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1. Introduction

The purpose of this section is to further our understanding of site contamination by plotting and
analyzing soil data and descriptions. The goals are to get a better idea of contaminant location, how
reliably we can predict exposures that may lead to risk, and what additional data will be most helpful.

The Data Package (1996) includes both qualitative and quantitative information. Qualitative
information includes soil boring logs and cross sections (Data Package Appendices A, B and L) that
are helpful in understanding the distribution of contaminants. The RI Summary Report uses such
qualitative information and rough ranges of concentrations to provide insights and estimated
boundaries and contours of product locations.

In this appendix we focus on the quantitative contamination data, that is the roughly 5,000 data
values collected at about 165 locations and depths. The plots and analyses in this appendix are
intended to provide a variety of windows into the data to help detect and understand patterns and
trends. Specifically, we:

1. Evaluate sampling, duplicate results, and mixes of PAH compounds.

2. Plot concentrations in 3-d scatter plots, histograms, and other plots to help see the spatial
distribution of samples with elevated concentrations.

3. Consider statistical evidence for and against breaking the site into areas based on surface
location and on depth. Depths considered are “surface” (0-0.2 feet), “shallow” (0.2-15 feet)
and “deep” (>15 feet).

4. Consider how concentrations are related to soil odor, sheen, and the presence of product.

J

Provide examples of how concentration probability distributions can be constructed from site
data for risk analyses.

6. Summarize findings.
We consider the contaminants:
Carcinogenic PAHs (CPAHs)

Total PAHs (TPAHs)
Benzene oL a.»ﬂ 3 u

Arsenic
Generally broken down into the following 3 /(k.pﬂls/
e Surface (up to 0.2 3 ¢ntial source of dust, exposure during surface activities)
* Shallow (between(0.2 and 15 fedy; likely to include soil encountered during future trenching and
sub-surface work atsite)—

* Deep (greater than 15 feet; important to understanding site and to groundwater, but not as
direct exposure pathway)

CPAHs and benzene are expected to be leading sources of risk among chemicals identified at the site.
Total PAHs were considered due to correlation with CPAHs. PAHs are of interest since they are
present site wide. Benzene is evaluated since it is the most toxic and prevalent of the BTEX
(benzene, toluene, ethylbenzene and xylene) compounds at the site.

Helpful comments to drafts of this memorandum were provided by David Ruppert, Professor of Statistical Science,
Cornell University; Rob Ede, Hahn and Associates; and Steve Sonnen, Montgomery and Watson. - - :

3 Decision Management Associates, LLC.
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2. Sampling And Data

2.1. Data

The data for this analysis were taken from the Data Package (Hahn, 1996), from samples taken at
monitoring well 13 (MW-13), and from the four geotechnical borings taken near the river in the area of
B-8 (GT-1, GT-2, GT-3, GT-4). The preceding represents all available soil quality data for the site (see
Data Summary document to which this is attached).

2.2, Sampling Strategy

Surface sampling was done essentially at random to roughly cover the site. Thus evaluation of surface
samples as random samples is valid for the purposes of statistical analysis.

Sub-surface sampling locations, however, were selected to (1) investigate areas in which historic
operations were thought to create contamination potential, and (2) to roughly cover the site. The first
of these goals creates a non-random sampling strategy, due to targeting of expected sources. The
second introduces a random-grid element into the locations across the site. The laboratory analyses run
on samples were generally not selected based on sample appearance, so this did not introduce bias.

Another source of bias in sub-surface samples is that samples were taken in part based on soil
appearance and apparent contamination. Typically, samples were taken above, in, and below what
appeared to be contaminated soils. At monitoring wells, samples were primarily guided by identifying
the lower limits of contamination. See the Final Work Plan, August 4, 1995, for a further description of
sampling activities. Such potentially biased data is useful for characterizing contamination, but must be
used with caution for statistical analysis (e.g., see Section 1.3, EPA, 1996).

To investigate this bias we consider the relationship between soil appearance and contaminant
concentrations later in this document. We find that sub-surface PAH concentrations are modestly biased
upward by use of visual inspection, but benzene concentrations are probably not significantly biased.

2.3. Duplicates

Figure 1 shows the ratios of concentrations found in duplicates. If samples were uniform and tests were
perfect, all values would be 1.0. In fact, for those duplicates in which significant concentrations of
contaminants were found the two duplicates have rather different results, with most varying by about
50%, and sample B-01 varying by a factor of 4. Since the PAHs in these samples were fairly low
(about 10 ppm) the differences are large percentages but low quantities. Ranges in precision for PAH
analyses in a range from 30-150% of true values, depending on the constituent, are considered
acceptable by lab QA/QC standards. Lab QA/QC tests indicated that they were operating within these
standards. Therefore it is likely that the differences represent normal test imprecision for all samples
except for B-01. For B-01 heterogeneous contamination on the scale of a few inches (the space between
samples taken in two 4-9 oz. sample jars) is the likely explanation. However, in analyzing results the
significant potential imprecision of testing should be kept in mind.

3. Visual Examination Of Data And Evaluation Of Differences By Area

In the following paragraphs we present several ways to plot and view data.

4 Decision Management Associates, LLC.
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3.1. PAH Compound Mix

3.1.1. Relation berween CPAHs and TPAHs.

Figure 2 shows TPAHs versus CPAHs by depth on a log-log scale. A linear relation with zero
intercept indicates that the relationship between TPAHs and CPAHSs is proportional. The two chemical
groups are strikingly well correlated for surface soils. Explanations include that surface PAHs are from
a single source or that weathering has left them uniform in nature (more discussion below). The two
groups of chemicals are roughly correlated for deeper soils, suggesting variety in the nature of sub-
surface PAH contamination. This may be associated with diverse sources, differential weathering
and/or differing rates of migration. In a number of samples TPAHs were detected at low concentrations
while CPAHs were not detected (values of -3 in the figures represent no detects),

3.1.2. PAH Fingerprints.

Beyond the above breakdown into total and carcinogenic, the relative concentrations of the sixteen
different PAH compounds analyzed can be considered a “fingerprint” for a PAH mix.

Figure 3 displays the PAH fingerprint of all surface soil samples by constituent. Each sample is shown
as one of the thin bars above each constituent. In this figure the right-most thin bar above each
constituent is a sample we believe is Koppers pencil pitch dust (see discussion in Data Summary). The
fact that for surface soils the thin bars tend to be similar (e.g. most are high for Pyrene and low for
Napthalene) indicates similar PAH fingerprints among surface samples. Further, it appears that PAHs
in surface samples are generally quite similar to dust collected at Koppers.

Figures 4 and S show similar comparisons for shallow and deep soils, respectively. PAHSs in shallow
and deep soils are more diverse. They are generally dissimilar to surface PAHs and somewhat similar
to each other. Part of this the distinction between surface and deeper samples is due to weathering, for
example with naphthalene volatilizing near the surface. Similarity of surface samples may also reflect a
common source. The differences between surface and deeper PAHs should be addressed in assessing
the potency of CPAHs.

3.2. 3-D Concentration Scatter Plots of Concentrations

Figures 6-13 show 3-dimensional scatter plots of the contaminants:

s TPAHs
¢ CPAHs
e Benzene

In each plot the site is shown from a south-southwest vantage point, with approximate site borders and
river locations shown. The north and east coordinates are in feet, and are those used in records of
borings and wells at the site. These plots are primarily intended to clarify the extent to which elevated
concentrations occur in various areas and at various depths. Sample locations are provided for points
with highest concentrations’.

TPAHs and CPAHs are distributed very similarly, with elevated concentrations of each occurring at the
same points. Elevated surface concentrations of CPAHs are about 10% of the concentrations elevated
shallow and deep soil concentrations. Elevated concentrations of PAHs occur within each of these |

! Note that while concentrations of contaminants in deep soil have been carried throughout this analysis, they are
not directly important in the evaluation of human health risks due to the lack of a viable route of exposure (DEQ
letter to S. Hart, August 23, 1996). o :

5 Decision Management Associates, LLC.
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depth intervals towards the eastern corner of the site (former tar pond area, near Wacker and the river),
an area with residual tar product in the soil. A few other samples showing elevated concentrations are
scattered across the site, with high variability by both depth and location.

Benzene concentrations in shallow soil are elevated primarily in the central part of the site near the
southwest boundary, near the former light oil plant. In deep soil the elevated concentrations are about
50% as high and are farther down-gradient of the light oil plant, with another spike at MW-6. Elevated
benzene concentrations do not perfectly coincide with observed product, with the highest concentration
occurring in a sample at B18 that had no obvious product.

3.3. Site Breakdown and Histograms

The site could be divided in a number of ways for the purpose of statistical analysis. One reason for
breaking the site down is variability of human activity, and thus exposure parameters, by area (e.g. the
3-area breakdown below). Another reason is variability in the nature and extent of contamination (e.g.
2 and 4-area breakdowns below). We consider the site as a whole and using 3 breakdowns as shown in
Figures 14 and 14a and described below.

The 2-Area breakdown was used to investigate the apparently higher concentrations occurring in the
eastern corner of the site (see scatter plots, above), with the eastern corner being nearly identical to the
Former Tar Pond area of the 4-area breakdown.

The 3-Area breakdown follows approximate boundaries of current usage, with the NWN area including
all but the northeastern area (PNO) and the southwestern corner (Koppers). This breakdown is likely to
be useful to the extent that exposure parameters vary by current lease areas.

The 4-Area breakdown was suggested by DEQ in the memo of June 27, 1997 “Data Summary and
Exposure Pathway Analysis-Technical Memorandum, Former GASCO Site.” The proposed breakdown
included a small fifth area in the northeast corner of the site near the abandoned office building called
“Office Area.” No data have been taken in that area, as broken out, so it is not included in the
analysis. The memo showed the LNG containment basin as an excluded area. The ass;gnment of
sampling locations to areas for each breakdown is shown in Table 1 below.

Table 1. Assignment of Sampling Locations to Areas

Area Breakdowns Borings and Wells by Area
2-Area East Comner Main Area
Borings: 9, 29-35 | All other samples
: Wells: 3-5, 8
3-Area NWN Koppers PNO
Borings: 2,5, 9, Borings: 18-25, Borings: 1, 3, 4, 6-
11-17, 26, 29-35 27,28 8,10
Wells: 3-5, 8-11 Wells: 12 Wells: 1, 2,6, 13
Geotech: 1-4
4-Area Tar Pond Area Retorts/Koppers PNO Oxide Area
Borings: 9, 26, 28- | Borings: 11, 13- Borings: 7, 8, 10 Borings: 1-6
35 25,27 Wells: 13 Welis: 1-2
Wells: 3-5, 8,11 Wells: 6, 9,10,12 | Geotech: 1-4 :

6 o Decision Management Associates, LLC.
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Figures 15-22 are histograms of the frequency with which concentrations of TPAHs, CPAHs, and
benzene were found by area and depth, on a log scale. The left-hand columns, at 107, indicate non-
detects. With the high variability found, mean values primarily reflect the several highest
concentrations found. Because of the log scale even fairly subtle differences in the appearance of
histograms, particularly in the right-hand most columns, reflect significant differences in the highest and
mean concentrations. In cases where a single sample of elevated concentration has a dramatic impact on
the mean, the mean is also shown without that sample included in the data set.

In studying these histograms some patterns appear:

* The 4-Area breakdown provides the best resolution of concentrations, most clearly showing lower
PAH concentrations in the PNO area and higher concentrations in the eastern corner (near the river
and Wacker).

- The 3- and 4-Area sets of histograms both show lower surface concentrations in the northern part of
the site (PNO and Oxide areas) relative to other areas.

¢ Shallow soil has fewer non-detects and higher concentrations than deep soil.

e All 3 sets of histograms show great variability in PAH concentrations in shallow and deep soils (7
orders of magnitude), and somewhat less variability in surface soils (3 orders of magnitude). This
reinforces other observations suggesting that surface PAHs differ in distribution and nature from
sub-surface PAHs.

Figure 23 shows arsenic concentrations found in the PNO and Oxide areas of the 4-Area break down.
Samples have not been taken in other areas. Concentrations are consistently higher in the Oxide area,
with no arsenic concentrations in the PNO area exceeding 3 ppm and no arsenic concentrations in the
Oxide area below 3 ppm.

4. Statistical Analysis of Concentration Differences by Area and Depth

We can use statistical tools to further evaluate the significance of differences by depth and by the areas
defined above. As noted below, however, these statistical results are best used with caution and as
supplemental to visual examination of the data, due to method and data limitations.

The Mann-Whitney U test (also known as Wilcoxon Rank Sum test, e.g. EPA, 1996 section 3.3.3) was
used to test for significant differences between groups when concentration data were grouped by depth
and area. The Mann-Whitney test considers the hypothesis that two populations (e.g., concentrations in
two areas or depths) are shifted relative to each other. When assumptions and limitations are not
violated, this is the most powerful non-parametric test for this purpose®. For information on this test

? This test does not assume any distribution shape (i.e., is “nonparametric”), but does assume that the distributions
to be compared have the same shape and dispersion. The histograms suggest that this assumption is met to varying
degrees across comparisons. Extreme values have limited impact with a ranking statistic. The benefit is that the
statistic will not be greatly affected by one or two extreme values, but the caution is that where very high values
are considered representative, their importance may be underestimated. Substantial numbers of identical data
values in the two sample sets being compared (e.g. non-detects with same assumed values) can lead to
underestimates of the confidence that the sets are different - i.e. differences in populations will tend to be greater
than indicated by p-values. Our data (like most real data) violates these assumptions to some degree 50 results
should be viewed as suggestive, not as “proofs.”

7 Decision Management Associates, LLC.
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Devore 1995, or other statistics texts. The calculations were done in the software Statistica (1998
release 5.1 M, StatSoft Inc.).

The reported p-value is the probability of error in rejecting the null hypothesis that the two samples are
from the same population. That is, the test is looking for evidence that the samples are from different
populations. The p-value is the probability of error in the statement “the two populations from which
samples are drawn are different.” Exact two-tailed p-values are used here, since we do not know a-
priori which area or depth would have higher concentrations, should they be different. A value of 0.05
indicates a one-in-twenty (5%) chance of such an error, and this is often considered a marginally
significant result. P-values closer to .01 are fairly strong statements regarding likely differences.

Applied to arsenic in the PNO versus Oxide areas, the concentrations are significantly different with a
p-value of <0.001 when subjected to the Mann-Whitney U Test. The remainder of statistical analyses
will be devoted primarily to PAHs.

Mean values for PAHs and benzene (and mean values calculated without extreme values®) and number
of samples for each area and depth are provided in Table 2.

Detailed results of the Mann-Whitney test for the significance of differences by area and depth are
attached in Appendix 1. The following is a summary of the results.

* 2-Area breakdown: PAHs are significantly higher in the eastern corner of the site than the
remainder of the site (“Main Area”) for shallow and deep soils.

s 3-Area breakdown

e  PNO appears to have lower concentrations than the other two areas. The elevated PNO samples
at B6 (shallow) and MW6 (deep) are exceptions to this trend.

* Mean concentrations at NWN are substantially higher than at Koppers, but the difference is not
statistically significant. This lack of significance most likely reflects the limited impact of
extreme values on the test..

* Extreme values were arbitrarily selected by inspecting data for single samples that accounted for over about %2 of
the mean. These extreme values were associated with samples from B6, B13, and B18 “in shallow soil; and B6,
B27, and MW6 in deep soils. o E :

8 Decision Management Associates, LLC.
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Table 2. Mean Concentrations' and Number of Data Points for Each Area Breakdown and Depth.

Area CPAHs TPAHs Benzene
Division | Depth Area Mean (ppm) N Mean (ppm) | N | Mean (ppm) N
1-Area All All Areas 285 136 2280 136 21.1 58

Depths
Surface | All Areas 104 23 197 23 0.15 5
Shallow | All Areas 531 38 3469 36 295 21
Deep Alt Areas 223 77 2364 7 18.8 32
2-Area | Surface | Main Area 57 13 129 13 0.15 3
East Corner 166 10 286 10 0.15 2
Shallow | Main Area 325 30 1604 30 309 18
{624 wio B13) (29)
East Corner 1560 6 12793 6 217 3
Deep Main Area 52 50 815 50 16.7 26
(24 wio MWS) (49)
East Corner 541 27 5232 27 28.2 6
3-Area Surface | PNO 10 4 21 4 0.15 1
NWN 123 15 212 15 0.15 2
KOP 125 4 318 4 0.15 2
Shallow | PNO 311 16 889 16 0.03 10
(35 w/o B6) (15) (108 wlo B6) (15)
NWN 1115 12 8345 12 156 8
KOP o1 8 415 8 105.3 5
Deep PNO 65 22 941 22 46 15
(1.9 wio MW6) 21) (43wl MWE) | (21)
NWN 391 40 3982 40 422 9
KOP 9 15 137 15 19.2 8
(54 wio B27) (14)
4-Area Surface | Oxide 10 4 21 4 0.15 1
PNO ] 0 0
Former Tar 132 14 228 14 .15 3
Pond
Koppers 102 5 251 5 0.15 1
Shallow | Oxide 956 5 2765 5 0.15 1
{73 w/o B6) {4) {268 w/o B6) 4
PNO 21 10 39 10 0.01 9
Former Tar 1361 7 11053 7 17.7 4
Pond
Koppers 327 14 2378 14 785 7
(47 wio B13) (13 (279 wio B13) (13) (27 wio B18) (6)
Deep Oxide 8.4 5 19 5 0
(0.4 wio B6) (4) (2.0 wio B6) (4)
PNO 0 15 0 15 0.12 13
Former Tar 484 32 4901 32 M3 8
Pond
Koppers 67 25 1005 25 24.6 1
(11 wio MW6) (24) {180 wio MWE) | (24)

*For values in which a single data point has a dramatic impact on the calculated mean, the mean value calculated
without that data point has also been calculated and is shown in parenthesis. This is intended to show the impact of
extreme values on the mean.

Decision Management Associates, LLC.
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o 4.Area breakdown

* All depths: PNO has significantly lower concentrations than other areas in nearly all
comparisons.

» Surface PAHs: The Former Tar Pond and Koppers areas have similar concentrations and
both have higher surface PAH concentrations than the Oxide area.

o Shallow PAHs: The Former Tar Pond area has significantly higher concentrations than all
other areas except the Oxide area. If sample B6 is removed from the Oxide area (B6
accounts for about 90% of PAHs found in Oxide area samples) then the Oxide area too has
concentrations significantly less than the Pond area (p <0.05 for both TPAHs and CPAHs).

» Deep PAHs: While the Former Tar Pond shows elevated levels in histograms and means,
the difference is not statistically significant in deep soil. As mentioned above, the test may
under-estimate significance when extreme values and duplicates are present.

The overall picture from statistical tests is that the PNO area has lower concentrations of PAHs than
other areas of the site, and the Former Tar Pond area has higher concentrations of PAHs. The 4-area
breakdown shows greatest resolution.

Variations in distribution shapes, substantial numbers of identical values in different groups (non-
detects), and extreme values limit test power and reliability. Generally we suggest that test results be
considered only supplemental to visual analysis of the data presented in plots and tables.

5. Another Way to View Relation Between Proximity and Concentration —
Variograms

Figures 24-27 show scatter plots relating the straight-line distances (x,y,z) between samples and the
differences in contaminant concentrations found in those two samples. Thus every possible pair of
points is shown as a point with the corresponding difference in concentrations and distance between
those points. Such plots, called “variograms” in geo-statistics, are used to examine spatial relations
between concentrations. Variograms are shown for the full site (up to 1,600 feet between samples, on
x-axis) and for samples within 300 feet. If concentrations change in a continuous fashion across the site
then concentration differences will increase with distance between the samples.

For PAHs below the surface the variograms show differences in concentration even for points that are
very close together (points spread along or close to the y-axis). This is evidence for what is referred to
as “pure nugget” or small clumps with different concentrations than surroundings. For deep PAHs and
benzene there no visible “ranges” (a distance over which there seems to be a relation between
concentration and distance). This indicates a lack of smooth concentration gradients in deep soil.
PAHs in surface and shallow soils show less variation in concentrations for points within about 100
feet, which is consistent with a tendency for concentrations to vary more smoothly.

The nuggets and limited distance/concentrations ranges are consistent with the observed presence of
distinct zones and “fingers” of oil tar and tar product (especially the tar) having been incorporated
within fill at the site. PAH concentrations beyond the limit of tar or 0il product tend to display a sharp
decline in contamination. Given the placement of product at numerous portions of the site as fill the
presence of gradually declining concentrations from a “source” is not anticipated, but rather the highly
heterogeneous patterns displayed by the variograms would be expected.

10 Decision Management Associates, LLC.
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6. Relationships Between Shallow Soil Description And Concentrations

Soil odor, sheen, and the presence of product were recorded in boring logs while collecting samples,
These descriptions were used in the body of the Summary Report to develop an idea of product location
and contour plots showing product location. In this section we look at how soil descriptions are related
to concentrations for shallow soils. As described later, we can use these relationships to estimate the
degree of bias in the sub-surface sampling.

6.1. Are Contaminant Concentrations Related to Soil Descriptions?

Table 3 below shows, for shallow soils, the number of data points and mean contaminant concentrations
when samples are grouped by clean/sheen/odor and by the presence of observed product. There appear
to be substantial differences in mean concentrations depending on whether there is sheen, odor, or
product. We examine these apparent relationships in more detail below for PAHs and benzene.

Table 3. Shallow Soil Mean Concentrations and Number of Samples by Soil Description and
Observed Product

Carcinogenic PAHs Total PAHs Benzene
Soil Description Means M Means
Observed (ppm) N eans N (ppm) N
Product (ppm)
None 13 16 10 16 0.01 8
Lampblack 0 0 0
Tar 0 0 0
il 0 0 0

one 1 0.15 1
Lampblack 1121 3 9720 0.15 1
Tar 0 0
Qi 0 0
None 2.2 4 271 4
Lampblack 638 2 4028 2
Tar 1961 5 10951 5

5 5

Cil 873 6301

6.1.1. PAHs

Soil with no odor, sheen, or product (i.e., looks clean) tends to have low PAH concentrations; soil with
odor or sheen but no product tends to have intermediate concentrations, and soil with visible product
tends to have the highest concentrations. However, there is significant variation within each category.
Details follow.

11 Decision Management Associates, LLC.
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Figures 28 and 29 show histograms of the occurrence of PAHs in soil for each combination of soil
description, with number of points (N) and mean values shown (Note that the figures show data
compiled for all depths, not just shallow depths as in the table above). Samples with no visible product
and no odor or sheen have low concentrations and 42% (73 of 174) are non-detects. Soil with visible
product usually has a sheen (48 of 54 samples, or 89%) and otherwise has an odor, and these points
have elevated concentrations. There is no clear difference between samples with odor versus sheen.
The samples with sheen or odor but no product have low to intermediate concentrations.

Based on the above analysis, three soil categories present themselves for evaluation:

¢ Soil with no odor sheen nor product;
¢ Soil with odor or sheen but without product
» Soil with product

The data sets associated with each of these categories can be compared to each of the other categories to
determine if a statistically significant difference exists between the data categories. Tables 4 and 5
display the statistical difference between data sets associated with the soil categories listed above. The
low p-values produced via the Mann-Whitney u-test for the comparison of these data sets indicates that
each of the soil categories presented above displays a statistically significant difference from the others

for CPAHs and TPAHs. To further illustrate this point, box plots of concentrations in each of the 3
categories used in the above tables, for shallow soil, are shown in Figures 30 and 31 (note the log

scale).

Table 4. TPAH Concentrations by Soil Description

Soil Category 1

Soil Category 2

P-value of difference
(Mann-Whitney u-test)

No Odor, Sheen, nor Product
(N=87, mean =57 ppm TPAH)

Product

<0.001

(N=27, mean=11,050 ppm TPAH)

Odor or Sheen without Product No Odor, Sheen, or 0.001
(N=22, mean=369 ppm TPAH) Product
Product Odor or Sheen without <0.001

product

Table 5. CPAH Concentrations by Soil Description

Soil Category 1

Soil Category 2

P-value of difference
(Mann-Whitney u-test)

mean =31 ppm CPAH)

No Odor, Sheen, or Product (N=87,

Product

<0.001

{(N=27, mean=1263 ppm CPAH)

Odor or Sheen without visible No Odor, Sheen, or 0.05
product (N=22, mean=88 ppm Product

CPAH)

Product QOdor or Sheen without <0.001

product

12

Decision Management Associates, LLC.



Preliminary Analysis of Soil Contamination Data October 9, 1998
Northwest Natural - Gasco Facility

We cannot generally relate the nature of the product (oil versus tar versus lampblack) to concentrations,
given the amount and variability of the data. We did find, however, that PAH concentrations in oily
soil are higher in the tar pond area than in the Koppers area, suggesting variation in types and sources
of oil*.

6.1.2. Benzene

The relation between soil description categories and concentration is less clear for benzene, with the
presence of sheen or oil being the best indicators of benzene. Figure 35 shows the occurrence of
benzene concentrations in soil for each combination of soil category. Soil with no visible product and
no odor or sheen has lower concentrations. Soil with visible product nearly always has a sheen (16 of
18 samples, or 89%). The two points with product and no sheen have low benzene, and the 7 points
with no product but sheen include the point with the highest concentration (B18, 12 ft deep) and 2 other
points with significant concentrations. This suggests sheen is a better indicator of benzene.
concentration than the presence of product.

Figure 36 shows box plots of the log of benzene concentrations with samples either sorted by presence
of product or odor and sheen. If we do not exclude the high sample at B18 then there is no difference
In mean concentrations based on the presence of lampblack or tar, but samples with oil have elevated
concentrations. Using the appearance of odor and sheen seems to give a bit more consistent, although
still rough, predictor of benzene concentration.

Based on these graphs of the data, the following two alternative sets of soil categories suggest
themselves:

¢  (Clean soil
¢ Soil with an odor
e Soil with a sheen

and

¢ While oil was found in soil samples in both the Koppers and tar pond areas, PAH concentrations are higher in the
pond area. Thus we investigated whether oily samples in the various areas are comparable. Table 6 below
summarizes the concentrations of PAHs in oily soil samples in the Pond and Koppers areas, with the significance of
the difference shown in the bottom row. This data is also shown in a box-whisker plot in Figure 32-34.

Table 6. Shallow soil (0.2-15 feet) with Visible Oil, Concentrations of PAHs and Benzene.

CPAHs TPAHs Benzene
Mean N Mean N Mean N
{ppm) {ppm) {ppm)
Former Tar Pond 1997 8 23087 6 79 4
Koppers 727 8 6881 8 52
P-value significance of 0.23 0.34 0.53
difference (Mann-Whitney)

The difference is not statistically significant, but concentrations of PAHs in oily soils appear to be higher in the
pond area than in the Koppers area. This difference could be due to a differing source for the oil in the former tar
pond area than that identified in the Koppers area, with the oils in the former tar pond area perhaps more closely
related to, or derived from, the tars, while no tars were present in the Koppers area.

13 Decision Management Associates, LLC.



Preliminary Analysis of Soil Contamination Data
Northwest Natural - Gasco Facility

e No product

o Lampblack
e Tar
s Oil

Table 7 shows the statistical significance of differences in soil categories the first set of categories (i.e.,

clean, odor and sheen).

October 9, 1998

Table 7. Benzene Concentrations by Soil Description

Soil Category 1

Soil Category 2

P-value of difference
{Mann-Whitney u-test)

Clean (N=20, mean=0.85 ppm benzene) Sheen <0.001
Odor (N=4, mean=12.5 ppm benzene) Clean 0.13
Sheen (N=25, mean=47.8 ppm benzene) Odor 0.50

Table 7 indicates that soil categorized as clean differs in a statistically significant manner from soil
categorized as having a sheen. The other category combinations do not show a strong statistical
difference, but there are only 4 samples with just odor.

Table 8 shows the statistical significance of differences in soil categories the second set of categories

(i.e., no product, lampblack, oil and tar).

Table 8. Benzene Concentrations by Soil Description

Soil Category 1

Soil Category 2

P-value of difference
(Mann-Whitney u-test)

Qil

No Product (N=40, mean=11.6 ppm Lampblack 0.07
benzene)

No Product Cil <0.001
No Product Tar Rk
Lampblack (N=3, mean =10 ppm benzene) Tar .8

Qil (N=11, mean=62 ppm benzene) Lampblack 37
Tar (N=4, mean=12 ppm benzene) .28

Table 8 indicates that soil categorized as having no product differs in a statistically significant manner
from soil categorized as having oil present. The other category combinations do not show a strong
statistical difference, although there are only 3 samples with lampblack and 4 with tar.

In summary, the relationship between soil description categories and concentration for benzene is
weaker than the relationship for PAHs. The presence of sheen or oil being the best indicators for the
presence of benzene.
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6.2. Estimating Average Concentrations Using Seil Descriptions

-We found above that, particularly for PAHs, contaminant concentrations vary significantly with soil
description. This confirms the common-sense expectation that the visible presence of contamination is
related to the concentrations of contaminants.

It also confirms that sampling preferentially according to soil appearance is likely to result in a biased
data set, i.e., the average concentration of such samples is unlikely to be the same as the average of
randomly collected samples. This is important in that it could suggest that analyzed samples may be an
imperfect indication of what a worker in a trench at a random location would encounter.

However, we can develop an estimated distribution of shallow soil concentrations based on soil
categories. We can do this by first associating a distribution of concentrations with each soil category®.
We can then examine each boring log to determine what fraction of shallow depth soil falls in each
category (i.e., soil with no odor sheen nor product; soil with odor or sheen without product; soil with
product for PAHs). This information can be determined from the cross-section figures of the Data
Package Hahn, 1996, appendix L. Based on this information, we can estimate the distribution of
concentrations that would be found if random samples had been collected.

We ran a simulation of 10,000 draws that estimated sample concentrations based on (a) likelihood of
encountering each soil category, (b) concentration distribution for the soil category encountered, and (©)
uncertainty in the measurement of concentration®. This produced distributions for concentrations
intended to be representative for the site,

These distributions are shown together with the distributions for sample data in Figure 37. The
simulated distributions based on the amount of soil of varjous descriptions are very similar in shape to
those of the samples. However, the distributions based on soil description show about 30% fewer of
the highest values of PAHs’. The reason for this difference is a bias towards sampling soil with visible
product. As shown in Figure 38, about 30% of all soil encountered in boring was product
contaminated, but about 40% of samples were taken from such soil. This is consistent with the
sampling strategy, which was in part to characterize the worst contamination.

A comparison of average concentrations in shallow soil is shown in Table 9. A site-wide average is of
limited use, given site area differences highlighted in other sections. However, averages do provide an
idea of the difference in total contamination based sampling that was done versus results which might
have been generated by random sampling in shallow soil. It appears that PAH contamination is
overestimated by about 25% relative to random samples, while benzene is not overestimated. This is
consistent with the results of the previous section - recall that the presence of benzene could not be well
predicted on the basis of visual examination. Hence, if sampling preferentially based on soil
appearance, benzene data would tend to be relatively unbiased. PAH concentrations, however, would

° There a number of alternatives for developing distributions, as discussed later in the report. One approach would
be to find the best-fitting parametric distribution. The fit for any distribution will be coarse, given histograms of
concentrations. A second approach is to use the existing data as the distribution (“empirical distribution”). The
testing error offers some smoothing of this distribution (see footnote below and later in text). Asa comparison, a
set of parametric distributions were fit (maximum likelihood) and the simulation was run with both these and
empirical distributions. The results were nearly identical, with results using the empirical distributions shown.

¢ We multiplied each concentration by a value selected from a normal distribution with mean 1 and standard
deviation 0.25 to simulate the random error of sample analysis.

7 The average values for values shown as “More” on histograms are virtually identical fdr simiilatidn and samples.
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have a greater tendency to be biased toward high-end concentrations due to the stronger correlation
between appearance and concentration.

Table 9. Shallow Soil Average Contaminant Concentrations, Site-wide in Shallow Soil

Estimated Average
Average of Concentrations for Percent by Which
Contaminant Sample Random Samples, Based Sample Average
Concentrations on Amount of Soil with Exceeds Est.
{ppm) Sheen, Odor, Product Random Samples
(ppm)
CPAHs 531 425 25%
TPAHs 3489 2804 24%
Benzene 29.5 29.7 “1%

To summarize, a comparison of sample concentrations with expected concentrations that would occur
with random sampling suggests that sample concentrations are very similar to those that would be
collected randomly, but likely overestimates the occurrence of the highest PAH concentrations.

7. Developing Distributions for Contaminant Concentrations

One purpose for concentration data is in assessing possible health risks. A probabilistic risk assessment
requires probability distributions for chemical concentrations, so an important criterion for data is
whether it is sufficient to construct or select distributions that adequately describe concentrations. The
process of constructing distributions will generally help reveal whether data is adequate or inadequate
for this purpose.

Unfortunately, there is no single right way to build a probability distribution based on empirical data.
Depending on the amount of data, nature of the data, judgement, and available tools, methods include:

o Using data itself as the distribution (simple empirical distribution)

e Selecting the best-fitting parametric distribution

e Creating smoothed distribution from the data (smoothed empirical distribution)

¢ Selecting a distribution to maximize uncertainty consistent with data (maximum entropy)

s Using Bayesian updating to develop posterior distributions from priors (e.g. Roeder and
Wasserman, 1997)

» Bootstrapping a smoothed distribution

e Manually creating a piece-wise combination of simple distributions

NWN and DEQ will need to work together to select and apply approaches that are mutually
satisfactory. In this section we first examine existing data for obvious gaps and then provide examples
of how distributions may be constructed using GASCO data®. '

® For useful general background information see ODEQ 1998 and it’s appendix, EPA 1997. -
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7.1, Locations and Depths for Risk Assessment

Exposure scenarios and parameters dictate the appropriate area and depth breakdowns for purposes of
risk assessment. In terms of area, there are three populations that are active on the lease areas: NWN,
Koppers, and PNO. In terms of depth, we are concerned about exposure to surface soils, directly and
via dust inhalation, and trenching and other activities that may bring people into contact with sub-
surface soil up to 15 feet in depth. CPAHs and benzene appear to pose potential risks. Therefore we
ultimately will need 9 soil concentration distributions: CPAH distributions for each of the below six
location/depth combinations and benzene for each location at the shallow depth:

NWN Surface
NWN Shallow
PNO Surface
PNO Shallow
Koppers Surface
Koppers Shallow

A

7.2. Screen for Data Adequacy: Sample Number and Locations

During construction of the distributions we expect to learn about the adequacy of data. However, we
can conduct a screening of it’s adequacy by first simply considering how many samples are available in
each location/depth combination, and how well they are distributed.

Regarding the number of data points, there is no hard and fast number that is either too few or plenty
(although we will develop a better idea when constructing distributions). However, our judgement is
that a minimum of 4 or 5 samples should be available in each area at each depth.

Regarding location, we do not currently have information indicating that surface or shallow soil exposures
will occur more frequently in one area versus another within each of the 3 areas. Thus, as an
approximation, we assume that the likelihood of exposures is essentially uniform within each of the 3 areas.
This suggests that we would like roughly evenly spaced samples in each area. To the degree that samples
are not uniform, we would like to see more samples in areas more likely to be visited.

Reviewing Table 2 we see that we indeed have at least 4 data points for each combination, although
only 4 for surface CPAHs at PNO and Koppers. However, the points are not spread evenly. Surface
sample locations are shown in Figure 39. This is a “Voronoi Tessellation”, which draws lines that are
equidistant between points, so the area surrounding each point is closest to that point. This provides an
idea of the coarseness and uniformity of sampling locations. The southeastern portion of the site is well
sampled, but there are few samples in the PNO and Koppers areas, and few in the area of the LNG
yard, where surface activity is common. The 10 x’s on the figure indicate proposed approximate
sampling locations to provide more uniform and complete coverage.

Figure 40 shows that shallow PAH samples are fairly uniform, except that (a) geotechnical borings near
the river are clumped and thus over-represent that area, (b) there are no samples in the office area of
NWN, and (c) the south eastern corner is slightly under-represented, and since this corner has highest
concentrations, this is not conservative. To address these issues we would recommend (a) leaving out 2
geotechnical boring samples (which have low concentrations) and adding 3 samples at the approximate
locations shown with x’s in the figure.

Figure 41 shows that shallow benzene samples provide fair coverage, but 8 x’s indicate locations for
new points that would result in more complete and uniform coverage. The sample in the eastern corner
can be collected with installation of a new well planned near MW-5, and 3 of the other points are in

17 Decision Management Associates, LLC.



Preliminary Analysis of Soil Contamination Data October 9, 1998
Northwest Natural — Gasco Facility

roughly the same locations as those recommended above for shallow PAHs. Thus about 7 shallow
samples appear useful for PAHs and benzene, in addition to samples taken during well installation.

We will learn more about possible data gaps while building distributions, but have identified 10 surface
and 7 shallow soil samples that appear desirable based on the number and location of existing points.

7.3. Examples of Constructing Distributions
We will illustrate two approaches in surface CPAHs in the NWN area:

1. Fitting of parametric distribution
2. Smoothed empirical distribution

7.3.1. Parametric Fit for Surface CPAHs in the NWN Area.

Figure 42 shows a histogram surface carcinogenic PAH data for the NWN area. We do not know what
distribution is appropriate a-prior, but the histogram appears similar to the overlaid lognormal
distribution®. We will now consider measures of the lognormal fit.

A probability-probability plot for a lognormal fit is shown, suggesting a fairly good fit (points lie close
to diagonal line). Table 10 summarizes numerical tests of fit for a lognormal distribution. The Shapiro-
Wilks W test of the normality does not reject the hypothesis of normality of the log transformed data®.
The fit measure most sensitive to tails (Anderson-Darling) is also consistent with a good fit. However,
the lognormal distribution that is fit, by selecting parameters to maximize the likelihood of observed
values, has a mean of 176, versus the actual mean of 123 for data points. As discussed below, this
results from fitting a distribution with a tail extending to infinitely high concentrations, and can be
addressed by truncating the tail at a point well beyond the highest observed values.

Given the visual comparison (perhaps most important, ¢.g. EPA 1997) and numerical results, aside
from the infinite tail, the lognormal distribution appears to be a fairly good representation for surface
CPAHs in the NWN area.

Table 10. Lognormal Fit (mean 176, SD 664) to Surface CPAHs in NWN Area.

Fit Common threshold for
Measure of Fit Parameter “good” fit

Value
Shapiro-Wilks W test of p=0.71 p>0.05
normality (on log-transformed W=.96
data), p-value
Chi-squared Undefined p>0.5
Anderson-Darling 0.22 <1.5
Kolmogorov-Smirnov 0.10 <0.03

* This is somewhat appealing in that dilution and degradation processes can be viewed as yielding concentrations
that are the product of random numbers, yielding a lognormal distribution. However many data sets from the site
do not appear to fit any parametric distribution.

'° The Shapiro-Wilk test is considered one of the best methods for testing for normality, and is sensitive to
departures from normality in the tails of distributions. When the statistic is s1gmﬁcant (e.g- p < 0 05) ﬁormallty
can be rejected and when insignificant normality can be accepted.
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With a small data set, even if we accept that the distribution is Jognormal, there is uncertainty regarding
the true mean and standard deviations of the distribution. Thus using the best fitting distribution
directly is not sufficiently conservative. We can address this by using a tiered simulation approach in
which (a) we estimate distributions for parameters (mean and sd), (b) sample from these parameter
distributions to construct a family of distributions, and (c) sample from this family of concentration
distributions for estimating risk. This procedure reflects both uncertainty in the population distribution
parameters (mean, sd) and variability in what an individual might encounter at the site. We carried this
out and the ultimate result is also a lognormal distribution, but with a slightly increased uncertainty
relative to the best-fit distribution (sd increased from 664 to 783).

Finally, we note that the tail length and shape for the fit is an artifact of the choice of distributions, and
does not reflect information in the data. For example, a tail extending to infinity, as does the
lognormal, is not realistic. We also note that the mean of the data is the best unbiased estimate of the
population mean, so we would like the fit to have similar mean to the data. Further, we would like the
fit distribution to have a SD at least similar to the data. In this case we find that truncating the tail at
3.5 times the highest data value (i.e. at 2,012 ppm, which is at 98.8% for the distribution) yields a
distribution with mean 125 and SD 241, which are similar to these parameter values for the data.

7.3.2. Smoothed Empirical Distribution for CPAHs in Surface NWN Soil.

Another approach to obtaining a distribution from empirical data is to simply sample from the data
uself. While this is simple and seemingly avoids assumptions, it has two primary weaknesses. First,
the population distribution (i.e. real distribution) is in fact continuos - we could undoubtedly find some
soil sample with virtually any concentration between zero and our highest value. Using our few discrete
points in place of a continuous distribution could introduce unrealistic patterns into results.

Second, and more importantly, it makes no provision for the likelihood that there are in fact
concentrations that are higher than we found - i.e., that there is a tail beyond our highest value. One
way to address this issue is through the use of non-parametric tolerance limits, which estimate the
certainty with which our highest value exceeds a given percentage of all values. For example,
Montgomery (1996) provides a method for calculating tolerance limits for nonparametric distributions.
Using this approach, we find that with 16 samples we can say with 75% certainty that our highest value
exceeds 92% of all values. Thus if we place 8% of the probability density beyond our highest value we
have a 75% chance that we have over, rather than under, represented the number of samples beyond our
highest value. However, there is no magic way to guess where those last 8% should be, so we would
need to select some shape for the tail we are adding".

An alternative approach that uses empirical data, but avoids both of the above problems, is to smooth
the data (e.g. Silverman, 1986). This is commonly done by replacing each empirical data point with a
probability distribution (“kernel”) scaled down to have the probability of that point (1/n). Since the
distributions overlap and extend beyond the highest point, the combined distribution is smoothed and
extends beyond the highest point. Various kernel distributions are used, including some with tails
extending to infinity (“infinite support”) such as the normal distributions, and others with finite
support. The primary impact of kernel choice for our application will be tail shape and length. In this
example we will use the normal distribution, keeping in mind that we will want to truncate the tail, as
we did above for the lognormal parametric fit.

"' In any case it is difficult to estimate rare events, or the tail of a distribution, without very large data sets. If we
select a parametric distribution we sidestep the issue by taking the particular tail of that distribution. But as noted
above, these tails are often unrealistic - e.g. extending to infinity - so require truncation or other adjustment.
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Having selected a kernel, the challenges become selecting the broadness, or “bandwidth” of the kernel,
and then correcting for the known increase in variance resulting from smoothing. A systematic way of
selecting bandwidth that has theoretical appeal is called “cross validation.” This is done by calculating
the likelihood of each observation, given that kernels of a particular bandwidth replace other
observations. Bandwidth is then adjusted to maximize the product of these likelihoods. To correct for
variance added to the data by the smoothing the distribution is “shrunk.” Finally, we will truncate the
infinite tail for realism and to obtain a mean equal to the data mean®.

To summarize, empirical smoothing is a method for selecting a nonparametric distribution that
maximizes the probability of existing data. Assumptions include (a) the kernel does not introduce un-
correctable bias and provides a reasonable tail shape, (b) bandwidth should be uniform across kernels,
and (¢) the maximum likelihood selection of bandwidth is appropriate.

In our case we performed the smoothing on the log-transformed data, reflecting our expectation that the
general shape will be asymmetric, will not extend below zero, and will have a significant tail. For
fitting the surface CPAHs in the NWN area we found that truncating the tail at 2 times the highest value
(beyond 96.4%) gives a mean of 124 and SD of 190, which closely match our data.

Figure 43 shows the best fitting smoothed empirical distribution with a solid line and the lognormal
parametric fit (previous subsection) with a dotted line. The distributions bave very similar shape, but
with the smoothed empirical distribution being slightly more uniform versus the parametric fit having
slightly more emphasis on the lowest and highest values.

Table 11. Comparison of Distribution Fits to Surface PAHs in NWN Area (approximate values,
based on 10,000 trial simulation).

Fit Developed Fit of Smoothed,
Distribution from Lognormal | Empirical
Parameter Data Parametric Distribution
Mean 123 125 124
Standard 171 241 190
Deviation (SD)

In this example the reasonable visual fits and close similarity of fits from two different methods gives us
some confidence that we have been able to construct reasonable distributions from available data. This
may not be the case with other needed distributions for which less data exists. By constructing all of
the needed distributions we will discover more about where further data is needed.

* Fitting a kernel to data is known to increase the variance by the variance of the kernel (i.e., the bandwidth
squared). To correct for this the distance between the mean and the mean of each kernel is shmnk by multiplication
by the correction p=((Vd/(Vd+BW"2))"0.5 to keep the mean and variance of the smoothed distribution equal to
those values for the original distribution. We apply this shrn;kmg factor to the log-transformed data, to which we
fit our kernels. We still get an uncorrected increase in variance when exponentiating back to our ﬁnal distribution.
This bias, and the infinite tail length, are addressed by truncating the tail. . :
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8. Summary and Conclusions

Conclusions of this preliminary analysis of available soil data include:

21

There is substantial small-scale variability superimposed on site-scale trends. The variability is
consistent with placement of fill, mixing of soils, and preferential transport of contaminants in
rootlets and other chaonels. This variability is likely to continue to be large for future sampling.

There appear to be significant differences in concentrations and variability by area and depth. For
PAHs site-scale trends include increasing contamination towards the eastern corner of the site and
lower and less variable concentrations at the surface. For benzene, concentrations differ by area
and appear consistent with a shallow source spreading down gradient and deeper.

The mix of PAHs differs between surface soil and subsurface soil. For surface soils the PAH mix
is fairly constant across the site, while subsurface PAHs show diversity in mix.

PAH concentrations are related to soil description (odor, sheen, and presence of product). Benzene
concentrations tend to be elevated when there is oil or sheen, but the relationship is weaker.

Surface samples were placed essentially randomly. Sub-surface samples were collected in part
based on soil appearance, and are therefore biased. We analyze this bias and estimate that it (1)
increases representation of high-concentration PAH samples by about 25%, and (2) has no
measurable impact on benzene values.

17 new soil data samples are identified that would improve the completeness and uniformity of
samples. 10 approximate locations for additional surface samples for PAHs are identified, primarily
in the PNO and office areas. 7 approximate locations for shallow soil samples for CPAHs and
benzene are identified.

