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ROGER LOWE RASSOCIARTES INC.
EARTH SCIENCES

Rugust 12, 1980

Union 0i1 Company of California
2961 Hestern Avenue

‘Seattle, Washington 98121

Attention: Mr. A, L. Barone

Geotechnical Recommendations & Considerations
Monitoring & Recovery Operations for
Gasoline Spills
RLAI Project No. 197-06
Gentlemen:

This letter transmits three copies of our "Geotechnical Recommenda-
tions and Considerations, Monitoring and Recovery QOperations for Qi1 Spills.”
Union 011 originally requested this information during a meeting on
June 24; 1980. This report was included as a portion of our professional
services as described in our "Confirmation of Agreement and Recommendations
for Monitoring” dated June 26, 1980.

The recommendations provided herein are based on cur review of
available Titerature and on cur experience gained following the gasoline spill
at Westlake Avenue and Mercer Street in Seattle, Washington. Our recommenda-
tions are intended to be applicable to any gasoline spill in porous soil where
the gasoline migrates downward to the water table. However, each site where a
spill occurs will have its own unique problems, and modifications of some of
our suggestions will undoubtedly be necessary on a case by case basis.

It is our understanding that the discussions provided herein will be
used by Union 011 to prepare a general procedures manual regarding gascline spill
prevention and mitigation. We have not included discussion of prablemé or pro-
cedures related to safety or vapor detection, which we understand will be addressed
by Union 0il.

MalL: PO, BOX 3885 BELLEVUE, WA 98009 - TELEPHONE (206) 453-8383
LOCATION: BENARGYA BUSINESS PARK, BLDG. 4, SUITE 219 - 300 120th AVE, N.E. BELLEVUE WA,
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It has been a pleasure to serve you on this project. Please call us
if you have any questions regarding our report or if we may be of additional
service,

Yours very truly,
ROGER LOWE ASSOCIATES INC,

5g2$¢vwf?57* :}3vugg&w-
4

James A. Miller, P.E.
Senior Geologist

JAM/cp




GEOTECHNICAL RECOMMENDATIONS AND CONSIDERATIONS
MONITORING AND RECOVERY OPERATIONS FOR GASOLINE SPILLS

INTRODUCTION

W Gasoline spills can occur in a great variety of geological environ-
ments, and the size and rate of spills can vary widely. Consequently, pre-
cise instructions for monitoring and recovering gaseline following a spill is
not possible. The information contained herein is intended to égp]y to most
gasoline spills where gascline has entered porous subsurface soils and reached
the water table.

We developed the information presented in this report from cur ex-
perience gained following the gasoline spill at Westlake Avenue and Mercer Street
in Seattle, Washington, and on a review of several technical publications,

Two of the more pertinent publications are cited at the end of this report,

A general discussion regarding the fate of hydrocarbons in the sub-
surface, including recovery operations where the hydrocarbon is absorbed by the
soil before it reaches the water table, is presented in API Publication No. 4149
(American Petroleum Institute, 1972). This report is intended to augment
Publication No. 4149.

GENERAL BACKGROUND
When gasoline is spilled on the surface of the ground or underground,
two primary forces act on the fluid. Gravity acts to draw the fluid downward
from higher elevation to lower elevation along the path of least resistance.
Simultaneously, capillary (pellicular) forces tend to hold a portion of the
gasoline on the surfaces and along contact points between the solid particles

which comprise the subsurface soil or rock material, When liquid gasoline migrates
through porous materials, a portion of the gasoline is retained in the soil mass

by capillarity.
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Downward gravity flow of gasoline within porous materials will
continue until the fluid encounters layers or lenses of relatively impervious
material, until the gasoline reaches the water table, or until all of the
available fluid is held by capillarity within intergranular spaces in the sub-
surface material. When a relatively impervious surface is encountered by down-
ward migrating gasoline, most of the gasoline will be directed laterally in the
downsiope direction along the impermeable interface (depending on the perme-
ability ratio of the two materials, a portion of the gasoline will enter the
relatively impervious material and flow through it). When the gascline encounters
the water table, the gasoline will float on top of water interface and flow down-
slope parallel to the direction of groundwater flow and the slope of the water
table. A relatively small amount of the gasoline will dissolve in the Water,
but most will remain separated due to the immiscibility and density differences
of the two fluids.

The migrating gasoline will follow the path of least resistance along
natural or artificial avenues of higher permeability. The rate of gasoline
migration as well as the path is related to soil permeability.

In general, fine-grained soils such as silt or clay would be expected -
to retain a relatively large percentage of gasoline by capillarity, and gasoline
would migrate slowly within these soils. Coarse-grained sand or gravel soils,
however, are capable of rapid intergranular fluid movement and will hold a re-
latively small fraction of gasoline permanently.

In urban areas, the most convenient path of travel for the gasoline is
frequently a trench which is backfilled with imported sand and gravel or loosely
compacted native soil. It is quite possible, for instance, that gasocline may
travel only a few feet into silt or clay native soils, while at the same time,
the gasoline may migrate several hundred feet within the sand and gravel backfill
in a utility trench.
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INITIAL DATA COLLECTION AND ANALYSIS

When a spill occurs, a leak is detected, or gasoline is found in
groundwater, the immediate problem is to determine the boundary of the spill
in the subsurface. It is also important that the source of the spill be
located, and, if possible, an estimate of the volume of spill should be de-
veloped from available records. _

Once a spill occurs or is detected, speed is important in determining
the extent of the spill in the subsurface, particularly if sand or gravel soils
occur in the vicinity of the spill or if a groundwater aquifer is threatened
with contamination. A geotechnical consultant should be retained for expert
advice for all large spills or spills in environmentally sensitive areas.

The boundary of the gasoline in the subsurface can be determined by

‘drilling monitor wells in the vicinity of the spill. The monitor wells should

extend at least 5 feet to 10 feet below the water table. A small diameter (2")
slotted plastic pipe should be set to the bottom of each well, and the lower
portion of the drill hole should be backfilled with coarse sand or pea gravel so
that subsurface fluids have easy access to the well casing.

After completion of each monitor well, the elevation of the top of
each well casing should be determined to an accuracy of 0.01 feet using an
established, stable datum or local benchmark. The plan locations of each well
also should be surveyed to an accuracy of 0.5 feet and a site map should be pre-
pared showing pertinent physical features, the location of each well, and the
site of the spill. Accuracy is very important in correctly establishing the
water table conditions and evaluating the direction of fluid movement,

When the well casing has had one or more hours to equilibrate after
installation, the casing should be "stuck" for the presence of liquid gasoline
using water finding paste {or other appropriate water level recording devices),
and the upper portion of the well casing should be tested for hydrocarbon vapors
with an explosimeter. If liquid gasoline is detected in a monitor well, an
additional monitor well should be drilled a greater distance from the spill site.
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sufficient wells should be drilled to plot the 1imits of the spill in the sub-
surface with reasonable accuraty. In general, a minimum of 10 monitor wells
will be necessary to establish the subsurface boundary of a spill. The number
and location of the wells should be related to the local geclogy or construction
histery in the érea. Expert advice from a geotechnical consultant should be ob-
tained in planning the locations of monitor wells,

_ When several wells have been drilled and the water levels have equi-
librated in each, the "effective" water table elevations should be determined
and plotted on.the site map. The "stick" data from the monitor wells will in-
clude the depth to the water level from the top of the casing and the thickness
of gaéaline which is floating on top of the water. The "effective” water table
elevation can be calculated using the following equation:

W, = E-D# (TY{(G), where

we = Effective water table elevation
E = Elevation of top of well casing
D = Depth from top of well casing to water

level, as indicated by water-finding paste
T = Thickness of gasoline above the water/gas
interface
G = Specific gravity of gasoline (usually
about 0.6)

The calculations are facilitated if all measurements are in feet and

decimal fractions of a foot.
Once the effective elevation of the water table is plotted for all

monitor wells, the data can be contoured to determine the slope of the water table.

Gasoline floating on the water table will generally travel downslope perpendicular
to the orientation of the water table contour lines. The contour map therefore
can be used to predict the direction of gasoline migration.




B

Union 011 Company of California August 12, 1980 Page 5

If the water table is fairly shallow, or if there are relatively
impermeab1evaoi1$ in the spill area, utility trenches in the spill area should
be tested for the presence of gasoline. The trenches can be tested by excavat-
ing test pits at selected locations, or monitor wells can be drilled within the
utility trench backfill adjacent to the conduit. (The latter method would re-
quire very accurate information on conduit location, which often is not available).
Relatively undisturbed core samples of the subsurface soil or rock
should be obtained for most, or all, of the monitor wells. The core samples will
allow visual examination and classification of subsurface materials, and some of
the samples can be tested to determine their moisture content, density, void
ratio, particle size distribution, organic content, or permeability (as appropriate).

GASOLINE RECOVERY
Once the base line data on the extent of the spill and water table
slope have been developed, one or more gasoline recovery wells should be
constructed. If possible, the recovery wells should consist of large diameter
(24" to 36") casing which is slotted or perforated. The base of the recovery

‘wells should extend at least 6 feet below the water table, and the backfill

outside the well casing should consist of washed gravel or pea gravel.

For areas of shallow water table, the recovery wells can be constructed
by excavating a trench, installing the well casing, and backfilling the trench
with gravel. The larger the trench, the more effective the well will be in
recovering gasoline. Recovery wells in areas with a deeper water table may have
to be constructed using a bucket auger or traditional well drilling equipment.

As for the monitor wells, the rim elevation and location of the recovery wells

- should be surveyed and plotted on the site plan.

Where shallow water table conditions apply and a large diameter well
casing is used, it is possible to pump water and gasoline separately and simult-
aneously from the well. Water can be withdrawn from the well using a submersible

pump with the drawdown controlled manually or by automatic detectors. The
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gascline can be removed by separate skimming units which float on the fluid sur-
face inside the well casing. If the skimming units are operated by a vacuum 1ift,
it may not be possible to use the units where the depth to the water table is
great. In this case, a single pump may have to be used to pump gasoline and
water, and the liquids would have to be separated later,

When fluid is withdrawn from a well, the liquid level in the well drops
in rough proportion to the rate of pumping. As a result of pumping, a “cone of
depression” is formed on the surrounding water table, and the slope of the water
table outside the well becomes directed toward the well. It is desirable to
generate a cone of depression for two reasons:

1. Since floating gasoline travels in the direction of the slope
of the water table, the cone of depression will cause the
gasoline to flow toward the recovery well and thereby increase
the rate of hydrocarbon recovery.

2. Once the cone of depression spreads beyond the boundary of the
spill, the migration of gasoline should be contained and further
movement by gravity away from the spill site should not occur,

It may be necessary to construct two or more recovery wells to develop
cones of depression which extend beyond the limits of the spill.

Once pumping operations have begun, it is important that accurate re-
cords be maintained to evaluate the effectiveness and completeness of the recovery
operation. At a minimum, the following should be recorded:

1. "Stick” readings of water and gasoline levels in the monitor
wells and pumping wells should be recorded once every four
hours at the start of the pumping cycle. This data is used
to monitor the spread of the cone of depression. After about
two days the time interval between readings can be in¢reased
to once every 12 hours. Reading intervals can be gradually
increased during the recovery program, and eventually read-
ings once a week may be sufficient,
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2. It is very important that a daily and running total of gaso-
Jine recovery be maintained on a time chart. Normally the
daily rate of gasoline recovery will decline as a logarithmic
function of time. Therefore, it is possible to plot the
recovery/time data on a semi-log plot and project the length
of time which will be required for the recovery program as
well as the total volume of gasoline recoverable by pumping.

3. A daily site log should be maintained which documents site
activities, times of pumping, equipment malfunctions or
calibrations, and other occurrences which may affect the

recovery operation,

Using laboratory testing techniques on soil samples collected from
the spill area, it is possible to estimate the total quantity of gasoline which
will be recoverable by pumping. chevef, the necessary calculations often are
seriously in error. The best method of predicting the volume of gasé?ine
recoverable and the time of the required recovery period is to use the gasoline
recovery/time chart discussed above {with total gasoline recovery plotted on
an arithmetic scale and time in days since start of pumping plotted on a
logarithmic scale). Generally, a full log cycle of data (10 days) should be
cbtained before attempting extrapolation of the data. Pumping during the
initial period of data collection should be relatively constant. Obviously,
accurate and timely data is extremely important to successful use and extra-
polation of the recovery/time curve.

As discussed previously, only a fraction of the volume of gasoline
spilled will be recovered by pumping. In most cases 20 to 80 percent of the
spill volume will be retained in the soil by capillary forces, depending on
soil type and the depth to the water table. Eventually, the gasoline left
in the soil will dissipate by evaporation and consumption by aerobic bacteria.
Two years or more probably will be required for complete dissipation {McKee,
et al, 1972).
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In some cases additional liquid gasoline can be recovered by allowing
the water table to rise and flush gasoline out of soil pore spaces. However,
laboratory studies (Mckee, et al, 1972) indicated that once gasoline is held
in capiliarity by soil, water flushing has little effect in freeing the gaso-
line. If flushing is attempted the water table can rise naturally due to
seasonal variations in precipitation, by periodically shutting off the water
level drawdown pumps, or by injecting water into the ground. If water injection
is done, the point{s) of injection should be outside the boundary of the spill
so that the change in water table slope caused by injection does not force some
of the gaso]ine‘to migrate farther away from the recovery well.

Yours very truly,
ROGER LOWE ASSOCIATES INC.

James A. Miller, P.E.
Senior Geologist

JAM/cp
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ROGER LOWE RSS50CIATES INC.
ERATH SCIENCES

December 23, 1980

Unicn 0il Company of California
2901 Western Avenue
Seattle, Washington 8121

Attention: Jeff Benoit

Progress Report
Monitoring & Recovery Operations
Westlake & Mercer Gasoline Spill
Project No. 14,196,006.07
Gentlemen:
This letter transmits three copies of our Progress Report, "Moni tm
oring and Recovery Operations, Westlake and Mercer Ga oline alel
This progress report is the first semimonthly status repo Tt of
our services regarding the monitoring and recovery program for
the Westlake and Mercer gasallne spill in Seattle, Washington.
The semimonthly reports are being sent in accordance with and in
partial fulfillment of our "Proposal, Monitoring Program for
Westlake and Mercer Gasoline Spill," dated November 7, 1980.

ep
as
I

Due to the recover: rogram's recent activitv, we have heen soma-
g ¥

what delayed in preparing this first nr@greas report. It summarizes

our experience on this project from the beginning; subsegquent
progress reports will be less involved and mcore timely.

Yours very truly,

ROGER LOWE ASBOCIATES INC.,
A Division of Harding-Lawson Assoclates

3*"8“

PO 8"‘)‘ LEVx WA, SRO0G - TELEPHONE (206) 453.-8383

£ 219 - 300 1201 AVE. NE, SELLEVE WA
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PROGRESS REPORT
MONITORING AND RECOVERY OPERATIONS
WESTLAKE AND MERCER GASOLINE SPILL

SEATTLE, WASHINGTON

I. INTRODUCTION

A, Background

In early June, 1980,it was discovered that a large gasoline
spill had occurred at the Union 0il Station located,as shown on

Plate 1, at the intersection of Mercer Street and Westlake Avenue

'in Seattle, Washington. The gasoline contaminated subsurface

soils around the station and.cgllected on the underlying ground
water surface, As a result, gasoline recovery operations were
initiated and an extensive monitoring system established. Gas-
oline recovery is being accomplished through two drawdown wells
and numercus scavenger pumps and is monitored periadically
through chservation wells.

B. Recent Events and Proposed Project Direction

On November 17, 1980, Jeff Benoit of Union 0il Company and
Ed Ingham of Ryan Haworth met with the author to discuss the
current statﬁs and direction of the program. Upon scrutiny of
existing data it was decided that there is some guestion whether

the leaked gasoline is being contained within the site block area,

]

especially to the east along Terry Avenue. It also appeared
that the northern half of the block north of the Union Qil

property line was relatively unaffected by the pumping efforts




&

cf the existing well in that portion of the site (Well No. 8).
This inference was substantiated by the fact that there appeared

to be a major gasoline pool in the vicinity of the Brace Lumber

Yard. In addition, pumping efforts through November had very

¥

y Well No. 6. The

e
o

little affect on the gasoline thickness

gascline thickness in this well had, in fact, increased 9 inches
in the last month. A further factor of note is that old building
plans of the block area indicated that there may be a remnant
building wall along the northern property line., The plans
indicate that the wall was broken off approximately 18 inches
beneath the existing ground surface and extends approximatély

14 feet deep. If this wall does indeed exist, then it may be

cutoff wall for gasoline and ground water flow to

o
n
)

serving
the northern half of the block area.
Due to the dwindling recovery of gasoline and the known

»

existing pools of gasoline still existent at the site, it was

8]

decided to attempt to increase the recovery rates by either deepenins
existing wells or by installing additional deep wells to increase
the drawdown cone at the site. The intent of the new deeper

wells will be to depress the water table in the area of the

site below the invert elevations of the existing utilities to
steepen the cone of depression in an attempt to increase

L
gasoline recovery rates.




The increase in drawdown should result in a proportionate
increase in the regquired pumping rates and thereby the volume
of gasoline and water to store or dispel. To reduce the amount of
required ligquid storage for the recovery operations, an effort
will be made to keep the clean and cohtaminabed portions of

the extracted fluids (i.e. gasoline and water) separated in order

to allow the uncontaminated portions to be discharged directly

into the sewer system. This would be implemented by locating
the drawdown pumps a sufficient depth below the gasoline-water
interface to preclude contamination of the water relative to
minimum standards defined by pertinent city, county and environ-
mental agencies. In this manner, the drawdﬁwn pumps would
discharge water directly into the sewer system and storage would
only be necessary for gasoline recovered by sumps placed at

the piezometric surface.

Based on research performed by Ryan Haworth, the estimated
minimum distance between the drawdown pumps and the gasoline-
water interface would be on the order of 25 feet for the
minimum hydrocarbon contamination level not to exceed the
maximum allowed 15 parts per million.

In a meeting on November 19, 1980 with Jeff Benoit of
Union 0il Company, Ed Ingham of Ryan Haworth, Frank Pinney of

. 1
Pacific Testing Laboratories and addtional PTL staff, the new

monitor wells were located and the drilling schedule was set.




On November 25 and November 26, 1980, the four additional wells

]

were installed; three along Terry Avenue (Wells No., 29, 30, 31}

and one in the Brace Lumber Yard (Well No. 32). These new
monitor well locaticns are shown on the attached Plot Plan,
Plate 1. No gasoline was detected in the borings along Terry
Avenue nor was any measured in subseguent readings. Gasoline
was encountered in the Brace Lumber Yard monitor well durin
drilling. However, for approximately the first week after its
installation, no gasoline was measured in the well. During this
time, the well had been flushed and checked to assure that it
was not clogged. Approximately one week after its installation,

gasoline was detected in this well and has been present to this

date.

C. Gasoline Recovery

The total gasoline recovery information has been logged and
plotted in our office since the beginning of the recovery effort.
The total volume plotted against a logorithmic plot of time has
been ap?rmximately linear throughout the imb until the install-
ation of the Brace Lumber Yard sump, on October 31, 1980. The
graph then takes a sharp bend which reflects the increased
recovery rate due to the newly installed sump. As of November 30,
1980, an estimated total of 33,158 ga}lans of gasolinev}ﬁas been
recovered at the site. The semi-logorithmic plot of the recbvery

vorlumes to date is included on Plate 2.




On October 30, 1980, a scavenger pump was installed in
the Brace Lumber Yard in order to extract a known gasoline
pool in this area. The gasoline recovered by the Brace Lumber
pump is being discharged into a 300 gallon tank. As of
December 12, 1580, there have been a total of 11 tanks of
gasoline extracted by the Brace pump or approximately 3,300
gallons of gasoline. The tank has been filling approximately

every two to three days.

(%1




A. Piezometric Elevations

‘There have generally been two drawdown pumps operating at
the site; one at the Monitor Well Location 4a, and the other
at Monitor Well Location 8. Some pumping was also performed
at Well 5a earlier in the recovery effort. Plate 3 depicts the
pieéom@ter water-gasoline surface level elevations prior to pumping
in June of 1980. 1In general, the piezometric contours indicate
a gentle slope downward from the south to the north end of the
site from approximately Elevation 10.5 to about Elevation 9.5
at the lake. Plate 4 shows the piézametric contours estimated
from well data taken on December 7, 1980. Again there is a
general decrease inthe piezometric surface towards Lake Union
to the north. However, now the elevations decrease f[rom approx-
imately 9.5 to 8.5 despite an increase in rainfall from June to
Secemb@r. We feel that this overall lowering of the watervtable
is due mainly to Lake Union being lowered approximately 2 feet
in the months of October and November, 1980, and partially to
the drawdown effects of pumping.

U.S. Army Corps officials have advised us that the lake
was lowered to its minimum level in the beginning of December.
Plate 1 also indicates the general effect of the existing wells
pumping at the site; there is a general depression at each well

location. However, based on our data points, it appears that




the northernmost depression may be opened out toward the lake
to the north, indicating that Well No. 8 may not be attaining
sufficient drawdown to contain the existent gasoline pool.

We expect that the general piezometric level at the site area
will rise in the future with the rainy season ahead.

