chromatography using a flame

ionization detector. All analytical results are acceptable for use on the project with the exceptions noted
below.

Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to

assess potential sample contamination. DRO compounds were detected in the method blank samples

associated with work orders 1043353 and 1045677, at concentrations below the laboratory reporting
limit, but greater than the method detection limit. Sample results that are less than five times the
method blank concentration in these work orders have been flagged VB to indicate potential blank

contamination. All other method blank results and recoveries met acceptance criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recovery values for DRO analysis were below acceptance criteria for samples associated with
work orders 1043353, and 1043358. All associated results are flagged VJ.

* One MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. Percent

recovery values for DRO analysis were below acceptance criteria, and all sample results are flagged
VM indicating potential matrix bias.

* A single surrogate spike compound (Cl9H32) was added to each blank, QC sample, and project
sample to assess the sample extraction recovery. All surrogate recoveries were within acceptable

control limits.

* One field duplicate sample was collected and analyzed for DRO compounds. A comparison of the

field duplicate and original sample concentrations was not possible because all sample results were
below the reporting limit.

4.3.2 Benzene, Toluene, Ethylbenzene, and Xylenes (B TEX)

Eight groundwater samples, one MS/MSD sample pair, one field duplicate sample, and one trip blank
were collected and analyzed for benzene, toluene, ethylbenzene, and xylenes (BTEX) were analyzed for
using EPA Method SW8021 B. The analytical method involves purge-and-trap gas chromatography using
and flame ionization detector. All analytical results are acceptable for use on this project with the

following exceptions.
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Method blanks and trip blanks were analyzed at the appropriate frequency to assess for potential
BTEX contamination. The analytes m&p-xylene were detected in the trip blank (associated with
work order 1043358) below the method reporting limit, but above the method detection limit.
Associated positive results are flagged VB indicating potential blank contamination.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recoveries for BTEX analysis were within acceptance criteria in all of the LCS samples.

*One MSIMSD sample pair was analyzed to assess matrix effects on accuracy and precision. Percent
recovery values for BTEX analysis were within acceptance criteria.

*A single surrogate spike compound (1,4-diflourobenzene) was added to each blank, QC sample, and
project sample to assess the sample extraction recovery. All surrogate recoveries were within
acceptable control limits.

*One field duplicate sample was collected and analyzed for BTEX compounds. A comparison of the
field duplicate and original sample concentrations was not possible because all sample results were
below the reporting limit.

4.3.3 Polychlorinated Biphenyls (PCB)

Polychlorinated biphenyls (PCBs) were analyzed using EPA Method SW8082. This analytical method
involves extraction of the sample with methylene chloride and quantification by gas chromatography
using an electron capture detector. Eight groundwater samples, one MS/MSD sample pair, and one field
duplicate sample were analyzed to assess for potential PCB contamination. All analytical results are
acceptable for use on this project without exception.

*Method blanks were analyzed at the appropriate frequency to assess for potential pesticide and PCB
contamination. All method blank results and recoveries met acceptance criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recoveries for PCB analysis were within acceptance criteria in all of the LCS samples.

* One MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. Percent
recovery values for PCB analysis were within acceptance criteria.

* One surrogate spike compound (decachlorobiphenyl) was added to each blank, QC sample, and
project sample to assess the sample extraction recovery. All surrogate recoveries were within
acceptable control limits.

* One field duplicate sample was collected and analyzed for PCB compounds. A comparison of the
field duplicate and original sample concentrations was not possible because all sample results were
below the reporting limit.

4.3.4 Polynuclear Aromatic Hydrocarbons (PAHs)

Eight groundwater samples, one MS/MSD sample pair, and one field duplicate sample were analyzed for
polynuclear aromatic hydrocarbons (PAHs) using EPA Method SW8270-SIMS. This method uses a gas
chromatograph/mass spectrometry (OC/MS) technique for sample analysis, with selective ion monitoring.
All analytical results are acceptable for use on this project with the exceptions noted below.
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Method blanks were analyzed at the appropriate frequency to assess for potential PAH contamination.

The PAH compound naphthalene was detected in the method blank samples associated with work

orders 1043353, 1043358, and 1043125 at concentrations greater than the method detection limit, but

less than the reporting limit. Samples within five times the concentration in the related method blank

have been flagged VB to indicate potential blank contamination.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recoveries for PAH analysis were with acceptance criteria.

* One MS/MSD sample pair was analyzed to assess matrix effects on accuracy and precision. Percent

recovery values for PAH analysis were within acceptance criteria.