Constructing concentration probability distributions requires agreement in selection of approach and
in implementation. Examples are provided for two methods (fitting parametric distributions and
smoothing of empirical) of fitting distributions to concentrations of CPAHSs in surface soil on the
NWN lease area. Other data needs may become apparent with similar construction of the additional
8 concentration probability distributions that are needed for assessing risk.
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9. Appendix 1. Detailed Results of Mann-Whitney U Tests for Difference Between

Groups

Detailed results are shown for pair-wise comparisons of areas for:

+ all depths together
s surface (<0.2 feet

» shallow(0.2-15 feet deep), and

¢ deep soil (> 151t)

deep)

The areas breakdowns considered are, as defined in text and Table 1:

s 2-Area
e 3-Area
s 4-Area

3-Area Pair-wise Comparison by Area, All Depths:

Group 1 N  Group2 N

Chemical PNO NWN
Carc. PAHs 42 67
Total PAHs 42 67
Benzene 26 17

N, Group 1 Group 2 N

Chemical PNO KOP
Carc. PAHs 42 27
Totat PAHs 42 27
Benzene 26 15
Group1 N  Group2 N
Chemical NWN KOP
Carc. PAHs 67 27
Total PAHs 67 27
Benzene 17 15

3-Area Pair-wise Compariscn by Area,
Surface Samples (< 0.2 feet),:

Group IN  Group2 N

Chemical PNO NWN
Carc. PAHs 4 15
Total PAHs 4 15
Benzene H 2

Group I N  Group2 N

Chemical PNO KOP
Carc. PAHs 4 4
Total PAHs 4 4
Benzene 1 2

Group 1 N Group2 N

Chemical NWN KGP
Carc. PAHs 15 4
22

p value
<.001
<.001
<.001

p value
.01

<.001
<.001

p value
.29
.98
.94

p value
.05
.05

p value
.03
.03

p value
47

Total PAHs
Benzene

15 4 .36

3-Area Pair-wise Comparison by Area,
Shallow Depth Samples (Between 9.2 and 15 feet):

Group 1 N Group2 N

Chemical PNO NWN p value
Carc. PAHs 16 12 .007
Total PAHs 16 12 005
Benzene 10 6 .00t
Group I N  Group2 N
Chemical PNO KOop p value
Carc. PAHs 16 8 .1
Total PAHs 16 8 .03
Benzene 10 5 <.001
Group I N Group2 N
Chemical NWN KOP p value
Carc. PAHs 12 8 21
Total PAHs 12 8 .27
Benzene 6 5 .25
3-Area Pair-wise Comparison by Area,
Deep Samples (more than 15 feet):
Group1 N  Group2 N
Chemical PNO NWN p value
Carc. PAHs 22 40 .005
Total PAHs 22 40 <.00%
Benzene 15 9 .001
Groupt N Group2 N
Chemicai PNO KOP p value
Carc. PAHs 22 13 .06
Totat PAHs 22 .15 007
Benzene 004
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Benzene 1 1 -
Group 1 N Group2 N
Chemical NWN KOP p value Group I N Group2 N
Carc. PAHs 40 15 .43 Chemical PNO Pond p value
Total PAHs 40 15 .93 Carc. PAHs 0 14 -
Benzene 9 8 .54 Total PAHs 0 14 -
Benzene 0 3 -

Group 1 N Group2 N

4-Area Pair-wise Comparisen by Area, All Depths: Chemical PNO Koppers p value
Carc. PAHs 0 5 -
Groupl N  Group 2 N Total PAHs Y 5 -
Chemical Oxide PNO p value Benzene 0 0 -
Carc. PAHs 14 25 <.001
Total PAHs 14 25 <.001 Group I N Group2 N
Benzene 2 22 .04 Chemica} Pend Koppers  p value
Carc. PAHs 14 5 .89
Group 1N Group2 N ‘ Total PAHs 14 5 1.0
Chernical Oxide Pond p value Benzene 3 1 -
Carc. PAHSs 14 53 .55
Total PAHs 14 53 .32
Benzene 2 15 24 4-Area Pair-wise Comparison by Area, Shallow (0.2 to 15
feet):
Group1 N  Group 2 N
Chemicat Oxide Koppers p value Group1 N Group2 N
Carc. PAHs 14 44 .39 Chemical Oxide PNO p value
Total PAHSs 14 44 .84 Care. PAHs 5 10 .05
Benzene 2 19 .24 Total PAHs 5 10 .10
Benzene 1 9 -
GroupI N  Group2 N
Chemical PNO Pond p value Group1 N Group2 N
Carc. PAHs 25 53 <.001 Chemical Oxide Pond p value
Total PAHs 25 53 <.001 Carc. PAHs 5 7 .20
Benzene 22 15 <.001 Total PAHs 5 7 A1
Benzene 1 4 -
Group 1 N  Group2 N
Chemical PNO Koppers  p value Group1 N  Group2 N
Carc. PAHs 25 44 <.001 Chemical Oxide Koppers p value
Total PAHs 25 44 <.001 Carc. PAHs 5 14 44
Benzene 22 19 <.001 Total PAHs 5 14 .82
Benzene 1 7 -
Group1 N Group 2 N
Chemical Pond Koppers p value Group I N  Group2 N
Carc. PAHs 53 44 .03 Chemical PNO Pond p value
Total PAHs 53 44 .25 Carc. PAHs 10 7 <.001
Benzene 15 19 .66 Totat PAHs 10 7 <.001
. Benzene 9 4 <.001
GroupI N  Group2 N
4-Area Pair-wise Comparison by Area, Surface (<0.2 feet): Chemical PNO Koppers p value
Carc. PAHs . 10 14 .03
GroupI N  Group 2 N Total PAHs 10 14 .015
Chemical Oxide PNO p value Benzene 9 7 <.001
Carc. PAHs 4 0 -
Total PAHs 4 0 - GroupI N Group 2 N
Benzene 0 o] - Chemical Pond Koppers p value
Carc. PAHs 7 14 .003
Group 1 N Group 2 N Total PAHs 7 14 .02
Chemical Oxide Pond p value Benzene 4 7 .78
Carc. PAHs 4 14 .05
Total PAHs 4 14 .05
Benzene 1 3 .66 4-Area Pair-wise Comparison by Area, Deep {> 15 feet):
Groupl N  Group2 N Groupl N Group2 N
Chemical Oxide Koppers p value Chemical Oxide PNO p value
Carc. PAHs 4 5 .03 Carc. PAHs 5 15 .01

Total PAHs 4 5 .03 TotalPAHs 5 - 15 " - <.001

23 Decision Management Associates, LLC.
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Benzene 0 13 -

GroupI N Group2 N

Chemical Oxide Pond p value
Carc. PAHs 5 32 .9 2-Area Pair-wise Comparison by Area, AHl Depths:
Total PAHs 5 32 .62
Benzene 9 8 - Group 1 N Group2 N
Chemical = Main Area  East Corner p value

GroupI N Group2 N Carc. PAHs 93 43 .003
Chemical Oxide Koppers p value Total PAHs 9 43 .009
Carc. PAHs 5 25 .52 Benzene 47 11 .05
Total PAHs 5 25 1.0
Benzene 0 it -

2-Area Pair-wise Comparison by Area, Surface:

Groep 1IN Group2 N Group IN  Group2 N

Chemical PNO Pond p valve Chemical Main Area  Fast Corner p value

Carc. PAHs 15 32 <.001 Carc. PAHs 13 10 21

Total PAHs 15 32 < -ng : Total PAHs 13 10 21

Benzene 13 8 <.001 Benzene 3 2 -
Group 1N Group 2N 2-Area Pair-wise Comparison by Area, Shallow:

Chemical PNO Koppers  p value P y ’ o

Carc. PAHs 15 25 -008 Group 1N  Group2 N

Total PAHs 15 25 <.001 Chemical Main Area  East Corner p value

Benzene 13 11 <.001 Carc. PAHs 30 6 <.001

Total PAHs 30 & <.002

Group 1IN Group2 N Benzene i8 3 18

Chemical Pond Koppers  p vaiue

Carc. PAHs 32 25 .26 -

Total PAHs 2 25 52 2-Area Pair-wise Comparison by Area, Deep:

Benzene 8 11 .97

Group 1IN Group2 N
Chemica!l  Main Area East Corner p value

Carc. PAHs 50 27 .05
Total PAHs 50 27 .07
Benzene 26 6 21

24 ) Decision Management Associates, LLC.
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Ratio of Second Duplicate Values to

Figure 1.

Comparison of Duplicate Results for Three

Compounds
(B-31 & MW-03 samples were all ND or very low)
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B Total PAHs
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Figure 4.

Comparison of PAH Compouind Mix in Shallow Soil Samples
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Figure 15.
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Figure 18.

Log Carcinogenic PAHs in Soil for 2 Areas and 3 Depths
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Figure 21,

Log Benzene Concentrations in Soil for 3 Locations and 3 Depths

%%

15

4.6
" (0.1 wio MWB) 1

N
Mean

422 'ﬂ:'.'

-

Mean

. N=8
Mean = 19.1

N=10 |
) Mean = 0.03 |

" Mean = 15.6 |

e

" N=5
" Mean = 105
“ (33 w/o B18)

el

72

045 o]

N=1
Mean =

N=2

045 o]

N

Mean

E :

L Z =

© 0 W T NO O 0D O FTNO ©OWY TN O
- - h

ONd ‘NOILYOOT OSNMN ‘NOILVOOT dOM :NOILVOO1

SO JO ON

DEPTH: Shallow DEPTH: Deep

DEPTH: Surface

Log(10) Benzene Concentrations in Soil



deaq :HLdAQ

molleys ‘Hid3a

suoljeljuaduo)) auszuag (g} )60

8%elng ‘H1d3a

NN NN NN
N e R A VI SR NN . SRR N i N A
IS B e S, = = B S Y w L2 o NS o e g, w L a2 T
BE=N L=N . =N
................................................................................................................................................................ &...-...4...v.>:
R N-FV”CN@E .................................. N-N-F “CNQE .................................. . mrnoucmmg ...................................
§ 8=N PEN E=N
L. Nro = CWOE _\0.0 - Cmm§ .........................................................................................
m_‘ = Z ﬁ @ = Z ............................. O o Z ...................................
A iz

S e N T L
________________________________________________________________________________________________________________________________ I
............................................................... QL O=UBSIN . - Gl'0 = UBay e
.......... O - Z e e gt = Z e e e — Z P

syydaQ ¢ pue suoi}eooT] § Jo} suszueg 6o

"gZ anbiy

siaddoy
030 201

puod
:03a 201

SqO JO ON

ONd
030 007

apIX0
030 201



Figure 23.

Arsenic Concentrations In Oxide and PNO Areas
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Figure 24.

Carcinogenic PAHSs in Surface Soil (<0.2 feet)
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Figure 25.

Carcinogenic PAHs in Shallow Sail (.2' to15")
Concentration Differences vs.Distance Between Samples (Variogram)

4500 -
4000 -
3500 |
3000 |

E 2500 -

2000 |

1500 4

1000 |

T

500 +

& @ ¥ W *
LI S N T s ] * av
LR AN W P PN hd &
:

400 800 1000 1200 1400 1600

Length of Straight Line Between The Two Samples (ft)

Carcinogenic PAHs in Shallow Soil (.2' to 15' depth)
Concentration Differences vs.Distance Between Samples (Variogram)

-
EY . -
z I iz

100 200 300

Length of Straight Line Between The Two Samples (ft)

concs and variogram 98.xls



Difference in Conc., Carc. PAHs

Difference in Conc., Carc, PAHs

6000
5000 |

4000 -

(PRI
g

(ppm)

Figure 26.

Carcinogenic PAHs in Deep Soil (>15

Concentration Differences vs.Distance Between Samples (Variogram)
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Figure 27.

Benzene in Shallow Soil (>.2', <=15")
Concentration Differences vs.Distance Between Samples (Variogram)
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Figure 28.

Log Total PAHS for Soil Descriptions
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Figure 29.

Log Carcinogenic PAHs for Soil Description
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Log {10) Carcinogenic PAHs

Figure 30.

Carcinogenic PAHs by Soil Category in Shallow Soil
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t.og (10) Carcinogenic PAHs

Figure 31.

Total PAHs by Soil Category in Shallow Soil
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Figure 32.

Shallow Soil with Oil in Pond and Koppers Areas, Total PAHs
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Figure 33.

Shallow Soil with Qil in Pond and Koppers Areés, Carcinogenic PAHs
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Benzene (ppm)

Figure 34.

Shallow Seil with Oil in Pond and Koppers Areas, Benzene
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Figure 35.

Log Benzene for Soil Descriptions
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Figure 37.

Carc. PAH Histogram, Samples vs. Similation
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Figure 38.

Frequency of Samples by Soil Description and
Total Amount of Soil in Each Description

Fraction of Soit in Category

Bl Fraction of Samples From
Category

Clean Sheen or Odor, no Product
Product

Simulate 98



North (K feet)

Figure 39.

Locations of Surface Carcinogenic PAH Samples
Voronoi Tesselation Showing Areas Closest to Each Point
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Figure 40.

Locations of Shallow Carcinogenic PAH Samples
Voronoi Tesselation Showing Areas Closest to Each Point
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Figure 41.

Locations of Shallow Benzene Samples
Voronoi Tesselation Showing Areas Closest to Each Point
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Figure 42.

Carcinogenic PAHs in Surface Soil, NWN Area

Carcinogenic PAHs in Surface Soils, NWN Area
Probability-Probability Plot, Lognormat {4,707, 3.812)
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APPENDIX A

Soil Boring Logs

HAHN AND ASSOCIATES, INC.



KEY TO BORING LOGS

Soil classification in this report 13 based upon visual and mannal field obhservations which include moisture, consistency, plasticity
and grading estimates and should not be construed to imply field or laberatory testing unless presented herein. Soils are
classified in accordance with the Unified Soil Classification System. Stratigraphic boundaries are approximate representations
only. No warranty is provided as to the continuity of soil strata between borings.

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

HIGHLY ORGANIC SOILS

LEGEND FOR BORING LOGS

Blank Casing

Slotted Screen

Cement Grout

Concrete

&\\\\\;\\ Bentonite

Sand Pack

Fill Material

Updated: 7/2/98 RBE
File: Boring Log Key

‘MAJOR DIVISIONS GROUP SYMBOLS TYPICAL NAMES
GRAVELS Clean Gravels GW Well Graded Gravels, Gravel-Sand Mixtures
With Little or
No Fines 3
COURSE | More Than Half the GP SRS Doorly Graded K 4
GRAINED | Corse Praction is N : vorly Graded Gravels, Gravel-Sand Mixtures
SOILS Larger Than ]
No. 4 Sieve Size Gravels With Over GM Silty Gravels, Poorly Graded Gravel-Sand-Silt Mixtures
12% Fines
GC Clayey Gravels, Poorly Graded Gravel-Sand-Clay Mixtures
More Than Clean Sands
Halfis SANDS With Litde o SW Well Graded Sands, Gravelly Sands
Larger Than No Fines .
#200 Sieve | More Than Half the Sp . {Poorly Graded Sands, Gravelly Sands
Course Fraction is
Smaller Than ] ]
No. 4 Sieve Size Sands With SM | Silty Sands, Poorly Graded Sand-Silt Mixtures
Over 12% Fines =
SC Clayey Sands, Poorly Graded Sand-Clay Mixtures
ML Inorganic Silts and Very Fine Sands, Rock Flour, Silty or
SILTS AND CLAYS Clayey Fine Sands, or Clayey Silts with Slight Plasticity
FINE cL Inorganic Clays of Low to Medium Plasticity, Gravelly Clays,
GRAINED Liquid Limit Less Than 50% s Sandy Clays, Silty Clays, Lean Clays
SOILS
OL Organic Clays and Organic Silty Clays of Low Plasticity
~
More Than MH & Inerganic Silts, Micaceous or Diatemaceous Fine Sandy or
Halfis SILTS AND CLAYS \ Silty Soils, Elastic Silts
Smaller Than
#200 Sieve CH Inorganic Clays of High Plasticity, Fat Clays
Liquid Limit Greater Than 60% N
OH Organie Clays of Medium to High Plasticity, Organic Silts
Pt Peat and Other Highly Organic Seils

ABBREVIATIONS

NA Not Applicable

ND Not Detected Above Detection Limit
NS Not Sampled

PAH Polynuclear Aromatic Hydrocarbons
ppm Parts Per Million

SPT Standard Penetration Test

7. Measured Static Water Level in Well
h & Estimated Water Level During Drilling

HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

SOIL BORING NUMBER

434 NW Sixth Avenue B-1
Portland, Oregon
(563) 796-0717 HAI LOGGER: Rob Ede DRILL |[DRILL
PROJECT: SAMPLING METHOD: 3" OD Split Spoon/4” OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:55 15:35
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/21/95 | 9/21/95
% - g‘: 0 Ci o é = E‘J BORING DIAMETER: 8-inch
En | = ?‘g - 2. |2 > e E B8 < & |CASING DIAMETER: Not Applicable
~— G.. ~~ ~—
53| & g2 | 2 7 E é’ 3 E|E8 E E = & < 3 |SURFACE ELEVATION: 30.1 feet msl
bt -]
28 22 |E |28|=28 3¢ QZ |5 |B| &2 [rop OF CASING ELEVATION: Not Applicable
2 uz = BEIEMERE
2 & £ w8 1818
SOIL DESCRIPTION
B1-01 [13:45] 5.6 13 SM Bl Silty SAND with some Gravel - brown, dry {surface sample)
B1-02 Dup| 13:50{ Dup 56 1 2
50/5"| 90 2
Sandy GRAVEL - brown, dry, very dense
3 emalTetal”
4 eon
B1-03 [14:05| 8.2 - 21 | 100 ///
3 10 10 |5 ML/ﬁ Sandy SILT - brown to yellow, moist, very stiff, slightly plastic,
14 0 “1 no hydrocarbon odor, no sheen
6
9 100 |7 Sandy SILT - brown to yellow, moist, stiff, slightly plastic, slight
B1.04 |14:10 ~ P 100 hydrocarbon edor, no sheen
4.7 5 60 8
%& 9 Concrete encountered at 8.5 to 10 feet bgs.
N
é"\ 10
% 2 100 Silty SAND with Gravel - wet, medium dense, very strong
) B1.05 |14:30 1,280 27 | 100 |11 hydrocarbon odor, sheen, hard black material lampblack?) from
M 11 to 11.5 feet bgs
N 44.6 38 | 50
® 2 | 100 |12
B1-06 |14:35 - 6 100 Silty GRAVEL - olive gray, wet, dense, strong hydrocarbon
2%.5 28 | 100 |13 odor, no sheen
14
16 0
22 ¢ |15
25 ¢
18
4 106 (17
j R . § SAND - black, wet, medium dense, poorly graded, stron
B1-07 |14:50] 16.8 40 60 hydrocarbon odor, no sheen, appears to be saturated wit
4 0 |18 oily substance
19
6 100
B1-08 14:57] 22.3 - 6 100 (20

Updated: 9/1/98 RBS
File: 2708 B-01

Page 1 of2

Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-1
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 3" OD Split Spoon/4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:55 15:35
Portland, Oregon Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/21/95 | 9/21/95
E . @ gj‘ @ ’§ 'Tg o j = Eé BORING DIAMETER: 8-inch
So | =& | g g%’* € 5|BE|E S| 5 [cASING DIAMETER: Not Applicable
g: S
ga 2y g E % é % i §, E % 8 = ; é % SURFACE ELEVATION: 30.1 feet msl
%g E = B |3e|eEge |58 S E & || 2 |TOP OF CASING ELEVATION: Not Applicable
B 132 [EQ|RE|A 8
[=]
2 @ o o SOIL DESCRIPTION
40 SAND - black, wet, dense, strong hydrocarbon odor, weod
Ao fragments present at sand-silt boundary
SN B105 [15:20 T
?, v122 | Continuous core barrel sampling device used to collect soil
.‘é : — samples from 20.5 to 24.5 feet bgs
(=] —
- 2 —
5 =y
- : A - N - . .
= - L, SILT with some Sand - olive gray, wet, slightly plastic, mild
Sy B1-10 |15:30 24 g’// petraleum hydrocarbon odor, no sheen = ¥
25 7
Installed a 2-inch diameter 0.010-inch slotted stainless steel
26 well screen at 20 to 23 feet bgs. Purged twelve gallons of
water using a peristaltic pump prior te groundwater
sampling. GROUNDWATER SAMPLE (2708-950921-BW1-
27 01) collected at 17:30 hrs, 9/21/95. Well point was removed
prior te abandonment.
28
29 Drilled to 25 feet bgs
Sampled to 24.5 feet bgs
30
* Sample Number Prefix is 2708-950921-
31
32
33
34
35
36
37
38
39
40

Updated: 9/1/98 RBS
File: 2708 B-01

Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-2
Portland, Oregon
(503) 796-0717 - |HAI LOGGER: Rob Ede DRILL |[DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:50 10:15
Portland, Oregon Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/27/95 | 9/27/95
E 1) P 1 BORING DIAMETER: 8-inch

Z x 8 |5 bl % (&

o | 05 S |8%. | 2wz 2 |%] <. |casmG DrameTER: Not Applicable

= = = B ael2aE gyl E Elzlen

82 | & 2 13| Ela 35|85|53|E |5| S |sURFACE ELEVATION: 36.3 feet msl

3 5 B |2&|=520 E 5 Ol & |5] 82 |ToP OF CASING ELEVATION: Not Applicable

%2 | B 38 | PRI "

B

2 o SOIL DESCRIPTION

ﬁ 'B2-01 | 850 4.7 Silty SAND with Gravel - brown, moist, organic matter (surface
\ sample)
\ ] Silty SAND with some Gravel - green to gray, moist, no sheen,

organic matter (pieces of wood)

\ B2-02 | 9:05
\ | Silty SAND with some Gravel - green to gray, mottled, slight
\ B2-03 9:10 hydrocarbon odor, slight sheen, tar (pieces of asphalt)

£

N\

D

N

g Sandy GRAVEL with Silt - moist, no sheen, large pieces of brick,

foet : possible pieces of lampblack (hydrophobic material)

%

[32]
\ B2-04 9:25 SAND - brown, maist, poorly graded, medium grained,
\ moderate hydrocarben odor, no sheen
\ SAND - black, moist, mederate hydrocarbon odor, no sheen,

hydrephobic black powder is present, thin layer of silt at 15.5
B2-05 9:35 feet bgs {15-17 feet bgs)
\ B206 | 9:38
\ , |
= SAND - gray to green, moist, no sheen, black powder is no

\ S longer present in sample (17-17.5 feet bgs)
s\

Updated: 9/1/98 RBS

File: 2708 B-02

Preject #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-2
Portland, Oregon
(503) '796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: _ SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility ‘ EQUIPMENT TYPE B-59 Mobile Drill 8:50 10:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: - 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/27/95 | 9/27/95
[y &© - 1
g . " 2 - vl E BORING DIAMETER: 8-inch
& w & S |28 | dui!d %] <~ [casme pameTEr: Not Applicable
53 A |\ [ReRARE eSS SEISIEIED PP
52 | & 2 = |2 El4 35 L E 5| 3R [SURFACE ELEVATION: 36.3 feet msl
B 5 =] & 3 S| & = OB 5 1 5| & 2 ITOP OF CASING ELEVATION: Not Applicable
4A v 5! 0
Z B o g4 |5
Q a3} o I 4
o JSOIL DESCRIPTION
A e
B2-07 9:42 SAND - gray to green, wet, poorly graded, medium grained,
50 strong hydrocarbon edor, no sheen, (20-22 feet bgs)
=3
5
© 1
@ LoD
3 % 5908 550 128 SAND - as above, no hydrocarbon odor, no sheen (22-24 feet bgs)
o - -
é % 3.1 24
3
3 % v 25 Heaving sands encountered at 25 feet bgs - re-drill out hole to
y - remove.
26
B2-69 |10:10 SAND - g;-ay to green, wet, poorly graded, medium grained, ne
3.9 T lor hydrocarbon odor, noe sheen
\ 4
28
29 Drilled to 27.5 feet bgs
Sampled to 27 feet bgs
30
* Sample Number Prefix is 2708-950927-
31
32
33
34
35
36
37
38
39
40

Updated: 9/1/98 RBS
Fiie: 2708 B-02

Page 2 of 2
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-3
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: Split Speon START |[FINISH
Nerthwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:30 12:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #; 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inec. 9/21/95 | 9/21/95
= . —~ et . -3
> . ) g.: n 21 ':?’.; g BORING PIAMETER: 8 mch.
2o R 2 |3 5 3| 2 |=%| « ~ |CASING DIAMETER: Not Applicable
=4 3 e cH IR B ClEl=@
2% | 2 | = |2 Ela 3 ElRS|zslE 5| 55 [surrack ELEVATION: 34.1 feet msl
m p—
88 | 2 B |2E[RE8 2167 | K |&| €5 |rop oF CASING ELEVATION: Net Applicable
28 | @Z & & g8 |dlaf=n
: I = 2= |5 =
o SOIL DESCRIPTION
B3-01 10:30 - Sandy GRAVEL - dry, road £ill (surface sample)
24 1
2
10 | 100
x . - SAND with some Gravel - brown, moist, medium dense, poorly
B3-02 |10:35 12 100 ;3 graded, fine to medium grained, no hydrocarbon odor, ne sheen
7.0 17 | 100
4
9 100 |5
- " N SAND with some Gravel - brown, meist, medium dense, poorly
B3-03 |1040] 74 10 70 graded, slight hydrocarbon edor, no sheen
17 0 |6
7
10 | 100 SAND - b; ith ttli ist, medium d light
- brown with gray mottling, moist, medium dense, s
B3-04 ]10:45 - 18 | 100 '8 hydrocarbon odor, no sheen g
18 [\
%% 9
&) %
1
2 N 12 | 100 110 SAND - brown, moist, medium dense, fine grained black sand at
"2\ 21 | 100 lower 4 inches of sample, black material has hydrocarbon eder
& N B3-05 |11.00| 83 29 34 60 |11 and is hydrophobic (lampblack)
> N
-
= 12
B3-06 11110 4.0 N “ 60 SAND - brown, moist, dense, large piece of wood stained black
27 0 13 stuek in end of spoon - sands directly surrounding wood are
31 o coated black, slight hydroecarbon odor, no sheen
14
13 | 100 |15 S b dry
- AND - brown, dry, medium dense, poorly graded, no
B3-07_ |11:20 ND 16 100 hydrocarbon odor, no sheen
8.0 13 | 100 |16
17
4 100
B3-08 |11:30 - 9 100 |18 |2 SAND - green to gray, moist to wet, stiff, poorly graded,
2 moderate hydrocarbon odor, no sheen
5.3 9 100 g
19
A
14 100 (20 :
Updated: 9/1/98 RBS Project #2708
File: 2708 B-03 Page 1 of 2 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-3
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: _ SAMPLING METHOD: Split Spoon START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-5% Mobile Drill 10:30 12:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/21/95 | 9/21/95
. - 2 . "
E . = g @ 3N %_ E BORING DIAMETER: 8-inch
B <2l < 5 &l o |« | < ~ JCASING DIAMETER: Not Applicable
g2 | A2 |a |Ez|niglen|B |SE|EE
g3 | & 2 | = |% Ela 3 ElES|ZE|m 5| 33 [SURFACEELEVATION: 34.1 feet msl
U} e’
o8 | 2 B |Q8| =W alo™ 8121 85 |rop OF CASING ELEVATION: Not Applicable
28 | G2 e o el8 |=gi9|®
o m = 2~ |8 |E
o SOIL DESCRIPTION
B3-09 1140 - 17 | 100 SAND - green to gray, wet, medium dense, poorly graded, strong
2.0 17 50 21 hydrocarbon odor, no sheen
22
& %\ 3 100 SAND - green to gray, wet, medium dense, poorly graded,
g %;: B3-1¢ | 12:00 - 12 | 100 |23 strong hydrocarben odor, ne sheen, Clayey SILT in bottom 6
o O inches of core
45 N 22.0 14 100
2 § 24
=
2N
2 \ - 100 25 Cl SILT to t, 1 lastic, st
] - ayey , green to gray, wet, loose, plastic, strong
o B3-11 12:05 . 6 100 hydrocarbon odor, no sheen
29.1 10 | 100 (28
27
3 4 100 SAND - green to gray, wet, stiff, poorly graded, fine grained
B3-12 |12:24 - 5 100 |28 slight hydrocarbon oc,lor, 1o sheen 7 ’
4.5 5 100
29
30
Drilled to 28.5 feet bgs
lay Sampled to 28.5 feet bgs
|
32 * Sample Number Prefix is 2708-650921-
33
34
35
36
37
38
39
40

Updated: 9/1/98 RBS

File: 2708 B-03

Page 2 of 2
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HAHN & ASSOCIATES, INC.

SOIL BORING NUMBER B-4

434 NW Sixth Avenue
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: v - |[SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. " |DRILLING METHOD: 4 V/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:20 9:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/21/95 | 9/21/95
[+ . i
EZ" . ) E " - E BORING DIAMETER: 8-inch
S¢ | mk | 1S (83 |, 2|u&| 8|S 24 [oasiNe DIAMETER: Not Applicable
%g & g = @ ) A %‘ g g & & g m E ] $ [SURFACE ELEVATION: 36.9 feet msl
%g g E £ E S A [ &0 ; g g E § 5‘2 2 |TOP OF CASING ELEVATION: Not Applicable
= e ?1 e ol R =N -
S SOIL DESCRIPTION
\w B4-01 8151 0.3 i Sandy GRAVEL - dry, roadbed material (surface sample)
1 .I
§ 2
\ B \ i3
\ B4-02 8:30 | : 1 4 SAND with some Gravel - brown, dry, non-plastic, poorly
\ 50 3 :>| graded, no hydrocarbon odor, no sheen
\ A 5
\ b | A
A7
\ B4-03 8:40 SAND with some Gravel - as above
\ 71 (8
A 9
2
o
2 Y
§ A
2
D
m
¥ ]
« B4-04 8:55 ] SAND with some Gravel - as above, moist
\ 7.7
\ i
\ *
\ B4-05 9:05 SAND with some Gravel - as above
\ 15.0
=
N
\ 19 |=
N\ 1T o

Updated: 9/1/98 RBS
File: 2708 B-04

Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-4
Portland, Oregon
(503) 796-0717 HAI LLOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time;
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:20 9:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/21/95 | 9/21/95
e o . -
g . & g @ e E BORING DIAMETER: 8-inch
Qe | A N 5 Fla| 3 €] <~ lcasme piamETER: Not Applicable
e =g = Dmg SN o & EEe®
OS ) § = |4 &4 3 & EHEEE 2 5 % [SURFACE ELEVATION: 36.9 feet msl
% & E 5 & ;% ARl s 3 E 2 E = £4 2 ITOP OF CASING ELEVATION: Not Applicable
S| | R |38 | BTE|B
o SOIL DESCRIPTION
3 e
B4-06 | 5:15 =3 Z SAND with some Gravel - as above, moist to wet
A
N
2
g §
g § 24
T
- % ¥ 25
y
Ba07 925 N iﬁfl?];)g sv;ith some Gravel - as above, green to gray, wet, (25-27
2.5 7%
Y ML 7]
B4-08 | 9:30 - - {29 / Clayey SILT - gray, moist, stiff, plastic, no hydrecarbon odor, no
20 o sheen (27-30 feet bgs)
\ ] 30
31
32 " Drilled to 30 feet bgs
Sampled te 29.5 feet bgs
33
* Sample Number Prefix is 2708-950921-
34
35
36
. 37
38
35
40

Updated: 9/1/98 RBS
File: 2708 B-04

Page 2 of 2
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-5
Portland, Oregon
(603) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
‘|PrROJECT: : SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Ce. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time; Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:35 14:50
Portland,; Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/28/95 | 9/28/95
= . L
= . e a w o | 2 E BORING DIAMETER: 8-inch
B | A S |25 dlai| 8|5 <~ |casme DiaMETER: Not Applicable
g2 | 24 |8 |23 iR8E |95 SEISE ER
g2 | & § = |2 &4 3 & EElZ2|m |2 S8 |SURFACE ELEVATION: 36.1 feet msl
28 Z g |F|Q2|=E8|0E 281|515 & 2 [TOP OF CASING ELEVATION: Not Applicable
3 o = A&
o SOIL DESCRIPTION
B5-01 |13:30 - Silty SAND with some Gravel - brown, wet, no hydrocarbon
14 odor, no sheen, (surface)
Y
B5-02 |13:40 SAND with some Gravel - brown, slightly moist, loose, non-
plastic, poorly graded, medium grained, ne hydrocarben odor, no
3.9 sheen
Y
B5-03 | 13:50 SAND with some Gravel - as above, moist
’ 3.3
RN
=]
(@]
2 1]
8 )
=}
[
m
3
B5-04 |14:00 SAND with some Gravel - as above, moist
3.8
Y
[ Y
B5-05 |14:08 SAND with some Gravel - as above, hydrecarbon odor, (15-17
feet bgs)
4.3
] , SILT - green to gray, moist, hydrocarbon odor, sheen, wood
B5-06 |14:10 fragments, (17-17.5 feet bgs)
4.9
SAND - green to gray, moist, loose, slight hydrocarbon odor,
B5-07 |14:12 no sheen, (17.5-19 feet bgs)
3.6
4
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-5
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
|PrROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:35 14:50
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/28/95 | 9/28/95
) =1 : -1
> . & gi) W by % EEE BORING DIAMETER: 8-inch
By | mk SR EL ]| 3 %] < ~ fcasine piavETER: Not Applicable
E"“ S m ST PR Dp‘fg ISR ClEIE@
OE oy E E 73] g g é = g E By 3| = % g % SURFACE ELEVATION: 36.1 feet msl
gg 22 |8 |2 8= s2|og 2 S| B |&| & 2 |TOP OF CASING ELEVATION: Not Applicable
=B |32 | B|PE|AR
2 o SOIL DESCRIPTION
A :
“ 21
2 N < lee
] N 114:15] N - SAND - green to gray, wet, loose, medium grained, no
(SR it hydrocarbon odor, no sheen
2N | 35 ¥ 123
E §
§ 24
fas]
& §
7 W Y 25 Installed a 2-inch diameter 0.010-inch slotted stainless steel
Q Y ¥ well screen at 25 to 28 feet bgs. Purged 5 gallons of water using
a peristaltic pump prior to groundwater sampling.
126 GROUNDWATER SAMPLE (2708-950929-BW5-01) collected at
X 8:00 hrs, 9/28/95. Well point was removed prior to
; : abandonment.
14:35 - 28 SAND - as above, alternating thin sand and silt beds in 4 inch
35 layer above massive silt
C.29
14:40 - SILT with some Clay - green to gray, moist, stiff, plastic, no
31 v v |30 hydrocarbon odor, no sheen
31
32 Drilled to 30 feet bgs
Sampled to 30 feet bgs
33
* Sample Number Prefix is 2708-950928-
34
35
36
37
38
39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-6
Portland, Oregon
(503) 796-0717 . HAI LOGGER: Rob Ede DRILL |DRILL
'|PROJECT: SAMPLING METHOD: 3"0D Split Spoon/4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 V/4-inch ID Hollow Stem Auger ) Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:15 12:35
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/27/95 | 9/27/95
; . £ Et?e w "E‘ "'E? 5 Tg' = 5 BORING DIAMETER: 8-inch
Ha | 2k | 12 2% leElgk|3 g < o |CASING DIAMETER: Not Applicable
32 | & 2 | g % El% S ElzA| el 5| 33 |SURFACE ELEVATION: 34.7 feet msl
= o
%‘3 é 5 3 g C R ; £ 5 £ E 5| & 2 |TOP OF CASING ELEVATION: Not Applicable
O 5]
T E & sl slA |8
£ % S|Fn o SOIL DESCRIPTION
i ‘E_‘ tHHH GP GRAVEL - old pavement at surface
Irilill 1 £
2
SAND - brown, slightly moist, medium dense, poorly graded,
fine to medium grained, no hydrecarbon odor, no sheen, {(2.5-3
15 100 |3 feet bgs)
B6-01 |11:20 - 30 | 100
18 24 | 50 |4 wiined Sandy GRAVEL - black, dense, pieces of lampblack
X - e ghye)irophobic in water), no hydrocarbon oeder, no sheen, (3-4 feet
n " gs
5 % GP
9 | 10 4
4 0 |6 E:E o Sandy GRAVEL - gray, moist, loose, no hydrocarbon odor, no
2 0 : sheen
. =
13 | 100 |8 SAND with Gravel and Brick - black, moist, medium dense,
B6-02 |11:30| 38.5 | 12,487 12 50 grains stuck tﬁgether by tarry substance, strong hydrocarbon
2 % 10 o o odor, strong sheen
=) \
o %
2 1
'E% . 0
§ N 7 10 Large Rock in end of sampler - blue matrix, concoidal fracture,
B N T 0 11 specimen retained
m
* N 13| 0
(]
12
5 50 (13 .
Weathered Brick in end of tube - moist, stiff, no hydrocarbon
5 0 oder, no sheen
5 0 |14
15
6 100 SAND - b lightl ist, loose, fine t i ined
- brown, slightly moist, , fine to medium grained,
B6-03 |12:00 87 16 | 100 {16 gravels from 16-16.5 feet bgs, no hydrocarbon odor, no sheen
8.0 9 80 :
17
3
B6-04 | 12:10 -
7.2 SAND - as above, no gravel
A

Updated: 9/1/98 RBS
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BAHN & ASSOCIATES, INC.

SOIL BORING NUMBER B-6

434 NW Sixth Avenue
Portland, Oregon
[(503) 796-0717 HAI LOGGER: - Rob Ede DRILL |DRILL
PROJECT: _ SAMPLING METHOD: 3"0D Split Spoon/4" OD Cere Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:15 12:35
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geeo-Tech Explorations, Inc. 9/27/95 | 9/27/95
; o) cg » ’S‘ 3y TE o % BORING DIAMETER: 8-inch
* ~
Su =¥ A 2 5 3 = gg g3 S 1% < 5 |CASING DIAMETER: Not Applicable
22 | & 2 |2 B El@ ; B8 & e ; 5 [SURFACE ELEVATION: 34.7 feet msl
- [
gg g % ] g & &5 R § é z 'g‘. E 8 % 2 |TOP OF CASING ELEVATION: Not Applicable
& 51
o) g = % L=
2 B 5|ed O SOIL DESCRIPTION
\\ A | A '
121
o -
B6-05 !12:20 - ‘|29 SAND - green to gray, wet, poorly graded, fine to medium
- 54 - graded, ne hydrocarbon odor, no sheen
.n' - -
& ‘|23
] B6-06 112:25 i _ e Sandy SILT - green to gray, stiff, slightly plastic, slight organic
= \ - — cdor (anaerobic degradation), no sheen, sand content decreasing
S| 8.3 ¥-124 with depth
3 N
N
= 4 25
o3 1 5y WD
X
126
B6-07 |12:30 P o
9.2 | i ) 27 Sandy SILT - green to gray, wet, slightly plastic, no
- hydrocarbon odor, no sheen
128
N B6-08 |12:35 - 120
9.8 i A5
 J 30
Drilled to 30 feet bgs
31 Sampled to 29.5 feet bgs
o * Sample Number Prefix is 2708-950927-
33
34
35
36
37
38
39
40

Updated: 9/1/98 RBS
File: 2708 B-06

Page 2 of 2

Project #2708
HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.

SOIL BORING NUMBER B-7

434 NW Sixth Avenue
Portland, Oregon
(508) 796-0717 HAT LOGGER: Rob Ede DRILL [DRILL
PROJECT: SAMPLING METHOD: 3" OD Split Spoon/4"OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:30 14:30
Portland, Oregon DRILLER: Brad James Date: Date;
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/27/95 | 9/27/95
; . ) a w0 ’E?. TE g é = ﬁ BORING DIAMETER: 8-inch
Su | mEk | (2. S5 _|ek§ Tt S| 5 |casiNG DiaMETER: Not Applicable
22 | &2 |2 |85 g; Elz S ZELE ; < 3 |SURFACE ELEVATION: 36.1 feet msl
-
gg E § & E SlemSia 5182 E 5| & 2 |TOP OF CASING ELEVATION: Not Applicable
g fas) g g 5‘; | BIA|D
i O SOIL DESCRIPTION
Concrete
%k” 1
2
4 100 3
- - n SAND - brown, slightly moist, Ioose, peorly graded, fine to
B7-01 |13:35 6 100 medium grained, no hydrocarbon odor, no sheen
3.9 5 160 4
5
5 100
B7-02 [13:45 - 5 100 (e SAND - as above
5.6 5 100
W
B7-03 |13:50 SIAND —h as above, some pebbles, moist, no hydrocarbon odor,
3‘\} 16 slight sheen
]
(&
k-3
g% Y
2 )
=
D
m
N
o«
N B7-04 |13:55 . SAND - as above, moist, ne hydrocarbon edor, slight sheen
6.0
B7-05 |14:02 ND SAND - as above, moist, no hydrocarbon odor, no sheen
7.7

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

B7-09 |14:30| 6.4

31

32 Drilled to 30 feet bgs
Sampled to 29.5 feet bgs

34

35

36

37

38

39

40

33 * Sample Number Prefix is 2708-950927-

434 NW Sixth Avenue SOIL BORING NUMBER
Portiand, Oregon
(503) 796-0717 - HAI LOGGER: Rob Ede DRILL |[DRILL
PROJECT: SAMPLING METHOD: 3" OD Split Spoon/4"0OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gaseo Facility EQUIPMENT TYPE B-59 Mobile Drill 13:30 14:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Ine. 9/27/95 | 9/27/95
B sl 0 .
% . g tEﬁ 0 B g S é %\ E BORING DIAMETER:
=10 g g 3‘:2 § _ g E ~ €8 ; g & g ﬁ & CASING DIAMETER: Not Applicable
ga [ g g w E % é E g § ga Em % é 8 SURFACE ELEVATION:
oE | 2 E 1228222 5|3% |5 |5] &2 [ropOF CASING ELEVATION: Not Applicable
28 | u 2 |28 [ESIB%|ER @
ﬁ s} B w E glRA g‘
JSOIL DESCRIPTION
| Y VL
B7-06 |14:10 - SAND - brown, wet, poorly graded, medium grained, slight
3a 2 § hydrocarbon odor, no sheen, (20-21 feet bg’s)gr ¢
: Q
<D
ERY , .
B7-0 . ElN SAND - green to gray, wet, poorly graded, medium grained, no
?, N 7 11412 Y ‘ . 23 hydrocaﬁfon oder, no sheen, (21-25 feet bgs) &
= - o) ’
g N 24
RN
N
RN y 28
o \ e
=
126
N B7-08 |14:20 28 ] SAND - as above
5.2 ndie

SILT - green te gray, moist, stiff, plastic, no hydrocarbon odor,

%/
ML 7]
//// no sheen, some brown organic matter
7
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-8
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 1.5" /3" OD Split Spoon START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD:; 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:30 12:10
Pertland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/18/95 | 9/18/95
-~ =1 : -1
E . & E ) 3. = E BORING DIAMETER: 8-inch
Zu | g 2l 2|8 3 &z 1818 < o |CASING DIAMETER: Not Applicable
55 mg = % E %; ElES §§ = |3 3 5 |SURFACE ELEVATION: 23.0
o | 2 B |22EZE2|9 218 I8 15| E5 rop oF CASING ELEVATION: Not Applicable
208 | @i = 8 28 |dlg|®
: = & 2= A&
o SOIL DESCRIPTION
1
2
GM
5 100 |3 Silty GRAVEL - brown, moist, loose, non-plastic, slightly
graded, no hydrocarbon oder or discoloration, spotty sheen
B8-01 935 9.3 - 6 50
8 0 |4
|
! 5
B8- 9:42 - 4 166
8-02 Silty GRAVEL - brown, dry, loose, non-plastic, slightly graded,
- 7 0 i6 no hydrocarbon oder or discoloration, spotty sheen
9 1 0 GM
E 7
B8- 9:44 - - 9 70
8-03 5 0 8 Silty GRAVEL - as above, wet, medium dense
&, 23 0 9
)
[}
2 10
g
Sy B804 | 9:50 338 17 | 100 GM # Sandy GRAVEL - brown, moist, medium dense, non-plastic,
g 75 23 20 |11 poorly graded, ne hydrocarbon odor, no sheen, large pieces of
M . 0 slag in sampling tube
R 17 [ 0 2
& =
12 =&
B8-05 10:00] 8.0 - 11 100 {13 " ' )
. SAND - gray, wet, medium dense, nen-plastic, poorly
B8-06 Dup| 10:02 10 20 graded, fine grained, mild hydrocarbon odor, no sheen
8 0 |14 B
15 Note: Change to 1.5" Split Spoon sampling device
3 100 SAND t, 1 lasti 1 ded, medi
- - gray, wet, loose, non-plastie, poorly graded, medium
B8-07 |10:05 - 4 100 |16 grained, mild hydrocarbon edor, no sheen &
7.3 6 50 )
17
3 100 (18 Gl Sandy SILT - gray, wet, soft, slightly plastic, ne
B8-08 |10:15 024 | 3 | 100 7 hydrocarbon oder, no sheen
6.5 3 100 ;15 ML E
Updated: 9/1/98 RBS Project #2
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-8
Portland, Oregon .
(503) 796-6717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 1.5" /3" OD SpLt Spoon START (FINISH
Northwest Natural Gas Co, DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:30 12:16
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/18/95 | 9/18/95
B —~— Q: . -1
= . - g n 2 2 ﬁ BORING DIAMETER: 8-inch
& 3 e 9 = G D |« | « — FCASING DIAMETER: Not Applicable
=K o & B |&e|28e wiEd S ElEn
22 | 53 | E |& g gé EIES|38|x B] 38 [surrace ELEVATION: 23.0
%g E E & a S~ P & ; é‘) E: % a 2 |TOP OF CASING ELEVATION: Not Applicable
2 |22 | 2|8 |88
2 = S SOIL DESCRIPTION
b .
1 100 i %//ﬁ SAND - gray, wet, very loose, non-plastic, poorly graded,
B8-0% |10:20 - 1 100 121 %,; w4l moderate petroleum hydrocarbon odor, slight sheen
A 6.1 2 | 100
e}
o 22
2
g
3 2 | 100 |23 :
r_“ﬁi 2 1 100 Silty SAND - dark gray, wet, very loose, non-plastic, poerly
= : { graded, fine grained, mild petroleum hydrocarbon odor
§ B8-10 |11:45] 5.1 - 4 | 100 |24 SM
‘% |
i25
1 100
100 |28 ] Silty SAND - as abeve
B8-11 [12:00] 4.1 - 3 | 100 '
27 Installed a 2-inch diameter 0.010-inch slotted stainless steel
well screen at 20.5 to 23.5 feet bgs. Purged two gallons of
o8 water using a peristaltic pump prier to groundwater
sampling. GROUNDWATER SAMPLE (2708-950918-BWS8-
01) collected at 11:30 hrs, 9/18/95. Well point was removed
29 prior to abandonment.
30
Drilled to 26.5 feet bgs
31 Sampled to 26.5 feet bgs
a2 * Sample Number Prefix is 2708-950918-
33
34
35
36
37
38
39
40

Updated: 9/1/98 RBS
File: 2708 B-08

Project #2708
Page 2 of 2 HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-9
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 1.5" OD Split Spoon/4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:50 16:40
Portland, Oregon DRILLER: Brad James Date; Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explerations, Inc. 9/18/95 | 9/18/95
;’ = a ) 5= s j = ﬁ BORING DIAMETER: 8-inch
=) M 2 1= E b & =l 8 |21 < ~ |cASING DIAMETER: Not Applicable
E% 58 E EElnagEE |BRICDE g% SURFACE ELEVATION 31.6 feet msl
O @ almg sl EE‘I oe 7 : .6 feet ms
gg é § 3 g S m E 2k Og S 5 E § 12 JTOP OF CASING ELEVATION: Not Applicable
[®) » -
o g [ P, B 5A &
2 n & | © S SOIL DESCRIPTION
1
2
1 See boring leg B-9A for 0 to 5 foot soil description,
3
4
5
g . - SAND with some Gravel - black, dry, medium dense, very strong
BS-01 14:50 510 180 12(1)0 5 peil:)ro}eum }grdroc}:rbon odor, all peres filled with tar-like
- | substance throughout
11 0
7
18 10
8 SAND with some Gravel - as above, dense, large piece of gravel
33 0 in end of sampler
B 21 ¢ |9
5
2 10
=]
-g B9-02 |15:00| 897 | 19,438 | 18 | 100 SAND with some Gravel - as above, moist, dense
2 13 ¢ 1n
¥ 23 0
i 12
B9-03 |15:10|278.0 - 16 | 100 13 Silty SAND with some Gravel - brown, moist, medium
- dense, poorly graded, strong petroleum hydrocarbon odor,
i some tar-like blebs
17 0 |14
15
B9-04 | 15:20] 118 - 4 100 Silty SAND with Gravel - brown with black mottles, dry,
medium dense, tar-like substance mottled throughout,
7 0 16 strong petroleum hydrocarbon edor
11 0
17
B9-05 | 15:30] 211 z 13 | 100 18 ESANEIwih some Gravel - black, very dense, possible
5073"1 5 ampila
19
B9-06 |15:40| 363 - 3 100 |20

Updated: 9/1/98 RBS
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|HARN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-9
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL [DRILL
PROJECT: SAMPLING METHOD: 1.5" OD Split Spoon/4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DROLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:50 16:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Exploraticns, Inc. 9/18/95 | 9/18/95
E . ;’-ﬂ E ) g 'Tg' g j = E BORING DIAMETER: 8-inch
2 Q& S 185 L5 (D218 I5] <~ |casve DiavETER: Not Applicable
=2 e B ISzI2%2Re (B E ClElaa
52| &2 |2 (2E|3 3 EES Bz 5| 58 |surrace ELEVATION: 31.6 feet ms]
B oo
%g g E & g Sma S & 18 E E § & 2 [TOP OF CASING ELEVATION: Not Applicable
5 T g e ES |gs|a|@
2 ° 1 S SOIL DESCRIPTION
4 , SAND - black, wet, very loose, poorly graded, fine to medium
4 0 |21 grained, slight petroleum hydrocarbon odor
22
2 160 SAND with some Gravel - black, wet, very loose, slightly graded,
B9-07 1 | 100 . 3 100 i23 niedium grained, strong petroleum hydrocarbon odor, strong
sheen
6 100
24
g
= 25
o A |- A
2 Bl
k= U126
2 ;
R |
&= {27
3 -
oy
B9-08 |16:10] 504 - Silty SAND - gray to black, wet, mild petroleum hydrocarbon
odor, sheen
\ 4
A
" . Silty SAND - dark gray, wet, poorly sorted, petroleum
B9-09 |16:20] 33.1 435 hydrecarbon odor, slight sheen
R - SAND - green to gray, wet, poorly graded, fine grained, no
B9-10 11621 9.1 0.46 petroleum hydrocarbon odor, no sheen
y
36
37 Drilled to 35 feet bis
Sampled to.35 feet bgs
38 * Sample Number Prefix is 2708-950918-
39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

SOIL BORING NUMBER B-9A

434 NW Sixth Avenue
Portland, Oregon
k(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Nerthwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:00 14:20
Portland, Oregon Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/18/95 | 9/18/95
% . = gj‘ n 2 g BORING DIAMETER: 8-inch
o | m& 218 G 2 3 |2 CASING DIAMETER: Not Applicable
Og By § E w51 [ é 5 QO: E'J C>> E:; o % SURFACE ELEVATION: 31.6 feet msl
%g E o) B g o [ 210 E g E E 8 TOP OF CASING ELEVATION: Not Applicable
G SOIL DESCRIPTION

L
[

[

B9A-01 |14:00

BYA-02 |14:02; 614

Bentonite Chips
L,

B9A-03 - 14:05| 274

Gravelly SAND - black, dry, strong petroleum hydrocarbon oder,
saturated with tar-like substance throughout

-y
-

[
»

Note: Stopped drilling at 14:20 due to lack of soil recovery from
5 to 15 feet bgs. Relecate to boring B-9.

