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Soil samples collected during the remedial excavation activities were collected using a backhoe due 
to the depth of the excavations. This involved removing only those soils which were not in direcl · 
contact with any surface of the backhoe bucket. AEE field personnel .collected all samples from a 
minimum of 4 to 6 inches within each sidewall to ensure a fresh sample which was not exposed to 
the atmosphere would be obtained. Several areas at various depths and lateral locations in the 
desired sampling zone were screened using a PID and observations of the soils physical­
characteristics prior to deciding upon a final sampling location. Discrete samples were then obtaine~ 
using the same procedure described above. 

8 .2 Well Installation Procedures . 
All monitoring wells were constructed in accordance with the minimum standards for construction 
and maintenance of wells 0/'JAC 173-160). Monitoring wells construction details have been included 
with the boring logs in Appendix 8. 

8 .3 Well Development and Purging Techniques 
Following installation of the monitoring well, each well was developed in order to improve the 
hydraulic connection between the annular sand pack and the formation, which in tum enhances the 
well yield and decreases turbidity. Monitoring wells installed during this investigation were developed 
using a. hand-operated surge block and a hand bailer. Development continued until the well was 
purged dry, the turbidity was observed to decrease significantly, or 6 to 10 well casing volumes of 
groundwater were removed. All wells were allowed a minimum of 24 to 48 hours to equilibrate prior 
conducting additional purging and sampling activities. 

Prior to sampling, the existing column height of groundwater present in the well casing was 
measured and a well casing volume of water was calculated based upon the diameter of the well 
casing. Approximately 3 to 5 well casing volumes were removed using a hand bailer. Bailing is 
performed in a manner which minimized any surging of the well. All non-disposable bailers were 
decontaminated between each well by scrubbing with a stiff brush and solutions of isopropyl alcohol, 
Liquinox/potable water, and a deionized water rinse. Purging is performed in the order of least 
impacted to most impacted well when this data is available. 

8.4 Groundwater Sampling Methods 
Prior to sampling, depth to water measurements are taken in all wells to the nearest 0.01 foot, using 
an electronic well probe. The elevations of the t~ps of the well casings were established based upon 
survey data conducted by Horton Dennis and Associates, Inc. of Kirkland, Washington. A summary 

. of the historical water level data, including depth to water and groundwater elevations is presented 
in Table 8. The required purge volumes are then calculated based upon the water level data 
collected. 

Monitoring wells are purged of approximately three to five well casing volumes (see Section 8.3) 
prior to perfo~T"rying sampling, or until the well is purged dry. Water levels are allowed to recharge 
to 80 to 90 percent of the origfnal column height in the wells which are not purged dry prior to 
sampling. In the wells which are purged dry, sampling is perfonned once enough water .is present 
to fill the sample containers. Groundwater samples are collected using dedicated, disposable plastic 
bailers (single check-valve). The bailer is slowty lowered into the water column to avoid surging and 
the groundwater sample is collected from the upper 2 to 3 feet of the water column. Groundwater 
samples are decanted into laboratory prepared containers in order of highest to lowest analyte 
volatility. All samples are labelled, placed into a chilled cooler (where applicable), and transported 
to the analytical laboratory under AEE chain-of-custody procedures. • 
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Summaries of both soil and groundwater analytical data performed throughout this study have been 
provided in Tables 1, ~ 4, 5, 6, and 7. Copies of all available laboratory test certificates have been 
provided with the reports listed in Section 1.2. 

D. Sample Locations and Depths 1 • 

The locations of samples obtained from the boring exploration program can be seen on Figures 2 
and 7. Sample locations for the remedial over excavation and UST closure are depicted on Figure 
4. Figure 5 depicts sample locations where residual petroleum concentrations e_xceeding MTCA 
Method A criteria exist for site soils. Figure 3 depicts the soil vapor survey sample points, including 
field screening data and laboratory analytical data. Figure 14 depicts the analytical data for both 
groundwater sampling events and the well locations. 

Sample depths are indicated by the numerical suffix attached to each sample identification. The 
depths are also listed in each table containing the analytical data, as well as the corresponding 
boring logs. 

