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2METRO
Municipality of Metropolitan Seattle
Exchange Building ® 821 Second Ave. ® Seattle, WA 98104-1598

March 13, 1989

The Honorable Mayor Howard Botts
City of Black Diamond

P.O. Box 599

Black Diamond, WA 98010

Black Diamond Summary Report
Dear Mayor Botts:

Metro and the City of Black Diamond recently agreed that it was in their
mutual best interests to work together to develop a Silvigrow project on
Metro's recently acquired Section 16 property. Joint studies were to be
conducted to determine what effect, if any, the Silvigrow project may have on
the City's water supply, the Black Diamond Springs, and to use that
information to prepare an effective Silvigrow project plan. Those studies
have recently been completed and I am pleased to transmit that report to you
with this letter.

The study group also included a representative of the Seattle-King County
Department of Public Health (Mr. Dan Moran), the local agency that is
responsible for permitting Silvigrow projects. In addition, the Washington
State Department of Social and Health Services was kept apprised of study
progress and conclusions.

The enclosed reports are the results of this joint study process. The technical
analysis was extensive and the hydrogeologists have a high degree of
confidence in the study's results and conclusions.

The report conclusions are summarized below.

* The source of the Black Diamond springs has been identified.

* The Black Diamond springs are groundwater.

* There will be no impact on the water quality of the springs from the
Silvigrow project.

Attached with this letter is an Executive Summary which goes into slightly
more detail and serves as a preface to the detailed reports.

With the successful completion of these studies, Metro will be completing the
permit application form to request a permit from the Seattle-King County
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Health Department and will be conducting appropriate public and
environmental review processes in the next month or so, with the intent of
beginning its first Silvigrow application to the Section 16 site in May of this
year.

I want to thank you for your patience as these studies were developed. I
believe the end result is a very thorough analysis of the waters in the vicinity
of the Silvigrow project. This in turn should give everyone a high degree of
confidence in the Silvigrow project safety.

I would also like to thank your Director of Public Works, Mr. Keith Olson, for
his assistance to the project team. We realize that he is a very busy man on
the City's behalf; we appreciate the extra effort it must have taken for him to
assist the study team. He was frequently able to provide data and
observations that helped the study team analyze this complicated subject.

In addition, Bill Lee was another contributor that we would like to gratefully
acknowledge. Bill was frequently able to help the study team cut to the
essence of the discussion, thus helping to keep the studies focused and
efficient.

The Brown and Caldwell experts, Glen Wyatt, George Mason and Peter Barry,
were real team players, willing to tackle the issues with an open, questioning
attitude. Their contribution to the study was warmly welcomed.

And lastly, I'd like to recognize the Metro "team" that pulled all this excellent
work together. Metro's Silvigrow project planning staff and the consulting
firm of TCW Associates, Chen Wang and Dick Bain, took the lead with the
study team and provided the continuity necessary to put together such a fine
analysis and report.

We look forward to a long and continued good working relationship with the
City over the years, now that Metro is a property owner in the neighborhood.
Please be sure and let me know when I can be of service.

Sincerely,

m// u’f]

ohn F. Spencer
/ / Director of Water Pollution Control

JES/pdl
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EXECUTIVE SUMMARY

Source of Black Diamond Springs

* The source of the Black Diamond springs has been defined as groundwater fed by an
extensive recharge area that covers many square miles east of the springs.

* This groundwater originates as precipitation which enters the aquifer via lakes or
infiltration.

* The main recharge source for the Black Diamond Springs appears to be water
infiltrating from Hyde and Deep Lakes. Recharge may also be occurring from Fish Lake.
* The Metro Silvigrow projects would occur on little more than one square mile, little
of which overlaps the Black Diamond Springs recharge area.

Water Quality

* Water quality of the Springs is very good and has remained unchanged for 25 years.
* This study also included analysis of surface and groundwaters in the area and found
them to be of good quality.

No Significant Effects of Silvigrow

* To illustrate the relative risk/safety of the Silvigrow project, the study team
developed a "worst case" scenario that was actually beyond the realm of possibilities.

* In this scenario, the team consulted with University of Washington researchers and
concluded that nitrogen, which transforms over time to nitrate, was the Silvigrow
constituent that could most easily leave the project area and enter groundwater.

* The study team therefore said "what if all the nitrogen in Silvigrow directly entered
the aquifer as nitrate?" They concluded that even in such an unrealistic situation, the
impact of Silvigrow would be insignificant.

* This drop in the ocean analogy gave the study team the confidence to recommend
that the Silvigrow project is safely designed and will not impact water quality.

* In addition, this study showed that the Silvigrow application area is underlain by a
layer of glacial till.

* This relatively non-porous material may function as a restrictive layer under the
Silvigrow project. It is impossible to prove that the till is continuous, but the till can be
thought of as providing an extra margin of safety.

Follow Up Water Quality Monitoring

* A water quality monitoring plan was also designed to sample a number of wells,
springs, and the Green River.

* The plan includes sampling points proposed for technical reasons as well as those
which will ensure community peace of mind.

The conclusions of the study are that the Silvigrow project is safe and that the
corresponding water quality monitoring program has been designed to watch for any
unexpected changes as early as possible. Black Diamond water quality will not be
affected by Metro’s Silvigrow program.
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TCW CONSULTING ENGINEERS

426 Second Avenue West, Seattle, Washington 98119 (206) 284~4343

SUMMARY AND CONCLUSIONS
SECTION 16 COOPERATIVE GEOHYDROLOGY MEETINGS

The following paragraphs summarize and offer conclusions
relative to information gathered on planned Silvigrow
applications on 785 acres in Sections 16 and 20 (T21N R7E)
north and west of the town of Cumberland. Meetings were held
on December 1, 1988 and January 17, February 3 and February
17, 1989 which served as a forum for information exchange and
for formulation of technically based explanations of the
source of major springs along the Green River Gorge, including
springs used for public water supply by the City of Black
Diamond.

Persons attending the referenced meetings are identified
below: :

Pete Machno, Suzanne Schweitzer, Peggy Leonard, Roberta
King, Mollie Bigger (Metro Sludge Program Staff)

Keith Olson (City of Black Diamond)

Bill Lee, W.H. Lee Associates, Inc. (consultant to the
City of Black Diamond) '

Chen Wang and Dick Bain (TCW Associates, consultants to
Metro)

Glen Wyatt, George Mason, Peter Barry (Brown and
Caldwell, consultants to City of Black Diamond)

Dan Moran, King County Department of Public Health

Most of these individuals were present at all meetings.
Minutes of the December meeting and various handouts (such as
maps, well logs, geological cross sections and water quality
data) provided to the group are attached for reference. The
attachments also include a write-up on hydrogeology of the
Black Diamond Springs prepared by Brown and Caldwell which
synthesizes technical information gathered for this study.

SUMMARY

Metro sponsored a drilling program to discover whether a
glacial till layer existed under the proposed application
site. See Figure 1, Vicinity Map, attached. Nine borings
were successfully completed. Evaluation of subsurface
materials brought up by the driller were evaluated by Chen
Wang of TCW. Till was encountered in eight of the nine holes




all of which were in Section 16 or 20. See boring logs
attached. Test hole B3 in the southwestern quadrant of :
Section 17 was drilled to a depth of 44 feet; this boring re-
vealed no till whereas the other borings encountered till at
depths of 12 to 38 feet. Boring B3 is located near the Green
River west of the proposed application area. Boring Bl was
extended through the till layer to bedrock; the till layer
encountered was about five feet thick. Test hole Bl was cased
and set up as a monitoring well. Water samples were subse-
quently obtained by Brown and Caldwell. All of the borings
except Bl were backfilled and sealed after drilling was com-
pleted. :

Water quality testing was performed on the sample taken from
Test Hole Bl and 23 other samples collected by Brown and
Caldwell. These included samples from numerous wells and
springs in the area as well as for Deep Lake, Fish Lake and
the Green River. See attached map and water quality data
summaries. Samples were for four anions (Cl, S04, HCO03, NO3)
four cations (Ca, Mg, Na, K), total dissolved solids (TDS),
specific conductance (Sc) and pH. Total cations and total
anions were computed (millequivalents/liter) and the percent-
age error in the cation-anion balance was determined.
Characteristics of each sample were determined as percentages
of individual cations or anions or combinations (e.g., Na+kK,
Cl1+NO3). This evaluation effort indicated that the waters
sampled were generally dominated by calcium bicarbonate with
the exception of a sample taken from a stream at Palmer Coking
Coal that was notably high in sodium and higher in chloride
than the other samples. Similar findings were reported from
an analysis of nine well, spring and river samples gathered in
June, 1988.

Previous evaluations of the aquifer in this area (Cumberland
Aquifer) by Robinson and Noble (1972) have concluded that all
of the runoff from the mountains east of the aquifer passes
through it as groundwater under flow. Deep Creek and Coal
Creek were identified as major contributors to the aquifer.
It should be noted that Deep Creek flows into Deep Lake and
Coal Creek flows into Fish Lake; neither lake has a surface
outlet. Groundwater from the Cumberland Aquifer discharges
into the Green River gorge through extensive springs.
Robinson and Noble estimated aquifer production at 15,000 gpm
(33 cfs).

Hydrology of the area was evaluated by Brown and Caldwell and
TCW considering precipitation, stream flows, spring flows and
Deep Lake/Fish Lake percolation. Precipitation in the area is
highly variable with highest levels in the upper elevations.
Average precipitation at Black Diamond is approximately 55
inches per year. Storm isopluvials prepared for King County
show precipitation rates are generally 50 percent higher at




- higher elevations in the watershed east of Deep Lake. NOAA
data from a gauge at Palmer east of Black Diamond showed a 30
year average of 92 inches. Evaporation losses in the area are
estimated to be 25 inches per year, mainly May through
October.

Stream flow records were obtained from the U.S. Geological
Survey including available local data from the Green River
near Palmer, Deep Creek and Icy Creek. Deep Creek has a
watershed area of approximately 4.7 square miles upstream of
Deep Lake. Although stream flow records (other than peak
flows) are not available for this creek there are USGS stream
flow records for other creeks and rivers in the vicinity.
Using straight line proportioning and a typical unit flow
factor of 6.65 cfs per square mile the average annual flow in
Deep Creek is estimated to be 26.6 cfs.1l Coal Creek which
discharges to Fish Lake from a larger watershed (13.7) square
miles) would be expected to have a proportionately higher flow
(77.4 cfs) on the same basis. Actual measurements of these
creeks on February 17, 1989 could account for lower than aver-
age flows. Water levels are known to fluctuate in Fish Lake
reflecting seasonal differences in Coal Creek flows and
evaporation.

Brown and Caldwell estimates that approximately 60 percent of
the watershed area of these creeks is not underlain by glacial
till whereas the lower lying plateau has a till layer which is
apparently penetrated by Deep and Fish Lakes. Deep Lake (area
37 acres, volume 1,200 acre/feet) averages 33 feet deep with a
maximum of 74 feet; Fish Lake (area 18 acres, volume 240
acre/feet) is shallower averaging 13 feet with a maximum depth
of 24 feet. Clearly both Deep Lake and Fish Lake discharge
through percolation into the coarse gravelly material below
the till layer. There may also be some contribution from Hyde
Lake.

Precipitation over area considered tributary to the Cumberland
Aquifer by Brown and Caldwell geologists would account for
flows significantly greater than the 33 cfs reported by
Robinson and Noble. Based on precipitation and stream flow
records and watershed characteristics, Brown and Caldwell es-
timates Deep Creek/Coal Creek could generate a median annual
flow of about 100 cfs. However, recognizing that a somewhat
larger watershed may be contributing to the aquifer (Brown and
Caldwell estimates the contributing area may encompass 25
square miles) the precipitation/watershed runoff based flow
estimate cited above may be increased to 140 cfs. This stream

1 Annual flows and watershed areas for gaging stations on the
Upper Puyallup River, South Prairie Creek, Carbon River, Rex
River and Taylor Creek were used to obtain the 5.65 cfs/square
mile factor.




flow-based estimate of overage conditions was modified down-
ward to 120 cfs to account for evaporative losses from the
lakes, transpiration losses from riparian areas, etc.

Water quality implications of sludge applications to forest
land are better understood because of research experiments and
large scale demonstrations carried out by the University of
Washington College of Forestry. Nitrate leaching is the major
concern; however, nitrate can be controlled by vegetative up-
take and immobilization of unmineralized nitrogen forms
through management practices (e.g., application techniques,
site design, loading rates and attention to seasonal factors).
Research to date has shown metals do not leach downward in
significant quantities from sludge applications because of
strong interactions with soil and because they are slowly re-
leased from the sludge matrix. Decomposition and absorption
reactions also lower the risk of organic compounds leaching to
groundwater. Pathogens are controlled by the filtering action
of soils; direct runoff from application areas is controlled
through use of buffers and attention to best management
practices.

CONCLUSIONS

Based on information summarized above and Silvigrow applica-
tion plans, the following conclusions are offered:

1. The Cumberland Aquifer is recharged by precipitation in
the upper portion of Deep Creek and Coal Creek watersheds
and percolation of runoff reaching Deep Lake, Fish Lake
and possibly Hyde Lake.

2. Aquifer production estimates made by Robinson and Noble
(33 cfs) are probably conservative since this is an esti-
mate of safe yield that must account for occasional
drought years. Groundwater flows entering the Green
River Gorge as spring flow probably exceed this produc-
tion estimate most of the time. A median flow of 120 cfs
was computed based on precipitation and local watershed
runoff records.

3. Silvigrow operations are planned for 160-acre blocks
beginning in Section 20 in areas which are underlain by
glacial till based on available drilling and geologic
records. Silvigrow applications are designed to meet
vegetative uptake requirements of Douglas fir/hemlock
forests growing on the site.

4. Precipitation over Silvigrow application areas which per-
colates into the soil may be utilized by trees or form
perched water bodies for subsequent utilization or drain




over the till layer to emerge as seepage in the Green
River Gorge.

Should any water percolate through the till layer under a
Silvigrow application area into the Cumberland Aquifer,
the diluting capability of groundwater flows would be ex-
pected to maintain water quality at present high quality
without impairment of beneficial use. This conclusion
takes into account the relative size of the contributing
watershed flows, soil absorption characteristics and the
Silvigrow application itself which is de51gned to match
forest nutrient needs.
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SECTION 16 WATER QUALITY MONITORING PLAN

The water quality monitoring plan for Section 16 and Section 20 near the town of
Cumberland has been developed from an understanding of the surrounding area
hydrogeology. The technical basis for the plan is contained in the Brown and
Caldwell report on hydrogeology of the Black Diamond Springs which
summarizes available information on the Cumberland Aquifer, the contributing
watershed area and local streams and lakes which recharge the aquifer. This
report provides the best available information on groundwater flow directions
under the proposed Silvigrow application area.

A four-faceted monitoring program is proposed involving the following kinds of
sampling areas:

1. Green River upstream and downstream of the site.

2. Major springs discharging to the Green River Gorge.

3. Deep (Cumberland Aquifer) groundwater below till.

4.  Vadose zone (unsaturated soil) beneath Silvigrow sites.

Locations of sampling wells, springs, and river stations are shown on Figure 1
attached. Additional details are listed below:

1. The Green River will be sampled at three locations, including
areas upstream and downstream of the project area. These
locations include the Green River near Palmer, the river at the
Gorge Resort, and the river at the City of Black Diamond footbridge.

2. Four major springs discharging to the Green River Gorge will be
sampled including the City of Black Diamond Springs, a spring on
Palmer Coking Coal property, a spring near the Green River Gorge
Resort, and a spring north of Section 16 near the Kanaskat-Palmer
State Park (assuming the park spring is accessible).