Drilled to 15 feet bgs
Sampled to 3 feet bgs

*Sample prefix is 2708-950918-

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-10
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START (FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:50 12:50
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/25/85 | 9/25/95
E . &3 g w0 o | 2 Eé BORING DIAMETER: 8-inch
EE E E‘l & 3 . g 5 ~ e E E [+ ,§ E g & CASING DIAMETER: Not Applicable
Z3 | & 2 |2 @ ElR ; AR g = |5 = 3 |surrace ELEVATION: 35.2 feet, msl
o5 | 3 E22|=EE |08 Z3|E 5| £ 2 |ToP OF CASING ELEVATION: Not Applicable
25 | Wg & Zzlua|g 3| »
o = ad IR N
2 o SOIL DESCRIPTION
"
1
2
A Lol
N ; -
N B10-01 {12:10 - 4 SAND - brown, dry, poorly graded, medium grained, no
-] hydrocarbon odor, no sheen
102.0 :
\ Y |5
0 A A
6
7
B10-02 |12:20 R ] SAND with some Pebbles - brown, moist, poorly graded, medium
- grained, no hydrocarbon odor, ne sheen
164.0 vy |8
2 9
= R |
U 1
2 ¥ 10
é 1 4
[~
- - R SAND - brown, slightly moist, peorly graded, medium grained,
B10-03 |12:30 1650 no hydrocarbon oder, no sheen, slight froth via sheen test
Y
SAND - brown, moist, poorly graded, medium grained, no
hydrocarbon odor, no sheen
B10-04 |12:40 ND
1270
Y

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-10
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobhile Drill 11:50 12:50
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations, Inc. 9/25/95 | 9/25/95
|} o<1 . -
= . = Etﬁ o o ?) E BORING DIAMETER: 8-inch
Ho | a& Q |23 a8 2| <. |casvG DaMETER: Not Applicable
22 | 28 | g |38t e (a2 (RE (S Bl
82| &8 | E 1483 3 & HAEE E 2 3 5 |SURFACE ELEVATION: 35.2 feet msl
%g §} E 3 g SELEI0 E E S | & 5] &2 [TOP OF CASING ELEVATION: Not Applicable
o T E = il IR B=N
O SOIL DESCRIPTION
J Y
21
2 .
3] 22 |3
8 > .
§ B10-05 |12:50 - 1123 SAND - green to gray, wet, poorly graded, medium grained, no
g 167.0 ‘ hydrocarbon odor, no sheen
faa] - :
3 24
/|
25
Drilled to 25 feet b,
26 Sampled to 24 feet bgs
o7 * Sample Number Prefix is 2708-950925-
28
29
30
31
32
33
34
35
36
| 37
: H
| i
P 38
39
40

Updated: 9/1/98 RBS . Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-11
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL {DRILL
PROJECT: SAMPLING METHOD: 3" OD Split Spoon/4” OD Core Barrel START |FINISH
Nerthwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:30 11:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/28/95 | 9/28/95
£ = o : i
g . - E 0 8 E, o 2 E BORING DIAMETER: 8-inch
B | mik 2 (852 |e5l82|2 (5| <~ lcasve piameTEr: Not Applicable
5| 22 (g lEglase(ei|gk (S E|Sa
E % SR 3 B2z 2 E a é S |SURFACE ELEVATION: 36.5 feet MSL
~ o
g2 i 2 § B g B Eos Q% & § £ 2 |TOP OF CASING ELEVATION: Not Applicable
< (@)
= g & “yla|=
2 @E| ¢ TS SOIL DESCRIPTION
B11-01 |10:30 - ! Silty SAND with Gravel - brown, moist, no hydrecarbon odor, no
9.2 1 sheen .
2
8 100 |3
B1101 | 10:40 R 15 100 | SAND - brown, slightly moist, medium dense, poorly graded,
. medium grained, no hydrecarbon odor, no sheen
3 7.2 18 | 70 |4
5
8 |10 SAND - dark ‘medium d ly graded,
- - dark gray, moist, medium dense, poorly graded,
B11-03 |10:42 N 13 | 100 |6 medium grained, hydrocarbon odor, sheen
20 13 95
& A ig
B11-04 |10:45 R 8 SAND - dark gray, moist, loose, poorly graded, medium grained,
— hydrocarbon odor, sheen
21.6 ‘
?-.§ e
5 B11-05 |10:48 - ; SAND - as abave, gray to black, strong hydrocarben odor, strong
@ 1is sheen
= ¥y
N\ ¥
N _
5 -
e
B11-06 |10:55 973 713 SAND - as above, strong hydrocarbon odor, strong sheen
260 g
] is
A AT
] s
i 417
18 hydrocarbon ode
. T 0 SAND - as above, moist to wet, strong hydrocarbon odor,
B11-07 : 11:00 - _ $ strong sheen, brown product and froth formed when water
97 Y19 |g was added to sample
\ 4 20

Updated: 9/1/98 RBS
File: 2708 B-11

Page 1 of 2

Project #2708
HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-11
Portland, Oregon
(503} 796-0717 HAI LOGGER: Rob Ede DRILL {DRILL
PROJECT: SAMPLING METHOD: 3" OD Split Spoon/4” OD Core Barrel START {FINISH
Nerthwest Natural Gas Ce. DRILLING METHOD: 4 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:30 11:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/28/95 | 9/28/95
E . & g ® "E‘ ’g o j 2 E BORING DIAMETER: 8-inch
Se | = Bl E 18 g _lek g 2| € |g| ga |casme DiaveTER: Not Applicable
54 % g |2 |2 Ela 3 g8 3 E T A E & |SURFACE ELEVATION: 36.5 feet MSL
-
g E |8 =2EI2 808 5 BIES frop oF CASING ELEVATION. Not Applicable
5 =] [75) % = S olR=lg |5l *
3 2 |32 ES|=%5|AR
n e SOIL DESCRIPTION
A %
% Bi11-08 [11:10 - SAND - as above, wet, (froth no longer present)
o 17.1
2
]
& \\\ B11-09 (11:15 1.1 SAND - as above, no hydrocarben odor, ne sheen
R 2.1
N
N\ i
A
Bi1-10 11:20 - SAND - as above, hydrocarbon odor and sheen from 25' to 27'
0.4 bes
N B1i1-11 |11:25 - SAND - as above, no hydrocarbon odor, no sheen
0.7
B11-12 [11:30 - | J SILT - green to gray, moist, stiff, no hydroearbon odor, ne sheen
0.5
B11-13 |11:40 - SILT - as above
0 i
33
34 Drilled to 32 feet bgs
Sampled to 32 feet bgs
35
* Sample Number Prefix is 2708-950921-
36
37 .
‘ 38
39
[ 40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-13
Portland, Oregon '
(503) 796-0717 HAI LOGGER: Rob.Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Holow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:10 13:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/6/95 | 10/6/95
E &3 g 0 o | = ﬁmﬂ BORING DIAMETER: 8-inch
——
Sa | 28 | L 124183 |4 g mi| g ?;‘ < [casmG DLAMETER: Not Applicable
gg & m E % g Upa: ; é‘ g Eé % g and % § 8 SURFACE ELEVATION: 36.4 feet msl
S 5 B |22|==2/cE|20|E 8| ER [rop oF casmne ELEVATION: Not Applicable
2 s b 5 Zlug| & 3| o
fas g = A |
2 G JSOIL DESCRIPTION
A
B13-01 {12:15 - SAND - brown, moist, loose, poorly graded, medium grained, no
hydrocarbon odor, no sheen
285.0
Y
3
Y
N
J §
2,
5 B13-02 |12:27 - SAND - olive gray, moiit; to “Let, saturated with hydrocarbon
§ \\\,._\\ 300.0 v product, strong sheen throughout core
SR Y
g . SAND - black, wet, loose, saturated with hydrocarbon product,
Eg B1303 |12:33 550 29,378 wood fragments at sand/silt interface
= X
i \ Sandy SILT - olive gray, mt;)ist, hydrocarbon odor, slight sheen,
B13.04 1123712260 - roots present, (11-11.5 feet bgs)
B13-05 Dup 12:39; 203.0 - SAND - olive gray, moist, loose, poerly graded, medium grained,
no hydrocarbon odor, no sheen
k 4
A
i . - SILT - green with brown mottling, orange spots present
B13-06 | 12:44)552.0 throughout, stiff, black oily tar fingering through via root
zones
B13-07 | 12:50 ND SILT - as above, black tar fingers not present, no sheen
124.0
\ 4

Updated: 9/14/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-13
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:10 13:00
Portland, Oregon Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/6/95 | 10/6/95

g . & 287 o |2 o BORING DIAMETER: 8-inch

Sa | nk 2 1851, g JAEE CASING DIAMETER: Not Applicable

%g gm E % E A %‘ § g 2|y E m % JSURFACE ELEVATION: 36.4 feet msl

gg ?Q E 3 a S A % 210 E E (E'ﬂ) E é TOP OF CASING ELEVATION: Not Applicable

=
2 E g a e 3 SOIL DESCRIPTION

10/6/95

sheen

B13-08 |12:55] 124.0

28

3/4" Bentonite Chips
JWM%

B13-09 Duy 12:58] 98.1

1724

B13-10 }13:00112.0

ND

.

25

hydrecarbon edor, no sheen

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Drilled to 25 feet bgs
Sampled to 24.5 feet bgs

SILT - brown, moist, stiff, slightly plastic, no hydrocarbon odor,

%z no sheen

SAND - brown, wet, poorly graded, no hydrocarbon edeor, no

SILT - brown, moist, stiff, slightly plastic, no hydrocarbon odor,

no sheen
7.
548 SAND - brown, wet, loose, poorly graded, fine grained, ho

* Sample Number Prefix is 2708-851006-

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-14
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede : DRILL |DRILL
PROJECT: SAMPLING METHOD: 3" OD Split Spoon/4” OD Core Barrel START (FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:25 9:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/28/95 | 9/28/95
E . w % 0 ’S‘Tg o i a E BORING DIAMETER: 8-inch
Sa | q& | (3 HE_[ek 2218 5| g g |casNG DiaMETER: Not Applicable
22 | Bm |5 |9E|D ; E|ES % Bz -§ é Q |SURFACE ELEVATION. 36.1 feet msl
=
%g é E e g S| EES ; HEEEE 2 [TOP OF CASING ELEVATION: Not Applicable
O ]
Jan, g = g Ela |8
& Bwef ° S SOIL DESCRIPTION
B14-01 | 8:20] 46 - Silty SAND with Gravel - brown, moist {surface sample)
1
SM
2
11 100 . . . .
Silty SAND with Gravel - olive gray, moist, dense, hydrocarbon
B14-02 | 8:30 - 23 | 100 |3 odor, sheen
8.4 35 90
4
5 100 5 Sandy SILT - brown, moist, stiff, slightly plastic, no
B14-03 | 8:35 ND 8 100 hydrocarbon odor, no sheen
3.0 13 95 |8
7
6 100 SAND - olive gray, moist, loose, poorly graded, fine grained, no
B14-04 | 8:40 N & 100 |g hydrocarbon odor, no sheen
3.4 7 90
4. 9
N
2 N 10
g —
g A A SAND - as above, (10-11 feet bgs)
= B14-05 | 9:00 - 11
e 4.1 SILT - brown, meist, stiff, slightly plastic, no hydrocarbon
& 12 ML odor, no sheen, (11-12 feet bgs)
SAND - olive gray, moist, medium dense, poorly graded, fine
grained, no hydrocarbon odor, no sheen, (12-13 feet bgs)
B14-06 | 9:05 - SILT - brown, moist, very stiff, slightly plastic, no hydrocarbon
4.6 odor, no sheen
\
A b b
Sandy SILT - brown and tan mottled, meist, no hydrocarbon
B14-07 | 9:20 - odor, no sheen, (piece of bark present)
3.7
SAND with some Silt - brown, wet, medium dense, poorl
graded, fine grained, ne hydrocarbon odor, no sheen (16.5-17.5
B14-08 | 9:25 - feet bgs) .
4.8 l SILT - brown, moist, stiff, no hydrocarbon odor, no sheen, (17.5-
B14-09 | 9:30 - 18 feet bgs) »
4.9 SAND - brown, wet, poorly graded, fine grained, no hydrocarbon
odor, no sheen, (18-19 feet bgs) : .
] 20 B »

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-14
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHQD: 3" OD Split Spoon/4” OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:25 9:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/28/95 | 9/28/95
; s & a 0 ’é'g b % g BORING DIAMETER: 8-inch
gg g E‘é . 3 - g Eh &g 8 PN § g & CASING DIAMETER: Not Applicable
82 | 28 | g @ El2 E El2.5 g & | m S| 5% |SURPACE ELEVATION: 36.1 feet msl
= o
2% é 5 | 2‘ B= &= B ;Og 8 E E CD) %‘_; 2 |TOP OF CASING ELEVATION: Not Applicable
(o] e -
o g [ BRI
4 w8 °|7 | SOIL DESCRIPTION
21
Drilled to 20 feet bgs
29 Sampled to 19 feet bgs
23 * Sample Number Prefix is 2708-950928-
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
[FIEdated: 9/1/98 RBS P Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-15
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:45 15:05
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inec. 10/6/95 | 10/6/95
E . . g 0 o | 2 E BORING DIAMETER: 8-inch
o =k | Q_ S.ﬁ,\ mg EEEIE < o |CASING DIAMETER: Not Applicable
gg & § s @ E 7 S g & =g E o ; E S |SURFACE ELEVATION: 35.5 feet msl
%g 2 2 e g SHEZES 3! § 2 E 5| & 2 |TOP OF CASING ELEVATION: Not Applicable
i = g = B RN
o SOIL DESCRIPTION
1
2
A
SAND - brown, moist, loose, poorly graded, medium grained, no
!] hydrecarbon odor, no sheen, (2.5-5 feet bgs)
B15-01 |13:57 -
97.0 Y
1 Silty SAND with Gravel - olive gray, moist, hydrocarbon
v 6 odor, sheen, (5-6 feet bgs - brick in end of sampler)
7 (Switch to 1.5" OD Split Speon sampling device)
"1 60 Silty SAND - olive gray, moist, hydrocarbon odoer, sheen, (7.5-8
50/ 8 feet bgs - wood fragment in end of sampler)
;’g’, 9
Cg {Switch back to 4" OD Core Barrel sampling device)
= 10
5 T
=]
‘g S11
X B15-02 |14:17 - g SILT - green, moist, firm, no hydrocarbon odor, ne sheen,
=) % 211 5 P rootlets throughout, (10-15 feet bgs)
B15-03 |14:20 - e
59.9
Yy iy s
y B WS SILT - as above (15-15.5 feet bgs)
o AU
16 |3
] = Sandy SILT - green with black patches of hydrocarbon
17 product, moist, hydrocarbon odor, sheen, (15.5-17.5 feet bgs)
B15-04 |14:25| - |18 SILT - wet, soft, saturated with product (17.5-18.5 feet bgs)
83.1
': 19 SILT - green, hydrocarbon cdor, sheen, (18.5-20 feet bgs)
y .y |20

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-15
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL [DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYFE B-59 Mobile Drill 13:45 15:05
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/6/95 | 10/6/95
o i B
; . - g‘: wm o | 2 E BORING DIAMETER: 8-inch
e | ak SR |8 S| <. [casiNG DaMETER: Not Applicable
g2 = ] 8 I8g D“*E & > 12
33 | Zm |5 (5|3 JE BR % 3| E 3| S8 [SURFACE ELEVATION: 35.5 feet msl
2% é E = g Bl = &15 E = % % § S 2 |TOP OF CASING ELEVATION: Not Applicable
o 5 ?} e S ElaE
o SOIL DESCRIPTION
A SILT - green, moist, firm, hydrocarbon odor, no sheen, (20-21
feet bgs
B15-05 |[14:33 638 Silty SAND - olive gray, wet, poorly graded, fine grained,
~ 976 hydrocarben odor, sheen, (21-21.5 feet bgs)
-3 .
&
o SILT - brown and olive mottled, fingers of black oily substance
_-g = in rootlet zones, (21.5-25 feet bgs)
Q
£)
= N B15-06 |14:38 -
5 N -  J SAND - olive gray, wet, loose, no hydrocarbon eder, no sheen,
\& 1 (25-27 feet bgs)
Sandy SILT - olive gray, moist, stiff, hydrocarbon odor, no
B15:07 11457 " sheen, (27-27.5 feet bgs)
158 SAI\iD - olive gray, wet,bloose, fine grained, no hydrocarbon odor,
B15.05 |15:00 18 no sheen, (27.5-29 feet bgs)
13.6 SILT - brown, moist no hydrocarbon odor, no sheen, (29-28.5
feet bgs)
SAND - brown, wet, loose, fine grained, no hydrocarben oder, no
sheen, (29.5-30 feet bgs)
B15-09 |15:04 -
E 31.3 ¥
31
32
33 Drilled to 30 feet b%)s
Sampled to 30 feet bgs
34 . .
Sample Number Prefix is 2708-951006-
35
36
! 37
38
39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-17
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 1.5" OD Split Spoen/4" OD Core Barrel START (FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Dril} 9:55 10:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/29/95 | 9/29/95
o~ — a1 . _3
E . - a B E o = E BORING DIAMETER: 8-inch
g w [ e 2 S ©gimy | @ |«| < ~ |JCASING DIAMETER: Not Applicable
g2 | 28 |8 |Zg|Rae|2E|ER|EEIEa
5= | 22 |5 |#813 35 22123 8| (8] S |SURFACE ELEVATION: 36.9 feet msl
%E ;2 E E g Slxg B ; HEE E é & 2 |TOP OF CASING ELEVATION: Not Applicable
]
= § £ melo e
< wE| T SOIL DESCRIPTION
] Surface - GRAVEL fill (surfaee}
1
2
2 100 13 Silty SAND - brown, moist, no sheen
D B17-01 |10:00 59 100
3 421 2 | 90 |q :
N
7
7
A Sandy SILT - olive gray, moist, firm, no sheen
B17-02 |10:10 -
603
=
- SﬁN D - olive gray, moist, poorly graded, medium grained, no
_a% B17-08 |10:12 - sheen
5% 213
2 Y 10
£ A
g Tl SAND - olive gray, poorly graded, strong sheen, brown product
) — and froth when water added to sample, some wood fragments
X B17-04 |10:20 -
i 1409
14
15
A A
“ 16
B17-05 [10:30 1,814 :" 17 SAND - as above, wet, saturated with brown, oily product
1478
18 |.
: 4
B g
19 |®
r 20 ﬂ

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-17
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 1.5" OD Split Spoon/4™ OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 Y4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:55 10:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/29/95 | 9/29/95
= ~ fa . T
E . @ Et/_:: 0 B E o j o E BORING DIAMETER: 8-inch
=) (S < 5 E © glrS |8 2| < ~ |CASING DIAMETER: Not Applicable
og & m = | g 7 3 Elgs8 ZE|m 8l 3% |SURPACE ELEVATION: 36.9 feet msl
= o
gg é § 3 g SlEzsEkiog E § E £ |TOP OF CASING ELEVATION: Not Applicable
O &}
] g EQl=%|A |2
2 N 2T A Rl (© SOIL DESCRIPTION
A 5
; SP | SAND - as above, wet, contains brown product, strong sheen,
) & ei] TRANY roots at sand/silt interface
ON B706 [1085 - B
iIN 145 %/
5 )
] a4
§ :(: ML 7 SILT - olive gray, moist, very stiff, no hydrocarbon odor, no
= N B17-07 ]10:40 0.89 % sheen, some brown root casts
65.8 /
y 25 ///
26
Drilled to 25 feet b
Sampled te 24 feetfgs
27
* Sample Number Prefix is 2708-950929-
28
29
30
31
32
33
34
35
36
37
38
39
40
Updated: 9/1/98 RBS Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenne SOIL BORING NUMBER B-18
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: Split Spoon START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
[Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:05 11:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/19/95 | 9/19/95
~ Q: A -1
E . & 2 w 2 | o E BORING DIAMETER: 8-inch
o | nf S |25 212 |8 |%| =~ [cASING DIAMETER: Not Applicable
g | 22 |8 |2glR2 2 w8 _SEIES :
Og B4 E n g, g j 8 E I AR E E é 8 SURFACE ELEVATION: 36.4 feet MSL
% i é § e % Slage|@ 21 & (5] & 2 [TOP OF CASING ELEVATION: Not Applicable
O — m
g [ =2 o
2 © SOIL DESCRIPTION
% Sandy GRAVEL - dry, road fill (surface)
1 /
2 //
fhﬂ/’/;s dy SILT - b d oli ist, hard, slightly plasti
N R R " andy - brown and olive gray, moist, hard, slightly plastic,
B18-01 {10:15| 74 50/5 80 |3 5/5// slight sheen
8 100 SILT - brown, gray mottling, moist, stiff, plastic, no sheen
B18-02 | 10:20f 1772 - 11 160 |5
14 | 100 /
6 o
4 100 |7 Silty SAND witk Clay - brown, moist, loose, plastic, slight sheen
B18-03 |10:30 - 7 100
2500 8 50 |8
% 9
(& 4 100 Sandy SILT with some Clay - brown, moist, medium stiff, poorly
,ag B18-04 |10:35 - 4 100 110 graded, slightly plastic, slight sheen
_E 2500+ 6 100
& 11
3
= 2 100 12 Sandy SILT - as above
B18-05 | 10:40 59.3 5 100
2500+ 8 100 |13
14
2 | 100 SAND - brown, wet, very loose, poorly graded, fine grained,
B18-06 | 10:50 - 2 100 115 sheen observed on surface of core
25004+ 4 100
16
4 100 17
B18-07 |11:00 P 5 | 100 SAND - as above
2500+ 5 100 |18
19 '
SAND - olive gray, wet, loose, poorly graded, slight sheen on
4 | 100 i) vet, loose, p ,
B18-08 |11:05 - 6 100 |20 e A '

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-18
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL [DRILL
PROJECT: SAMPLING METHOD: Split Spoon START |FINISH
Northwest Natural Gas Ce. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Driil 10:05 11:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/19/95 | 9/19/95
E—‘ -~ m . -1
£ . M g‘z o 2 o 5 E BORING DIAMETER: 8-inch
Eg mk | LS. BE ] E|E (&S <t ¢ |CASING DIAMETER: Not Applicable
e ~| =
Z2 | B3 | = |%E|B E EIE S % SEE < 3 |SURFACE ELEVATION: 36.4 foet MSL
m S
gg é E = g S| & =17 213 E § &2 [TOP OF CASING ELEVATION: Not Applicable
I g =4 2B A=
ﬁ o SOIL DESCRIPTION
224 7 100
21
3 100 |22 SAND - as above, no sheen
A B18-09 |11:10 - 8 100
5 2500+ 12 | 100 |23
[
2
2 24
g 7 | 100 '
] SAND - as above
& B18-10 |11:30 ND 17 100 125
- 14.4 14 | 100
26
12 | 100 |27 SAND - as above
Bi8-11 {11:40 21 100
24.0 16 100 |28
29
Drilled to 28 feet bgs
30 Sa.lppled to 28 feet bgs
31 * Sample Number Prefix is 2708-950919-
32
33
34
35
36
37
38
39
40
Updated: 9/1/98 RBS Project #2708
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-19
Portland, Oregon
1(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
[Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:30 9:30
Portiand, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/19/95 | 9/20/95
= [+ : -3
g . &3 E . o % E BORING DIAMETER: 8-inch
2o | 0k 2|8 E N E 95| 8 |5 g g |castve DIaMETER: Not Applicable
gg &/ E % E gég = ﬂ*g E 8 5 R |SURFACE ELEVATION: 35.4
%g é § 3 g SIEESID E g S |5 |E| 52 [TOP OF CASING ELEVATION: Not Applicable
i o g e ST =518
O SOIL DESCRIPTION
B19-01 [13:10| 34.0 933 % Sandy SILT - brown, dry, (surface - just below sod root zone)
%
2 £k
3
b A
o 1a SAND - black, moist, well graded, fine grained, grai to
- - , 3 ed, fine grained, grains appear
B19-02 |13:40|382.0 - be coated with oily substance, sheen evident PP
Y |-¥. .5
A [h
1 1s
B1%-03 |13:55| 623.0 408 i I SAND - as above
8
Installed a 2-inch diameter 0.010-inch slotted stainless steel
3 e well screen at 10 to 13 feet bgs. Purged zero gallons of water
2 - prior to groundwater sampling. GROUNDWATER SAMPLE
[& : : (2708-950920-BW19-01) collected at 8:15 hrs, 9/20/95. Well
2 Y |y.j10 point was removed and drilling was resumed.
:o: St wy o
=] . (<3
§ 11 R
f‘ P> : 4 ML, Clayey SILT - brown, dry, very stiff, slight sheen
P N =
B19-04 |14:10|2500+ -
SAND - black, moist to wet, poorly graded, sheen
B19-05 |14:20|2500+ -
\ 4
[
SILT - brown, dry, stiff, no sheen
B19-06 | 14:30|2500+ -
B19-07 | 850 {2500+ 80 Sandy SILT - olive gray, moist, poorly graded, fine grained,
no sheen :
Y

Updated: 9/1/98 RBS
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.

B19-68 | 9:22 | 717.0 2.0

31

32

33

34

35

36

37

38

39

40

HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-19
Portland, Oregen
[(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:30 9:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/19/95 | 9/20/95
e . i ;
5 . g é é} d o %\ E - BORING DIAMETER: 8-inch .
%3 ﬁ g - é ’é 54 "5‘ Ky < E é’- & § g a CASING DIAMETER: Not Applicable
OE a.g = @ B %j AEAEEE 8 EUO’ SURFACE ELEVATION: 35.4
%g 5 3 SO =10 E 5 ol& |5 £, 2 |TOP OF CASING ELEVATION: Not Applicable
v <3| O Zla g B |
g o] [l o i
o SOIL DESCRIPTION
A
.?‘.' % Sandy SILT - as above, wet
5N
2\
EN
=
L
m
By Installed a 2-inch diameter 0.010-inch slotted stainless steel
o well sereen at 25 to 28 feet bgs. Purged eight gallons of water

using a peristaltic pump prior to groundwater sampling.
GROUNDWATER SAMPLE (2708-950920-BW19-02) collected
at 12:05 hrs, 9/20/95. Well point was removed prior to
abandonment.

Silty SAND - brown, wet, poorly graded, fine grained,
coarsening downward

Drilled to 29 feet bgs
Sampled to 29 feet bgs

* Sample Number Prefix is 2708-950919- for
samples B19-01 to B19-06. Sample Number Prefix
is 2708-950920- for samples B19-07 and B19-08,

Updated: 9/1/98 RBS
File: 2708 B-19

Page 20f 2

Project #2708
HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-20
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL {DRILL
PROJECT: SAMPLING METHOD: 1.5" OD Split Spoon/4" OD Core Barrel START |FINISH
Northwest Natural Gas Ce. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:00 15:00
Portland, Oregon DRILLER: Brad James Date; Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/29/95 | 9/29/95
= —— [od . .
& . P g % G E o "3 E BORING DIAMETER: 8-inch
Eg Sg - %’_\ 514,-. %3 RS ga CASING DIAMETER: Not Applicable
23 | & 2 |2 7 El® ; E |25 E E o |5 = 9 |SURFACE ELEVATION: 35.4 feet msl
= o
%E‘ ;, 5 £ g SlEmc8is 513 E % £ = |TOP OF CASING ELEVATION: Not Applicable
o Pt
o g M ERERE
2 S CAH O B (£ SOIL DESCRIPTION
{ Asphalt Asphalt 4 Agphalt (surface)
R o, T
1 P
2
5 100 |3
B20-01 | 14.05 _ 5 100 SAND - brown, moist, loose, poorly graded, no sheen
355 5 50 |4
A
) SAND - as above, large rock in sand at depth of 7.5 feet bgs
=y
B20-02 |{14:10 -
1166 S}‘;&ND - olive gray, moist, poorly graded, medium grained, no
sheen
23 9
RN
O %
ﬁg & ¥
s § A | sanD- gray, wet, poorly graded, saturated with hydrocarbon
g\ B2003 | 1415 1093 product, metallic sheen, (10-11 feet bgs)
N \ 2500+
« SAND - brown, moist, poorly gradedf,. ﬁng grained, no product
\ B20.04 114.20 - saturation, sheen is present, (11-13 feet bgs)
2500+
14
k 4 15
A Y
)16
8
a7 § . SAND - olive gray, moist to wet, sheen
B20-05 |14:25 -
1270
\ J 20

Updated: 9/1/98 RBS
File: 2708 B-20

Page 1of 2

Project #2708
HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-20
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 1.5" OD Split Spoon/4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time; Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:00 15:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc, 9/29/95 | 9/29/95
[ ~— = . r
g . & tE'l_‘) w0 g g b é % E BORING DIAMETER: 8-inch
EE = & S |B% |e§|& =1 & €| g Jeasme piavmrer: Not Applicable
&= % = g wE|l®@ ; E1E8 g E o E < $ |SURFACE ELEVATION: 85.4 feet msl
= 9
%gg 5B & g& oo ; SI8& % 5|5 2 |TOP OF CASING ELEVATION: Not Applicable
(@)
m g = t o (= {5
2 we| ° S SOIL DESCRIPTION
A |
2
;5 SAND - brown to metallic gray, wet, strong sheen
2
-g \
= % B20-06 |14:30 -
& N 2500+ SILT - b i, b kets of organi ial
g \Qq B20.07 1435 13 - brown, very stiff, brown pockets of organic materia
\Q 1010
¥ 25
26
Drilled to 25 feet bgs
Sampled to 24 feetigs
27
* Sample Number Prefix is 2708-950929-
28
29
30
31
32
33
34
35
36
37
38
39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-21
Portland, Oregon -
{503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:50 9:40
Portland, Oregon Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inec. 10/3/95 | 10/3/95
| ot : -3
& . M g n o % E BORING DIAMETER: 8-inch
Sq | 8k .83 |, g e CASING DIAMETER: Not Applicable
E % 8 E RElZ ; ElsE % g m E SURFACE ELEVATION: 38.0
%g & a &= = 2108 2 E =) TOP OF CASING ELEVATION: Net Applicable
< n &= o ZlnE1lxa o
G T =4 =l &la s
S SOIL DESCRIPTION
1
SILT - brown and green mottled, slightly moist, stiff, roots
B21.01 1 9.00 present, slight sheen
34
B21-02 | 9:05 SILT - as above, moist
2.3
5\ Silty SAND -brown, moist to wet, medium dense, poorly graded
8 N B21-03 [ 910 fine grained, no sheen
©
g& 17
2
=
=
N Sﬁ.ndy SILT - brown with olive gray mottling, moist, firm, slight
& sheen
“X B2104 | 915
\ 342 SAND - brown, wet, loose, poorly graded, fine grained, no
B21.05 | 9:20 sheen
23.2
Silty SAND - brown, moist, medium dense, fine grained, no
sheen
B21-06 | 9:30 — SAND - brown, wet, loose, poorly graded, fine grained, no
15 — sheen
— Installed a 2-inch diameter 0.010-inch slotted stainless steel
B21-07 | 9:35 — well screen from 15.5 to 19.5 feet bgs. Purged five gallons of
- ) water using a peristaltic pump prior to groundwater °
15 sampling. GROUNDWATER SAMPLE (2708-951003-BW21-
01) collected at 10:48 hrs, 10/3/95. Well point was removed
R prior to abandonment,

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-21
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |[FINISH
Nerthwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:50 9:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/3/95 | 10/3/95
E . = Eaz n o | 2 g BORING DIAMETER: 8-inch
o | o Q 5 Qo] 29| <. Jcasve DiamETER: Not Applicable
g0 | O felnsg(2ElRE (S E|Sa
g3 | a g % E gig B2z |z |B| % |SURFACE ELEVATION: 38.0
—
gg ?o E 3] g Bim = S5 E é % E § S 2 |TOP OF CASING ELEVATION: Not Applicable
o =
as] g [ A=
2 o SOIL DESCRIPTION
21 Drilled to 30 feet bgs
Sampled to 29.5 feet bgs
22 * Sample Number Prefix is 2708-951003-
23
24
25
26
27
28
29
3¢
31
32
a3
34
35
36
37 .
as
39
40
Updated: 9/1/98 RBS Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-22
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Cere Barrel START |{FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:00 13:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/3/95 | 10/3/95
E . ) a 0w o |2 E BORING DIAMETER: 8-inch
Sa | mk | (918 =0 o E m& & (2| 54 [casmeDaMETER: Not Applicable
55 & g = % E gg‘é* g & = C‘»g m E = 7 [SURFACE ELEVATION: 87.1 feet msl
gg = £ |ElEZE|T 2 231K |5 &2 |TOP OF CASING ELEVATION: Not Applicable
2l 2! g O SI7218 12
3]
2 o SOIL DESCRIPTION
%
1 /
7
b | A g ? MLA st with Sand and Gravel - moist to wet, oily substance
B22.01 112:05 - S ',-'7/ present, strong sheen, metal wire present
N 81.8 ¥ 4
N
¥ 5 /
r W /
B22-02 12:12 - |8 /
212.0 : /
AT / SILT - green with brown mottling, stiff, strong sheen
N B23-03 |12:15 - o //2
@ 253.0 o9 ?,/ML 7
2R ¥ 10
§ N R
N - /
£4 39
T B22.04 |12:25 - Sandy SILT - brown, moist, stiff, strong sheen
« 18.6
8 /
E /
B22.05 | 12:30 40 : ». % / S}?ndy SILT - olive gray to green, moist to wet, stiff, strong
. ™ o sheen
18.4 v /
Y 15 %
B22-06 |12:35 - HE X ; ML 7
15.8 16 y/
a1 / SILT - olive gray, moist, stiff, strong sheen, black oily
product throughout core)
B22-07 |12:40 - /
4.8 |19 /
¥y ly.i20 7
Updated: 9/1/98 RBS Project #2708
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HAEN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-22
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |{DPRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:00 13:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/3/95 | 10/3/95
E‘ . o EEE 0 o | 5 BORING DIAMETER: 8-inch
Sa | mk | 1S [8%_|, g 2% |8 (2] 54 [oasme Damerer Not Applicable
g3 | & s |GE|8 ; A % o (5 =3 [SURPACE ELEVATION: 37.1 feet ms}
%E E £ g &= & =0 3 E 2 E § £ 2 |TOP OF CASING ELEVATION: Not Applicable
o o g [ il BN = )
o SOIL DESCRIPTION
1 SILT - as above, moist to wet, pockets of brown product within
B22-08 {1245 - core
53.2
g
£
<
2
g %\ SAND - olive gray, wet, fine grained, black product at 24-25 feet
g % bgs, (see photo 14)
@
=
g 3 B22-09 |12:50 485
= ‘Q 16.0 ]
% ? Sandy SILT - brown, moist, stiff, ne sheen
B22-10 |12:55 -
8.7 | SAND - brown, wet, loose, poorly graded, fine grained,
1 muscovite present, no sheen
B22-11 1:00 - 6| 29
8.4

30

Drilled te 30 feet bgs

31

32

33

34

35

36

37

38

39

40

Sampled to 29.5 feet bgs

* Sample Number Prefix is 2708-951003-

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-23
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:17 15:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations, Inc. 10/3/95 | 10/3/95
£ . P
£ . g |8 vl g BORING DIAMETER: 8-inch
Eg ak | |2 52::,\ ;,;E 8|8 |5| 25 Jeasme piaverer: Not Applicable
05 % 0 E % E % ::,3 é fg ﬁ = (ED o] § é 8 SURFACE ELEVATION: 35.1 feet msl
%g < E |3 g &l =10 E g % E :8 ?n" & |TOP OF CASING ELEVATION: Not Applicable
o = g 2 ol B =T ]
o SOIL DESCRIPTION
Asphalt Ashalt 4 Asphalt
1
H 5 HH
1 2 HH Concrete
3 50
2 | HHE
4
5
= A
\ .
B23-01 | 14:38 SAND - brown, moist, loose, poorly graded, medium grained,
- slight sheen
190.0 - ST
.18
2 9
=2
[&]
2 y 10
g W
g B23-02 | 14:47|2500+ - “ 111
¥ g
o3 \ g Sandy SILT - green with brown mottling, moist to wet, stiff,
— “ lower 6 inches of core is saturated with product, strong sheen
A
7
B23-03 |14:50 1439 . //
14
Y 5
L A
:".:.‘_ 16
B23-04 | 14:57 - i
9.7 17 Sandy SILT - green with brown mottling, stiff, roots present,
- saturated with preduct 15-17 feet bgs, strong sheen
- |18 '
¥ . _ - 2 ML
B23-05 |15:00 ¢/
589.0 y 119
\ 4 20
Updated: 9/1/98 RBS . Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-23
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START (|FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 ¥/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-58 Mobile Drill 14:17 15:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/3/95 | 10/3/95
| [+ . .1
£ . - EU-J' @ > % E BORING DIAMETER: 8-inch
=P a5 2 5 E 2|3 % | < ~ JCASING DIAMETER: Not Applicable
g2 | 28 | @ E2lnse(mE(RE|SE|Ea
&= % 0 E R R 48 HAEE E 8 E 2 |SURFACE ELEVATION: 35.1 feet ms}
gg E FE|EZS|s E Z3 S| £ 2 |TOP OF CASING ELEVATION: Not Applicable
w B S gluglzle
ﬁ s3] = o [
) SOIL DESCRIPTION
A
B23-06 |15:05 -
2500+
SILT - brown with orange spots, moist, very stiff, sheen
@ B23-07 |15:10| 682.0 -
a,
4 \J
[&] -
3 % 7'y "
EN as
g T SAND with some Silt - wet, fine grained, brown oily product
SN B2308 [15:20 77 S e | present, sheen
P 2500+ iR
-] .7|28
B23-09 |[15:25 - e B
822.0 ¥ |:°¥:(30 Sandy SILT - brown, moist, stiff, strong sheen
I YR B
S ]
B2310 |15:30 - o la2
108.0
SAND - olive gray, wet, loose, fine grained, no sheen
B23-11 |[15:35 -
292.0 73 SILT - brown, moist, stiff, no sheen
B23-12 |15:38 ND L4
36 Drilled to 35 feet bgs
Sampled to 35 feet bgs
37
* Sample Number Prefix is 2708-951003-
38 '
39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-24
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 Y4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:15 10:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc, 10/2/95 | 10/2/95
E+ o BORING DIAMETER: 8-inch
g : 2 |Eg =13 |8 —
e | mk S | 2milE 8] <~ lcasme DiaMETER: Not Applicable
g | O B [&2|2RElns 2 B e FElea
&= | 28 | E [4E|8 35 HAEE E B S5 & [SURFACE ELEVATION: 34.5 feet msl
%Eg 5 S RCI =R IS E 5 Q 5| E' 2 |TOP OF CASING ELEVATION: Not Applicable
7} &3 O Z 75} g ISHIIR
ﬁ = = o
o SOIL DESCRIPTION
Sidewalk at surface.
1
2
Lampblack - black, dry, hydrophobic, no sheen (2.5-3.0 feet, bgs)
9 106 i3
B24-01 | 9:23 | 211.0 - i 100 SAND - brown, dry, loose, poorly graded, medium grained, no
9 100 |4 sheen, (3-4 feet bgs)
5
N A h 0
N 106
B24-02 | 9:30 - :
40.0 ¥y |7 SAND - as above, some pobbles, moist, no sheen, (5-10 feet bgs)
8
b
RN 9
N
£W Y 10
g
*2 1 R SAND - olive gray, moist, loose, black droplets of tar-like
2 B24.03 | 9:40 1,092 11 substance at base of sand, wood chips present (10-11.5 feet bgs)
> § 1406
o
Sandy SILT - olive gray, moist, slightly plastic, slight sheen,
B24-04 | 9:45 - 0 (11.5-15 feet bgs)
711 g
A
A B /5«;
16 ML 4
i — Sandy SILT - olive gray to green, moist, stiff, strong sheen, (15-
B24-05 | 9:50 b S 17 20 feet bgs) -
636.0 :
{18
Sl
B24-06 ;| 9:53 - s B
796 ¥ 20 %

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-24
Portland, Oregon
$(503) 796-0717 HAILOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START (FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:15 10:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/2/95 | 10/2/95
B ©w & BORING DIAMETER: B-inch
& z HE é IS CASING D R i
S9 Eg EA sm’é N Sg & ; &a TAMETER: Not Applicable
2% | && ERERZ S5|58 % 21z (B E & |SURFACE ELEVATION: 34.5 feet msl
= 5 B a = =710 E Q E :% 2 JTOP OF CASING ELEVATION: Not Applicable
S| 7R E |38 | E|%E|A "
2 O SOIL DESCRIPTION
. Sandy SILT - brown with green mottles, moist, sheen ¢n core -
smeared from above, (20-22 feet hgs)
B24-07 |10:00 -
= 390
g SAND - brown, wet, loose, poorly graded, fine grained, no sheen
@ % (22-23 feet bgs)
E Sandy SILT -brown with green mottles, moist, no sheen (23-24
5N B2408 1003 - feet bgs)
=§"_ § 907
o N \ 4
[
B24-09 | 10:05 -
1654