E. Justification of Sample Selection 
The sample locations Which were selected for analysis from each boring exploration were based 
upon the depth to groundwater at the time of drilling; field headspace measurements utilizing a 
photoinization detector {PID), and observations of the physical characteristics of each sample. 
Based upon the contaminant type, at least one soil sample was selected which would correspond 
to the capillary fringe zone. Secondary samples were chosen to characterize the vertical extent of 
petroleum impact, where present. 

Sample locations selected during the remedial over excavation of petroleum impacted soils in the 
vicinity of the existing UST and the front parking area were selected based upon several criteria. 
The sample locations in the UST area were chosen based the depth to groundwater, field headspace 
readings and the bottom depth of the UST itself. The Ecology guidance document for UST Site 
Checks and Site Assessments was followed where possible. All samples were discrete samples. 
Field headspace readings were used to select the depth from which the samples were obtained, 
which generally corresponded with the zone immediately above the groul7!dwater occurrence of 10 
to 11 feet below grade. A closure sample{s} could not be obtained immediately beneath the UST 
due to groundwater entering the UST once a hole was placed in the base of the UST. Several 
samples were collected from the base of the UST excavation to confirm successful containment 
removal at the vertical extent of the remedial action. Sample locations are shown on Figure 4. The 
numerical suffix following each sample identification corresponds to the approximate depth below 
grade at which each sample was obtained. 

F. Soil Profile Information 
The site soil profiles in the vicinity of each boring exploration are presented on the boring logs in 
Appendix B. A detailed discussion of the geology of the site was presented in Section 1.02. 
Geologic Cross Sections depicting general soil conditions across the site are presented on Figure 
15 and 16. 

G. Groundwater Data 
Historically, depths to groundwater as measured in respect to the top. of well casings have ranged 
from 2.91 feet to 7.65 feet below the top of casing in all wells but MW-5. The static water level in 
MW-5 was 13.12 feet prior to sampling in September 1995. The average depth to groundwater 
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based upon the historical data, presented in Table 6, is approximately 5.6 feet below top of well 
casing. 

H. Residual Concentrations 
The residual concentrations of petroleum hydrocarbons in soil are referenced in several sections of 
this ~port and are depicted along with the analytical data on Figure 5. The only area of groundwate~ 
containing residual petroleum hydrocarbons in excess of MTCA Method A cleanup criteria is in the 
vicinity of MW-4. MW-4 is depicted on Figure 14 along with the analytical results of the two sampling 
events. 

SECTION TWO -ADDITIONAL INFORMATION 

2.1 Groundwater Investigation 
The first assessment of groundwater conditions and quality at the subject site was perfonned during 
AEE's Subsurface Petroleum Hydrocarbon Assessment in November 1994. During this assessment, 
three, 2-inch diameter groundwater monitoring wells (MW-1, MW-2, & MW-3) were installed to 
depths of approximately 20 feet below grade. One 4-inch diameter groundwater monitoring well 
(MW-4) was installed west of the existing UST, to an approxtmate depth of 24 feet below grade. 
Monitoring wells MW-2 through MW-4 were installed such that the well screen extended from 5 feet 
below grade to the bottom of each well. MW-1 was screened from 10 feet below grade to the bottom 
of the well. Well construction diagrams are presented in Appendix 8 . 

Groundwater was encountered during the boring exploration program at depths ranging from 15 to 
16.5 feet below grade within a saturated zone of silt in the glacial till underlying the site. 
Groundwater was not encountered during the installation of MW-3. This exploration program 
indicated that the occurrence of groundwater at the site was dictated by the geology of the glacial 
till. 

Subsequent fluid level measurements indicated water levels ranged from 3.64 to 6.43 feet below the 
tops of the surveyed well casing elevations. At this time, it was uncertain as to whether groundwater 
was entering the wells at depths above that identified during drilling activities or whether some 
degree of confining pressure. existed due to the overlying glacial till. Fluid level data is summarized 
in Table 8. 

Based upon the groundwater data collected on 7 December 1994, and 11 January 1995, 
potentiometric surface maps (Figures 8 & 9) were constructed. An inferred groundwater flow 
direction to the east was Interpreted. 