B. Gasoline Thicknesses

Plates 5, 6, and 7, depict the gasoline thickness in inches at
various phases of the recovery effort history. Plate 5 shows
the gasoline thickness at the beginning of the recovery effort
in June, 1980. This plate shows the major concentration of gas-
oline immediately beneath the gas station site. Plate 6,
showing the gasoline thicknesses on November 18, 1980, shows two
rools of gascline near the drawdown wells with the area
directly beneath the gas statiocon essentially devoidvaf gasoline.
Plate 7, showing the gasoline thickness on December 7, 1980,
essentially shows a similar gasoline distribution with somewhat
lesser thicknesses. In addition, this plate also includes the
gascline thickness measured at Monitor Well No. 32, which was
recently installed. This plate indicates that the northern
pool of gasoline may be somewhat more extensive than previously
estimated. The lack of detection of gasoline in Wells No. 22,
23, 29, 30, and 31, indicates that the gasoline has been contained

within the site. -




The existing pumping program has had a variety of influences
on gasoline thicknesses in individual wells over the life of the
project. Some wells show a definite decrease in gasocline
thickness, some show a definite incréasing trend, others show
a scatter of values varying within a range of thicknesses and
still others show an essentially constant thickness. Decreasing
trends appear to be prominent in wells located 50 to 100 feet
from the drawdown wells, but this is not always the case. In
addition, the trend, or mode, of a particular well may change
with time. The most recent readings indicate that the majority
of the wells have either a scatterkor a constant mode of variation
in the last month. This may be a result of the decrease in the
general water levels at the site due to the lowering of Lake
Union., Lowering the lake would tend to reduce the effective
drawdown of the two existing pumping wells. The following
tabulation depicts the variation in gasoline thickness for each

well for the month of November, 1980.
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C. Explosimeter Readings

Explosimeter vapor readings have been taken at 4 and 8
foot depths in each well on a weekly basis. Our tabulated
data of these readings indicates no defined patterns or trends.
Vapor readings appear very sporadic and inconsistent at times.
Daily readings have varied from 0 percent at 4vfeet to
100 percent at 8 feet in the same well. Consecutive readings
for a given depth have varied as much as 100 percent in some
wells.

In general, explosimeter readings at 8 feet have measured
consistently above 50 percent throughout the recovery program
for Monitor Wells No. 1 through 10, 17, 18, and 19. Currently
all wells, except for Well No. 22, have measurable gasoline
vapor in them. Up until recently, Wells No. 11 and 23, at
the north end of the block, have had no detectable gasoline
vapor in them. The recent high vapor readings in these wells
may indicate a northward movement of the gasoline pool due to
the general lowering of the ground water table and the subsequent

decreased effectiveness of the existing drawdown punmps.
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FIT. S0IL AND HYDROLOGIC CONDITIONS

A, S50il Conditions

Deep subsurface soil conditions were evaluted by drilling
Wells No. 29 and 31 to depths of 65 and 70 feet respectively
{see Plate 1), and by reviewing existing deep soil data in the
vicinity of the site. Based on this data, we estimate that the
site contains approximately 35 to 40 feet of relatively
impermeable silt, sand, and woody fill material underlain by
very dense, highly permeable sand. The upper surface of the
dense sand appears to slope to the north approximately from
Elevation ~15 to Elevation -20 (City of Seattle Datum). The
drilling crew experiepced 2 to 3 feet of heave in the auger
when the surface of this dense sand was encountered. Based on
drilling data performed by others to the north of the site
along Valley Street, we expect that the dense sand layer extends

greater than 90 to 100 feet beneath the existing ground surface.

B. Hydrologic Conditions

Based.an a pumping test which was performed by our firm at
another site on sandy soils very similar tc those encountered
at depth at this site, we estimate that the permeability of
this sandy unit may be on the order of 200 gallons per day per
foet. In comparison, our empirical e;timate of pérmeability

through the upper fill soils, based on data taken at the site,

is on the order of 4.0 gallons per day per foot. As a result,
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we expect that drawdown pumping rates will be greatly increased
for wells extending into the sandy unit. At present, we estimaﬁe
that the two existing drawdown pumps are operating at a volume
rate of approximately 0.15 gallons per minute. This corresponds
to a drawdown of approximately 1 foot at each pump location.

If an eguivalent wéll (i.e., same diameter, depth and water table)
was installed in a permeable sandy unit such as that occurring
at depth at the site, we estimate that the pumping rate would
have to be increased to approximately 7 gallons per minute.

The following table summarizes our estimates for requiring
pumping rates to attain a given drawdown at the pump location

for wells extending to a 60-foot depth at the site:

Drawdown ' Reguired Pumping Rate

{(Feet) (Gallons per Minute)
5 ' 15
10 30
15 45

It should be noted that these estimates are based on limited
available data, The actual values may vary erratically in the
field.

The extent of the cone of influence in a particular well is
an important factor in the gasoline recovery effort. The draw-
down cone is defined as the depressiop in the ground water surface

caused by a well. 1In general, the depressed surface is cone

- shaped, the sides of which are very steep at the well and flatten

12




to essentially horizontal at some distance from the center of

the well. The horizental distance betweeﬁ the well and the

point at which no drawdown occurs is defined as the radius of
influence. Under a given set of soil conditions, the effective
radius of influence of a well is increased as the drawdown for

the well is increased. Based on measurements taken in the

fiéld, we estimate that the existing radius of influence at

the two existing wells at the site are each approximately 50 feet,
for approximately 1 foot of total drawdown at each well. Data
procured from another site with sandy soils such as those
occurring at depth beneath the subj@ct site, indicate a radius

of influence over approximately 580 feet with 9 feet of drawdown
at the pump. The discrepancy between the above radii of influence
is due to the relative difference in permeabilities between the
soils at the ﬁwo sites. The less permeable soils, such as

those encountered in the upper soils at the subject site, wili
tend to increase the steepness of the drawdown cone and thereby

decrease the effective radius of the well, It will therefore

require a correspondingly deeper drawdown in order to obtain
the effective radius of influence which would result if the ﬂ?

e

well was embedded entirely in one soil typa or the other.
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IV. RECOMMENDATIONS

A, New Wells

We recommend that four new wells be installed at or near
the locations indicated on Plate 3 {(designated as A through D).
The new wells may be lcocated at existing well locations or at
new locations. This should be determined in the field and will
depend on any physical restrictions or public concerns. It
may be possible to delete the well at location "D", 1if pumping
tests and monitoring from the other wells indicate sufficient
influence in the vicinity of the proposed location for Well No. D.
We therefore recommend that the weils be installed in the order
A through D.

Each well should be installed to a depth of approximately
60 feet beneath the existing ground surface. Wells should be
drilledvtm a diameter of approximately 3 feet with an interior
casing 2 feet in diameter and backfilled in between with gravel.
The bottom of the well casing should be covered or cemented to
exclude loose bottom scils which could plug the drawdown pumps.
The casings should be vertically slotted for the total length
of the well. We expect that temporary outer casing will be
reguired during the excavation for each well. In addition,
during our subsurface explorations at, the site the dense lower
sands heaved up into the auger as its upper surface was breached.
We suspect that heave may also occur at this interface during
well drilling operations. This can be offset by keeping the

casing filled with water or a bentonite slurry during drilling.
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Pricr to pumping, each well should be surged and bailed
for approximately 2 hours to assure that the well is suffic-
iently clean and operating properly.

B. Potential Prohlems

Substantial drawdown in the vicinity of the site may cause
excessive soil settlement. Removing the water increases
intergranular soil pressure just as would the weight of a
heavy £ill or building. This could affect structures and
utilities within the influence of the wells. Each foot that
the ground water is lowered is equivalent to placing a uniform
surcharge of 60 psf over the area. However, the subsurface soils
will not begin to feel this overburden until the ground water
is lowered below its previous lowest level in recent history,
which we feel is on the order of Elevation 8 in the site
vicinity. The block area generally has approximately 20 feetk
of loocse £ill and debris overlying more compact native soils.
There are many signs of past excessive settlement to pavement
and building structures in the block area, especially in the
Brace Lumber Yard. We therefore recommend that the ground
surface and structures in the vicinity of each well be surveyed
to detect any signs of potentially hazardous settlement. This
will be expanded on in a subsequent section of this report.

Due to the relatively high permeibility of the lower sandy
soils, we suspect that the proposed deep wells may experience
large inflow of watef from these lower soils. This will tend

to dilute any hydrocarbons entering from the upper waters.
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Also, the pumping rates will have to be large to handle the
influx., Based on pumping tests in similar clean sandy soils,

we expect that up to 15 feet of drawdown may be experienced with
‘pumying rates on the order of 35 gallons per minute. Greater
pumping rates may be reguired for the subject site. Actual
pumping rates will have to be verified in the field. Some
means of varving or adjusting pumping rates will be necessary.
If possible, equipment with a range of pumping rates between

20 and BO gallons per minute should be installed.

C. Survey Program

Prior to pumping in any of the new wells, a survey datum
should be established a minimum of 500 feet away from the nearest
pumping well or on a pile supported structure for monitoring
potential settlement due to drawdown. A minimum of five survey
points should be established at various distances from each
well., We suggest that survey éaints he established approximately
0, 10, 34, 50, and 80 feet from each well. We recommend that
the survey points be read twice daily during drawdown and daily
for one week after static conditions have been obtained. After
that, surveys should be made on a weekly basis for approximately
one month or on a schedule based on monitoring of the trends.

Based on the behavior of the earlier drilled wells, the
settlement survey monitoring program may later be revised or
exluded for subseguent wells except Well €, which should be
monitored regardless of the settlement behavior of previously

surveyed walls.




’

D. Pumping and Monitoring Program

Company

[

Based on discussions with Jeff Benoit of Union Oi
and Ed Ingham of Ryan Haworth, we estimate that the likely chain
of events which will occur for each well will be as follows:

1. Install well,

2. 1Install drawdown pump at base of well,

3. Pump well for short period of time into
a storage tank,

4., Take a water sample and send to
laboratory for testing,

5. Continue to pump until the storage
tank 1s filled {monitor settlement
during this time), ’

Shut off pumps, cbtain a water sample
and send to laboratory for testing,

7. Evaluate testing results,

8. If the hydrocarbon content is sufficiently
low in the water samples, turn pump back
on and begin developing the drawdown cone
for the well while surveying settlement
points around the well and taking water
level readings in nearby wells to
evaluate the rates and shape of the
drawdown cone. The water may be disposed
of in the storm drain system.

9. If the hydrocarbon content in the water
samples is not sufficiently diluted, then
storage, filtering or chemical treatment
of the water will be reguired before it
is discharged.

=2
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Intermittent surveying and water level monitoring should also
be performed during step 5, while filling the initial storage
tank. We estimate that a 10,000 gallon storage tank will
take approximately 4 to 5 hours to £ill with a pumping rate

of 35 gallons per éinute. The results of our pumping tests
performed in sandy soils similar to those at depth at the site
indicate that for such soils, static conditiong are approached
in approximately 48 hours.

After the initial evaluation of hydrocarbon concentration
is completed and the results approved , full scale pumping of
the first well should begin. During the initial pumping,
drawdown in the pumped well and several cbservation wells
should be carefully monitored so that the rate of the spread
and extent of the drawdown cone can be evaluated. Because we
are uncertain of the actual rates of pumping which will be
required for a given drawdown, we recommend the following
monitoring schedule. We alsc recommend that one of our staff
be present during this initial phase, so that monitoring results
can be evaluat@d on site and pump rates modified if necessary.

We recommend the following monitoring schedule:

1. Prior to turning on the pumps, a depth reading
should be taken at the well and in all surrounding
wells to be used in the monitoring program.

¥

2. Start pump and take consecutive readings in the
pumping well for 5 minutes. ™
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~and all wells within 200 feet of the pump well.

From 5 to 10 minutes, take readings of pump well
and all monitoring wells within 50 feet of the
pump well.

From 10 to 30 minutes take readings of pump well
and all wells within 100 feet of the pump well.

From 30 to 60 minutes, take readings of pump well
Continue to take readings of all pump and monitor-
ing wells every 15 minutes for 4 hours.

Continue to take readings at 4-hour intervals
until static conditions are attained.
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V. UBE OF THIS REPORT AND WARRANTY

We have prepared this report for use by Union 0il Company
of california or by your design representatives for this project.
The data and report should not be considered as a warranty of
the subsurface conditions.

Within the limitations of the schedule and budget for our
work, we warrant that our work has been done in accordance with
generally accepted practice in this area. No other warranty,
express or implied, is made. |

The scope of our work did not include services related to
construction safety precautions and is not intended to recomnmend
or direct construction means, methéds, techniques, segquences oOr
procedures, except as specifically described, and then only for
consideration in design, not for construction guidance.

There are possible vafiations in subsurface conditions
between the explorations and also with time. A contingency for
unanticipated conditions should be considered.

We understand that we will be working closely with you and
your design representatives to develop a corrective program and
to see that our recommendations are properly interpreted. If
there are any gquestions concerning this report or if we can

provide additional services, please call.
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ROGER LOWE RASSOCIATES INC.
EARRTH SCIENCES

January 9, 1981

bnlon 0il Company of California
2901 Western Avenue

Seattle, Washington 93l21
Attentlon- Mr. Jeff Benoit

_ Progress Report '
. ) o Monitoring and Recovery Operations
S T e R R Westlake and Mercer Gasoline Spill
Project No. 14, 197,006.07
Gentlemen:

This lett&r presents our semlmcnthly status repart regard~
ing the monltaxlng and recovery program for the Westlake and
Mercer gascline spxll in Seattle, Washlngtan. A report summar-

izing our previous services for the project was presented
December 23, 1980.

Status Meeting

On January 6, 1981 a meeting was held to discuss the program's
current status and future direction. Those in attendance 1nc1uded

Jeff Benoit and Bill Driscoll of Union 0il Company, Ed Ingham

of Ryan Haworth, Jim Miller of GeoEngineers, and Jim Neyens
and Jim Cameron of Harding-Lawson Associates. Jim Neyens

is a member of our Houston office with extensive experience
in gasoline recovery operations and other environmental

engineering concerns.

MAIL: PO BOX 3885 BELLEVUE. WA, SBOOS - TELEPHONE {206) A53-8383
’OCA”‘"?ON BENAROYA BUSINESS PARK, BLDG 4 SUITE 219 - 300 120ih AVE NE, BELLEVUE WA




Union 0il Company - Page 2
January 9, 1981

Based on discussions in the meeting, we understand that yauk
would like to avoid overt action in order to minimize disturbance
to merchant business and public traffic Ln the station's v1cxn1ty.
It appears that the spilled gasolxne is contained wzthln the con~ -

fines af the surrounding bleck, and that adequate ventilation

- measures are being employed at all areas of detectable gasollne

vapor. Due to the apparent control of the gasoline and vapor
problems and the subsequent low rlsk to bodily harm, we feel
that the propased course of direction ls acceptable, prmvlded
the existing mOnltorlng program is contlnued. However, should
future monitoring indicate potential gasolxnelar vapor hazards,
alternative actions should be available for prompt response,
Two alternative courses of action were discussed in the

meeting. They include the following:

1. We feel that it is unlikely that liquid gascline.
will enter Lake Union. However, if liquid gasoline
is detected in monitoring Wéll Nos. 22 and 23, and
it is felt that gasoline entry into the lake would
be hazardous to the lake or to the public, then
some means of reversing the gasoline flow back
toward the site would be necessary. One possible
means would be to install a drawdown pump at the
base of the Brace Lumber Yard gasoline sump to

depress the local water table. It is estinmated




Union 011 Company ~ Page 3
January 9, 1981

that the existing gascline sump tank could be quickly
fitted to accomodate approximately 5 feet_cf additional
drawdown. The water retrieved from the drawdown.

.pump would have to be stored and trucked off the site
or treated and pumped into the storm sewer system. We
feel that drawing the water level down at the Brace
Lumber Yard gasoline sump would depress the water
taﬁle sufficiently to reverse lakeward flow of liquid
gasoline. However, the drawdown pumping would also .

tend to draw gasoline off the Union Oil property.

2. If monitoring data indicates potentially serious
hazards caused by the gasoline spill, then an
alternative method of speeding up the recovery rate
would be to deepen existing or install new deep wells
as outlined in our letter dated December 23, 1980.
Prior to drilling these wells, additional’evaluation
would be necessary concerning their depth and |

location.

Questions were raised as to the accuracy of the existing
water level and gasoline thickness data which is obtained
periodically. Cesocline and water measurements are taken with a wooden
dip stick. The volume of gasoline and water which is displaced
by the dipstick may be affecting the true liquid readings in

¥

the wells, particularly the two-inch diameter monitoring wells.
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We recommend that future measurements be obtained with a metal
tape or other ﬁeans which displaces a minimal volume of liquid
during measurement. |

Additional consideration was giveh to interpretation of
the gasoline thickness data. It appears that the thickness of
gasoline measured in a monitor well does not necessarily reflect
a ccrres?anding thickness of gasoline ligquid in the adjacent |
soil, For mcét soils, the measured gasoline thickness will be
greater than these actually occurring in the soil. The differeﬁce
depends primarily on the soil permeability and the local hydraulic
gradient. 1In general, the difference in thickness will be
greater in soils of lower permeability than in those of higher
permeability. Consequently, the contour plot of gasoline
thickness (see Plate 2) may not represent accumulations of gaso-
line but may actually indicate variations in suksurface perme-—
ability. Considering the variety of fill soils encountered
in the test borings, it is likely that there are significant
differences in permeability and that the measured gasoline
thicknesses to some extent reflect this variation; In any case,
it is encouraging to note that the measured gascline thicknesses
are probably several times greater than actual thicknesses.

A flash test and a specific gravity test will be performed

on samples of gasoline which have been recoverei to better
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evaluate combustibility and potential for contamination. In
additian; a survey of utilities and elevations is presently
being accomplished in order to construct a comprehensive site plan;
Vapor removal techniques were also briefly discussed at
the meeting. Gasocline trapped in the soil will continue to
release gaséiina vapor long after ali of the fetrievable liquid
gasoline is coilected. The vapor hazard may be eliminated by
either flushing with &ir to draw the vapor out of the soil, or
by biclogical degradation through bacterial means. Both pheno-
mena occur natually in the soil but at a very slow fate; vapor
removal technigques essentially consist of speeding up the natural
processes. One method consists of constructing a network of
well points above the water table and forcing air through the
unsaturated zone of soil which would both flush the soil of
vapor and bring a steady supply of oxygen to aercbhic bacteria
to decompose the gascline. In addition, phosphates and nitrates
in liqﬁid form may be injected through the wells to increase
bacterial growth. Alternatively, vacuum well points could be
installed above the water table and would perform the same
functions except that air is drawn to the wells rather than away
from them. The vacuum method may be advantageous in that it
would tend to contain the gascline vapor at the site. Other
methods of gasoline vapor removal may be possible and a liter-
ature search of current theories and practices cay be gquite

helpful for this project.




3

Union 0il Company - Page 6
January 9, 1981

Future Services

Based on the results of the meeting of January 6, 1981 we
understand that our future involvement in this project will

consist of the following:

1. Continue to reduce data which is periodically

collected by Pacific Testing Laboratories.

2. Summarize the results of our data reduction and

present the results in biweekly reports.v

3. Notify Union 0il Company and discuss alternative
actions to be employed, if site data indicates

potentially hazardous conditions.

4. Perform a literature search of gasoline vapor

removal methods and techniques.

Gasoline Recovery

Gasoline recovery continued to decrease after November 30,
1980. Between November 30 ans December 31, 1980 an estimated
total of 819 gallons was reccvered; 532 gallons from the Brace
Lumber pump and 267 gallons from Well Nos. 4A and 8. This brings
the total gascline recovered «o date to 33,977 gallons.

Since the last part of Dscerber, gasoline recovery from wells

on the Union Station proparty has vircually ceased. We feel
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this has occured ptimaxily as a result of a decrease in the total
amount of gasoline available for recovery by the present racovafy
means and partially due to the relatively low ground watet |
levels currently experienced by the site. In addition, there
appears to have been a continued northward migration of gasoline
away from Well ﬁa. 8 as an apparent result of a northward
descending piezcmétric surface. We expect that little additional
gasoline can be recovered frcﬁ these wells until the pumps

are lowered or the wateiytable rises sufficiently for the piezo-

meteric gradient to be reversed.

Piezometric Elevation

Since December 7, 1980 there has been a slight rise in the
elevation of the piezometric surface in the monitored area.
However, this rise has not been significant enough to affect the
recovery rates at the site, In Well MNos. 22 and 23, the increase
in elevation has been approximately .5 feet. 1In other wells,
the increase is generally less. Comparison of the piezometric
elevations presented on Plate 1 in this report with those bf
Plate 4 in our report dated December 23, 1980, indicates that
the main effect of the rise in piezometric levels has been to
broaden the area in which piezometric levels exceed Elevation
9.6. Ha&ever, there has been little significan% change in the
overall hydraulic gradient which slopes downwarZ to the north

and east. A small depressicn in the piezometri:c surface still
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appears to exist near Mercer Street and in the northwest corner
of the Union Station property.

We believe that the slight elevation gain in the piezometric
surface does not signify a major trend but merely a minor adjust-
ment teo local recharge conditions.

Gasoline Thickness

Plate 2 depicts the recorded gasoline thickness in inches
on December 28, 1980. Comparison of this plate with Plate 7
in our report dated December 23, 1980, indicates that the
location and thickness of gasoline pools has not chaﬁged
significantly since December 7, 1980. There afe still apparent
concentrations of gasoline beneath the Union Staﬁicn near
Mercer Street and just north of the northwestern corner of
the Union Station property. The lack of variation in gasoline
thickness since December 7 is not surprising considering the
relatively small amount of gasoline currently being recovered
from pumping cperations. However, as noted previously, the
contour plot may not be depicting actual gasoline thickness
but variations in subsurface permeability.

Explosimeter Readings

Explosimeter readings taken since December 7, 1980 are
fairly consistent. All wells with the exception of No. 22 have
measurable vapors at a depth of 8 feet. The latest measurement
on December 28, 1980 shows that Well No. 23 is also devoid of

vapor. Hcwever, readings of 100 percent were obtained in this
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At a depth of 4 feet, Well

If there are any gquestions

we can provide additional servi

J1C/1d

2 copies submitted
1 Jim Miller
1 Ed Ingham

well at a depth of 8 feet in the previcus two measurements {on

December 14 and December 21, 1980).

Nos. 14, 16, 22 through 26, and

31, showed no measurable vapor concentrations. Other wells

generally measured 100 percent at this depth.

concerning this report or if

ces, please call.

Yours very truly,

ROGER LOWE ASSOCIATES
A Division of Harding-Lawson Assocxates

S tote T (ltmscars

James T. Cameron
Project Manager

Roger’ A. Lowe

Principal~in-Charge
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ROGER LOWE ASSOCIATES INC.
EARTH SCIENCES

January 26, 1981
. o 14,197,006.07

Union 0il Company of Califotnia
2801 Western Avenue

Seattle, Washington 98121 .~ . oy @ '
Gentlemen: . Co Yvﬁli"#m7¥§ﬂ5=g;;f.:ﬁ= i} -

Attention: Mr. Jeff Benoit

Progress Report No. 3
Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill

s

This letter presents our semimonthly status report regarding
the monitoring and recovery program for the Westlake and Mercer

gasoline spill in Seattle, Washington.

k]

Gasoline Recovery . s

Gasoline recovery has continued to decrease since December.