* Three surrogate spike compounds (acenaphthene-dlO, chrysene-dI2, and naphthalene-d8) were added

to each blank, QAIQC sample, and project sample to assess the sample extraction recovery. All

surrogate recoveries were within acceptable control limits.

* One field duplicate sample was collected and analyzed for PAH compounds. A comparison of the

field duplicate and original sample concentrations was not possible because all sample results were

below the reporting limit.

4.4 Sediment Samples

Three sediment samples and one trip blank were collected at site LFO3. These samples were analyzed for

DRO, BTEX, PCBs, and PAHs. A single MS/MSD sample pair was collected for DRO analysis. All

sample results are included in work order 1043616.

4.4.1 Diesel Range Qrganics (DRO)

Three sediment samples and one MS/MSD sample pair were collected and analyzed for diesel-range

organics (DRO) using Alaska Method AK 102. This analytical method involves extraction of the sample

with methylene chloride and quantification by gas chromatography using a flame ionization detector. All

analytical results are acceptable for use on this project with the exceptions noted below.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to

assess potential sample contamination. All method blank results and recoveries met acceptance

criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recovery values for DRO analysis were within acceptance criteria in all of the LCS samples.

* One MS/MSD sample pair was analyzed to asses matrix effects on accuracy and precision. Percent

recovery values for DRO analysis were within acceptance criteria.

*A single surrogate spike compound (C19H32) was added to each blank, QC sample, and project

sample to assess the sample extraction recovery. All surrogate recoveries were within acceptable QC

control limits.
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. ~~4.4.2 Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX)

Three sediment samples and one trip blank were collected and analyzed for benzene, toluene,
ethylbenzene, and xylenes (BTEX) were analyzed for using EPA Method SWSO2IB3. The analytical
method involves purge-and-trap gas chromatography using and flame ionization detector. All analytical
results are acceptable for use on this project with the following exceptions.

* Method and trip blanks were analyzed at the appropriate frequencies, with the above referenced
samples to assess potential sample contamination. The analytes m&p-xylene were detected in the trip
blank sample at a concentration below the laboratory reporting limit, but greater than the method
detection limit. Sample results were non-detects and are not qualified.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for BTEX analysis were within acceptance criteria in all of the LCS samples.

* A single surrogate spike compound (1,4-difluorobenzene) was added to each blank, QC sample, and
project sample to assess the sample extraction recovery. All surrogate recoveries were within
acceptable control limits.