B24-10 10:10] 834

0.14

31

32

33

34

35

36

37

38

39

40

SAND - brown, wet, loose, poorly graded, no sheen (24-30 feet
bgs), 2 inch Silt zone at 27 feet bgs

Drilled te 30 feet bgs
Sampled to 29.5 feet bgs

* Sample Number Prefixis 2708-951002-

Updated: 9/1/98 RBS
File: 2708 B-24
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-25
Portland, Oregon '
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START [FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:05 12:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc, 10/2/95 t 10/2/95
o : .
E . - E @ o | B g BORING DIAMETER: 8-inch
2a | 2k |, 2 ggn mg 2218 2| gg [easwopmvmrer Not Applicable
53 | & g |3 REID 3 ElEE|g % m 5] 5§ |SURFACE ELEVATION: 35.0 feet msl
22 é % e g S = =Ale E é % E % g 2 JTOP OF CASING ELEVATION: Not Applicable
= S1TRIA |2
ﬁ et [
i SOIL DESCRIPTION
Asphalt & Asphalt at surface.
1 Fat i
3
B25-01 :12:15 - SAND - brown to gray, moist, loose, poorly graded, medium
262 grained, slight sheen, (2-5 feet bgs)
\ j
A
B25-02 |12:20 - SAND - as above, moist, large piece of decayed wood in end of
85.2 sampler, slight sheen, (5-10 feet bgs)
w
=%
&}
L
= y
2 = y
3 Y
g
m
¥
(5]
SAND - as abeove, wet at 14 feet bgs, strong sheen, brown froth
appears via sheen test, (10-15 feet bgs)
B25-63 |12:30 125
90.6
i 4
[ 3
SAND - as above, wet, strong sheen and froth to depth of 17 feet
bgs, no sheen from 17-18.5 feet bgs
B25-04 |12:35 - A A . .
SILT - olive gray, moist, no sheen (18-20 feet bgs)
92.7 19 ML,
v 20 //

Updated: 9/1/98 RBS
File: 2708 B-25

Page 1 of2

Project #2708
HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-25
Portiand, Oregon
[(503) 796-0717 HAI LOGGER: Rob Ede DRILL |{DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:05 12:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/2/95 | 10/2/95
E . - E n o | o é BORING DIAMETER: 8-inch
gﬂ e “ N 5 E I E ks § § < o |CASING DIAMETER: Not Applicable
gg oy gsg E e g‘ 2] j g‘ 8 ;:g & E as) % g 2 [SURFACE ELEVATION: 35.0 feet msl
B = B |QE|EZelo 23| E 5| E 2 JTOP OF CASING ELEVATION: Not Applicable
a w E = wm
< & e} SIPE "2
2 a4 3 a s
o SOIL DESCRIPTION
B25-05 | 12:40 045 | & ”’f//hﬁﬁ
2 191 ?/ S;ndy (82110,'52- tqli\'r;ebgra)ty, wet, slightly stiff, slightly plastie, no
% sheen, {(20-22 feet bgs
N ,4
g § 7
ER %
: B25-06 |12:43 - 74 SILT - olive gray with brown/orange spots, moist, stiff, plastic,
> > ML 3 1o sheen, (22-25 feet bgs)
= 24.4 g}/ g
/
Y 25 %
26
27
28
29
30 Drilled to 25 feet bgs
Sampled to 24 feet bgs
31 * Sample Number Prefix is 2708-951002-
32
33
34
35
36
, 37
38
39
40

Updated: 9/1/98 RBS
F‘iﬁl)e: 2708 B-25
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-26
Portland, Oregon .
(503) 796-0717 HAI LOGGER: Rob Ede DRILL. |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 Y4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:20 10:20
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #; 2708 DRILLING CONTRACTOR:  Geo-Tech Explarations, Inc. 10/4/95 | 10/4/95
= . P
e . - g . o g E BORING DIAMETER: 8-inch
So [ =k | (9. g%ﬁ mg 25| & 2| g |cosmo DavmTER: Not Applicable
gz | s | = |2E|3 3 ElEm|g E E 5| SR |SURFACE ELEVATION: 34.9 feet MSL
5| = B [QEEZEEIT E %3 S| 52 |TOP OF CASING ELEVATION: Not Applicable
a vl = ) nRIE o ®R
: T g = il R =R
o SOIL DESCRIPTION
B26-01 | 8:15| 753 9.3 oM I] Silty SAND with Gravel - brown, moist, no hydrocarben odor
Lampblack - black, hydrophobic, slight sheen, slight
bydrocarbon edor
B26-02 | 8:30 | 1191 -
Brick in end of sampler, also pieces of hardened tar
B26-03 | 8:45 - SAND - olive gray, moist, loose, medium grained, strong
@ 1 hydrocarbon odor, sheen
E=
3
2
S
N\
D
m
3
® B26-04 | 8:55 .
997 SAND - olive gray, moist, loose, medium grained, streng sheen,
brown froth via sheen test, hydrocarbon odor
SAND - olive gray, wet, loose, poorly graded, medium grained,
B26-05 | 9.08 - . saturated with product, strong sheen on sampler -
1611

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-26
Portland, Oregon
[(503) 796-0717 HAI LLOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mebile Drill 8:20 10:20
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/4/95 | 10/4/95
= 2 . -1
g . s E - o "'3 E BORING DIAMETER: 8-inch
gﬁ mk | (S (8 g . g 9B & 2| 55 |oasNG DlameTER: Not Applicable
~ m ~~ —r
og & g = @ g Zﬁg 3 g & = & E o E S @ |SURFACE ELEVATION: 34.9 feet MSL
gg E E B g & P Bi5 E 05: 8 E 8 % 2 [TOP OF CASING ELEVATION: Not Applicable
3 Z 152 S1TRIS |2
o SOIL DESCRIPTION
A : 1
B26-06 | 9:15 15,530 SAND - olive gray, wet, loose, poorly graded, medium grained,
2500+ strong sheen, much brown product, (20-23 feet bgs)
B26-07 | 9:18 -
2500 SILT - brown with dark gray mottling, moist, contains wood
* fragments, (23-24 feet bgs) A
k 4
1 > ML
2 Ny B26-08 | 9:30 - ,’fy
AR
g \ 959
S SILT - brown, meist, stiff, strong sheen on sampler, root zones
2 present, black, oily product appears to be migrating through
=
g root zones
=
< W
E: § B26-09 | 9:45 -
B % 2500+
4
Y
B26-10 |10:05 -
2500+
Sandy SILT - olive gray to green, medium stiff, large amount of
= black staining appears to be migrating through root zones
L
ff/
B26-11 |10:10 -
2500+
\J
A
, N Sandy SILT - olive gray to green, medium stiff, sheen from 35-
B26-12 |10:15 37 feet bgs, no sheen from 37-40 feet bgs
2500+ 37 -
38 E// ML
Drilled to 40 feet bgs
Sampled to 40 feet bgs
B26-13 110:20 1.1 * Sample Numbex_' Prefiz is 2708-951002-
771 ¥ S
Updated: 9/1/98 RBS ’ Project #2708
File: 2708 B-26 Page 2 of 2 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-27
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT:_ SAMPLING METHOD: Split Spoon START |(FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:40 13:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/20/95 | 9/20/95
) w0 = — | BORING DIAMETER: 8-inch
4 x 8 |53 gz 138 i :
5% 3 g}ﬂ m 1< 5 & |3 2 | E‘ﬁ 7 CASING DIAMETER: Not Applicable
—~ o ~ 0 =
= | Ba |3 |1B5|2 3 ElIES % Sl E < 5 |SURFACE ELEVATION: 87.0 feet msl
oF | 2 B |28(REs @ g0~ | 812 ED [Top OF CASING ELEVATION: Not Applicable
1= s m
’ 2|3 | 312 (B[R
2 < S SOIL DESCRIPTION
B27-01 |12:15 - voasd Sandy GRAVEL - brown, dry, fill (surface)
1 =
% GP
2 . U g
B27-02 |12:50 Z 13 | 100 i3 Silty SAND - brown, dry, dense, pieces of coal? present, no
7.6 17 0 oM petroleum odor, no sheen
N 18| 0 |4
5
16 | 100 SAND - Itirpwn, dry,6 u_zed}};um den;e, po(;)aily }g{rac%ed, éige dgrrailr:eg_,
y N R some coal in upper 6 inches, no sheen, black colored hydrophobic
B27-03 |12:55 16 | 100 is particulates float via sheen test (lampblack?)
6.5 20 506
7
10 | 100 i8 SAND - black, moist, medium dense, poorly graded, fine
B27-04 |[13:00 - 10 | 100 grained, strong petroleum hydroearbon odor, sheen via sheen
2 215 12| 50 |9 test
£
(@]
§§ 10
‘3 4 100 SAND - as above, loose, strong petroleum hydrocarben odor,
2 B27-05 | 13:03 R 8 70 |11 sheen via sheen test
3 8 0
« 12
& 100 13 SAND - as above, strong petroleum hydrocarbon odor, sheen via
B27-06 |13:05 - 10 100 sheen test
36.4 13 50 |14
15
4 100 .
SAND - olive gray te black, wet, loose, petroleum
B27-07 [13:10 - 6 100 (16 hydrocarbon odor, slight sheen via sheen test
13.2 8 60
17
|
i
i
2 100 |18
» SAND - as above, slight petroleum hydrocarbor odor, no
B27-08 113:15 - 100 sheen via sheen test -
35.2 7 100 {19
3
| 20

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-27
Portland, Oregon '
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: Split Spoon START ([FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 12:40 13:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations, Inc. 9/20/95 | 9/20/95
E . £ EC{J‘ - %; o a g BORING DIAMETER: 8-inch
S | & SR & (e 8 |2 « ~ |CASING DIAMETER: Not Applicable
g2 | o8 | g e A E | B [SlzlEa
82| &9 [E |2E|l&4 L ESELEE % |SURFACE ELEVATION: 87.0 feet ms!
%g é E e g &= B B | @ % 8 % 8 % 2 ITOP OF CASING ELEVATION: Not Applicable
" = E = S|~ [Aa=
o SOIL DESCRIPTION
11 | 100 L
B27-09 |13:30 N o4 100 |21 SAND - black, wet, dense, sheen on core, sheen via sheen test
2031 16 100
22
9 100 |23 SAND - black, wet, loose, saturated with oily substanee, (22.5-
23.5 feet bgs)
B27-10 |13:40 1,243 | 3 | 100 B
SILT - brown, wet, medium stiff, plastic, sheen via sheen fest,
2500+, 3 | 100 J2¢ /WML/’;Z (23.5-24 feet bgs) :
7 p
[
= | %) L
2 100 % SP 2] SAND with some Silt - black, wet, loose, sheen on sampler, (25-
o) 25.5 feet bgs)
B27-11 [13:45 . 2 | 100 |26 //
392 2 50 SILT with some Clay - brewn, wet, soft, plastic, sheen via sheen
test, (25.5-26.5 feet bgs)
27
7
. 4 100 |28 ? ML 7 Clayey SILT - brown, moist, medium stiff, plastic, no sheen
B27-12 | 1355 125 5 | 100 {// via sheen fest
AN 120 5 | 70 |29 /
=
(&) % /
@ R
3 % 30 /
g 8 | 100 /ca SILT - as above, slight sheen via sheen test, (cutside of
ayey - as above, slight sheen via sheen test, (outside o
E??: B27-13 |14:05 - 3 100 |31 core smeared with petroleum product from shallower depths)
2 861 5 | 100
&5
3 | 100 |33 //‘2
7 ML 4 Clayey SILT - clive gray, moist, soft, sheen via sheen test,
B27-14 |14:15 - 4 | 100 % {outside of core smeared with petroleum product from
714 5 10 |34 / shallower depths)
35 /
3 100 . .
/ SILT - olive gray, moist, soft, no petroleum hydrocarbon odor,
B27-15 |14:40 12.2 3 80 |36 no sheen via sheen test
264 3 ] o0 7
37
38
Drilled to 36.5 feet bgs
Sampled to 36.5 feet bgs -
39 |
* Sample Number Prefix is 2708-950920-
40 o

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-28
Portland, Oregon
{603) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:00 15:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Ing. 10/2/95 | 10/2/95
) = . -
% . g g - by % E. BORING DIAMETER: 8-inch
=i E ?ﬂﬁ S S E g g )F_ﬂ] 21 S ; g & CASING DIAMETER: Not Applicable
32| &m | S |ZE|B 3 Elx = g r 8] &5 |SURFACE ELEVATION: 34.4 feet msl
—t
%§ é E =5 g R 8 &5 ; E 8 E § g 2 |Top oF CASING ELEVATION: Not Applicable
o o g & il DR =l
< o kSOiL DESCRIPTION
B28-01 |13:45| 614 87 Silty SAND with Gravel - brown, moist, fine grained, non
B28.02 |13.47| 105 135 1 plastie, no hydrocarbon odor, no sheen via sheen test (surface)
2
N ]
N B28-03 |14:10] 95.4 - | SAND with some Gravel and Lampblack - (black, very
- solid/hard pieces that are hydrophobic), slight hydrocarbon odor,
y. |4 no sheen via sheen test, (2.5-5 feet bgs)
y 5
A A
s GRAVEL with Lampblack - black, dry, lampblack is
- hydrophobic, no hydrocarbon odor, no sheen via sheen test, (5-10
f feet bgs)
B28-04 |14:15] 111 - Hy
B A
8
\ Y GM
&, 9
SN
(g §
= 16
N
< l - GRAVEL with Lampblack - sticky, tar-like pieces present, hard,
& \ B28-05 14:20; 36.2 - F 11 with sheen on surface, strong hydrocarbon odor (10-12 feet bgs)
3
A\
N B28-06 |14:25] 714 -
w SAND - olive gray, moist, loose, poorly graded, strong
14 § hydrocarboen odor, sheen via sheen test, (12-15 feet bgs)
£l
\i 15
- - SAND with some SILT - olive gray, wet, saturated with product,
B28-07 |14:30] 372 612 * 1 metallic sheen, (15-15.5 feet bgs)
: 116 Sandy SILT - brown, moist, no sheen, (15.5-16 feet bgs)
L 17 :
i - SAND - olive gray, wet, loose, poorly graded, medium grained,
i 18 no sheen via sheen test, (16-20 feet bgs) '
B28-08 |14:35! 53.7 - )
F.- |19
Y 20

Updated: 9/1/98 RBS

File: 2708 B-28

Project #2708

Pagelof2 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-28
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |[DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:00 15:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations, Inc. 10/2/95 | 10/2/95
e : -1
E . = E @ o g E BORING DIAMETER: 8-inch
ga | 9k L 1218 E N ";3 9518 5| g [crsive DramETER: Not Applicable
gg & m = & g 7 i g né E'ﬂf' [N g e % g & |SURFACE ELEVATION: 34.4 feet ms]
gg § E B ge mEelo 3. ég E 518 2 |TOP OF CASING ELEVATION: Not Applicable
& T g e =loelA s
© SOIL DESCRIPTION
A ://
B28.09 | 1445 Sandy SILT - olive gray with brown, metallic luster, saturated
- - - 21 with product, strong sheen via sheen test (20-22 feet bgs)
& 236 3 /
= 7
& 22 ML
@ 7 7
= : g’/ Sandy SILT - as above, brown with brown/orange blebs, no
% N B28-10 | 1450 N 23 sheen via sheen test, (22-23.5 feet bgs)
2 N 462 _
3 R |24 )
@ B2s.11 11453 261 2.3 ) / Sandy SILT - as abeve, olive gray, wet (23.5-25 feet bgs)
Y 25 7
28
27 Drilled to 25 feet bgs
Sampled te 24.5 feet bgs
28 * Sample Number Prefix is 2708-951002-
29
3c
31
32
33
34
35
36
37 .
i
! 38
i
39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-29
Portland, Oregon
[(503) 796-0717 HAI LOGGER: Roger Brown DRILL |DRILL
PROJECT: SAMPLING METHOD: Split Spoon START |FINISH
Nerthwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drili 14:15 9:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc, 9/22/95 | 9/25/95
— [+ : -1
E . E): a @ 21 B E BORING DIAMETER 8-inch
By | mx = 5 & 3 [=<]| < ~ |CASING DIAMETER: Not Applicable
E = I & = § ~{2a = 0 E ~1E [Elenm
OS % o] E w E % é g E: oS S m % § 8 SURFACE ELEVATION: 31.1 feet ms!
gg d E B |2E8(rge = ‘gﬂ S E 5| & £ |TOP OF CASING ELEVATION: Not Applicable
o 2 g 2 2% |A e
o SOIL DESCRIPTION
B29-01 |[14:08{ - 230 - - Silty GRAVEL - brown, dry, fill, no sheen via sheen test
1 (surface)
2
27 100 |3 Sandy Silty GRAVEL - gray/brown, damp, dense, non-plastie,
B29-02 |14:18 27 100 i well graded, no hydrocarbon odor, no sheen via sheen test
32 0 |4
5 .
B29-03 6 100 Sandy Silty GRAVEL - as above, no hydrocarbon odor, no sheen
14:22 9 0 g via sheen test
5 1]
7
11 | 100 i8 Sandy GRAVEL with Silt - dark gray, moist to wet, medium
B29-04 |14:26 5 60 dense, non-plastic, well graded, possible petroleum hydrocarbon
@ 11 o o GW odor, no sheen via sheen test
R
|
]
%’ W 10
-g B29-05 3 100 Silty Sandy GRAVEL - brown, wet, dense, slightly plastic, well
2 14:30 13 20 |11 graded, no petroleum hydrocarbon odor, no sheen via sheen test
3 20 [}
B29-06 | 14:35 11 | 100 13 Silty Sandy GRAVEL - as above, slight naphthalene odor,
14 20 turning to dark gray at 13.2 feet, no sheen via sheen test
30 0 (14
15
5 100 . . .
SILT with some Sand and Gravel - brown, moist, stiff,
B29-07 |15:05 8 100 |16 slightly plastic, possible petroleum hydracarbon edor, no
12 | 100 | sheen via sheen test
17 ML
6 100 118 SILT with some Sand and Gravel - as above, more Gravel,
. brown with slight odor to 18.25 feet bgs, dark gray with
B29-08 |15:11 12 | 100 distinct odor to 19 feet bgs with wood fragments and
I 15 | 100 |19 occasional tar globs, no sheen via sheen test
20
Updated: 9/1/96 RBS P Project #2708
File: 2708 B-29 age1of3 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-29
Portland, Oregon
(503) 796-0717 HAI LOGGER: Roger Brown DRILL {DRILL
PROJECT: SAMPLING METHOD: Split Spoon START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drili 14:15 9:30
Portiand, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Expleratiens, Inc. 9/22/95 | 9/25/95
) — [~ - -1
g . - E " 2 s 2 E BORING DIAMETER: 8-inch
Qo | g 2 |8 ﬁ &l $ |Z| « ~ |CASING DIAMETER: Not Applicable
Z= | 24 LEIRAE e |BL|SElED
22 | & E ZEIBSE ESlEElx 8 E O |SURFACE ELEVATION; 311 feet ms]
% g g e g Bl P B jn ”%’ B g g 0 2 fropor CASING ELEVATION: Not Applicable
g oo ? e o | A&
o SOIL DESCRIPTION
12 100 Gravelly SILT - /brown with gray mottling, moist, very stiff,
B29-09 |15:17 13 | 100 ;1 3 slightly plastic, slight petroleum hydrocarbon eder, no sheen via
s sheen test, tip of core is black
15 106
22
Gravelly SILT - black, moist, strong hydrocarbon odor, sheen via
sheen test, tarry globs (22.5-22.75 feet bgs)
B29-104 ' 100 |23 SILT - gray with red-brown mottling, non-plastic, slight
15:23 J - 100 hydrocarbon odor (22.75-23 feet bgs)
B29-10 ! - 100 |24 SAND - dark gray, moist to wet, poorly graded (23-24 feet bgs)
25
3 100 SILT and SAND - as above , tarry (25-25.25 feet bgs)}
B29-11 |15:30 g 100 |26 SILT - gray, as above (25.25-26.25 feet bgs)
12 100 SILT and SAND - black, tarry, hydrocarbon odor, sheen via
27 sheen test (26.25-27 feet bgs)
> -
i
i 3 100 |28 SILT - olive-gray with red-brown mottling, medium stiff,
B29-12 |15:40 5 100 | organic matter or root zones with brown product in them,
a 6 100" 29 petroleum hydrocarbon odor, sheen via sheen test, brown
3 N product present (27.5-29 feet bgs)
[&
% 30
g = 3 100 Slilty SAND]with occasional Silt hzo‘?:s - olljive-gé'ay,bloose, non-
@ X Plastic, rootlets present, strong hydrocarbon o or, brown
oy B29-13 |15:50 2 | 100 j31 product via sheen test (30-31.5 foet bgs)
oy 5 | 100
[3=]
32
100
9 33 SAND - black, wet, medium dense, poorly graded, entire core
B29-14 | 16:00 7 | 100 covered with brewn product (32.5-34 feet bgs)
9 100 |34
35
4 100
SAND - as above, product saturated throughout core (35-36.5
B29-15 |16:08 58,822 9 100 |36 feet bgs)
i 12 | 100
! | 37 Drilling resumes at 8:40, 9/25/95
i 38 SAND - black, wet, saturated with gmduct to 39 feet bgs, less
B29-16 | 9:00; staining from 39-40 feet bgs, some brown bedding or zones of
I 39 oxidation, sheen throughout (36.5-40 feet bgs)
V1V Jao

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-29
Portland, Oregon
(503) 796-0717 HAI LOGGER: Roger Brown DRILL {DRILL
PROJECT: SAMPLING METHOD: Split Speon START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:15 9:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/22/95 | 9/25/95
B —~ [+ . =
£ . & a @ 21l 2 5 BORING DIAMETER: 8-inch
=12 ks 218 5 &1 |8 |%| <~ |CASING DIAMETER: Not Applicable
25 218 [aElanBle|B S EEE
Z3 % 8 |2 |125|3 3 EI&S|BE|E |B| 23 |surrack ELEvaTION: 31.1 feet msl
%E = E B g & = &8 v % % E § E 2 |TOP OF CASING ELEVATION: Not Applicable
o o g 4 2|~ a e
O SOIL DESCRIPTION
_A
SAND - olive-gray, wet, sheen via sheen test, strong sheen on
drill stern (40-44 feet bgs)
2 N
c K " SAND with some Silt - gray, moist, no sheen via sheen test, no
S B29-17 | 9:10 16.5 sheen on drill stem (44-45 feet bgs)
5: 69.0 /
N
\; - | SAND with some Silt - moist to wet, poorly graded, fine to
i medium grained, no sheen via sheen test, no sheen on core (45-
N a7 50 feet bgs)
B29-18 | 9:25 0.18
28.1 y :..[48
49
50
Driiled to 50 feet bgs
51 Sampled to 48 feet bgs
* Sample Number Prefixis 2708-950922-
52
53
54
55
56
57
58
|
l 59
i
i 60

Updated: 9/1/98 RBS Project #2708
File: 2708 B-29 Page 3 of 3 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.
434 NW Sixzth Avenue SOIL BORING NUMBER B-30
Portland, Oregon
(503) 796-0717 HAI LOGGER: Hans Feige DRILL IDRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START [FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:15 12:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations, Inc. 9/22/95 | 9/22/95
E . g rEe E j o | B § BORING DIAMETER: 6-im.:h
3 21 ~ . i
Eg 9 | §’a‘ gﬁg i g@ & |2 <t o~ |CASING DIAMETER Not Applicable
oE = 2 |4 ElAT & SHEEE 2 S % [SURFACE ELEVATION: 33.9 feet msl
%ﬁ E E &= g 2| g & OE g 2 E = & &2 JTOP OF CASING ELEVATION: Not Applicable
: o g B il S R= 1 |1
o SOIL DESCRIPTION
1
2
GM
3
4
5
| WY Y
16 Silty GRAVEL with Sand - black, moist, some wet zones, plastic,
2 hydrocarbon odor, sheen via sheen test
B30-04 ? 10:20; 345 -
|
\ 4
A GM
@ 9 Silty GRAVEL with Sand - as above, hydrocarbon odor, sheen
E via sheen test
]
=3 B30-05 [10:25] 284 - v 10
5 ! W
3 \ CHn
E-\ \ — Silty GRAVEL with Sand - black, wet, plastic, slight sheen
g @
“XN B30-06 |10:35] 524 | 6,776 12 |8
-3
Y
J
“_ B30.07 | 10:45] 9.0 S}Eilty C;RAVEL with Sand - brown, wet, plastic, no sheen via
- ' : - sheen test
A
A
GM
S,_if}ty GRAVEL sith Sand - brown, wet, stiff, plastic, hydrocarbon
; or
i 17 ?
B30-08 |10:55] 17.6 - Y
E [} s
= 19 Silty GRAVEL with Sand - as above, hydrocarbon odor
B30-09 |11:20] 24.2 -
v 20

Updated: 9/1/98 RBS Project #2708
File: 2708 B-30 Pagelof2 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-30
Portland, Oregon
(503) 796-0717 HAILOGGER: Hans Feige DRILL |[DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mebile Drill 10:15 12:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/22/95 | 9/22/95
E= [1-1 : -1
i~ . @ E b=} o | 5 E BORING DIAMETER: 6-inch
gg qk |12 (8% mg =& &[S gg Joasme DaveTER: Not Applicable
E= | &8 | 2 ZEl2aT g e g o |5 < % |SURFACE ELEVATION: 33.9 feet msl
ok 5 E B |2&I=08|s 3 5 olE 15 &1 2 JTOP OF CASING ELEVATION: Not Applicable
< v & m glu814 |8
ﬁ o &I A |5
o SOIL DESCRIPTION
A
B3010 11130 351 - : 21 GM sSéEgnlesﬁﬁlgnwg?tSand - as above, hydrocarbon odor, no
J 3
SAND - gray/black, wet, dense, non-plastic, sheen via sheen test
N B30-11 |11:40] 337 - )
N 3 o4 SILT - gray, wet, stiff, plactic, hydrocarbon cdor
!
25 ML
k[ A
z . 126 . . .
= SILT - gray, wet, stiff, slight plastic odor
o % _
2 S
g N =27
S |
=]
A |28
X \§ ML
=Y B30-12 [11:50| 202 853 129 Sandy SILT - as above, strong sheen via sheen test
v e y 130
S
|31
Silty SAND - brown, wet, dense, slightly plastie, hydrocarbon
SM odor, no sheen via sheen tes
B30-13 |{12:20| 184 -
L
26 Boring terminated at 35 feet bgs
Sample te 34 feet bgs
37 * Sample Number Prefix is 2708-950922-
38
39
40
Updated: 9/1/98 RBS Project #2708
File: 2708 B-30 Page 2 of 2 HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-30-A
Portland, Oregon '
(503) 796-0717 HAI LOGGER: Hans Feige DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. - DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:00 9:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations, Inc. 9/22/95 1 9/22/95
= =1 . .1
E . g E - é |3 g BORING DIAMETER: 6-inch :
o | 0k g g E 2| né & 5| 2 g |casve DaMETER: Not Applicable
55 & g % El& 3 g 5o % 2 E B g S |SURFACE ELEVATION: 33.9 feet ms)
g1 = SRR E <] S| E 2 fTOP OF CASING ELEVATION: Not Applicable
i T g & R E=N -
o SOIL DESCRIPTION
B30-01 | 8:55| 20.6 | 966 L Surface sample
) /
2 /f/ff;
4 ML 7
7
] /
/ Sandy SILT - black, moist, tarry, hydrecarbon oder
N
B30-02 | 9:20! 304 - 4 /ﬁ
3 i o
s
e
7 Fill material, low recovery in sampler
N 8
o nlel
T
| _y
ON 2 GP
2NN B30-03 [ 9301 155 - ] 10
§ [ Y ',;' o
=4 .
& 11 =
X e Fill material - as above, little gravels, moist to wet, t A
= 12 o hydrecarbon odor i
13 S
14 R
2
Y 15 :
16 Boring terminated at 15 feet bgs due to lack of
recovery in sample barrels.
17
* Sample Number Prefix is 2708-950922-
18
19
20
Updated: 9/1/98 RBS Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-31
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" 0D Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:20 15:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/25/95 | 9/25/95
) ot . -1
g . M g o o |2 E BORING DIAMETER 8-inch
He | 1k Q|85 ;ﬂg 8|8 |2] gg [casme DaMETER; Not Applicable
%5 & @ g AN S g S E o |5 <5 % |SURFACE ELEVATION: 25.4 feet msl
%g 2 E 3 g S| EE B0 2 g 2 E § £ 2 [TOP OF CASING ELEVATION: Not Applicable
g Q — fa et
A g
2 i o SOIL DESCRIPTION
B31-01 13:50 38 : Sitty SAND and GRAVEL - brown, dry, well graded, no
1 hydrocarbon odor (surface sample)
A
SILT with Gravel - brownish-yellow, moist, slightly plastic, no
B31-02 114:30 hydrocarbon odor, no sheen via sheen test (2-5 feet bgs)
57.5
A
Q A
b
I
- . ! SILT with Gravel - as above, no hydrocarbon odor, no sheen via
B31-03 |14:35 . sheen test (5-10 feet bgs)
41.2 _
|
a\\\ |
& N ] |
g%\ ! i Y
8 | |
5 } |
a ' ‘ Sandy GRAVEL with Silt - gray, moist
WX B31-04 [14:50
® 117
} ]
i 13
14
15
16
A
SAND with Gravel - olive-gray, moist to wet (17-18 feet bgs)
Black, hard material (lampblack), coal-like, with slight
B31-05 |15:10 petroleum hydrocarbon odor and slight sheen at 18-19.5 feet bgs
135
Y

Updated: 9/1/98 RBS
File; 2708 B-31
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-31
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL [DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Neorthwest Natural Gas Ce. DRILLING METHOD: 4 1/4-inch ID Hollew Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 14:20 15:45
Portland, Oregon DRILLER; Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations, Inc. 9/25/95 | 9/25/95
@ . -
E . . E 0 o |3 E BORING DIAMETER: 8-inch
ga | mk | |S535 mg 22| & 5| g q [crsme paverer: Not Applicable
g 2 % o) g & § A ; g g Eﬂ: o] E el ) é S ISURFACE ELEVATION: 25.4 feet msl
%E 5 E B 2 S = 15 E § 8 E § % 2 [TOP OF CASING ELEVATION: Not Applicable
O —t m
o g = A=
2 © SOIL DESCRIPTION
A [k = SAND - black, moist, tarry, poorly graded, hydrophobic, sheen
B31.06 | 15:20 12,666 via sheen test (20-21 feet bgs)
697.0 @
8
& Sandy SILT - brown, moist, stiff, plastic, some organic matter,
no hydrocarben odor, no sheen via sheen test (21-24 feet bgs)
B31-07 |15:25 -
ah 175
AR
- %\ SAND with some Silt - olive-gray, poorly graded, no
g % B31-08 | 15:30 5.5 ¥ hydrocarbon odor, no sheen via sheen tést (24-25 feet bgs)
TR 207
@
2N
= - -
= SAND - brown, wet, poorly graded, fine grained, slight
> \% B31-09 |15:35 — hydrecarbon odor (25-28 feet bgs) ¢
N 61.1 =
B31-10 | 15:40 ND =
—i Clayey SILT with some Sand - olive-gray, slightly plastic, no
B31-11 |15:45| 59.2 ND = ML 71 hydrocarbon odor, no sheen via sheen test (28-28.25 feet bgs)

SAND - olive-gray, wet, poorly graded, fine to medium grained,
0 no hydrocarbon odor, no sheen via sheen test (28.25-30 feet bgs)
] 3
i
] 31 Installed a 2-inch diameter 0.010-inch slotted stainless steel
- well screen from 26 to 29 feet bgs. Purged twenty five
§ gallons of water using a peristaltic pump prior to
32 groundwater sampling. GROUNDWATER SAMPLE (2708-
950925-BW31-01) eollected at 17:20 hrs, 9/25/95. Well point
was removed prior to abandonment.
33
34
Borin% terminated at 30 feet bgs
35 Sample to 29 feet bgs
1
i i 36 * Sample Number Prefix is 2708-950925-
l i
L E 37
!
E 38
: I
! !
i 39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-32
Portland, Oregon
(503} 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:50 15:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/4/95 | 10/4/95
& - B BORING DIAMETER: 8-inch
Z . B |62 HE G =0
B ca o = E S O |« | «¢ ~ JCASING DPIAMETER: Not Applicable
2 38 | |Ee|B52 5B |2 s
22| 28 | = |83 3 ElES|zS E 5| 5§ [SURFACE ELEVATION: 86.9 feet msl
foun ] St
%g g E 3] g Bl = = TR % 8 B % E&J‘ 2 |TOP OF CASING ELEVATION: Not Applicable
3 2 132 | 2 |88
o SOIL DESCRIPTION
WB%-OI 11:45| 1067 61 Silty SAND with Gravel - brown, moist, no hydrocarbon odor, no
‘ 1 sheen via sheen test (surface) )
2 GM
= 17 6 |3
18 0
15 0 |4
5
3 7 0 Sandy SILT and GRAVEL - black, moist, slightly plastic,
8 0 s ML 7] hydrocarbon odor, sheen via shen test (5-6.5 feet bgs)
4 10
b ‘ LT
W B32-02 |12:08 - =
296 - 3 Silty SAND with Gravel - olive-gray to black, moist,
hydrocarbon odor (6.5-10 feet bgs)
& E
(&
_f.éa’ ] 10
2 \ A A T . Sandy GRAVEL - brown, wet, no sheen via sheen test (10-11.5
g N Pty feet bgs)
” Q B32-03 [12:15] 785 | 28,772 3
NN B82-04 |1218] - g
e ; E: SAND and GRAVEL with some Silt - black, matrix is tar
posid material, highly viscous, strong sheen via sheen test (11.5-15
, feet bgs)
: i - 14 TN e I.l
Ty !
] 15 | (R
o pettd SAND and GRAVEL with some Silt - black, wet, matrix is
16 e tar material, highly viscous, strong sheen on sampling core
{ q (15-17 feet bgs)
B32-05 |12:25, A R v
309 et Gravelly SILT - brown, wet, little tar (17-17.5 feet bgs)
118 | B '
19 I.I.IIIII - .l
v 20 :
Updated: 9/1/98 RBS Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-32
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL [DRILL
PROJECT: SAMPLING METHOD: Core Barrel START |FINISH
Northwest Natural Gas Ce. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:56 15:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/4/95 | 10/4/95

[l — 21 . -1

g . & g " 2l 2 & BORING DIAMETER: 8-inch

gm 3l S‘é = 5 210 @ (<] «¢ ~ JCASING DIAMETER: Not Applicable

23 | E2 |2 [&E|aaElen|BL|SEIER

2 | Ba | 2 |5E|2 JE ES|z€lz A % 9 |SURFACE ELEVATION: 36.9 feet ms}

2% é E SH R |2 & |8] E 2 |ToP oF CASING ELEVATION: Not Applicable

o = g 2 S|~ a2

< © SOIL DESCRIPTION

/) ’///;
A 7] .

B32-06 |12:32] 1072

SILT and TAR - black, moi

viscous (20-25 feet bgs)

Sandy SILT - black, wet, p

B32-07 [12:34] - -
]
ry
B32-08 | 12:46 -
& 1321
-
o
% h
2 A
=]
@
m
> B32-09 |13:15 -
oy
1219
B32-10 |13:20 -
1355 |
L
WY
B32-11 |13:29 b "
499 | 1|87
|
B32-12 |13:33 -
745.0

. Sandy SILT - brown with

B32-13 |13:36] 1041

highly viscous, roots present (25-26 feet bgs)

Sandy SILT - olive-gray, moist, tar seams present -
preferential in areas of roots, cracks (26-30 feet bgs)

Sandy SILT - olive-gray to green, moist, firm, slightly plastic,
pockets of brown product - lighter in color and less viscous
than above, brown froth via sheen test (30-35 feet bgs)

i f/f//
i / Sandy SILT - brown with orange pockets, saturated with oily,
136 / black product (85-37.5 feet bgs)

/ﬁ

- c :] SAND - black, wet, poorly graded, fine grained, saturated
L 38 i ,SP ) with product, sheen via sheen test {35-37.5 foet bgs).

st, plastic, smooth texture, highly

oorly graded, matrix is tar material,

orange pockets, saturated with oily,
heen test (38-40 feet bgs)

Updated: 9/1/98 RBS
Fi?e: 2708 B-32
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-32
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL, |DRILL
PROJECT: SAMPLING METHOD: Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:50 15:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/4/95 | 10/4/95
| -~ =<1 . i
= . = g = 2 | 2 E BORING DIAMETER: 8-inch
o | vk 2|2 > &2 | 219 <~ [cASING DIAMETER: Not Applicable
g | J8 | m|S2 RElee|B |SEISE
22 | & = |4 &l & J&|aS|BE(E B < 3 |SURFACE ELEVATION: 36.9 feet msl
Ba = SR R R IS I 1= £1 2 [TOP OF CASING ELEVATION: Not Applicable
< v & o 218 2 |9
3 o = =] A&
o SOIL DESCRIPTION
A .
SM Silty SAND - clive-gray, wet, firm, fine grained, strong sheen
via sheen test (40-42.5 feet bgs)
= Sp SAND - olive-gray, wet, poorly graded, fine grained, saturated
b | with oeily product (42.5-43 feet bgs)
72 .
B32.14 [13:45 - % ML 4 Sandy SILT - olive-gray, wet, wood fragments present,
: -7/ saturated with oily product (43-44.5 feet bgs)
287 )
Y
146
N B3215 [1496] 1230 21,961 ¥ |47
|
2 § \ & 48 SAND - olive-gray, wet, poorly graded, fine grained, saturated
S N e i with oily product (44.5-50.5 feet bgs)
o N ] -
”% |
X SAND with lenses of Silt - as above, saturated with oily product
(50.5-52.5 feet bgs)
B32-16 | 14:47 - G
562 fi-152
W 7 ,
158 SAND - olive-gray, wet, poorly graded, fine grained, saturated
N with oily product (52.5-54 feet bgs)
silty SAND - olive-gray, moist, sheen via sheen test (54-55 feet
gs)
SAND - olive-gray, wet, saturated with product (55-56 feet bgs)
B32-17 |15:04 - Silty SAND - olive-gray, moist, no sheen via sheen test (56-57.5
461 feet bgs)
Y
A 158 SAND - olive-gray, wet, loose, poorly graded, fine grained, slight
sheen on core (57.5-59 feet bgs)
B32-18 |15:29 954 1.2 4 F 159
i * Sample Number Prefix is 2708-951004-
I 60

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-33
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:50 9:10
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/5/95 | 10/6/96
; . &= E " % o %\ E BORING DIAMETER: 8-inch
g.o_% E g:; - 3 - S E - BoR g 2 {< g @ CASING DIAMETER: Not Applicable
52 | gm | 5 [BE[G~EIRS g JE ; 4 2 |SURFACE ELEVATION: 34.8 feet ms]
gg E E & g Sl EgE | n 212 & [S] & 2 [TOP OF CASING ELEVATION: Not Applicable
2 2135 | §F |Ag
o SOIL DESCRIPTION
B33-01 |13:15} - 955 ; Silty SAND with Gravel - brown, moist, no hydrocarbon odor, no
1 sheen, no hydrocarbon odor (surface)
2
B33-02 |14:00 38 3 100 3 Sandy SILT and GRAVEL - olive grey, moist, loose, no sheen
97 5 50
18 0 |4
5
15 | 100 Tarry Silty SAND with Gravel - black, wet, medium dense,
B33-03 |14:03 8,238 | 15 | 100 |6 viscous tar seeps from cracks
219 16 50
7
505" 5 |s Rock in end of sampler - no recovery
§‘§ :
OW
2 %{ 10
EN
@ Q 11
N Bes0s [1az8 - 12 | 100
= % 318 11 50 112 Tarry Silty SAND with Gravel - black, moist, medium dense
9 0
13
2 | 100 |14 Tarry Silty SAND with Gravel - as above, loose
B33-05 |14:30; 624 - 5 50
7 0 |15
[ X 5
o ERNET: Tarry Gravels with Sand and Silt - black, moist, viscous tar
- zone at 16.5 feet bgs
B33-06 |14:42 - 417
646 N I
“y 18
19
¥ 20

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-33
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: Core Barrel START [FINISH
Northwest Natura}l Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:50 9:10
Portland, Oregon DRILLER: Brad James Date: Date;
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/5/95 | 10/6/96
E £ 0 = - Eg BORING DIAMETER: 8-inch
* O TR o1 LB A
Sa | Bz z-18 5 Sl |8 [d| <~ |CASING DIAMETER: Not Applicable
g S A E @ a2l & "l" = E = AR|E % é g SURFACE ELEVATION: 34.8 feet ms)
g:an ?} > g SlEFa|a 219 E 516 2 |TOP OF CASING ELEVATION: Not Applicable
a = § 2 sl oz
o SOIL DESCRIPTION
A
B33.07 1150 - tar TAR - some gravel and wood fragments at 21.5 feet bgs
701
 J 25
L Silty SAND -black, moist,many rootlets and wood fragments,
— | tar im matrix, strong sheen (25-27 feet bgs)
B33-08 | 15:00 - P
2500+
=
Sandy SILT - brown with green mottling, moist, stiff, rootlets
and cracks contain wet, viscous tar (27-30 feet bgs)
@ . ML
2N B3309 [15:03 - 2
8 1475 ::///
L
= Y
S A ! Sandy SILT - brown with orange oxidatien spots, moist, tar
g a1 seams present - preferential in areas of rootlets and cracks
3
P
B33-10 |15:34 -
1383
Y
A
—— Sandy SILT - green, moist, stiff, black tarry patches
. 136 ML throughout core, tarry sand seam at 38.5 feet bgs
| .
. |38
B33-11 |15:45 - 15|39
2500+ R
|| w40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER B-33
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL. |DRILL
PROJECT: SAMPLING METHOD: Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:50 9:10
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/5/95 | 10/6/96
g wl > - BORING DIAMETER: 8-inch
x 8 [Ba gz |38
S | g9 z.-18 SlE | @ |3 < ~ |CASING DIAMETER: Not Applicable
Eq = e B 10 E ~lEeiElen
5= % E B BB~ EIRS AR é 2 |SURFACE ELEVATION: 34.8 feet msl
2R | 2 = g SEE % £ 2 |TOP OF CASING ELEVATION: Not Applicable
3 2 |3° | 2= (B
S SOIL DESCRIPTION
f
Sandy SILT - as above, moist, fingers of tar throughout core
(40 - 43 feet bgs)
— SAND - olive gray and green mottled, moist, medium dense,
e fine grained, strong sheen (43 - 45 feet bgs)
B3312 | 1535 n SR EE
819.0 Y |y |45
N A k SAND with some Silt- olive gray, moist, medium dense, fingers
-..146 of tar throughout core, sheen
|47
=
w&\ { |49
N B3313 [16:05 . - | 1=
\\"‘ 692 | | v | w450
\\\s A A
N - 51 Silty SAND - olive gray, moist, medium dense, fine grained,
M Rk fingers of tar throughout core, sheen
|52
- 53
B33-14 {16:25 85 b
793 ¥y | y.155
56 Sandy SILT - olive gray, moist, thin fine grained sand lenses,
- roots at 57 feet bgs, less product than above
157
B33-15 | 8:27 - 168
2500+,
i y 159
y 60

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC,

434 NW Sixth Avenue SOIL BORING NUMBER B-33
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: Core Barrel START |[FINISH
[Northwest Natural Gas Co. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:50 9:10
Portland, Oregon DRILLER: Brad James Date: Date;
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/5/95 | 10/6/96
; . & E{'t_.z m 3 o = E BORING DIAMETER: 8-inch
B | mm 2.1 g &1 | 3 [4] <~ JCASING DIAMETER: Not Applicable
=1 o mm’am’gpmﬁﬁvaﬁw
52 | & 8 |2 1880 Z 8 (&SR8 (E || &8 |SURFACE ELEVATION: 34.8 feet msl
g = E % B |28~ 2|9 % Q E & & 2 |TOP OF CASING ELEVATION: Not Applicable
g = g a S|® |ale
o SOIL DESCRIPTION
A
Sandy SILT - as abeve, black oily product within rootlet zones
(60-62 feet bgs)
= . N SAND - olive gray to black, wet, saturated with black, oily
B33-16 | 8:40 product (62 - 63 feet bgs)
2560+
Sandy SILT - green, moist, stiff, many rootlets present,
product within rootlet zones (63 - 65 feet bgs)
4
™
L [ 3 Silty SAND - olive gray and green mottled, wet, fine grained,
<166 saturated with brown/black product, sand lens at 67 feet bgs is
NN B33-17 | 855 N - saturated with product (65 - 67 feet bgs)
h‘i\ 407 |87
N —
|68
) SILT - olive gray, moist, stiff, bark and rootlets present, no
69 produet, no sheen (67 - 70 feet bgs)
B33-18 | 9:00 57 ]
= 133 i y. ;|70
71 Drilled to 70 feet bgs
Sampled to 70 feet bgs
72 * Sample Number Prefix is 2708-951005-
73
74
75
76
77
78
! 79
80