3.  Seven monitoring wells will be sampled to gather water quality
data on the aquifer. In addition to the existing well in Section 20,
four more monitoring wells are to be drilled in Sections 16 and 20.
Two existing wells will be sampled, one in the Hyde Lake area and
a control well upgradient of the Silvigrow area. See Figure 1.

4.  Up to 35 lysimeters will be placed within the Silvigrow application
area to serve as an early warning system to detect if nitrate leaching
is occurring.




Water quality parameters to be measured will be similar to Metro's past
monitoring efforts and will emphasize nitrates and metals. Surface water
samples (e.g., Green River) will also include bacterial indices. Parameters to
be monitored routinely are identified in Table 1. -All routine monitoring
samples are to be collected on a quarterly basis as a minimum for at least the
first year. Sampling frequency and parameters will be reevaluated
periodically. Background sampling will include at least two replicated
samples collected prior to Silvigrow applications. A list of monitoring
stations is also provided in Table 1.




Surface Water

Green River

Groundwater

Springs

Wells

Lysimeters

Table 1.

Stations

R-1 Blk. Dmd. footbridge
R-2 Gorge Resort
R-3 Palmer

S-1 Blk. Dmd. springs

S-2  Palmer Coking Coal spring
S-3 Gorge spring

S-4 Palmer-Kanaskat spring

TTITEEE

35 - locations to be determined

WATER QUALITY MONITORING - SECTION 16

Parameters Frequency
Fecal coliform Quarterly
Enterococcus

Nitrate-Nitrite-N
Ammonia-N
Metals

pH

TO

Same as above Quarterly

Depth to water Quarterly
Nitrate-Nitrite-N
Ammonia-N

pH

TO

Conductivity

Metals

Nitrate-Nitrite-N Monthly
Ammonia-N during
Chloride wet season
Conductivity (Nov.

pH thru Apr.)
TO

In addition, all drinking water supplies will be given a twice-yearly standard
drinking water analysis by a certified lab.

All monitoring to be reassessed and fine-tuned periodically.
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BROWN AND CALDWELL . ..
CONSULTING ENGINEERS

March 15, 1989

Mr. Howard Botts

Mayor

City of Black Diamond

25510 Lawson Street

Black Diamond, Washington 98010 14-4261-12

Subject: Hydrogeology of Black Diamond Springs
Dear Mr. Botts:

Brown and Caldwell is pleased to present our subject report on the hydrogeology of the
Black Diamond springs. This report was prepared by Glen Wyatt, project manager, and
Peter Barry, project geologist. The report was reviewed by Keith Olson, the Director of
Public Works for the City of Black Diamond, Mr. William H. Lee, consultant to the City,
George Mason of our staff, Metro’s personel for their Silvigrow application project in the
area near the springs (Pete Machno, Suzanne Schweitzer, Peggy Leonard, Roberta King)
and Metro’s consultants (Chen Wang and Dick Bain, of TCW Associates, Inc.).

We appreciate the opportunity to work with you and Keith during the project. If you have
any questions on the information we have provided, please call Glen Wyatt.

Very truly yours,
BROWN AND CALDWELL

PG 1 WT oo

Jack Warburton
Vice President

100 WEST HARRISON STREET  SEATTLE, WASHINGTON 98119-4186 - (206) 281-4000 « FAX: (206) 283-5560




HYDROGEOLOGY OF BLACK DIAMOND SPRINGS
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CHAPTER 1

INTRODUCTION

Three springs south of the Green River in the south half of section 19, township 21 north
(T21N), range 7 east (R7E) (Figure 1-1) supply the City of Black Diamond (City) with its
water. Metro, the Municipality of Metropolitan Seattle, plans to utilize section 20, east of
section 19, and section 16, northeast of section 20, for land application of municipal sewage
sludge as part of Metro’s Silvigrow program. This report summarizes the work performed
by Brown and Caldwell for the City to identify the source of the springs, to characterize the
quality of water discharged by the springs, and to determine if the land application of
sludge will affect the springs.

SCOPE OF WORK

Background information on the hydrogeology of the area was obtained through a literature
search and by contacting the U.S. Geological Survey and the Washington Departments of
Ecology and Natural Resources. Well logs were obtained from the Department of Ecology
for sections 20, 21, and 28 through 32 in T21N, R7E. No wells are recorded in sections 16,
17, 19, and 30. The well logs were reviewed to provide additional information on the
groundwater conditions in the vicinity of the springs.

Field work was performed in November and December 1988. Field work included a
reconnaissance of the local geology in the vicinity of Sections 16 through 21 near the
springs and the adjacent sections where Metro plans to apply sludge. Two samples of Black
Diamond spring water were obtained and analyzed for major constituents [calcium,
magnesium, sodium, potassium, chloride, sulfate, bicarbonate, carbonate, nitrate, iron,
manganese, total dissolved solids, pH, temperature, and specific conductance (SC)],
coliform, and other parameters regulated by the Safe Drinking Water Act.

Additional well, spring, and surface water samples were obtained by Metro, their
consultant (TCW Associates, Inc.), and Brown and Caldwell. These samples were analyzed
for major constituents, coliform, pH, SC, and field temperature.

In addition to our field work, Brown and Caldwell inspected exploratory drilling by Metro
and assisted with the installation, development, sampling, and aquifer testing of one
monitoring well. TCW Associates, Inc., and Pacific Testing Laboratories supervised the
drilling program The monitoring well is located approximately on the boundary between
sections 19 and 20, about one-half mile east of the Black Diamond springs. A 4-inch
diameter well was installed to a depth of approximately 100 feet. Following development
of the well and installation of a pump by Metro, a slug-withdrawal aquifer test was
conducted. A pumping test was not performed because of the low yield of the well
(approximately 0.25 gallons per minute). A sample of the well water was analyzed for
major constituents, pH, SC, coliform, and field temperature.
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STRATIGRAPHY

Rocks exposed in the Cumberland basin consist of the Eocene to early Oligocene Puget
Group (Tp on Figure 2-1); unnamed early Oligocene volcaniclastic rocks (Tu); Tertiary
andesitic intrusive rocks (Ti); and Quaternary glacial till (Qg) and terrace gravel and
stratified drift (Qt) of the Vashon Drift. Unconsolidated alluvium (Qal) is present in the
beds of the Green River and Coal Creek. Landslide debris (Ql) are also locally present in
and adjacent to the Cumberland basin. The lithologies of these units from Vine (1969) and
water-bearing properties from Luzier (1969) are summarized below:

Alluvium: fluvial sand and gravel, up to 600 feet thick in major river valleys. Flood
plain and fan deposits of major rivers are significant aquifers.

Landslide debris: large landslides characterized by breakaway scarps, slump blocks,
distorted bedding, and hummocky topography; up to 80 feet thick. Occurs in
the unnamed volcanics, glacial drift, and Puget Group. Not a major source of
groundwater because of low permeability. :

Terrace gravel and stratified drift: Up to 300 feet of recessional and ice-contact sand
and gravel deposited by and during the migration of the ancestral Green River
along the front of the Vashon glacier. Major springs (1,000 to over 20,000
gallons per minute) discharge from recessional outwash and ice-contact
deposits. May contain perched aquifers.

Glacial till: ground moraine consisting of compacted gray silty clay mixed with
boulders and sand, generally 5 to 15 feet thick and up to 80 feet thick. Some
shallow domestic wells (30 feet deep or less) in King County produce small
amounts of water from till. Very low permeability, as shown by presence of
peat bogs, swamps, and lakes; may be a confining or perching layer.

Intrusive rock: sills consisting of porphyritic andesite generally intruded into the
Puget Group. Groundwater movement along joints and faults, but not a major
source of water.

Unnamed volcanic rocks: continental andesitic tuff-breccia, tuff, volcanic sandstone
and siltstone, interstratified with and conformably overlying the Puget Group.
Groundwater movement along joints and faults. Not a major source of water.

Puget Group: continental arkosic and feldspathic micaceous sandstone, siltstone,
claystone, and coal, at least 6,000 feet thick in the Green River area. Oligocene
coal beds are present in the Kummer coal zone in the upper 1,400 feet of the
unit. The Franklin coal zone is present from 1,400 to 4,500 feet from the top of
the Puget Group, and includes the McKay and Gem beds at 3,350 and 2,600 feet
below the top of the unit. Not a major source of water; groundwater movement
along joints, faults, and bedding planes.
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Information from Brown and Caldwell’s well inventory and a previous well inventory for
Metro’s Silvigrow program by TCW Associates, Inc., are included in Appendix A.

Appendix B contains data from Metro’s drilling program and our slug test data. Laboratory
analytical reports are in Appendix C.

During the project, Brown and Caldwell personnel met periodically with Metro and City
personnel to discuss this project and Metro’s work in sections 16 and 20. Meetings were
held on December 1, 1988 and January 17, February 3, February 17, and March 3, 1989.




CHAPTER 2

DRAINAGE BASIN DESCRIPTION

To assist with identification of possible recharge sources to the springs, the drainage basin
containing the Black Diamond springs was defined on the basis of topography. The Black
Diamond springs are within a 25-square mile drainage basin which centers on the town of
Cumberland in King County (Figure 1-1), and will be referred to as the Cumberland basin
in this report. The City of Black Diamond (City) is located two to three miles west of the
Green River, which forms the western and northern boundary of the drainage basin.

The remainder of the basin is bounded by a drainage divide which extends along the tops of
ridges and hills throughout much of its length. We have assumed the surface water and
groundwater boundaries of the basin are coincident, as drainage divides are usually
groundwater boundaries (Toth, 1963). A small amount of groundwater may locally pass
under the divide because of geologic structure or buried erosional surfaces.

The Cumberland basin divide extends south for two miles from near the fish hatchery in
section 25, T21N, R6E and then east to Enumclaw Mountain. The divide continues along
unnamed ridges southeast for about two miles, and then about 4 miles to the northeast, and
then northwest for about four miles. The basin boundary again intercepts the Green River
in the vicinity of Palmer.

We have subdivided the Cumberland basin into three subbasins. The locations of the
subbasin divides are based on both topography and probable direction of groundwater
flow. From north to south, the subbasins are the Green River Gorge, Deep Creek, and
Coal Creek subbasins, with areas of approximately 4.5, 5.8, and 14.6 square miles,
respectively.

DRAINAGE

The drainage basin is characterized by internally draining streams which feed lakes with no
outlets. Coal Creek drains an area of about 13.7 square miles and discharges to Fish Lake.
Deep Creek supplies both Deep and Hyde Lakes with water and drains an area of about
4.7 square miles. Flows in Coal Creek and Deep Creek were measured at 32.3 cubic feet
per second (cfs) and 19.5 cfs, respectively, on February 17, 1989 (Richard Bain, personal
communication). Local residents report that Coal Creek stops flowing during the summer
in dry years and that the level of Fish Lake fluctuates by about 7 feet per year.

Both creeks originate in the foothills of the Cascade Range in the eastern half of the basin,
where the highest elevation is about 3,000 feet. The lakes lie in the basin lowlands, where
the elevation is about 700 to 800 feet. The lowest part of the Cumberland basin is along
the Green River, which has cut a gorge to a minimum elevation of 320 feet southwest of
Black Diamond springs.
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SPRINGS

For the purposes of this report, the Black Diamond springs consist of three major springs in
the southwest quarter of section 19. The springs are in a fenced area owned by the City.
Access to the area is restricted by two locked gates.

The water supply to the City originates from a junction box which collects some of the flow
from the springs. A six-inch pipeline provides water to Black Diamond. The City uses
approximately 0.4 cfs for the drinking water supply (Keith Olson, personal communication).
An 8-inch pipeline is used to power a booster pump which lifts the city water to a reservoir
across the Green River.

Water from the south and north springs is piped to the junction box. The Black Diamond
south spring’s discharge area is covered with plastic sheeting and rubble; significant flow
from the spring could not be directly observed. The Black Diamond middle spring is a set
of seven springs which discharge along a pond approximately 200 feet long, about 500 feet
northeast of the south spring. The discharge from these springs is collected in a culvert
piping system to protect the spring water from surficial contamination. The Black
Diamond north spring is about 1/4 mile northeast of the middle spring. The discharge
zone of this spring is also protected by plastic sheeting and much of the flow is piped to the
junction box.

At the junction box, excess discharge from the middle spring flows over a four-foot
rectangular weir and into a stream. Measurements of the water height above the weir were
supplied by Keith Olson, the City’s Director of Public Works, and are given in Table 2-1.
The average discharge over this weir in 1988 was about 10 cubic feet per second (cfs) or
4500 gallons per minute. The flow in the stream was 20 cfs on February 17, 1989 (Richard
Bain, personal communication).

Approximately one-quarter mile northeast of the north spring is the Palmer spring. The
spring surfaces inside of the fenced city property and its flow is used to supply drinking
water to the picnic area owned by the Palmer Coking Coal Company. The flow from this
spring was 10 cfs on February 17, 1989 (Richard Bain, personal communication). Many
seeps are present on the hillside between the Black Diamond south spring and the Palmer
spring.

Other springs also occur in the Cumberland basin. A spring in section 17 in the vicinity of
the Green River Gorge resort is used for water supply by local residents. A large spring in
section 30 supplies water to Icy Creek and the state fish hatchery; additional seeps near the
fish hatchery pond were also noted. The flow in Icy Creek was 75 cfs on February 17, 1989
(Richard Bain, personal communication). A spring flows to the Green River from the
boundary between sections 9 and 10 in the northern part of the Cumberland basin. Water
also flows from an abandoned mine air shaft north of the Green River in section 19.




Table 2-1. Discharge From Black Diamond Springs

Spring Treatment Buckley Mud Mtn Palmer

Water Spring Plant 1NE Dam 3ESE

Depth Discharge Rainfall Rainfall Rainfall Rainfall

Date (in) (cfs) (in) (in) (in) (in)
1/15/88 N/A N/A 3.1 3.05 .01 4.62
2/ 1/88 N/A N/A 1.7 1.54 1.95 2.84
2/15/88 N/A N/A 2.6 1.51 2.59 4.95
3/ 1/88 N/A N/A 2.2 .24 .36 72
3/15/88 N/A N/A 2.4 3.05 3.91 4.04
3/29/88 10.00 9.7 2.0 4.38 5.48 8.28
4/15/88 - N/A N/A 2.6 4.16 4.71 5.64
4/28/88 11.00 11.2 .9 1.88 1.78 2.37
5/15/88 N/A N/A .2 4.10 4.02 6.21
6/ 1/88 N/A N/A .6 1.84 3.52 4.59
6/10/88 10.50 10.4 .9 M 1.55 2.01
6/16/88 10.50 10.4 .0 M 15 48
6/24/88 10.00 9.7 .0 M 22 29
6/28/88 10.00 9.7 .2 M .00 .01
7/ 7/88 10.00 9.7 1.5 1.00 2.27 3.84
7/20/88 9.75 9.4 1.0 85 .71 1.38
7/27/88 10.00 9.7 .0 00 .00 00
8/ 4/88 9.75 9.4 .0 00 .00 00
8/12/88 9.50 9.0 .0 00 .00 00
8/18/88 9.25 8.7 .8 .81 1.62 1.15
8/25/88 9.25 8.7 .0 00 .00 00
9/ 6/88 9.00 8.3 .2 04 12 17
9/20/88 9.00 8.3 1.8 1.17 1.49 M
9/24/88 9.00 8.3 .0 60 .31 M
9/30/88 8.50 7.7 .0 90 1.87 M
10/ 4/88 10.00 9.7 .3 22 .01 M
10/ 6/88 9.75 9.4 .0 02 .26 15
10/11/88 9.75 9.4 .1 04 .04 02
10/18/88 10.00 9.7 4.0 3.73 4.01 5.86
10/20/88 7.50 6.4 .0 03 47 .87
10/26/88 9.25 8.7 .4 .42 75 1.44
11/ 3/88 10.00 9.7 3.1 49 .33 1.02
11/16/88 11.25 11.5 5.5 N/A N/A N/A
11/22/88 11.25 ' 11.5 4.2 N/A N/A N/A
12/ 3/88 11.50 11.9 1.0 N/A N/A N/A
12/ 7/88 11.50 11.9 .7 N/A N/A N/A
12/ 9/88 11.00 11.2 .0 N/A N/A N/A
12/15/88 11.00 11.2 .6 N/A N/A N/A
12/29/88 11.00 11.2 2.9 N/A N/A N/A
1/ 4/89 11.00 11.2 1.6 N/A N/A N/A
1/11/89 11.25 11.5 2.6 N/A N/A N/A

N/A: Data not available

M: Data missing (from NOAA Climatological Data for Washington)
Buckley 1NE station at 685 feet; Mud Mountain Dam station at 1308 feet;
Palmer 3ESE station at 920 feet '
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CLIMATE

Published average annual temperature and precipitation data were available for three
recording stations near the basin (NOAA, 1988). The three stations, Buckley INE, Mud
Mountain Dam, and Palmer 3ESE, are located southwest, south, and northeast of the
drainage basin. The Buckley station is about 10 miles south of Black Diamond at an
elevation of 685 feet. The Mud Mountain Dam station is at the 1,308-foot elevation on the
White River, about 9 miles south of Cumberland. The Palmer station is about 2.5 miles
upstream of Palmer on the Green River at an elevation of 920 feet. Thirty year averages
for the period from 1951 through 1980 are given in Table 2-2.