Between December 31,11986 and January 11, 1981, neither the Brace
Lumber holding tank nor the main Union Station bolﬂiné tank

were pumped. Consequently, the total gasoline recovered to

- date (January 11, 1981) remains at 33,977 gallons.

As noted in our last report, the slowdown in recovery appears

to be due to low ground water levels relative to well and pump

depths and to a lessening volume of gasoline available for

recovery.

Piezometric Elevations

Since December 23, 1981, there has been little significant

change in the overall configuration of the piezometric surface

L

MAIL: PO BOX 3885 BELLEVUE WA 98009 - TELEPHONE {206) 453-8383
1 OCATION: BENAROY A B “-.\éhi:SSr' BE BLDG 4 SUITE 2193001200 AVE NE BELLEVUE WA
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in the monitored area. As shown on Plate 1, there is a small
depression near Mercer Street and a relatively steep dropoff
in piezometric elevations near the north end of the Union
Station property. The Mercer Street dépressian has lowered

slightly from a base elevation of about 9.2 on Decembexr 28, 1980

to about 9.0 on January 11, 1981. Similarly, the piezometric

surface near Wells B-1, B-6, and B-8 at the north end of the

_ Union Station has lowered a few tenths of a foot.

Since our last report, we have given additional con51der—

ation to the 1nterpretat10n of the piezometric data. Plate 1

We

shows a steep drop and a narrow ravine-like configuration of .i
the piezometric surface near Wells B-6, B-8, and B-26. 3

believe it possible that these features have developed in response

to grouhd water being held up or "dammed” against the buried

retaining wall which we understand bounds the northern side of

¥

the Union Station property. Since the overall slope of the

piezometric surfacé is downward towards Lake Union, ground water
1evelsran the uphill (south) side of the buried wall should be
higher tﬁan those on the downhill (north) side. Conseguently,
a steep waterfall-like flow may have developed near these wells

due to "dammed" ground water migrating westwatd around the wall

then downward {(northward) toward the lake.

-

Gasoline Thickness

Plate 2 shows the recorded gasoline thickness in inches

as measured on January 11, 1981. comparison of this plate with
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Plate 2 in our last report,vdated January 9, 1981, indicates
that the 1ocat1an and thickness of gasoline pools has notvvk
changed sxgnlflcantly 51nce pecember 28, 1980. There has been
no dlscernlble mlgratlen of the gasoline pools northward towards
the lake and all spllled gasoline is apparently contained

thhln the ccnflnes of the Unlcn station-Brace Lumber block.

Exg1051meter Readlngm

There has baen almost no variation in explosimeter readings
t?kan 51nce December 28, 1980.. The latest measurement on
January 1l. 1981 1nd1cates that all wells except Nos. 22, 23,
29, 30, and 31 have some gasoline vapor at depths of 4 feet,

g feet, or at both depths. Although Well Nos. 22 and 23,
located closest +o the lake, did have vapcr readings in the
middle part of pecember, there have been none since. Similarly,
Well Nos. 27, 30, and 31 have registered no vapoxr readings since

the end of December.

Literature Review

In an attempt tO further our undarstanding of gasoline
spills and mitigating measures, we have reviewed some literature
available from the University of washington library.

Dnekarticle jnvolved a qaseliné spill in the LosVAnqeles
area in 1968 in which 250,000, gallons of gasoline were lost to

the surrounding soil. The recovery-effort used at the site was
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very similar to that currently being used at the Westlake and
Mercer site. Observation wells were drilled to define the
areas of contamination. Later, a numbar of pumping wells were
installed to lower the local ground water and skimming wells
were used to collect the gasoline at the ground water surface.
It was ccncluded that it would be essentially impossible
to flush out all of the gasclxne from the contaminated zone as
- the gasoline would tend to form small bubbles within the soil
mass around which the flushing water would flow. Consequently,
water flowing through én area containing finely dispersed
gasoline drapleté, would tend to rémain uncontaminated. The
flushing action would also be retarded in areas of high gasoline

) 4
concentration as a result of the reduced pore space available

for the movement of water.

Bacterial degradation was proposed as a final solution to
remcving the remnant ffactian of gasoline. A possible problem
with biodegradation is that bacterial slime can build up within
the soil mass preventing the necessary oxygen and nutrients
from getting to the gasoline.

Some success in removing gasoline frém contaminated water
at the site was achieved by using activated carbon filters,

However, this method was not deemed to be cost effective.

4
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We reviewed another article concerning the case history of a

jet fuel storage tank leakage in virginia during which 85,000

gallons of JP-4 fuel were lost to the surrounding soil. The

recovery program involved a 50 well point system in which

1 were recovered within one

month. After this time, two new recovery schemes were implemented

and a new well point system

to increase fuel recovery. However, both systems failed to

prove effective. " Flushing by cyclic pumping was also used with

no visible success.

Prior to the start of recovery operations, it was predicted

that the recovery would be on the order of 25 to 50 percent of

the spill volume with an absolute maximum approaching 60 percent.

In actuality, approximately 25 percent was recovered. It was

assumed that an additional 25 percent was lost to evaporation

while the rest was bound within the soil mass. As with the site

in Los Angeles, it was assumed that the remainder of the fuel

would be removed through natural biodegradation.

Other articles reviewed concerning oil and gasoline degrada-

tion in soil indicate that aerocbic biodegradation processes are

much faster than anerobic degradation. Laboratory tests have

nt flora which assist in the

shown that fungi are the predomina
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piodegradation of oil derivitives, and that increasing fungal

activity can increase the rate of degradation. However, the

length of time reguired to completely degrade remnant gasoline

may still be on the order of 5 to 15 years.

There has also been considerable research on the use of

n-up of oil and gasoline spills.

ormed on emulsifiars whicb unbind the oil

be more readily

extracted. However, most emulsifiers are not environmentally

safe for injecting into the ground. One new product, called

3225, produced by J & M Equipment Company . Inc., Qut of Sidney,

Ohio, does appear to be environmentally acceptable. B226 is a

T

degreasing agent which removes gasoline vapors and sewer and
%

ors, and is biodegradable and phosphate-free.

septic odi This

product is currentl§ used for cleaning manholes, but the

manufacturer has indicated that they are researching methods

by which it can be used to clean contaminated ground. The

product works by eliminating soil "binders” which cause the

contaminant to adhere to various surfaces. Once the "hinders”

are removed, the oil derivatives can enter into the solution and

pe filushed away. This research appears very promising and may

prove useful in alleviating gasoline contamination and vapor

problems at the Westlake and Mercer 'site. We intend to pursue

investigation of this product.
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1f there are any questions concerning this report, please

call.

. Yours very truly.,

P o EY

ROGER LOWE ASSOCIATES, A ElVlSlQn
of Harding-Lawson Associates

L pts T (Birern

ames T. Cameran, Project Manager

%W
Réger Lowe, Prlncxpal -~in=-Charge
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BOGER LOWE ASSOCIATES

A Division of HARDING-LAWSON ASSOCIATES ]
Engineers, Geclogsts and Geophysicists

February 6, 1

%
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Union 0il Company of California
2901 Western Avenue .
Seattle, Washington 98121

Attantien: Mr. Jeff Bengiti ;

4

Gentlemen: “i.h o

Progress Report No. 4

d‘.bf" Seattle, Washington

-

LN

gasoline spill in Seattle, Washington.

[ ARG

Gasoline Recovery

it
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Avenue. - . .

Wells 6, 8, and 26. The new data from Wells 29, 30,
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o Monitoring & Recovery Operations
»%¢  westlake and Mercer Gasoline Spill

This letter presents our gsemimonthly status report regarding the
monitoring and recovery program for the Westlake and Mercer

Gasoline recovery is at a virtualvatandstill. Since December 31,
1980, neither the Brace Lumber holding tank nor the main Union
Station holding tank has been pumped. Consequently the total

qﬁb gasoline recovered to date (January 25, 1981) remains at 33,977
' gallons. ; _ C e ae s S e
pPiezometric Elevations ~° = = ' .C] ’ ;f f;{ i e s

Since our last progress report, we have obtained top-of-casing

elevations for nevw monitoring wells 29, 30, 31, and 32. Acguis-
jtion of this information has allowed determination of piezometric
levels in the eastern portion of the monitored area along Terry

-

In our last progress report, we noted that there appeared to be a
narrow ravine-like configuration of the piezometric surface near

31, and 32

supports this interpretation and indicates that the "ravine" is
an even more pronounced feature than previously thought.

The new
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Union 0il Company of california
Page 2 — February 6, 1981

o

data also suggests that the local piezometric surface slopes

downward towards the monitored area from the east as well as -
from the south and west. - 3 . o R ¢ J"i
. i B AP N . s - : i,» )
since January 11, 1981, there has peen little significant change ,
in piezometric elevations across the site. The depression near 7
Mercer Street (see Plate 1} has risen slightly from a base i~ i
elevation of about 9.0 on January 11, 1981 to 9.3 on January 25,-A‘?
1981. In other areas, the piazometric surface has risen a few =}
hundredths of a foot. _g“”‘iém.;{‘ Tt o 3 ,g_ﬁﬁﬁ?" ke
h8 R S MRS SRR :
Gasoline Thickness “% H e Y AR :
. P a ._; - . 4 ;

Plate 2 shows the recorded gasoline thickness in inches as measured
on January 25, 1981. Comparison of this plate with Plate 2 in

our report dated January 26, 1981, indicates that the location and
thickness of gasoline pools has not changed significantly since
January 11, 1981. The fact that no ligquid gasoline has been :
detected in Wells 29, 30, and 31 is probably due to the trapping !
of free gasoline in the piezometric “ravine® discussed previously. |
any migration of gasoline should occur along the *ravine®” towards f
the lake rather than eastward towards Terry Avenue OT westward ,
towards Westlake Avenue. Currently, there does not appear to be A
any active migration since neither liquid gasoline nor gasoline i
vapor has been detected in monitor Wells 22 and 23, located directly
down gradient from, and in-line with, projected gasoline movement, b
Based on this, we believe that the spilled gasoline is essentially

contained within the confines of the ynion Station - Brace Lumber @

et ¥
p—

Explosimétervkeédings

There has been almost no variation in explasimeter"réadinga taken ¢

since December 28, 1980. The latest measurements taken on January :
25, 1981 indicate that all wells except Wells 22, 23, 2%, 30, and i
31 have some gasoline vapor at depths of 4 feet, B8 feet,or both. ..
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February 23, 1981
14,197,006.07

Union 0il Company of California

2901 Western Avenue ;
Seattle, Washington 98121 @ PY
Attention: Mr. Jeff BRenocit ) :

Gentlemen:

Progress Report No. 5

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter presents our semi-monthly status report regarding the
monitoring and recovery program for the Westlake and Mercer
gasoline spill in Seattle, Washington.

r

Gasoline Recovery

Gasoline recovery is still slow. Between January 25 and February 8,
1981, approximately 48 gallens of gasoline were recovered. The
total gasoline recovered as of February 8, 1981 is approximately
34,025 gallons.

Piezometric Flevations

The piezometric elevations for February 8, 1981 are shown on Plate
1. In the northern half of the block there appears to be little
significant change from those elevations recorded on January 25,
1981. Piezometric elevations in the southern half of the block
appear to have decreased an average of .2 feet within this time
period. It is difficult to assess the reason for this general
lowering. However, the apparent depression in the southern half
of the block indicates that the gasoline is still being retained.
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ROGER LOWE ASSOCIATES

Union O0il of california
Page 2 - February 23, 1881

Gasoline Thickness

Plate 2 shows the recorded gasoline thickness {in feet) as
measured on February 8, 198l1. Comparison of this plate with

Plate 2 in our report dated February 6, 1981, indicates that the
gasoline pool in the mid-portion of the block has decreased signif~
icantly in thickness from a maximum of 1.4 feet to a maximum
thickness of approximately .6 feet. Conversely, the gasoline

pool in the southern end of the block has increased in maximum
thickness on the order of .5 feet. This may indicate a migration
of gasoline to the south.

We are informed that the lake level has risen significantly in
the last few weeks. Theoretically this would explain gasoline
migration toward the south, however, the piezometric readings do
not substantiate this. We feel that if gasoline is migrating
toward the south, there is no need for concern since the gasoline
would eventually be halted as it meets the higher water table
surface flowing from the south.

At this time it is difficult to assess the reasons for the signif-
icant variations in gasoline thickness at the site., We intend to
closely watch subsequent readings of gasoline thickness, piezometric
elevations and lake levels in order to explain these discrepancies.

Explosimeter Readings

There have been little to no variations in explosimeter readings
taken since December 28, 1%80. The latest measurements taken

on January 8, 1981, indicate that all wells except 22, 23, 29, 30
and 31 have some gasoline vapor at depths of 4 feet, 8 feet or
both.

Research

A meeting was held on February 9, 1981 between the Union 0il
Company, Ryan and Haworth Company, GeoEngineers, and ourselves

to discuss the possibility of using a degreasing agent at the site
to reduce vapor problems. In particular, the product B~226 was
discussed.

Tt was decided that Jim Miller of GeoEngineers and Jim Cameron
of Roger Lowe/Harding Lawson Associates, would perform a small
test using 55 gallon barrels and fine sand to evaluate the B-226
before introducing it to the site.
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ROGER LOWE ASSOCIATES

P )

Union QOil Company of California
Page 3 - February 23, 1981

It is intended to retrieve as much gasoline as possible using
the present recovery scheme. Therefore, any significant
modifications will be avoided prior to the beginning of May,
when the lake level should again be at its maximum. In this way,
the existing recovery program will have been in operation for a
full seasonal cycle of lake and weather conditions.

We have been informed that flash tests performed on a sample of
recovered gasoline indicates that the gasoline is still explodible
at ambient temperatures. Specific gravity tests indicate that
the specific gravity of the on-site gasoline is somewhere between

that of gasoline and diesel.
Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of Harding-Lawson Associates

L amse [ (hmsrn

James T. Camercen
Project Manager
JTC/ju

cc: Jim Miller - GeoEngineers
Ed Ingham - Ryan, Haworth

bec: Jim Neyens - Houston Office
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ROGER LOWE ASSOCIATES

& Dwyison OF HATDING-L ANSON ~S30CIATES

Engineers. Geologsts ond GeophysiCsis g U -y U

- | | March 5, 1981
14,197,006.07

Union Oil Company of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit
Gentlemen:
Progress Report No. 6
Monitoring Operations
Westlake & Mercer Gasoline Spill
Seattle, Washington
This letter presents our semimonthly status report regarding
the monitoring and recovery program for the Westlake and Mercer
gasoline spill in Seattle, Washington.

Gasoline Recovery

We have been informed that some of the depressant and scavenger
pumps are being repaired, leaving only one water table depressant
pump and two scavenger pumps in operation. We understand that
the pumps will be repaired within approximately two weeks. The
operating pumps are being alternated between the various wells
with apparent fluctuations in gas thicknesses, piezometric
elevations, and gasoline recovery rates. Essentially no gasoline
was recovered between February 8 and February 22, 1981. Approx-
imately 7,000 gallons of water was pumped from the site into the
main holding tank between February 5 and February 17, with no
noticeable gasoline recovery. The total gasoline recovered as of
February 28, 1981 is approximately 34,025 gallons.

Piezometric Elevations

Piezometric elevations for February 22, 1981 are shown on
Plate 1. There appears to be little significant change from
those elevations recorded on February 8, 1981 {(see our Progress
Report No. 5, dated February 23, 1981). Piezometric elevations
for the block generally lie between 9.0 and 9.4. There appears to
be a local rise in the piezometric elevation measured in Well 5A.
However, we feel this is an anomalous reading. Interim readings
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BOGER LOWE ASSOCIATES

Union 011 of California
rage 2 - March 3, 1981

for this well indicate typical four-to-six-inch variations
between successive readings. Based on the well readings, it
appears that the gasoline pool is presently immobile,

Gasoline Thickness

plate 2 indicates the recorded gasoline thickness {in feet)
as measured on February 22, 1981l. Except for an approximate
two-inch increase in gasoline thickness in Well 32, there has
been essentially no change in the gasoline thicknessess across
the site. The apparent migration of gasoline to the south,
noted in our Progress Report No. 5, dated February 23, 1981, has
apparently ceased. The gasoline pool in the vicinity of Well 8
has a maximum gasoline thickness of 0.5 feet, while the gasoline
pool in the vicinity of Well 4A has a maximum thickness of 1.2
feet. The third pool in the vicinity of the Brace Lumber Yard
has a maximum thickness of 0.4 feet. It appears that the effects
of raising the lake have diminished.

Explosimeter Readings

Explosimeter readings have not varied significantly since
December 28, 1980. The latest measurements taken on February 15,
1981, indicate that all wells except 22, 23, 2%, 30 and 31 have
some gasoline at depths of four feet, eight feet, or both.

Research

A meeting was held on February 27, 1981 between Jim Miller
of GeoEngineers and the author, regarding the test procedure for
evaluating the B-226 degreasing agent. The test is scheduled
to be performed during the week ending March 14, 1981.

Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of Harding-Lawson Assoclates

James T. Cameron
Project Manager

JTC/RAL/Ju

cc:  Jim Miller
Ed Ingham
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March 24, 1981
14,197,006.07

Union 01l Company of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report No. 7
Monitoring Operations

Westlake & Mercer Gasoline Spill
Seattle, Washington

This letter presents our semi-monthly status report regarding
the monitoring and recovery program for the Westlake and Mercer
gasoline spill in Seattle, Washington.

Gasoline Recovery

Gasoline recovery at the site increased somewhat in the latter
part of February and early March. Between the period February
22 through March 8, 1981, approximately 249 gallons of gasoline
were recovered, bringing the total gasoline recovered as of
March 8 to approximately 34,277 gallons.

Piezometric Elevation

Piezometric elevations at the site on March 8, 1981 are shown
on Plate 1. Although there are a number of minor variations in
the piezometric elevations when compared with those recorded on
February 22, 1981, the general shape of the piezometric surface
appears to be similar. In general, the depressions which
previously existed in the northwesterly corner of the gasoline
station property and along Mercer Street, appear to have nearly
disappeared. Currently, there is a broad, flat piezometric

sur face near the middle of the Union Station-Brace Lumberyard
block, which slopes gently down towards Lake Union at its north
end. There is also a relatively steep drop of the piezometric
surface south of Denny's restaurant.
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ROGER LOWE ASSOCIATES

Unien Oil Company of California
Page 2 - March 24, 1981

Gasoline Thickness

Plate 2 indicates the recorded gasoline thickness in inches as
measured on March 8, 1981. Comparison of this plate with

Plate 2 in our report dated March 5, 1981, indicates that the
location of apparent concentrations of gasoline have not changed
significantly since January 22, 1981. However, there has been

a fairly significant decrease in the recorded thickness of
gasoline. Comparison of Plate 2 in this report with Plate 2

in the previous three reports, shows a consistent decrease in
the maximum thicknesses of gasoline measured and a reduction in
the apparent extent of the gasoline.

Explosimeter Readings

Explosimeter readings have not varied significantly since December
28, 1980. The latest measurements taken on March 8, 1981, indicate
that all wells except 22, 23, 29, 30, and 31 have some gasoline

at depths of four feet, eight feet, or both. '

*YaursAvery‘truly,

ROGER LOWE ASSOCIATES, A Division
of Harding-Lawson Associates

James T. Cameyon
Project Manager

JTC/MAA/ju

co: Jim Miller
Ed Ingham
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April 3, 1981

14,197,006.07

Union 0il Company of California
290)1 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:
Semi~Monthly Progress Report #8
Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

Gasoline Recovery

Gasoline recovery at the site continues to be moderate. Between

‘the period of March 9 through March 22, 1981, approximately

373 gallons of gasoline were recovered, bringing the total gasoline
recovered as of March 22, 1981 to approximately 34,650 gallons.

Piezometric Elevations

Piezometric elevations at the site on March 22, 1981 are shown on
Plate 1. 1In general, there is very little deviation from those
recorded on March 8, 1981. There appears to be a broad, flat
piezometric surface near the middle of the Union Station/Brace
Lumber Yard block which then slopes downward to Lake Union to the
north. There also appears to be a relatively steep drop of the
piezometric surface at the south end of the site.

Gasoline Thicknesses

Currently, there appears to be very little significant change in
gasoline thicknesses throughout the site., Plate 2 indicates the
recorded gasoline thicknesses in inches as measured on March 22,
1981. when compared to the gascline thicknesses recorded on )
March B, 1981, it appears that the apparent gasoline concentration
in the middle portion of the site(may be shifting or spreading

BE T hn s BRATG SRA 3£ RARZ
S A s JORDTQ ZTA IR ARG
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ROGER LOWE ASSOCIATES
Union 01l Company of California N '
Page 2 - April 3, 1981

out slightly. However, the measured gasoline thicknesses are
minor. The apparent gasoline concentration at the south end
of the block has remained essentially stationary since March 8,
1981.

Explosimeter Readings

Explosimeter readings have remained essentially constant for

the last few months. Recently it appears that vapor readings
may be diminishing slightly in Wells 11, 12 and 25. All three
of these wells recorded 100 percent vapor readings at eight feet
on February 15, 1981. As of March 15, 1981, these wells have
recorded explosimeter readings of 70, 95, and 45 percent in
Wells 11, 12, and 25, respectively. As of February 15, 1%81,
all wells except 22, 23, 29, 30, and 31 have some gasoline in
depths of four feet, eight feet, or both depths.

Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of Harding~Lawson Associlates

VW 0 PN

ames T. Cameron
Project Manager

JTC/ju

cc:  Jim Miller
Ed Ingham
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14,197,006.07

Union 0il Company of California
2901 Western Avenue
Seattle, Washingtan 98121 . y
Attention: Mr. Jeff Benoit
Gentlemen:
Progress Report 89
Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
# Seattle, Washington

Gasoline Recovery

lli" Between March 22 and April 5, 1981, no gasoline was pumped

from the holding tanks. The total volume of gasoline recovered
thus remains at 34,650 gallons. The rate of gasoline recovery
will likely remain low as a consequence of the diminishing
quantities of gasoline available for recovery.