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-34
Portiand, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 10 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:45 13:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/26/95 | 9/26/95
B [+ : i
e . - EU_J. " b | B g BORING DIAMETER: 12-inch
) 7] =30 2 S 5 é BmE| @ ia| < ~ |CASING DIAMETER: Not Applicable
= [ B |&F ~E [N E CliEle=n
oﬁ &, S |4 &8 3 & & 2182z |a S % |SURFACE ELEVATION: 34.9 feet ms]
gg é E e g B = B0 E g 8 E % 5 = }rop oF CASING ELEVATION: Not Applicable
e T E 2 i R N I
o SOIL DESCRIPTION
% B34-01 | 8:45 - 94 A SM Silty SAND with Gravel - brown, moist, no hydrecarbon odor
\ B34.02 (dup] 8:50 | - 1 (surface)
\ 2
% 3 GM No Recovery-Gravels and Cobbles (0 to 5 feet bgs)
§ ;
\ Y 2 Silty 8 GRAVEL with Cobbles, oli ist d
- ilty Sany with Cobbles, olive grey, moist, woo
\ S N - b o fragmernts, sheen
\ 6
\ 7
4 ‘ B Silty Sandy GRAVEL with Cobbles, as above, brown, sheen,
» 8 cobble fragment in end of sampler
[N : .
a B34.04 | 1020 N T o E j}tl:r 'i‘fg%; sta;zgsy GRAVEL - black, hard, sheen, large brick or slag
5 1844 1+ %
2 y loyoil0 | B
g Tarry Sandy GRAVEL - black, less hard than above, tar oozing
/a 11 from sand, large brick at 12.5 feet bgs
X . -
“N B3405 |10:30 13,499 1l | RS
2,500+ e A S
\ l 5|
\ l.E
\ 14 G
\ v 15 .Q.. oo0n]
A A o
5 Tarry Sandy with GRAVEL - black, moist, tar content less than
;|16 & above, aluminum strips from 17 to 17.5 feet bgs.
B34-06 {10:45 - e
260 17 R
¥ : o
\ 18 GP 3
+ tar o
\ 2 B
19 |2 pess
S Pieindd
agane enannl,
R 20
Updated: 9/1/98 RBS Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-34
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: 10 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:45 13:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 9/26/95 | 9/26/95
; . & a " o |2 ﬁ BORING DIAMETER: 12-inch
29 | 5| . S | E R mg HE E‘é" = & |CASING DIAMETER: Not Applicable
g2 | & 2 | & 7 El= 3 ElmElg E E 5| 3 3 JSURFACE ELEVATION: 34.9 feet ms]
%g 5 S B (@E|s28]0 B 5 2 g & 2 JTOP OF CASING ELEVATION: Not Applicable
"= B38| E7R|ER
2 O SOIL DESCRIPTION
A j
SAND - black, wet, loose, medium grained, poerly graded, sheen
throughout, brick at 20.5 feet bgs.
B34-07 | 11:35
1,107
N y
b SAND - black o olive gray, wet, loose, wood fragments, sheen
% \ B34.08 [12:00 throughout (25 - 27.5 feet bgs)
-] 1,422
RN
8
=
2
3 Sandy SILT - light brown, moist, organic matter and oxidized
m 771 zones, thin tarry beds throughout core (27.5 - 30 feet bgs)
=
3 o B34-09 112:05
\N 2,500+
Y
A
Silty SAND - olive gray, wet, fine to medium grained, wood
fragments, patches of black oil throughout
B34-10 | 12:30 _
2,500+
B34-11 [12:35
2,500+
Y 35
[ Y N SILT - green and gray mottled with brown oily pockets, sheen,
36 4 MLf product is more oi?flike and less tar-like at this depth
?/
B34-12 {13:00 Y Y+ |37 A
2,500+
: ‘ 38 Drilled te 37 feet bgs
! Sampled to 37 feet bgs
| 39 * Sample Number Prefix is 2708-950926-
i o : _
| 40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-35
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: 4 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:20 12:05
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/5/95 | 10/5/95
= [~ - i
E . g E o o ,g E BORING DIAMETER: 8-inch
=) 30 b 5 5 j B2 <] <.~ JCASING DIAMETER: Not Applicable
=i= =3 8 IaE ~EEE s—'lE B S =R
g2 | &= = |8 5|8 J & HAEE T |5 é $ |SURFACE ELEVATION: 83.8 feet ms!
g 5 E Q882818 E 5 O |8 |5| &2 |TOP OF CASING ELEVATION: Not Applicable
| i & il IRl =l I
S SOIL DESCRIPTION
MSS-OI 10:20] 38 39 Sandy GRAVEL with Silt - brown, moeist, no hydrocarben odor
\ 1 (surface)}
\ :
\ B35-02 |10:35| 235 - 5 90 |3 Sandy GRAVEL with Silt, brown, wet, hardened tar in end of
. sampler, no sheen
5 0
\ 7 0 |4
\ ;
\ 31 5 No Recovery - Rock blocking end of sampler
\ 34 | 0 |6
% .
\ B35-03 |10:44 - 7 100 j8 Tarry SAND with Gravel and Silt, moist, black, tar throughout
520 5 10 matrix, sheen
3§ 8 0 |9
3
(@]
&
N\ )
E\ s 1650 - Tarry SAND with Gravel and Silt, as above
=§ 715

13

14

15

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER B-35
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 4" OD Core Barrel START (FINISH
Northwest Natural Gas Co. DRILLING METHOD; 4 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drili 10:20 12:05
Portland, Oregon DRILLER: Brad James ' Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 10/5/95 | 10/5/95
B o=t : -1
= . & B | 2 |8 BORING DIAMETER: 8-inch
gg L. g 5 o ~ e E Q2| E 2] 85 |casmG DIAMETER: Not Applicable
32 | & E S @ & a ; g o h % E o E S P |SUBFACE ELEVATION: 33.8 feet msl
ok | 2 B |2e|rmels LS & & E 2 |rop oF CASING ELEVATION: Not Applicable
20 | @g =] <) wglg g™
o e [ o R = I
S SOIL DESCRIPTION
SR L d Gravelly SILT with Sand, black, moist ts and wood
4 Gravelly with Sand, black, moist, many roots and woo
6 100 21 GP+ fragments, saturated with black oily product
B35-05 [11:10! 936 - 7
y § SAND - black, wet, medium grained, saturated with black oily
B3506 1116 41,602 producf 521,5 - 22.5 feet bgs)
2,255
% SILT - olive gray to green, upper 6-inches is tarry, no tar below
SN B3s07 [11:20] 489 | - (22.5-24 feet bes)
I
g
- ::\\ \J
U o
EQ :: 4 ] ?/// SILT - olive gray with orange oxidation spots, moist, medinm
oy B35-08 [11:32; 98 - 26 stiff, some root zones present, no preduct, no sheen
B35-09 |11:56 - w27 /
| 335 /
| %
B35-10 [12:02 9.3
299 4
31
32 .
Drilled te 30 feet bgs
Sampled to 30 feet bgs
33 * Sample Number Prefix is 2708-951005-
34
35
i 36
37
38
39
40

Updated: 9/1/98 RBS
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER GT-1
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DEILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START |FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 /4-inch OD Mud Rotary Time: Time:
7900 NW St. Helens Reoad EQUIPMENT TYPE B-61 Mobile Prill 9:30 12:30
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/17/97 | 131/17/97
£ w0 - o BORING DIAMETER: 4 1/4-inch
Sa | mi | (S |BE .| E|B |EE < = |CASING DIAMETER; Not Applicable
W0 P e
25 | & 8 |2 % El@ ;‘ E & = E s|= B 5 5 [SURFACE ELEVATION: 20,67 feet MSL
vl ~ T
%g é % B g B = B & E 8 E § 5‘3 2 |TOP OF CASING ELEVATION: Not Applicable
3 2152 | 3R |Bg
S SOIL DESCRIPTION
1 Silty GRAVEL - as indicated from drill cuttings and drilling
GM conditions.
2
4 100 |3 ML 7] Sandy SILT- brown, moist, soft, no hydrocarbon oder or
0L o0 25 e 7 50 bt discoloration, no sheen.
\\ 10 0 |4 1 sAND - brown, slightly moist, fine grained, medium dense, no
hydrocarbon odor or discoloration, no sheen.
5
7 100 S}?ND - as above, no hydrocarbon odor or disceloration, ne
sheen.
002 10:30| 3.7 - 7 100
7 i
N\
E SAND - as above, hydrocarbon edor, sheen, liquid non-viscous
g \\\ 5 100 black oily product from 8'4" to 8'6".
8 ;\\ 003 10:39| 16.2 - 5 100
3N D
3 §
2
R
\‘Q 5 100 SAND - as above, wet, loose, saturated with oil-like product,
§§ 004 10:45] 7.0 6.2 yy ™ petroleum odor, brewn product obseved via sheen test.
1 0
1 100 Silty SAND - olive grey, moist, very loose, non-plastic, no
505 051 50 n s product, no sheen, pefroleum odor exists.
0 4
15
N 1 100 Silty SAND - as above, no sheen, hydrocarbon odor exists.
SM ¢
1 100 |16 ;
006 11:00; 74 ND 3 50
17
1 100 (18 Silty SAND - grey to olive grey, loose, wood fragment at 18'
007 11:05 - 1 100 6", no sheen, hydrocarbon odor exists,
6.6 3 50 |19 )
20
Updated: 9/1/98 RBE i Project #2708
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER GT-1
Portland, Oregen '
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Speen START |FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 Y/4-inch OD Mud Rotary Time: Time:
7900 NW St. Helens Road FEQUIPMENT TYPE B-61 Mobile Drill 9:30 12:30
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/17/97 | 11/17/97
B - ' . -4
g . ?g a w St %\ E BORING DIAMETER: 4 1/4-inch
= o = E Do N @ ]« | «¢ ~ JCASING DIAMETER: Not Applicable
E»-‘l 3 = o) gj e = 2 e E 1eElea
22 | &8 |2 |8E|8 Sk £ SIBE|E [B| SR |SURFACE ELEVATION: 20.67 feet MSL
m e
%g‘ E E & g Sl P = % 5 E % g = |TOP OF CASING ELEVATION: Not Applicable
3 2 |32 | 2= |AJ8
i SOIL DESCRIPTION
3 100 SAND - grey with some brown to orange oxidation zones, wet,
008 11:12| 2.6 ND 100 |21 medium dense, fine grained, no sheen, no hydrocarbon odor.
7 0
22
23
24
- N 25
5 g 3 | 100
Jut -
N SAND - as above, brown to 26', grey below 26', muscovite
?.» % 8 100 126 present in gray sand, slight sheen and hydrocarbon odor below
g % 009 |11:20] 1.5 - 12 | 50 At
EN 27
2
‘a8 28
3
=]
L
N »
\§ 30
3 100
010 11:28] 1.6 N 4 100 |31 SAND - as above, grey, loose, fine grained, no sheen, slight
. . 1 5 reducing edor.
32
33
34
35
6 100
011 11:35] 14 ND e 100 |36 SAND -as above, medium dense, no sheen, no hydrocarben odor.
11 0
. 37
38 Drilled to 35.0 feet bgs
Sampled to 36.5 feet bgs
39 * Sample Number Prefix is 2708-971117-
40 '
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER GT-2
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START |FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: " 4 1/4-inch OD Mud Rotary Time: Time:
7900 NW St. Helens Road EQUIPMENT TYPE B-61 Mobile Drill 14:30 16:00
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #; 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/17/97 | 11/17/97
~ m . -.
E . - E 0 2 | 3 E BORING DIAMETER: 4 1/4-inch
S | gz | L[S |25 2|8 82| g q |oasme pavErer: Not Applicable
P ~~ m —_ ~
gg & § = RElR %‘ EIRS E & E g <5 5 |SURFACE ELEVATION: 20.68 feet MSL
%S g 5 g g oI g B @ 19 & B & 2 [TOP OF CASING ELEVATION: Not Applicable
I § & SFE A&
g2 = o SOIL DESCRIPTION
1 Silty GRAVEL - as indicated from drill euttings and drilling
GM conditions.
y
3 100 {3 SAND - brown, moist, loose, fine grained, poorly graded, no
4 100 hydroecarbon odor er discoloration, no sheen,
012 1439, 19 0.08 5 50 (4
5
5 100 S{;&N D - as above, no hydrocarbon odor or discoloration, no
sheen.
3 160 6
N 013 [1442] 27 - 4 | 50
2 7
&}
g 014 14531 2.1 _ 3 75 | SAND - as above, grey, no sheen, slight organic odor.
3N 5 | 0
E, 2 0 |9
3
5 W 10
M 1 100 Sandy SILT - olive grey, moist to wet, very soft, slightly
plastic, no hydrocarbon edor, no sheen.
\ 100 (11
015 1500} 2.5 - 1 160
12
1 100 |13
Sandy SILT - as above, wet, no hydrocarbon odor, no sheen,
016 1505 - 0 100 some mica. '
2.4 0 25 |14
i5
1 100 | SAND - grey, wet, very loose, fine grained, no hydrocarbon odor,
017 1510 ND 1 100 116 no sheen, slight organic decay odor.
2.9 2 25
17
18
19
20
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER GT-2
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START |FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 1/4-inch OD Mﬁd Rotary Time: Time:
7900 NW St. Helens Road EQUIPMENT TYPE B-61 Mobile Drill 14:30 16:00
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/17/97 | 11/17/97
; N & E 0 g o o g BORING DIAMETER: 4 1/4-inch
29 | a9k Q185 _| ¢l &8 < o |casv pramETER: Not Applicable
10y ~ =
22| & E RElQ ; ElES g gl= B % © |SURFACE ELEVATION: 20.68 feet MSL
%g g [ r_% Bx pal CRAL % 8 E § 55 2 |TOP OF CASING ELEVATION: Not Applicable
E o5 g g S 18 =
o SOIL DESCRIPTION
4 100
5 160 |21 | SAND - as above, medium dense, ne hydrocarbon odor, no
018 1515| 3.6 R 6 50 sheen, slight organic decay odor.
22
23
24
25
§ & 4 100 SAND - as above, grey, few thin grey silt lenses, no sheen, slight
& 4 100 |26 organic decay odor.
g 019 1521 3.6 - 7 50
5 & 27
%]
PR
2Ny
g % 28
RN
o0 w 29
\ 30
2 100 R .
SAND - as above, many thin grey silt lenses, no hydrocarbon
020 1529 - 1 100 |31 odor, no sheen.
2.2 7 25
32
7 100 33 SAND - as above, no hydrecarbon odor, no sheen.
021 1534 ND 8 100
2.6 9 25 (34
35
5 100 SAND - as abeve, no hydrocarbon odor, no sheen.
10 4 100 |36
022 1540 2.7 - 6 50
37
38 Drilled to 35.0 feet bgs
Sampled to 36.5 feet bgs
39 * Sample Number Prefix is 2708-971117-
0 . -
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL: BORING NUMBER GT-3
Portland, Oregon '
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START |FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 V4-inch OD Mud Rotary Time: Time:
7900 NW St. Helens Road EQUIPMENT TYPE B-61 Mobile Drill 8:20 12:00
Portland, Oregon DRILLER; Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/18/97 | 11/18/97
; . @ E 0 2 by o E BORING DIAMETER: 4 1/4-inch
2| B @ <2 < | ? |<| < ~ [CASING DIAMETER: Not Applicable
£ 21 98 |y |g=|BE=l 5 B ISE|E@
Z=2 | &m | = |5 £la 3 g é‘j} S|Z8|m 5 35§ |SURFACE ELEVATION: 19.44 feet MSL
%g E E = g S g é E S| & 2 |TOP OF CASING ELEVATION: Not Applicable
o =
as] g = (-
Z < S SOIL DESCRIPTION
1 Siltgl(l GRAVEL - as indicated from drill cuttings and drilling
conditions,
2
2 100 i3
SILT with fine Sand and Gravel - olive grey with some brown,
023 847 431 8 100 moist, stiff, non-plastic, no hydrocarben odor, no sheen, some
0 7 25 14 wood fragments,
5
024 850 0 - 4 50
5 5 SILT with fine Sand and Gravel - as above, brown, no
hydrocarbon, no sheen,
- 16| 0
=1
g § 3 | 100 |8 .
3 8 100 SILT with fine Sand and Gravel - as above, no hydrocarbon
Q odor, no sheen, some wood fragments.
8 025 859 0 - 11 50 |9
g
2
5 10
M \ 3 20 SILT with fine sand and gravel - as above, no hydrocarbon
\\\ 2 0 |11 odor, no sheen, some wood fragments.
1 0
1 100 12 Silty SAND - grey with brown oxidation spots, moist, fine
1 100 gramned, very loose, no hydrocarbon odor, no sheen.
026 911 0 0.05 1 100 |13 .
1 10 Sandy SILT - grey, moist, very soft, non-plastic, no
1 0 |14 hydrocarbon oder, no sheen,
1 0
15
16
3 100 |17 . -
6 100 SAND - grey, moist, very loose, fine grained, non-plastic, no
hydrocarbon odor, ne sheen. -
027 922 0 - 6 75 |18
19
20
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER GT-3
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL, |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START {FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 V/4-inch OD Mud Rotary Time: Time:
7900 NW St. Helens Road EQUIPMENT TYPE B-61 Mobile Drill 8:20 12:00
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/18/97 | 11/18/97
E . & cg n 2 o = g BORING DIAMETER: 4 1/4-inch
Sa | a2k o 1218 4 SlE |8E s o |casmvG DaMETER; Not Applicable
o~ ~— m —_ o
gg & § = % E 2 E Eln e E S E g S 5 |SUBFACE ELEVATION: 19.44 feet MSL
gg 3 2 |- FeEzElmeig &| &2 [ToP OF CASING ELEVATION: Not Applicable
=7 2 |92 | 2|8 [B8
< =~ o SOIL DESCRIPTION
= 6 100 . R
SAND - as above, no hydrocarbon edor, slight organic decay
100 |21 odor, no sheen.
028 928 o - 8 75
22
1 100 |23 SAND - as above, moist to wet, no hydrocarbon odor, no sheen.
100
029 935 ¢ - i 50 |24
2 25
2 2 100 SAND - as above, grey, moist to wet, no hydrocarbon odor, no
ki sheen, fine grained, some grey silt lenses with rootlets.
E \ 2 100 |28
g \\,\ 030 [ 943 O - 2 | 75
8 \Q 27
E %
ERS 28
RN
N
2 AN 29
§ 30
2 100
031 953 - 1 100 (31 SAND - as above, many silt lenses, no hydrocarbon edor, no
sheen, fine grained.
0 3 75
R 32
33
34
35
8 100
10 100 |36 SAND -as above, wet, no sheen, no hydrocarbon odor.
032 1000: O ND 10 | 100
37
38 Drilled to 35.0 feet bgs
Sampled to 386.5 feet bgs
39 * Sample Number Prefix is 2708-971118-
40 '
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER GT4
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START [FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 1/4-inch OD Mud Rotary Time: Time:
7900 NW St. Helens Road EQUIPMENT TYPE B-61 Mobile Drxill 12:45 16:00
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/18/97 | 11/18/97
E“ o~ m . -
é .\ 8 Ece n 21 2 E BORING DIAMETER: 4 V4-inch
Sa | 1k S |85 | &lB |38 < g [CASING DIAMETER: Not Applicable
22| Eg E ZEl® ; £ IR % § slz B 5 9 |SURFACE ELEVATION: 19.64 feet MSL
%g é § SR R 19 E 5 &2 [TOP OF CASING ELEVATION: Not Applicable
E: & E e Sl= |2
o |SOIL DESCRIPTION
1
2
- 8 10 |3 Silty GRAVEL with brick fragments - no sheen, driller lost mud
5 ) at 4.0 feet (voids in fill}.
7 0 4
N
N 5
- 8 10 Silty GRAVEL with brick fragments - no hydrocarbon odor, no
12 0 g sheen.
. 9 | o
A :
g § - 7 | 20 |8 Silty GRAVEL with brick fragments - grey and green silt, no
3 % 12 0 hydrocarbon oder, no sheen.
2 § 6 0 lg
ER
5 N 10
. & 18 | 100 Sandy GRAVEL with brick - grey, fine grained sand, organic
% 30 100 |11 decay odor, no sheen.
033 1341] 0 - 18 50 Driller indicates smoother drilling below 11.5 feet
12
1 100 113 SAND with silt Jenses - grey, fine grained, no hydrocarbon odor,
1 100 ﬁ% organic decay edor, no sheen, fine grained.
034 1350, 0O ND 50 |14
15
16
- 2 6 |17 No Recovery,
E 1 0
1 0 (18
19
20
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER GT-4
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START (FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 V4-inch OD Mud Rotary Time: Time:
7960 NW St. Helens Road EQUIPMENT TYPE B-61 Mobile Drill 12:45 16:00
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Inc. 11/18/97 | 11/18/97
&= — -] . -i
% . g g_} n 3 2 E BORING DIAMETER: 4 /4-inch
Ha | =& g |2 2 elm |28 < & |CASING DIAMETER: Not Applicable
&= % @ g B Ela E EIES g sle B % |SURFACE ELEVATION: 19.64 feet MSL
gg Z E E|Qelegsa 2|9 E :5; EY2 [TOP OF CASING ELEVATION: Not Applicable
o 2 § e S|= |A e
© SOIL DESCRIPTION
- 0 4 20 SAND - brown, fine grained, medium dense, no hydrocarbon
5 0 |21 odor, no sheen, appears to be oxidized.
7 0
22
23
6 0 No Recovery.
= 12 0 |24
N 12
25
035 1417 - 5 100 ;] SAND - as above, grey, no hydrocarbon odor, no sheen, fine
| grained, appears to be oxidized,
\ 0 8 | 25 |28
7 0
N 27
0
2
S \\ 28
=
@ 29
S W
; AR
EN 5
?J 4 100 SAND - grey, organic decay odor, no hydrocarbon odor, ne
& 036 1427 N 100 |31 sheen, fine grained, appears to be oxidized.
0 ki 25
32
33
34
35
5 100 :{ SAND - as above, no hydrocarbon odor, no sheen.
037 1439 - 5 160 {36
| © 71 25
37 .
38
39
40
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER GT-4
Portland, Oregon '
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 2" OD Split Spoon START |FINISH
Northwest Natural - Gasco Facility DRILLING METHOD: 4 1/4-inch OD Mud Rotary Time: Time:
7900 NW St, Helens Road EQUIPMENT TYPE B-61 Mabile Drill 12:45 16:00
Portland, Oregon DRILLER: Jim Clark Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Subterranean, Ine. 11/18/97 | 11/18/97
Ez" . - E 0 3 o o g BORING DIAMETER: 4 1/4-inch
S | mz | 1S |B8F_| EIB |&|S < & Jcasive DiaMETER: Not Applicable
19 =
5= % s |58l @ ;3 ElES g 8= E 5 3 |SURFACE ELEVATION: 19.64 feet MSL
o] w St
2% g SR PR R 2N 2 & |5 & 2 |TOP OF CASING ELEVATION: Not Applicable
2 |92 | 2B |B8
3 ~ o SOIL DESCRIPTION
8 | 100 e
038 1517 ND 15 100 141 : SAND - as above, dense, no hydrocarbon oder, no sheen.
0 17 | 25 D
42 g
?:% P
43 | [
44
8 45
5 038 1525 . 7 100 '} SAND - grey, fine grained, medium dense, some shell
5 \ 0 7 100 146 fragments, no hydracarbon odor, no sheen.
g % 11 25
3 = 47
P 48
g
&
&
‘:g § 49
\\\\ 50
8 100 SAND - as above, no hydrocarbon edor, no sheen.
8 100 |51
8 1]
52
f
E 53 Drilled to 50.0 feet bgs
Sampled to 51.5 feet bgs
54
55 * Sample Number Prefix is 2708.971118-
56
57
58
59
60

Uli)dated: 9/1/98 RBE
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BAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER M-11
Pertland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede , DRILL |DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoorn/4-inch OD Core Barrel START ({FINISH
LNorthwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:17 10:30
Portland, Oregon DRILLER: Brad James Date:; Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc, 2-Nov-95 | 3-Nov-95
=] [ : -
g2 . - E @ o % E BORING DIAMETER: 10-inch
Se | 9k L 1218 = . g e 5 & |2| = 5 [oasmveDiamETER: Not Applicable
%E % E % a Eg E E g g g E o] E § 8 SURFACE ELEVATION: 35.4 feet MSL
gg = 3 g o £ (o BEIRE E 5|5 2 [TOP OF CASING ELEVATION: Not Applicable
I g = il Rl B I
2 2 SOIL DESCRIPTION
H, M11-01 | 1315 - 108 Bty Surface: Sandy Silty GRAVEL - brown, slightly moist, grass
E 1 . 2] covered area.
o Gr:_P L
% \ 2 el :E
(&)
P 3
£ |
g | 18 100 4 SAND émth grav?}b(@.i-ll.ﬂ Feet bgs) - brown, loose, moist, coarse
m N grainea, pieces of bric
Ny M11-02 1330 27 | 100 SAND with lampblack (4.0-5.0 feet bgs) - black, loose,
\“ 115 21 70 |5 hydrophobic, hydrocarbon odor, no sheen.
N 14 | 100 Sandy GRAVEL (5.0-6.5 feet bgs) - black (Lampblack), no sheen,
8 100 6 pieces of brick, large pieces of slag locking material .
7 30
7
8 | 100 |8 ' . .
SAND with gravel (7.5-9.0 feet bgs) - black (Lamgb]ack), pieces
- % M11-03 1335 - 5 100 of brick, slag leoking material (blue coloration), black, moist,
e ‘% 194 6 30 1o hydrocarbon odor, no sheen.
£
2N
g
2 T SAND (10.0-10.5 feet bgs) - Lampblack
D
T, SAND (10.5-11.0 feet bgs) - brown, moist to wet, medium grained,
= loose, poorly graded, slight sheen.
@
®
2 SAND (11.0-15.0 feet bgs) - black/metallic, moist to wet, strong
= hydrocarbon odor, sheen, brown froth via sheen test saturated
\N with product, silt layers encountered at 12.5 and 13.5 feet bgs
M11.04 1350 i approximately 1 inch thick.
2500+

\

A SAND (15.0-20.0 feet bgs) - saturated with black oily product,
wet, medium grained, loose, 2 inches of moist silt, olive grey with
orange oxidation spots at 18.5 feet hgs.

M11-06 1400 - 17
2500+
118
2

Updated: 9/1/98 RAH
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER M-11
Portland, Oregon
1(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/4-inch OD Core Barrel START {FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:17 10:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 2-Nov-95| 3-Nov-95
B w o, ~ 1= BORING DIAMETER: 10-inch
g X 8 |5 =313 8
So | nk L 12 gﬁ ﬁg mg & 2| g & |casme DiavETER Not Applicable
o~~~ & ~~ —-—
%E &g = BElR 3 g & & Enﬂ o E 3 R |SURFACE ELEVATION: 35.4 fest MSL
%g 5 = |RE|s=2EIBE D E & [5| E 2 [roP OF CASING ELEVATION: Not Applicable
w 5] ) Zl8zlalo|»
o X = ikl §= [~
O SOIL DESCRIPTION
A
| SAND (20.0-23.0 feet bgs) - wet, loose, medium grained, poorly
graded, sheen on core, saturated with oily product.
M11-06 1415 -
642
SILT (23.0-25.0 feet bgs) - olive grey, moist, root zones, soft black
viscous tarry material, some sand from 24-25 feet bgs.
\ 4
A SAND (25.0-30.0 feet bgs) - wet, medium-grained, poorly graded,
loose, product saturated, froth via sheen test, saturated with
product to 30.5 feet bgs,
5
2
fg M11-07 | 1425 -
'g N 1511
=]
P
i 4
2 'y
&
e b
=]
a § SILT (30.5-35.0 feet bgs) - green to grey, brown, moist, stiff,
= plastie (some clay content), oily product migrations through root
zones/fractures.
M11-08 | 1435 - //
996 //
; /
A
SILT (35.0-40.0 feet bgs) - green, moist, stiff, plastic (some clay
content), no product cbserved within core, root zones clean,
slight sheen.
38 /
_
2 ML %
M11-09 | 1450 7.9 %
29.3 ¥ ﬁﬁ

Updated: 9/1/98 RAH
File: 2768 M-11
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER M-11
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/4-inch OD Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:17 16:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 2-Nov-95 [ 3-Nov-95
g = . 1
g . % E - o 2 E BORING DIAMETER: 10-inch
By | a& 2|8 g 2|22 |8 8| <~ [casNG piaMETER: Not Applicable
g 3 @ B |ZE|R2%E |82 |BE|E 5|68
g2 | &8 = |[4E|& 3 & ERIZE D g g & |SURFACE ELEVATION: 35.4 feet MSL
%g 5 E B [2E[(=gE 0 EIQE |5 €2 |TOP OF CASING ELEVATION: Not Applicable
“ 2 |32 | B|ES|AR
2 o SOIL DESCRIPTION
»’// SILT (40.0-45.0 feet bgs) - olive grey, moist, stiff, root zones
/ present, no product observed, no sheen via sheen test.
/é
ANk
2
M11-10 | 1500 109 %
231 /
/ SILT (45.0-49.0 feet bgs) - olive grey, meoist, stiff, root zones
present, no product, ne sheen, large 6-inch tree imb/trunk at 45 .
/ feet bgs.
R /
SN
23
=
'g § M11-11 1513 - / Sandy SILT (49.6-50.0 feet bgs) - as above.
= R
E % / Sandy SILT (50.0-51.0 feet bgs) - olive grey, soft, moist to wet,
& % sheen?,
ZQ SILT (51.0-53.0 feet bgs) - olive grey, moist, stiff, root zones,
=1 wood fragments.
N / SILT (53.0-55.0 feet bgs) - green, slightly moist, stiff, no sheen.
\ 1540 - stop for day
| / 11/3/95 - start drilling at 0825.
M11i-12 1524 - %
/ SILT {55.0-60.0 feet bgs) - green, slightly moist, stiff, no sheen,
/ no product, 6-inch sandy silt zone at 58 feet bgs.
7
| Vi
M11-13 | 840 - ;//
3.8 /
\ i A

Updated: 9/1/98 RAH
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER M-11
Portland, Oregon
(503) 796-0717 HATLOGGER: Rob Ede DRILL |[DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/4-inch OD Core Barrel START ({FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/d-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:17 10:30
Portland, Oregon Brad James Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Ine. 2-Nov-95 | 3-Nov-95
= =] : -1
g . -~ a @ o a E BORING DIAMETER: 10-inch
ES Mk o 1218 q - E & g 2= CASING DIAMETER: Not Applicable
OE a g E %‘} E %‘ ; g QO: % % [ E E SURFACE ELEVATION: 35.4 feet MSL
%g 5 2 5 |Fe|EZEs E13 E 3 TOP OF CASING ELEVATION: Not Applicable
: -NEENN
2 © SOIL DESCRIPTION
b Sardy SILT (60.0-65.0 feet bgs) - olive grey, moist, stiff, sheen on
outside of core from water in hele, no sheen inside core.
.-
R
Fd
SN
8 \"‘*\ﬁ Sandy SILT (65.0-67.5 feet bgs) - olive grey, moist, stiff, sheen on
g outside of core from water in hole, no sheen inside eore,
,E approximately 1/4-inch of sand in end of core.
A % Silty SAND (66.0-66.5 feet bgs) - olive grey,wet, moderately
7 DN dense, no sheen.
N
% \ M11-14 | 1020
®
> § 7.8
xR
R SAND (67.5-68.5 feet bgs) - brown, wet, moderately dense, no
i sheen, fine grained.
1 SAND (68.5-70.0 feet bgs) - brown, wet, loese, poorly graded, no
Mi1-15 1030 -} sheen, fine grained.
2.3
71
Boring terminated at 70.0 feet bgs.
72 *Sample prefix is 2708-951102-
73
74
75
76
(i
i
]
i 78
79
80

Updated: 9/1/98 RAH
File: 2708 M-11
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G:\ACAD\ DETAILSXGTKBR300

GEl 121~90

LABORATORY TESTS:

AL Atterberg limits

CP Compaction

CS  Consolidation

DS  Direct Sheer

GS  Grain — size

%F  Percent fines

HA  Hydrometer analysis
SK  Permeability

SM Moisture content

MD  Moisture and density
SP Swelling pressure

TX  Triaxial compression
uc Unconfiend compression
CA  Chemical analysis

BLOW-COUNT/SAMPLE DATA:

Blows required to drive a 2.4—inch 1.D.

split—barrel sampler 12 inches or
other indicated distances using a

300—pound hammer falling 30 inches.

Blows required to drive ¢ 1.5—inch LD.

(SPT) split—barrel sampler 12 inches
or other indicated distances using ¢

140—-pound hammer falling 30 inches.

"P” indicates sampler pushed with
weight of hammer or against weight
of drill rig.

NOTES:

SOIL GRAPH:

22 i

12 ®
17 [

10

26 (1]

PT

SM  Soil Group Symbol
(See Note 2)

Distinct Contact Between
Soil Strato

Gradual or Approximate
Location of Change
Between Soil Strata

<

Water Level

Bottom of Boring

Location of relatively
undisturbed sample

Location of disturbed sample

Location of sampling attempt
with no recovery ;

Location of sample obtained
in general dccordance with
Standard Penetration Test
(ASTM D 1586) procedures

Location of SPT sampling
attempt with no recovery

Location of relatively undisturbed
sample obtained using a 3—inch—
diameter thin—wall sample tube.
Sample obtained in general

_accordance with ASTM D 1587.

Location of grab sample

1. The reader must refer to the discussion in the report text, the Key to Boring
Log Symbols and the exploration logs for a proper understanding of

subsurface conditions.

2. Soil classification system is summarized in Figure 3.

\J

)
v

L]

2L

KEY TO BORING LOG SYMBOLS

V8
¥

Geo Nz Engineers

'FIGURE 4




g9z

MB:v

587

437

»

DEPTH IN FEET

: TEST DATA . BORING G-1 £
- DESCRIPTION
Moisture Dry
Content  Density Blow Group
Lab Tess (%) (pef)  Count Samples Symbeol
oo oac 3 to 4 inches asphalt concrete 0
. o o |GP 1 1/2%inch-minus gravel (dense, moist) (fill) s
- SM Black silty fine sand with occasional gravel (loose, moise) 5
i 8 : (petroleum-like odor, field screening: moderate sheen, TLV =
i 4 400 ppm} i
7 . SP Gray-black fine sand with trace silt (loose, moist) B
51 MpD 5 90 9 i s (petroleum-like odor) -5
- 5 Grades 10 wet i
(field screening: heavy sheen, TLV = 250 ppm)
101 Mp 19 88 6 i Soil saturated with heavy petroleum-like material — 10
18 6 ﬁ (field screening: heavy sheen, TLV = 1,800 ppm) — 15
20 2 : — 20
T I ML Dark gray silt with trace to no fine sand and trace clay (soft, i
7 moist) B
] (petroleum-like odor) i
25 6 Grades to medium stiff and gray with brown mouling —25
= {no petroleum-like odor, field screening: slight sheen, TLV = =
160 ppm) |
] P I 5
] /"/’ ML B ith wled silt with trace clay and fine sand I 30
30— rown with gray mottled silt wit a -
MD, 39 82 5 l (medium stiff, moist)
d ¢s L
35— P , = —35
4 ﬂ (field screening: no sheen, TLY = 180 ppm)
] jM Brown silty fine sand with trace clay (loose, wet) i
40— —40

Note: See Figure 2 for explanation of symbols

Ge

//(
O

v

-

(|

\\\\

Englneers

LOG OF BORING

FIGURE 5




WEPTH IN reeT

L9

TEST DATA BORING G-1 -
' {Continued)
DESCRIPTION
Moiswure Dry
Content  Densicy Blow Group
Lab Tess (%) (pcf)  Count Samples Symbol
MD 41 82 3 40
45 2 (field screening: no sheen, TLV = 100 pm) — 4%
| ML Brown silt with trace fine sand and clay (soft to medium stiff, 5
moist) ‘
501 Mp 44 77 7 Grades to medium stiff — 50
7 Increasing sand content at depth i
- Boring completed at 51.5 feet on 04/11/97 -
55— — 55
60 - — 60
65— -~ 65
70 — 70
75— —75
80— — 80

. Note: See Figure 2 for explanation of symbols

<.
;Engmeers

<
GeoXy

LOG OF BORING

FIGURE 5




y T ) f g .
TEST DATA BORING G-2 L.
) DESCRIPTI
Moisture Dry ON
) Content  Density Blow Group
Lab Tests (%) (pcf) ~ Count Samples Symbol
P AC 1 inch asphalt concrete 0
- 1 1/2-inch-minus grave! (dense, moist) (fill) -
i Gray-black fine sand with trace to no silt (medium dense, moist) L
] MD 9 95 14 I (no petroleum-like odor)
5 10 ﬁ - (field screening: slight sheen, TLVY = 60 ppm) — 5
T :: Grades to loose, wet i
4 MD 19 96 7 I :: Soil saturated with petroleum-like praduct R
10 3 l] (field screening: moderate sheen, TLV =110 ppm) — 10
157 Mp 22 %0 |2 I —15
f— E 5
w
us - -
U
z . 5
T
- - N
&
a 20— 3 I] % — 20
T 2 Dark gray silt with fine sand (soft, moist) i
4 (field screening: slight sheen, TLV = 1,600 ppm) =
251 Mp 22 96 3 I Grades to gray 25
4 A R
L1 [ IML Brown with gray mouled silt with trace clay and fine sand
30 6 (medium stiff, moist) — 30
i I] (field screening: slight sheen, TLV = 100 ppm) 1
— — 35
351 MD 45 76 i
. Brown silty fine sand with trace clay (loose, moist (0 wet}) -
_ 5 [I -
L 40
40—
!
Note: See Figure 2 for explanation of symbols
L LOG OF BORING
. .

Geo N2 Engineers

FIGURE 6




T . —
TEST DATA e BORING G-2 -
{Continued)
- DESCRIPTION
Moisture Dry .
, Content  Density Blow Group
Lab Tests (%) (pcf) ~ Count Samples Symbol
R (fleld screening: no sheen, TLV = 100 ppm) 40
i 9 i
45— —45
A 15 (field screening: slight sheen, TLV = 100 ppm) | —
50— ~ 50
1 Gray-brown fine sand with silt (medium dense, wet) 3
4 SM 32 28 (field screening: no sheen, TLV = 40 ppm) L
55— — 55
. 7] L
wi _ L.
e Dark gray silty fine gravel (weathered bedrock) (very dense,
z - wet) B
£ A 50/1" Boring completed at 58.6 feet on 04/12/97 because of refusal A
=
a 60— - 60
63 — — 65
76— — 70
75— — 75
80— — 80
Note: See Figure 2 for explanation of symbols
(0 LOG OF BORING
GeoSZ Engineers ' :
" - FIGURE 6
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APPENDIX B
Monitoring Well Construction Summary

Monitoring Well Logs

HAHN AND ASSOCIATES, INC.



TABLE B1 - Monitoring Well Construction Summary
Remedial Investigation

Northwest Natural - Gasco Facility

7900 NW St. Helens Road

Portland, Oregon Project #2708
Number |Installed BaseSereen | -7y 5, Top Silt Unit .
e : (feet g(fee:f‘_. .
~bgs). . msl).
Hollow-Stem 1
MW-1-22 924-0ct-95 - Anger Above-grade |Slotted PVC 0.020 10-20 2 320 | 8475 (28 | 220 100 | 11.0 210 | 210 110 | 1449 2026 | 225 95
MW-2-32 6-Nov-95 - E:;E:;""Stem Flush Slotted PVC 0.020 10-20 2 358 | 3446 13 | 325 33 | 215 143 | 315 43 | 1697 1749 | 315 4.3
MW-3-26 1-Nov-95 - Hollow-Stem |y = orage |Continuous wrap | 0, 10-20 2 312 | %411 (29 | 260 52 | 150 162 | 250 62 | 1661 1750 | 250 6.2
Auger stainless steel
MW-3-56 1-Nov-95 - Hollow-Stem |\, 0o orade |CORtinUOUSWIaD | ) 40, 10-20 2 312 | 3407 (29 | 560 -248 | 450 -138 | 550 238 | 1651 1756 | 250 6.2
Auger stainless steel
MW-435 | 31-Oct-95 ] Hollow-Stem | 53 oo rrade [CONMDUOUSWIAP | 090 | 1999 2 317 | 3454 (28 | 350 33 | 240 77 | 340 -23 | 1690 1764 | 250 67
Auger stainless steel
MW-4-57 | 30-Oct-95 - Hollow-Stem | 4y 0o orage |CORHRUOUSWIAD | 69 | 1599 2 317 | 3453 (28) | 570 253 | 460 -143 | 560 243 | 17.00 1753 | 250 6.7
Auger stainless steel
Hollow-Stem
MW-5-32 | 27-Oct-95 ; Avgor Above-grade |Slotted PVC 0.020 10-20 2 251 | 2783 (27 | 320 69 | 210 41 | 310 59 | 1033 1750 | 160 9.1
MW-6-32 9-Nov-95 - Hollow-Stem gy, n Continuous wrap |, g9 10-20 2 358 | 3551 03 | 320 38 | 210 148 | 310 48 | 1575 1976 | 305 5.3
Auger stainless steel
MW-6-61 7.Nov-95 | 22Dec-97 |HoHow-Stem gy h Continuous wrap | 5o, 10-20 ) 358 | 8450 13 | 610 -252 | 50.0 -142 | 600  -24.2 - - 305 53
Auger stainless steel ,
MW-829 | 26-Oct-95 ; Hollow-Stem | \p 0o orade |CORMRUOUS WA | 500 | 099 2 365 | 3909 (26 | 200 75 | 180 185 | 280 85 | 2005 1904 | 205 9.0
Auger stainless steel
MW-8-56 25-Oct-95 - Hollow-Stem |} o arade |CORtDUOUS Wrap | 4o, 10-20 2 365 | 39.13 (26) | 560 -195 | 450 -85 | 550 -185 | 21.63 1750 | 275 9.0
Auger stainless steel
MW-9-29 23-Oct-95 - legl::"‘s';em Flush Slotted PVC 0.020 10-20 2 379 | 3765 03 | 290 89 180 199 | 280 99 | 725 3040 | 11.0 269
MW-10-25 | 9-Nov-95 . Hollow-Stem |} w0 srade |CORHRUOUS WIBp | 4 4o, 10-20 2 365 | 3922 @7 | 250 115 | 140 225 | 240 125 | 1463 2459 | 235 130
Auger stainless steel :
MW-10-61 | 8-Nov-95 ; Hollow-Stem |4} vo orade |CODHDUOUS WEAD | 4 504 | 1999 2 365 | 3933 (28 | 610 -245 | 500 -13.5 | 60.0 235 | 1436 2497 | 235 130
Auger stainless steel
MW-11-32 | 3-Nov-95 ; Hollow-Stem |y o0 orade |CORHDUOUS WIAP | 504 | 3099 2 354 | 3839 (3.0) | 320 34 | 210 144 | 310 44 | 1285 2554 | 305 49
Auger stainless steel
Hollow-Stem
MW-12-36 | 23-Oct-95 - Augor Above-grade |Slotted PVC 0.020 10-20 2 359 | 3869 (28 | 360 01 | 250 109 | 350 09 | 983 2886 | 45  3L4
MW-13-30 | 19-Dec-97 ; Hollow-Stem 1y 1) Continuous wrap | 4 g9 | 10.90 2 352 | 348 04 | 300 52 | 190 162 | 290 62 | 1569 1917 | 285 67
Auger stainless steel
MW-13-61 | 18-Dec-97 3 Hollow-Stem | & h Continuous wrap | ¢ g9 | 19.90 2 352 | 3478 04 | 610 -258 | 500 -14.8 | 600 248 | 17.11 1767 | 285 6.7
Auger stainless steel .
Note: bgs = below ground surface btc = below top of casing ms} = mean sea level PVC = polyvinyl chloride

HAHN AND ASSQCIATES, INC.

Updated: 9/24/98 REB
-Page 1lof 1

File: 2708 MW Const. Summary



KEY TO BORING LOGS

and grading estimates and should not be construed to im;
clagsified in accordance with the Unified Soil
only. No warranty is provided as to the cont

Soil classification in this report is based upon visual and manual field chservations which include moisture, consistency, plasticity
ply field or laboratory testing unless presented herein. Soils are
Classification System. Stratigraphic boundaries are approximate representations
inuity of soil strata between borings,

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

HIGHLY ORGANIC SOILS

LEGEND FOR BORING LOGS

Blank Casing

Slotted Screen

Cement Grout

Concrete
Bentonite

Sand Pack

Fill Material

Updated: 7/2/98

RBE

File: Boring Log Key

MAJOR DIVISIONS GROUP SYMBOLS TYPICAL NAMES
GRAVELS Clean Gravels GW Well Graded Gravels, Gravel-Sand Mixtures
With Little or
No Fines X
COURSE | More Than Half the e Graded 1 ¥ i
GRAINED | Comrse Praction in GP % Poorly Graded Gravels, Gravel-Sand Mixtures
SOILS Larger Than .
No. 4 Sieve Size Gravels With Over GM Silty Gravels, Poorly Graded Gravel-Sand-Silt Mixtures
12% Fines
GC Clayey Gravels, Poorly Graded Gravel-Sand-Clay Mixtures
More Than Clean Sands W “lw 1k d
Holfie SANDS Witk Litie o S . ell Graded Sands, Gravelly Sands
Larger Than No Fines
#200 Sieve | More Than Half the SP Poorly Graded Sands, Gravelly Sands
Course Fraction is
Smaller Than .
No. 4 Sieve Size Sands With SM Silty Sands, Poorly Graded Sand-Silt Mixtures
Over 12% Fines
SC § Clayey Sands, Poorly Graded Sand-Clay Mixtures
ML / Iaorganit_: Silts and Very Fine Sands, Rock Flour, Silty or
SILTS AND CLAYS % Clayey Fine Sands, or Clayey Silts with Slight Plasticity
FINE CL % Inorganic Clays of Low to Medium Plasticity, Gravelly Clays,
GRAINED Liquid Limit Less Than 50% : Sandy Clays, Silty Clays, Lean Clays
SOILS
OL Organic Clays and Organic Silty Clays of Low Plasticity
N — ) ,
More Than MH \ Inorganic Silts, Micaceous or Diatomaceous Fine Sandy or
Half is SILTS AND CLAYS Silty Seils, Elastic Silts
Smaller Than
#200 Sieve CH Inorganic Clays of High Plasticity, Fat Clays
Liquid Limit Greater Than 50%
OH Organic Clays of Medium to High Piasticity, Organic Silts
Pt Peat and Other Highly Organic Soils

ABBREVIATIONS

NA Not Applicable

ND Not Detected Above Detection Limit

NS Not Sampled

PAH Polynuclear Aromatic Hydrocarbens
pPpm Parts Per Million

SPT Standard Penetration Test

7 Measured Static Water Level in Well
W Estimated Water Level During Drilling

HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-1-22
Portland, Oregon OWRD #
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: {Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:30 13:10
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 24-Oct-95 | 24-Oct.95
z g _ o2 . .
g . 8 cﬁ g N 2 E BORING DIAMETER: 10-inch
Eol| ax b g2 &|e |8 |<| < JCASING DIAMETER: 2-inch ID
Q02| J8 8 2gl23a la= B 1SEldd
ggg % Q12 28| 8% [5S(B8 B |8] £ & |SURFACE ELEVATION: 32.0 Feet MSL
Sl a' g
%‘5‘ = E & E o Bl HENE g & 2 |TOP OF CASING ELEVATION: 34.75 feet MSL
8 o 2 $1 2= |alz
o e O SOIL DESCRIPTION
—: 3
-
g -2
3 a1 Ground surface
wm
M1-01 | 1135 | 09 58 ﬁu_ria‘ce: Sandy, Silty, GRAVEL - brown, meist, pieces of
g 1| R Tl
3
gl
m
2| H
- 3 s
# 3" T Sandy GRAVEL (3.0-3.5 feet bgs) - brown, moist.
£ [ m1-02 | 1150 128 | & | A | 4 HEEE2EEY candy GRAVEL with silt (3.5-5.0 feet bgs) - brown, moist, no
2\ O 11 ¥ (¥ hydrocarbon odor, no sheen, lampblack at 4.0-4.5 feet bgs.
b (&) - . I.
£y \ 5| EOP
2y2 SR} 2% Sandy GRAVEL with small cobbles and bricks (5.0-10.0 feet
R bgs) - olive grey, moist to wet, no hydrocarbon odor, no
- 1Y i 6 2222  sheen, lampblack from 5.0-5.4 fest bgs.
>~ M1-03 | 1158 . T S
41 .y ' 7 ..-... l-..
sl R
ol B
l.l
i
] 10 [
3 : ‘ Gravelly SAND with silt and pieces of brick {10.0-12.5 feet
1 bgs) - moist, hydrocarbon odor, no sheen, wood fragments.
— M1-04 | 1205] - - 1
i — ] ] 12
e — Y -y
B ¥ A ¥ 13 Gravelly SAND with silt and pieces of brick (10.0-12.5 feet
e EE1 15 bgs) - ofive grey with blue staining, moist to wet,
Rl ke I hydrocarbon odor, no sheen.
3 FE3 19[S |
a b2 =
EES
[ N
EY I | 4 15
K] ;’§ 1 y =i Silty SAND with gravel (15.0-16.0 feet bgs) - brown with
B FEA . , k turquoise blue staining,wet, strong hydrocarbon ador.
SEs1 16
s e o
< EES SAND (16.0-20.0 feet bgs) - olive grey, wet, fine g'ramed
B 17 strong metallic sheen on core, black staining.
- F 3 M1-06 | 1220 -
[ —— 14 h 2 18
—] 19
— 20
lTdai:ed 9/9/98 RAH . Page 1 of 2
e: 2708 MW.01-22 HAHN AND ASSOCIATES, INC.
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HABEN & ASSOCIATES, INC.