The driest and warmest months of the year are July and August. December and January
are usually the wettest months. Precipitation in the basin increases to the east, toward the
Cascade Range, as shown by the near doubling of the amount of precipitation from
Buckley to Palmer.

Table 2-2. Temperature and Precipitation Averages

Buckley Mud Mtn Dam Palmer

Temp Pptn Tem Pptn Temp Pptn
Month (°F) (})n) (°F)p (in) (°F)p (in)
January 38.0 6.52 36.5 7.08 36.0 12.24
February 41.7 4.79 39.8 4.89 40.2 9.41
March 43.2 433 40.8 4.66 41.5 9.01
April 47.9 391 45.2 4.58 46.5 7.71
May 54.0 3.13 513 3.96 52.7 5.57
June 58.8 292 56.3 3.75 57.7 524
July 63.1 1.20 61.3 1.58 62.7 2.38
August 62.7 2.03 61.0 2.54 62.3 3.28
September 58.4 2.94 573 3.46 58.6 5.30
October 50.9 4.20 50.2 4.73 513 7.59
November 43.4 6.15 42.7 6.64 42.8 11.00
December 39.7 6.85 38.8 7.45 383 13.47

Annual 50.2  48.97 484 5532 492 9220

Table 2-1 shows precipitation data available from NOAA for January through October
1988. The table includes precipitation data from the Black Diamond treatment plant.
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Drillers’ well logs from the Cumberland area were examined to determine the thickness of
unconsolidated deposits and the depth to sandstone or coal indicative of the Puget Group.
Thickness of the unconsolidated deposits was based on drillers reporting sand, gravel, or
boulders overlying sandstone and/or coal. The presence and thickness of till within the
glacial drift was determined from the reporting of hardpan or till on the logs.

The cross-sections (Figures 2-2 and 2-3) show the relationship between the Puget Group,
till, and terrace gravel and stratified drift. The sediments of the Puget Group and later
unnamed volcanic rocks were deposited about 30 to 60 million years ago during the
Tertiary Period. These rocks were subsequently folded and faulted. Glaciation of the
Puget Sound area occurred during the Pleistocene Epoch (about 10,000 to 1.6 million years
ago). The Vashon glacier was the most recent glacier, was about 5,000 feet thick in the
Seattle area, and extended to about 12 miles south of Olympia.

Figure 2-4 shows the relative positions of the glacial deposits. Robinson and Noble (1972)
stated that groundwater in the Vashon Drift flows within the Cumberland aquifer from the
mountains in the eastern part of the Cumberland basin to the Green River. The Vashon
Drift consists of outwash sand and gravel, till, and recessional terrace gravel. Advance
outwash deposits generally consist of sand, gravel, cobbles, and boulders, deposited by
meltwater streams during the advance of the glacier. These outwash gravels are highly
permeable, but the deposits are usually too thin to support pumping from large-capacity
wells.

Glacial till is a compacted mixture of clay, sand, and gravel. Because it was crushed and
mixed by the advance and retreat of the glacier, the permeability of till is usually low.
Perched groundwater, lakes, and bogs may form on the top of the till. In some areas, the
till may act as a confining layer within the Cumberland aquifer. The till has not been
mapped in the vicinity of the lowlands of the Cumberland basin, but is present near the
base of the hill west of Bayne, in the higher reaches of Deep and Crow Creeks, and on the
south side of the Green River about one mile downstream from the fish hatchery, in
section 25, T21N, R6E. Figures 2-2 and 2-3 show the position of the till in the Cumberland
basin as inferred from drillers’ logs.

The recessional and ice-contact terrace and unstratified drift sediments were deposited by
the ancestral Green River as the glacier receded and the Green River migrated from the
Bayne-Walker Lake-Cumberland area to its present course. These sediments were
deposited above the till and are highly permeable. Till was not mapped in the Green River
gorge (Gower and Wanek, 1963; Vine, 1969). It appears that erosion by the Green River
has removed the till in the vicinity of the Green River gorge, or that recessional deposits
above the contact with the Puget Group have covered the till.
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STRUCTURAL GEOLOGY

The Cumberland basin is located in the Puget downwarp west of the Cascade Range.
Major folding and concurrent faulting occurred in the early to middle Miocene during
emplacement of the Cascades. Much of the geologic structure is obscured by Quaternary
sediments, however bedrock is well exposed along the Green River, where generally north-
trending folds are present. The Lawson anticline is exposed in sections 9 and 10. Its
eastern limb dips 30 to 40 degrees and the dip of the western limb is about 80 degrees. The
south-plunging Kummer syncline is about two miles to the west and an anticline-syncline
couplet is between the Lawson and Kummer folds. Additional small folds are east of the
Lawson anticline.

The above folds are cut by northwest trending faults. The Franklin fault crosses the Green
River about 1/4 mile north of the Black Diamond springs. Right-lateral displacement on
this fault has been about 1,000 feet. Figure 2-5 illustrates the geologic structure through
the southern part of the drainage basin.
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CHAPTER 3

HYDROGEOLOGY

The presence of coal within the Puget Group has caused a number of previous
investigations into the geology of the area, and groundwater conditions are mentioned in
early geologic reports because of the adverse impact groundwater had on coal mining. The
Franklin Mine began operating on the north side of the Green River, north of the Black
Diamond springs, in the early 1880s (Willis, 1898) and by 1912 mining extended south to
beneath the Green River (Evans, 1912). In 1897, the Green River drift, or Section 19
Mine, was driven northward along strike of the coal beds near the Green River. Other
mines were operating in the Palmer, Bayne, Hyde Lake, and Cumberland areas by 1912.
Almost all of the mines were affected by groundwater (Evans, 1912).

Two mechanisms for groundwater flow in the Black Diamond area were recognized by
Evans: (1) flow along the contact between bedrock and overlying glacial deposits, and (2)
flow in fractures and along fault planes within the sedimentary rocks of the Puget Group.
The former mechanism affected development of the Morgan mine north of Black Diamond
(southwest quarter of section 11, T2IN, R6E). A "stream of sufficient volume to flood the
mine" (Evans, 1912, p. 210) was encountered at the contact between the bedrock and
glacial deposits. A "number of mines" were flooded when saturated terrace gravel and
stratified drift were encountered unexpectedly, but the low permeability of the till caused
little damage to the mines when it was encountered (Warren and others, 1945).

Groundwater flow was apparently structurally controlled in the mine near the Black
Diamond springs. Before 1912, the New Franklin Mine commenced operation. This mine
was south of the Green River in section 19. Originally, the Gem coal bed was followed to
the southeast and it was planned that the underlying McKay bed would be intercepted by
tunneling to the east. Evans (1912, p.168) states "the miners had not gone many hundred
feet with this drift until an underground stream was struck." Additional water was
encountered in another drift to the south. The groundwater was apparently coming from
"fissures or open fault planes" (Evans, 1912, p.212).

DISCHARGE FROM SPRINGS

Evans did not specifically mention the Black Diamond springs, but did state that many
springs flowed along the Green River downstream from the eastern boundary of section 9,
T2IN R7E, near Kanaskat. He did not state whether the springs were structurally or
stratigraphically controlled. Luzier (1969) described these springs as originating from the
contact between the Puget Group and the recessional deposits in the Vashon Dirift.
Robinson and Noble (1972) state that groundwater within the Cumberland aquifer
"discharges into the Green River gorge through extensive springs." Discharge estimates
reported by Luzier for springs in the Cumberland basin are given in Table 3-1.




Table 3-1. Discharge From Springs.

Discharge Discharge
Section Spring Name (gpm) (cfs)
17L1 Resort Spring 900 to 2,200 2to 5
19K1 Palmer Spring 2,000 to 11,000 41025
19Q1, P1 Black Diamond Springs 2,200 to 18,000 5t040
30N1 Fish Hatchery Spring 3,300 to 23,000 7 to 51

The above discharge measurements are believed to represent typical maximum and
minimum discharge rates and are consistent with observations made during this study.
Data from the weir at the Black Diamond middle spring indicate the excess discharge rate
has been about 10 cubic feet per second (cfs) or 4,488 gallons per minute (gpm) in the last
year (Figure 3-1). Assuming that this represents about half of the flow from the Black
Diamond springs, their average total discharge is about 20 cfs.

Richardson and others (1968) stated that the fish hatchery spring, which supplies water to
Icy Creek (not named on the current 7.5-minute Cumberland topographic map), is the
largest spring in King County. In 1963 and 1964, the discharge of Icy Creek ranged from.a
minimum of 3.6 cfs (October 1963) to a maximum of 113 cfs (January 1964) and averaged
29 cfs.

An additional source of discharge is a tunnel which apparently drained a coal mine in the
vicinity of Hyde Lake. The outlet of the tunnel is approximately 350 feet north of the
footbridge across across the Green River in section 19. The flow from the tunnel was
estimated at 2 cfs (Louis Fruste, U.S.G.S. Water-Resources Division, Tacoma, personal
communication).

The locations of the springs suggests that springflow is controlled more by topography than
by geologic structure. During the field reconnaissance, elevations of the springs on the east
side of the Green River were measured. The springs generally discharge from hillsides or
the toes of slopes at about 610 to 620 feet. There does not appear to be a great correlation
between folding and faulting as shown on the published geologic map (Figure 2-1) and the
presence of the springs. Instead, the springs apparently flow from zones where the
downcutting of the Green River has incised a channel into the Puget Group.

RECHARGE

Groundwater is recharged in the Cumberland basin by preciptiation falling as rain or snow.
The amount of recharge is affected by the rate of snow melt; rainfall intensity, duration,
and distribution; infiltration rates of soils; runoff; and evapotranspiration. Precipitation in
the Green River area of the basin is about 50 inches per year. About 90 inches per year
falls in the hills in the eastern part of the basin (Table 2-2).




DISCHARGE (CFS)

s BLACK DIAMOND SPRING DISCHARGE '
+++++ BLACK DIAMOND TREATMENT PLANT PRECIPITATION
xx»»x BUCKLEY PRECIPITATION

osoes MUD MOUNTAIN DAM PRECIPITATION

a&ona PALMER PRECIPITATION

llllIllll]lIIl|||ll'!lllillll|Illllll|1|ll|llllll

UL TA OCT 'NOV DEC AN
1988~ 1989

Figure 3—1 Discharge from Black Diamond Springs

PRECIPITIATION (INCHES)




3-3

Runoff is the amount of precipitation that reaches streams and is about 30 inches per year
in the vicinity of the Green River to about 60 inches per year above the 900-foot elevation
in the foothills of the Cascade Range in the Cumberland basin (Figure 3-2). Potential
evapotranspiration is about 22 inches per year (Richardson and others, 1968).

Robinson and Noble (1972) state that "all of the runoff from the mountains east of the
Cumberland aquifer passes through it as groundwater underflow" and that the aquifer
could produce 15,000 gpm. Runoff estimates for the subbasin areas are given in Table 3-2,
assuming 30 inches per year of runoff below the 900-foot elevation and 60 inches per year
above that elevation. -

Table 3-2. Runoff Estimates

Area Average Runoff Computed Flow

Subbasin (mi?) (in/yr) o (cfs)
Coal Creek Subbasin, total 14.6 53 57
Coal Creek Drainage 13.7 54 55
Icy Creek Drainage 0.9 30 2
Deep Creek Subbasin, total 58 48 20
Deep Creek Drainage 4.7 52 18
Black Diamond Spring 1.1 30 2
Green River Gorge Subbasin 4.5 30 10

The above table provides order of magnitude estimates of runoff in the Cumberland basin
and recharge to the Cumberland aquifer. The internally draining Deep and Coal Creeks
discharge water to Deep, Hyde, and Fish Lakes. Deep Lake is a maximum of 74 feet deep
and averages 33 feet deep. Fish Lake averages 13 feet deep and is a maximum of 24 feet
deep. The depth of Hyde Lake is unknown. These lakes may act as windows in the till
layer to allow recharge to the aquifer. Some of the water evaporates from the lakes, but
the remainder seeps from the lakes and recharges the Cumberland aquifer.

The presence of low-permeability glacial till may locally restrict the recharge from other
streams or from storm runoff. Perched groundwater may locally form on the top of till.
The perched water may not recharge the Cumberland aquifer but may be used for plant
growth, if the till is close to the surface. Figure 3-3 shows the elevation of the top of the till
in the basin, based on well log data and information from Metro’s drilling program in
sections 16 and 20. The thickness of the till is reported as about 10 to 50 feet. In some
areas, the till is not present and may have been eroded by the ancestral Green River.

The majority of recharge to the Cumberland aquifer, 73 cfs, apparently occurs in the
vicinity of Hyde, Deep, and Fish Lakes from the flows of Deep Creek and Coal Creek.
Assuming that 50 percent of the runoff in the Icy Creek drainage, Black Diamond spring
drainage, and Green River gorge subbasin flows directly into the Green River and does not
recharge the aquifer, the Cumberland aquifer receives about 80 cfs (36,000 gpm) of
recharge.
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A comparison of Table 3-2 and Table 3-1 shows that the Black Diamond, Palmer, and fish
hatchery springs are supplied by groundwater and not surface water. The average
discharges from these springs is much higher than the flow that would be possible if the
springs were directly discharging surface water runoff. The calculated flow of Icy Creek (2
cfs) does not approach the measured average of 29 cfs discharged by the fish hatchery
spring to Icy Creek. Similarly, the combined flow of the Black Diamond and Palmer
springs is at least 20 cfs. Calculated runoff in the Black Diamond spring drainage is only
about 2 cfs, and not all of that runoff is available to recharge the aquifer.

GROUNDWATER MOVEMENT

Data from the well inventory suggests that the majority of groundwater flow in the basin
occurs within the Cumberland aquifer at the contact of the Puget Group and the overlying
Vashon Drift. Well logs were obtained from the Department of Ecology for sections 20,
21, and 28 through 32 in T21N, R7E. No wells are recorded in sections 16, 17, 19, and 30.
Tables A-1 through A-3 summarize the information from the well logs.