Piezometric Elevations

Piezometric elevations at the site on April 1, 1981 are shown
on Plate 1. 1In general, the elevations have not changed
significantly since at least the beginning of March, 1981.
There is still a broad flat area beneath the gas station
Property and two small "dimples” in the piezometric surface
near Mercer Street and at the north edge of the gas station.
To the north, the piezometric surface descends towards Lake
Union.

¢

Gasoline Thickness

Gasoline thicknesses, as recorded on April 1, 1981 and shown
on Plate 2 appear to have remained essentially the same as
those recorded on March 22, 1981. With the exception of
wells B-1 and B-4, all wells show either no free gasoline or
a small amount {less than three inches). In well B-1, five
inches of gasoline was measured and in B-4, 8.5 inches.

- ' - — _ ' — e - —
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Yrotn €1l Corpany of California
rare 2 - Apral 16, 1981
el

Exclosimetrie Readings

Explosimeter readings taken since March 22, 1981 have
rerained essentially the same as those taken the prior

few months. As of the latest readings on April 3, 198}

all wells except B-22, 23, 29, 30 and 31 show some gasolin.
vapor at depths of both four and eight feet. Most vapor
readings measure at or near 100 percent.

*

- Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of HARDING-LAWSON ASSOCIATES

Mark A. Adams
Geologist

MAR/Cig
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) : April 30, 1981
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Union Qil of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit
Gentlemen:
Progress Report No. 10
Monitoring & Recovery Operations
Westlake & Mercer Gasoline Spill
® Seattle, Washington

Gascline Recovery

Between April 6 and April 19, 1981, approximately 354 gallons

of gasoline were pumped from the site; 185 gallons were pumped
on April 13th from the Brace Lumber Yard tank and 169 gallons

of gasoline were pumped on April 17th from the main holding tanx.
The total volume of gasoline recovered at the site is currently
35,251 gallons.

On April 13, 1981, the site had reached its 300th day of pumping.

A graph of the total gasoline recovered against the logarithm of
the days since start of pumping plots essentially linear except

for periods of construction and pump repairs. Based on this

graph, we can expect the rate of gasoline recovery in the irmediate
future will be on the order of 400 to 500 gallons per month.

we feel that the low rates of return occur as a consequence of

the diminishing gasoline quantities available for recovery.

Piezometric Elevations

Piezometric elevations on April 19, 1981, are shown on Plate 1.
In general, the elevations have not changed appreciably since
April 1, 1981. It appears that the piezometric surface has been
lowered as much as five inches in the vicinity of Well 47,
however, upon review of previous data for this well, it was

found that the sudden decrease in piezometric elevation .s due
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BOGER LOWE ASSOCIAYES

ny of California
30, 19381

to a reduced gasoline thickness in this well. On April 1, 1981,
there was approximately nine inches of gasocline in Well 4A;
currently there is none. Apparently, skimmers were placed in
this well during the interim. The piezometric surface continues
to grade gently downward to the north with a total relief of
approximately one foot. There are high zones in the piezometric
surface in the vicinity of Wells 2, 26, and 17, However, these
zones are relatively small in extent and are only raised above
the surrounding levels by a minor amount.

Gasoline Thickness

Gasoline thicknesses as recorded on April 19, 1981, are shown on
Plate 2. Recent readings indicate that the gasoline in the
vicinity of Well 4A has reduced from approximately .7 feet as
recorded on April 1, 1981, to 0 feet on April 19th., Currently
there is .1 feet of gasoline to the south in the vicinity of
wells S5A, 17, and 19. There has been essentially no change since
the April 1lst recordings in the middle portion of the site. The
thicknesses recorded in this area are still on the order of

.1 to .3 feet.

Explecsimeter Readings

Currently, vapor readings of 100 percent have been measured at
both four and eight foot depths in Wells 1 through 10, 15, 17
through 19, 26, 28, and 32. NO vapors are measured in Wells 22,
23, and 29 through 31. The remaining wells indicate vapor
readings for the four foot, eight foot, or both depths. The
smaller vapor percentages appear tO oOCCur mainly within the
wells on the streets which border the site, indicating that the
gasoline has been contained within the block.

Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of Harding-Lawson Associates

James T. Cameron
Project Manager




.

b

.

&

]

WILLIAM O, McKAY

LT S R W W oebndbordiodon ool B A 5 S VY L R BT Y

foril S
& 7 wiis H SC A, 1§
€ 2 wiiLs with SCAVENGER PUmPS v 6L
‘:L PHONE VAULTS e °_. -
. T —— ———t
\§, SEWER mMARHOLE 8.8— — i
e o COMTOIIE IHTERYAL © .2 fegt a -
e
TS VALLEY STREET —
\ \""w.. e Q'OM—"M
~ -
, TN T
<s> \( N . -
N 3 L~
o ) \ \ d
> 9.2 *;'va N h
S | A \
3 .
A N NETR \ \ |
11 N s \ h {g{
o1 1® \ SER\HC{ N BRACE
\\ « f LumsER |
i~ COMPANY |
\ \\\\:\\ N ° /: -““'/‘w -
32 ~ -
N : - 30 s
86 N o Z
s I~ S——— T3 %
z /B DR RSN <
> i
< :
> P
&= E
o :
|
I ]
v c
r
F
r
Fo
"
b o
-0
e
)
Y
E’i

ROGER LOWE ASSOCIATES

A Dvisir o HARDING-LAWSON ASSOCIATES

Empymerrs, orndigids und Coropfivvends

Union (i1 Comna
v 1 -

-

g Y oL *

ny

pom b

~

PIEZOMETRIC Frevations 4/18 35




- .
d

'y

o

r'e

Wbt

A Dhvegoan of HARDING LAWSON ASSOCIATES
Frgimerrs Corvdogr e and Gruplivernds

N omy v ey e - P,

PR

Union 011 Company
Seattle, Washinaton

F 8 7 wius ekt
. 2 WELLS WiIlH SCAVENGER FPumPps voes
T PHOME vAUuLTS
P-4 ki |
\§/ SEWER mANROLE
o e COMIOUR 1MTEBVAYL : »3 tget
VALLEY STREET
‘ —
® T
N,
.
\
k:_ .\": k’s
3 3 :
E N N
; *
AUT : \
gt ¥ R
o SERVICE N BRACE
,: LUMBER {
1 N /"CC\}\HPANY
;: \"\ R N @32 ﬁ
2 N d \ E
g Q,a” /7 3 e E
b Zz
Y w L 3 2/ ®© / N >
;: 5 /;-' o “w\%\\ e ’SB':" N
“ 3 2 @3
’# } i ®
’ pos / f (’mj‘ d,/‘:// ‘
; \ -
> v =
ol 1578 12 ; -
o @27 -
- 3 § ' :
| - M e -
] QD: : -
p - :
& okt 3
3 - -
= F : -
=1 :
e U‘ 'h
Z :3
. 3i -
> 13 - 'm
A " .Q’ . — ¢ fo—
@ [ ey CPROPERTY LIME O
Ol N & -
i,
@18 *-~:gy*
O - -— —MERCER- STREE T - ;
= v
ROGER LOWE ASSOCIATES GASOLINE THICKNESSES 4/1% &7 T-E




T~ HARDIN
u REAICERS S SUNE wr R i.«;"_\“‘zx ' ,“A{T )

G-LAWSON ASSOCIATES

May 18, 1981
e - AT _ 14,197,006.07

CTnion 0il Company of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

»

Progress Report No. 11

Monitoring and Recovery Operations
Westlake and Mercer Gasoline S5pill
Seattle, Washington

Gasoline Recovery

During the interim of April 20, 1981 to May 2, 1981, no gasoline
was pumped from the holding tanks. The total volume of gasocline
recovered thus remains at 35,251 gallons. Note that this volume
is 100 gallons greater than the volume erroneously recorded in
our progress report No. 10, dated April 30, 1981.

Piezometric Elevations

piezometric elevations recorded on May 2, 1981, are shown on
Plate 1. Some shifting in the piezometric surface has occurred.
The most noteworthy differences are in the north half of the site,
where the piezometric surface has risen between .4 and .8 feet.
The piezometric elevations in the south half of the site have
not varied appreciably. The rise of the piezometric surface at
the north end flattened the typical northward gradient {toward
Lake Union). The changes in the surface do not appear great
enough to adversely alter the flow direction. The total relief
of the piezometric surface across the site is on the order of
one-half foot. A local high piezometric level is present in the
vicinity of Well SA; it is probably due to removal of a skimmer

cr pump.




ROQER LOWE ASSOCIATES

< any
y 18, 19€

We contacted the U.S. Army Corps of Engineers recarding recernt
water levels in Lake Union. They informed us that the lake has
been raised gradually frem Elevation 20 {(0.S. Army Corps datum)
on February 15, 1981, to Elevation 21.85 at present. The City
of Seattle datum is approximately 12.98 feet below that of the
Army Corps. Therefore, an elevation of 21.85 (U.S. Army Corps
datum) corresponds to Elevation 8.87 {(City of Seattle datum).
He have been using the City of Seattle datum in all of our
previous progress reports. Therefore, the rise in piezometric
elevations at the north end does not appear to be the result of
a sudden increase in lake level. :

Historic piezometric readings at Well 22 indicate an average

1 to 4 inch raise in the surface since February 15, 198l1. We
therefore suspect that either the readings are erroneous or the
ground water was somehow surcharged from the landward side, We
will closely monitor the piezometric levels for Wells 22 and 23
in the future to determine the validity of the most recent
readings.

- .. l-l o ...‘éﬂlll -

<

Gasoline Thickness

Gasoline thicknesses as recorded on Hay 2, 1981, are shown on
Plate 2. These most recent readings indicate that there are

still two areas of gasoline fluid at the site; one in the vicinity
of Well 1, and the other in the vicinity of Well 18. It appears
that the measured gasoline thicknesses have increased .1 to .2
feet since our previous report of April 30, 1981. The thicknesses
of gasoline in these areas vary between .1 and .5 feet in the
vicinity of Well 1 and .1 to .3 feet in the vicinity of Well 18.
Based on the most current readings, it appears that the free
gasoline is still being sufficiently retained on the site.

L

L {

Explosimeter Reading

Vapor readings at the 4-foot and 8-foot depths have not varied
appreciably from those readings recorded on April 19, 1981.
Vapor readings of 100 percent have been measured at both the 4
and 8-foot depths in Wells 1 through 10, 15, 17 through 19,

26, 28 and 32. No vapors were peasured in Wells 22, 23, and 29
through 31. The remaining wells indicate vapor readings for the
4-foot, B-foot,or both,depths.

Yours very truly,

ROGER LOWE ASSOCIATES, A Di}risicn
of Harding-Lawson Associates
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Union 0Oil Company of California
2301 Western Avenue
Seattle, Washington 98121

Attention:  Mr., Jeff 3encit
Gentlemen:

Progress Report No. 12
Monitoring & Recsverv Oper
Westlake & ¥ercer Gasoline S:zill
Seattle, Washington

-

Gascline Recovery

Between May 3 and May 17, 198, approximately 340 zallons £
gasoline were purped from the site; all from the main holiing
tank. The total volurme of gasoline recovered is currently
35,591 gallons. 1In the last =wo months, Tasc.lne reccvery nas
averaged approximately 353 gallons per mcnth.

l,.

Piezometric elevations recorded on May 17, 1981 are shown :za
Plate 1. The piezometric surface is very similar to that re-
corded May 2, 1981, wherein there was a sudden rise in the
Piezometric surface in the north half of the site. It appears
that the May 2 piezometric elevations, presented in our Mar 18§
Progress report, were not anomalous. The water level in tre
northern half of the block has indeed risen to an elevaticz of
approximately 9.6 feet. Substantiating this ceneral rise in
water level across the site is the fact that the rain holéing
tank is filling at an increasing rate.




POGER LOWE ASSOC A"ES

LeINetrLT Levels are 3lsc ~Tng tne €3:3T siie ©f to.
~te, The recover. progras tec be very 2fferctive inm
zeping the piezoretriz surf in the center cf the s.z1z
nd preventing mizratisn of ne off the biock area. The
stal relief cf the piezomet urface acrsss the site is oo =«
rder of one-half foot

Gasoline Thickness

G
P

casoline fluid have reduced in thickness between .1 to .3 foc

s
t
a

thickness at the southern end of the block near Well 18
from .3 foot to about .2 foot. It appears that the zones cf

<
1
t

asoline thicknesses, as recoried on May 17, 1981, are shown
late 2. These mcst recent readincss indicate that the areas

o3

it 0
iy

ince those recorced on Mav 2, 1981. The zone of gascline in
he middle portion of the block near Well 1 has reduced from
pproximately .4 foot to about .1 foot, while the casoline

2soline fluicd are breaking up and forming sma.ler zones wizh
2ss fluid in thex., This b*easlqc up is p'obaulv also due =0
ne general rise in the water level at the site.

Explosimeter Readings

Explosimeter readings in Wells 11, 12, 13, ané 14, have risen

ke
percent a+t the eightwfaot level since those readings receord

oo
t

e
tween 10 and 25 percent at the ‘our-‘oot level and 5 to 39

n May 2, 198l. Except for these variances, vapor radings
he remainder of the wells were essentially the sarze as the
corded May 2, 198].

Yours very truly,

- ROGER LOWE ASSOCIATES, A Divisisn
of Barding~Lawson Assocliates

James T, Carmeron
Project Manager

J7TC/ju

cz:  EQ Inghanm

Jim Miller
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Attention: HMr. Jeff Benoit
- Gentlemen: . ‘

e

Tl Ll W 0ot 2 e " 'i"
Progress Report No. 13
Monitoring and Recovery Operations
Westlake & Mercer Gasoline Spill

Seattle, Washington

b
w e

Gasoline Recovery

x

LN
RS

' tely 338 galions of
gasoline were pumped from the site; all from the main holding
l tank. The total volume of gasoline recovered is currently

W
-

& Between Ha;' 18 ang ay 31, 1981, approxima

35,929 gallons. Yhe gasoline recovery rate is still averaging
about 350 gallons per month. . '

Piezometric Elevations .. - s P e

L .
-

W Piezometric elevations recorded on May 31, 1981 are shown on
Plate 1. The piezometric surface has not varied significantly
from that recorded on Hay 17, 1981, except for an approximate

-4 to .6 foot decrease along the northern border of the site.

The piezometric levels at the northern end, Wells 22 and 23,

are very near those lewels recorded approximately siz weeks :
ago (April 19, 1981). The total relief of the piezometric -~ - -
surface across+the site is on the order of one foot. i:c gi-ierr-

e
&

R C g R T rd *
3 e R TSR Lt T

The present plezometric lewels indicate general depressions
at the site; one in the vicinity of Well 8 and the other in the
vicinity of Well 5. ‘They also indicate that the pumping program
is effectively lowering the piezometric surface for collection
and removal of fluid gasoline.
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Union Oil Company of California

June 12, 1981

Thickness = . . ..

Gascline
on Plate
- greatest
order of

thicknesses recorded on May 31, 1981 are shown
2. These most recent readings indicate that the
thickness of gasoline across the site is on the

.16 foot, which occurred in Wells 18 and 32.

Smaller

<

u . :
H

'ExploSLméter Readxn

amounts of gasoline fluid occur near Wells 1 and 7. The
amount of fluzd gasollne is decreaslng weakly.

s
i - .
* B N

Explosxmeter raadings in ﬁella 13 and 14 have risen lO to «..

15 percent at the four foot level and § to 25 percent at the

eight foot level, since those readings recorded on May 17, 1981. .
Except for these variances, wvapor readings over the remainder

of the wells vere es$entially the same as those regarded on

Hay 17. 1981 : o i - e e

ROGER TOWE ASSOCIﬁTES A E1v15193
uof Harding-Lawsnn Asaocxates

James T. Camercn
_ Project Manager

JTC/cig
cc: Ed Inghauuv
Jim HMiller
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June 25, 1981
14,197,006.07

Union 0il Company of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr, Jeff Benoit
%3 Gentlemen:
Progress Report #14
Monitoring & Recovery Operations
Westlake & Mercer Gasoline Spill
Seattle, Washington

Gasoline Recovery

the site. The total volume of gasoline recovered thus remains
at 35,929 gallons. ‘ .

Piezometric Elevations

Piezometric elevations recorded on June 14, 1981 are shown on
; Plate 1. The shape of the piezometric surface has not varied
w@ significantly from that recorded on May 31, 1981; however,
piezometric elevations at the south end of the block have risen
between .2 and .4 feet. The total relief of the piezometric
surface across the site remains at approximately one foot.

The present piezometric levels indicate one general depression
in the vicinity of Well 8, and a slight mound in the vicinity
of Well 5A. The depression is most likely caused by the pumping
in Well 8. The mound may be caused by the recent removal of a
pump and a subsequent ground water recharge in its nearby
vicinity. The previously low gradient might have caused the
area to excessively recharge and we expect that over time this
mound will level out to the surrounding piezometric levels.
Alternatively, surficial water may be entering in the vicinity
of Well 5A, thereby creating a local 'mound' in the piezometric
surface,

' j Between June 1 and June 14, 1981, no gasoline was pumped from




ROGER QWE ASSCOCIATES

B A T

Union 01l Company of California
Page 2 -~ June 25, 1981

The pumping program is adegquately lowering the piezometric
surface for the collection and removal of gasoline.

Gasoline Thickness

Gasoline thicknesses recorded on June 14, 1981 are shown on
Plate 2. These most recent readings indicate very little
fluid gasoline remaining on the site. The maximum thicknesses
recorded were at Wells 7, 19, and 32; which were .1,.17, and
.13 feet respectively. There still appear to be two local
areas of fluid gasocline; one in the middle portion of the site
in the vicinity of Well 8, and the other at the south end of
the site in the vicinity of well 18. The amount of measurable
fluid gasoline continues to decrease weekly.

Explosimeter Readings

Explosimeter readings in Well 13 at the four-foot level and
Well 25 at the eight-foot level have decreased approximately
25 percent and 10 percent, respectively, since those readings
recorded on May 31, 1981. Except for these variances, vapor
readings in the remainder of the wells were essentially the
same as those recorded on May 31, 1981.

: Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of Harding-Lawson Associates

James T. Cameron
Project Manager

JTC/ju

cc: Ed Ingham
Jim Miller
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July 13, 1981
14,197,006.07

Union 011 Company of California
2801 Western Avenue ,ﬁ;:),fg

Seattle, Washington 9812) ; AR A T
9 =y U@)y

Attention: Hr. Jeff Benoit

Gentlemen:

Progress Report No. 15
Monitoring & Recovery Operations
Westlake & Mercer Gasoline Spill
Seattle, Washington

Gasol ine Recovery

Between June 15 and June 28, 1981, approximately 258 gallons of gasoline
were pumped from the main holding tank at the site. The total volume

of gasoline recovered is currently 36,187 gallons. The gasoline recovery
rate has decreased in the past month to about 260 gallons per month.

Piezometric Elevations

Piezometric elevations recorded on June 28, 1981 are shown on Plate 1.
The shape of the piezometric surface has not varied significantly from
that recorded on June 14, 1981, Piezometric elevations have dropped
about .1 foot relatively uniformly over the entire site.

The depression in the vicinity of Well 8 is less pronounced. Likewise,
the slight mound in the vicinity of Well 5 appears to be leveling to
the surrounding piezometric surface. The pumping program continues to
be adequately lowering the piezometric surface for the collection and
removal of gasoline, '

o P X . - - . fr R Lk A T Gl G T 3 TR
: ; chn v D DN Gy IRER RO DV OWARRINGTON QRING 206/ 453-838




ROGER ’i’.om ASSOCIATES

Union Qi1 Company of California 23
Page Two - July 13, 198)

Gasoline Thickness

Gasoline thicknesses recorded on June 28, 1981 are shown on Plate 2.
These readings indicate that the little remaining fluid gasoline is
concentrated primarily in two depressions in the piezometric surface in
the vicinity of Wells 19 and 32, both with maximum gasoline thicknesses
of about .16 feet. The amount of measurable gasoline continues to
decrease,

Explosimeter Readings

Explosimeter readings in Well 11 at the four-foot level and Wells 16 and
25 at the eight-foot level have decreased by 5, 15, and 10 percent,
respectively, since the June 14 readings. At the four-foot level mea~
surements in Well 13 and Well 12 at the eight-foot level have increased
by 30 and 5 percent, respectively. These are all in wells with no
measurable fluid gasoline. Except for these changes, vapor readings

in the remainder of the wells were the same as those recorded on June 14,

1981,

1

Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of Harding~Lawson Associates

James T, Cameron
Project Manager

VPL/JTC/cig
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ce:  Ed ingham
Jim Miller
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July 23, 1981

14,197,006.07

Union 0il Company of California
2901 Western Avenue
Seattle, Washington 98121

% Attention: Mr. Jeff Benoit
Gentlemen:
Progress Report No. 16
Monitoring & Recovery Operations

Westlake & Mercer Gasoline Spill
Seattle, Washington

Gasoline Recovery

No gasoline was recovered from the site between June 29 and
July 10, 1981. The total volume of gasoline recovered thus
remains at 36,187 gallons.

Piezometric Elevations

Piezometric elevations recorded on July 10, 1981 are shown on
Plate 1. The piezometric surface has changed somewhat from that
recorded on June 28, 198l. The piezometric surface has risen
approximately .2 to .4 foot on the eastern side of the site in
the vicinity of Well 30. It has dropped .5 to 1.0 foot in the
vicinity of Wells 8, 9, and 10, and in the vicinity of Wells 4a,
and Sa. Currently there is approximately 1 foot of relief in
the piezometric surface across the site.

At present there is a relatively strong downward gradient
toward the drawdown pumps and skimmers. This downward gradient
will tend to concentrate liquid gasoline in the areas of the
skimmers for removal.




ROGER LOWE ASSOCIATES

Unicon Qil Company
Page 2 - July 23, 1981

Gascline Thickness

Gasoline thicknesses recorded on July 10, 1981 are shown on
Plate 2. The current readings indicate an increase in the
gasoline thickness of .2 to .3 feet at the site., The readings
indicate that the fluid gasoline is concentrated primarily in
the vicinity of Wells 1 and 3, in the middle portion of the
site and in the vicinity of Wells 18 and 19, in the southern
end of the site. A maximum gasoline thickness of .46 foot was
recorded in Well 19 on July 19, 1981.

