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I .O INTRODUCTION 

Harding Lawson Associates/Wilder Construction 
Company Joint Venture (HLA/Wilder) prepared 
this report for the U.S. Bureau of Land Man- 
agement (BLM) to present additional site 
investigation results from 1999 work completed at 
the Red Top Retort site. The BLM assigned this 
project to HLA/Wilder under Modification 03 to 
Delivery Order 1 1 of Contract 1422-N660-C97- 
3025. 

'l .I Site Background 

The Red Top Retort site is on the north bank of the 
Wood River in Section 32, Township 10 south, 
Range 55 west, Seward Meridian. The site is 
approximately 118 acre in size and is approximately 
1 8 miles north of Dillingham, Alaska, and 2 miles 
east-southeast of Aleknagik, Alaska (Figure 1). 

The Red Top Retort site processed mercury ore 
(cinnabar) derived at the Red Top Mine from ap- 
proximately 1952 to 1955. Mercury was extracted 
by heating crushed ore in a retort chamber (steel 
cylinder 8.5 feet long and 2 feet in diameter). The 
chamber was housed in a small wood structure, 
approximately 10 feet wide and 15 feet long. Heat 
for the process was produced by burning wood and 
bunker C fuel. 

1 =2 Previous Investigation and 
Remedial Action 

In June 1 994, Quest Environmental (Quest) per- 
formed a site assessment at the Red Top Retort site. 
Laboratory analytical results indicated that soils in 
the vicinity of the retort structure contained mer- 
cury and diesel-range organics (DRO) at concen- 
trations exceeding state and federal regulatory 
levels. In September 1994, the retort building and 
associated equipment and supplies (including as- 
bestos heat panels and gaskets) were decommis- 
sioned and placed in 1-cubic yard (yd3) plastic stor- 
age boxes (totes) and stored on site. Soil suspected 
of exceeding state and federal regulatory levels for 
mercury contamination near the former retort 
building was excavated, placed in Lyd3 totes, and 
stored on site. The approximate dimensions of the 
resulting excavation were 55 feet wide, 75 feet 
long, and 2 to 3 feet deep (Quest, 1995). Samples 
collected from the limits of the excavation con- 

tained total mercury at concentrations ranging from 
0.1 milligrams per kilogram (mg/kg) to 97 mgkg, 
and DRO at concentrations up to 5,800 rnglkg. A 
liner was placed in the excavation before backfill- 
ing. Approximately 30 yd3 of DRO-contaminated 
soil was temporarily stockpiled east of the excava- 
tion and covered (Quest, 1995). 

In 1996, the U.S. Geological Survey (USGS) 
collected soil samples fiom the Red Top Mine site 
and analyzed them for mercury speciation. Soil 
samples from the Red Top area had methylmercury 
concentrations of 1 .I49 and 1 -27 1 micrograms per 
kilogram (pgkg) and soil samples collected in the 
vicinity of the retort shack had methylmercury 
concentrations of 0.080 to 6.855 pgkg (USGS, 
1996). 

In August and September 1 998, HLA/Wilder sam- 
pled, labeled, transported, and disposed of the totes, 
and stockpiled soil and debris stored onsite from 
the 1994 Quest activities. KLA/Wilder also 
excavated additional mercury-contaminated soil 
and collected additional characterization samples in 
the area excavated by Quest in 1994 (Figure 2). 
Four of the HLA/Wilder characterization samples 
exceeded the Alaska Department of Environmental 
Conservation (ADEC) mercury cleanup level of 1 
rng/kg established in Title 18, Alaska 
Administrative Code, Chapter 75 (18 AAC 75) - 
Table B 1, Migration to Groundwater (ADEC, 
1999). HLAANilder's December 3 1, 1998, report 
titled Remedial Action Report, Red Top Retort Site, 
Aleknagik, Alaska, summarizes 1998 field activities 
and site characterization results. 

HLA/Wilder also collected samples for speciation 
analysis during 1998 activities, but in an effort to 
analyze samples with the highest total mercury 
concentrations, samples were not submitted to the 
laboratory until preliminary results for total mer- 
cury were received. Because of the delay in send- 
ing samples, the holding time for methylmercury 
analysis was exceeded. The 1998 results include 
inorganic and elemental fractions for samples col- 
lected at IS6, IS1 8 and IS24 shown on Figure 2. 