Wells in the Cumberland-Deep Lake area have been drilled using cable-tool or rotary
methods and are completed in 6-inch diameter boreholes. Many of the wells are
constructed of open-ended steel casing, however some wells have been completed with
commercial well screen or slotted casing. Wells completed in sands and gravels are usually
less than 100 feet deep and yield from about 5 to 10 gpm, but yields as high as 80 gpm are
also reported. Deeper wells are completed in the Puget Group and yield from less than 1
to 60 gpm.

Transmissivity

The hydraulic conductivity, transmissivity, and storage coefficient are used to characterize
the amount of water stored in an aquifer and the rate of movement of water in an aquifer.
The permeability or hydraulic conductivity describes the rate at which a unit volume of
water will flow through a unit cross-sectional area of material under a unit hydraulic
gradient, expressed in gallons per day of water per square foot of the aquifer (gpd/ ft2).
Transmissivity is the rate at which water will move through a unit width of an aquifer at a
unit hydraulic gradient and is the product of the permeability multiplied by the aquifer
thickness, expressed in gallons per day per foot (gpd/ft). The storage coefficient describes
the volume of water an aquifer will lose or gain to storage per unit surface area per unit
change in head, and is dimensionless. The hydraulic gradient is the change in static head or
potential per distance along a path of flow, usually expressed in feet per mile.

The specific capacity of a well describes the well yield in gpm (Q) divided by the drawdown
(s, in feet) necessary to produce the measured yield. The specific capacity of a well is a
function of the transmissivity and storage coefficient of the aquifer and may be used to
estimate the aquifer transmissivity in the vicinity of the well. Specific capacity data were
obtained from well test information on the well logs.
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The transmissivity of an aquifer may be estimated using the reported specific capacities and
the following equation (Walton, 1962):

T(gpd/ft) = Q/s(264log(T’t/2693r2S)-65.5),

where Q/s is specific capacity (gpm/ft), t is duration of the specific capacity test in minutes,
1 is borehole radius in feet, and S is an estimated storage coefficient (0.001). The above
formula cannot be solved directly for transmissivity because transmissivity terms appear on
both sides of the equation. A transmissivity estimate (T°) for the right side of the formula
was obtained by multiplying the calculated specific capacity by 2,000. The 2,000 factor was
determined from Walton (1962, p.13) for the case of a 6-inch diameter well withdrawing
water from a confined aquifer after a pumping period of 24 hours.

The calculated transmissivities will generally be accurate within plus or minus 50 percent,
and provide order of magnitude estimates of the transmissivities of materials in the basin.
Errors may be caused by having water only able to enter the well from the bottom of the
casing, aquifer boundaries, and errors in field measurements. Additional errors include the
initial transmissivity estimate and the storage coefficient estimate. Order of magnitude
errors in the latter will not cause large errors in the calculated transmissivity because of the
logarithmic term in the equation.

Transmissivities were calculated using data from 57 specific capacity tests: 39 from wells
completed (screened, perforated, or open) above the glacial drift-Puget Group contact
(Table A-1); 8 from wells completed with open casing terminating at the contact (Table A-
2); and 10 wells completed in bedrock (Table A-3). The estimated transmissivities are
given in Table 3-3.

Table 3-3. Transmissivity Estimates.

, Transmissivity (gpd/ft)
Well Completion Minimum Maximum Average
Above Contact in Glacial Drift 49 36,500 5,400
At Puget Group Contact : 4 4,800 1,600
Below Contact in Bedrock 12 5,900 880

The above table was calculated with the storage coefficient equaling 0.001, typical of
semiconfined aquifers. Measurement of the storage coefficient requires the use of at least
two wells during an aquifer test. No storage coefficient data were available, therefore the
above value was used. If the storage coefficient for the sediments above the Puget Group
is higher, for example 0.1, which may occur in unconfined aquifers, the minimum,
maximum, and average transmissivity values are 22, 26,000, and 3,600 gpd/ft, respectively.

The estimated transmissivity is consistent with the Puget Group transmissivity of 1,000
gpd/ft based on the slug test results. The hydraulic conductivity of the sandstone (assuming
a ten-foot saturated thickness) is 5x10™* centimeters per second.
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Given the difference in the average values of the transmissivity of the glacial drift and the
sandstone, water will move at a higher rate in the glacial drift. Under the same hydraulic
conditions, a greater volume of water will be discharged from the Cumberland aquifer than
from the Puget Group.

Groundwater Flow Direction

Water levels recorded on the well logs generally are about 10 feet above the Puget Group-
Vashon Drift contact. Water was not reported in the alluvium above the till. Approximate
water-level contours are shown on Figure 3-4. The water-level contours were drawn using
available data from the well inventory, therefore the locations of the contours are only
approximate.

In the Cumberland-Deep Lake area, groundwater flows to the northwest parallel to the
slope of the land surface, at gradients ranging from about 250 feet per mile in the
Cumberland area to about 90 feet per mile in the lowlands of sections 29 to 31. The
gradient is probably very steep in the vicinity of the Green River gorge, but no data were
available.

The direction of groundwater flow in sections 16,17, 20, and 21 is probably to the north to
northwest, with local movement to the southwest. There are no wells in these sections
which may be used to determine the groundwater flow direction. Groundwater flow to the
north or northwest would be consistent with the general flow direction toward the Green
River. Flow to the north is indicated by the spring in near the section 9 and 10 boundary.

Flow to the southwest could occur if groundwater flow parallels the topography in section
16. A broad southwest-sloping gully extends from the northeast quarter of section 16 and
probably represents a former channel of the Green River. A buried channel extending to
the southeast from the vicinity of the Resort Spring may intercept groundwater flow from
the former channel of the Green River.

The discharge rate of the Cumberland aquifer was estimated assuming a transmissivity (T)
of 5,000 gpd/ft, hydraulic gradient (I) of 90 feet per mile, and discharge across a 25,000-
foot long cross section of the aquifer (L) between the northest corner of section 16 and the
southwest corner of section 31. Using the equation Q=TLI, the aquifer discharge (Q) is 2
million gallons per day or 3 cfs. This is much less than the discharge rate of the Black
Diamond springs, therefore there are errors in the above assumptions or there is another
mechanism for flow in the basin. Refinement of the discharge estimate is not possible
within the scope of this project.
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CHAPTER 4

WATER QUALITY

Twenty-four water samples were obtained from streams, lakes, and springs in the
Cumberland basin during the course of the investigation. Two samples were analyzed to
provide baseline data on the organic and inorganic character of the Black Diamond
springs. The primary reason for analyzing the water was to assist in determining the source
of water to the springs along the Green River gorge.

DRINKING WATER SUPPLY

A sample from the junction box at the Black Diamond middle spring and a sample from
the concrete retaining wall at the Black Diamond north spring were obtained on December
19, 1988 and analyzed to determine the concentrations of parameters regulated by the Safe
Drinking Water Act. EPA Method 524 was used to determine if volatile organics were
present in the water by the Department of Social and Health Services Public Health
Laboratories in Seattle. The Seattle laboratory also analyzed the water for gross alpha.
The state laboratory in Wenatchee analyzed the water for pesticides. The concentrations
of these parameters were below the detection limits for each method. Laboratory
analytical reports are included in Appendix C.

The samples had concentrations of heavy metals, nitrate, sulfate, sodium, chloride, and
coliform bacteria well below the EPA maximum contaminant levels. These parameters
were analyzed by Laucks Testing Laboratories, Inc.

An analysis of Black Diamond spring water from January 25, 1963 from Richardson and
others (1968) is also shown in Table 4-1. The water quality has not changed significantly in
26 years, except for nitrate which has approximately doubled from 1.4 to about 3 milligrams
per liter (mg/1).

MAJOR IONS

Major ion chemistry was used as a tool to aid in determining the source of the water
discharged by the springs. Major ions include the cations (calcium, magnesium, sodium,
and potassium) and the anions (chloride, sulfate, bicarbonate, and nitrate). To facilitate
comparisons of analyses, the analytical results expressed in mg/1 were converted to the
units of milliequivalents per liter (meq/l) The use of meq/1 units enables one to compare
the amounts of dissolved ionic species on a chemically equivalent basis and recognizes
variations in valences and atomic weights between analyzed parameters.




Table 4-1. Water Quality Analyses.

Black Diamond Spring Black Diamond Spring Black Diamond Spring Black Diamond N. Spring

1/25/63 7/88 12/19/88 ' 12/19/88
Parameter mg/l  meq/l mg/1 meq/1 mg/1 meq/1 mg/1 meq/1
Calcium 6.5 .32 8 .40 - 7 .35 8 .40
Magnesium 1.7 .14 2 .16 1.7 .14 2 .16
Sodium 3.2 .14 4 A7 2.8 .12 3.2 .14
Potassium A1 .00 0 .00 0 .00 0 .00
Chloride 1.5 .04 4 11 2 .06 2 .06
Sulfate 2.6 .05 4.5 .09 3 .06 3 .06
Bicarbonate 30 .49 31 51 32 .52 34 .56
Nitrate (as NO3) 1.4 .02 2.2 .04 3.1 .05 3.1 .05
DS (lab) 45 48 45
PH (lab) 7.1 7.3 6.9 6.7
SC (lab), umhos/cm 62 <100 69 76
Total Cations, meg .61 14 .61 .70
tal Anions, meq .61 .15 .69 .13
Error, % .39 .83 6.32 1.63
Palmer Spring * Palmer Spring Fish Hatchery Spring Air Shaft Spring
7/88 12/19/88 12/19/88 7/88
Parameter mg/l  meq/l mg/1 meq/1 mg/1 meq/1 mg/1 meq/1
Calcium 12 .60 13 .65 6 .30 13 .65
Magnesium 3 .25 3.4 .28 1.3 A1 4 .33
Sodium 6 .26 5.2 .23 2.3 .10 9 .39
Potassium 0 .00 .2 .01 0 .00 0 .00
Chloride 3 .08 2 .06 2 .06 2 .06
Sulfate 9 .19 6 .12 2 .04 22.5 A7
Bicarbonate 49 .80 54 .89 27 .44 49 .80
Nitrate (as NO3) 3.5 .06 3.4 .05 3.1 .05 .09 .00
DS (lab) 45 83 51 110
pH (lab) 7.6 6.8 6.6 7
SC (lab), umhos/cm <100 110 60 190
Total Cations, meq 1.11 1.16 .51 1.37
Total Anions, meq 1.13 1.12 ’ .59 1.33

Error, % 1.12 1.69 7.68 1.48




Table 4-1, continued. Water Quality Analyses.

Metro Well (Sec 20}

Gallagher House Well

Scott Paper Co. Well

Fehr House Well

12/19/88 12/22/88 12/22/88 12/22/88
Parameter ng/l  meq/l mg/1 meq/1 mg/1 meq/1 mg/1 meq/1
Calcium 25 1.25 11 .55 26 1.30 8 .40
Magnesium 6.1 .50 2.9 .24 5.1 .42 2.5 .21
Sodium 2.3 .10 4 17 16 .70 5 .22
Potassium .3 .01 .3 .01 i .02 .2 .0l
Chloride 2 .06 2 .06 3 .08 2 .06
Sulfate 3 .06 4 .08 21 .44 3 .06
Bicarbonate 98 1.61 46 .15 95 1.56 37 .61
Nitrate (as NO3) 5.3 .09 3 .05 5.8 .09 4.9 .08
TDS (lab) 110 65 140 53
pH (lab) 7 7 6.7 6.6
SC (lab), umhos/cm 190 95 220 82
Total Cations, meq 1.86 .97 2.43 .83
Total Anions, meq 1.81 .94 2.17 .80
Error, % 1.27 1.42 5.61 1.42
Smoke 'N Joe's Well Kanasket-Palmer Cunningham Well Coal Creek
7/88 12/88 12/88 12/22/88
Parameter mg/l  meq/l mg/1 meq/1 mg/1 meq/1 mg/1 meq/1
Calcium 16 .80 26 1.30 9.2 .46 6.2 31
Magnesium 4 .33 6 .49 3.1 .26 1.1 .09
Sodium 7 .30 11 .48 7 .30 4 a7
Potassium 1 .03 1.1 .03 i .02 .31 .01
Chloride 4 A1 3 .08 2.2 .06 2.1 .06
Sulfate 10.5 .22 22 .46 .5 .0l 1.6 .03
Bicarbonate 67 1.10 78 1.28 29 .48 27 .44
Nitrate (as NO3) 2.7 .04 .4 .01 4 .01 .4 .0l
TDS (lab) 126 48 104
pH (lab) 7.5 7.6 6.9 7.3
SC (lab), umhos/cm 160 210 96 51
Total Cations, meg 1.46 2.30 1.04 .58
Total Anions, meq 1.47 1.83 .55 54
Error, % .53 11.39 30.33 3.58




Table 4-1, continued.

Water Quality Analyses.

Green River Green River Deep Creek Deep Lake, 5 Feet
7/88 12/22/88 12/22/88 12/88

Parameter mg/l  meq/l mg/1 meq/1 mg/1 meq/1 mg/1 meq/1
Calcium 8 .40 5 .25 . 6.6 .33 6.2 .31
Magnesium 2 .16 .87 .07 3.2 .26 3.3 .27
Sodium 4 17 3 .13 7 .30 6 .26
Potassium 0 .00 .24 01 .56 .01 .65 .02
Chloride 2 .06 1.5 .04 1.6 .05 2.9 .08
Sulfate 4.5 .09 .05 .00 2.2 .05 7.2 .15
Bicarbonate 37 .61 9.8 .16 29 .48 54 .89
Nitrate (as NO3) 3 .00 A .01 .9 .01 .4 .01
TDS (lab) 84 124 46
pH (lab) 7.6 7.37 7.5 7.1
SC (lab) <100 36 70 71
Total Cations, meq .14 .46 91 .86
Total Anions, meq .76 .21 .58 1.12
Error, % 1.58 37.01 22.16 13.36

Deep Lake, 10 Feet

Deep Lake, 18 Feet

Fish Lake, 3 Feet

Fish Lake, 3 Feet

12/88 12/88 12/88 12/88

Parameter mg/l  meq/l ng/1 meq/1 mg/1 meq/1 mg/1 meq/1
Calcium 6.3 A1 8.6 .43 5.5 .27 5.7 .28
Magnesium 2.7 .22 3.6 .30 1 .08 1.1 .09
Sodium 6 .26 6 .26 5 .22 4 17
Potassium .63 .02 .99 .03 .33 .01 .34 .01
Chloride 2.2 .06 2 .06 2.8 .08 1.7 .05
Sulfate 7.2 15 20 .42 3.4 07 3.1 .06
Bicarbonate 24 .39 41 .67 20 .33 20 .33
Nitrate (as NO3) .4 .01 .4 .01 .4 .01 .9 01
TDS (lab) 46 68 50 50

pH (lab) 7.2 6.9 7.3 7.1

SC (lab), umhos/cm 74 98 47 55

Total Cations, meg .81 1.01 .58 .56
Total Anions, meg .61 1.15 .48 .45
Error, % 14.16 6.46 9.25 10.15
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Laboratories, Inc., and BioMed Research Laboratories, Inc., of Seattle, and Soil Test of
Moses Lake. Charge balance error calculations were performed based on the cations
minus anions divided by the cation plus anion concentrations (in meq/1) and expressed as a
percent. The laboratories were asked to recheck samples with charge balance errors ,
exceeding 10 percent and data shown on Table 4-1 is based on laboratory reports following
the reanalyses.

A trilinear diagram of ionic ratios was prepared using the method of Piper (1944), where
each analysis is represented by three points. Each point in the left triangle of Figure 4-1
represents the relative proportion of the positively charged ions (cations) in meq/!
normalized to 100 percent. Each apex of the triangle represents 100 percent of
concentration for a given parameter. Each point in the right triangle represents the
relative concentrations of the negatively charged anions.