434 NW Sixth Avenue MONITORING WELL NUMBER MW-1.22
Portland, Oregon OWRD #
(503) 796-6717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasce Facility EQUIPMENT TYPE B-59 Mobile Drill 11:30 13:10
Portland, Oregon DRILLER: Brad James Date: Date;
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 24-Oct-65 | 24-Oct-95

Z B . 2 : -4

5 . @ 2 g. 2o "‘3 E BORING DIAMETER: 10-inch

E-‘B >N % = B S i & [<| < ~ JCASING DIAMETER: 2-inch ID
Q0 24 | 8 |agl3a |l=w|B S8
B % 818 |24 g% BSIZE E a g 3 |SURFACE ELEVATION: 32.0 Feet MSL

& =z

ng G2 = g = e & HERE § £ 2 |TOP OF CASING ELEVATION: 34.75 feet MSL

8 T 3 £ &R A&

o = ° SOIL DESCRIPTION
S 21 SAND (20.0-21.4 feet bgs) - black, wet, loose, poorly graded,
E [— g 21 fine grained, oily product coated, wood fragments.
a . SILT (21.4-21.5 feet bgs) - moist, slight sheen?, wood
84 = 20 fragments.
=1 o 99

SILT (21.5-25.0 feet bgs) - olive grey, moist, slightly plastic, no
sheen, mild hydrocarb%n odor gvp
A
M1-06 | 1252 0.46

0.7

E 3-inch Banmnitzz[i

26 Boring sampled to 20.5 feet

Materials:

14 50# bags 10/20 sand
28 6 50# bags bentonite chips

1 end cap
1 locking cap

29 above-grade steel monument

3 gu posts

30

31

32

33

35

36

37

38

39

401

Boring terminated at 20.0 feet hgs
Monitoring well installed to 20.0 feet bgs

21 10 feet 2-inch diameter, 0.010-inch PVC slotted screen

15 feet 2-inch diameter PVC blank casing

Well depth is 25.6 feet below top of casing

* Sample Prefix Number is 2708-951024

ated: 9/9/08 RAH
e: 2708 MW-01-22

Page 2 of 2
HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.
434 NW Sixth Avenne MONITORING WELL NUMBER MW-2-32
Portland, Oregon OWRD # 84235
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/4-inch Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 8 1/4-inch ID Hollow Stem Auger Time; Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:20 13:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 6-Nov-95 | 6-Nov-95
Z = ~ 23 . -
g N % 2 5 2| 7 |B BORING DIAMETER 10-inch
ASE ﬁ & . < g& Sim & ; g & CASING DIAMETER: 2-inch
o — —
gag &m| 5 |8 E 2 Ef’o_ %g =t |2] 53 |SURFACE ELEVATION: 35.8 feet MSL
%g ;, 5| & 2 SlEE T ElS E § £3 2 |TOP OF CASING ELEVATION; 34.46 feet MSL
Q “ T g‘a 2= |rl&
@ & o SOIL DESCRIPTION
Flushi Moenument Ground surface
[ M2-01) 1115} 9.3 | 103 Surface: Sandy, Silty, GRAVEL - moist, brown, well graded,
:g 1 stone for parking lot.
3
. A| A 2
SAND (1.5-4.6 feet bgs) - brown, slightly moist, loose, poorly
graded, fine/medium grained, no hydrocarbor odor, slight
3 sheen?.
M2-02 | 1125 -
' 404 ] ¥ 4
5 SAND with gravel (5.0-6.5 feet bgs) - brown, slightly moist,
9 66 loose, poorly graded, fine/medium grained, no hydrocarbon
odor, slight sheen, lJampblack in end of sampler.
7 0 [
7 0
: Sandy, Silty, GRAVEL (6.5-7.5 feet bgs) - lampblack, pieces
M2-03 | 1135 Y % i 7 of brick, concrete.
43.7; | )
8 Driller notes large concrefe pieces at 8.5 feet bgs.
£
O
E 9
2y % GM
Ay = 10
Lg? a Sanclg Silty, GRAVEL (10.6-11,5 feet bgs) - as above, some
E 5 ; 50 lamp! iack, hydrocarbon odor, slight sheen.
R B | 0 | 1
A o !
0
12
|
| 50 | 13 s Sandy GRAVEL (12.5-14.0 fest bgs) - olive greg;, moist, loose,
- ot hydrocarbon odor, sheen, brick in end of sampler.
; o BB
i 15
! | 6 Sandy GRAVEL {15.0-16.5 feet bgs) - large pieces of brick
1 — 16 material, loose, hydrocarben odor, sheen.
L 50/6"
; | 17
T _
M2-04 ' 1206 259 - = 7 70 18 Gravelly Sand {17.5-19.0 feet bgs) - yellow/brown, moist,
T . : - poorly graded, fine grained, no hyedrocarbon odor, no sheen,
| H t 1 0 minor olive grey silt lenses.
; ; : B 0 | 19
1
i 20

Updated: 7/298 RAH
File2708 MW-02-32

Page 1of 2
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-2-32
Portland, Oregon OWRD # 84235
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/4-inch Core Barrel START | FINISE
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:20 13:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations, Inc. 6-Nov-95 | 6-Nov-95
4 = — [ . B
5 . EJJ g{ g =1 % E BORING DIAMETER; 10-inch
o | B P ) &1 & || < - JCASING DIAMETER: 2-inch
0 =M 8 o E jon g 0 E ~|F =l
Egg CEAERERE ESIZE|E E 53 |surrace eLEvATION: 35.8 feet MSL
EE % % e g & %‘ % 8 E 2 Er,'; 2 |TOP OF CASING ELEVATION: 34.46 feet MSL
o} T ?1*5 2= |A|m
O e o SOIL DESCRIPTION
10 | 100 » SAND (20.0-21.5 feet bgs) - orange/brown, moist, loose,
M2-05 | 1210] 247 | - 8 100 | o1 g pgorly graded, medium grained, no hycdrocarbon odor, ne
sheen.
9 | o b=
22
SAND (22.5-23.0 feet bgs) - as above, wet, no hydrocarbon
— 7 100 | 23 odor, no sheen.
— 8 | 100 SAND (28.0-24.0 feet bgs) - olive grey, wet, loose, fine
E 3 6 90 24 grained, no hydrocarbon odor, no sheen.
<3 M2-06 | 1223 | 254 | 043 ; ' 3__ Silty SAND (24.0-25.0 feet bgs) - wet, slightly dense,
[ 23 ¥ 25 { hydrocarbon odor?, no sheen, olive grey silt lenses.
N o]
2 fzd A
5 :g = Silty SAND (25.0-27.5 feet bgs) - wet, slightly dense, fine
g b@ ] 26 | grained, slight hydrocarbon odor?, no sheen.
@ Lo - = SM
g &3 | ’
5 FE3 M2-07 1240 - 27
E :é -
§ :§ 3 17.8 | y v Silty SAND (27.5-28.5 feet bgs) - olive grey, wet, loose, fine
=p= . A 28 grained, no hydrocarbon odor, no sheen.
*E L
EN o M2-081 1250 - 29 Sandy SILT {31.5-32.5 feet bgs) - olive grey, orange oxidation
F 3 23.1 spots, no hydrocarbon odor, no sheen, thin lenses of fine
F—] grained sand.
— 30
— E SM
— E L} 81
— | i
o | M2:09: 1255 K 32 7] Boring terminated at 32.5 feet bgs
8 - ML 7] ing : £
o ; A Boring sampled to 32.5 feet
: 25.7 Y Y /M Monitoring well installed to 31.5feet bgs
E 33 ‘Well depth is 31.5 feet below top of casing
!
| 34
i 35 Materials:
10 feet 2-inch diameter, 0.020-inch PVC slotted screen
i 21,5 feet 2-inch diameter PVC blank casing
; 12 50# bags 10/20 sand
! 36 13 50# bags bentonite chips
i ' ! 1 end cap
: : : 1 locking cap
E i i 37 Flush steel monument
oo
! | ! 38
; : !
H ! :
? i 39 * Sample Prefix Number is 2708-951106-
B
i ; 40
Updated: 7/2/98 RAH Page 2 of 2

File2708 MW-02-32 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-3-26
Portland, Oregon OWRD # 84232
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: [Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 15:10 9:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 1-Nov-95 | 2-Nov-95
— a : -
é . ) g " 2 | = E BORING DIAMETER: 10-inch
Eal gk SIREE €= 18 |3| <~ |CASING DIAMETER: 2-inch ID
205 28 | 8 R3S Elew B lSE|E8
ARs % g2 |2il8 JE|HS|38|E E é 3 |SURFACE ELEVATION: 31.20 feet MSL
ng "’E & 23‘ o 57 & é & [5] 52 |TOP OF CASING ELEVATION: 84.11 feet MSL
=] o ? = 2 A=
o o SOIL DESCRIPTION
== 3
g
_— 2
g -2
B E Y Ground surface
w
s See boring log for well MW-3-56 for 20il description.
H 1
E
)
2
2
i
2 3
a
5
=]
3 _ 4
|
! 5
& 6
(5]
£
3 7
=
2
]
z
& 9
i
] 10
E
a
a 11
£
=
i 12
13
14
!
| 15
| T ' i
& 5 ! j a
H | ; i 16|12
a [2 3 | ? o -
3 12 1 . : : i
= 1 | | 17
IE B e I y
ks :
Q Eal i . 18
@
3 i
2 3 | 19
k2 ]
— | 20
Updated: 7/2/98 RAH Page 1of 2

File: 2708 MW-03-26 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

12 50# bags 10/20 sand
ag 7 50# bags bentonite chips
1end cap
1 locking cap
above-grade steel menument
30 3 guard posts
31
32
33
34
35
36
37
; !
—
: i 38
T
? | 39
: |
; ' 40

434 NW Sixth Avenue MONITORING WELL NUMBER MW-3-26
Portland, Oregon OWRD # 84232
(503) 796-0717 HAT LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METEOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 15:10 9:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 1-Nov-95 | 2-Nov-95
~ o : -i
E . & EU_.) @ 3 % g BORING DIAMETER: 10-inch
Eg| uk g |25 &[E | &|Z| <~ fcAsNG DIAMETER: 2-inch ID
13 28 | B In3l8e Elew B lZElg8
ARS % 812 |4al8 3 &[5 S|BE|E B S @ |SURFACE ELEVATION: 31.20 feet MSL
3%2 < E e E = 1 g €12 |TOP OF CASING ELEVATION: 84.11 feet MSL
s] T g E 2|8 [AaE
&} < SOIL DESCRIPTION
Eqd 21
x E&3
S E
% F&J
8 E“3
& Es4 23
o F23
$ ER]
5 F=3
3 EZ£1 24
° ES
—] 25
=]
S 26
Boring terminated at 26.0 feet bgs
Monitoring weil installed to 26.0 feet bgs
27 Materials:

15 feet 2-inch diameter, 0.010-inch stainless steel slotted

screen
i 98 10 feet 2-inch diameter stainless steel blank casing
5 feet 2-inch diameter PVC blank casing

Updated: 7/2/98 RAH
File: 2708 MW-03-26

Page 2 of 2

HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-3-56
Portland, Oregon OWRD # 84231
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 V4-inch 1D Hollow Stem Auger Time: [Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:00 11;00
Portland, Oregon DRILLER: Brad James Date:  |Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 1-Nov-95 | 1-Nov-95
g . Q E . 2 o = ﬁ BORING DIAMETER: 10-inch
Eq| uk 2. |25 Sl |85 <~ |casNG DIAMETER: 2-inch ID
£2) B2 | e |5alEtalea|E |2 5|50
22 % @ 281398 g Slz8 E 8| 3 |SURFACE ELEVATION: 31.20 feet MSL
oy o4
ng = E E g =& Rl é & § £ E |TOP OF CASING ELEVATION: 34.07 feet MSL
2 o g £ =2 A&
O o S01L DESCRIPTION
2 3
L5 -
Eg K
" ag; 1 Ground surface
M3-01 758 | 1.7 Surfaee - Sandy Silty Gravel - brown, moist, no hydrecarbon
s 1 odor, no sheen, grassy area.
3 |
» f sl BGM
k]
S
e g 11 0 3 No Recovery (2.5-4.0 feet bgs).
"E 12
g , 15 0 4
5 |
k] |
) : 5
M3-02 | 810 & 251 16 | 100 Sandy Silty GRAVEL (5.0-6.5 feet bgs) - brown with black
M5.03 812 | 282 T P 6 lt:cr)gt sttéa;mng, moist, hydrocarbon edor, sheen, pockets of
i ‘ 14 0
! 7
M3-04 | 817 9 100 8 Sandy l?ilt,y GRAVEL (7.5-9.0 feet bgs) - black and tarry,
517 T 100 moist, hydrecarbon oder, sheen.
17 50 9
101
i
11
K 50/3"] © Large Gravels.
s 12
£
é‘g 503" ¢ | 13
E
@
a 14
ey i
RH
1= ]
H 14
E M3-05 840 | ; 16 | 100 Sandy GRAVEL with silt (15.0-16.5 feet bgs) - black,
& : 1 : slightly moist, loose, hydrocarbon edor, sheen, brick and
3 ! 89.7 | 38 ; 100 | 16 B wood fragments.
: ! 50/3"% © =8 GM
- f ! =
: | ; 17~
: £ ! 1
: : : ! Sandy GRAVEL (17.5-19.0 feet bgs) - olive grey,wet, loose,
M3-06 | 850 : {12 | 160 | 18] meEieeed slight hydrocarbon odor, slight sheen, brick and wood
1159 7 | 30 Raiy Tregments. :
' ] B op o Sandy Gravel {19.0-20.5 feet bgs) - as above, hydrocarbon
! ° 19 GF 24 odor, sheen., . ) e
| 17 100
M3-07 | 9:00 ! 18 | 100 | 20
Updated: 7/2/98 RAH : Page 1of 3
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-3-56
Portland, Oregon OWRD # 84231
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time:  |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:00 11:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 1-Nov-95 | 1-Nov-95
~ ] . -3
E . 8 E . 2 |5 % E BORING DIAMETER: 10-inch
B | mi e 23 el | &|%| <~ |casmepDiamETER: 2-inch ID
204 ] g o E B~ 'a 0 E ~|I=iglex
gga % g | = |2E|85E E s|Z28|E E S 3 |SURFACE ELEVATION: 31.20 feet MSL
5,‘5’ > E b 5 == = 21 E S 2 JTOP OF CASING ELEVATION: 34.07 feet MSL
Z z 2] g o 218 |2lo
(s} T = s I ]
© © SOIL DESCRIPTION
N 79 20 . ]
\ SILT with some gravel (20.5-21.0 feet bgs) - brown, moist,
§ 8 21 stiff, slight hydrocarbon odor, sheen.
4
\ : SILT with gravel (21.0-25.0 feet bgs) - black tarry
\ 22 substance, moist to wet, hydrocarbon oder, sheen, 22.5-23.0
§ M3.08 | 910 feet bgs is wet and tarry.
§ 45.7 23
§ .
§ WY Y . .
\ Sandy SILT (25.0-29.9 feet bgs) - olive grey with orange
\ 26 oxidized zenes, moist, no hydrocarbon odor, no sheen, sand
% lens at 25.5 feet bgs.
§ 27
% 2| Maos | m15 ] o3
\\&\\ 3 5.8 :
u 1
N : | 29
5N E
£ 3
3N = 30
é g y ) SAND (29.9-34.0 feet bgs) - olive grey, wet, loose, medium
LR 4 grained, slight hydrocarbon odor, skight sheen, sand lens at
28 25.5 feet bgs.
= 31
% 51 M310 | 925
% 9.8 . : 32
\ | -
§ ! 33
\ s
\ M3-11 | o930 SAND (34.0-35.0 feet bgs) - brown, wet, loose, fine grained,
\ no hydrocarbon odor, no sheen, thin silt lenses present.
\\\\ 28 | vy vlss
\ i [ A SAND (35.0-37.5 feet hgs) - olive grey, wet, loose, poorly
§ : 1 36 graded, fine grained, no hydrecarbon odor, no sheen.
§ M3-12 | 955
§ i 98 37
N\ T
\ i ; [ i 38 SAND (37.5-39.0 feet bgs) - brown, wet, medium dense, fine
\ - g - grained, no hydrecarbon oder, no sheen, silt layers
§ M3-13 1000 | ,
23 i | 59 . 39
] ' ! i : Silty SAND (39.0-40.0 feet bgs) - brown, moist to wet, dense,
! L ! fine grained, no hydrocarbon odor, no sheen.
! ; i A J A 40
Updated: 7/2/98 RAH Page 20of 3
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HAHN & ASSCOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-3-56
Portland, Oregon OWRD # 84231
4(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: [Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:00 11:00
Portland, Oregon DRILLER: Brad James Date: Date;
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 1-Nov-95 | 1-Nov-95
Z 147} = = BORING DIAMETER: -
=] - % B E IS "‘3 E 10-inch
(21, = =g Sim 2 |%] < ~ JCASING DIAMETER: 2-inch ID
o | Jd@m 82 |23 2 A Ele=|BolSElEE
éaa % % E [} & | i & g S|IAR|E % g 8 SURFACE ELEVATION: 31.20 feet MSL
= =
S5a g Q8= 80 18] B D I70P OF CASING ELEVATION: 34.07 feet MSL
Z u & o8 B 19
Q a3 8 a A |x
O © SOIL DESCRIPTION
% A 5 SAND (40.0-41.5 feet bgs) - olive grey, wet, loose, medium
i 2 a grained, no hydrocarbon odor, no sheen.
3 S [ Ma14 | 1010
c% 19.0 49 i“saAND (41.5-45.0 feet bgs) - olive grey, wet, fine grained, silt
5 yers.
18
a 43
3 .
5 -
£ M3-15 | 1015 U 44
=
& 3.1 R 4
Y 45
— | f A SAND (45.0-49.0 feet bgs) - olive grey, wet, loose, poorly graded,
— i 46 medium grained, no hydrocarbon odor, no sheen.
E E 47
E -2
= 3
3] I 48
2]
3 27
a AT _
S fz3 Mod6 | 1028 49 SAND (49.0-50.0 feet bgs) - as above, silt layers, no hydrocarbon
4 E&7 X ¥ ador, no sheen.
= k3
§ Eg: Y 50 SAND (50.0-55.0 feet bgs) - olive grey, wet, loose, poorly graded,
§ :;%: A A ii:laed.ium grained, no hydrocarbon odor, no sheen, okive grey silt
g E= ayers,
K 23 51 Heaving sands reported by driller.
- &
E§: :
FA T i 52
=k Boring terminated at 56.5 feet bgs
F23 Boring sampled to 56.5 feet
E“‘ 3 53 Monitoring well installed to 55 feet bgs
:_. Materials:
— 10 feet 2-inch diameter, 0.010-inch PVC slotted screen
— M3-17 | 1048 - 54 6.5 feet 2-inch diameter PVC blank casi.nf
—] L E 39.5 feet 2-inch diameter stainless steel blank casing
—] M3-18 | 1050 - 12 50# bags 10/20 sand
— i  § 55 3 50# bags bentonite chips
- 4 bags bentonite grout
) 3 100 i. f.nd cap
5] ocking ca;
5 100 | 56 above-gradepsteel monument
! 16 | 100 3 guard posts
| 57
| | i |
E L | 58
i !
- ' —— 50 * Sample Prefix Number is 2708-951101-
i i
]
* 3 i 60

Updated: 7/2/98 RAH
File: 2708 MW-03-56

Page 30of 3
HAHN AND ASSOCIATES, INC.




HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-4-35
Portland, Oregon ’ OWRD # 84230
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time;
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:30 13:17
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 31-0ct-95 | 31-Oct-05
—_ 2 : ¥
E . % gi; » 214 2 5 BORING DIAMETER: 10-inch
LEal 8 | L R8T E18 |8 |5| 54 |casme pavErEr: 2-inch ID
a -9 v ~]=
SEE mng s |58 ggj g g% E@ E 2 S @ |SURFACE ELEVATION: 31.70 feet MSL
=l o, N
=52 é 2 EQE[EZEPRI0™ & 8] HE [ToP OF CASING ELEVATION: 34.54 fest MSL
A = 2 o 28 (1818
o &= = o is
o o SOIL DESCRIPTION
. r
B
g -2
=
— g 1 Ground surface
: 1 See boring log for well MW-4-57 for soil deseription.
8
2
3
g
g 4
o
g
E 5
5
£
< 6
i 7
= 8
[&]
8
=
2 9
-3
E 10
; !
2 i 11
3
3 12
2 I
2 | 13
& H
a | |
=
z i 14
o i
' : 15
i i ! ;
; | : ; 16
! | '
i i : 17
18
T * 19
! '
i i 20;
Updated: 7/2/98 RAH Page 1o 2
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-4-35
Portland, Oregen OWRD # 84230
{503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: [Time:
Gasco Facility EQUIPMENT TYPE "~ B-59 Mobile Drill 10:30 13:17
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 31-0ct-85 | 31-Oct-95
—_ ~© : -i
5 . ([g g 5:, 21, % g BORING DIAMETER: 10-inch
Bu| A =2 _|=2% < ¢ |2| < ~ [CASING DIAMETER: 2-inch ID
HAO2 T JdR g ey an‘a m?ﬁ SiElen
E22 %g = |4ElE5 8 a‘ij}g 8|8 E 2 3 |SURFACE ELEVATION: 31.70 feet MSL
ol 2B | ¢ 2 =& g 17218 |5 (2] % 2 [TOPOF CASING ELEVATION: 34.54 feet MSL
S gl o ?1 & 2R A=
O © SOIL DESCRIPTION
|
3 21
§.§‘ 22
23
B 2
o | 3
l 24/8
= i Boring terminated at 35.0 feet bgs
— 25 v Monitoring well installed to 35.0 feet bgs
F 5 3 | Materials: ‘
5 | 26 10 feet 2-inch diameter, 0.010-inch stainless steel slotted
S 3 i screen
e i 14 feet 2-inch diameter stainless steel blank casing
g-Fa3 i 27 8 feet 2-inch diameter PVC blank casing
ol §-pu | 11 50# bags 10/20 sand
£ rs ! 14 504# bags bentonite chips
o = ! 28| 1 end cap
N == | 1 locking cap
3 = ; above-grade steel monument
_§ = i 29 3 guard posts
- & i i
3 f= | |
Rl &0 i [ 36
Ifg = i
£3 ! l ; 31 * Sample Prefix Number is 2708-951031-
2 ! i
£E M- |
= 3 I | 32
e |
=]
L ] ! 33
— | i i
= { : i 34
P | S
8 i | ! 35
! i
| ! 36
i |
a 1 37
[ i i
i i i 38
; i
i | 39
! : i
i i | 40
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-4-57
Portland, Oregon OWRD # 84229
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METEOD: 6 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:15 13:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 30-Oct-95 | 30-Oct-95
E . @ a 2 3 o o g BORING DIAMETER: 10-inch
fa| W 2 é < 2 | ‘§ «| < ~ JCASING DIAMETER: 2-inch ID
Nod | Jd B lagln~dle2|Bs IS E| S8
ARS %g = % & EHPHESIEE S 5% |SURFACE ELEVATION: 31.7 feet MSL
=g | 25 | B |2E[=5 8% 2107 K || 82 |top oF CASING ELEVATION: 34,53 feet MSL
Z 4 = o <1 B0
o o B =2 A |x=
Q o SOIL DESCRIPTION
. 3
I S
& i 1 Ground surface
hd i
M4-01 10051 1.9 195 Surface: Silty SAND with gravel - brown, moist, pieces of
2 ; 1 brick, grass covered area, ne hydrocarbon odor, no sheen.
5 i
5H £ E SM
<] 0 2
o :
B :
4 i
k\ 2 i 50/5.5" 60 3 Silty Sandy GRAVEL (2.5 feet bgs) - brown, moist, well graded,
% a E no hydrocarbon odor, no sheen.
L :
R B ‘ 4 GM
: 5
; ! 23 70 Sandy GRAVEL (5.0-6.5 feet bgs) - dry, loose, poorly graded, no
: a7 Py hydrocarbon odor, no sheen.
: 6 Jepaeney
! 27 | @ GP ¢
7 Ienagajelal
: ! 04 Silty GRAVEL with sand (7.5-8.5 feet hgs) - brown, moist, well
M4-02 | 1035 N 1 100 s iy graded, no hydrocarbon oder, no sheen.
; 28 | 50/5.5" 50
I 9 Concrete (8.5-9.5 feet bgs)
i 38 0
——
N 1
E i
= i
-4 i
Egs :
:g s No recovery (12.5-14.5 feet bgs)
vt K 7 0
8 M
=3 1=}
3 I 6 0
£ 6 0
™
: 5 0
: i
M4-03 1104, - i - 1 2 ! 100 | Silty GRAVEL with sand (15.0-16.5 feet bgs) - olive grey with
; T ; 0 some black staining, wet, well graded, slight hydrocarbon odor,
| 1 i i i slight sheen,
i {5 0
; Y A Silty GRAVEL with sand (16.5-20 feet bgs) - as above, moist,
: - ; T hydrocarbon odor, slight sheen, pieces of brick, switch to core
; ! : barrel sampler. :
i ! i i
M4-04 11100 | -
102 ] ) J
—
P v

Updated: 7/2/98 RAH
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER - MW-4.57
Portland, Oregon OWRD # 84229
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoor/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill ) 10:15 13:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 30-Oct-95 | 30-Oct-05
—~ o . i
E . Lm} Ez " 2 [ 2 E BORING DIAMETER: 10-inch
Eu | mk 2 1252 _| €8 |82 <. [casmepamerer: 2-inch ID
O = & B s 'a a o 'a w0 E JEElen
éaa [ nza E W alm j & §:3 % SR|D I8 E % SURFACE ELEVATION: 31.7 feet MSL
BoE | 2 B |2E[EESP RIS 7K |&| €2 |rop oF CASING ELEVATION: 34.53 feet MSL,
zZR| @ ) O S8 |2le
Q = e 2 A e
O o SOIL DESCRIPTION
5 A A V/ SILT with sand and gravel (20.0-25.0 feet bgs) - brown, moist,
Ma0s | 1115 N N / slightly plastic, no hydrocarbon odor, no sheen.
_ - /
22; /
7
. ML 74
23 ;///
Y 25
A A Silty SAND (25.0-27.0 feet bgs) - olive grey, moist to wet, wood
M4-06 | 1135 3961 2 fragments, hydrocarbon odor, sheen.
L SM
102
E i 27
& Sandy SILT (27.0-28.0 feet bgs) - olive grey with brown and
§ ML 73 orange oxidation spots, root zones, no hydroecarbon edor, no
i 28 sheen.
2 [ M2-07 {1140 - ] 1
E : 3 Silty SAND (28.0-30.0 feet bgs) - olive grey with brown mottling,
Fag I | 21 Y | 29 g moist to wet, fine grained, root zones, no hydrocarbon oder, no
é {é S ESM:] cheen.
£ds v 30
e W
= i - SAND (30.0-32.5 feet bgs) - olive grey, wet, loose, poorly graded,
M4-68 | 1150 - 31 fine pgrained, root zones, hydrocarbon odor, sheen.
2.4
32
| SILT (32.5-33.0 {feet bgs) - brown with orange oxidized zones,
i 33 moist, slightly plastie, no hydrocarben odor, no sheen.
M4-09 | 1155 - § SV i Sil?; SAND (33.0-33.5 feet bgs) - brown with bright orange
26 34 oxidized zones, moist to wet, dense, fine grained.
E y SILT ¢33.5-35.0 feet bgs) - olive grey, moist, stiff, no hydroearbon
i odor, no sheen.
i 4 35 /
H
; i F 3 J /é
} 36 :; ML
% SILT with fine sand (35.0-39.0 feet bgs) - olive grey, moist, stiff,
37 / root zones, no hydrocarbon odor, no sheen.
38 %
: ; ; .
: 39 .
: E ' - ﬁ SAND (39.0-40.0 feet bgs) - olive grey, wet, loose, medium
M4-10 1210 - - gp | grained, no hydrocarbon odor, no sheen. :
E f [T
: i 4 40 o :
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-4-57
Portland, Oregon OWRD # 84229
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:15 13:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 30-Oct-95 | 30-0ct-95
z — -1 - i
g . 3 ? - = % E BORING DIAMETER 10-inch
Bo | ni S =% &8 |38 %] <. |casme piaMETER: 2-inch ID
208! 2d | 8 [ZFIR&E[ew EL|SE1 88
Egg %E s 18 &4 3 & gg‘ 28| % [8] §5 |SURFACE ELEVATION: 31.7 feet MSL
& s
wdl & 2 S e S 7| & 15| &2 |rop OF CASING ELEVATION: 3453 feet MSL
=z = jo] 2z =210
Q = = a (= -
O S SOIL DESCRIPTION
A | A
3 SAND (40.0-44.0feet bgs) - as above, no hydroearbon odor, no
@ . 41 sheen.
243 42
£33
1
f 43|
g3 M4-11 1226 | -
T i
5] ?; 8.7 | 44| |
| E i 7 ? Sandy SILT (44.0-45.0 feet bgs) - olive grey, moist, stiff, slightly
o - ’/‘ Ml/‘/ plastic, no hydroearbon odor, no sheen.
g [ Mda2 Tae25] - | - y | v | 4| P
A ] i T Y A SAND (45.0-49.0 feet bgs) - olive grey, wet, loose, medium
: i grained, no hydrocarbon odor, no sheen, thin silt layers from 49.0-
! ! | 46 50.0 feet bgs.
F— i 47
— M4-13 | 1238 | P 48
—] | 319 ;
2 H H
£3 | 9
2 :
[ = 3 i i \
L3 .
M 3E S 50,
3 g A A SAND (50.0-55.0 feet bgs) - as above, no hydrocarbon oder, no
S k23 sheen.
= -
3 E33 51
- s
S ta ;
£ F£3
R S
l &
S fe] 53¢
& 3 :
-_5 - !
1 E 3 i 54
— M4-14 | 1245 ] P
w—— i 178 ! | 4 \ 55
— \ A y SAND (55.0-58.0 feet bgs) - as above, no hydrocarbon odor, no
— ' sheen.
— i 56
% ! 'r
© -
! 57
M4-15 | 13121 ! 026 |
B ; 175 Ty y |58
T ]
i ! f' f 59
| ?
i 60
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue MONITORING WELL NUMBER MW.-4.57
Portland, Oregon OWRD # 84229
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Cs. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 10:15 13:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 30-Oct-95 .| 80-Oct.95
z - o : -1
g . P E E 3 ,g E BORING DIAMETER: 10-inch
Eu| @& 2_|2< &|& 32| « ~ JCASING DIAMETER: 2-inch ID
5 58 [ B [E2afa(ee|Es|EE| S8
Eag % | E |2El8 S ERIEE E g S & JSURFACE ELEVATION: 31.7 feet MSL
Iy s
;g’ & E & 2 N HERELEE 2 |TOP OF CASING ELEVATION: 34,53 feet MSL
3 “ ) g e 2l (al&
o o SOIL DESCRIPTION
Boring terminated at 58.0 feet bgs
61 Boring sampled to 58.0 feet
Monitoring well installed to 58.0 feet bgs
62 Materials: )
10 feet 2-inch diameter, 0.010-inch stainless steel slotted
screen
63 40.5 feet 2-inch diameter stainless steel blank casing
5.5 feet 2-inch diameter PVC blank casing
13 504 bags 10/20 sand
5 50# bags bentonite chips
64 1 end cap
1 locking cap
above-grade steel monument
65 3 guard posts
66
67
5 * Sample Prefix Number is 2708-951030-
! 68
69
70
71
72
! E
| i 73
5
| 74
i
i
! 75
| |
i | 76
77
I —
i 78
j i , .
| j ; 79
| i
E i E 80
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-5.32
Portland, Oregon OWRD # 84228
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 13:03 15:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 27-0ct-95 | 27-Oct-95
Z — o . -i
z . g |8 2l |28 BORING DIAMETER: 10-inch
Eol| uk S 125 | &8 |3(<] <. |casmc Dramerer: 2-inch ID
05| A | g |ERlRAg wiB T IEIEE
EEE %m = |2E85E ES|Z8 E % S 3 |SURFACE ELEVATION: 25.1 feet MSL
7 S | E |QE=EE4: 8 | & (3| &2 |TOP OF CASING ELEVATION: 28.05 feet MSL
Z nz = o 218 =g
Q o 3] ] a =
o o SOIL DESCRIPTION
L 2 3
.
é 2
— 3 1 Ground surface
@
M5-01 | 1306 14 e Surface: Siity GRAVEL - brown, moist, well graded, no
s 1107 1| = hydrocarben oder, no sheen.
g b
o BB :
GP 24
S0 50 3 E:: : GRAVEL (2.5-3.0 feet bgs) d: 1 I
ereiaees .5-3.0 feet bgs) - grey, damp, loose, poorly
o : graded, no hydrocarbon edor, no sheen!.) poe
4 rearet
i e
! 5
M5-02 | 1320 - 10 100 Silty GRAVEL foet bgs) - b 1l graded
i (5.0-6.0 feet bgs) - brown, moist, well graded,
874 6 0 6 2 no tgydrocarbon odor, no sheen.
i 26 0 o
| § R oM
i 7
3
2y £
= = p
3 S 8 oo GRAVEL (7.5-9.0 feet bgs) - brown, wet, loose, well graded,
59 2 10 30 no hydrocarbon oder, no sheen.
e -
é 3 15 1 9
N2 e
£ : 19 o S
i et
5 10 R
M5-03 | 1330 - 8 | 100 % GP 2 GRAVEL with coarse sand and silt (10.0-13.0 feet bgs) -
279 5 0 11| RE " brown, wet, no hydrocarbon odor, ne sheen.
5 [ E:"": 3 Switch to core barrel sampler.
A | A 12] DO
M5-04 | 1340 | - 1] RS
383 \ J SAND with Jampblack (13.0-15.0 feet bgs) - black, dry, hard,
14| fine grained, hydrophobic, hydrocarbon edor.
Y 1J
! i A A SAND (15.0-20.0 feet bgs) - dark grey, moist, medium dense,
M5-05 | 1350 ' 1.942 Y 16 poorly graded, fine grained, pieces of bark, hydrocarbon odor?,
! 4 olive grey sandy silt on core hottom.
e | :
; E 17
j 18
¥
!
i 19
L 20

Updated: 7/2/68 RAH
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW.5-32
Portland, Oregon OWRD # B4228
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. - DRILLING METHOD: 6 L/4-inch ID Hollow Stem Auger Time: |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 1303 | 1500
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 27-0ct-95 | 27-Oct-95
Z _ o : -
g . 8 E . 2 s 2 E BORING DIAMETER: 10-inch
Eul| ak Q 8% &l | 88| < ~ [casme piamETER: 2-inch ID
02 O®m 8 &g %D‘E mE"‘ SlElen
HHEERERE 448 5%" 28|m g S 9 |SURFACE ELEVATION: 25.1 feet MSL
=GRl 25 | B |e|mgelad © 7| & |8| &2 [roP oF CASING ELEVATION. 25.05 feet MSL
4 Z & g o 2=z 1812
(o} o [ 2 =N I
o © SOIL DESCRIPTION
M5-06 | 1357 N A . "‘f"'j : Sandy SILT (20.0-22.0 feet bgs) - brown with orange mottling,
117 1 2 moist, non-plastic, no hydrocarbon edor, no sheen, some root
— zones.
— M5-07 [ 1400 ] 181 ] 091 ¥ 22 SAND (22.5-22.5 feet hgs) - brown, wet, fine grained, no
— v hydrocarbon odor, no sheen.
- YR 23 SAND (22.5-23.5 feet bgs) - as above, no hydrocarbon edor, no
3 E sheen.
§ E Silty SAND (23.5-25,0 feet bgs) - brown with orange oxidation
. % E M5-08 | 1208 " = spots, wet, loose, no hydroearbon odor, no sheen.
M EE 62.1 y | v 2 _ .
2 la3 y y SAND (25.0-26.5 feet bgs) - brown with orange oxidation spots,
& 1z ] - wet, loose, fine grained, some thin silt layers no hydrocarbon
2 s 2 odor, no sheen.
PN EE
2 § ] SAND (26.5-27.5 feet bgs) - olive grey, wet, loose, poorly graded,
E g ] a7 some thin silt layers, no hydrocarbon odor, no sheen.
S 133
£
< 28 SAND with thin silt layers (27.5-30.0 feet bgs) - olive grey, wet,
- i loose, no hydrocarbor odor, no sheen.
— M5-09 | 1425 - i 29
— 77 A
—] L] 30
— 1 100 SAND with thin silt (30.0-32.0 feet bgs) - olive grey, wet, loose,
poorly graded, fine grained, no hydrocarbon odor, no sheen.
— 3 100 31
2 4 | 100
© ] Ms510 | 1448 ND 4 | 70 | 32
29.4 Boring terminated at 32.0 feet bgs
Boring sampled to 32,0 feet
33 Monitoring well installed to 82.0 feet bgs
Materials:
34 10 feet 2-inch diameter, 0.020-inch PVC slotted sereen
21 feet 2-inch diameter PVC blank casing
12.5 504# bags 10/20 sand
i 35 10 50# bags 3/8-inch bentonite C.hips
1 end cap
1 locking cap
above-grade steel monument
36} 3 guard posts
f 37
} * Sample Prefix Number is 2708-951027-
f f ' 38
I .
! i ! 39
i :
: .
l : ' 40
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-6-32
Portland, Oregon OWRD # 84239
1(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:40 14:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 9-Nov-95 | 9-Nov-95
- -1 . i
5 . @ 52 ﬁ’:’ N o E BORING DIAMETER: 10-inch
B 1498 | 4 (28 4] 2k |3 £| &5 JcasNG DIAMETER 2-inch ID
= 1=} ~
Egg % 2= |%ER 3 ik o % 8|5 |8] 3 |SURFACE ELEVATION: 35.8 feet MSL
G2 125 E |9SEE9" 2| 7| E [8] &2 |ropoF CASING ELEVATION: 3551 feet MSL
zZR | ag k) JIEEIER
=} & :g & = Qs
© ) SOIL DESCRIPTION
Flush Monumen’; I Ground surface
L1
k2 1
g 1 See boring log for well MW-6-61 for soil description.
S
b 2
3
4
5
6
7
£ 8
3
Q9
g 9
4
]
g 10
£
k-
<« 11
3 @ 12
5 |
2 :
é i 13
2
g 14
: |
¥
! 15
i ]
’ : ' i ’ 16
= ; 1
g 5 ——
g . ! ' ! 18
K : é ;
% ! s 19
] ! .
1K : !
s n ¥ T
20
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-6-32
Portland, Oregon OWRD # 84239
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Ce. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 11:40 14:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 9-Nov-95 | 9-Nov-95
z = o BORING DIAMETER: 10-inch
g | . s Lzl 3z |2fE >
Fg 20 2 = 5 S & |} < ~ JCASING DIAMETER: 2-inch ID
308 (28 | 8 [EeRadun|B [SE| S8
Egg S22 858 ESIZE|E o & [suRrace ELDVATION: 35.8 feet MSL
g2 g5 | F Jep g9y S 7| & |8] 52 |rop oF CASING ELEVATION: 35.51 feet MSL
Z Z 2 "o 218 (g8
Q He = A&
O o SOIL DESCRIPTION
21
x 22
E.3
- 5 23
Ea3 24
=3
C 235
=tu 25
=k
4 F3-
& F33
=k 26
g k&S .
@ s
8 F23
= P~ 02— 27 . .
= E83 . : Boring terminated at 32.0 feet bgs
3 E33 Monitoring well installed to 32.0 feet bgs
] E-: 28 Materials:
. ; 15 feet 2-inch diameter, 6.020-inch stainless steel slotted
] } screen
i 29 5 feet 2-inch diameter stainless steel blank casing
i 16 feet 2-inch diameter PVC blank casing
C 9.5 50# bags 10/20 sand
alln 30 12 50# bags bentonite chips
— 1 end cap
— i 1 locking cap
T flush steel monument
— 31 3 guard posts
=
2]
(&)
32
33
34
i 35
36
; !
: i 37
| ]
; ' j i | 38
3 i H t
g i ] !
; ; ; . i 39
| : B ! i
! : 4
| P i_40
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-6-61
Portland, Oregon OWRD # 84236 (ABANDONED)
(503) 796-0717 HAT LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel ) START | FINISH
Northwest Natural Gas Ce. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |Time:
Gasce Facility EQUIPMENT TYPE B-59 Mobil Drill 8:50 11:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations " { 7-Nov-85 | 7-Nov-95
P~ ) "
Salaz| |8 182 | 2y |3 <. Pancomemn s
A0 | 36 | = §E 2Eglag E"‘ ‘::; B on -
ggg a § = g & ] e} ao: HAEIE % S & |SURFACE ELEVATION: 35.8 feet MSL
Ba 22 F |25|2 EZICE|S 7|5 5] 52 [ro OF CASING ELEVATION: 34,50 feet MSL
2a (@ < g a8 [g]e
e} o = A |
o o SOIL DESCRIPTION
Flush Monument Ground surface
F < H Surface: concrete.
FEH 1
M I SAND (1.0-5.0 feet bgs) - brown, slightly moist, loose, poorly
+ graded, medium grained, no hydrocarbon odor, slight sheen?.
Ll 2
s -
M6-01| 905 ND . 1 3
- 16.9 cle
2 Y i 4
[~
3
g
[-- " 5
A . SAND (5.0-10.0 feet bgs) - as above, no hydrocarbon odor,
6 slight sheen?.
w | M6-02: 910 - g 7
& 17.0 .
[&]
4 h J 8
E
2 | g
= T
E !
« i A 19
A A SAND (10.0-16.5 feet bgs) - as above, no hydroearbon odor,
11 slight sheen?.
M6-03 | 820 - 1B
i 175 Y 12
Y
A A | 13
| A
! 14
B 15
a2 i | A A
28 [Meo0a 930 ] . 16
b - -
§ E § | 151 Y ]
» i 17 i
: :% H P o
H | i SP
I ; ! 4 18}, "> | SAND (17.5-20.0 feet i)is) - as above, moist to wet, no
2 i : 2 | i | hydrocarbon odor, no sheen, dark grey sand at 19.5 feet bgs.
e : N -
& ; | 19p
M6-05. 940 | 110 | - 20Q
Updated: 7/2/98 RAH Page 10f4
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HAHN & ASSOCIATES, INC,
434 NW Sixth Avenue MONITORING WELL NUMBER MW.6-61
Portland, Oregon OWRD # 84236 (ABANDONED)
(503) 796-0717 HAT LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 8:50 11:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 7-Nov-95 | 7-Nov-95
= ) ~
E . K g}‘ " o %\ g BORING DIAMETER: 10-inch
JEalakl 12|83 E 5 |25 g g orsmo pampreR: 2-inch ID
AE P Bt
EEE & g g % E gég %m §§ o g S 3 [SURFACE ELEVATION: 35.8 feet MSL
B8 ?, S| E g Elzg2[CE | 3 S| &2 0P OF CASING ELEVATION: 3450 feet MSL
3 ~ &, E?‘ Hilm o 1o |&
© o SOIL DESCRIPTION
e A | A
= ] 21 SAND (20.0-24.0 feet bgs) - as above, wet, hydrocarbon odor,
e no sheen.
e 22
A | Me-06] 045 - 23
EE:: 9.1
3 Y| v 2
e 25
x i A A SAND (25.0-30.5 feet bgs) - as above, wet, hydrocarbon odor,
brown product saturated from 28-30.5 feet bgs, also thin silt
26 layers.
27
28
B & | M6-07] 1000] -
;l § 115 ) A 4 29
[}
Eq 2 T )
Wy w
2y 30
2343 | M6-08! 1015 20,614 v
- I 634 7 SILT (30.5-34.0 feet bgs) - green, stiff, root zones, no
E 31 // product, wood fragments, slight sheen?.
[=
e *§ 32 %
eoams M6-09 | 1020 - 33 /
e | 239 % Y
o E 34 /
! A A '2/ SILT (35.0-38.0 feet bgs) - green with brown motting (35.0-
/ 36.0 feet bgs), olive grey (36.0-38.0 feet bgs), moist, stiff, root
o ! 36 / zones, no sieen, no product. :
2 5 a7 /
e E ? /
E | 38
E / Sandy SILT (38.0-39.0 feet bgs) - olive grey, stiff, no sheen.
1 | M6-10! 1040 15 39 / Sandy SILT (39.0:40.0 feet bga) - olive grey, wet, stiff.
! {148 Y /
i 1
: . y 40 %,
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-6-61
Portland, Oregon OWRD # 84236 {ABANDONED)
{503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Cere Barrel START | FINISH
- |[Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 8:50 11:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 7-Nov-85 | 7-Nov-95
zZ | BORING DIAMETER: 10-inch
Q * 8 g} B :i P ] E 3
Ea gzl 12-185 |4 218 [ 8p [caswiepmmETER 2-inch ID
a ~| =
Egg £ § = & g g,’:‘]g. g & % SIEIEE 5 |SURFACE ELEVATION: 35.8 feet MSL
2 [,53 5|8 |22EE%cE g | & 5| &2 [rop OF CASING BLEVATION: 34,50 feet MSL
8 Z o gE‘ =E lale
o 1 I° SOIL DESCRIPTION
3 A ‘ “,‘f' V
»N: A oqn SILT (40.0-49.0 feet bgs) - olive grey, moist, medium stiff,
e fine grained sand lenses, no sheen.
&
i Z /
£
g
.m 'g . L 43 /
2224 = [ Me-11] 1050 0.06 o
g 14.8 Ty
w - . 44
=y 2 /,7"
1y . .
s K 45 y
5 -
ER I WY //
=3
£N 5 18 /
i
47 /
8%
Sa
e 48 %
M8-12| 1100 - 49 //j
12.8 i 5 SAND (49.0-52.0 feet bgs) - olive grey, wet, loose, poorly
graded, fine grained, no sheen.
50
— A A
— 51
E = 52
C =2 SAND (52.0-55.0 feet bgs) - as above, thin, brown silt layers,
2 E23 no sheen.
& E2- 53
2 F23 Me13] 1120 . ]
w o5
8§ E= 84 Y. | 54
2 I~
s %0
:ES
5 FES A 55
S Ei3 I WY SAND (55.0-60.0 feet bgs) - as above, thin olive grey silt
52 layers, no sheen
=k 56
ES
<3
== 57
o
*=
L
£ 3 M6-14! 1140 - 58
ol 78
— Y | 5
F—] Y 80
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HAHN & ASSOCIATES, INC.