In June 1999, the ADEC, BLM, and HLANilder 
met to discuss results of 1998 activities and any 
further action necessary at the site. The ADEC 
suggested the mercury concentrations fiom the 
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1998 sampling activities (high of 40.6 mg/kg) were 
acceptable for site closure if institutional controls 
would be placed on the property title, and some 
additional site characterization was completed. For 
additional site characterization, the ADEC re- 
quested samples be collected for total mercury 
analysis fiom below the 1998 sample location 
depths, and fiom selected locations outside the 
1998 sample grid. 

The ADEC also requested samples be collected for 
DRO, and benzene, toluene, ethylbenzene, and xy- 
lenes (BTEX) analysis from the former drum stor- 
age area where a 1994 sample had a DRO concen- 
tration of 5,800 mg/kg. 

2.0 FIELD ACTlVlTlES 

HLAIWilder conducted site characterization activi- 
ties from September 20 through 22, 1999. The site 
investigation activities consisted of the following 
activities: 

Collected 30 soil samples to further define the 
mercury concentrations for in situ soil at the 
former retort area. 

Established a soil sampling grid for petroleum 
hydrocarbon field screening near the former 
drum storage area. Selected three samples with 
the highest field screening results for labora- 
tory analysis of DRO, BTEX, and polynuclear 
aromatic hydrocarbons. 

Collected six soil samples from areas 
considered unaffected by the former mine ac- 
tivities to further evaluate background mercury 
concentrations. 

Selected soil samples with suspected elevated 
mercury concentrations for mercury speciation 
analysis. 

Field activities were conducted in accordance with 
HLA/Wilder ' s 1999 Site Characterization Work 
Plan/Sarnpling and Analysis Plan and the Qualiw 
Assurance Program Plan, Hazardous Materials 
Removal Actions, Various Locations, Alaska. 

2.4 Field Screening 

Field screening was conducted using a photoioni- 
zation detector (PID) on a sampling grid in the for- 
mer drum-storage area. Five soil screening sam- 
ples were collected and placed into quart-sized, 
resealable bags. After a minimum of 15 minutes, 
the probe of the PID was inserted into the bag for 
approximately 30 seconds and the maximum or- 
ganic vapor headspace reading was recorded. Re- 
sults were recorded in the project field book. Sam- 
ple locations and screening results are shown on 
Figure 2. 

2.2 Site Characterization 
Sampling 

Thirty characterization soil samples were collected 
from the former retort area sampling grid estab- 
lished in 1998. Samples were collected between 1 
and 3.5 feet below ground surface (bgs). Shovels, a 
sample auger, a breaker bar, and a power auger 
were used to dig the sample holes. Once the de- 
sired sample depth was reached, samples were col- 
lected with the sample auger or by hand with clean 
nitrile gloves. Tools were scrubbed in a detergent 
solution and rinsed in river water between sample 
locations. Soil was immediately placed into a labo- 
ratory-provided container, which was labeled with 
a unique sample number, the date and time of sam- 
ple collection, and the requested analysis. Samples 
were then placed in a cooler with fiozen ice-sub- 
stitute and submitted to the laboratory for analysis. 

2.3 Background Sampling 

HWWilder collected six background soil samples 
from three locations north of the retort site (Figure 
3). The locations were in areas that appeared unaf- 
fected by mercury retort activities. Two samples 
were collected from each location: one shallow 
(0.5 feet bgs) and one deep (1 to 3 feet bgs). A 
shovel was used to reach the desired depth, and 
samples were collected with a decontaminated 
stainless steel trowel or by hand with clean nitrile 
gloves. 

Photographs from the 1999 field activities are in 
Appendix A. 
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3.0 ANALYTICAL PROGRAM 

Commercial Testing and Engineering Environ- 
mental Laboratory Services (CT&E), in Anchor- 
age, Alaska, was used for the following analyses: 

Total Mercury by U.S. Environmental Protec- 
tion Agency (EPA) Method 7040A, 

DRO by State of Alaska Method AK102, 

BTEX by EPA Method 802 1, 

Carcinogenic polynuclear aromatic hydrocar- 
bons (cPAHs) by selective ion monitoring. 