The increase in gasoline thickness appears to be a direct result
of the increase in the slope of the piezometric surface,
discussed earlier. More gasoline is collecting due to the
relatively deeper and steeper downward gradients in the
piezometric surface at the drawdown pump locations.

Explosimeter Readings

Explosimeter readings in Well 14 at the 4-foot level, and

Well 16 at the 8-foot level have increased by 30 and 20 percent,
respectively, since the June 28 readings. The explosimeter
reading at the 8-foot level in Well 25 has decreased approximately
25 percent since the previous readings. Except for these
discrepancies, vapor readings in the remainder of the wells

were within 10 percent of those recorded on June 28, 19381.

Yours very truly,

ROGER LOWE ASSOCIATES, A Division
of Harding-Lawson Associates

James T. Cameron
Project Manager

JTC/ju

cc: Mr. Ed Ingham
Mr. Jim Miller
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August 7, 1981

14,197,006.6?

Union 0j1 Company of Californja
2901 Western Avenue

Seattle, Washington 98123

Attention: Mr. Jefsf Benoit

Gentlemen:

Progress Report No. 17

Menitoring & Recovery Operationg
Westlake ¢ Mercer Gasoline Spil}
Seattle, Washington

a carresponding increase
Tecovery wells. If more gasoline wag introduycegd
the existing spilleg i
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HARGING -LAWSON ASSOCIATES

Unicn 01} Company of California
Page 2 - August 7, 1931

Increase
Gasoline Becrease Approximate
Well No. Thickness (A} Water Level {B) Ratio (A/B)
1 & 12 .5
2 6 12 .5
3 8 15 .5
6 4 8 .5
7 2 8 ‘ .25
8 6 21 .25
10 2.5 11 - 33
17 5 6 1
18 9 9 1
i9 8 19 1
27 1 1 1

Wells 1, 2, 3 and ¢ (all in the middle portion of the site)} have
approximate ratios of +5. Wells 7, 8 and 10 are 2-foot diameter
wells which are placed within a gravel backfill; these wells all
indicate a ratio of .25 to . 33. Wells 17, 18, 19 anad 27 all occur
along the perimeter of the site. Wells 17, 18 and 19 are grouped
at the southern end ang indicate substantial increases in

gasoline thickness. Well 27 is on the west side and indicates only
& one-inch increase in gasoline thickness, All four of these

wells have ratios of approximately 1.0.

tion between gasoline thicknesses and water levels. As a Preliminary
evaluation, we may be observing an apparent increase in gasoline
thickness due to an increase in the capillary fringe as the water
table drops. The finer~grained soils will tend to drain more

slowly and the Upper surface of gasoline will therefore remain

at essentially its same elevation for a period of time after the !
water table lowers. 1In coarser-grained soils the upper surface |
of the gasoline wil} tend to follow the water table down at a
faster rate. Based on the above assumptions, one would expect

4 strong correlation between decrease in water levels and increase
ingasoline thickness in fine-grained soils and a lesser correlation
for coarse~grain soils. There are indications that this is

occurring as indicated by the lower ratio for those wells which
lie in gravel fi13.
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has not occurred,

Gasoline Recovery

On July 24, 1981, approximately 35] gallons of gascline were

- Pumped from the main holding tank. The Previous Pumping occurred
almost exactly one month earlier on July 23, 1981, in which
258 gallons were removed. The total volume of gasoline recovery
is currently 36,538 gallons,

the plot; no such indications are apparent.

Piezometric Elevations

Piezometric elevations recorded on July 24, 1931 are shown on

that recorded in QUr previous report dated July 23, 1981, Currently
there is approximately two feet of relief in the plezometric

surface across the site. The most recent readings indicate that

the piezometric surface at Well 8 has dropped approximately

11 inches in the last two weeks. The reason for this is not

apparent.

Gasoline Thickness

Gasoline thicknesses recorded on July 24, 1981 are presented on
Plate 3. f7he current readings indicate an increase in gascline
thickness of .2 to -3 feet at the site. The readings indicate
that the fluig gasoline is stil} concentrated Primarily in the
Same two zones noted in our previous report: One in the middle
pPortion of the site néar Wells 1, 2, and 3; the other in the
Southern end near Wells 4 and 5. maximum recorded gasoline
thickness of eight inches occurreq in Wells 3 and 19 on July 24,
1881,
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Explosimeter Readings

Except for Wells 22, 25 and 26, current explosimeter readings
have not changed significantly from those recorded previously,

On July 17, 1981 the recorded explosimeter readings in Well 22

at the north end of the site (which had 0 percent readings at
both the 4-foot and 8-foot levels previously) indicate a sudden
rise to approximately 50 percent at the 4-foot level and

100 percent at the 8-foot level. Conversely, Well 26, in the
middle portion of the site, with consistent explosimeter readings
of 100 percent at both the 4-foot and g8~foot levels, has suddenly
decreased to approximately 20 percent at the 4-foot level and

60 percent at the 8-foot level. We suspect that readings in
these two wells have been reversed. In addition, Well 25

at the southern end of the site with consistent explosimeter
readings of approximately 60 percent at the 8-foot level, has
suddenly dropped to 0 percent: We will closely inspect future
readings of these wells. Except for these discrepancies, vapor
readings in the remainder of the wells are within 15 percent

of those recorded on July 10, 19B1.

Yours very truly,
HARDING~LAWSON ASSOCIATES

/M7Ca~ww-/

James T. Cameron
JTC/3u Project Manager

cc: Jim Miller
Ed Ingham
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August 21, 1981
$14,197,006.07

Union Qil of California
2801 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Bencit

Gentlemen:
Progress Report No. 18
Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on recovery and monitoring operations
for the period between July 25 and July 31, 1981. 1In our
previous report, No. 17, dated August 7, 1981, we described
a correlation between decreasing water levels and increasing
measured gasoline thicknesses in the site wells. In order
to clarify our proposed reason for this relationship, we
have prepared the following discussion and the attached
Plate 1.

Capillary Zone Effects

Due to the closeness of the soil particles and the cohesive
effects between the soil and water, small conduits of water
will rise above the ground water table level and form a
capillary zone which is partially saturated with water.
Gasoline, which is introduced to the soil from above, will
first £ill the unsaturated portions of the capillary zone,
then saturate the soil immediately above the capillary zone.
Beneath the water table, horizontal water flow can occur
relatively freely. Between the upper surface of the gaso-
line and the top of the capillary zone, gasoline can flow
relatively freely. Within the capillary zone, there is
little to no flow of gasoline or water.

—_—P'-a-—é-_———g-

If a well is drilled from the ground surface to some distance
below the water table, the following occurs:
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1. Gasoline which is free to flow will flow into
the well and rest on the water table within
the well. '

2. As gasoline accumulates, the weight of the
gasoline will tend to depress the water surface
in the well below the water table.

3. The gasoline will continue to flow into the
well depressing the water surface until the
bouyancy of the water equalizes the overlying
weight of gasoline.

The upper surface of gasoline within the well will reach
equilibrium at the same elevation as the upper surface of
gasoline within the soil. However, the lower surface of
the gasoline within the well will be at some point

beneath the water table. Therefore, the measured thickness
of gasoline within the well will be somewhat greater than the
actual thickness of mobile, or recoverable, gasoline within
the soil. The difference between these two measurements

is a function of the thickness of the capillary zone; finer
grained scils have greater capillary action, and therefore

& thicker capillary zone, than coarser grained soils.

Based on the above, we can propose a possible reason for
the correlation between a decrease in water table level

and an increase in gasoline thickness measured in the
wells. As the water table lowers, the capillary zone is
temporarily thickened as the gasoline and water are
acquiring a new state of equilibrium within and above the
capillary zone. As the water table in the scil depresses
an equal lowering of water will be seen within the well,
Mobile gasoline above the capillary zone will flow into

the top of the well to refill it to its previous level.

We can therefore see that the gasoline thickness measured

in a well will increase as the water table drops. In finer
grained socils, where flow is relatively slow, there will be
a longer time lag for the gasoline and water to reach equil-
ibrium than in coarser grained soils. This will tend to
make the ratio of gasoline thickness increase to water

level decrease approach unity. Coarser grained soils, which
are more permeable, will have a lower ratio. Over time,
this ratio at a particular well should decrease as gasoline
is removed from the site,
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Based on the above, there is no indication that gascline
is accumulating or concentrating in those wells which have
recently indicated an increase in gasoline thickness. It
is our opinion that the increases in measured thicknesses
are merely due to the lag time between lowering of the
water table and the attendent lowering of the mobile
gasoline and capillary zones. We expect that over time
the upper surface of the gasoline will follow the water
table down and the measured amounts of gasocline within the
wells should approach their pPrevious low levels,

Gasoline Recovery

Between July 25 and July 31, 1981, there was no gasoline
removed from the site. The total volume of gasoline recovery
therefore remains at 36,538 gallons.

Piezometric Elevations

Piezometric elevations recorded on July 31, 1981, are

shown on Plate 2. There has been a minor drop of .1 to

-2 feet in the piezometric surface across the site from
those levels recorded in our previous report dated August 7,
1981. Currently there is approximately 2 feet of relief

in the piezometric surface across the site.

Gasoline Thickness

Gasoline thicknesses recorded on July 31, 1981, are presented
on Plate 3. Except for Well 4A, which increased in gasoline
thickness from approximately .1 to .45 feet, the remaining
wells indicate approximately the same gasoline thicknesses

as those recorded on July 24, 1981. The recent trend of
increasing gasoline thicknesses appears to have slowed down
substantially. A maximum reported gasoline thickness of

9 inches occurred in Well 18 on July 31, 1981.

Explosimeter Readings

Except for Wells 12, 13, 14, and 22, explosimeter readings
have changed less than 10 percent from those recorded
previously. Wells 13 and 22 at the 4-foot level and Well 14
at the B-foot level have increased 20 percent from those
readings recorded on July 24, 1981. Well 12, at the 8-foot
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HARDING-LAWSOM ASSOCIATES

Union 0il of california
Page 4 -~ August 2], 1981

level has decreased by 20 percent from the previous
reading. Explosimeter readings in Wells 22, 25 and 26
still appear anomolous from those recorded prior to

July 17, 1981. We will continue to closely inspect these
readings as we receive more data.

Yours very truly,
HARDING~LAWSON ASSOCIATES

o G

James T. Cameron, Project Manager

JTC/cag
cc: Jim Miller
Ed Ingham
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September 3, 1981

14,197,006.07

Union 0il Company of California
29C1 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit
Gentlemen:

Progress Report #19

Monitoring & Recovery Operations
West Lake & Mercer _
Gasoline Spills

Seattle, Washington

v This letter reports on the recovery and monitoring operations for
d the period between August 1 and August 21, 1981, Piezometric

levels and gasoline thicknesses recorded at the site on August 21,

1981 have not changed appreciably from those recorded on July 31,

' - 1981. Except for one well, explosimeter readings at the 4-foot

and 8§-foot levels have remained within 15% of those recorded on
July 31.

Gasoline Recovery

Between August 1 and August 2] there was no gasoline removed from
the site. The total volume of gasoline recovery, therefore, remains
at 36,538 gallons

Piezometric Elevations

Piezometric elevations recorded on August 21, 1981 are shown on
Plate 1. There has been a slight rise of approximately .4 foot
in the vicinity of Well 2. Other than this minor variation, the
piezometric surface has remained essentially stable throughout the
past three-week period. Currently, there are approximately two
feet of relief in the piezometric surface throughout the site.
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Gasoline Thickness

Gasoline thicknesses recorded on August 21, 13881 are presented
on Plate 2. Except for an approximate one inch decrease in the
vicinity of Well 3 and an approximate one inch increase in the
vicinity of Well 18 and 19, there has been essentially no change
in the gasocline thicknesses recorded at the site. The fluid
gasoline is still concentrated in two areas;one in the middle
portion of the block and the other at the southern end. The
recent trend of increasing gasoline thickness appears to have
stopped. Throughout the most recent three-week period maximum
recorded gasoline thicknesses of ten inches cccurred in Wells 18
and 19.

Explosimeter Readings

Explosimeter readings have remained essentially stable since

July 31, 1981. Except for Well 22, all readings have varied less
than 15% since those reported previcusly. Explosimeter readings
at the 8-foot level in Well 22 have dropped from approximately
100% to 75% over the three-week period,

It appears that the readings for Wells 22, 25, and 26 are correct
as they have remained consistent since their sudden variations
which were first recorded on July 17, 1981 in which explosimeter
readings in Well 22 increased from 0% to 60% and 100%, at the
4-foot and 8-foot levels, respectively, and Well 26 decreased from
100% to 10% and 60%, at the 4-foot and B-foot levels. In addition,
readings in Well 25 decreased from 60% to 0% at the 8-foot level
and did not vary at the 4-foot level. It may be that groundwater
flushing from the south and west of the site has cleansed the
contaminated soil in the midportions of the site to lower the
gasoline vapor levels, while contaminated water being carried toward
Lake Union to the north has increased the vapor readings in Well 22;
however, Well 22 still shows no measurable fluid gasoline.

Yours very truly,
HARDING~LAWSON ASSOCIATES

James T. Cameron
Project Manager

JTC/mbd
ccr Jim Miller
Ed Ingham
;ﬂw’ . \':._.-~7 ;[, e
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14,197,006.07

Union 0il Company of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report §20

Monitoring & Recovery Operations
Westlake and Mercer :
Gasocline Spill .

Seattle, Washington

This letterhxéporta on Qasaline recovery and monitoring operations

- for the periocd between August 21, 1981 and August 28, 1981.

- ‘*"\‘31 .

Gasoline Recovery

No gasoline has been ﬁbved from the site since July 24, 1981,

The total volume of gasoline recovered, therefore, remains at
36,538 gallons. . . i ;

As discussed in previous progress reports (see Progress Report
Number 17), the relationship between total gasoline recovered and
the logarithm of the number of days since pumping began has been

and continues to be linear except during periods when pumps were
turned off or more pumps added. Another way to describe this
relationship is to say that with time, the rate of gasoline recovery
is declining logarithmically. Plate ] shows the amount of gasoline
recovered in successive 25~day intervals versus real time since
pumping began, B S W O i S

As can be seen, the rate of gasoline recovery dropped sharply in the
first 100 to 200 days of pumping and has since declined more slowly.
As theory would indicate, the amount of recovery will continue to
diminish until a negligible rate of return is reached. This minimal
rate should be established based on the efficiency of the recovery
operation and the tolerable gasoline liquid and vapor levels. This
rate has not yet been established.
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Piezometric Elevations

Piezometric elevations recorded on August 28, 198] are shown on
Plate 2. Other than a fev minor variations, the piezometric
surface has remained essentially stable for the past four weeks.
Currently, there is a crude trough~like configuration to the
piezometric surface with the trough axis centered north-south
across the site and dipping slightly to the north.

Gasoline Thickness

Gasoline thicknesses recorded on August 28, 1981 are presented on
Plate 3. Except for an approximate 0.1 foot decrease in the
vicinity of Wells 8 and 9, there has bheen essentially no change

in the recorded gasoline thicknesses, since August 21, 1981. The
fluid gasoline is still concentrated in the middle portion and at
the southern edge of the site centered arcund Wells 3 and 18,
respectively. We understand that the drawdown pumps will be moved
from Wells 4A and 8 to Wells SA and 10, in an effort to increase
gascline recovery.

Explosimeter Readings

Explosimeter readings have remained essentially stable since

July 31, 1981. Comparison of explosimeter readings taken on
August 28, 1981 with those early in the recovery. effort, on

March 8, 1981 indicate that there has been some significant change
over the long term. (The changes were discussed briefly in our last
pProgress report). Contours of explosimeter readings at the 4-foot
depth on these two days are shown on Plates 4 and 5. The plots
indicate that there has been some extension of gasoline vapors to
the north toward Valley Street and alsc across the center line of
Westlake Avenue towards the southwest. Accompanying this has been
a small reduction in gasoline vapor readings near the middle of the
Ssite along Westlake Avenue. The reason for the change in Well 22
is not clear, but as discussed in our previous progress report, it
may be that contaminated groundwater has been slowly moving north-
ward and is now near enough to the well to produce vapor. The
reason for vapor increases in Wells 14 and 16 is less clear.
Possibly, contaminated groundwater pPreviously prevented from moving
westward by the storm drain trench has somehow breached the trench.
It is, however, reassuring to note that the core area of readings
greater than 60% has not increased significantly.
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As we discussed, we are currently in the process of preparing
a proposal for evaluation of state-of-the-art gasoline recovery
methods. We expect the proposal to be completed within the next

week .

Yours very truly,
HA%?I&G-LAWSON ASSOCIATES
fomwss T Cappene.
James T. Cameron A%r g
Project Manager

JTC/mbd

copies to: Jim Miller
Ed Ingham
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Herding Lawson Assecistes

October 2, 1981
14,197,006.07 ‘ h o ‘
Union 0il Company of California o R s

2501 Western Avenue . — e EREN S
Seattle, Washington 9812y 7~ ' . eyl

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report #21

Monitoring & Recovery Operations
Westlake and Mercer

Gasoline Spill

Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between August 28, 1981 and
September 11, 1981l. No additional gasoline was recovered
during this period. Piezometric elevations reflect a
continuing decline in groundwater levels which we believe
is related to the lowering of Lake Union and the low
precipitation levels through the beginning of September.
Gasoline thickness has not changed, other than some shift-
ing of location. Gascline vapor readings continue to
increase, possibly due to warming of the ground or a
delayed effect of the lowering groundwater.  However, the
diminished ampunts of gasoline available for migration and
the extremely slow rate of apparent migration mitigates
any undue concern.

i

Gasgoline Recovery

Ho éaamline has been removed from the site since July 24,
1981. The total volume of gasoline recovered, therefore,
remains at 36,538 gallons.

According to Frank Pinney of Pacific Testing Lab, the skimmer
pump located in Brace Lumber Yard was shut off on September
10, 198) due to electrical problems. The pump is expected to
be reactivated as guickly as possible, We also understand
that the planned pump relocation from Wells £ to 5, and from
8 to 10 has not yet occurred.

Eromeers WP a WE Toagrtrvrsg Algnka HMawa:




October 2, 1981 Herdtng Lewson Ansociatss

14,197,006.07

Mr. Jeff Benoit
Union 0il Company
Page 2

Piezometric Elevations

piezometric elevations recorded on September 11, 1981 are
shown on Plate 1. Comparison of these elevations with
those recorded on August 28, 1981 indicate that there has
been an overall lowering of the piezometric surface at the
gsite, and a deeping of the trough beneath the auto service
yard and Brace Lumber Company. The drop is particularly
noticeable in Well 6, which dropped from Elevation 9.1 to
8.8, in Well 22 which dropped from Elevation 8.9 to 8.8,

and in Well 25 which dropped from Elevation 9.3 to 9.1. As
an average, the piezometric surface across the site has
jowered about .1 to .2 feet. ¢ should be noted that Plate 2
{showin piezometric elevations) in our previous progress report
should have shown a "dimple” in the piezometric surface
amounting to .2 feet around Well 17 and .8 of a foot around
Well 8. Plate 1 in this report shows these two *dimples,”

pecause of its close proximity, it has been assumed that
changes in the level of Lake Union would have & gignificant
effect on piezometric elevations at the site. 1In fact, it
appears likely that only those wells at the extreme north end
of the site, including Wells 22, 23, and perhaps 6 and 32, are
so influenced. The other wells appear to have been influenced
by other factors, which would include precipitation and pumping
effects.

plate 2 shows a plot of piezometric elevation for Wells 22 and
16 against time. Also plotted is the elevation of Lake Union
as recorded by the U.S. Army Corp of Engineers. Well 16 was
chosen to be plotted because we felt it would be least likely
to be influenced by the iake or by pumping activities. At
the opposite end of the scale, Well 22 is closest to the lake
and, therefore, ghould be most responsive to changes in lake
jevel. The plot shows a correlation between the
jake and Well 22, but not between the lake and Well 16. To
evaluate to what degree the water level variation in Well 16 is
influenced by rainfall, we are obtaining precipitation data to
add to the plot on Plate 2.
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Gasoline Thickness

Gasoline thicknesses reccrded on September 11, 1981 are
presented on Plate 3, As can be seen, fluid gascline is
still concentrated in two zones, one at the north end of

the station site and one at the south end. However,

there has been a marked shift in gasoline thickness within
the northerly zone away from Well 3 and towards Well 8.
Since August 28, fluid gasoline in Well 8 has increased from

less than .]l feet to .9 feet.

there has been little overall increase

hicknesses at the site, since the large
28 and July 24, 1981 and the subseguent
{gasoline thicknesses

pespite these changes,
in recorded gascline t
increase between June
gradual increase until August 2lst
have remained approximately constant since August 21st).

The only significant change for the period between August 28
and September 11, 1981 has peen the appearance of gasoline

in Well 28 for the first time since May, 1981 and the occa-
gicnal presence of gascline in Well 25. Gasocline was never re-
corded in this latter well until August 21, 1981. The reason for
gasoline in this well is not clear, but is probably related

to declining water levels in this area {declining since June) ,
and a reduction in the gradient between Wells 25 and 19. |
Currently, there is a difference in water levels of only §

. . "1 feet between Wells 25 and 19. This could indicate that

the depressed area which typically has been centered around
Wells 18 and 19 is migrating towards the south.

e

¥

Explosimeter Readings

Explosimeter readings taken at the 4-foot depth on September

11, 1981 are shown on FPlate 4. A comparison of these readings
with those on August 28, indicate that there has been a signi-
ficant increase in the number of wells which show gasoline

vapor. The increase has been particularly marked in Wells 23,
29, and 30, which until recently have shown no gasoline vapor.
Expansion of the area in which explosimeter readings of 100%

are cbtained at a é-foot depth has also been marked. Currently,

all wells on site except Wells 14, 22, 23, and 29 indicate

1008 levels.
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14,197,006.07
Mr. Jeff Benoit
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S—

increase in gasoline thickness.