The composition of a water sample, relative to the major ions, is represented by projecting
the points from the lower triangles into the upper diamond-shaped field along lines parallel
to the upper boundaries of this field. Waters which are similar in composition will be
grouped together in this field.

The trilinear diagram may be used to describe the chemical type and character of a water
sample. The chemical type of water and chemical character of a water sample were
defined by Back (1966, p. A13). The dominant ion on a greater than 50 percent basis
determines the cation or anion type of water. The the left triangle of Figure 4-1 shows that
three cation types of water (calcium, sodium, and no dominant type) are present in the
basin. The anion triangle shows that bicarbonate-type water is present in the basin.

The combination of dominant ion types determines the character of the water. Almost all
of the water samples were of the calcium bicarbonate character. One sample, from the
stream downstream of the Palmer spring is of sodium bicarbonate character. This sample
may have been affected by road deicing or fertilizer applied near the stream.

The spring, stream, lake, and well waters are of similar chemical character. This indicates
that chemical precipitation, mixing, or solution is not affecting these waters to a great
extent and that the waters generally come from the same source.

The well and spring water samples are low in total dissolved solids and are bicarbonate
type. These two factors indicate that the groundwater is recharged from a relatively
localized source. As groundwater flows from the recharge area to the discharge area in a
regional aquifer, the groundwater dissolves minerals in the sediments within the aquifer,
increasing the total dissolved solids, chloride, and sulfate concentration.

TEMPERATURE

Water temperature was also used to indicate that the springs derive their flow from
groundwater. In general, stream temperatures will be closely related to monthly mean air
temperatures. Groundwater is generally warmer than stream temperature in the winter
and cooler in the summer, varying by only a few degrees from the mean annual air
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temperature. An example of this was cited by Richardson and others (1968, p. 48) for Icy
Creek. The creek, which derives its flow from the fish hatchery spring, had temperature
variations between 42° and 48°F. Its temperature was 47.5°F on November 30, 1988. The
temperature of water flowing from the Palmer spring and Black Diamond springs in July
and December 1988 was 47°F, which also was the temperature of the Black Diamond
spring on January 25, 1963 (Richardson and others, 1968). These temperatures are very
close to the mean annual air temperatures from the Buckley, Mud Mountain Dam, and
Palmer precipitation station records (Table 2-2).




CHAPTER §

CONCLUSIONS AND RECOMMENDATIONS

Groundwater flows from the higher elevations of the Cumberland basin in the east towards
the Green River in the west. The groundwater flow direction could only be generally
determined, and appears to be to the northwest in the Cumberland-Deep Lake area. The
groundwater flow direction is not known in the area north of Cumberland because of the
lack of wells. Groundwater probably flows to the northwest, but there may be a southwest
flow component parallel to the general slope of the land in sections 16 and 20.

‘The majority of groundwater flow occurs in the Cumberland aquifer, composed of Vashon
Drift sediments overlying the sandstones of the Puget Group. Many domestic wells in the
basin withdraw water from the Cumberland aquifer, however, some wells have been
completed in the Puget Group.

Hydrogeologic and groundwater quality data indicate that groundwater discharged by the
Black Diamond springs and other springs along the Green River is recharged by
precipitation in the Cumberland basin. The main sources of recharge are Coal Creek and
Deep Creek, which supply approximately 73 cubic feet per second (cfs) of recharge to the
aquifer. :

POTENTIAL IMPACTS ON THE BLACK DIAMOND WATER SUPPLY

There are two potential impacts on the quality of water discharged by the Black Diamond
and other local springs. Metro’s Silvigrow program calls for the use of sections 16 and 20
for land application of sludge. Future growth in the Cumberland area population may also
impact the quality of water.

Metro has purchased 1,175 acres in sections 16, 17, and 20 for the land disposal of
municipal sewage sludge ("Silvigrow"). Of the 1,175 acres, only 785 acres are usable for
sludge application by state standards. In a given year, the Silvigrow application area will
vary. For example, Metro plans to apply Silvigrow to a 123-acre site in the northeast
quarter and to 40 acres in the southwest quarter of section 16 in the spring and late
summer of 1989. During the summer of 1989, 100 acres in the northwest quarter section 16
and 60 acres in the northeast quarter of section 20 will receive Silvigrow. Application rates
for each part of the property are planned to coincide with the nutrient uptake requirements
of the trees on the sites, to prevent nitrate contamination of the groundwater. Silvigrow
contains about 5 percent total nitrogen (on a dry-weight basis) in the forms of organic
nitrogen, ammonia, and nitrate. Not all of the nitrogen in Silvigrow will be converted to
nitrate which may migrate to groundwater, however.

Using data from the "Best Management Practices For Use of Municipal Sewage Sludge"
(Washington Department of Ecology, 1982) for sludge application to forest lands, 40 to 60
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of tons of sludge per acre could be applied over a five-year period without causing the
leaching of nitrogen. Metro plans a maximum loading rate of about 25 dry tons per acre
over a S-year period and will use less than 320 acres per year. Using the 30 inches per year
of runoff for the area (Figure 3-2), one cfs of runoff would be generated from the 320 acres.
This is less than 2 percent of the flow from the Palmer, Black Diamond, fish hatchery, and
resort springs.

For a hypothetical worst-case example of the affect of Silvigrow application on the local
groundwater, we assumed all of the nitrogen in a 320-acre, 5-percent nitrogen Silvigrow
application area would be converted to free nitrate ions and that this amount of nitrate was
added directly to the discharge from the resort spring or Black Diamond Springs. This is
equivalent to adding approximately 708,000 pounds of nitrate to the spring flow. The
amount of water discharged from the resort spring is about 2 cfs, or 3.9 billion pounds of
water per year. This means that the added input of Silvigrow nitrate is less than 708,000
pounds of nitrate per year divided by 3,900,000,000 pounds of water discharged from this
spring per year, or 0.0002 parts per million.

The EPA drinking water standard for nitrate is about 44 parts per million (10 milligrams
per liter as nitrogen). Therefore, there should be no impact on the nitrate concentration in
the resort spring water from Silvigrow application. The Black Diamond springs discharge
about 10 times more water than the resort spring; therefore, the nitrate concentration in
water discharged from these springs should also not be affected by Silvigrow application.

The presence of low-permeability glacial till beneath the ground surface may also act to
retard the flow of nitrate-containing water from the Silvigrow application areas to local
springs. From the above calculations, however, the presence (or even absence) of till
beneath the application area should not be a major factor in the management of the
Silvigrow application areas.

RECOMMENDATIONS

Metro plans to monitor soil moisture chemistry in the unsaturated zone beneath the
Silvigrow application areas. Monitoring of groundwater quality upgradient from the
springs should be performed to provide advance warning of contamination, whether from
Silvigrow application or from increased population. One well was installed by Metro to
monitor for potential groundwater contamination from the Silvigrow application area.

Because springs are the only source of water to Black Diamond and the Green River
resort, we suggest that additional groundwater monitoring wells be installed. Four
additional wells should be installed in sections 16 and 20 to provide further water quality
and groundwater flow direction information. Wells should be installed along the north,
west, and south boundaries of section 16. An additional well should be installed near the
north boundary of section 20, upgradient from the resort spring. Additional house wells or
monitoring wells should be used to provide background water quality data. A detailed
monitoring plan was prepared by TCW Associates, Inc., based on discussions between
Brown and Caldwell, Metro, the City of Black Diamond, and TCW Associates personnel.
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Well Inventory




Table A-2. Cumberland Basin Well Inventory, T2IN, R7E--Wells Completed at Puget Group Contact

Static Depth to Depth to Depth to
Borehole Casing Casing Screened Water Pumping Specific Test Estimated Ground Top of Bottom Puget
Depth Depth Diameter From To Level Rate Capacity Duration T Elevation Till  of Till Group
Section Ouner (feet) (feet) [(inches) (feet}) (feet) {opn) (gpn/ft) {hrs)  (gpd/ft) (feet) (feet) (feet) (feet)
2001 Cunninghanm 96 95 [ - - 82 4 .67 2.5 925 800 -- -~ 95
2941 Alexander 79 79 [ -- -- 62 7 1 [ 1480 800 3 62 79
2943 Thiele 273 72 [ .- .- 55 1 .00% 4 [ 800 50 72 72
2901 Gunderson 60 60 [ -~ .- 41 25 2.8 4 4474 780 3 56 60
32P3 Layton 78 78 6 -- -- 60 25 3.1 2.5 £822 780 1 43 787
3232 Plese 200 144 6 .- .- 100 2.5 .03 1 28 820 -- -~ 144
J2N2 Fowler 136 136 6 - -- 60 8 19 4 245 770 11 103 136
3203 Heigaard 118 118 6 .- - 2 10 4 3.5 544 780 3 103 118
Average 130 98 [ 66 10 1.0 3.2 1565 791
Hiniaum 60 60 [ 41 1 .00% 1 4 770 1 43 60
Haximum 273 144 [ 100 25 . g 4822 820 50 103 144

Table A-3. Cusberland Basin Well ILnventory, T2IN, R7E--Hells Completed in Pyget Group

Static Depth to Depth to Depth to

Borehole  Casing Casing Screened MWater Pumping Specific Test Estimated Ground Top of Bottonm Puget

Depth Depth Diameter From To  Level Rate Capacity Ouration T Elevation Till  of Till Group

Section Ouner (feet) ({feet) [(inches) (feet) (feet) (gpm) (gpm/it) (hrs)  (gpd/ft) (feet) {feet) (feet) (feet)

23F1 Adcock 240 240 [ -- -- 80 5 05 1 49 860 -- -- 45

28L2 Ross 160 160 4 140 160 21 12 24 1 278 880 0 31 31

2982 Halker 303 300 [ 240 30 76 8 04 1 38 810 5 104 104

29H2 Fehr 80 80 [ .- - 43 20 1 1 5919 810 20 56 60

29H3 Laier 300 300 [ 260 300 80 60 1.2 1 1610 810 -- -- 63

29H4 Moore 340 340 4 320 34D 55 10 07 1 I3 810 -- -- 56

2945 Ferry 360 360 4 320 360 51 20 -- 1 -- 810 37 64 64

3161 Bryant 180 180 4 120 140 40 16 27 2.5 344 740 10 15 15

150 170

3Ll Puckett 165 165 4 115 135 25 .6 -- -~ -- 740 3 26 115

il Bathke 120 120 6 .- .- A 8 .38 { 460 820 -~ -- [

31N Ishan - 205 205 4 80 100 32 2.5 015 1 13 820 -- -- 1

165 205

31P1 Marshall 160 160 4 140 160 30 60 -~ .- -- 760 -~ - 8

31P2 Henderkier 160 150 4 -- -~ 10 1.% .013 2.5 12 760 -- -- 14
Average 213 212 §.6 186 215 47 17 .6 1.3 879 802

Minimum 80 80 4 80 100 10 .6 .013 1 12 740 1] 15 4

Haximum 360 360 [ 320 360 80 60 4 2.5 5919 880 37 104 115




Table A-1. Cumberland Basin Mell Inventory, T2IN, R7E--Wells Completed Above Puget Group Contact

Static Depth to Depth to Depth to
Borehole Casing Casing Screened Water Pumping Specific Test Estimated Ground Top of Bottom Puget
Depth Depth Diameter From To  Level Rate Capacity Duration T Elevation Ti1tl  of Till Group
Section Ouner (teet) (feet) (inches) (feet) (feet) (opn) (gpn/ft) (hrs)  (gpd/ft) (feet) (feet) (feet) (feet)
21M1 Scott Paper 125 100 [ 77 83 76 8 1.1 1 1465 830 -- -- 82
21Nt Houser 99 99 [ 75 84 12 8 67 1 854 830 11 20 84
28E1 Barquist 128 128 [ .- .- 90 5 .27 1 316 840 84 114 Y128
28F1 Adcock 240 240 [ -~ .- 80 5 08 1 49 860 -- .- 457
28L1 Ehlers 89 89 6 -- -- 42 80 4 1 5919 880 19 80 80
28L2 Ross 160 160 4 140 160 21 12 .24 1 278 880 0 31 31
28N1 Haraon 110 110 6 -- -- 92 15 2.1 §.5 3314 880 3 72 1157
28N2 Krahn 120 120 6 -- -- 87 30 1.7 1.5 2428 880 18 100 Y120
2942 Rogers 82 80 [ -- -- ] 20 2 | 2800 800 7 56 )82
2944 Elmendorf 80 80 6 -- -- 50 30 1.5 1 2051 800 17 57 180
2945 Carstens 94 94 [ -- -- 78 8 1.3 2.5 1893 800 3 68 194
2981 Norstroa 108 108 [ 78 105 n 5 .31 4 417 810 3 19 105
2901 Brozovic 77 17 6 -- -- 32 40 5 1 7526 740 -~ -- 177
29H1 Sonstang 74 74 [ -- -- 60 15 3.8 3.5 6146 810 3 29 V74
J1A1 Capelano 40 40 [ -- -- 20 20 3.3 1 4810 720 22 31 40
3181 Markhan 59 59 6 .- - 34 45 5.6 1 8502 720 0 69 )59
3t Petchwick 58 58 [ -- -~ 35 40 4 1.5 6105 740 3 49 158
3112 Harple 60 60 [ .- .- 47 25 3.6 1 5283 740 2 53 160
31L2 Folland 90 59 [ .- .- 49 18 -- -~ -- 740 60 65 65
32P3 Layton 60 60 [ -~ -- 40 35 3.5 2.5 5493 780 1 63 160
3201 Hetzler 80 80 6 -- -~ 50 30 2 2.5 3011 780 20? 607 180
3201 Dunning 108 108 [ -- -- 90 24 3 3 4718 740 -- -- 108
3202 Gallagher 117 114 6 110 114 85 10 2 2 2959 740 15 92 114
32€1 Gasser 79 79 [ -- -- 45 45 6.5 1 6719 740 22 35 )79
321 8urris 98 98 [ -~ -~ 79 20 1.4 1 1903 820 -- -- 198
3232 Plese 100 100 [ -- .- 83 15 1.7 1 2349 820 -- -- Y100
J2K1 Pinkerton 64 64 6 -- -- 30 11 1.1 3 1603 800 0? 22? 164
Jaut Olson 121 121 6 -- -- 40 15 25 3 322 780 14 23? 21
3212 Uhde 90 90 [ 75 85 63 12 1.3 1 1756 780 1? 142 )90
3281 Scheiblenner 62 62 6 -- -~ 50 12 12 1 19268 760 52 60 162
32n2 Benson 119 119 [ -- -- 66 20 65 1 826 760 86 118 19
3283 Hunt 90 90 [ .- .- 58 25 2.1 3 3217 760 -- -- 190
32N Bullock 76 76 [ -- .- 68 8 8 [ 13745 760 3 71 176
32N1 Bullock 102 102 [ -- -- 7 10 1 4 1480 760 76 100 1102
J2N3 Kent 74 24 [ 69 74 50 20 20 4 36464 770 2 60 174
J2P1 Earley 169 139 [ -- - 60 20 95 1 1249 760 54 61 39
3201 Hedemeyer 78 73 [ -- -- 60 20 6.7 .2 10843 780 0 71 )78
3202 Koehn 60 60 [ -- -- 42 25 3 2 §743 780 8 49 160
J2R1t Van Wierengen 9% 96 [ -- -~ 60 20 1.2 1 1610 830 -- -- 196
32R2 Oster 101 10t -~ LT 88 -- -- - - -- -- -- --
32R2 Oster 120 120 [ -- .- 95 16 16 2 27490 830 1017 106 Y20
Average 97 I4 [ 89 101 60 214 3.4 1.9 5434 791
Mininum 40 40 4 69 74 20 5 .05 1 49 720 0 19 31
Maxiaum 240 240 6 140 160 95 80 20 §.5 J6464 880 86 118 105
Note: Top and bottom of till based on “hardpan™ or "till" on drillers’ logs

Estimated transmissivity (T) based on specific capacity (G/s), pumping period data (t), and storage coefficient (5} of 0.001:
T=0/s(264 log{T't/2693r?S)-65.5), vhere r* is 0.25 ft! and T'=2000 0/s.