Frontier Geosciences Inc. (Frontier) in Seattle, 
Washington, was used for mercury speciation 
analysis. Speciation analysis evaluated concentra- 
tions of the following mercury types: 

Cold 12 normal nitric acid (12N HN03) which 
recovers all mercury fractions (elemental, salts, 
amalgams and organic forms), except cinnabar 
(HgS) or mercury tightly bound in mineral lat- 
tices. 

Aqua regia which recovers the fraction not re- 
covered with 12N HNO,, including HgS and 
mercury bound in mineral lattices. 

Methylmercury fractions. 

Total mercury by adding 12N HN03 and aqua 
regia results. 

6.0°C, but the samples were not frozen upon 
receipt, and therefore results were not affected. 

There were no analytical abnormalities associated 
with BTEX, DRO, or mercury analyses. Some 
cPAH laboratory control sample (LCS) duplicate 
analytes failed to meet QC criteria, but the associ- 
ated LCS met QC criteria and results are not 
affected. 

Field duplicates were sampled at a rate of 10 per- 
cent of the project samples. Field duplicate relative 
percent differences (RPDs) were less than 50 per- 
cent for all samples except as noted. Total mercury 
field duplicates for samples 99RT14SL and 
99RT16SL analyzed by CT&E have an RPD of 84 
percent, possibly due to non-homogeneity of the 
samples or error inherent with the small sample 
mass used for the analysis. Results for these sam- 
ples should be considered estimated. 

Field sample duplicates (99RT14SL and 
99RT15SL, and 99RT19SL and 99RT2 1 SL) which 
compare total mercury analyzed by CT&E digested 
by EPA Method 3050 (99RT14SL and 99RT19SL), 
and total mercury analyzed by Frontier (99RT15SL 
and 99RT2 1 SL), have RPDs greater than 50 per- 
cent. EPA Method 3050 is a hot leach method and 
tends to provide poor recoveries in samples with 
high concentrations of HgS. In this case, EPA 
Method 5030 may more accurately be compared to 
the cold leach method using 12N HN03 digestion. 
When total mercury digested by EPA Method 3050 
is compared to 12N FINO3, the sample RPDs are 
less than 50 percent for all field sample duplicates. 
Data is considered acceptable without qualification. 

4.0 DATA QUALITY REVIEW 
5.0 ANALYTICAL RESULTS 

The data quality review included a review of sam- 
ple holding times, temperatures, custody records, 
and reported results for samples and extraction 
quality control (QC). Analytical data was reviewed 
according to the Chemical Quality Assurance for 
Hazardous, Toxic, and Radioactive Waste Projects, 
US. Army Corps of Engineers (USACE) EM-200- 
1-6, October 10, 1997. 

Samples were not relinquished at CT&E. The 
sample custody was not compromised. Samples 
were received at 1.3 to 1.9 degrees Centigrade (OC), 
below the suggested temperature range of 2.0 to 

5.1 Background 

Six background soil samples (99RTB 1 through 
99RTB6) were collected north of the former retort 
site from an area considered unaffected by retort 
activity. Two samples were collected at different 
depths at each of the three locations and analyzed 
for total mercury. Analytical results are on 
Table 1. Background sample locations and results 
are shown on Figure 3. 
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The total mercury concentrations for the back- fore, elevated total mercury concentrations may 
ground samples ranged from 0.0342 to 0.1 56 only suggest slightly elevated methylmercury con- 
mg/kg. centrations. 

5.2 In Situ Site Characterization 

5.2.1 Mercury Samples 

Twenty project soil samples and two QC samples 
were collected from the retort area sample grid and 
analyzed for total mercury. Analytical results are 
on Table 1. The 1998 and 1999 site 
characterization locations and results are shown on 
Figure 2. 

Six samples were collected at the 1998 sample grid 
nodes at locations deeper (approximately 3 to 3.5 
feet bgs) than the 1998 sample points. Samples 
were also collected fram six new sample grid loca- 
tions. One from just below the bottom of the 1994 
excavation (1 to 2 feet bgs) and one from a deeper 
interval (3 to 3.5 feet bgs). 