Wells 22 and 23 are located down-g

tical flow path.
in Well 22 since July 17 and that the

to produce measurable gasoline vapor.

Yours very truly,
HARDING LAWSON ASSOCIATES

{a
James T. Cameéron
Project Manager
‘,MAa/JTC/mbd

ce: ‘Jim,niller
- Ed Ingham
4L
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Lumber gascline zone and directly in 11
Considering that vapor

Harding Lawson Associates

1t is difficult to explain the sudden jump in explosimeter

readings considering that there has been no apparent migra-
tion of the measurable liquid gasoline an
the wells showing gasoline vapor for the

up-gradient of the liguid gasoline zones.
explanations for the marked increase are:
in vapor pressure due toO warming of the g
unusally warm months of July and August,
effect of lowering groundwater levels an

d that some of
first time are

Two possible
1) an increase

round in the
and 2) a delayed
4 the related

radient from the Brace

ne with its hypothe-
has been detected
most recent readings
have been increased, we pelieve that contaminated ground-
water may have moved close enough to the ve

11s (22 and 23)
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Cctober 16, 1981
. 14,197,006.07
Union 0il Company of California

290] Western Avenue
Seattle, Washington 88121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report $22

Monitoring & Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

C

This letter reports on gasoline recovery and monitoring
operations for the period between September 11, 1981
and September 25, 19§1.

1

Gasoline Recovery

On September 21, 118 gallons of gasoline were pumped from
the Brace Lumber Yard tank, and on September 25, 448 gallons
were pumped from the main holding tank. Of the 448 gallons,
347 were recovered between July 24th and September 2nd,

and the remaining 101 were recovered between September lst
and September 25th. The total volume of gascline recovered
is currently 37,058 gallons,

\\

i
!

The most recent gasoline recovery 1is slightly less than
previous recoveries when considered on a monthly basis,
indicating that the decline in the rate of recovery is
continuing. Plate 1, a plot of total gasoline recovered
against the log of the number of days since pumping began,
shows this trend. The recovery data alsoc indicates that
there has been a departure from the original linear recovery
trend. Previous data points were not sufficient to show the
departure, but the new data shows a flattening in the slope
of the plot after day 250 (February 22, 1981) indicating
less gasoline recovery than would be predicted by well theory.
The reason for this is not known but is probably related to
modifications of the gasoline reservoir by several factors
including lateral and vertical variation in soil conditions
and fluctuations in groundwater levels.

¢
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According to Frank Pinney of Pacific Testing Laboratory,
the depressant pump in Well 8 was relocated to Well 10
and activated on September 23, 1981. The other planned
pump relocation from Well 4 to Well 5 has not occurred
as of September 25th. -

Piezametric Elevations

Piezometric elevations recorded on September 25, 1981 are
shown on Plate 2. Comparison of these elevations with
those recorded on September llth indicate that there has
been a continued lowering of the piezometric surface. With
the exception of Wells 5, 11, 19, 22, and 32, a majority
of the wells showed drops of between .05 and .2 feet, with
a maximum decline of .43 feet recorded in Well 8, Other
wells showing substantial declines include Wells 3 and 4 of
.24 and .33 feet, respectively.

The shape of the piezometric surface has been changed slightly
toward a more east-west trending trough beneath the Brace
Lumber Yard. This shift was brought about principally by an
abrupt 5- to 6-inch rise in the piezometric level in Wells 11
and 22. Considering that the water level in Well 22 was about
6 inches lower until just prior to September 25th, we believe
the higher elevation may be erroneous and suspect that the
trough actually still trends through Well 22 as it did on
September 1lth. The rebound in Well 11, however, is probably
accurate since its piezometric level is now near previous
levels.

With the exception of the trough reorientation, most areas of
the piezometric surface have retained essentially the same
shape. 1In particular, there are still depressions in the
piezometric surface along Mercer Street and near Well 8.

We obtained precipitation data for the area to help evaluate
the effect of rainfall on groundwater levels. The data is
plotted on Plate 3, along with the elevation of Lake Union and
the piezometric elevations in Wells 16 and 22. As can be seen,
there is no clear correlation between rainfall levels and
groundwater elevations in Wells 16 and 22. Normally, ground-
water reaches its highest level some time after the yearly
precipitation peak. Although there is a clear peak in ground-
water levels after the period of maximum rainfall, it is not
possible to correlate the peak exclusively with rainfall because
of possible effects from changes in the lewvel of Lake Union.
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Wwe believe that the continued decline in water levels at
the site are related to the lowering of Lake Union and to
low precipitation jevels through the beginning of september.

Gasoline Thickness

ecorded on September 25, 1981 are pre-~
sented on Plate 4. The two zones Of fluid gasoline present
at the southern and northern sides of the Union Station have
changed very 1ittle since September 1lth except for a slight
shift back to the east. As noted in our previous report,

the gasoline concentrations appeared to move westward between

august 28th and September llth.

The shift is marked in the northerly concentration by 2 de-

crease in gasoline thickness of .6 feet in Well 8 and an in-
crease of .2 and .1 feet in Wells 3 and 10 respectively.
gimilarly, for +he southerly concentration, there has been a
decrease of .09 and .29 feet in wells 17 and 18, respectively,
and an increase of .41 feet and .08 feet in Wells 4 and 19,
respectively. The shift on the north side of the station may
be related to the transferral of the drawdown pump from well 8
to Well 10. The reason for a corresponding shift at the south

end of the site igs not known.

Gasoline thickness I

ges, there appears to be a slight

tn addition to these chan C
mpassed by gasoline thicknesses 1in

decrease in the area anco
excess of .2 feet.

Explosimeter Readings

ngs at the 4~ and 8-foot depth were essential-

Explosimeter readi
mber 25, 1981 as they were on September 11,

1y the same On Septe

e
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1981. The only exceptions are a decrease in Wells 11, 14,
22, and 30 at the 4-foot depth and a slight increase in Well
29 at the 4~foot depth.

Yours very truly,
HARDING LAWSON ASSOCIATES

Hit
James T. Cameron ey

Project Manager
MAA/JTC/mbd

ce: Jim Miller
Ed Ingham
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Harding Lawson As3paiaies

Novemper 3, 1%B1
14,197,006.07

Union Oil Company of California
290} vWestern hAvenue
Seattle, Washington 98121

Attention; Mr. Jeff Benoit

Gentlemen: -

Progress Report No. 23

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between September 25 and October

16, 1981.
GASOLINE RECOVERY

Gasoline recovery increased markedly at the site between
September 25 and October 16 in conjunction with a period

of intense rainfall. In addition, a pronounced upward

and downward movement of the groundwater table occurred.
Because of the rise in groundwater levels, the main holding
tank filled much faster than usual requiring repeated
pumping. On several cccasions no gasoline was recovered
when the tank was pumped. Pumpings on October 5, 7., 9. 14,
and 16 however, recovered 22, 41, 21, 41, and 555.5 gallons
of gasoline, respectively. The total volume of gasoline
recovered is currently 37,739 gallons.

According to Fraﬂk Pinney of Pacific Testing Laboratory the
depressant pump in Well 4A was relocated to 5A and activated

on October 7.

PIEZOMETRIC ELEVATIONS

During the three week period between Septgmbeg ZS.and ]
October 16, there was a dramatic fluctuation in piezometric
elevations at the site. During the first week, groundwater
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November 3, 1%:&. Harding Lawson Assaciates
14,197,006.,07

Mr. Jeff Benoit

Union 0il Company of California

Page 2

levels rose between .03 and .40 feet in most wells except
Wells 5, 7, 10, 18, and 22. 1In these wells, a drop of
between .08 and .20 feet was recorded. Wells on the
periphery of the site, including Wells 14, 15, 16, and 25,
recorded the greatest rise in water levels, while those
near the middle of the site (around the gas station) indi-
cated only small rises. This pattern was reversed in the
second week when interior wells recorded larger gains than
peripheral wells. For example, in the first week, the
piezometric levels rose .34 feet and .12 feet in Wells 15
and 26, respectively. In the second week, Well 15 continued
to rise an additional .25 feet, but the groundwater level
in Well 26 rose an even greater .46 feet. Overall,
groundwater elevations across the site rose substantially

during the second week.

A pronounced reversal in the trend occurred in the third
week with almost all the wells showing decreases of between
.15 and .55 feet. ;

For the entire three-week pericd, a comparison of piezometric
levels on October 16 (see Plate 1) with those on September

16 indicate little overall change near the middle of the
site but increases in piezometric elevation of .32 to .40
feet along the western and southern edges of the gascline
station block. Groundwater levels in Wells 22 and 23 at

the north end of the site had a net drop of .94 and .06

feet, respectively, during this same period.

The rapid rise and fall of piezometric levels recorded
during the three weeks correlates with unusually heavy
rainfall through October 6 and appears to reflect the
passage of a graundwatar “wave™ across the site. The "wave"
was first noted in peripheral wells and subsequently in
interior wells suggesting that its movement was to the north
or northeast from the south and west. ‘After the "wave"
passed, groundwater levels around the site remained higher
than previous levels while those near the middle of the
site returned to about their previous levels. There are

a few exceptions, including Well 3 (up .39 feet), Well 4

{up .34 feet), and Well 18 (up .46 feet).

The shape of the piezometric surface is still very similar
to that on September 25 except that the trough beneath




-

-

i

e

$
$
$
:
:
:

Noverber 3, 1931 Harding Lewson Associstes
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Mr. Jeff Benoit

Union 0il Company of California
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Brace Lumber Yard has shifted westward back toward Well 22
as expected (and as discussed in the last progress report).

We were advised that all depth-to-water measurements prior
to October 2, 1981, are in error by 4 inches. The true
depths to water can be obtained by adding 4 inches to the

recorded depths, tjg sy
- / i ¥ ,,.,: f’: )
GASOLINE THICKNESSES AT
£ ek ‘7

Gasoline thicknesses recorded on October 16, 13981, are

shown on Plate 2. As can be seen, the distribution of
liguid gasoline has not changed significantly since Sept-
ember 25 except for a stronger bifurcation of the gasoline
concentration at the north end of the gasoline station.
However, amongst those wells not influenced by skimmer or
depressant pumps, and which traditionally contain some

fluid gasoline, three indicated marked increases in gaso-
line thicknesses, two indicated decreased thicknesses, and
one remained the same. The three wells measuring substantial
increases, Wells 1, 2, and 6, are adjacent to one another,
Suggesting that some mechanism has concentrated gasoline

in that area. The gasoline thickness also increased
Substantially in Well 10 probably as a result of the recent
installation of a depressant pump. Similarily, the .45 feet
decrease in gasoline thickness in Well 18 is probably related
to the installation of a depressant pump in the nearby

Well 5A., Elsewhere at the site, gasoline thicknesses
remained about the same as that on September 25 although
the thicknesses fluctuated excessively during the three
week periocd ending October 16. ,

The fluctuations in gasoline thickness and the recent
increase in gasoline thickness in Wells 1, 2, and 6 are
difficult to explain. Although they are probably related

in part to perturbations in the groundwater table and
effects of changes in pump rate and position, the overall
impression of a thickening in the layer of gasoline avail-
able for recovery seems to suggest addition from a new source,
Such an addition, whether by flushing from a hitherto untap-
ped gasoline concentration or leakage from a new source,
should be reflected by an increase in the rate of gasoline
recovery. There was in fact, more gasoline pumped during
this period than usual, but only after repeated changes in
Pump positiocning. So, the evidence is inconclusive at this
time,
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EXPLOSIMETER READINGS

Explosimeter readings at the 8-foot depth were essentially
the same on October 16 as on September 25, 1981, except

for a decrease from 70% to 40% in Well 22 and from 100%

to 55% in Well 25. At the 4-foot depth, explosimeter
readings were also the same except for decreases in Wells 13,
16, 22, 25, and 29. A slight increase was also registered
in Well 11. The majority of explosimeter readings at both
the 4-foot and 8-foot depths are at or near 100%.

Yours very truly,
HARDING LAWSON ASSOCIATES

James T. Cameron r f1an

Project Manager

MAA/JTC/cag

L wme
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November 13, 1981
14,197,006.07
Union 0il of California

2901 Western Avenuse
Seattle, Washington 98121

Attention: Mr., Jeff Benoit

Gentlemen:

Progress Report No. 24

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between October 17 and
October 28, 1981.

The recent increased rate of gasocline recovery noted
from September 25 to October 16, 1981, continued, with
an additional 734 gallons of gascline being pumped
from the main holding tank between October 17 and
October 28. The total volume of gasoline recovered to
date is 38,473 gallons.

The Brace Lumber yard sump pump, which has not been
operating since September 17, was reactivated on October 28.

PIEZOMETRIC ELEVATICONS

Piezometric levels across the site continued to decline
in the aftermath of the recent storm and groundwater
"wave®, All wells, except Well 12, recorded piezometric
declines of between .08 and 1.89 feet, with the majority
between .15 and .77 feet. The largest decline (1.89 feet
in Well 8) appears to be a temporary aberration since
groundwater levels were approximately 1.25 feet higher

in measurements taken 2 to 5 days prior and since there
is no longer a drawdown pump in Well 8.

l ' GASOLINE RECOVERY
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Mr. Jeff Benoit

Union 01l Corpany of Calearnla
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o

Although there currently is not a well defined drawdown
cone associated with the drawdown pumps in Wells 5& and 10,
the gasoline station site as a whole is depressed relative
to peripheral areas. This is marked by pronounced
piezometric slopes towards the site from both the west
along Westlake Avenue and from the east along Terry Avenue,
Overall, there is a flat-bottomed valley~like configuration
to the piezometric surface in the gasoline station area.
Northward, the "valley™ narrows and assumes a more trough-
like appearance as it drops towards Lake Union.

GASOLINE THICKNESSES

-

Gasoline thicknesses recorded on October 28, 1981, are
shown on Plate 2. As can be seen, the concentration pattern
of liquid gasoline has not changed significantly since
October 16 and is about the same as it has been for the
last six months. In the northerly gasoline concentration
(beneath Brace Lumber yard), most wells indicated either
no change in gasoline thickness or a net reduction of
between .37 and .50 feet. In particular, the three wells
which showed substantial increases between October 16 and
September 25 - Wells 1, 2, and 6 - all decreased in
recorded gasoline thickness.

®

Two wells at the site did, however, show substantial
increases in the gasoline thicknesses., These are Wells 18
and 19 which showed increases of .38 and 1.02 feet, respec-
tively. The dramatic increase in Well 19 is difficult to
explain but may be due to a delayed reaction to the recent
groundwater "wave”., If this is so, then the gascline
thickness in this well should decline in the next few weeks,

¥

EXPLOSIMETER READINGS

Explosimeter readings at both the 8-foot and the 4~-foot
depth remained about the same in most wells on site. The
majority of readings are currently at or near 100%.

Yours very truly,

HARDING LAWSON ASSOCIATES

£W ‘ﬂ/W

§r HAR

James T. Cameron
Project Manager

MAA/JTC/cag

Attachment
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Herding Lawson Assccintes

December 4, 1981

14,197,006.07

Union 0Oil of California
2901 VWestern Avenue
Seattle, Washington 98121

Attention: Mr, Jeff Benoit

Gentlemen:

Progress Report No. 25

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring

operations for the period between October 29 and Novem—
ber 6, 1981,

GASOLINE RECOVERY

The rate of gasoline recovery has declined markedly
since the last monitoring period. Between October 29
and November 6, 154 additional gallons of gasoline were
pumped from the main holding tank. The effects of the
recent heavy rain storm seem to be diminishing. The
total volume of gasocline recovered to date is 38,8627
gallons.

No gasoline was recovered from the Brace Lumber Yard
holding tank.

PIEZOMETRIC ELEVATIONS

Piezometric elevations on November 6, 1981, are shown

on Plate 1. In general, piezometric levels across the
site continued to decline in the last monitoring period.
Only Wells 4, 7, 8, 9, 14, 18, and 19 exhibited increases,
which were between .02 and 1.29 feet. The largest
increase was in Well 8, and was expected given the abnor-
mally large decline in the piezometric level in this

well on October 16. Wells 4, 18, and 19 are near the
southern boundary of the site; increases in their

gtk gk Tewss
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Mr. Jeff Benoit
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pilezometric levels are attributed to the influx of
groundwater from the higher ground to the south. Fluctu~
ations of the piezometric levels in Wells 7, 8 and 9 are
common due to the well pumping in this area. The increase
in Well 14 is small and probably related to local soil

and groundwater conditions.

In the remainder of the wells, piezometric levels decreased
between .05 and .84 feet. The largest increase in the
piezometric level occurred in Well 10 and most likely
results from pumping of that well. The shape of the
piezometric surface has changed very little since October 28.
There is a flat-bottomed "valley® in the piezometric
surface in the vicinity of the gasoline station, which
narrows and slopes downward to Lake Union to the north., The
"valley"” is bounded by distinct slopes in the piezometric
surface on both the east and west sides along Terry Avenue
and Westlake Avenue, respectively.

GAS THICKNESS !

Gas thicknesses recorded on November 6, 1981, are shown

on Plate 2. The concentration of gasollne has not changed
significantly from that noted in our previous report.

Wells 3, 5, 6, 13, 18 and 32 exhibited increases in gasocline
thicknesses betwaen .04 and .50 feet. The piezometric levels
in all of these wells decreased, except for Well 18. It

is possible that the increase in gasoline at Well 18 is due
to an insurgence of groundwater which has spread out the
previously high concentration of gasoline at Well 19 over

a larger area.

The decreased gasoline thicknesses at Wells 8, 9, 10 and
28 of between .09 and .50 can be attributed to pumping in
these areas. ,

EXPLOSIMETER READINGS

Explosimeter readings at both the 8-foot and 4-foot depths
remained about the same in most of the wells, and are at or
near 100%.

Yours very truly,

HARDING LAWSON ASSOQOCIATES

James T. Camer
Project Hanag@r
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Harding Lawson Sssocigtes

December 14, 1381

14,197,006.07

Union Oil Company of California
290]1 Western Avenue .
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report No. 26

Monitoring and Recovery Operations

Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring

operations for the period between November 7 and November 20
1981.

r

GASOLINE RECOVERY

Gasoline recovery took a very sudden rise and appears to
have resumed the same high rate of recovery as noted after
the heavy rains which occurred in the early part of October.
Between November 7 and November 20, 1,340 additional gallons
of gasoline were pumped from the main holding tank. The
lower rate of recovery noted in our previous report of
November 13 appears to have been the result of a faulty
scavenger pump which was located in Well 9. 1In addition,
the pump located in the Brace Lumber yard was operating
inefficiently and was shut down in the early part of the
current monitoring perioed. The total volume of gasoline
recovered to date is 40,087 gallons.

Figure 1 presents a semi-logarithmic plot of the total
gascline recovery versus time. Based on theory the rela-
tionship should be linear for recovery from a single finite
gasoline source; however, there have been three major places
of deviation on this graph. The first occurred early in
the pumping period when the pumps were shut down for

Aiaska Hawan Texas
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L

construction, The second occurred when the Brace Lumber yard
recovery pump was installed in the late part of October, 1980.
And the third began in the beginning of October, 1981, at

the onset of unuSually heavy rainfall, In the first two
instances the recovery-versus-time plots returned to the
original linear relationship. Assuming a new gasoline source
has not been introduced to the site and that the recent in-
creased rate of recovery is due to a freed pocket of gasoline,
we expect that the plot of gasoline-recovery-versus- time will
return to the original linear relationship. The time required
for this to occur will depend on the amount of gasoline
released from the pocket.

No gasalxne was recovered from the Brace Lumber yard holding
tank between November 7 and November 20, 1381.

PIEZOMETRIC ELEVATIONS

Piezometric elevations on November 20, 1981, are shown on
Plate 2. The general shape of the piezometric surface has
not changed appreciably on the north half of the site.
Elevations on the southern boundary of the site near Mercer
Street have generally decreased on the order of .5 feet. The
largest decrease, 1.34 feet, occurred at Well 8 and the
largest increase, .95 feet, occurred at Well 18.

GASOLINE THICKNESS

Gasoline thicknesses recorded on November 20, 1981, are
shown on Plate 3. 1In general, gasoline thicknesses appear
to have declined from those readings taken in the previous
monitoring period. Wells 1, 4, 8, 9, 12, 16, 25, and 28
exhibited increases. The largest increase, .21 feet,
occurred at Well 28. The remaining wells showed decreases
in gasoline thicknesses with the largest amount, .59 feet,
occurring in Well 19. The general zones of gasoline con-
centration have not changed appreciably since the previous
monitoring period.

[ i S . 4:%“44
& Y

EXPLOSIMETER READINGS

In the last few weeks, explosimeter readings have been
varying by as much as 100 percent. However, except for
Wells 22 and 23, explosimeter reading have generally remained
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December 14, 1981 Harding Lawson Associates
14,197,006.07

Mr. Jeff Benoit

Union 0Oil Company of California

Page 3

near 100 percent at both the four and eight~foot levels.
Wells 22 and 23 appear to be decreasing in vapor levels
as indicated by their most recent respective readings of
25 and 0 percent at the eight~foot level.

Yours very truly,
HARDING LAWSON ASSOCIATES

%MYW

ames T. Cameron
Project Manager

. - —r

o

Attachments

ce:  Jim Miller
Ed Ingram

JTC/cag
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Harding Lawson Associates

December 30, 1981
14,197,006.07

Union Cil of California
2801 western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report No. 27

fonitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between November 21 and
December 18, 1981.

GASOLINE RECOVERY

Gasoline recovery rates continue to remain relatively
high. During this period, approximately 574 gallons

of gascline were pumped from the main holding tank.

The average recovery rate since the middle of September
1981, has been approximately 250 gallons per week.
Prior to the middle of September, the gascline recovery
rate was approximately 250 gallons per month. The total
volume of gasoline recovered to date is 40,541 gallons.

No gasoline was recovered from the Brace Lumber vard
holding tank.

PIEZOMETRIC ELEVATIONS

FPiezometric elevations recorded on December 18, 19B1,

are shown on Plate 1. It appears that the piezometric
surface has risen .2 to .4 feet over the entire site.
However, the general shape of the plezometric surface

has not changed appreciably since that recorded on
rnovember 20, 1981. A number of wells could not be

read on December 18 and therefore the piezometric surface

ould not be estimated as closely as previous sets of
a

0O
]
T

~

no
»adings, However, the surface stilil ceclines gently
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December 30, 1981 Harding Lawson Associales
14,19%7,006.07

My. Jeff Benoit

Union 01l of California

Page 2

from the south to the north with a shallow depression
in a central part of the block. The total relief in
piezometric levels across the site is approximately

1 foot.