4.4.3 Polychlorina ted Biphenyls

Polychlorinated biphenyls (PCBs) were analyzed using EPA Method SW8082. This analytical method
involves extraction of the sample with methylene chloride and quantification by gas chromatography
using an electron capture detector. Three sediment samples were collected for analysis, all analytical

* ~~~results are acceptable for use on this project without exception.

* Method blanks were analyzed at the appropriate frequency to assess for potential pesticide and PCB
contamination. All method blank results and recoveries met acceptance criteria.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recoveries for PCB analysis were within acceptance criteria in all of the LCS samples.

* One surrogate spike compound (decachlorobiphenyl) was added to each blank, QC sample, and
project sample to assess the sample extraction recovery. All surrogate recoveries were within
acceptable control limits.

4.4.4 Polynuclear Aromatic Hydrocarbons (PAHs)

Three sediment samples were analyzed for polynuclear aromatic hydrocarbons (PA~s) using EPA
Method SW8270-SIMS. This method uses a gas chromatograph/mass spectrometry (GC/MS) technique
for sample analysis, with selective ion monitoring. All analytical results are acceptable for use on this
project with the exceptions noted below.

* Method blanks were analyzed at the appropriate frequency to assess for potential PAN contamination.
Two PAN compounds, naphthalene and phenanthrene, were detected, however sample results are
non-detect and are not qualified.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recoveries for PAH analysis were within acceptance criteria in all of the LCS samples.
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One MS/MSD sample pair was analyzed to assess matrix intereference. The RPD values for chrysene

were below acceptance criteria and all results are flagged VM to indicate potential matrix

intereference.

Three surrogate spike compounds (acenaphthene-dlO , chrysene-d 12, and naphthalene-d8) were added

to each blank, QAJQC sample, and project sample to assess the sample extraction recovery. All

surrogate recoveries were within acceptable control limits.

4.5 Surface Water Samples

Three surface water samples were collected at LF03, and analyzed for DRO, BTEX, PCBs, and PAils.

Sample results from site SW-01 (including the field duplicate) and SW-03 are included in work order

1043358, and sample results from site SW-02 are included in work order 1043353.

4.5. 1 Diesel Range Organics (DRO)

Three surface water samples and one field duplicate sample were collected and analyzed for diesel-range

organics (DRO) using Alaska Method AK1O2. This analytical method involves extraction of the sample

with methylene chloride and quantification by gas chromatography using a flame ionization detector. All

analytical results are acceptable for use on this project with the exceptions noted below.

* Method blanks were analyzed at the appropriate frequencies, with the above referenced samples to

assess potential sample contamination. DRO compounds were detected in the method blank samples

associated with work orders 1043353 and 1043358 at concentrations below the laboratory reporting

limit, but greater than the method detection limit. Sample results that are less than five times the

method blank concentration in these work orders have been flagged VB to indicate potential blank

contamination.

* LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.

Percent recovery values for DRO analysis were below acceptance criteria in all of the LCS samples

and all results are flagged VJ.

* A single surrogate spike compound (C19H32) was added to each blank, QC sample, and project

sample to assess the sample extraction recovery. All surrogate recoveries were within acceptable QC

control limits.

* One field duplicate sample pair was collected and analyzed for DRO compounds. A comparison of

the field duplicate and original sample concentrations was not possible because all sample results

were below the reporting limit.

4.5.2 Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX)

Three surface water samples and one field duplicate sample were collected and analyzed for benzene,

toluene, ethylbenzene, and xylenes (BTEX) were analyzed for using EPA Method SW8O2IB3. The

analytical method involves purge-and-trap gas chromatography using and flame ionization detector. All

analytical results are acceptable for use on this project with the following exceptions.

*Method and trip blanks were analyzed at the appropriate frequencies, with the above referenced

samples to assess potential sample contamination. The analytes m&p-xylene were detected in the trip
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blank at a concentration below the laboratory reporting limit, but greater than the method detection
limit. Sample results are flagged VB indicating potential blank contamination.

*LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for BTEX analysis were within acceptance criteria in all of the LCS samples.

* A single surrogate spike compound (1,4-difluorobenzene) was added to each blank, QC sample, and
project sample to assess the sample extraction recovery. All surrogate recoveries were within
acceptable QC control limits.

* One field duplicate sample pair was collected and analyzed for BTEX compounds. A comparison of
the field duplicate and original sample concentrations was not possible because all sample results
were below the reporting limit.

4.5.3 Polychlorinated Biphenyls

Polychlorinated biphenyls (PCBs) were analyzed using EPA Method SW8OS2. This analytical method
involves extraction of the sample with methylene chloride and quantification by gas chromatography
using an electron capture detector. Three surface water samples and one field duplicate sample were
collected for analysis, all analytical results are acceptable for use on this project without exception.

* Method blanks were analyzed at the appropriate frequency to assess for potential pesticide and PCB
contamination. All method blank results and recoveries met acceptance criteria.

*LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recoveries for PCB analysis were within acceptance criteria in all of the LCS samples.

*One surrogate spike compound (decachlorobiphenyl) was added to each blank, QC sample, and
project sample to assess the sample extraction recovery. All surrogate recoveries were within
acceptable control limits.

*One field duplicate sample pair was collected and analyzed for BTEX compounds. A comparison of
the field duplicate and original sample concentrations was not possible because all sample results
were below the reporting limit.

4.5.4 Polynuclear Aromatic Hydrocarbons (PAHs)

Three surface water samples and one field duplicate were analyzed for polynuclear aromatic
hydrocarbons (PAHs) using EPA Method SW8270-SIMS. All analytical results are acceptable for use on
this project with the following exceptions.

* Method blanks were analyzed at the appropriate frequency to assess for potential PAH contamination.
The PAH compound naphthalene was detected in the method blank at a concentration greater than the
method detection limit, but less than the reporting limit. As a result sample concentrations within five
times the concentration in the method blank have been flagged VB to indicate potential blank
contamination.

*LCS samples were analyzed at the appropriate frequencies to assess method accuracy and precision.
Percent recovery values for PAH analysis were within acceptance criteria in all of the LCS samples.
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Three surrogate spike compounds (acenaphthene-dlIO, chrysene-d 12, and naphthalene-d8) were added
to each blank, QC sample, and project sample to assess the sample extraction recovery. All surrogate
recoveries were within acceptable QC control limits.

One field duplicate sample pair was collected and analyzed for BTEX compounds. A comparison of

the field duplicate and original sample concentrations was not possible because all sample results
were below the reporting limit.
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