The mercury concentration in one sample 
(99RT10SL at 108 rng/kg) exceeded the highest 
concentration found in 1998 (40 mg/kg). A statis- 
tical analysis of the data set indicates the upper 95 
percent confidence level is 10.81 m g k g  and the 
lower 95 percent confidence level is 0.126 rngfkg 
(Appendix C). The data set includes 44 sample 
results (does not include QC sample results) and 
covers approximately 3,800 square feet. 

5.2.2 Mercury Speciation 

Organic mercury compounds, especially methyl- 
mercury, are considered the most toxic forms of 
mercury. Organic forms of mercury have been 
found to be at least an order of magnitude less con- 
centrated in terrestrial environments than inorganic 
forms of mercury. Conversely, organic forms of 
mercury like methylmercury have been found to 
make up 70 to 100 percent of the total mercury 
concentration found in biological tissues (USGS, 
1995). USGS findings from studies in southwest- 
em Alaska have also found the ratio of total mer- 
cury to methylmercury in background areas is 
much lower than areas with elevated mercury con- 
centrations. Specifically, the methylmercury frac- 
tion does not increase proportionately to an 
increase in total mercury concentration, and there- 

The 1998 speciation data is not considered signifi- 
cant for this discussion because methylmercury is 
not included in the analysis. However, the 1998 
data is included for reference in Appendix B. 

The 1999 mercury speciation results are lower than 
1998 data because of the lower total mercury con- 
centrations. The 1999 speciation data does, how- 
ever, include methylmercury analysis. The 1999 
methylmercury results ranged from 0.086 to 0.633 
p e g .  USGS background data from 1996 ranged 
from 1.149 to 1.27 1 pg/kg. The 1999 speciation 
data is shown in Table 2, and speciation sample 
locations are shown on Figure 2. 

5.2.3 Petroleum Hydrocarbons 
Samples 

Three samples collected from the former drum 
storage area with the highest field screening results 
were submitted to the laboratory for DRO, BTEX, 
and cPAH analysis. Sample locations are shown 
on Figure 2. Results are on Table 3. 

DRO and BTEX were not detected at or above the 
method detection limit. Phenanthrene and 
fluoranthene were detected in sample 99RT27SL, 
but the fluoranthene concentration (1.69 &kg) is 
below the ADEC cleanup levels established in 18 
AAC 75. A cleanup level for phenanthrene is not 
listed in the 18 AAC 75 regulations. 

6.0 CONCLUSIONS AND 

During a June 1999 meeting with the ADEC, BLM, 
and I;fLA/Wilder, the ADEC indicated closure for 
the Red Top Retort site could be obtained with total 
mercury concentrations found during the 1998 sam- 
pling activities (maximum concentration of 40.6 
mgkg), if the site was more adequately 
characterized, and institutional controls attached to 
the property title. Data collected fiom 
HLANilder's 1998 and 1999 sampling activities 
adequately define the extent and concentrations of 
mercury at the site. One sample collected in 1999 
had a total mercury concentration of 108 m a g ,  
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exceeding the highest detection in 1998. A 
statistical analysis of the 1998 and 1999 data set 
indicates that the upper 95 percent confidence level 
for total mercury is 10.8 1 mg/kg. Mercury 
speciation results indicate the methylmercury 
concentration of the selected samples was less than 
the background samples collected by the USGS 
near the site. Results for DRO, BTEX, and cPAHs 
were below established cleanup levels. 

HLAtWilder recommends site closure with ADEC 
directed institutional controls on the property title. 
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TABLES 



Table I. Analytical Results for Total Mercury 

Sample Concentration of 
Sample Sample Sample Depth TotaI Mercurya 
Number Type Location Date (feet bgs) (mg/kg) - I-- 