GASOLINE THICKNESS

Gasoline thicknesses recorded on December 18, 1981, are
shown on Plate 2. Gasoline thicknesses have dropped

on the order of .2 to .8 feet throughout the site. At
the southern end of the block the largest recorded
gasoline thicknesses occurred in Wells 18 and 19; each
measuring three inches of gasoline. In the middle
portion of the block, the largest recorded thickness

of 7.5 inches occurred in Well 3.

EXPLOSIMETER READINGS

Explosimeter readings continue to vary sporadically by

as much as 100% in some wells, Wells 22 and 23 at the
north end of the site record vapor readings between 50%
and 100% in about one~half of their readings and no vapor
in their other readings. The remaining wells record

- vapor readings at or near 100% at both the 4-foot and

g8-foot levels. There appear to be no consistent changes
in vapor levels across the site which would suggest
gasoline movement or accumulation in new areas.

Yours very truly,

BARDING LAWSON ASSOCIATES

James T. Cameron, Project Manager

cc: Ed Ingham, Jim Miller

JTC/cag

Attachments
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Harding Lewson Associates

January 15, 1932
14,197,006.07

98121

Attention. Mr. Jerfs Benoit

Gentlemen:

Progress Report Ko, 28 :
Manitoring and Recovery Operations
Westlake and Mercer Gasoline Spil}
Seattle, Washington

GASOLINE RECOVERY

The gasoline recove
since the 1

«  There

G , ~Overed from
Lumber yarq holding tank. g date, 40,674

'PIEZOMETRIC ELEVATIONS
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January 15, 1582 Harding Lawson Associates
14,197,006.07

Mr. Jeff Benoit

Union 0il Company of California

Page 2

The shape of the piezometric surface indicates a trough
runnlng north—-south downward toward lLake Union. The
lake is at its lowest level this time of year which

may account for the recent low water level readings.
Deeper depressions centered arcund Wells 5 and 9 may

be attributed to pumping effects.

GASOLINE THICKNESS

Gascline thicknesses recorded on January B, 1982, are
shown on Plate 2. As has been the case for the past

4 months, gascline thicknesses across the site continue
to fluctuate. Measurements continue to be highest

in the vicinity of Wells 18 and 19, where thicknesses

of 2.4 and .8 feet were recorded, respectiv&ly. However,
the very high reading in Well 18 is suspect since much
lower thicknesses were measured only a few days prior.

EXPLOSIMETER READINGS

There were very few changes in the explosimeter readings
during this monitoring periocd. Wells 22 and 23, which recently
recorded sudden increases in explosimeter readings, still

have little or no measurable gascline in them. Other-

wise, there is no pattern or trend to the changes that

could indicate gasoline migration or accumulation into

new areas.,

Yours very truly,
HARDING LAWSON ASSOCIATES

/w7ﬁ‘w

James T. Cameron
Project Manager

JTC/cag

cc: Ed Ingham, Jim Miller
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Harding Lawson Aasoy, steg

January 29, lyg,
14,197,006.07

Union 0il of ,._,. 1
2901 Western n:é:igxnla
Seattle, Washy, .00 gg121

Attention: My Jeff Benoit

Gentlemen:

Progress Repuo,
Monitoring an,y
January 9 thr,,
Westlake and jy,
Seattle, Wash;d

t No, 28 79
Recovery Operations

The gasoline ,
a total of ony,
last progress

574 gallons ay
two mcmitcrinq
Brace Lumber va
racovered to

covery rate continued its rapid decline with
Y 97 gallons of gasoline recovered since our
report. This compares with 133 gallons and
gasoline recovered during the previous
pPeriods. No gasoline was recovered from the
rd tank, The total volume of gasoline

Hate is 40,623 gallons.

PIEZOMETRIC ELEVATIONS

Piezometric ®lavations recorded on January 20, 1982, are
shown on Platy,"” Except for Wells 5, ny14.22: and 23,
all wells showegq's yice in the piezometric surface of
hetween .8 al‘h‘ .1 feet. Most of them rose hetween .5 and
fs feet. Thiy g a departure from the previous trend of
lowered piezawng ;o jevels and is probably related to
storm Water 1ypiteration. Although there is no clearly
defined “waven ;T groundwater level, there is some
eoggestion fa4 1t in that both Well 22 and 23 have not
yet shown incyg,,. o and, in fact, declined.

A well definew 4 udown cone is still being maintained
around Well 5 04 is present around Well 8. Although
the drawdown ., . around Well 5 is fairly consistent,

E T T

e LT, [




January 29, 1982 Harding Lawson Associstas
14,197,006.07

Mr. Jeff Benoit

Union 0il Company of California

Page 2

the cone presently around Well 8 is inconsistent and varies
in location depending on which well is being pumped. There
ijs also a fairly well defined groundwater divide extending
east-west across the site at the north edge of the gas
station property. This divide has been in existence for

the last several months, and separates a shallow basin to
the south from a north trending and dipping trough to the
north. The divide should help keep gasoline in the southern
area from migrating toward the lake.

GASOLINE THICKNESS

Gasoline thicknesses recorded on January 20, 1982, are shown
on Plate 2. With the exception of Wwells 3, 7, 8, 9, 18,

and 19, gasoline thicknesses across the site have remained
essentially the same for the last two weeks. Wells 18 and 19
continue to show the greatest variation, with recorded
thicknesses ranging from 0 to 9.5 inches in Well 18 and

€.5 to 20 inches in Well 19. There were also variations

in gasoline thicknesses in Wells 3, 7, 8, and 9. We believe
that these are probably due to variations in pump activity.

Despite the fact that at times there appears to be fairly
significant thicknesses of gasoline in some wells on site,
the overall decrease in gasoline thickness across the site
and also the rapid decrease in recovery rate suggests that
gasoline additions to the site after the October 6, 1981
storm are nearly depleted.

EXPLOSIMETER READINGS

Explosimeter readings at both the 4 foot and the 8 foot

level remained about the same in all wells across the site.
Most wells show a 100% reading at both the 4-foot and 8-foot
depth. Lesser readings or zero readings at both depths were
recorded in Wells 11, 12, 13, 15, 22 and 23. Gasocline vapor,
at least in measurable quantities, seems to have disappeared
from Well 23, as none has been detected since November 13,

1981. The adjacent Well 22 does show gasoline vapor but

vapor levels have been generally declining since December, 1981.

Yours very truly,
HARDING LAWSON ASSOCIATES

el (1 (Clanr—

Mark A. Rdams
Geologist

MAA/Cag
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February 12, 1982
14,187,006.07

Union 0Oil Company of California
2901 wWestern Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report HNo. 30

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between January 21 and

January 29, 1982, Our previous report had two errors

in it which should be rectified to aveid confusion.

The first was that it should have been numbered Progress
Report No. 29 rather than No. 28. In addition, the

total volume of gasoline recovered as of January 8, 1982,
should have been 40,771 gallons.

GASOLINE RECOVERY

The gasoline recovery rate continued to decline with a
total of only 26 gallons of gasocline recovered since

our previous progress report. No gasoline was recovered
from the Brace lumber yvard tank. The total volume of
gasoline recovered to date is 40,797 gallons.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on January 29, 1982, are
shown on Plate 1. The piezometric surface has had very
little variation since that recorded on January 20, 1982.
Piezometric levels in Wells 22 and 23 on the north side of
Valley Street have dropped approximately .2 to .4 feet
since those levels reported previously. Piezometric levels




Haiding Lawson Associates

February 12, 1982

14,197,006.07

Mr. Jeff Benoit

Union Oil Company of California
Page 2

in the vicinity of Wells 5 and 8 continue to fluctuate
as depressant pumps and scavenger pumps are periodically
relocated among the larger wells. ,

The recovery procedure still appears to be maintaining

sufficient drawdown in the vicinity of the gasoline
station to keep the gasoline from traveling off the site.

GASOLINE THICKNESS

Gasoline thicknesses recorded on January 29, 1982, are
. shown on Plate 2. There still appears to be two major
; ' areas of liguid gasoline concentration; one in the vicinity
’ : of Wells 3 and 8, in the middle portion of the block, and
the other at the southern end of the block in the vicinity
l of Wells 18 and 19. Gasoline thicknesses remain essentially
the same in the middle portion of the block and increased
up to 1.2 feet in the southern end of the block. The
. most significant gascline thickness increases of .4 and
1.2 feet occurred in Wells 19 and 18, respectively.
_ Wwell 18 indicated no gasoline on January 20. These two
l 4 wells have a long history of such sudden variations and we
suspect that the variations are probably due to pump
activity and represent only very jimited local conditions.

EXPLOSIMETER READINGS

Explosimeter readings at the 8-foot level are generally
v around 100% except in Wells 22 and 23 which each recorded
2 no gasoline vapor. Readings at the 4-foot level were also
generally in the 100% range with the exception of Wells 22
and 23 which recorded no vapor and Wells 14, 15, 16, and
29 which recorded 35, 15, 15, and 30 percent, respectively.

Explosimeter readings were taken in the phone vaults and
sewer holes in front of the Shell station on the adjacent
block east of the Union Oil site. Readings indicated
between 3 and 15 percent vapor .levels at these locations.
At this time the vapor levels are relatively insignificant
and we do not feel that they pose enough of a threat

to necessitate immediate action. The vapors may have

originated from a newly released small pocket of gasoline
groundwater

washed into the vault or sewer line backfill by




3 . ¥
14,197,6806.07
Mr. Jeff Benoit
Union 0il Company of California

Page 3

movement. Alternatively, the vapors may have originated
from street washings containing gasoline or other volatile
substances which have infiltrated to the vault and sewer

line,

Yours very truly,

HARDING LAWSON ASSOCIATES

CJ/ i
“ ]

ames T. Cameron
Project Manager

JTC/cag
Enclosures

cc: EA Ingham, Jim Miller
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Harding Lawson Associsies

February 26, 1982

14,197,006.07

Union 0il Company of California

2801 Western Avenue

Seattle, Washington 9812}

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report No. 31

Monitoring and Recovery Operations

Westlake and Mercer Gasoline S5pill

Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between January 30 and
February 19, 1982.

GASOLINE RECOVERY

The gasoline recovery increased somewhat from the previous
monitoring period. A total of 149 gallons of gasoline
were recovered between January 30 and February 19, 1982.
All of the recovered gascline for this monitoring period
was pumped from the main holding tank. ©No gasoline was
recovered from the Brace Lumber yard tank. The total
volume of gasoline recovered to date is 40,946 cgallons.

PIEZOMETRIC ELEVATIONS

piezometric elevations recorded on February 19, 1982,

are shown on Plate 1. Except for Wells 22 and 23, the
piezometric surface has generally risen about .2 to .4
feet across the site. Wells 22 and 23 on the north

side of Valley Street, have risen between .8 and 1 foot.
Based on the most recent readings, the piezometric

surface is still generally depressed in the vicinity of
the gascline station indicating that the drawdcwn pumps
are performing adeguately in creating a cone of depression
to prevent liquid gasoline from escaping off the site.




Tebruarv 26, 1982

14,197,0C6.07

¥r, Jeff Benoit

Union Cil Company of California
Page 2

GASOLINE THICKKESS

Gasoline thicknesses recorded on February 19, 1982, are .
shown on Plate 2. Gasoline thicknesses in individual wells
continue to fluctuate erratically, especially in Wells 18
and 19. On February 17, Well 19 recorded 24 inches of
liguid gascline. Two days later on the 19th, only four
inches were recorded. 1In general, it appears that the
overall thicknesses of recorded liquid gasoline are
decreasing with still two maijor areas of concentration:

1) in the middle of the block in the vicinity of Wells 8, 9,
and 10; and 2) the south end of the block in the vicinity
of Wells 4 and 5.

EXPLOSIMETER READINGS

A number of wells have shown a marked decrease in explosimeter
levels recently. Wells 6, 12, and 16, which have all

been indicating explosimeter readings at the 100% level
consistently over the last four to five months, have
indicated much lower levels in the last two weeks. Readings
of 45, 5, and 10% were recorded in Wells 6, 12, and 16,
respectively, at the B-foot level and 0, 0, and 5% at the
4-foot level. Except for Wells 22 and 23, the remaining
wells in use at the site generally demonstrate 100%
explosimeter readings at the 8-foot level and 50 to 100%

at the 4-foot level. Well 23 has not indicated any
explosive vapor since the middle of November, 1981. Explo-
simeter levels in Well 22 have a past history of erratic
fluctuation with recent readings being in the range of 0

to 20% at the B~foot level. However, on February 19, 1982,
a 40% reading was indicated at the B-foot level.

Explosimeter readings were also taken in the nearby manhole
and telephone vaults throughout the last three weeks.
There were no explosive vapor levels detected at any of
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February 26, 1982
14,197,006.07

Mr. Jeff Benoit
Union 0il Company of California
Fage 3

these locations. It appears that the vapors detected
during the previous monitoring period have dispersed.

Yours very truly,
HARDING LAWSON ASSOCIATES

Joni?

James T. Cameron
Project Manager

JIC/cag

Attachments

ce:  Ed Ingham
Jim Miller
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Harding Lawson Assoclates e

March 12, 1982

14,197,006.07

Union 0Oil Company of California

2901 Western Avenue

Seattle, Washington 93121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report No. 32

Monitoring and Recovery Operations

Westlake and Mercer Gasoline Spill

Seattle, Washington

This letter reports on gascline recovery and monitoring
operations for the period between February 20 and

March 5, 1982,

SITE VISIT

On March 1, 1982, Steve Perrigo and Jim Cameron of our
office visited the site to check on the measurement
methods and recovery system as it is currently being
employed at the site. At a number of the monitoring
wells, the street surface is slightly depressed and
surface runcff tends to collect and puddle around the
monuments. This water either immediately enters into

the monument or does so when the monument cover is
removed. Inside the well the top of the piezometric

tube has about 3 to 4 inches of extension and is
uncapped. As the top of the casing chamber fills,

water can freely flow into the pilezometric tube. This
can lead to two possible problems. One, unless sufficient
time is allowed for any surface water inflow to dissipate
into the surrounding groundwater, water level readings

in these wells will be higher than the true groundwater
levels. Two, the influx of surface water from the
streets may carry silt, oils, and other substances which
may plug the piezometric wells.

Telephone




Harding Lawson Associates

March 12, 1982

14,197,006.07

Mr. Jeff Benoit

Union 0il Company of California
Page 2

Wwe recommend that all of the two inch piezometric wells
which have indicated puddling in the past be capped and

that care be taken to avoid allowing surface street flow

to enter these wells by brushing away puddles, prior to
opening the monuments, with a broom or other means and
bailing out the top of the casing chamber prior to uncapping
the piezometric tube. In wells where this is not possible,
we recommend that measuvrements not be taken in the wells
until the surrounding water dries up or is removed in

some other fashion.

These measurements are important since accurate inter-
pretation of piezometric levels and gasoline thicknesses
at the site are dependent on accurate measurements.

We have discussed the situation with Pacific Testing
Laboratories and they concur with our recommendations.

GASOLINE RECOVERY

Gasocline recovery remained at about the same level as
during the previous monitoring pericd. A total of 122
gallons of gasoline was recovered from the main holding
tank. No gasoline was recovered from the Brace Lumber
yard tank. We have been informed that the Brace Lumber
vard tank will not be used for recovery unless future
monitoring of nearby wells indicates that gasocline levels
in this area are increasing. The total volume of gasoline
recovered to date is 41,068 gallons.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on March 5 are shown on

Plate 1. The shape of the piezometric surface is essentially
the same as that recorded on February 19. There still is

a pronounced cone of depression around Well 18 and most

of the site is encompassed by the 2.6 foot elevation contour.
An apparent drawdown cone has also developed around

Well 19.

GASOLINE THICKNESSES

Gasoline thicknesses recorded on March 5, 1%82, are shown
on Plate 2. Gasoline thicknesses in individual wells
continue to fluctuate erratically, particularly in Wells 18
and 192. However, overall gasoline thicknesses remained




i

Harding Lawson Assoclates
March 12, 1982
14,197,006.07
Mr. Jeff Benoit
Union 0il Company of California
Page 3

[

nearly the same as previously recorded. In general, it
appears that liguid gascline is still concentrated in
the area of Well 8 at the north end of the site and
around Wells 17, 18, and 19 at the south end of the site.

EXPLOSIMETER READINGS .

Explosimeter readings at both the 4~foot and the 8-foot
levels remained nearly the same in all wells across the
site. There was a slight increase in Wells 11, 12, and
13 at the 4-foot level, but the increase is well within
the normal range of variation. The vapor readings in

Well No. 22 which appeared to be declining for some time
has now apparently reversed its trend and is increasing.

Yours very truly,

HARDING LAWSON ASSOCIATES

/;/’2 7 C”'

James T. Cameron
Project Manager

MAR/JTC/cag
Attachments

co:  Jim Miller
Ed Ingham
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March 26, 1982

14,197,006.07

Union 0il Company of California
2901 Western Avenue

Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report No. 33

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between March 6 and March 17, 1982.

GASOLINE RECOVERY

Gascoline recovery continues to be minimal. A total of
55 gallons of gasoline was recovered during this period.
The total volume of gasoline recovered to date is 41,123
gallons.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on Harch 17 are shown on
Plate 1. 1In general, it appears that water levels have
risen slightly; on the order of .2 feet in the southern half
of the block and up to .4 feet in the northern half. The
drawdown pumps are still maintaining a slight depression

in the southern half of the block which will tend to deter
free gasoline from escaping northward toward the lake.

GASOLINE THICKNESS

Gasoline thicknesses recorded on March 17, 1982, are shown
on Plate 2., Gasoline readings could not be taken in

Wells 1, 7, and 26 on this date and the contours shown for
the middle portion of the block reflect only those readings

Engmeers 300 120 Ave NE Aiaska Hawai Texas

Geoinmsts & PO Box 3985

|

it

 aidnerag O Washington
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March 26 . 1982 Harding Lawson Associstes
14,197,006.07

Mr, Jeff Benoit
Union 0il Company
Page 2

which were actually taken. There appears tc be generally
three local areas of gasoline concentration; one in the
middle portion of the block in the vicinity of Wells 2 and
3. The other two are at the southern end of the block:

one in the vicinity of Well 17 and the other in the
vicinity of Well 19. The maximum gasoline thickness recorded
on this date was 8 inches which occurred in Well 19. o
Interim gascline thickness readings taken between March 5
and March 17 indicate that levels are still varying
erratically. On March 12, Well No. 3 indicated 19.5 inche
of free gasoline but only 4 inches on March 15. Similarily,
Well Ro. 19 measured 4% inches of free gasoline on March 8,
13 inches on March 12, and 8 inches on March 17. However,
in a general sense, recent readings appear to indicate that
free gasoline levels are dropping.

EXPLOSIMETER READINGS

Explosimeter readings remained nearly the same in all wells
across the site. Since March 1, Well 22 which had pre~
viously indicated no vapor level has indicated explosimete
levels between 15 and 100%. Well 16 which measured a '
30% explosimeter level on February 5 has dropped steadily
in subsequent readings and has indicated no explosimeter
levels since March 1, 1982.

Yours very truly,
HARDING LAWSON ASSOCIATES

James T. Cameron
Project Manager

JTC/cag
Attachments

cCc: Jim Miller
Ed Ingham
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April 9, 1982

14,197,006.07

Union 0il Company of California
2901 Western Avenue

Seattle, Washington 98121

Attention: Mr, Jeff Benoit

Gentlemen:

Progress Report No. 34

Monitoring and Recovery Operations
Westlake and Mercer Gascline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between March 18 and March 26
1982, :

GASOLINE RECOVERY

There was no gasoline recovered from the site during this
time period. The total volume of gasoline to date remains
at 41,123 gallons,

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on March 26 are shown on
Plate 1. Piezometric levels appear to have risen .2 to .4
feet on the south half of the block since those readings
recorded in our previous progress report for March 17, 1982.
Piezometric levels in the north half of the site appear

to have deviated very little in this timespan. Recent
readings indicate a .4 feet downhill gradient from the
south half of the site to the middle portion. It appears
that the drawdown pumps are still maintaining a sufficient
drawdown to contain the free gasoline.

Engineers 300 120th Ave NE Telephone Alaska Hawaii Texas
Gecloosis & PO Box 188G F06453-5383 Catdorrug g washingion
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Harding Lawson Assoclatles

April 9, 1982
14,197,006.07

Mr. Jeff Benocit
Union 0Oil Company
Page 2

GASOLINE THICKNESS

Gasoline thicknesses recorded on March 26, 1982, are shown
on Plate 2. Gasoline thicknesses appear to hava dropped
on the order of .2 feet for both the middle and southern
portions of the site where the two areas of the free
gasallne concentration have historically resided. The.
maximum gasoline thickness recorded on this date was

7 inches which occurred in Wells 18 and 19. However, on
March 22, these wells recorded 14 inches and 5 inches,
respectlvely, As noted in our previous report, gasoline
levels still appear to be dropping. .

EXPLOSIMETER READINGS , S

Except for Wells 14, 22 and 30, explosimeter levels were
essentially the same as those recorded on March 17, 1982.
Well 14, at the 4-foot level, dropped from 30% on March 17
to 20% on March 24. Well 22, at the 4-foot level, indi-
cated 15% on March 17 and increased to 95% on March 24.
Well 30, which indicated 100% ievel on March 1, measured
only 25% on March 24.

Yours very truly,

HARDING LAWSON SOCIATES

CZ:i:s Te Cameron

Project Manager
JTC/cag

cc: Jim Miller, GeoEngineers
Ed Ingham, Ryan & Haworth
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april 23, 1982
14,197,006.07

Union Oil Company of california
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

‘ progress Report No. 35
4 ~°  Monitoring and Recovery Operations
Wwestlake and Mercer Gasoline Spill
Seattle, Washington

on gasoline recovery and monitoring

This letter reports
period between March 27 and April 9,

operations for the
1982.