Specific capacity data from bailer tests except for 2001, 2945, 29Bt, 3161, 3iLl, 3iL2, 31Pi, 32P3, 32C1, 32K1, and 32H3
uhere specific capacity test performed by air lift or submersible pump.




WELL LOGS IN THE VICINITY OF BLACK DIAMOND / CUMBERLAND SITE
T21N R7E SECTIONS 16 & 20

7 8 9 10

18 | 17 |16 | 15 DjC|B|A

19 20 | 21 22

30 | 29 | 28 | 27 N1P1Q R

There is no well record found in Sections 9, 15, 16, 17, 18, 19, 20 & 30.

Well logs in Section 21:

NWh;/ SW,
0 - 40' Gravel, large rock Water level @ 76'
40 - 79" 6Gravel/boulder Pumping rate 8 gpm
79 - 82' Gravel, sand w/ some water Drawdown 7'/1 hr.

82 - 125" Sandstone

Swh;/ SWh
Q- 3' Topsoil Water level @ 72'
3 - 11' Sand, gravel w/ some silt Pumping rate 8 gpm
11 - 20' Sand & gravel, cemented Drawdown 12'/ 1 hr.

20 - 75" Sand & gravel, dry
75 84' Sand & gravel, some water
84 99' Sandstone

Well logs in Section 28:

NWi;/ SWh;
0 - 1' Topsoil Water level @ 90'
1 - 84' Brown sand & gravel, dry Pumping rate 5 gpm
84 - 106" Blue till Drawdown 18'/1 hr.

106 - 114" Till, moisted
114 - 128" " Sand & gravel, water bearing

SEk/NW

0 - 45" Not recorded Water level @ 80'

45 - 240' Sandstone, making water ? 195' Pumping rate 5 gpm

to 240" Drawdown 100'/1 hr.

SW/ SWH

0 - 3' Topsoil Water level @ 92°'

3 - 35: Brown hardpan Pumping rate 15 gpm

35 = 72" Gray hardpan Drawdown 7'/4% hrs.

72 - 81' Brown sand

81 - 100" Sand & gravel
100 - 102' Gray sand
102 - 110" Sand & gravel, water bearing




NE%/ SW

Sand & gravel w/ some water

Sand & gravel, water bearing

Gray hardpan w/ gravel
Sand & gravel, water bearing

Sandstone, making water

Brown gravel with some clay
Gray gravel, water bearing

Sand with some silt,

some seepage

Red sand, water bearing
Sand & gravel, water bearing

some seepage

0 - 2' Topsoil
2 - 16' Brown sand & gravel
16 - 19'
19 - 80' Till
80 - 89
SW/ SWy
0 - 3' Topsoil
3 - 18' Brown sandy loam
18 - 36" Brown hardpan
36 - 39' Coal
39 - 90" Gray hardpan
90 - 100!
100 - 120°
Well logs in Section 29-
NE%/NEX4
0 - 2' Topsoil
2 - 50" Gravel
50 - 72' Till
72 - 240' Sandstone
240 - 273"
NEY%/NEX
0~ 3' Topsoil
3 - 7' Red brown clay
7 - 127 Brown clay
12 - 68’
68 - 94!
NE}%/NEX4 )
0 - 1' Topsoil
1 - 7' Clayey gravel
7 -~ 36' Hardpan & boulders
36 - 38' Boulders
38 - 56' Hardpan
56 - 61"
61 - 74' Red sand & clay
74 - 76!
76 - 82!
NEY%/NEX
0 - 2' Topsoil
2 - 12' Sandy clay
12 - 17' Sand & clay,
17 = 23'" Clay
23 -~ 57' Hardpan & boulders
57 = 59' Boulders
54 = 70' Clay & gravel
70 = 759" Red clay & gravel
7¢ ~ 80'

Red gravel with clay, water bearing

- =

Water level @
Pumping rate
Drawdown

Water level @
Pumping rate
Drawdown

Water level @
Pumping rate
Drawdown

Water level Q@
Pumping rate
Drawdown

Water level @
Pumping rate
Drawdown

Water level @
Pumping rate
Drawdown

42
80 gpm
20'/1 hr.

87!
30 gpm
18'/1% hrs.

55"
1 gpm

205'/4 hrs.

78"

8 gpm
6'/2% hrs.

48"
20 gpm
10'/1 hr.

50"
30 gpm
20'/1 hr.




NE%/NE%

0o- 3

3 - 62
2 - 74
74 - 79'

Nw;/NEXs

0o- 3

3 - 19'
19 - 20'
20 - 80'
80 - 83"
83 - 105"

105 - 108"
NWX/NEY

0- 5'

5 - 24!
24 - 69"
69 - 84
84 - 96
96 - 104'

104 - 131"
131 - 139!
139 - 151"
151 - 160"
160 = 162"
162 - 383"
NW/ Nwk,

0~ 2

2 - 60"
60 - 77"

SEY%/NE%

0 - 20
20 - 32"
32 - 36
36 - 40"
40 - 60"
60 - 63"
63 - 64"
64 ~ 71"
71 - 118"

118 - 130"
130 - 134!
134 - 180"
180 - 193"
193 - 260"
260 - 272"
272 - 300"

Topsoil

Hardpan & gravel

Sand & gravel

Sand & gravel, water bearing

Topsoil

Hardpan & boulders

Black sand

Loose sand & gravel, dry
Sand & gravel, wet
Sand, gravel & boulders
Sandstone

Topsoil

Hardpan & boulders

Loose med. sand & fine gravel
Brown silty sand w/ gravel

Loose med. sand to: fine gravel, wet

Till

Sandstone, some peat

Peat

Coal

Sandstone

Soft sandstone

Layered peat, aandstone & coal

Topsoil
Sand & gravel w/ cobbles
Sand & gravel, water bearing

Black shale

Gravel & clay

Gravel w/ clay

Gravel & boulders

Gravel & clay

Shale

Sandstone

Shale

White sand & stone

Coal

White shale

Black shale .
Sand w/ clay binder & coal
Shale w/ clay and coal layers
Sandstone & clay

Basalt

Water level @ 62'
Pumping rate 7 gpm
Drawdown 7'/4 hrs

Water level @ 77'
Pumping rate S5 gpm
Drawdown 16'/4 hrs.

Water level 2 76"
Pumping rate 8 gpm
Drawdown 200'/1 hr.

Water level @ 32!
Pumping rate 40 gpm
Drawdown 28'/1 hr.

Water level @ 80
Pumping rate 60 gpm
Drawdown 50'/1 hr.




SE4%/NE4

0 -
20
43
56
60

SEY%/NEX

0 -
20 -
22 -
56 -
63 -
68 -

100 -

120 -

190 -

220 -

250 -

263 -

276 -

289 -

SE'/NEY

0 -

3 -
12 -
37 -
64 =
120 -
126 -
187 -
226 -
231 -
241 -
250 -
279 -
295 -
305 -

SEY%/NEY

43"
56'
60'
80'

20"
22"
56"
63"
68"
100'
120"
190"
220"
250"
263"
276"
289’
340"

3'
12!
37!
64"

120
126"
187"
226'
231"

241"

250"
279"
295"
305'
360'

3'
29'
69"
74"

3!
56"
60"

Sand & gravel
Gravel w/ clay
Hardpan & boulders
Sand & gravel
White sandstone

Sand w/ gravel
Sand & gravel
Gravel w/ clay
Black coal

Coal & sandstone
Sandstone

Shale

Sandstone

Black shale
Basalt

Shale

Black coal

Black coal & clay
Shale

Topsoil

Sand, gravel & cobble
Cemented sand & gravel
Blue till

Sandstone-

Coal

Sandstone

White sandstone

Brown sandstone
White sandstone

Coal

Gray sandstone

Gray siltstone

Coal & shale

Gray sandstone

Topsoil

Hardpan

Gravel

Gravel, water bearing

Topsoil
Hardpan

Sand & gravel, water bearing

Bedrock

Water level @ 43
Pumping rate 20 gpm
Drawdown 5'/1 hr.

Water level @ 55!
Pumping rate 10 gpm
Drawdown 150'/1 hr.

Water level @51
Pumping rate 20 gpm
Drawdown not recorded

Water level @ 60'
Pumping rate 15 gpm
Drawdown

Water level @ 41'
Pumping rate 25 gpm
Drawdown 9'/4 hrs.

4'/3% hrs.
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Field Data




APPENDIZX

FIELD EXFLORATION

Nine test holes were drilled during the exploration. Test hole

locations were selected based on the topographic feature, accessibility,
available open space and without interrupting traffic flow. The locations
are indicated on Figure 1, Vicinity !fap. Except Test'iole Bl, all other
test holes were drilled primarily to explore whether glacial till
underlies the site, the characteristics of overburden soils and ground
water conditions. These test holes were terginated either in older soils,
if glacial till was not encountered (Test Hole 33) or at a depth several
feet into the till material (Test Holes B2 and B4 through B9). Test lHole
Bl was drilled as a groundwater monitoring well as well as a subsurface
exploration test hole. It was terminated in bedrock. The soils and ground
water conditions encountered in the test holes are presented on Plate 1
throuzh Plate 9.

Air-rotary drilling equipment was used for drilling. The presence of
large boulders in the soil limits the choice of the method of drilling.
An 8-inch diameter casing was used during the drilling of 31 and a 5-~inch
diameter casing was used for all other test holes. Except Test ole B1,
all other test holes were backfilled with bentonite grout aifter the
completion of drilling. A 4-inch diameter Schedule 40 PVC pipe and

screen vas installed in Test Hole Bl. The construction of monitoring

well is described on Plate 1lb.
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A, 270.0. split- spoon sampler
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. 3-172" 0.0. spiit borrel sampler
X. sample not racovered

** Standard Penetration Resistance except
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Certificate Nuaber: O

Date : N
* -~ EBElevation approxi

Soil | Sample |

$11-4005 METRO BLACK DIAMOND SLULGGE DISPOSAL

Borehole Number o MW#L - MONITORING WELL 1IN SECTION 20
Location : TOWNSHIP 21 NORTH RANGE 7 BEAST SECTION 20

OVEMBER 9 & 10, 1988 R borehele
mated from topographic map.

Description Elev.

10.0 SP S2

15.0 SP S3

20.0 sSP S4

DRILL RATE = 30 FT/HR

'Depth |Type| Number %

0.0 760.0%
DRILL RATE = 150 FT/HR

5.0 SP S1 Brown, GRAVELLY COARSE SAND, Meoist 755.0

DRILIL RATE = 38 FT/HR
BOULDERS

Lt. Brown, GRAVELLY F-M SAND, Slightly ,;750.0
Higher Silt Ceontent, Moist
BOULDERS

DRILL RATE = 16 FT/HR

Clive Brown, GRAVELLY COARSE SAND, 745.0
Moist

DRILL RATE 23 FT/HR

BOULDERS

Olive Brown, GRAVELLY SAND w/ROCK 740.0

FRAGMENTS, Moist

BOULDERS

27.0 733.0
30.0 {SM S5 Broun, SILTY SAKD, Moist 730.0
32.0 | 1728.0
DRILL RATE = 7 FT/HR

35.0 'BOULDERS & COBBLES
37.0 |GP (S6 /GRAVEL, Wet (Drill Water) 1723.0
; § 'DRILL RATE = 27 FT/HR !
(40.0 | iBOULDERS & COBBLES 31

) ) 30 88(/'409
PACIFIC TESTING | wurno stuve: orseosas | PROJECTNG E2doy
LABDRATORIES SITE - BLACK DIAMOND, | poby — oo

WASHINGTON RAWN

3220 17th AVE W. SEATTLE,WA. ENGR./GEOL. _____
96119 208-282-0686 APPROVED ﬁ~ =




) K.’E oA

YITALENED
TRACING PAMA

04907

eano

208-282-08686

APPROVED —

Certificate Numboer: G811-4005 METRO DLACK DIAMOND SLUDSL DISPOSAL
Borehole Mumber MWF1 CONTINUED PAGE 2
Location -
Date
| |Soil| Sample |
iDepth Type: Number |Description ‘Elev.
40.0 /BOULDERS & COBBLES 720.0
} DRILL RATE = 27 FT/HR
45.0 |GP |S7 GRAVEL w/FRAGMENTS, Wet (Drill Water) {715.0
| COBBLES
: DRILL RATE = 30 FT/HR
50.0 |GP S8 GRAVEL w/FRAGMENTS, Wet (Drill Water) |710.0
COEBLES
DRILL RATE 12 FT/HR
55.0 |GP |s9 GRAVEL w/FRAGMENTS, Wet (Drill Water) . 705.0
i
DRILL RATE = 9FT/HR ‘
g BOULDERS & COBBLES
65.0 |GP |S10 GRAVEL w/FRAGMENTS, Wet (Drill Water) |695.0
'Reduced BOULDERS & COBBLES
'DRILL RATE = 46 FT/HR
\75.0 |GP s11 'GRAVEL - SILTY GRAVEL w/FRAGMENTS, Wet [685.0
G | (Drill water) ;
i !
| DRILL RATE = 19 FT/HR §
80.0 |GP Is12 |GRAVEL, Wet (Drill Water) le80.0
7 ™ A Cv; - ,,,__‘s“L
PACIFIC TESTING | wstro sLubce prsposar | PROJECT NO.EE ’_,‘{‘;‘?
LARORATORIES SITE - BLACK DIsmonp, | DATE Lefrfdy
WASHINGTON DRAWN
3220 17th AVE. W. SEATTLE.WA. ENGR./GEOL.

e~

T




PRt AT FLICR

04997

Clartiy:  Murbor: 0511-400% METRO - DBLACE DIAMOND SLUDGE DISPOSAL
Boreholo Nuaber - - Mgl CONTINUED PAGLE 3

RN

Location ) o
Date » .

[SOL1IMfmp1e o

R D R o 3 i

S
Depth }ipr’Numopr 5Dhscr1ptlon Elev.

80.0 | | : | l680.0
:

0
o
)
k2
C
¢

CCK | ERCOUNTERED BEDROCK u/S o

Could no longer advance stesl casing

i i with additional drilling. Continued E
§ ; ; drilling onen hole. Z
o |
I3 ts i ‘
'8 X : 5 !
Wik, | |
(245 hes. j § 5
z | |
: | :
; : :
§ : |
7.0 'ROCI{{S13 i ROCX FRAGMENTS, Red-Gray-Tan 663.0
1
: 1
: : i
I : :
. o (a1
102.0 (ROCIK BOTTOM OF HOLE
!
i Some water encountered in cock formation.
: A ¢ iDrill water air lifted te clean cut then
i § thole allowad te stabilize. Water air lifted
i { iout of hole produced rate of about 1GPM.

piliclon ) " / 4’ /‘
PACIFIC ;E"ESSE FRIG i METRD SLUDRGE DISPOSAL H‘ﬁétca N? f/ i/ff’j
LABSRATORIES SITS - BLACK DIAMOKE. Y
RASHINGYO! !‘?‘5:;& iGEO’f.

3220 i7th AveE W, SEATTLE,WA.
081:8 206-282-060G8

T*; [

EPROVED <%

+, e eRY GYALENRTE)
im
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\ BROWN AND CALDWELL 2
ET
,.’ CONSULTING ENGINEERS DAILY FIELD ACTIVITY LOG o |SHE l oF 2.
1
ROJECT NAME: B,k Dl;qwxma ' PROJECT NUMBER: 4 24[

DESCRIPTION OF DAILY ACTIVITIES AND EVENTS INCLUDING TIME:

lov0: Aerived o&‘ 5’\‘\"¢.