1 50# bags 20/40 sand

66 11 504 bags 10/20 sand

5 50# bags bentonite chips
5 bags bentonite grout

1 end cap
57 1 locking cap

Flush steel monument

68|

69

70

71

72

73

74

75

76

|
o7
E

78

79

80

434 NW Sixth Avenue MONITORING WELL NUMBER MW-6-61
Portland, Oregon OWRD # 84236 (ABANDONED)
(503) 796-0717 HAI LOGGER: Rob Ede DRILL ;| DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time:  |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 8:50 11:45
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 7-Nov-95 | 7-Nov-95
Z P =] BORING DIAMETER: 10-inch
S x 8 [é= 31z |38 A
,.JSE ﬂ E & § - gﬁn s Fé e ; g & CASING DIAMETER: 2-inch ID
EES %g S g & BIEISE|2 €| 5| 38 |SURFACE ELEVATION: 35.8 feet MSL
[ d Q A
2 o B a ~ ‘r'ﬁ'" PEIR E § B TOP OF CASING ELEVATION: 34.50 feet MSL
ZR | Wi & go Z18 |2 [g]=
Q o & - o |&
o o SOIL DESCRIPTION
lg
o 61
Boring terminated at 61.0 feet bgs
62 Boring sampled to 66.0 feet
E Monitoring well installed to 61.0 feet bgs
| E Well depth is 61.0 feet below top of casing
| 63
]
!
|
f ; b4 Materials:
; 10 feet 2-inch diameter, 0.010-inch stainless steel
| E e slotted screen

35 feet 2-inch diameter stainless steel blank casing
15 feet 2-inch diameter PVC casing

* Sample Prefix Number is 2708-951107-

Updated: 7/2/98 RAH
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW.-8-29
Portiand, Oregon OWRD # 84226
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METEOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:30 11:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 26-Oct-95 | 26-Oct-95
Z g |2 . 5 = 15 BORING DIAMETER: 10-inch
4 * o 1g D % {es
Ea | gk 2 2% Sl | 8% <~ |casme puameTER: 2-inch ID
20 = &3 = o Bl E ~|Z|xElen
EEE &m E @ 5 %é g aﬁf}% 28 E % S % [SURFACE ELEVATION: 36.5 feet MSL
5d 05} E = g o =R 3 & |5 & 2 |TOP OF CASING ELEVATION: 39.09 feet MSL
& T g e S|~ (A=
O o SOIL DESCRIPTION
- -
5
£ 2
— 3 1 Ground surface
s .
H See boring log for well MW-8-56 for soi description.
g 1
¥ E
e E 2
a
s 3
4
5
l i
{ i
| | 6
]
i 7
=33 _ 8
£z |
S :
R E ! 9
R E P
R L 1
3 ]
a ! 1
-
E
& 12
| ?
| i 12
| i
i ] 14
18]
: i 16
§ ' I i E 17
5 i ' ! i
v 0
] % g i i 18
s = : | :
= ] i 19
2 .
S B | |
— ! ; 20
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-8-29
Portland, Oregon OWRD # 84226
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Ce. DRILLING METHOD: 6 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:30 11:15
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 26-Oct-95 | 26-Oct-95
z - e BORING DIAMETER: 10-inch
S . g &2 | 3| |38 ¢ =
gl a& Q 2% el | 82| <. |CASING DIAMETER: 2-inch ID
»10 =& =] o g & E|ew E ~1E|glem
A2s %g BEECER gg 2= 2 Eg SURFACE ELEVATION: 36.5 feet MSL
o' S
=pR| 45 | B |e|mzs|eg S 7| % |B| &2 frop oF cASING ELEVATION: 39.09 feet MSL
Z = = g =) 218 18)e
Q o ] 2 A=
[&] © SOIL DESCRIPTION
5 3 21
453
27 22
. § n
= ;‘:g; ; 23
£ 8g3
AR 24
w b33
g127
$ )83 25
R EE ]
3151 l 26
= - E
E -
e | 27
—— t
— | 28
& I
Q i 29
i ! Boring terminated at 29.0 feet bgs
; | 30 Monitoring well installed to 29.0 feet bgs
3 i | Materials:
] f | 31 10 feet 2-inch diameter, 0.010-inch stainless steel slotted
sereen
l 13 feet stainless steel blank casing
! 32 3 feet 2-inch diameter PVC blank casing
l 12 50# bags 10/20 sand
13 504# bags 3/8-inch hentonite chips
| 33 1 end cap
f 1 locking eap
| above-grade steel monument
! 34 3 guard pests
[ i 3
| ! i 35
! f i
| I | 36
i
f 37
i | |
| ! ] 38
|
| 39
E |
] | 40
Page 20f2
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HAHN & ASSOCIATES, INC., ‘
434 NW Sixth Avenue MONITORING WELL NUMBER MW-8-56
Portland, Oregon OWRD # 84226
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD:; 3-inch Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 905 1410
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 25-Oct-95 | 25-Oct-95
g . = ECg . %\ o = é BORING DIAMETER: 10-inch
Bul| ak C |25 e |8 |2] <~ |casme prameTER: 2-inch ID
02| 28 | 8 R 2255 HEPNEEEE
Egg %g = (481848 5229' I % S 3 |SURRACE ELEVATION: 36.5 feet MSL
7 F 222212 2|97 |& |8] E2 [rop oF casIG ELEVATION: 39.13 feet MSL
Z ul 5] o) 2182 122
o o B ;) A |&
o © SOIL DESCRIPTION
— 3
E
— E -2
2
I § 1 Ground surface
M8-01 | 900 | 5.9 281 ]
iz 1 Surface: Silty SAND with gravel - brown, moist, no
il E hydrocarbon odor, no sheen,
S & SM
[&]
[&]
g 2
E
a 6 | 100 | 3| BB
= ' Tarry GRAVEL - black, moist, strong hydrocarbon odor,
£ 15 0 liquied-viscous tar from 5-6.5 feet bgs, sand and silt mix
A 29 0 4 from 8.5-10.5 feet bgs.
5
M8-02 | 915 . 6 | 100 =
84.8 7 1 20| ¢ R
2] 9 > GP 3
£ U s
3
£ 8| e
[}
2 i
% [Mso03 [o0a5| - ) 5 | 100 o
w
% 3 9 | 10 L
5 ; 10 | 0 | 10 Bemes
= 8 | 100
-3 5 15 100 11
& 0 Silky GRAVEL (10.5-11.5 feet bgs) - brown and tan mottled,
3 13 some black staining, moist, bydrocarbor edor.
5 12
)
5 | Silty GRAVEL (12.5-13.0 feet bgs) - olive grey, moist, slight
2 | 13 hydrocarbon odor, no sheen.
3 Ms-04 |1002; - - 10 | 100 Silty GRAVEL (13.0-14.0 feet bgs) - loose, pieces of brick,
1 moist, slight hydrocarbon odor, no sheen.
i 11 100 14
| 13 | 50
i i
| i 15
: ' GM
' ! A 0 No Recovery (15.0-16.0 feet bgs).
T p L0 |1
. : 11 . S Silty GRAVEL (16.0-17.0 feet bgs} - black, hydrophobic,
: ‘ 501" 1753 lampblack?, poor recovery.
: i : A 18 Silty GRAVEL (17.5-20.0 feet bgs) - brown, wet, no
; T hydrocarbon odor, ne sheen, brick and wood fragments.
M8-05 | 1025, - : 19
] BEER
Updated: 7/2/98 RAH Page 10f 4
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EAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-8-56
Portland, Oregon OWRD # 84226
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | PRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mebil Drill 905 1410
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 25-Oct-95 | 25-Oct-95
- = : -1
E . «© g - 21, ,‘5 E BORING DIAMETER: 10-inch
B | mk Q |27 &2 | 81| <~ |caswe piamETER: 2-inch ID
~0al 38 | a §»§ DA g o B _|S[Elgad
eec| &g |z [9E|85 8 ESI2g|m (B Eg SURFACE ELEVATION: 36.5 feet MSL
B ?, g |E[22|EES|" 8 S 7 |& |8] 82 Jrop oF CASING ELEVATION: 39,13 feet MSL
Z z &~ o 2l 2]
(=] o & I /e
&1 o SOIL DESCRIPTION
\“ 4 Silty GRAVEL (20.0-22.0 feet bgs) - brown, wet, brick and
\\ wood fragments, no hydrocarbon odor, no sheen.
2y . GM
=2 a2
3ys MS8-06 | 1034
SJO - -
BNz
243 5.0  / ;SANEI(%%%?;-&O gieet b, s)&rbiacli,o wet:{,i Ioos;, coa;rl;lz grained, 5
= ampbla oughout, ocarbon odor, sheen, becoming soli
£y & | MB07 1044 - 9 and brittle with & slight sheen from 93.0.23 3 fast bgs.
ok - 13.3 50/3"
Ay
E 24
\ &
\E .
H -
% & i A4 Tarry SILT (25.0-27.5 feet bgs) - black, wet, stiff, mostly tar,
% i 1 2 strong sheen, vegetation throughout sample.
% Ms-08 | 1115 - 1
% 225 y | 27 %/
y
§ A \ 28; / SILT (27.5-30.0 feet bgs) - olive grey, moist, stiff, vegetation, tar
% / within root zones, sheen.
% 29 /
\ . /
% Y 30
\\§ 4| A SILT (30.6-35.0 feet bgs) - olive grey, moist, stiff, semi-viscous
\ tar within reot zones.
§ E
% i | 33 /
\ I
§ 4 /
% M8-09 | 1134 -
£ ! 81.5 Yy! v | 3
& § A A Sandy SILT (35.0-40.0 feet bgs) - brown, orange-mottled, moist,
5138 stiff, tar within reot zones.
2]a 36
B E ]
2 : ’
= . a7
=
HE N //2
& B _ HE 38| ¢ ML
\ 5 . ; : 7
\ a : T
§ M8-10 [1152) - | - 39 /
§ ! Y ¥ 777
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BAHN & ASSOCIATES, INC. '
434 NW Sixth Avenue MONITORING WELL NUMBER MW-8-56
Portland, Oregon OWRD # 84226
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time:; Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 905 1410
Portland, Oregen DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 25-0¢ct-95 | 25-0ct-95
4 9] = |5 BORING DIAMETER: 10-inch
S x 8 g2 | S|z |3E —
Ea| A 2|84 £1x |3 |2} <~ JCASING DIAMETER: 2-inch ID
5| A8 |8 |2 F|ReElen|BL S EIEE
BRg %g = |2El85 & 5% 28 |® 8| 3§ |surrace ELEVATION: 36.5 feet MSL
7 B 122228192810~ 8 18] E5 frop oF CASING ELEVATION: 39.13 foct MSL
ZQ u = ) 8 5] B lo] @
o) i g & =l L N~
O < SOIL DESCRIPTION
e b
£y s A 4‘1 ////jﬁ Sandy SILT (40.0-42.0 feet bgs) - as above.
=% - ‘1 a1 | ML #
L . /
g 7 SAND (42-42.3 feet bgs) - olive grey, medium grained, black
% 3 % ol E /”;; product saturated, less viscous than tar. &
ek %
k] 77777] SILT (42.3-42.8 feet bgs) - olive grey, medinm grained, black
343 Y ML 7] preduct saturated.
E 48] P
E ;
ta
.E 4 44 SAND (42.8-45 feet bgs) - olive grey, wet, loose, peorly graded,
}E M8-11 | 1202 112 8.1 v v medium grained, no product, shght sheen.
45
— 3 y SAND (45.0-47.5 feet bgs) - olive grey, wet, loose, poorly graded,
— medium grained, no sheen.
— 46;
— Ms-12 | 1245 - 47
" ? 437 yi v
& F23 Y 4 SAND (47.5-50.0 feet bgs) - olive grey, wet, loose, poorly graded,
E =25 43 medium grained, some thin silt layers, no sheen. P
i
2 a3 49
3 k34 Ms13 1314 - .
8 b
s FES yi .y i 50
© :5: A A SAND (50.0-54.0 feet bgs) - as above, no kydrocarbon odor, no
£ sheen.
£jm 51
i
=
'g o M8-14 | 1320 - - | B2
. !
E:‘q - i 53
— 54 .
— | L SlzlkND (54.,0-56.0 feet bgs) - as above, no hydrocarben odor, no
—] sheen.
— I 55
2| Ms15 j1400{ - | o0.64 A
© i Y 56
I
i
! 57
1
‘ i 58
! E !
i : 59
I l ;
| i ; i 60
Updated: 7/2/98 RAH ’ Page 3 of 4
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HAHN & ASSOCIATES, INC,
434 NW Sixth Avenue MONITORING WELL NUMBER MW.-8-56
Portland, Oregon OWRD # 84226
[(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon/Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 V4-inch ID Hollow Stem Auger Time: Time:
Gaseo Facility EQUIPMENT TYPE B-59 Mobil Drill 905 1410
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 25-Oct-95 | 25-Oct-95
4 — g ER: 10-inch
g . % UB) o =1 3 E BORING DIAMET; - inc
Bu | mk 2 122 | &8 [&[§] <~ |casc DiaMETER: 2-inch ID
38 — = ] Q*’E\! %Q*EF‘“ E"‘ Clzlef
Egg % 812|258 S PHEEIELE 3 3 |SURFACE ELEVATION: 36.5 feet MSL
2 =
ad| = B EISS=ES" 8278 |5 f2 2 |TOP OF CASING ELEVATION: 39.13 feet MSL
4 & g o) 218 1818
Q = 3] = A e
© o SOIL DESCRIPTION
61 Boring terminated at 56.0 feet bgs
Boring sampled to 56.0 feet
62 Monitering well installed to 56.0 feet bgs
Materials:
10 feet 2-inch diameter, 0.020-inch stainless steel slotted
63 screen
40.5 feet 2-inch diameter stainless steel blank casing
4.5 feet 2-inch diameter PVC blank casing
11 50# bags 10/20 sand
64 26 504 bags bentonite chips
. 1 end cap
1 Iocking cap
65 above-grade steel monument
| | 3 guard posts
|
| i 66
67 * Sample Prefix Number is 2708-951025-
68
i
| 69
70
71
! 72
i
} 73
74
75
76
77
i i
i i 78
!
i i f 79 )
| | ?
; | i | 80
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-9-29
Portland, Oregon OWRD # 84223
{503) 796-0717 HAI LOGGER: Rob Ede DRILL { DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:30 12:30
Portland, Oregons DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 23-Oct-95 | 23-Oct-95
z = _ = . -
5 . % @ g =31 7 E BORING DIAMETER 10-inch OD
g f e, b gé Sl |2 2| <~ [CASING DIAMETER: 2-inch
Q00 (28| 8 |EE|5e wiE S E| g4
Egg gl = |2E|82 (HS|28|E[B| 58 [surrack ELEvATION: 37.9 feet MSL
o =
7 ZE|E 28 3| EIg 7 |& |5] §2 frop or casivg ELEVATION: 37.65 MSL
Al 2 12| 58 |dfe
=] = © =2 Al
o = © SOIL DESCRIPTION
Fiush Manu.menlt Ground surface
1 I
M9-01 | 855 | 04 | 215 Surface: Sandy GRAVEL - grey gravel, olive grey sand,
moist, non-plastic, well graded, no hydrocarbon odor, no
sheen.
B,
e ]
13 9 100 Sandy, Silty GRAVEL (2.0-3.0 feet bgs) - brown, moist, loose, non-
N d plastic, well graded, slight hydrocarbon odor, slight sheen.
H M9-02 | 935 | 55 - | 15| 100 .
H SAND (3.0-3.5 feet bgs) - brown, moist, loose, poerly graded, fine
. 14 50 grained.
9 100 4 A4 Gravelly SILT (3.5-4.5 feet bgs) - brown, moist, stiff, poorly
: ML, % graded,( Zvérg grfgsen;., n)o iil)ydmcarbon oz%or, no shetlan. dod. fin
- . - 100 , AND (4.5-5.0 feet bgs) - brown, moist, loose, poorly graded, fine
M9-03; 940 | 0.7 : 70 5 '4/18//1;{2; grained, no hydmcarion odor, no sheen.
- 7777773 Sandy SILT (5.0-6.5 fest bgs) - orange/brown with black and
M9-04| 950 13 | 163 2 100 /// blue/grey staining, moist, slight hydrocarbon odor?, sheen is
5 0 6 »;1 blue/green in color.
. ; E ML 7
A 50/2"] 0 @
! 7
E CONCRETE
H 8
S
2 9
By
-
g
S 10
= !
g ;
& \ 2 11 Sandy SILT (11.5-13.0 feet bgs) - brown, moist to wet, slightly
: plastic, very fine sand, no hydrocarbon oder, no sheen.
i
M9-05! 1045 0.52] 13 | 100 | 12
! 8.7 8 30 SILT (13.0-15.0 feet bgs) - brown, moist te wet, stiff, slightly
" plastic, no hydrocarbon odor, no sheen.
! 5 0 13
i 3 1006
: SILT (15.0-15.5 feet bgs) - as abeve, no hydrocarbon odor, no
Mg-06. 1055 - 3 100 | 14 sheen.
- ; ")
; 8.8 4 | 100 2 Sandy SILT (15.5-16.0 feet bgs) - brown, moist to wet, slightly
8 | 50 158 stiff, no hydrocarbon edor, no sheen.
! [=)
i 2 0 -
: | 2 | 100 | 16
M9-07 . 1120 | - | 3 ! 160 1S}AdI\lll) c;g:h n;s;scevite §116.0-17.0 feet bgs) - brown, wet, no
. - 209 6 T100] 17 y on odor, no sheen. .
E ; ! 2 100 SAND (17.0-18.5 feet bgs) - as above, no hydrocarbon edor, no
g H i sheen. : .
& i ; 3 | 100} 18
b= il
P — i 5 | 100
s = i : 2 | 100 W SILT (18.5-26.0 feet bgs) - brown, moist to wet, stiff, no
g : n 100 19 , ML/é hydrocarbon edor, no sheen. )
A= | 2
— i 8 100 | 20 //,//4

URdated: 7/2/88 RAH Page 1of 2
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HAHN & ASSOCIATES, INC,

434 NW Sixth Avenue MONITORING WELL NUMBER MW-9-29
Portland, Oregon OWRD # 84223
(503) 796-0717 HAI LOGGER: Rob Ede DRILL { DRILL
PROJECT: SAMPLING METHOD: 3-inch Split Spoon START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 9:30 12:30
Portland, Oregons DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: = Geo-Tech Explorations 23-0ct-95 | 23-Oct-95
z I . o] B - 10-i
& . % wk N 2 E ORING DIAMETER: 0-inch OD
Eag @ 2|82 2B [&|2| S5 |cASNG DIAMETER: 2-inch
-0 =g 8 i £ 2 0 E ~|=IElean
E 22 |88 2 |BE(82|Ec|28|E || 58 [surrace ELevamoN: 37.9 feet MSL
%E § 51 & 2 " =3 1S E § & 2 |ToP OF CASING ELEVATION: 37.65 MSL
8 = T | s|& |al=
O & o SOIL DESCRIPTION
2 100
[ 3 100 | 21 SAND (20.0-24.0 fezeg gg2s.‘). -5 b;-owxl:, wet, ih%'} fine gramgd,
s te t 20.0-21. t y »
b M908 | 1140 - 3 100 :}1;25:)-“ presen eet bgs, no hydrocarben odor, no
! g = 9.5 2 100 | 92
« E 3 é 2 | 100
2 FE3 RIERE:
& § o 3 | 100
§ o= 6 100 | 24
< f2d Mo091 1200 | - - | 16 | 100 Sandy SILT (24.0-25.0 feet bgs) - brown, moist to wet, stiff, no
R == hydrocarbon odor, no sheen. .
IR EE 25 | 90 | 25
S ez j 5 100 SAND (25.0-26.0 feet bgs) - olive grey, wet, loose, fine grained, no
F 5 3 . hydrocarbon odor, no sheen.
23 ; 8 | 100 26
S 12 70 Sandy SILT (26.0-26.5 feet bgs) - brown, wet, stiff, slighlty
= lastic, no hydrocarbon odor, no sheen.
= 3 100 | 27 gAND (26.7-27.5 feet bgs) - brown, wet, loose, poorly graded,
[ medium grained, no hydracarbon odor, no sheen.
[— M9-10! 1210 - 5 100 SILT (27.5-28.0 feet bgs) - brown, moist to wet, stiff, no
— 20 12 80 o8 hydrocarbon odor, no sheen.
£ |
© | 29
; 30
Boring terminated at 29.0 feet bgs
31 Boring sampied to 28.0 feet
- Monitoring well installed to 29.0 feet bgs
i 32
Materials:
33 10 feet 2-inch diameter, 0.010-inch PVC slotted screen
18 feet 2-inch diameter PVC blank casing
1 50# bags 20/40 sand
12 50# bags 10/20 sand
34 10 50# bags bentonite chips
1 end cap
: 1 locking cap
i 35 Flush steel monument
36 * Sample Prefix Number is 2708-561023-
37
| 38
i 39
: 40

Updated: 7/2/98 RAH
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-10-25
Portland, Oregon OWRD # 84238
¥503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:00 10:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 9-Nov-95 | 9.Nov-95
Z = e BORIN ER: 10-inch
Z . = 2 a 1., s |8 G DIAMET ; ing
Ex| am = |12 SlE | @ |<| <~ |CASING DIAMETER: 2-inch ID
E13) =1 B B ls3lReg o8 _|EEEE8
A2 %m g |2 & B gé 2|8 (2] 557 |SURFACE ELEVATION: 36.5 feet MSL
ng 3 E = g Zlegs 13 E 5 5 2 |TOP OF CASING ELEVATION: 39.22 feet MSL
Q = E e =8 L F= T
S S SOIL DESCRIPTION
o =
B g 2
Z
- g. -1 Ground surface
See boring log for well MW-10-61 for sei description.
fé‘ 1
842
S 2
o
2
= 3
=]
a
=
£ 4
o
5
z
g
=
£
o E. T
S
g 8
3
E 9
L]
E
& 10f
g8
5 |
2
a % 11
12
13
14
E— E
S 3
" '
& = j 14
o 5
3E A |
g Eég -’ | 16
S E3 ;
ik i
EEFES ! 17
S F53 | 1 '
tE ; : E 18
E i i P
34 :
.% = |
= j 19
25
[ 20
Updated: 7/2/98 RAH ' Page 1 0f 2

File: 2708 MW-10-25 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-10-25
Portland, Oregon OWRD # 84238
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:00 10:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 9-Nov-95 | 9-Nov-95
- —~ o - -1
5 . e E n 2| %\ g BORING DIAMETER: 10-inch
Eo | ok 2|25 _| 2|8 |25, [casnvepuamerer: 2-nch ID
204 = | E G‘famg‘a mE"‘ T ixleEn
Egg %m = [Z2EB5E ES|38 E g 3 3 |SURFACE ELEVATION: 36.5 feet MSL
EE = E & g o 7 E é a2 £1 2 |TOoP OF CASING ELEVATION: 39,22 feet MSL
] = g & = A &
o o SOIL DESCRIPTION
o
F £ 21
-
é‘: . :‘3‘-
e U of
B ksd 22
rz -
§ F2
¢ k23 23
2 k2
£ 43
8 24
e
-3
i R & 25
Boring terminated at 25.0 feet bgs
Monitoring well installed to 25.0 feet bgs
26 Materials:
19 feet 2-inch diameter, 0.020-inch stainless steel slotted
screen
27 5 feet 2-inch diameter PVC blank casing
9 feet stainless steel blank casing
11 bags 10/26 sand
28 6 B0# bags bentonite chips
1 end cap
1 locking cap
above-grade steel monument
29 3 guard posts
30
* Sample Prefix Number is 2708-951109-
31
32
33|
34
35
36
37
o ?
! : i 38
E
E | 39
L
! ! I 40
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BAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-10-61
Portland, Oregon OWRD # 84237
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:00 12:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 8-Nov-95 | 8-Nov-95
- e : -i
E . 8 A o 21, 2 |8 BORING DIAMETER: 10-inch
59| ak g8 E | 2|8 | €[5 gq [oasmopmverer: 2-inch ID
W | =
Egg %E E % % Z 3 % gg Sg m (5| 53 [SURPACE ELEVATION: 36.5 feet MSL
22 % = E (33[=gs S & |5] 52 |rop oF CASING ELEVATION: 89.33 feet MSL
Z 2| o HENELE
S T & = a g
O o SOIL DESCRIPTION
- . 3
E
— 3
;é -2
— u;‘: 1 Ground surface
M10-01 | 850 | 26.2 78.7 Silty Sandy GRAVEL - grey/brown, wet.
5 M10-02 | 855 | 57.1 107 1
L
g GM
S 2
&
o ] SAND (2.5-3.0 feet bgs) - brown, moist, poerly graded, loose,
& y y 3 medium grained.
m
a SAND (3.0-4.0 feet bgs) - black, goorly graded, loose,
g M10-03 | 905 Sy ! 4 7] medium graired, hy: bon odor, sheen.
5]
102 E
£ i 5
@ R ) SAND with gravel (5.0-10.0 feet bgs) - black, moist, moderately
2 [ 6 dense, hydrocarbon odor, sirong sheen, tar from 7-8 foot depth,
g . i lampblack present?, brick at 8 feet bgs.
E :
E M10-04 | 920 - 7
2 566
8
g
N
3 'y iyl
& N Tarry SAND with gravel (10.0-15.0 feet bgs) - wet oozing tar
= i 11 saturated sand ané.r gravel from 16-12 feet bgs,very ha:f tar
= : matrix from 12-15 feet bgs.
g M10-05 930 - i
# 241 i 12
H !
: Pl 13
& 1
i 14
§ EEBEABIRE ¥
2 A A )] Tarry SILT with gravel (15.0-16.5 feet bgs) - black, moist,
Z
:3 Ty 16| EMI é oozing tar, silts are saturated with oily tar, silts repel water.
+ : l
¥ T T w
b : ; T
! | E W A 17 SAND (17.0-20.0 feet bgs) - olive grey, moist to wet, fine grained,
i § : ! product saturated (brown), froth via sheen, large piece of woed
- ! 18 | i end of sampling core.
; R A 8
: ©
i 195
M10-06 | 950 -
i 2500+ | ¢ 1 ¥ 20

Updated: 7/2/98 RAH
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HAHN & ASSOCIATES, INC. :
434 NW Sixth Avenue MONITORING WELL NUMBER MW-10-61
Portland, Oregon OWRD # 84237
(503) 796-0717 HAI LOGGER: Rob Ede DRILL { DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 L/4-inch ID Hollow Stem Auger Time: |[Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 8:00 12:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 8-Nov-95 | 8-Nov-95
= o : i
E . % E " 215 ?} E BORING DIAMETER: ICE-mch
Eu | mk CIER &8 |82 <~ lcasne piameTER: 2-inch ID
H0d | 2 g e b Blew E ~|= gl E®
ERS % a % Ela 3 & 5 s|z€|E g <5 [SURPACE ELEVATION: 36.5 feet MSL
ng 5 E B g SEE s 59 E Sla 2 {TOP OF CASING ELEVATION: 39.33 feet MSL
o o g 2 ) = Q=
O o SOIL DESCRIPTION
% y | SAND (20.0-23.5 feet bgs) - brown, wet, loose, poorly graded,
\ 21 medium grained, product saturated (oozes out of pore spaces)
N :
NE
\\ 3 [e07 | 1005 - 22
g 2500+
g 23
E w2
g E 24 ?{ SILT (23.5-25.0 feet bgs) - brown, moist, stiff, root zones, no
2y o [ M1008 | 1010 : / product, no sheen.
£y 7
gy 2 1204 25 ML 7]
4 A V/ SILT (25.0-30.0 feet bgs) - brown, moist, stiff, root zones, some
\ 28 / black and brown spots (organic looking), no obvious product.
% 27 %
§ 2 /
%\ Mio-09 | 1018 0.76
§ 543 Vo2 /
§ v 30 /
§ A | A SILT (30.0-35.0 feet bgs) - olive grey with orange spots, , root
\ 31 zones, no product, no sheen, poor sample recovery.
§ M10-10 | 1025 - - /
§ v | 32 /
§ 33 /
\ 34 /
H /
Fad m
K [ 35 /
wn [3 "
3 & 3 A 4 SILT (35.0-40.0 feet bgs) - olive grey to green, root zones, small
59 3 l 36 / piece of bark, no sheen.
233
E¥3 | Mio-11 1035 | 653 . /
B4 =
- . - 7
2y 5| mo12 ! 1000 683 3 /)’;
g E F ML 4
% f 38 7
S !
| 39 /
| Y /
| y 40 é
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue MONITORING WELL NUMBER MW-10-61
Portland, Oregon OWRD # 84237
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time;
Gasco Facility ’ EQUIPMENT TYPE B-58 Mobil Drill 9:00 12:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 8-Nov-95 | 8Nov-95

b4 —~ [ BORING DIAMETER: 10-j

ol s 8 |82 | 3z [3E e
ASE ,Frj E.: @ § NERR :’-’. Qé & § g % CASING DIAMETER: 2-inch ID
ERT %m = |& % %:} g ES|Z8|E % S |SURFACE ELEVATION: 36.5 feet MSL
FER| 3 5| B |98=Z 89y 2 B £ 2 JTOP OF CASING ELEVATION: 39.33 feet MSL

Z z & [ =l 2l i=]

(o] = 3] a2 A (=

O o SOIL DESCRIPTION

SILT (40.0-45.0 feet bgs) - olive grey to green (transition to green
with depth), moist, stif, non-plastic, slightly brittle from 44-45
feet bgs, root zones, bark, sandy silt from 43.5-44 feet bgs.

Bentonites Grout Slurry

:

Wha

M10-13 | 1050 - N
220 B

;i y 45
3 SILT (45.0-47.5 feet bgs) - olive green to 46.5 feet bgs, tan to 47.5
] 46 feet bgs, moist, hard/slightly brittle, no sheen.
£
9 @
N i
g
=2
| M10-14 | 1115 - \d | 48 SAND (47.5-53.0 feet bgs) - tan, wet, loose, poorly graded, fine
| 61.3 grained, no sheen, some muscovite from 50-53 feet bgs.
| 61
! 49
50
— A A
— | 51
L3 ,
g4 M1o-15 | 1145 . ‘ 52
2w
L&k 623
FAEE f 53 :
A | V Sandy SILT (53.0-57.5 feet bgs) - tan, meist, mediam stiff,
1% | ¥ L1 54 interbedded with fine grained sands from 55.0-57.5 feet bgs.
H&F /
[=3 D o
s 2
Q w0 -
] 55 /
E %
.E:‘_} 3 , A A ML 4
3
£ i 7
£ - ] i
£3M10-18 | 1200 . /
= -
S 7 1 476 57
a 5 [l
::; 3 ! Tree trunk at 57.5 feet bgs surrounded by olive grey sands.
g7 | H
a3 ! | l 58 Silty SAND (57.5-60.0 feet bgs).
] : ! :
FiM10-17 | 12100 - i 59
— E ! iy
—] ‘ Ly 60
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HAHN & ASSOCIATES, INC. :
434 NW Sixth Avenue MONITORING WELL NUMBER MW-10-61
Portland, Oregon OWRD # 84237
[(503) 796-0717 HAI LOGGER: Rob Ede DRILL { DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METEHOD: 6 1/4-inch ID Hollow Stem Auger Time; Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:00 12:30
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 8-Nov-95 | 8-Nov-95
Z - =3 R. . i
5 . a |22 2l |2 B |BORING DIAMETER 10.inch
o |3l < X @ |t < ~ JCASING DIAMETER: 2-inch ID
Al | d @ §f-E~ gma mgA SElen
éag % m § W g % ﬁ & ?}% S8 E a é 8 SURFACE ELEVATION: 36.5 feet MSL
-y a. b
355 = § & g a1 BT EIR |5 § & 2 |TOP OF CASING ELEVATION: 39.33 feet MSL
3 o g & 2= 1al=
o o SOIL DESCRIPTION
3
61
62
63
64
Boring terminated at 61.0 feet bgs
65 Boring sampled to 60.0 feet
Monitoring well installed to 61.0 feet bgs
Materials:
66 10 feet 2-inch diameter, 0.010-inch stainless steel slotted
screen
5 feet 2-inch diameter PVC blank casing
67 45 feet stainless steel blank casing
1 50# bags 20/40 sand
11 bags 10/20 sand
2 504 bags bentonite chips
68 5 bags bentonite grout
1 end cap
1 locking cap
69 above-grade steel monument
3 guard posts
70
71
72 * Sample Prefix Number is 2708-951108-
73
74
75
76|
77
!
i 78
; i
| | 79
T | ‘
; i .80
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HAHN & ASSCCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-11-32
Portland, Oregon OWRD # 84232 ‘
(508) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 V4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 1350 1430
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 3-Nov-95 | 3-Nov-05
z _ o : i
Z . g (Ba 1N s (B BORING DIAMETER: 10-inch
B | ak 2 |=% Sl 1§ <! « ~ |cASING DIAMETER: 2-inch ID
[ J O QN | o] Q*E megpm E"‘ Llgien
BES %m = |48 gi Elac |2 8| K [5] 3§ |SURFACE ELEVATION: 35.4 feet MSL
7 S| B [E=EEESTIE 5 £ 2 |TOP OF CASING ELEVATION: 38.39 feet MSL
z “zZ = 3) 218 |98
5 m = = a %
© S SOIL DESCRIPTION
- 3 3
£
— 2
5 -2
=
B g I Ground surface
1 See boring log for boring M-11 for soil deseription.
b
7 £ 2
'\‘I o
N 3
&
a
- 4
59 &
2 &
£ A 5
[3
& i
\ | 6
X -
§ 7
\ :
% :
\ i
N\ |
% i 11
1
N
\\\\ % 13
\ k! : 14
N\ I
\ | i | 15
a f i i
8 i i 18
2 ;
= .
2 ;
2 17
% ; a‘ 3
i 18
—
| é 19
: |
i 20
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HAHN & ASSCGCIATES, INC.

434 NW Sixth Avenue MONITORING WELL NUMBER MW-11-32
Portiand, Oregon OWRD # 84232
(503) 796-0717 HAI LOGGER: Rob Ede DRILL DRILL
PROJECT: SAMPLING METHOD: Not Sampled START FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 1350 1430
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 3-Nov-95 | 3-Nov-95
4 —_ [} : -
5 . g UB) » . ,‘3 E BORING DIAMETER: 10-inch
Eo | mik ¢ |85 &l |8 18] « .. fcasve prameTER: 2-inch ID
202 3 g LElnmElee|BSISElER
BES %g = |4 &8 g & é;% ZE|EZ |2| 8% |SURFACE ELEVATION: 35.4 feet MSL
& =
3;5 S8 | ° g &% 557 13 E § £ 2 |TOP OF CASING ELEVATION: 38.39 feet MSL
<) I g & a2~ (als
O it SOIL DESCRIPTION
21
— 22
i 2
@ 3
T 24
VT
T
23 25
« FET
E g E 26
H
@ b
S FE3
s 2] 27
e ¥
o 2
N EE 5 28
S S
S -
83 T
[£13 29
F 2
&F
= 30
— 31 Bering terminated at 32.0 feet bgs
& Monitoring well installed to 32.0 feet bgs
(=3
! 32 Materials:
10 feet 2-inch diameter, 0.020-inch stainless steel slotted screen
15 feet stainless steel casing
33 6 feet 2-inch diameter PVC blank casing
13 50# bags 16/20 sand
| 12 50# bags bentonite chips
; 34 1 end cap
1 locking cap
above-grade steel monument
3 guard posts
35
!
f 36
37
ﬁf |
: ! 38
: !
39
! 40
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-12-36
Portland, Oregon OWRD # 84224
(503) 796-0717 HAI LOGGER; Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch OD Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |Time:
Gaseo Facility EQUIPMENT TYPE B-59 Mobil Drill ) 1410 1550
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 23-Oct-95 | 23-Oct-95
—_ o . i
E . m Ao 3 > 2 E BORING DIAMETER: 10-inch
Eu| nk S |23 &2 | 8|9 « .~ [casve piaMETER: 2-inch ID
Q%A 2 g e aD:“‘E wlB 1S 2e3
ek %m = |Z2E1854 gg Z2&|m 2| 5% |sURrACE ELEVATION: 35.9 feet MSL
s <
BEE ] E B E% S S ~ g 8 § § % 2 JTOP OF CASING ELEVATION: 38.69 feet MSL
g S g & i L =
e © SOIL DESCRIPTION
§ =
L ; 5
3 R
'g 1 Ground surface
Mi2-01 | 1415 | 0.1 116 é, ] Surface: Sandy GRAVEL, (placed for ground cover) - moist,
1 G o] °° hydrocarbon odor, no sheen.
£ 2 :
g L ; SAND (2.0-4.5 feet bgs) - brown, moist, fine grained, locse,
S M12-02 | 1420 z A some thin silty zones present, no hydrocarbon odor, slight
05 3 sheen.
A
¥ 4
g 4
o
8 M12-03 | 1428 | 3.9 - * 5 SILT {4.5-9.5 feet bgs) - moist to wet, olive grey, very soft,
z strong hydrocarben odor, strong sheen.
E
iy = 6
&y e
2 5
i
R 7
4
8
9
 J
10 SILT (9.5-14.5 feet bgs) - olive grey/green mottled with
3 orange spots (oxidized zones), moist, stiff, strong
hydrocarbon odor, sheen, brown oil-likke substance in upper
Mi2-04 | 1440 N 11 2 feet of core.
46.3
12
B
13
1
Y
ER A 1A
5 5 H ! ] SILT (14.5-15 feet bgs) - olive grey, brown mottled, stiff,
_‘E E M12.05 | 1450 | T 16 ~ strong hydrocarbon edor, sheen via sheen test.
i i “.f SAND (15-16.5 feet bgs) - brown, wet, fine grained, poorl:
m é ' 69.6 ; % .| graded, strong hydrocarbon odor, sheen. poory
! 1
E - - d 17 / SILT (16.5-19.5 feet bgs) - olive grey and brown mottled, stiff,
E ! ! /‘2 strong hydrocarbon odor, sheen via sheen test, stained soil )
3 i g 18 ; ML 9« from 16.5-17.5 feet bgs.
0
| Yy |19 /
) Z
A A | 20 | SP3
Updated: 7/2/98 RAH Page10f3
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HAHN & ASSOCIATES, INC. ‘
434 NW Sixth Avenue MONITORING WELL NUMBER MW-12-36
Portland, Oregon OWRD # 84224
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch 0D Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch TD Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 1410 1550
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 23-0ct-95 | 23-Oct-95
-4 — o NG D ETER: 10-i
g . 8 2 2l 3z |8 BORI IAM . inch
Eul| mi 2 _|25_| &|8 |3Z| <. |casmcpumersr: 2-inch ID
283 58 | 8 [E3Rse5lEL | K|S0
ERS %g = |ZE|85E 5«;-2 28|m E gm SURFACE ELEVATION: 35.9 feet MSL
o <
= 28 | & g |- g SRS 8|8 E S| % 2 |TOP OF CASING ELEVATION: 38.69 feet MSL
Q = g e 2 2 o (&
o o SOIL DESCRIPTION
§ SAND (19.5-24.5 feet bgs) - olive grey, wet, fine lfrail:led,
é 21 sheen on core, hydrocarbon odor, loose, 1-inch silt layer
3 g encountered at 21.0 feet bgs, some product staining on silts.
RE
§ 22 :
T | M12-06 | 1458 86 2
1 I 72.4 23
g
3 ¥l 2 i
Y
A 25 SAND (24.5-29.5 feet bfs) - olive grey changing to brown with
— depth, wet, fine grained, loose, muscovite present, no
— hydrocarbon odor, no sheen.
— 26
— M12-.07 | 1510 ND . 27
— 1.0 \ 2
B 28
. |
£
§ § E 29
A 3 Y
- E<d
5 E A A 30 SAND (30.0-34.5 feet bgs) - brown, wet, fine to medium
2 21 grained, loose, no hydrocarbon odor, no sheen, muscovite
Sl = t
S k=g present.
REE
® a3 32
E3Mi2.08 | 1530 - .
& ! 0.7 y | a3
[— 34
— ; 4
—] i A [} 35 SAND (34.5-36.0 feet bgs) - brown, wet, medium grained, loose,
N | no hydrocarbon odor, no sheen, muscovite present.
© IM12.09 1550: 0.9 . F | ¥y 36 sB:;if;zr;l; encountered at 36 feet bgs (augers grinding on hard
| 37
| !
¥ :
| ; .
: ; 39
i !
i 5 i : 40
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HAHN & ASSOCIATES, INC. :
434 NW Sixth Avenue MONITORING WELL NUMBER MW-12-36
Portland, Oregon OWRD # B4224
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch OD Core Barrel START | FINISH
Northwest Natural Gas Co. DRILLING METHOD: 6 1/4-inch 1D Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 1410 1550
Portland, Oregon DRILLER: Brad James Date: Date;
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 23-Oct-95 | 23-Oct-95
5 i g |Ba =1, = § BORING DIAMETER: 10-inch
Eul gk S _12%_| 8|8 |3[E] <. Jcasme pamerer: 2-inch ID
a0 O 82 =3 80-3 mE’“ Clglen
g22= %m g 28188 %c‘ 2E(E B Eg SURFACE ELEVATION: 35.9 feet MSL
— o -~ —
ZHe 5| F[RE=EE“EI3T|E B €22 JTOP OF CASING ELEVATION: 38.69 feet MSL
Z wZ M ) 218 |8fe
9 T [ =) L N=N P
O o SOIL DESCRIPTION
Boring terminated at 36.0 feet bgs
4 Boring sampled to 36.0 feet
1 Monitoring well installed to 36.0 feet bgs
Materials:
42 16 feet 2-inch diameter, 0.010-inch PVC slotted screen
10 feet 2-inch diameter PVC blank casing
16 504 bags 10/20 sand
43 14 50# bags bentonite chips
1 end cap
1 locking cap
above-grade steel monument
44 3 gu posts
45
* Sample Prefix Number is 2708-951023-
46
47
48
49|
50
51
52|
53
54
55
56
i
i 57
i
i | 58
: 59
: 60
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-13-30
Portland, Oregon OWRD # 100685
(503) 796-0717 HAJ LOGGER: Rob Ede DRILL { DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobile Drill 8:36 10:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 19-Dec-97 | 19-Dec-97
Z @ s | = ~ & BORING DIAMETER: 10-inch
S |k o BT | &|B |3 § < ~ |cAsmie pramETER: 2-inch ID
2o |38 | w =aR &7 HENE B :
Egg % 22 |ZE8 5 NE E 3 S |SURFACE ELEVATION: 35.23 feet MSL
Q N’
gfg 3BT 2 > =N E 5 E gl & 2 fTOP OF CASING ELEVATION: 34.86 feet MSL
Q “ s § & 4 o &
© O SOIL DESCRIPTION
Flush Manumen;. Ground surface
) 1
é T See boring log for well MW-13-61 for soil description.
&1 t .
1 2] HEHH
H HE S B
3
£
3 4
Q
2
= 5
=
=
=1
e 6
E
&
7
8
9
I
| 104
11
: !
g i 12
S
B
ay 2 | ;
fRE § 14
> = ; ]
Nk :
I 16
: |
; 17
| P
, : i , 18
1 |
} | i 19
8 i !
& : -
= ; i | 20
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HAHN & ASSOCIATES, INC.