)‘ - GASOLINE RECOVERY

A total of 63 gallons of gasoline were recovered during
this period. The total volume of gasoline recovered to

' : date is 41,186 gallons.

PIEZOMETRIC ELEVAT ICNS

orded on April 9 are shown on

Plate 1. Piezometric levels have dropped an average of

.2 feet across the southern and rniddle portions of the

A shallow depression in the piezo-
dicated by the well

3 ; piezometric elevations rec

site since March 26.
metric surface in this area 1is still in

readings.

The piezometric levels across the north end of the site

rose an average of 2 feet. 1t's likely that these increases
reflect the rise in Lake Union's water level. We expect
that the piezometric surface across the north portion of

the site will continue upward through the summer as the

jake level increasesS. This rise in the piezometric surface,

Algska Hawan
: { o Caldorna s
L5 ARO0G Coworado Nevada Saud Arah 4

300120

PO 6




April 23, 1982 Marding Lawson Associates
l 14,197,006.07
Mr. Jeff Bencit
Union ©il Company
II Page 2 .
coupled with the shallow depression in the middle portion
l of the site, should help to continue to deter mlgratian Qf
gasoline northward to Lake Union. . §
l GASOLINE THICKNESS
Gasoline thicknesses recorded on April 9 are shown on Plate 2.
. There are two main concentrations of free gasoline that are
consistent with past observations. One is near the south
: end in the vicinity of Wells 4, 18, and 19; the other is at
the middle of the site. Gascline thicknesses in both areas
Ik rose .2 to .3 feet during this monitoring period. The
draw down pumps appear to be maintaining a sufficient

depression in the piezometric surface to contain the free
gasoline. The maximum gasollne thickness of 1.5 feet was
measured at Well 18, which is consistent with its hlStQIY
of rapid and unpredlctable fluctuations. .

EXPLOSIMETER READINGS

Consistent decreases in the explosimeter readings at both
the 4 and 8 foot levels were observed in wells around the
perimeter of the site during this monitoring period. It
is not atypical for the explosimeter readings to vary in
these wells. General trends are only observable after
several monitoring periods.

. Yours very truly,
~ HARDING LAWSON ASSOCIATES
Mark A, Adams
l v Geologist
. VPL/MAA/cag

cc: Mr., Jim Miller, GeoEngineers
Mr. Ed Ingham, Ryan and Haworth
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May 5, 1982 -
14,197,006.07
Union Oil Company of California

2801 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Y " Progress Report No. 36
Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period between April 10 and April %gﬂ
1982.

GASOLINE RECOVERY

A total of 80 gallons of gasoline were recovered during
this period. The total volume of gasoline recovered to
date is 41,282 gallons. The recovery rate has been constant
for the last 4 monitoring periods.

PIEZOMETRIC ELEVATIONS

piezometric elevations recorded on April 23 are shown on
Plate 1. Piezometric levels increased across the entire
site. The increases average around .2 feet for wells in
the southern portion, .3 feet for wells near the middle por-
tion, and .4 feet for wells in the northern portion of the
site.

The piezometric level increases in the northern portion
appear to coincide with the rise of Lake Union. The
increases reinforce our opinion that the water levels in
this area are directly affected by the water level in the
lake,

Engineers 300 120th Ave. NE Telgphone Alaska Hawaii Texas
Gaoings!s & PO Boa 3BBS 2OR453 8383 Caitorma Hhinons Washingion

S Brabea
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Herding Lawson Associstes

May 5, 1982
14,197,006.07

Mr. Jeff Benoit
Union 0il Company
Page 2

The water depressant pump in Well 8 was turned off for 24
hours between April 20 and 21. This appears to explain

the observed increase in the water levels in the central
portion of the site as the water levels measured on April 19
(before the shutdown) were almost equivalent to those measured
on April 9. The observed increase in the water levels

around the southern perimeter of the site may result from the
decreased gradient towards the center of the site.

GASOLINE THICKNESSES

Gasoline thicknesses recorded on April 23 are shown on Plate 2.
The two main concentrations of free gasoline observed near

t+he south and central portions of the site are consistent

with past observations. The only significant changes in the
gasoline thicknesses were observed in wells near the central
portion of the site, in the vicinity of the depressant well
pump. An average decrease of approximately .l feet was
observed in Wells 2, 3, 4, 8, and 9. -

There was very little change in the observed gasocline thick=-
nesses in the wells in the southern portion of the site.
However, the gasoline thickness in Well 18 {which has
fluctuated greatly in the past), dropped over 1 foot during
this monitoring period, restoring it to a level consistent
with readings taken in March.

EXPLOSIMETER READINGS

Consistent increases in explosimeter readings at both the

four and eight~foot levels were observed in wells around the
perimeter of the site during this monitoring period. We
commented in our last report that it wasn't unusual to
observe rapid and erratic changes in the explosimeter readings
in these wells. The decreases observed in the last monitoring

period were offset by the increases measured during this
period.

Yours very truly,

HARDING LAWSON ASSOCIATES

C;;mes T. Cameron

Project Manager
VPL/JTC/JEN/cag

cc: Jim Miller
Ed Ingham
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Harding Lawson Associates

May 19, 1982
14,197,006.07

Union Oil Company of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit

Gentlemen:

Progress Report No, 37

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period of April 24 to May 14, 1982.

" Qur previous report, No. 36, covered a monitoring
period of April 10 to April 23, 1982 (incorrectly noted
as April 10 to April 12).

A total of 163 gallons of gasoline were recovered during
this three weeks of monitoring. The average gascline
recovery rate during this monitoring period (57 gallons
per week) was somewhat higher than for the previous four
monitoring periods (33 gallons per week). The total volume
of gasoline recovered to date is 41,423 gallons.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on May 14 are shown on Plate 1.
Piezometric levels changed very little; on the average, we
observed only a very slight decrease in the levels across

the site of about 1 inch. We have been observing consistent
rises in piezometric levels across the northern portion which
appeared to coicide with the raising of Lake Union water

Engnears 300 120th Ave NE Telephone Alaska Hawait Texas
Geoinasis & PO Bos 3885 PO6-453-A3RD Cakiormug fneng Washingion

l GASOLINE RECOVERY




Hearding Lawson Associates

May 19, 1982
14,197,006.07

Mr. Jeff Benoit
Union 0Oil Company
Page 2

levels. During this monitoring period, however, we observed
a slight decrease in the piezometric levels in the northern
wells.

GASOLINE THICKNESS

Gasoline thicknesses recorded on May 14 are shown on Plate 2. :
The two concentrations of free gasoline cobserved near the ]
south and central portions are consistent with past obser- |
vations, where average gasoline thicknesses have changed very 2
little. There was a significant rise in the gasoline thickness ?
in Well 3, of about .8 feet. This rise is likely related to |

a .33 foot decrease in this well's piezometric elevation.

EXPLOSIMETER READINGS

Explosimeter readings decreased in several of the wells around
" the perimeter of the site at both the 4 and B~foot levels.

The decreases offsets the increases observed during the last
period. As we commented in our last report, the perimeter
explosimeter readings have been erratic and have not indicated
any consistent trends in the past several months.

Yours very truly,
HARDING LAWSON ASSOCIATES

ames T. Cameron
Project Engineer

VPL/JTC/cag
Attachments

cc: Jim Miller
Ed Ingham
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Harding Lawson Associales

June 4, 1982
14,197,006.07
Union 0il Company of California

2901 Western Avenue
Seattle, Washington 98121

‘Attentien: Mr. Jeff Benoit

Gentlemen;

Progress Report No. 38

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period of May 15 through May 21, 1982,

GASOLINE RECOVERY

No gasoline was recovered during this time period. The
total volume of gasoline recovered to date remains at
41,423 gallons.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on May 21 are shown on
Plate 1. 1In general, piezometric levels have not varied
significantly from those recorded in our previous report.
Readings taken on the southern half of the block appear
to have risen on the order of .2 feet from readings taken
a week earlier. There appears to be a slight depression

at the south end of the block in the vicinity of Wells 13,

17, 18, and 19, and another in the middle portion of the
block in the wvicinity of Wells 2, 3, 7, 8, and 9. Both

are most likely due to pumping in nearby wells. It appears

that the drawdown pumps are performing an adequate job
maintaining a depression to keep the liquid gasoline
localized in the southern half of the block.

Telenhone Alaska Hawan Texasg

P w e pmt




June 4 1982 Harding Lawson Associsles
£

14,197,006.07

Mr. Jeff Benoit
Union 0il Company
Page 2

GASOLINE THICKNESS

Gasoline thicknesses recorded on May 21 are shown on Plate 2.
There are still two main concentrations of liguid gasoline.
One, in the middle portion of the block in the vicinity

of Wwells 2 and 3, and the other at the southern end of the
block in the vicinity of Wells 18 and 19. The thicknesses
recorded in the middle portion of the block have dropped
since the May 14 readings with maximum thicknesses of .5 feet
recorded at Wells 2 and 3. Maximum thicknesses recorded

at the south end of the site were .6 and 1 foot at Wells 19
and 18, respectively. As has been the case in past readings,
gasoline thicknesses diminish quite rapidly away from the
wells of maximum thickness.

EXPLOSIMETER READRINGS

Explosimeter readings indicated no noticeable change from
those taken on May 14, 1982. In general, explosimeter
readings have remained at or near the 100% level at the
4-foot and 8-foot levels for most of the wells, Wells 22
and 23 have indicated no vapor levels at either the 4 or
the 8-foot level since the end of April, 1982. Well 16 has
indicated vapor levels less than 20% at both the 4-foot and
g-foot levels since the middle of February, 1982.

Yours very truly,
HARDING LAWSON ASSOCIATES

James T. Cameron
Project Manager

JTC/cag

Attachments

co:  Jim Miller
Ed Ingham
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Harding Lawson Associates

June 18, 1982

14,197,006.07

Union 0il Company of California
2901 Western Avenue

Seattle, Washington

Attention: Mr. Jeff Benoit
Gentlemen:

Progress Report No. 39
Monitoring and Recovery Operations

Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period of May 22 through June 11, 1982.

GASOLINE RECOVERY

¥
i

The scavenger and drawdown pumps have not been operating
correctly during this time period and have resulted in
reduced rates of extraction of gasoline and water. No
gasoline was recovered during this time period. The total
volume of gasoline recovered to date remains at 41,423
gallons.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on June 11, 1982, are shown
on Plate 1. The piezometric levels appear to have dropped
generally .5 feet over most of the site. We feel this

is probably due to the recent lack of rainfall. Piezometric
levels at the north end of the block near Lake Union remain
near those recorded in our previous report (June 4). The
general configuration of the piezometric surface is very
similar to that recorded previously and still indicates a
slight ridge across the middle portion of the block blocking
the flow of liguid gasoline to the north.

LN E aE Es
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Harding Lawson Asscciates

June 18, 1982

14,197,006.07

Mr. Jeff Benoit

Union 01l Company of California
Page 2

GASOLINE THICKNESS

Gasoline thicknesses recorded on June 11, 1982, are shown
on Plate 2, Based on comparison with gasoline thickness
readings taken on May 21, 1982, it appears that gasoline
thicknesses have reduced by approximately 50 percent.
However, throughout the interim three week period gasoline
thicknesses have fluctuated by as much as 100 percent as

the scavenger pumps are rotated among the various retrieval
wells. The extent of detectable gasoline at the site still
remains localized in two zones; in the middle of the block
and at the southern end of the block.

EXPLOSIMETER READINGS

Except for Wells 14, 16, and 22, explosimeter readings have
indicated little change from previous readings. In the

most recent three week period, vapor readings in Well 14
have increased from approximately 35 to 100 percent at the
4~foot level, Well 16 has increased from 0 to 40 percent

at the 4-foot level and 10 to 40 percent at the 8-foot level,
and Well 22 has increased from { to approximately 100 percent
at the 4 and 8-foot levels. In addition, up to 10 percent
explosimeter levels were detected in the telephone vaults
east of the site and required that the fans be turned on to
remove the vapors. We feel that the rise in explosimeter
levels is due to the recent warm spell which encourages
vapors to move more guickly away from the gascline source
than during coocler times.

Yours very truly,
HARDING LAWSON ASSOCIATES

ot L (i~

ames T. Cameron
Project Manager

JTC/cag

ccy Jim Miller
Ed Ingham
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July 2, 1982 .
14,197,006.07

Union 0il Company of California
2901 Western Avenue

Seattle, Washington 98121

Attention: Mr, Jeff Benoit

Gentlemen:

Progress Report No. 40

Monitoring and Recovery Operations
wWestlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gascline recovéry and monitoring
operations for the period of June 12 through June 18, 1982,

GASOLINE RECOVERY

No gascline was recovered during this time period. The
total volume of gasoline recovered to date remains at
41,423 gallons. '

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on June 18, 1982, are

shown on Plate 1. Cars or other obstructions over wells
prevented a number of readings from being taken. Therefore,
the estimated piezometric surface is only roughly correct,
especially on the east side of the site. However, in general,
it appears that the piezometric surface has not changed
appreciably since that presented in our previous report for
the June 11, 1982 readings. At the northern end of the
site, the piezometric surface appears to have dropped on the
order of 0.2 feet. The local highpoint on the piezometric
surface in the vicinity of Well 5A probably reflects capil-
lary rise due to the fine soils in this area.
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July 2, 1982 ledlng’ Lawson Associates
14,197,006.07

Mr. Jeff Benoit

Union 01l Company

Page 2

GASOLINE THICKNESS

Gasoline thicknesses recorded on June 18 are shown on

Plate 2. Two general areas of liquid gasoline concentra-
tion still remain; one in the middle of the block in the
vicinity of Wells 1, 2, and 3, and the other at the southern
end of the block in the vicinity of Wells 4 and 5. The
maximum gasoline thicknesses recorded in each of these zones
was on the order of .6 feet on June 18 which is .2 to .4
feet higher than that recorded on June 11. However, the
extent of the measurable liquid gasoline does not appear

to have expanded.

EXPLOSIMETER READINGS

Except for Wells 11, 15, 16, and 22, explosimeter readings
taken on June 18, 1982, have not changed significantly from
those recorded on June 11. Wells 11, 15, 16, and 22 all
dropped between 30 and 80 percent from those readings taken
on June 11 at the 4~-foot level. Well 13 at the 4-foot

level increased from a 10 percent reading on June 1l to

a 100 percent reading on June 18, However, immediately prior
readings indicated 80 to 100 percent explosimeter levels in
this well,

Explosimeter levels generally vary substantially throughout
the site. However, the general lowering of explosimeter
levels noted in the above four wells may reflect the recent
cooling trend in the weather which would tend to slow down
the movement of gasoline vapors through the soil.

Yours very truly,
HARDING LAWSON ASSOCIATES

S onss T rmsnenn

James T. Cameron
Project Engineer

JTC/cag
Attachments

cc: Jim Miller
Ed Ingham
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Harding Lawson Asscociates

July 16, 1982

14,197,006.07

Union 0il Company of California
2901 Western Avenue

Seattle, Washington 98121
Attention: Mr. Jeff Benoit
Gentlemen:

Progress Report No. 41

Monitoring and Recovery Operations
Westlake and Mercer Gasoline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring
operations for the period of June 19 through July 7, 1982.

GASQLINE RECOVERY

Ninety five gallons of gasoline were recovered during this
time period. The total volume of gasoline recovered to
date is 41,518 gallons. This is the first reported gasoline
recovery since May 15, 1982. This recovery indicates

an average recovery rate of less than 14 gallons per week
during this period. This rate of recovery is substantially
lower than previocusly reported recovery rates.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on July 7, 1982 are shown
on Plate 1. The piezometric surface has not changed
appreciably since our last report.

GASOLINE THICKNESS

Gasoline thicknesses recorded on July 7, 1982, are presented
on Plate 2. Gasoline thicknesses have decreased slightly

from those reported in Progress Report No. 40. Two areas of
liguid gasoline remain, one in the central part of the block
and one in the southern part. The extent of these two zones

Enginsers 300 120th Ave. NE Telephone Alaska Hawail Texas
Geologsts & PO. Box 3885 206/453-8383 Catifornia Hingis Washingtor
Geophysicsts Believue. WA 38009 ‘ Colorado Nevada Saudt Arabia




leﬂlngwl.awson Associates

July 16, 1982
14,197,006.07

Mr. Jeff Benoit
Union Oil Company
Page 2

has not changed appreciably. An estimated 0.1 feet of
gasoline in the area of Well 8 suggests that the two areas
of liquid gasoline remain connected.

EXPLOSIMETER READINGS

Explosimeter readings increased in all wells where prior
readings were less than 100%. With the exception of Well 23,
all wells measured indicate a 100% explosimeter reading

at the 8~foot depth. Wells 11, 14, 15, 16, and 22 all had
increased explosimeter readings. This increase can probably
be attributed to the warmer weather during this period.

Yours very truly,
HARDING LAWSON ASSQOCIATES

Stephen C. Perrigo
Geologist

SCP/cag
Attachment

cg: Jim Miller
Ed Ingham
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Harding Lawson Associates

July 29, 1982

14,197,006.07

Union 0il Company of California
2901 Western Avenue

Seattle, Washington 98121

Attention: Mr. Jcif Benolt

€

Gentlemen:

Progress Report No. 42 _
Monitoring and Recvovery Operations
Westlake and Mercc: Gasoline Spill
Seattle, Washington

This letter report: on gasoline recovery and monitoring
operations for tho period of July 8 through July 16, 1982.

«

GASOLINE RECOVERY

Sixty-one gallons of gasoline were recovered during this
time period. The total volume recovered to date is 14,579
gallons. During the month of June not all of the pumps
were operating correctly. During the time period reported
here, the pumps have operated correctly and the rate of
gasoline recovery s returning to the approximate rates

reported in April .nd May.

[ &

PIEZOMETRIC ELEVA110NS

Piezometric elevations recorded on July 16, 1982, are shown
on Plate 1. The piczometric surface has generally risen
since the last time period. The general piezometric surface
configuration remains similar,

GASOLINE THICKNESH

Gasoline thicknesscs recorded on July 16, 1882, are presented
on Plate 2. Gasoline thicknesses remain about the same in
the central part of the site and show an increase in the
southern part of the site. The general configuration of

the two areas of 1iquid gasoline remain the same.




C

July 29, 1982 _ Harding Lawson Associates

14,197,006.07

Mr, Jeff Benoit

Union 0il Company of California
Page 2

EXPLOSIMETER READINGS

Explosimeter readings at the 4-foot depth decreased in
several of the wells, particularly those in which no liguid
gasoline was reported. At the 8-foot depth decreases

in explosimeter readings were observed in Wells 16 and 22.
The noted decrease can probably be attributed to the cooler
weather during this period.

Yours very truly,
HARDING LAWSON ASSGCIATES

S AL

Stephen C. Perrigo
Geologist

SCP/cag
Attachments

ce: Mr, Jim Miller
Mr. Ed Ingham
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Auvgust 27, 1982
14,197,006.07

Union 0il Company of California
2901 Western Avenue
Seattle, Washington 98121

Attention: Mr. Jeff Benoit
Gentlemen:

Progress Report No. 43

Monitoring and Recovery Operations
Westlake and Mercer Gascline Spill
Seattle, Washington

This letter reports on gasoline recovery and monitoring

for the period of July 16 through August 18, 1382. As
agreed in our meeting of August 9, 1982, progress reports
will now be prepared monthly. Plot plans illustrating
gasoline thickness and piezometric elevations will continue
to be prepared on a semi-monthly basis. Our previous report
had one error which should be corrected. The total gascline
recovery should have been 41,579 rather than 14,579,

GASOLINE RECOVERY

One hundred and nineteen gallons were recovered during this
time period. The total volume recovered to date is 41,698
gallons. Drawdown and recovery efforts are now being con-
centrated in the southern part of the site; however, mech-
anical pump failures during this time period have interrupted
recovery operations. We expect that when the depressant
pump in Well No. 4 is operating correctly, we will begin
recovering more gasoline from the area of monitoring Wells
No. 18 and 19.

PIEZOMETRIC ELEVATIONS

Piezometric elevations recorded on August 4 and August 18,
1982, are shown on Plates 1 and 3, respectively. Generally,
over the past month, piezometric elevations have dropped

on the order of about 0.2 feet. Since depressant pumps have

Engmeers 300 120 Ave NE Telpprong Alazka Hawan Texas
Geoingsts & PO Bos 38 206/453-8383 Caltormia NS Washingion
Genprsais Betiey Caosorado Nevagia Saudt Arabtna




Harding Lawson Associates

August 27, 1982
14,197,006.07

Mr. Jeff Benoit
Union Oil Company
Page 2

been transferred to the southern part of the site, the
gradients at the central part of the site have flattened

somewhat.

GASOLINE THICKNESS

Gasoline thicknesses recorded on August 4 and August 18,

1982, are shown on Plates 2 and 4, respectively. On August 4,
1982, the gasoline thickness in Well No. 6 increased appre-
ciably over the thickness indicated in Progress Report KNo. 42.
This was accompanied by a corresponding lowering of the
piezometric elevation in this well. With the exception of the
gasoline thickness recorded in Well No, 6, there was not any
appreciable change from those thicknesses reported in Progress
Report No. 42 and those reported on August 4, 1982 (plate 3).

Gasoline thicknesses on August 18, 1982, are significantly
different from those reported earlier in the month. These
observations indicate conditions after pumping shifted

from the central part of the site to the southern area. By
August 18, 1982, gasoline thicknesses had decreased signifi-
cantly over the central part of the site. The area with
small amounts of product (less than 0.2 feet) has increased
somewhat as a response to the change in pumping activity.
Gasoline thicknesses in the southern part of the site have
not changed appreciably during this reporting period.

EXPLOSIMETER READINGS

During this reporting period, explosimeter readings have
been increasing in all wells where levels were previously
below 100 percent. On August 18, 1982, all wells

measured except Well No. 23 indicated 100 percent explo-
simeter readings at the 8-foot level. At the 4-foot level,
explosimeter readings have increased appreciably. Wells
which typically show no gascline have explogsimeter readings
averaging 50 percent higher than they did one month ago.
This is probably due in part to warmer weather conditions
and a seasonal warming of the soil environment which has
the effect of increasing the vapor pressure on the gasoline.




Harding Lawson Associates

August 27, 1982
14,197,006