99RT0 1 SL PR IS8 9/20/99 3 .O 1.15 
99RT02SL PR IS17 9/2 1 199 3 .O 0.100 
99RT03 SL PR IS34 912 1 199 1.5 0.129 
99RT04SL PR IS34 9/2 1 /99 3 -0 0.154 
99RT05SL PR IS11 9/2 1 199 3 .O 0.090 
99RT08SL PR IS32 9/2 1 199 1.8 14.9 
99RTO9SL PR IS32 9/2 1 /99 3.5 0.068 
99RTl OSL PR IS33 9/2 1 I99 2.0 108 
99RT 1 1 SL PR IS33 912 1 /99 3 .O 2.38 
99RT12SL PR IS3 1 912 1 /99 1.5 29.0 
99RT13SL PR IS31 9/2 1 /99 3.2 0.195 
99RT14SL PR. IS24 9/2 1 /99 3.2 0.0836 
99RT16SL Qc IS24 9/2 1 /99 3.2 0.205 
99RTl7SL PR IS30 9/2 2/99 1.5 12.0 
99RT18SL PR IS30 912 1 199 3.5 0.353 
99RT19SL PR IS6 9/2 1/99 3 .O 0.098 
99RT2OSL Qc IS6 9/2 1 /99 3 .O 0.143 
99RT22SL PR IS7 9/2 1 I99 3 .O 0.129 
99RT23SL PR IS29 9/2 1/99 1 .O 0.0558 
99RT24SL PR IS29 912 1/99 3 -0 0.08 19 
99RTEI 1 SL PR EI 1 9/22/99 3 -7 0.636 
99RTEI2SL PR EI2 9/22/99 3.5 0.778 
99RTB 1 PR Background 1 9/22/99 0.5 0.0568 
99RTB2 PR Background 1 9/22/99 1.8 0.0845 
99RTB3 PR Background 2 9/22/99 0.5 0.0342 
99RTB4 PR Background 2 9/22/99 3 .O 0.0789 
99RTB5 PR Background 3 9/22/99 0.5 0.0842 
99RTB6 PR Background 3 9/22/99 1 .O 0.156 

a. Total mercury determined by U.S. Environmental Protection Agency 
Method 7470A 

bgs Below ground surface 
m a g  Milligrams per kilogram (parts per million) 
PR Project sample 
QC Quality control sample 



Table 2. Analytical Results For Mercury Speciation 

Sample Number 
Sample Location 

Date ColIected 

99RTO6SL 99RT07SL 99RT15SL 99RT2 1 SL 
IS 1 1 IS8 IS24 IS6 

9/2 1/99 9/2 2 /99 9/2 1 /99 9/2 1 /99 
DepthofSample(feetbgs) 

Mercury Speciation Units 
Wet basis 
Aqua regia - Cinnabar (HgS) ~-tg/kg 
12N HN03 - (elemental, salts, amalgams, and organic forms) ~ g / k g  
Methylmercury @kg 

bgs Below ground surface 
pg/kg Micrograms per kilogram (parts per billion) 
12N HN03 Cold 12 normal nitric acid 

3.0 3.2 3.2 3 .O 

21.7 22.1 1395 55.7 
67.5 64.3 101.6 135.4 
0.1 13 0.074 0.174 0.54 

Dry 
Aqua regia - Cinnabar (HgS) ~ g / k g  
12N HN03 - (elemental, salts, amalgams, and organic forms) ~ g l k g  
Methylmercury 

23.4 25.8 1550.0 65.3 
72.8 74.9 112.9 158.7 
0.122 0.086 0.193 0.633 



Table 3. Analytical Results for Petroleum Hydrocarbons 

SampIe Number 
Sample Location 

Date Collected 

Diesel-range organics 
BTEX 

99RT25SL 99RT26SL 99RT27SL 99RT28SL 
H1 HI (QC) H3 H4 

912 1/99 9/2 1 /99 9/2 1 199 9/2 1 /99 
Depth of Sample (feet bgs) 

Petroleum Hydrocarbons Units 

DRO 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 
cPAHs 

2.5 2.5 2.5 2.5 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenathrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)Anthracene 
Chrysene 
Benzo[b]Fluoranthene 
Benzo[k]fluoranthene 

Benzo[a]pyrene 
Indeno[1,2,3-c,d] pyrene 
Dibenzo[a,h]anthracene 
Benzo[g,h,I]perylene 

BTEX Benzene, toluene, ethytbenzene, and total xyjenes 
cPAHs Carcinogenic polynuclear aromatic hydrocarbons 
DRO Diesel-range organics 
mg/kg Milligrams per kilogram (parts per milIion) 
pglkg Micrograms per kilogram (parts per billion) 
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