MW-13-30

t ML A & eea bags 10/20 sand

c=e AT

# . By
30 % i ﬁgt :;gs bentonite chips

1 locking eap

flush steel monument
31

32

33

34

35

36

37

; 38

f a9

40,

1 foot stainless steel sump/well cap
10 feet 2-inch diameter, §.020-inch stainless steel slotted screen
10 feet 2-inch diameter stainless steel blank casing

; 9 feet 2-inch diameter PVC blank casing

434 NW Sixth Avenue MONITORING WELL NUMBER
Portland, Oregen OWRD # 100685
(503) 796-0717 HAT LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: Not Sampled START | FINISH
Northwest Natural DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mebile Drill 8:36 10:00
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR:  Geo-Tech Explorations 19-Dec-97 | 19-Dec-97
- e : i
5 . & 52 - 2o % E BORING DIAMETER: 10-inch
Eou | mf 2 8% 818 |2|%| <~ |casme piamErer: 2-inch ID
2 IRE |8 [aEhaden|B S| EE
égg En| 5 |4 58 3 & Eo|28|m[B] 33 |surrace eLEvATION: 35.23 feet MSL
Eg E E & g N g 4 el2 E § £ £ |TOP OF CASING ELEVATION: 34,86 feet MSL
<) i ;? Bl 3% |Als
O o SOIL DESCRIPTION
21
22
3 FiS 23
A FE
E EST
;,; 1= 24
N3IE
% EE3 25
L2 F= -
S E83 !
= J 26
i
2
-~ 27 . .
C Boring terminated at 30.0 feet bgs
il Monitoring well installed to 36.0 feet bgs
28 Materials:

Updated: 7/2/98 RBE
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HAHN & ASSOCIATES, INC. ’
434 NW Sixth Avenue MONITORING WELL NUMBER MW-13-61
Portland, Oregon OWRD # 106684
H503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |[Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:30 14:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 18-Dec-97 | 18-Dec-97
Z [+ . -1
5 . 8 g o ,‘3 E BORING DIAMETER: 10-inch
S | ak ¢ (S8 | 3B |§|5] <~ Jcasmo piaverer. 2-inch ID
WHOR W dm l m Q‘"E‘ Dp"é‘ §;> E" ZlElE R
EEE 8| 8 [2E gé E|SEIBE|E (2] 83 |SUBFACE ELEVATION: 35.23 feet MSL
4 E% & 23‘ S50 1S T | 8 E & 2 JTOP OF CASING ELEVATION: 34.78 foet MSL
Q = st 29 |8 A =
Q =] SOIL DESCRIPTION
Flu.sthonumene Ground surface
sF Surface: concrete.
1 1
SH
HH i ; k.
2 M 9
%g z safla
= Mt T
: 3
: M13-61} 10:04 - 4 SAND (3.5-5.5 feet bga) - light brown, dry to slightly moist,
fine grained, few rounded gravels, no hydrocarbon odor, no
6.4 heen (fill).
5
\ /
w0 ¥ 6 SAND (5.5-8.0 feet bgs) - light to rust brown, slightly moist,
£ fine grained, poorly graded, no gravels, no hydrocarbon odor,
S [M13-02| 10:08 ND no sheen (fill).
= O
. E:: g 5.0
= I
g
a \ 4
= A SAND (8.0-11.5 feet bgs) - as above, no hydrocarbon odor, no
2 sheen (§11).
M13-08] 10:20 ND
55
Y e
A =24 SAND (11.5-15.0 feet bgs) - as abeve, no hydrocarbon oder,
21 no sheen (fill).
£
= [M13-04/10:27] 52 | ND
a
BE SAND (15.0-19.0 feet bgs) - as above, wet below 18.0 feet
1< a b bgs, ne hydrocarbon odor, no sheen (fill).
£ E
1 E
b
5 M13-05/10:38] 8.1 | 10 :
Yy 18 I : SAND (19.0-21.0 feet bgs) - as above, wet, dark grey with
A organic reducing (decay) odor below 20.5 feet bgs, no
‘ 20 hydrocarbon odor, no sheen (fill). L
y B

Updated: 9/23/98 RBE Page 1of 4
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue MONITORING WELL NUMBER MW-13-61
Portland, Oregon OWRD # 100684
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT; SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Neorthwest Natural DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:30 14:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 18-Dec-97 | 18-Dec-37
o~ \ P
5 . % E - e % E BORING DIAMETER: 10-inch
JEa ekl (9|88 Qg 2 |$ 5| g [crswie DrameEr 2-inch ID
g ~I=
Eag %m = % E %:,}?': & & gg = [2] 35 |SURFAGE ELEVATION: 35.23 feet MSL
28 | 3 E SR R = I e £ 2 |1OP OF CASING ELEVATION: 34.78 feet MSL
Z Z = 20 18 |dg|8
(o] e B (=t
G o SOIL DESCRIPTION
A
M13-06] 10:47| 12.1 - ] ¢
4 . & 2GAND (21.0-23.0 feet bes) - dark grey, fine grained with few
; k shell fragments, potential hydrocarbon odor, no sheen (fl1).
M13-07| 11:00| 14.4 - 4
F §
M13-08: 11:10] 156 ; ND 25
M13-09} 11:14| (Dup) - SAND (23.0-28.0 feet bgs) - as above but with no shell
¥ 26 fragments, potential hydrocarboen odor, no sheen (fill).
| 27
| Y 28 SAND (28.0-28.5 feet bgs) - as above, no hydrocarbon oder,
2 |M13-10{11:30| 20 | 0.058 | A A no sheen (fill).
3
= 29 SILT (28.5-28.0 feet bgs) - greenish grey, moist,
8 ? preferentially parts along several thin dark prey layers in
3 ? upper 4-inches of silt, stiff, no hydrocarbon odor, no sheen.
24 1 30
333
2 2 31 Clayey SILT (29.0-32.5 feet bgg) - olive grey becoming
kS yellowish orange and grey mottled below 31.0 feet bgs,
: M13-11 11:38 ND moist, stiff, plastic, no hydrocarbon edor, no sheen.
E 2.1 Y 32 ML
4 33 Sandy SILT (32.5-39.0 feet bgs) - light grey and light brown
mottling, becoming dark grey below 36.0 feet bgs, moist,
oxidation spots and some fine grained muscovite present,
§ o 34 stiff, no hydrecarbon odor, no sheen.
e
a5
M13-12] 11:56 -
2.7 36
o
37
oo Y
o A |k | a8
39 Silty SAND (39.0-42.5 feet bgs) - dark ith ol
X .5 feet bgs) - y with olive grey
M13-13| 12:20 - silt lenses, wet, root fragments, no hy:gg;rbon odor, no
48 L 4 40 SM 5] heen.
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HAHN & ASSOCIATES, INC. i
434 NW Sixth Avenue MONITORING WELL NUMBER MW-13-61

Portland, Oregon OWRD # 100684
(503) 796-0717 HAT LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: |Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:30 14:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 18-Dec-97 | 18-Dec-97
= . -
E . - A o 2 (B BORING DIAMETER: 10-inch
o | gk ¢ |55 28 | 3|2 <~ fcasme pameTER: 2-inch ID
152 |88 | 2 |Fafiiales 54 EE|2n
ggg CERRER g‘}i& ARSI E S & |SURFACE ELEVATION: 35.23 feet MSL
71 § E B g SlEEZ1°E1S s S| §2 2 [TOP OF CASING ELEVATION: 3478 feet MSL
& i ?1** SR e e
O © SOIL DESCRIPTION
p ‘5
b B
I
b 2
|
L &
-
b o w =
B K SAND (42.5-44.0 feet bgs) - dark grey, wet, fine grained,
e }_’n shell fragments, rootlets, no hydrocarbon odor, no sheen.
@
N s
Y =
=+ I Sandy SILT (44.0-47.5 feet bgs) - grey, slightly moist, few
L2 2 in clayey silt lenses, shell fragments and rootlets, no
EE g M13-14 12.97 . hydrocarbon odor, no sheen.
¥
§ E 18.3
e K
&

87

Silty SAND (47.5-51.0 feet bgs) - with olive grey silt lenses
and dark grey fine sand lenses throughout, wet, shell
fragments and rootlets, no hydrocarbon odor, no sheen.

#f SAND (51.0-51.5.0 feet bgs) - grey, wet, fine grained, no

M13-15/ 13:45] 44 ' 2] hydrocarbon odor, no sheen.

Silty SAND (51.5-85.5 feet bgs) - dark grey, moist to wet, few
silt lenses throughout and a 3-inch fine sand lens at 47.5 feet

E S bge, shell fragments, root fragments, no hydrocarbon oder,
& no sheen.
EE
S
8" M13-16| 14:00 -
E. 12.4
S
SAND (55.5-61.0 feet bgs) - dark grey, wet, fine grained, few
silt lenses, slight reducing odor within silt lenses, no
hydrocarbon odor, no sheen.
M13-17| 14:18 ND
4.7
M13-18| 14:30| - -
3
\ 4
Updated: 9/23/98 RBE Page 3of 4

File: 2708 MW-13-61 HAHN AND ASSOCIATES, INC.



HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue MONITORING WELL NUMBER MW-13-61
Portland, Oregon OWRD # 100684
(503) 796-0717 HAI LOGGER: Rob Ede DRILL | DRILL
PROJECT: SAMPLING METHOD: 4-inch Core Barrel START | FINISH
Northwest Natural DRILLING METHOD: 6 1/4-inch ID Hollow Stem Auger Time: Time:
Gasco Facility EQUIPMENT TYPE B-59 Mobil Drill 9:30 14:40
Portland, Oregon DRILLER: Brad James Date: Date:
PROJECT: 2708 DRILLING CONTRACTOR: Geo-Tech Explorations 18-Dec97 | 18-Dec-97

z ] BORING DIAMETER: 10-inch

S| ez SR T 3le |3 g : :
5388w [$= DE» HE £ |5| & g |cASING DIAMETER: 2-inch ID
Egg % 5|5 |G E Ej g ZE|Z8|E[B| &3 [SURFACE ELEVATION: 35.23 feet MSL

Eg o E e g g = ET(C 5|8 E § §2 £ |TOP OF CASING ELEVATION: _34.78 feet MSL

& o g?' il IS =g -

&) o SOIL DESCRIPTION
LR B 1 sp &
@O -«

4 61 R

Boring terminated at 61.0 feet bgs
62 Boring sampled to 61.0 feet
Monitoring well installed to 61.0 feet bgs

63

64 Materials:

1 foot stainless steel sump/end ca

5 10 feet 2-inch diameter, 0.010-inch stainless steel slotted screen
40 feet 2-inch diameter stainless steel blank casing

10 feet 2-inch diameter PVC casing

12 50# bags 10/20 Colorado sand

66 5 50# bags bentonite chips

5 bags bentonite grout

3 Ef.:e:};‘fualizers
1 locking cap

67 Flush steel menument

68|

69

* Sample Prefix Number is 2708-971218-

76

71

72

73

74

75

76

77

78

79

80|
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APPENDIX C

Sediment Core Logs
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KEY TO BORING LOGS

Soil classification in this report is based upon visual and manual field observations whick include moisturs, consistency, plasticity
and grading estimates and should not be construed to imply field or laboratory testing unless presented herein. Seils are
classified in accordance with the Unified Soil Classification System. Stratigraphic boundaries are approximate representations
only. No warranty is provided as to the continuity of soil strata between borings.

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

HIGHLY ORGANIC SOILS

MAJOR DIVISIONS GROUP SYMBOLS TYPICAL NAMES
%
GRAVELS Clean Gravels GW E % Well Graded Gravels, Gravel-Sand Mixtures
With Little or ¢ 0508
No Fines 22
COURSE | More Than Half the GpP Poorly Graded G 1 N i
G NED | Course Fraction is oorly Graded Gravels, Gravel-Sand Mixtures
SOILS Larger Than .
No. 4 Sieve Size Gravels With Over GM Silty Gravels, Poorly Graded Gravel-Sand-Silt Mixtures
12% Fines
GC Clayey Gravels, Poorly Graded Gravel-Sand-Clay Mixtures
More Than Clean Sands W
oy SANDS With Lo SwW ell Graded Sands, Gravelly Sands
Larger Than No Fines )
#200 Sieve | More Than Half the sSp Poorly Graded Sands, Gravelly Sands
Course Fraction is
Smaléer Thsan Sands With
No. 4 Sieve Size ands Wit i Qi ;
Over 157 Pines SM Silty Sands, Poorly Graded Sand-Silt Mixtures
SC Clayey Sands, Poorly Graded Sand-Clay Mixtures
ML Inorganic Silts and Very Fine Sands, Rock Flour, Silty or
SILTS AND CLAYS /// Clayey Fine Sands, or Clayey Silts with Slight Plasticity
7
FINE CL W Inorganic Clays of Low to Medium Plasticity, Gravelly Clays,
GRAINED Liquid Limit Less Than 50% Z 7 % Sandy Clays, Silty Clays, Lean Clays
SOILS
OL Organic Clays and Organic Silty Clays of Low Plasticity
More Than MH Inorganic Silts, Micaceous or Diatomaceous Fine Sandy or
Halfis SILTS AND CLAYS & Silty Soils, Elastic Silts
Smaller Than %
#200 Sieve CH \ Inorganie Clays of High Plasticity, Fat Clays
Liquid Limit Greater Than 50% & o
OH Organic Clays of Medium to High Plasticity, Organic Silts
Pt Peat and Other Highly Organic Seils

LEGEND FOR BORING LOGS

Blank Casing

Slotted Screen

g e

. Egj;:;‘;.'

Cement Grout

Concrete

Bentonite

Sand Pack

Fill Material

Updated: 7/2/98 RBE
File: Boring Log Key

ABBREVIATIONS

NA Not Applicable

ND Not Detected Above Detection Limit
NS Not Sampled

PAH Polynuclear Aromatic Hydrocarbons
ppm Parts Per Million

SPT Standard Penetration Test

v Measured Static Water Level in Well
. Estimated Water Level During Drilling
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-4
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYFE VibraCore attached to barge 9:33 9:50
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 | 1/23/96
= 04 — BORING DIAMETER: 3.75-inch
#* b3 A BE~]® | -
mE |3 |2.|8SE| E |5 g &| | g4 |casmcpameTER: 3.75-inch
A o3 t~ ~
Ea |= 258352 2 g & E E Q |SURFACE ELEVATION: Not Surveyed
é E g QEImaE| 2 E E 2 |TOP OF CASING ELEVATION: Not Applicable
= |E |3F9) 3 |RF|A
- SOIL DESCRIPTION
-4 . 1 >
SD-4-01 | 12:25| 23 | 165/ND y SILT-brown, wet, very soft, roots, sheen, hydrocarbon odor (0"-6")
SD-4-02 |12:30] 4.0 - 1
_
SD-4-03 |12:36| 95 . 2 4 ML ,/J Sandy SILT-grey, wet, soft, roots, sheen, hydrocarbon oder (6"-3")
?
SD-4-04 [12:47| 13.6 - 3
Sandy SILT with gravel and wood chips-brown, wet, sheen,
hydrocarbon odor (3'4")
SD-4-05 | 12:54] 24.3 - 4 /
- ff Sandy SILT with fine grained sand seams-grey, moist, rootlets
SD-4-06 [13:00] 23.4 - / throughout, much vegetative material from 4' to 5, sheen within
sand seams only, hydrocarbon edor (4'-6")
SD-4-07 {13:30| 16.7 - -6
Silty SAND-grey, moist, fine grained, reot fragments, no sheen,
SD-4-08 |13:32] 15.6 - ST hydrocarbon odor (6'-7")
SD-4-09 | 13:36, 13.9 -
] Silty SAND-as above, many root fragments, no sheen,
hydrocarbon odor (7'-9.5")
SD-4-10 |13:38{ 12.3 -
8SD-4-11 [13:40| 11.6 | 0.15/ND
Y 11
* Sample Number Prefix is 2708-960123-
12
Core collected and sealed 1/23/96
Core opened and sampled 1/25/96
13
14
15 BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
E ppm = parts per million
; 16 ND = non-detect
17
18
19
20

Updated: 9/2/98 RBE Project #2708
File: 2708 SD-4 Page1of1 HAHN AND ASSOCIATES, INC.,



HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-5
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |[DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START [FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached te barge 10:23 10:40
Portland, Oregen DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 | 1/23/96
= w3 . BORING DIAMETER: 3.75-inch
| 818 |BE2| 3 [nal3 =
ki | 2|2 (228 & |B g &| | &g |casme panerer: 3.75-inch
3 o @ ol
&8 |2 |RE[85g| E Blm| | S |SURFACE ELEVATION: Not Surveyed
?) E 3 ZEEaE ] 9B K | |52 fror oF CASING ELEVATION: Not Applicable
|8 |32 S |RE|A
- SOIL DESCRIPTION
5. . 8/ND A SM &
SD-5-01 | 14:30) 4.7 | 11 Silty SAND-brown, wet, loose,very fine grained, sheen (0"-6")
SD-5-02 | 14:33| 44 - 1
/ SILT with silty sand lenses-brown, wet, medium stiff, roots,
74 strong sheen (6"-2"
SD-5-03 | 14:35 3.5 - 2 ; ML 7
/’// §ET4ﬁve grey, wet, very soft, wood chips at 2', slight sheen (2'-
SD-5-04 | 14:40] 8.7 - 3 / 3)
- Sandy SILT-dark brown, moist, medium stiff, rootlets, many
SD-5-05 | 14:45| 3.4 - wood fragments and dark grey to black discoloration from 6’ to
- 8', sheen (3'-8")
SD-5-06 | 14:50] 9.6 - 15 /
SD-5-07 | 15:00f 9.4 - El %
SD-5-08 | 15:05| 19.0 - S /f
SD-5-09 | 15:10| 17.4 | 1,154/ND ¥y 8 %
9
* Sample Number Prefix is 2708-960123-
10 Core collecied and sealed 1/23/96
Core opened and sampled 1/25/96
Y 11
12
13
14 BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
ppm = parts per million
15 ND = non-detect
16
17
18
19
20

Updated: 9/2/98 RBE
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HAHN & ASSOCIATES, INC.

SD-6-03 |15:50| 12.0

SD-6-04 |15:52; 6.8

SD-6-05 |15:55| 2.6

SD-6-06 |16:05] 4.0

SD-6-07 ;16:16{ 9.1

SD-6-08 |16:13| 5.3

SD-6-09 [16:15; 3.1

434 NW Sixth Avenue SOIL BORING NUMBER SD-6
Portland, Oregon
(503} 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START [FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 11:02 11:20
Portland, Oregon Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 | 1/23/96
2 |m 7o le~ —_ —_ BORING DIAMETER: 3.75-inch
#* @ |G Bg2| 8 |& ko -
ak R I12_|5SE| £ |8 g & | |2 g [casiNG DlamETER: 8.75-inch
o ‘= ~
Ba | 3 RAEEE E Blm| | 853 ISURFACE ELEVATION: Not Surveyed
= = Q& 2l g |8 B E+ 2 ITOP OF CASING ELEVATION: Not Applicable
w0 E = i S |8 &) 193]
E (& g7 o |- a8
- SOIL DESCRIPTION
_6- . 3 2
SD-6-01 | 15:46| 6.5 | SAND-brown, wet, loose, medium grained, wood fragments, slight
SD-6-02 |15:48| 14.6

5 . sheen (0"-1)

SAND-as above, moist to wet, many wood fragments from 2' to

{ 2.5 with an associated strong sheen (1'-4"}

Silty SAND-brown, moist to wet, loose, much roet material,
increasing silt content with depth, sheen (4'-5")

SAND with interbedded Silts-grey, moist to wet, loose, silts are
dark grey, moist, soft, root material and sheen in sands only(5'-
8"

10

11

12

13

14

15

16

17

18

19

20

* Sample Number Prefix is 2708-960123-

Core collected and sealed 1/23/96
Core opened and sampled 1/25/96

BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
ppmn = parts per miilion

ND = non-detect

Updated: 9/2/98 RBE
File: 2708 SD-6
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-7
Portland, Oregon
(503) 796-0717 HAT LOGGER: Rob Ede DRILL |[DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START |[FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibratien/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 9:33 9:50
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 1/23/96
. g g E ':g =1 = |x 2 BORING DIAMETER: 3.75-inch
S ﬁ ] pr g £ g o g R3] g % CASING DIAMETER: 3.75-inch
. [} - @ ~
% E 33 E % 5 5% ;E E g E é 8 SURFACE ELEVATION: Not Surveyed
g RS Bl e R g £ 2 |TOP OF CASING ELEVATION: Not Applicable
w = 3| 3 |4 =
g |z -2l IR Lol =
» SOIL DESCRIPTION
SD-7-01 | 8:32 | 55.8 |26,408/54| & SILT-brown, wet, very soft, no sheen (0"-2")
" 8D-7-02 | 8:35| 318 - 1 i Tarry, Sandy GRAVEL, black, tar is hard to slightly plastic, much
T ve)getation, rootlets, decreasing tar content with depth, sheen (2"-
Bt
SD-7-03 | 8:37| 55 - 2 SAND, dark grey, medium grained, loose, some tar in matrix,
sheen (1'-2"
SD-7-04 | 8:40 | 4.6 - 8 Sandy SILT with fine grained sand seams-grey, moist, slightly
stiff, rootlets and wood fragments, no sheen (2'-4")
8SD-7-05 | 9:.00 | 4.1 - |4
SD-7-06 | 9:04] 1.8 . Silty SAND-grey, moist, fine grained, bedded brown vetetative
material, no sheen (4'-6.5")
SD-7-07 | 9:08 | 2.1 - -6
|
SD-7-08 | 9:18 | 15 | - 7
SD-7-09 | 923 | 12 - s
s Sandy SILT-grey, moist, medium stiff, shell material, root
- fragments, ne sheen (6.5'-9"
SD-7-10 | 25| 1.2' | 10.9/ND Sf 9
y 10
11
* Sample Number Prefix is 2708-960123-
12
Core collected and sealed 1/23/96
Core opened and sampled 1/26/96
13
14
15
16
BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
17 ppm = parts per million
ND = non-detect
18
19
20

Updated: 9/2/98 RBE
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-8
Portland, Oregon
(503) 796-0717 HAI LOGGER: Rob Ede DRILL |DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 9:33 9:50
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 | 1/23/96
—~ n = —_ BORING DIAMETER: 3.75-inch
* 3 % B8z T |= ®
mk |3 |9 |8SE|E | E &| | g5 |caswo paveTER: 3.75-inch
& —
% g2 2 % E é o3| B 2 &= E S [SURFACE ELEVATION: Not Surveyed
g |2&(=a Bl g I8 = &4 2 [TOP OF CASING ELEVATION: Not Applicable
w E = B i m s K = w
5 = 2 O |==g
- SOIL DESCRIPTION
-8-01 | 9:50 | 14.3 | 875/ND A
SD-8 Sandy SILT-brown, wet, very soft, some medium grained sand
SD-8-62 | 9:52 | 12.9 - lenses, root matenal no sheen (0-2')
SD-8-03 | 9:56 | 12.1 -
Sandy SILT-as above, some gravel, slight sheen (24"
SD-8-04 |10:00| 11.9 -
SD-8-05 |10:03| 12.3 - Sandy SILT with fine grained sand seams-olive grey, moist,
medium stiff, rootlets throughout, much vegetative matenal
slight sheen (45"
SD-8-06 {10:15| 13.0 -
SD-8-07 |10:18| 133 - SAND-grey, moist, medium grained, loose, wood fragments,
strong sheen (5'-7" )
SD-8-08 |10:23] 304 -
Tan'y gin&ér SII&T-oh‘(r’? gérey moist, stiff, seams of black viscous
- tar and hardened tar (7'-
SD-8-09 |10:30] 172.0 - 8 A IVIL f
‘ / Sandy SILT-as abeve, no tar, strong sheen (8-9')
SD-8-10 | 10:32| 59.7 | 3,254/2.6
10
i 11
12 * Sample Number Prefix is 2708-960123-
Core collected and sealed 1/23/96
12 Core opened and sampled 1/26/96
14
15
|
f 16
BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = poiynuclear aromatic hydrecarbons
17 ppm = parts per million
ND = non-detect
18
19
20

Updated: 9/2/98 RBE
File: 2708 SD-8
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-9
Portland, Oregon
H503) 796-0717 HAI LOGGER: Rob Ede DRILL {DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START [FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 13:25 14:00
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/24/96 | 1/24/98
= w3 — —_ BORING DIAMETER: 3.75-inch
« |2 18 |55z % |x 313 :
NE |8 |2-.{B% El & = <8 < o |CASING DIAMETER: 3.75-inch
N a 13 Pus
gg |5 |BE|2 S| E &= é O |SURFACE ELEVATION: Not Surveyed
g E g 25| & ol =N g; Ay £ 2 |TOP OF CASING ELEVATION: Not Applicable
g (& g ga| S =518
= SOIL DESCRIPTION
SD-9-01 |10:50| 15.8 | 125/ND | A 7 ///,
7] Sandy SILT-brown, wet, very soft, some medium grained sand
SD-9-2 {(dup)| 10:55| 13.8 | 94/ND 1 - ML f lenses, root material , no sheen (0-2")
Z
-
SD-9-03 |10:58| 13.0 - 2 7
3 Gravel-wet, loose, angular, no sheen (2-3'.5)
SD-9-04 |11:00] 13.4| - 3 : GP 3 B
% x4 Silty SAND-wet, loose, medium grained, root fragments, strong
SD-9-05 |11:02] 17.3 - 4 SM {] metallic sheen (3.5'4")
SD-9-06 | 11:06] 110 | 5,471/14 5 Eﬂﬁiﬁfgzﬁ;ﬁfﬁﬁ‘ grained, oot fragments, bits of
6
|
fz
8
9
10
A 11
12 * Sample Number Prefix is 2708-960124-
Core collected and sealed 1/24/96
13 Core opened and sampled 1/26/96
14
15
16 BTEX = benzene, toluene, eth%l benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
ppm = parts per million
17 ND = non-detect
; 18
i
19
!
] 20

Updated: 9/2/98 RBE
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-10
Portland, Oregon
(503) 796-0717 HAI LOGGER: Steve Johnson (FES) DRILL {DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Dispesable Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
[Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 15:04 15:30
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 | 1/23/96
. g % E B | = o % BORING DIAMETER: 3.75-inch
mi 1S |2.|E8SE| LB E &| |2 |casme piaveTER: 3.75-inch
P =y @ -
g&a |5 & g a 5 5%‘ E % E E § 3 |SURFACE ELEVATION: Not Surveyed
g E = 48| =a 1 2 |82 | |52 [ToPOF CASING ELEVATION: Not Applicable
E |8 |3%=| S |=5|8
2 SOIL DESCRIPTION
-10- :50] 2.5 /283 | A 7
SD-10-01 | 12:50 ND % SILT-dark brown, wet, soft, some medium grained sand lenses,
SD-10-02 | 12:55| 2.4 - 1 . ML 7] some plant material and wood chips, slight hydrocarbon odor
Z and sheen from 0 to 0.5 feet (0-2')
SD-10-03 | 13:00| 4.4 - 2
SAND-wet, loose, medium grained, wood chips, no hydrocarbon
odor or sheen (2'-3") :
SD-10-04 | 13:05] 7.1 - 3
SAND-as above, some gravel, no hydrecarbon edor or sheen (3-
SD-10-05 | 13:08] 3.6 - 2|4 5%
SD-10-06 | 13:25f 3 - 5
SAND- dark brown, loose, medium grained, some silt, weod
SD-10-07 | 13:28| 2.3 - 6 chips, slight hydrocarbon edor, no sheen (5'-7.5"
SD-10-08 | 13:22| 0.6 - ,:_ 7
SD-10-09 | 13:3¢| 3.2 | ND/9.6 _
8
9
10
Y 11
13 * Sample Number Prefix is 2708-960123-
Core collected and sealed 1/23/96
13 Core opened and sampled 1/26/96
14
15
16 BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
ppm = parts per million
N 17 ND = non-detect
18
19
20

Updated: 9/2/98 RBE
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-11
Portland, Oregon )
(503) 796-0717 HAI LOGGER: Steve Johnson (FES) DRILL |DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START |FINISH
Nerthwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 16:00 16:25
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/23/96 | 1/23/96
- 201 - BORING DIAMETER: 3.75-inch
» |8 |B |IBS2| 73 (»al%
mk 13 (S |8€E| & |B g &| | gq |casme DiavETER: 3.75-inch
N = Q ~—
¥ g = &5 g % 5 %g‘ ;5 g g s E 2 |SURFACE ELEVATION: Not Surveyed
% HEEEE = 2 |8E B 2 |TOP OF CASING ELEVATION: Not Applicable
5 o|E |30 S |=F|A
had SOIL DESCRIPTION
SD-11-61 | 13:53| 366 | 5.6/ND {ﬂ%i; %% SAND-brown, wet, loose, medium grained, wood chips on
SD-11-02 | 13:55] 34.2 - 1 mﬁ surface, hydrocarbon odor, sheen (0'-1")
ML SILT-dark brown, stiff, medium grained sand lenses, strong
SD-11-03 | 14:00; 13.3 | 569/ND 2 hydrocarbon odor and sheen (1-2)
11 . - SAND-dark brown, leose, medium grained, some silt, woed
SD-11-04 | 14:03| 7.8 3 chips, hydrocarbon odor and sheen (2'-3"
SD-11-05 | 14:11; 6.3 - 4
SAND- as above, no wood chigs, brick fragments from 5'to 5.5,
slight hydroecarbon odor, no sheen, (3'-6")
SD-11-06 | 14:14; 12.6 - 5
SD-11-07 | 14:161 6.3 - 6
] 7
8
9
10
A 11
12 * Sample Number Prefix is 2708-960123-
Core collected and sealed 1/23/96
13 Core opened ans sampled 1/26/96
14
15
16 BTEX = benzene, toluene, ethyl benzene, xylene
PAHSs = polynuclear aromatic hydrocarbons
ppm = parts per million
17 ND = non-detect
18
19
20

Updated: 9/2/98 RBE
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HAHN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-12
Portland, Oregon
[(503) 796-0717 HAI LOGGER: Steve Johnson (FES) DRILL |DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD:; Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 9:01 9:30
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/24/96 | 1/24/96
- v g —_ BORING DIAMETER: 3.75-inch
* 8 % Bea s | 2
e |2 SE| B IB213| | «~ |casiNG piaMETER: 3.75-inch
S8 (& |Sz|R28&| 8 B>l B @
Ay g 3 @ g, U&JQ 5 RS 5 fas] é 8 SURFACE ELEVATION: Not Surveyed
5 % = a S & & E g 2 E E % 2 ITOP OF CASING ELEVATION: Not Applicable
"2 1E B |5E4| 8 |BE|]
& 2 SOIL DESCRIPTION
SD-12-01 | 10:40] 0.0 | 0.72/ND| & Silty SAND-gray, wet, loose, fine grained, no hydroearben odor,
no sheen (0"-1") .
SD-12-62 [ 10:45| 0.0 -
Silty SAND-as above, wet, wood chips from 2' to 3', slight
hydrocarbon edor, no sheen (1'-4)
SD-12-03 | 10:50| 0.3 -
SD-12-04 | 11:00! 0.1 | 8.4/ND
SD-12.05 | 11:05] 6.0 N Clay, greenish gray, moist, some silt, plastic, no hydrocarbon
- - 5 odor, no sheen (4"-5.5")
SD-12-06 |11:08| 0.0 -
e (Ssag'dg')SILT- light brown, moist, no hydrecarbon oder, no sheen
SD-12-07 | 11:25] 0.0 N : =
17
SD-12-08 | 11:28] 0.3 - B
|8
SD-12-08 | 11:41] 0.6 - & )| SAND, light brown, moist, fine grained,no hydrocarbon odeor, no
‘I sheen, (8.-10"
SD-12-10 [ 11:45| 0.9 -
SD-12-11 | 11:50] 3.0 - ¥ 710
A\ 11
12 * Sample Number Prefix is 2708-960124-
Core collected and sealed 1/24/96
13 Core opened and sampled 1/26/96
14
15
16
BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
17 ﬁ%n = parts per million
= non-detect
18
19
20

Updated: 9/2/98 RBE
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HAHN & ASSOCIATES, INC.
434 NW Sixth Avenue SOIL BORING NUMBER SD-13
Portland, Oregon
(503) 796-0717 HAI LOGGER: Steve Johnsen (FES) DRILL {DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached te barge 9:43 10:15
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2768 DRILLING CONTRACTOR: Marine Sampling Systems 1/24/96 | 1/24/96
—~ o —_ BORING DIAMETER: 3.75-inch
© <] BLS~| 8 |> 33
L 12 12 3E =22 ASING DIAMETER: 3.75-inch
Sg © b S{;n‘ E = & ;:‘,-m\ CASIN! : . 75-ine
% ] % é % 5 ﬁ' ;E g g o] é 8 SURFACE ELEVATION: Not Surveyed
g (&= Bl 2 |SE & B 2 ITOP OF CASING ELEVATION: Not Applicable
w = E = M = E & A n
= 3 © A
- SOIL DESCRIPTION
SD-13-01 |10:10] 0.7 | 1L.4ND A 4 Silty SAND-dark brown to gray, wet, loose, fine grained, no
SM &1 hydrocarbon odor, no sheen (0-1" -
SD-13-02 | 10:15] 2.4 -
// sandy SILT-dark brown to gray, roots from 1' to 2, large wood
> ML ,/z‘ chips from 1' to 3', slight hydrocarbon odor from 2' to 3°, no
SD-13-03 | 10:20] 4.5 - ’/’/ sheen (1-3%
SD-13-04 | 10:25] 5.8 - # SP £l SAND-dark gray, medium grained, hydroecarbon odor, no sheen
4 (3-3.5"
5
6
7
8
9 * Sample Number Prefix is 2708-960124-
10 Core collected and sealed 1/24/96
Core opened and sampled 1/26/96
Y 11
12
13
14 BTEX = benzene, toluene, ethyl benzene, xylene
PAHs = polynuclear aromatic hydrocarbons
g]pm = parts per million
15 D = non-detect
i 16
17 .
18
19
20
Updated: 9/2/98 RBE Project #2708

File: 2708 SD-13 Page1of1 HAHN AND ASSOCIATES, INC.




HABN & ASSOCIATES, INC.

434 NW Sixth Avenue SOIL BORING NUMBER SD-14
Portland, Oregon
(503) 796-0717 HAI LOGGER: Steve Johnson (FES) DRILL |DRILL
PROJECT: SAMPLING METHOD: 3.75"0D Disposable Core Barrel START |FINISH
Northwest Natural Gas Co. DRILLING METHOD: Vibration/Push Time: Time:
Gasco Facility EQUIPMENT TYPE VibraCore attached to barge 12:16 12:25
Portland, Oregon DRILLER: Bill Jaworski Date: Date:
PROJECT #: 2708 DRILLING CONTRACTOR: Marine Sampling Systems 1/24/96 | 1/24/96
= g — — BORING DIAMETER: 3.75-inch
® 3 % & % 2| 8 (= j ® .
5 5 B = g £ g P =8 ﬁ & CASING DIAMETER: 3.75-inch
N3 = (] -~
&g I3 |ZE2 4 ;,)%‘ g g 2= S % |SURFACE ELEVATION: Not Surveyed
E E E 28 = ~El 2 I8 = & £ 2 |TOP OF CASING ELEVATION: Not Applicable
E & |SE%|S |28
- SOIL DESCRIPTION
SD-14-01 | $:00} 0.1 | 0.15/ND : SILT-dark brown, wet, root material, no hydrocarbon odar, no
sheen (6-1")
7
SD-14-02 | 9:10| 15 - SILT-as above, some fine grained sand lenses,no hydrocarbon
odor, no sheen (1'-2")
SD-14-03 | 920 | 1.8 i Silty SAND-medium grained, large wood chips, no hydrocarbon
odor, no sheen (2'-3.5')
SD-14-04 | 9:25 | 24 .
Silty SAND-fine grained, small wood chips, no hydrocarbon
odor, no sheen (3.5'4")
SD-14-05 | 9:35 - -
7 SILT- light brown, moist, painted wood fragment at 4.5, small
SD-14-06 | 940 0.5 - P ML A 00d fragments from 5' to 6', shell fragments from 6' to 7',
7 decaying weod edor, no hydrocarbon odor, no sheen (4'-7.5")
|6
SD-14-07 | 9:50 | 0.2 - /
7
SD-14-08 | 9:55 | 0.4 - ,é
18 Zaaz:] SAND, light brown, moist, medium grained, no hydrocarbon
- :{ odor, no sheen, (7.5."-8.5")
$D-14-09 | 10:00; 5.8 | 181/ND Y - &
9
10
A 11
12 * Sample Number Prefix is 2708-960124-
Core collected and sealed 1/24/96
13 Core opened and sampled 1/25/96
14
15
16 BTEX = benzene, toluene, ethyl benzene, xylene
PAHSs = polynuclear aromatic hydrocarbons
gﬁ;n = parts per milion
17 = non-detect
18
19
20

Updated: 9/2/98 RBE

File: 2708 SD-14

Project #2708

Pagelofl HAHN AND ASSOCIATES, INC.







APPENDIX D

Water Well Logs and
Cathodic Protection Well Logs

HAHN AND ASSOCIATES, INC.
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H - —
HoTICE TO WATER WELL CONTRACTOR e —
. The original and first copy ’
ot thils report are to be
_tlled with the

?STATE ENCINEER, SALEM, OREGON 973160
within 30 days from the date
of well completion.

WATER WELL REPORT

STATE OF OREGON
(Please type or priat)

state wenl No. .. IN/1W=12N

State Permitl No.

Drawdown Is amount water level i
lowered below static level s

(11) WELL TESTS:

Was a pump test made? [ Yes (O No 1f yes, by whom?

o OWNER:
~ame Portland Gas & Coke Company

Yield: 11(.0 gal./min. with {l. drawdown after .hrs,

adeess

- 150 -  with drawdown to 200 feet

F‘Z) LOCATION OF WELL:
E;ounzy Multnamah

Driller's well number

- Ll - -

Bailer test gal./min. with {ft. drawdown after hrs.

Artesian flow g.p.m. Date

SW A SN i, Sectlon 12 T. l-h R. lw W.M, Temperature of water Was a chemical analysis made? 3 Yes [T No
jearing and distance from section or subdivision corner K
; (12) WELL LOG: Diameter of well below €asing eececeniemmmieneees
i \ Depth drilled ft. Depth of completed well 382 £t
] Formation: Describe by color, character, size of materia! and structure, and
— show thickness of aquifers and the kind and nature of the material in each
stratum penetrated, with at least one entry for each change ¢f formation.
MATERIAL | FROM TO
.
1) TYPE OF WORK {check): Sand 0 3 ~
: ;w well OO Deepening (O Reconditioning (J Abandon (J Rack (basalt)_ I 61 211
i 4 abandonment, describe material and procedure in Item 12. C.nd and hraken rock . l 211.1 2&6
|
4) PROPOSED USE (check): (3) TYPE OF WELL: | —Sand gis»g ggg
D salt, hroken, soft
yomestle [0 Industrial (J Municipal = Rotary O riven (] Ha 7 4
' leeigati Test Well O Oth o Cadle O Jetted O |
1 t
| rigation O es ell O er Dug o Bored [ N I I
' §) CASING INSTALLED:  Tnresged O WeidedO ‘ :
i ......12...;" DBiam. from O it to 3 FCIE o7 V-7 — I
{ .4__..“8__." Diam. from . to ft. Gage .- - Data from U5GS l
{ _________ ~ Diam. from ft. to 1t, Gage cmemem—me 7 l
. :
: (T) PERFORATIONS: Perforated? (3 Yes [J No ) |
‘ype of perforator used ]
jize of perforations in. by in. : ;
_______________ pertorations from . to 1t i ;
e ermem e perforations from {t. to 145 t [
: T
oo perforations from 1. to . !
Mo perforations from t. to 1 !
[ perforations from £, to 1t.
:8) SCREENS: Well sereen {nstalled? [J Yes (0 No - |
Manufacturer's Name I ]
‘pe Model No. —
Jiam. . Slot size ... Set from t, to 1t. Work started 19 Completed 19&_8
i — Siot siz& wmo.. Set Irom i to | Date well driling machine moved off of well 19
‘) CONSTRUCTION: (13) PUMP:
Well seal—Material used in seal Manufacturer's Name
Depth of seal eumee—— . ft. Was a packer used? .memmr— e | T¥pPE: HP. et
Dlameter of well bore to bottom of 521 e in.

Were any logse strata cemented off? O Yes {] No
Was a drive shoe used? {J Yes [0 No
Was well gravel packed? {J Yes. (] No
{t. to

Slze of Zravell e,

Gravel placed from

Did any strata contain unusable water? [J Yes [] No
depth of strata _

'Type of water?
#Method of sealing strata off

 <(10) WATER LEVELS:
L8

Artesian pressure

1954

e, below land surface Date
ibs. per square inch Dale

tUISE ADDIITY 1

Static level

Water Well Contractor’s Certification:

This well was drilled under my jurisdiction and this report is
true to the best of my knowledge and belief,

e A Mo Jannsen

{Person, {lrm or corporaton)

(Type or print)

Address

-

Drilling Machine Operator’s License No.

[Signed)

{(Water Well Contractor)

15

atractor’s License No. ..ccennmm. Date r
L IF NFOFSRARVY
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STATE OF OREGON
WATER WELL REPORT .

(\’ Y . 1385

- | DN RAY
006108 ]

(as required by ORS 537.785). , r\[ Bl ;UQ,JL,;_PLEBSETYPE or PRINT IN INK
. PR {for official use only)
‘- ‘ - k— - -h\—\- o~
FRy——
[) OWNER: . (10) LOCATION OF WELL by legn§ description:
me  Northwest Natural Gas Co. Rect. £226 ... Milrnomah M of Section_12 o
idress 220 Nw, Second Ave, Township ﬂ‘l iy o o Range 1( W S WM.
. 1D AR S¥O! or i
v Fatland e Orepon | TR
IDdIvuon
}) TYPE OF WORK (check): Cathodic Pljotectloﬂ mw )
w welt BIX Deepening [J Recondx:.mnuG:é:&md ES, et ‘—‘“ eg. Station St Helen Rd.
sbandonment, describe material and procedure in Ya : \ - > =
£ POE (1Y "WATER LEVEL of COMPLETED WELL:
Somest Depth at which water wes first found ft.
Digatio 1) Withdawal [J Reinjectioxr Static level £t below land surface. Date
Other: Artesi Ibs. per square inch.
Fiufme!.ric ] Grounding ﬁf. Test 4 — - . inch Pste
- — | (12) WELLLOG:  Diameter of well below casing . 5.3/ & -
1) CASING INSTALLED: Steel X Plastic = Depth drilled 400 ft. _ Depth of completed well ft.
0 (’{ hreaded [J We, Wi a Formation: Describe color, texture, grain size and structure of materials; and show thickness
fi. to ft. Geuge and nature of each stratum and aquifer penetrated, with at least one entry for each change of
0 ft. to 100 f. Gauge sche. 40 i?:::ttl::mﬂ-gez:: ‘:ach change in position of Static Water Level and indicate principal
LINER INSTALLED:  Stel O  Plastic O
Threaded [J Welded 0O MATERIAL From | To SWL
.............. ” Diam. from ft. to ft. Gauge :
\ Gravel 0 1 =18
) PERFORATIONS: Perforated? [0 Yes [ No Clay 1. 9 <.
ze of perforations in. by in.. S T : 2 10 < T
a] EE U -
perforations from ft. to fr. Erown clayua M n 16 -1 40 cec
perforations FEOM. e (ft.to r? ‘m.lﬁ ‘ E ‘ \ L0 50 <L
i perforations A1 A .\\ 7 g ) % kh OLCI-EJ ‘ ‘_ Ce— 50 75 K¢
) SCREENS: “a‘li skrein%nsmlle h? % Nof ™ U [ ‘:: . ClU‘ s&lt hard SO—H’- brOKen
anufacturer’s Name \ : § i-a‘\’ a rock ia \IerS_ ' 75 129C [
e \ =Y Model No. Broken multi colorec ghay &
FY, Siot Size ... .... Set from fi. to fe. sandstone  little ¢lav 230 3}0 3=
1 S —— 4o Slot Size oo, Set from ft.to fr. ?18(_‘}‘:{ bgsalt hard 310 13 é 0 K<
Drawdown is amount water level is lowered broken rock SandV clay _ 370 13¢%0 sc
") WELL TESTS:  below static level Black basalt hard 390 1600 | RC
15 a pump test made? [J Yes [ No If yes, by whom?
2ld: gal./min. with ft. drawdown after hrs.
T test gal./min. with drill stem at f. hrs.
iler test gal./min. with ft. drawdown after hrs.
testan flow g.p.m.
mperature of water Depth artesian flow encountered ..., fR. . P L § Crees
. Date work started UCT. Lo » J"cz)complebd UCL. LL, 1ve .
" CONSTRUCT:[?N' Special standards: ~ Yes [ No O Date well drilling machine movedoffof well et . 77 . 1085 19
- La L2, L
21l seal —Materiaj used ...... LELENL. F— Certi if applicable):
J1l sealed from land surface to 20 / 5G'-80 f (unbonded) Water W. qctor Certification (if applicable):

ameter of well bore to bottom of seal 1‘{5/,83/& in

ameter of well bore below seal .............
rount of sealing material ...... .. \L.}.

w was cement grout placed? .Y {3- P

1s pump installed? Type HP Depth ft.
isadriveshoeused? [JYes [ONo  Plugs.u. Size: Jocation ... ft.
i any strata contain unusable water? [J Yes [0 No

pe of Water? depth of strata

sthod of sealing strata off

ws well gravel packed? [ Yes O No Size of gravel: e
avel placed from ft. to ft.

Hdr my direct supervision. Materials used and

&; gelto my best knowledge and belief.
Date

‘@‘Bﬁ_ﬂf’gf}?mtgucwr Ceruﬁcﬁ?es% -

“fssded by:
(number) {Surety Company Nme)
Jim Hanseri / Hansen Drilling Co. Inc.

(type or print name of Water Well Constructor)

19

(bpnd
-Bond

On behalf of

This well was drilled under my jurisdiction and this report is true to the

best of my knofledge and
(Signed) ;7' 1 TS

/ r (Wuer Well Constructor)
(Dated) ot, 23, 145

NOTICE TO WATER WELL CONSTRUCTOR

WATER RESOUR(_IE-ZS DE_I?AR'FMENT. SP*46856-630




	Report
	Figures
	Appendix A Soil Boring Logs
	Appendix B Monitoring Wells
	Appendix C Sediment Core Logs
	Appendix D Water Well and Cathodic Protection Well Logs