PROJECT MANAGER: (, 44Tl
_ 7

AAakie woter lovgl » 32 % bolewsr Ton.C

2% T.e.t wlpy valhlt

T

%.’ ot walar aloove betfomn £ S0e8aan ""}'5’1"

SQ'H'(‘I\:‘ pv-v\p ;Mo.kej ok 956" belpw T.0.C

el

X 07

Ribey (g\\zct . [ td. ocv!\, oam, ( black)) \_:; N
IAML’/( SE/;/'(L pmﬁ PE - 34’03 Astm D~-2230 *

Boflom F Somqu ht'? A 6o ’4{”/{ ‘atokes /rmwnl- 2310 e

(215 Stads (.l aﬂef m,m!o msl'ﬂ//d//m“ €7’ gj" ohosw 8 TO.L

'wa PV'YHD‘ Ne«clm fnmmc, &Onr\cu{%cl

H\\LJ M—Q/ 21‘5/“‘()" orane\,sl\ brm\/r\

PUN.JA Go-l Lring . bﬂﬂ(k}/\ amf)lr\c« m . = /ga

!!"-"7/451 H-L @ ar2” /{\05‘ pvm;mn.)—"* '\’Y\\%\)Q \W.s” (e ﬂza

T

3% o [ S (@.0.0)

(4T Q6L

[2MQ: gg’3"
|22 - M\n“‘\\ J dzon gumg
562 b/(&&}‘ \

54 ‘*’év,;aef - S fond! 20

13021 % Lvckess pumg shod ofF

1305 _92'y”

/oS o/ st

/30 7; 9&‘9,1 ’

VISITORS ON SIT’E: IMPORTANT TELEPHONE CALLS:
1zl &2 104 “«

WEATHER CONDITIONS: Riser: %" id- rises

C 3’8"
%\i\’\/c;‘\r:-ié-‘- -Z‘*é“ L"M VﬂW“L 50\"1

LJW'TU(*

(2

\,

(1.5 above )

B8+ C PSRSONNEL ON SITE:

l SIGNED:  DATE:
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P

| S |oate | 12 09 %Y
TH iy
=] BROWN AND CALDWELL = Pm— "
f CONSULTING ENGINEERS DAILY FIELD ACTIVITY LOG S 2
RaecT NaME:  Bleo Dmmé PROJECT NUMBER: &/ 7[ /.
DESCRIPTION OF DAILY ACTIVITIES AND EVENTS INCLUDING TIME: PROQJECT MANAGER:
13> ouvmerozé ®/+\Amﬁ woAe  oylon
\%’Lf \\‘ b()(\“’\!&&. OUMM dv, )
V325 Q6" wl [
1330 g9 4" o
1225 pumdng
TR f f\x g
Do : . oy Wy
L5888 oo e oumous /
DY 15 by ey GG 1.8 U
1A qumped |5 puckebs, | sct 135w
14265 oumped H bvu(azh 'S¢ JbEelr
\HY0: o s o Lo5m¥ i waker ehll prangish bragn
wlell ow'// AeeA o Lp QUm dolbor 61D himgs of
(f@fﬂ &/Qwe Ww"t/' (’.{waj
| \so0: Left i i

VISITORS ON SITE:

WEATHER CONDITIONS:

IMPORTANT TELEPHONE CALLS:

8+C P‘-'RSONW OP’ SITE:

] SIGNED:

/{ﬂf/(PM V\

DATE: /77/0 C)//gz




TCW

pate pmiLeeo. 11-14-88

LOG OF BORING NO. 2

* Y
& - o &
-\"k\ #( A (" Qov :.'p' ',"-uuv APPLILS ONLY AT Tt LOCATION OF Tong BOmING \b J‘.‘* STANDARO PENETRAT’ON
ND AT Timf OF OmiLLs i - >
R T otk o s L ULt i B S ¢ 400 A BLOWS PER FoOT "
o < o 4§ - bt WAL "c”a":-!(;uue AAL A BINPLITIGATION o ofv.'
760 Ca -
-}“/). Brown sand & gravel w/ boulders | [ [ .- .. "ot .
A e R L T
s N B
0 l.’p. Gray ..................
/o0 1 e T
O( ..................
> N
lo ( 4 I R N s R
g sandy N B
Q,Q";. D
‘_ﬂ('l‘\ ...................

[y
o

T TTT T[T TITIT T TT I T

o
30 2

o
[&]

Gray silty sand with gravel
(£il1?)

Notes:

(W]
Q.

[Illl]llllll.lllllllllll«lllllll[lllllllll[llllllllll

No water was encountered.
Upon completion, hole was
backfilled with bentonite
srout.
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*
A. 270.D. split - spoon sampler
B. 3'0.D. thin = wall sampler
C. 3-1/4" 0.D. x 2-1/2" liner
D. 3-1/2" 0.D. split barra! sample
X. sample not recovered

* ¢ Standard Penetralion Resistance except
for 2° OD. split-spoon samples estimated
r using non-standard procedures.

v water level
impervious seal
! piezometer tip

WATER CONTENT - % dry weight

plastic limit

liquid limit

natural water content

PLATL

2
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APPIovea 1or pubitLanu

TCW ASSOCIATES, INC,
DATE DAILLED ]]1-16-88

LOG OF BORING NO. 3

STANDARD PENETRATION
A BLOWS PER FOOT**

% A
* A
o L : Y
/N < g ~ . © .(
Rs ‘,‘ke . I & 100 a1 TIC G DAL NG SUBSURTACE CoverT IS Wiv T R 2 o"eo
¢ Fy FJ 2 STIEIRATESTIA: Lo AL CRIEE B b tocation ST A
& 4 L] » OF ACTuaL :o-oﬂmn':::&‘n'n‘u':;l;“'w ARL & StweuiniCaTion [ O’ b
690 X -
— o | Gray silty sand & gravel w/ somdq Ll
. 20, boulders - moist |V |,
e o L= i
- ?72; Gray sand & gravel - moist I
— - R N
—10 ceo,
— sesl
| o R
- > .,
s ‘d..ol <t e e e e e e e
— et 1
722 e e R
- B N A A S
— e, v}
20 EL
- el T
~ “or L
- s s
— b L
. 3 .
- o a [ A R IR
_ JLhe some silt R
- ., R N NN BN S —
- Pt N R EEE
: y .........
[ ~ . |Brown silty gravelly sand - very Ll
s S » .
Ve moist
- L
e a4
. <y
.0 - =
Jeol o
‘c"w| encountered water, WL rose to DR

EL 657.5 in half an hour.
Note:

with bentonite groute.

Upon completion, hole backfilled

ARRNRARANIAARSRRERSARENRRRCRRRRRERARE

*
A. 270.D. split - spoon sampler

B. 3'0.D. thin - wall sampler
C. 3-1/4" 0.D. x 2-1/2" tiner

D. 3-1/2" 0.D. split barrel sompler

X. sample nat recovered

** Standard Penetration Resistance except
for 2" OD. split-spoon semples estimated
using non-standard procedures.

g_water fevel
impervious seal
! piezometer tip

WATER CONTENT - % dry weight

plastic it

liquid hmit

znoiurcl water content

PLATE

3




ICwW

DATE DRILLED. 11—22;88 LOG OF BORING NO 4 &
‘ "\o“ PN - 3 Ty 3y PPUIES OMLY a7 \:, é~\(“ STANDARD PENETRAT'ON
s .: . "..ll'l 'L . l'ull ‘L"Q‘CLMIVINQ Tins poming (,
&S 00 manRGnaAm e & .%C  ABLOWS PER FooT =
c" ) (" L) Q‘ OF ACTUAL :o-m;r;i:'(n::;:‘n.:('b?""n ARC A BiveLificATIOn [ o*v.‘
800 P ,
- S Brown-zray sand, gravel, boulder
-~ P and some silt :
(.10
- siltier
— ray silty sand w/ gravel (till)
— 20 |
- NOTES :
[ No water was encountered.
— Upon completion, hole was
- backfilled with bentonite
p grout.
[—-30
—
—40
-
C.
A. 270.D. split - spoon sampler ' , _ v water level - e .
B. 3'0.D. ff\in-wixll sampler **Standard Penetration Resistance except i ) | WATER CONTENT =% dry weight
C. 3-1/4" 0.D. x 2-172" liner for 2" OD. split-spoon samples estimated _ Impervious seq plastic limit liquid limit
D. 3-172" 0.D. split barrel sompler using non-standard procedures, i piezomeler tip - b '
X. sample not recovered nalural water content




ADPIOVOU iui PUDHL s

DATE DRILLED 99
", 11-22.88 LOG OF BORING NO. 5 4
K2 & < $*
.L¢ “j " ‘v .o' :»'ﬁ:'.'v"'v':‘n‘:k"g.'" ONLY AT THE LOCATION OF Twiy BORING ,_’\h Qé \ STANDARD PENETRAT]ON
& & \e& > & B OTHER LOCAT I0WS AND Wa CHANGE 41 gois LOCAT 10N wrim & ‘°°° A BLOWS PER FOOT **
~V 4 .Y .A w"n"::::“czu'v':‘olnl'[N:c&‘l::l':(l;“"o AAL A SIWPLIFICATION Qv of .\
~

800 -
. v
— ,;i—"‘ Brown silty sand & sravel - R R
L "‘Et nmoist R S
nl D e e A
— T Gray sand & gravel w/ boulders | | | iiciiiiiioiii
- v p| Y SAnc B BRAVEL WA BOUIAErS |l b
— 2% R R SR EEIEEES R
- 10 it N R R R
— . A
- 4 I A S FE
- :—“-‘_ Gray silty sand with gravel A
- — {till) P S
— g S N
.20 _';-'_.5. .
- MOTES: R SO
‘_'_" No water was encountered.  § } oottt
— Upon completion, hole was ' N R
- ., backfilled with bentonite D

AREAR AR ELARELAARNRRRRNLARERERRRE ARRRN RRRRRIRRY

grout.

.........

3

*
A
B.
C.
D.
X.

2'0.D. split- spoon samplar
0.D. thin - wali sampler
3-1/4" 0.D. x 2-1/2" liner
3-1/72" 0.D. spiit barrel sompler
sample not recovered

. . z_water evel
= » Siandard Penetration Resistance excep!

far 2" 0.D. split-spoon samples estimated
using non-standard procedures.

impervious seal
! piezometar fip

WATER CONTENT - % dry weight

plastic timit

liquid fimit

natural water content

PLATE 5
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Approved for publication

TCW ASSOCIATLS, INC.

DATE DRILLED 1]_-22-’?,8

LOG OF BORING NO. 5

8. 3'0.0. thin - wall sampler

C. 3-1/4" 0.D. x 2-172" liner

D. 3-1/2" 0.D. split barrel somplar
X. sample not recovered

« » Standard Penetration Resistance except
for 2" O.D. split-spoon sampies estimated
using non-standard procedures.

mpervioys seal
! piezometer tip

:\ (A* ‘v" ov :r;:y:::v’;uu ONLY AT THE LOCATION OF TWiS BORING ;’\b "‘.O STANDARD PENETRAT'ON

& ORI K AT OTUCH LOCATIONS AND WhT CHANGE v gt BEATION wiTH & R 4 BLOWS PER FOOT **

» b \d A TML PAISAGE OF TIME THE DATa PRESIHTEID AAL & IINPLIFICATION N Q

< & IS OF ACTUAL COMOITIONS EMCOUNTERED. @ o

825 7| Brown silty sand & gravel w/ | | | - . i
- ¢ 7%| boulders R T,
- 5.0 A
b 0»-;; T e I B P SR
- Z“ Gray sand & gravel w/ some silt| | |- - i
- Py & boulders | ooyt

7+ & boulders | p oo
— 190 d >p. .............................................................................
- Gray silty sand w/ gravel I
oo N
- (till)
et .
S, -t
. 20 s
- LA A
- NOTES:
- No water was encountered. | | | - .. ... i
— Upon completion, hole was L E
30 backfilled with bentonite |} | [~
L_30] 1] | PACKLLLLEC WILDN DBENLONILE | s
L grout, ...................
-l A
=
™ S
A. 2°0.D. split - spoon sampler ¢ water level

WATER CONTENT - % dry wesght

plastic it

iqurd himit

natural water conten!

PLATE

6
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mpProveu v publictaun

TCW ASSOCIATES, INC.

NOTES:
No water was encountered.
Upon completion, hole was

OATE ORILLED — —
. 11-23;88 LOG OF BORING NO. 7 a
e < & é s )
g » e
v ‘L ‘V o Tms ,IJ“I.A A lF"Lt!S' OMLY &Y VI;( LOCATION OF THIS BORING K \ & STANDAm PENETRAT
LA A A N T o M A i i Tk Loc s o & .°°  ABLWS PER FooT =
QV & ® o ot co-mv'u;u'ln-(::;‘u.:t’b‘["“ ARE 4 S1MALIFICATIDN Qv OQ.
" ~
840 i WL
91'-‘-'_.(), Brown-gray silty sand & gravel I R
— e ()7} w/ boulders  } | |
- o] .. e
- ¥ 0| Gray sand & zravel w/ boulders R DI
[ RE2
|— v -
1—10 ../71'14
- K
— Tl
— 7.74|CGray silty sand w/ gravel (till)] | |- i
e | TRES BAskS SaR W pravel Aty oy o

- L’:_' I A
:20 /-;:‘—‘_/‘ ...................................
-
-

30

RN R AR RN AR R RRRER AR RARRRLRARE

backfilled with bentonite
grout.