During groundwater development and sampling activities, most of the monitoring wells could be 
purged dry following the removal of 3 to 6 well casing volumes of water. Groundwater quality data 
included testing for gasoline range petroleum hydrocarbons (GRPH), volatile aromatic compounds 
(BTEX), lead (total and dissolved}, and turbidity. Diesel range petroleum hydrocarbons (DRPH) were 
not tested during the initial screening due to the absence of soil analytical data confirming its 
presence at the time of sampling. The laboratory analysis indicated that only the sample obtained 
from MW-4 contained concentrations of petroleum hydrocarbons in excess of MTCA Method A 
cleanup levels for groundwater. MW-4 contained a benzeAe concentration of 13 parts per billion 
(ppb). This y.'as the only compound which exceeded MTCA criteria. Detectable concentrations of 
petroleum hydrocarbons were also present in samples obtained from MW-1 and MW-3. A complete 
summary of the analytical data is presented in Table 2. 
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Groundwater level measurements were collected on a monthly basis from May to September 1995. 
Potentiometric surface maps were constructed, and are included as Figures 10 through 13. The· · 
data presented in these figures indicates a general trend to the south for the inferred groundwater 
migration direction. 

Observations of the groundwater conditions encountered during the excavation of the petroleum 
impacted soils associated with the UST area and front parking area indicated no apparen't 
groundwater occurrence above a depth of 10 to 11 feet below grade. The groundwater encountered 
was observed to slowly seep into the excavations from a more permeable, sandier horizon within 
the glacial till. The groundwater encountered appeared to be perched upori a denser, less 
permeable silt layer underlying the water-bearing horizon above. This water bearing unit was less 
than 2 feet in thickness. No evidence of any groundwater above 10 feet was noted during the extent 
of the excavation activities. 

The groundwater data collected through August 1995 Indicated that the occurrence of groundwater 
at the site was dictated by the geology of the glacial till. :rhe data also indicated that groundwater 
at the site was unlikely to occur above a depth of 10 feet below grade, and is likely to be perched. 
The depths to water within the wells are inferred to occur at shallower depths than what would be 
expected due to confining pressures of the overlying glacial till. This pressure was released during 
installation of the wells resulting in a rise of the water level. 

In September 1995, AEE installed three additional 2-inch monitoring wells (MW-5, MW·6, & MW-7). 
MW-5 was installed as an upgradient well location in the front parking area. Monitoring wells MW-6 
and MW-7 were installed as downgradient monitoring wells for the site i.n general. The location of 
these wells was based upon the potential age of the release and upon right-of-way constraints which 
prohibited installation of the wells in Market Street or 3rd Street Wesl Due to the potential age of 
the release, AEE installed these wells to confirm the absence of any dissolved petroleum 
hydrocarbon plume extending from the site. 

Analytical data of groundwater samples from the 8 September 1995 sampling event indicated that 
the sample from MW-4 contained the only exceedance of the MTCA Method A groundwater cleanup 
levels for benzene (64 ppb) and total petroleum hydrocarbons (GRPH + DRPH = 1,060 ppb). 
Detectable concentrations of petrQieum hydrocarbons were also present in samples obtained from 
MW-2, MW-3, and MW-5. 

2.1.1 Hydrogeological Investigations {No Groundwater Contamination) 
(Not ap-plicable as groundwater contamination was-detected.) 

2.1.2 Hydrogeological Investigations {With Groundwater Contamination} . 
A. Potentiometric surface maps are presented in Figures 8 through 13; a summary of fluid level 

measurements is presented in Table 8. 

B. Based upon the. soil types observed during the drilling activities and the exc;avation program, 
the hydraulic conductivity (K) values were estimated at 10~ em/sec, which is an average for 
glacial till soils. Assuming an aquifer thickness of 10 feet (b), transmissivity (T) equals 3.049 
x 10-,. cm2/sec (T=Kb ). Based upon the hydraulic conductivity value calculated for gladal tills, 
a known groundwater gradient (h) of 0.04 ftlft, and an assumed effective soil porosity (n) of 
15% , or 0.15, a groundwater velocity was calculated 'at 2.66 x 10'7 em/sec or 0.275 
feet/year, using the equation V = Kh/n. · 
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