X -
A. 2'0.D. split- spoon sampler

B. 3'0.D. thin - wall sampler
C. 3-1/4" 0.0. x 2-172" liner

D. 3-1/2" 0.D. spiit barrel sampler

X. sample nat recovered

"Stongard Penetration Resistance except
for 2" O.D. split-spoon samples estimated
using nonl-stondord procedures,

% _water level
mpervious seal
i piezometer tip

WATER CONTENT - % dry weught

plastic iimit

liquid fimit

natura! water content

PLATE
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Approved for publication

TCW ASSQCIATES, INC.
DATE DRILLED 11—23—§8

LOG OF BORING NO. 8

8. 3'0.0. thin - wall sampier
C. 3-1/4" 0.0. x 2-1/2" tiner

D. 3-172" O.D. spht barrel sompler

X. sampie not recovered

* * Standard Penetration Resistance except
for 2" OD. split-spoon samples estimated
using non-standard procedures.

impervious seal
! piezometer tip

&
LN
k\o‘- < G. ‘; ‘;’\ ST ‘
'\ ', o7 THIS SUNMARY APBLIES ONLY AT TME LOCATION OF T8 SONING \ & ANDARD PENETRATION
\g & £
PO TR S o7 LockomaLus 3Y Seunct 7 s LoeaT 10w it & .9 A BLOWS PER FOOT **
bv ‘ o . Bt to-m'l'm.Y(N“(c;A;A'!P.ﬂz(DS(NY(D ARE & SINPLIFICATION Q\{ o’v.
829 ~| Brown silty sand - wet
=
— %~ 5. Cray sand & gravel w/ boulders
- ('-‘6"'0
- .2 *
— ey 1
- I
L0 ol e
resee -'(ﬁ' 1 ...................
- ad 0
- =0 SRR I
— - —|Gray silty sand with gravel R R
: ;‘_w_‘ (till) ...............
~ ) [ I N FEEEE SR S
—20 ST
e ":'__-.-f‘_
— e el ]
: ”—"—:""‘.4 IIOTES: ..................
p— Y, No water was encountered. | ] ] i
- Upon completion, hole was I IO
— backfilled with bentonite DR S
::_30 grout. R ...............
-l L
— i+ r v 4 A g
ju—
0 T T [ e A
-0 o r
e
—
: ......
L
* L
A. 2°0D. split - spoon sampler o water level

WATER CONTENT - % dry wewght

plastic fimit

fliqued himit

natural woter content

PLATE

8
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éATt DRILLED. 11—23;88 LOG OF BORING NO. 9

Kol N
o &y * e
-“f\ A N ‘v" oo" I‘I‘DI JUMIANT AroLiL3 ONLY AT Tit LOCATION OF Tania aomina ,_,\b CL' ‘* STANDARD PENETRAT[ON
< J & Pt eI G S T T ¢ °
"; -~ AN e L ) D L o & O{f A BLOWS PER FoOT
— IQ‘( Gray silty sand & gravel with .. e d e ..
— ﬂf:; boulders and with sand & R S T
— <y~ ] &ravel layers A D D IR D
= Ve NORSEREEE EREES
:10 :Q_‘(:} ..................
- F e
- (O N
: 0200 1 N T
— s e . e N A
- —, <] Cray silty sand with gravel B D R
— -L:‘_—-—‘ (till) I T T T T
— il BEREEREE e
: 20 ’—f_; .....
= NOTES: i
— Ho water was encountered. | |  }rcococeoben R
— Upon completion, hole was N
= backfilled with bentonite O
;30 Srout. ......... foe, e v s s s
- e Lhe
» . N .
n o
-
* —
A. 270.D. split- spoon sampler : . ¢_water level : A
B. 3'0.D. thin-wall sampler ** Standard Penetrotion Resislance except . . | WATER CONTENT =% diy we'ong
C. 2-1/4" 0.0. x 2-172" liner for 2" OD. split-spoon samples estimated . mpervious seg T s
D. 3-1/2" O.D. split barrel sampler ~ using non-standard procedures, ] piezometer tip plastic imit fiquid hrn'lt
X. sample not recovered natural water content

PLATE S




WELL # SEC 20

WELL DIAMETER= 8.00 INCHES

CASING DIAMETER= 4.00 INCHES

VOLUME OF WATER REMOVED OR ADDED TO WELL=-6.50 GALLONS
LENGTH OF AQUIFER TESTED= 10.00 FEET

VALUE OF HO= 9.96 FEET

STATIC WATER LEVEL= 88.92 FEET

SLUG TEST DATA:

TIME SINCE TEST WATER LEVEL DRAWDOWN HEAD RATIO RECIPROCAL TIME

BEGAN (MINUTES) (FEET) (FEET) (1/MINUTES)
1.67 92.44 3.52 .353 .600
2.22 91.76 2.84 .285 .451
2.90 91.46 2.54 .255 .345
3.55 91.22 2.30 .231 .282
4.78 90.87 1.95 .196 .209
5.25 90.75 1.83 .184 .190
5.80 90.65 1.73 .174 .172
6.50 90.53 1.61 .162 .154
7.27 90.42 1.50 .151 .138
7.77 90.36 1.44 .145 .129
8.57 90.26 1.34 .135 .117
9.62 90.15 1.23 .124 .104

11.60 90.00 . 1.08 .108 .086
13.37 89.85 .93 .093 .075
15.17 89.70 .78 .078 .066
18.33 89.50 .58 .058 .055
21.63 89.35 .43 ©.043 .046

25.97 89.20 .28 .028 .039




0 . 590
FEET

Deep Lake NO DATA AVAILABLE

Bathymetric map from Lakes of Washington, 1965.

chlorophyli-a (ppb)

70 T yea &0 8
. | | 1
a0 90 °
0 3 T
= Y J ® é
& I i pd
c Y
L J ® 5 — X
20 5 60— g N
£ g \
o ] N
g = X
3 dee 1 -
10 = 30—
- Figure C. Transparency {May through October data)
. Ji )
-— ® Maximum Eutrophic Range E5
0 ) ¥ ° -’-r ® ) l T T E Average Mesotrophic Range
I 2 Yo aln Ik » w Yo g & . <= Minimum Oligotrophic Range &
! _ ’ , Figures A - C: Historical summary of chicrophyll (A),
Figure A. Chlorophyl - 2{May thraugh October data) Figure 8. Total-Phosphorus (January through total - phosphorus (B), and transparency vaiues (C).

May datn)
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DEEP LAKE

LATITUDE 47#16%13n%  LONGITUNE
GREEN=DUWAMISH RIVER BASIN

PHYSICAL DATA

DRAINAGE AREA 3.92 SQ ™I
ALTITUDE T70. FT
LAKE AREA 37. ACPRES
LAKE VOLUME 1200, ACRE=~FT
MEAN DEPTH 33, FT
MAXIMUM DEPTH T4, FT
SHORELINE LENGTH 1.3 MI
SHORELINE CONFIGURATION 1,6
DEVELOPMENT OF VOLUME 0+.45
BROTTOM SLOPE 5.2 %
BASIN GEOLOGY SED./META,
INFLOW PERENNIAL
NUTFLOW CHANNEL ABSENT

WATER=QUALITY

DATA (IN MG/L UNLESS OTHER

SAMPLE SITE o
DATE

TIME

(FT)
NITRATE
NITRITE
AMMONIA (N)
ORGANIC NITROGEN
TOTAL PHOSPHORUS (P)
TOTAL ORTHOPHOSPHATE
SPECIFIC CONDUCTANCE
WATER TEMPERATURE (DEG C)
COLOR (PLATINUM=COBALT UNITS)
SECCHI=DISC VISIRILITY (FT)
DISSOLVEDN OXYGEN

TOTAL
TOTAL
TOTAL
TOTAL

(N)
(N)

{N)

(P)
(MICROMHOS)

LAKE SHORELINE COVERED BY EMERSED PLANTS
LAKE SURFACE COVERED BY EMERSED PLANTS
DATE

TIME

NUMBER OF FECAL COLIFORM SAMPLES

FECAL COLIFORPMs MINIMUM (COL./100ML)
FECAL COLIFORMy MAXIMUM (COL./100ML)
FECAL COLIFORMy MEAN (COL.z100ML)

REMARKS

VERY FEW AQUATIC PLANTS WERE OBSERVED.
A LARGE AGRICULTURAL AREA AND THE SMALL
SEATTLE STUDIED THE LAKE IN 1971-72,

61

KING

12145601090

COUNTY

T2IN=R7E=~-32

CULTURAL DATA
RESIDENTIAL DEVELOPMENT
NUMBER OF NEARSHORE HOMES
LAND USE IN DRAINAGE BASIN
RESIDENTIAL URBAN
RESIDENTIAL SUBURBAN
AGRICULTURAL
FOREST OR UNPRODUCTIVE
LAKE SURFACE

PUBLIC BOAT ACCESS TO LAKE

WISE INDICATED)

1

7713773
1000 1010
3. 66,
0.13 0.42
0.01 0.00
0.05 0.04
0.13 0.l0
0,011 0.015
0.005 0,005
62 72
19.9 4.9
10 25

15 A

9.8 1.2

LITTLE OR NONE
NONE OR <1 %

7713773
1010

2

<1

2

1

N~ 0 =0

THE INFLOW VIA DEEP CREEK-DRAINS
TOWN OF CUMBERLAND. METRO OF

R W W® RN




FISH LAKE KING COUNTY

LATITUDE 47#160 7u LONGITUDE 121957+]17n T2IN=-R7€=-3]

GREEN=DUWAMISH RIVER BASIN

PHYSICAL. DATA CULTURAL DATA

DRAINAGE AREA 14,2 S0 M1 RESIDENTIAL DEVELOPMENT S %
ALTITUDE 7104 FT

LAKE AREA 1R, ACRES NUMBER OF NEARSHORE HOME S 1
LAKE VOLUME 240, ACRE-FT

MEAN DEPTH 13, FT LAND USE IN NRAINAGE BASIN
MAXIMUM DEPTH 244 FT _

SHORELINE LENGTH 0.99 MI RESIDENTIAL URSBAN 0%
SHOREL INE CONFIGURATION 1,7 RESIDENTIAL'SUBURBAN 0 %
OEVELOPMENT oF VOLUME 1«55 AGRICULTURAL 5%
BOTTo~ sLoPE 2.4 % FOREST OR UNPRODUCTIVE 95 %
BASIN GEOLOGY SED./META, - LAKE SURFaCce <l %
INFLOW PERENNIAL

OUTFLOW CHANNEL ABSENT ‘ PUBLIC BOAT ACCESS TO LAKE YES

WATER-QUALITY DATA (IN MG/L UNLESS OTHERWISE INDICATED)

SAMPLE SITE 1
DATE 7/10773
TIME ” . : 1500 1510
DEPTH (FT) 3. 15,
TOTAL NITRATF (N) 014 0,04
TOTAL NITRITE (N) 0.01 o0.00
TOTAL AMMONIA (N) -~ 0.06 0.21
TOTAL ORGANIC NITROGEN (N) 0.14 0.47
TOTAL PHOSPHORUS (P) 0.017 0.064
TOTAL ORTHOPHOSPHATE (P) 0.014 0.010
SPECIFIC CONDUCTANCE (MICROMHOS) S2 68
WATER TEMPERATURE (DEG C) 18.8 9.4
COLOR (PLATINUM=-COBALT UNITS) 5 15
SECCHI=-DISC VISIRILITY (FT) 8
DISsoLVvED OXYGEN ' 11,2 4.6
LAKE SHORELINE COVERED BY EMERSED PLANTS 1- 10 &%
LAKE SURFACE COVERED BY EMERSED PLANTS NONE OR <1 %
DATE 7/10/73
TIME 1535
NUMBER OF FECAL COLIFORM SAMPLES 2
FECAL COLIFOAM, MINIMUM (COL.7100ML) 9
FECAL COLIFORM, MAXIMUM (COL./100ML) 17
FECAL COLIFORM, MEAN (COL.7100ML) 13
REMARKS

THE PERENNTIAL INFLOW VIa COAL CREEK DRAINS A LARGE AREA COMPARED TO THE
SIZE OF THE LAKE. THE LITTo9aL BOTTOM IS SILT ann MUCK,

86




WELL # SEC 20

PERMEABILITY BASED ON COOPER, BREDEHOEFT, AND PAPADOPULOS METHOD

PERMEABILITY=1.41E-03/ MATCH TIME (IN MINUTES)

STORAGE COEF= .25 * ALPHA
COMPUTER CALCULATES
ALPHA= .10 MATCH TIME=

PERMEABILITY= 5.29E-04 CM/SEC
CORRELATION NUMBER= 1.00

PERMEABILITY BASED ON REGRESSION FIT OF

2.

72
STORAGE COEF=2.50E-02

HEAD RATIO DATA

HVORSLEV PERMEABILITY=2.40E-03 / LAG TIME

CALCULATED PERMEABILITY IS INVALID

CALCULATIONS INDICATE THAT A VALUE
OR A VALUE OF 5.690 INCHES
MAY YIELD BETTER RESULTS

PERMEABILITY BASED ON REGRESSION FIT OF

PERMEABILITY=3.51E-03 / SLOPE
PERMEABILITY=4.11E-04 CM/SEC
REGRESSTION STATISTICS

X ON Y
INTERCEPT= .24
SLOPE= 8.3

Y ON X
INTERCEPT= .17
SLOPE= 8.8

CORRELATION COEFFICIENT=

OF . 4.92 FEET FOR HO
FOR EFFECTIVE CASING DIA.

DATA =--- FERRIS & KNOWLES METHOD

.97




DEEP LAKE

Deep Lake is in Nolte State Park near Cumberland, Washington (4 miles E
southeast of Black Diamond). This lake is the most remotely located of the 24 lakes
studied in 1987. The lake covers only 37 acres but drains 2,500 acres of forest, much
of which is harvested by the Weyerhauser Company. The lake deserves its name
since its maximum depth is 74 feet and its average depth is 33 feet. The drainage
basin is the least developed for residential use, of those lakes studied.

The lake cannot be rated for 1987 since no summer samples were taken, but
the winter data show that the total-phosphorus concentration was just barely in the
mesotrophic range and that the chlorophyll-g concentrations were in the oligotrophic
range. Overall, the lake appears to be in the same condition as last year.

Several years ago, concern was expressed that logging activities in the
drainage basin might have an adverse impact on the lake. Some siltation was noted
during runoff events while the logging was in progress; however, long-term effects
have not been apparent.

1987 Water Quality Data From Deep Lake
Lake Monitoring Volunteer - None

Total
Depth PO4 Chlor-a Trans Cond Temp DO
Date (Meters) (ppm) (ppb) (Meters) (umho) pH (°C)  (ppm)
Feb 26 1.0 .010 2.06 4.3 74 7.1 4.6 11.6
5.0 .009 74 7.1 4.1 11.5
10.0 .006 74 7.1 3.7 9.0
18.0 .015 72 7.2 3.7 8.6
Mar 12 1.0 .015 2.64 3.0 70 8.1 7.1 11.6
5.0 .008 70 7.9 5.9 11.2
10.0 .001 70 7.9 4.7 9.9
18.0 .012 : 70 8.2 4.8 6.0
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Appendix C

Water Quality Data




Testing Laboratories, Inc. s Certificate

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063 i b D WELL §
v A NIES e
Chemistry Microbiology. and Technical Services F - :
CLIENT: Brown & Caldwell LABORATORY NO. 13744
100 West Harrison Street
Seattle, WA 98119 . DATE: Jan. 10, 1989

ATTN: Glen Wyatt
Job No. 4261-11

REPORT ON: WATER

SAMPLE

IDENTIFICATION: Submitted 12/20/88 and identified as shown below:
1) Sec 20 12/19/88 12:00 (Med= s MomihAyy el Sehia Lo)
2) BDWS 12/19/88 14:20 (Junckia bor o Cihy woln

3) BOW Spring 3 12/19/88 15:00 (Blcck Piamand Mosd Cporsy )

TESTS PERFORMED
AND RESULTS:

1 2 3
Total Coliform Count,

MPN per 100mls 4. <2. <2.
Fecal Coliform Count,

MPN per 100mls <2. <2. <2.
pH, glass electrode at 25°C 7.0 6.9 6.7
Specific Conductivity, :

micromhos/cm at 25°C 190. 69. 76.
Color, units - <5. <5.
Cdor ~-= 1. 1.

Turbidity, Nephelometer units - <0.5 <0.5

This report is submitted for the exclusive use of the person, pannership, or corporation to wnom it is addressed. Subseguent use of the name of this company or any
¥ member of its staff in connection with the advertising or sale of any product or process will be granted only on contract. This company accepts no responsibility except
for the due pertormance of inspection and/or analysis in good faith and according to the rules of the trade and of science.
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LaucRso

ing Laboratories, Inc. Certificate
940 South Harnev St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063
Chemistry Microbiology. and Technical Services
PAGE NO. 2

Brown & Caldwel]

parts per million (mg/L)
1 2 3

Total Dissolved Solids 110. 48. 45,
Dissolved Calcium : 25. 7. 8.
Dissolved Magnesium 6.1 1.7 2.0
Dissolved Sodium 2.3 2.8 3.2
Dissolved Potassium 0.3 <0.1 <0.1
Dissolved Bicarbonate Alkalinity as CaC03 80. 26. 28.
Dissolved Carbonate Alkalinity as CaC03 <I. <1l. <1,
Dissolved Chloride 2. 2. 2.
Dissolved Nitrate as N 1.2 0.7 0.7
Dissolved Sulfate as S04 3. 3. 3.
MBAS - <0.1 <0.1
Total Hardness as CaC03 - 24. 31.
Total Iron 2.2 0.03 <0.01
Total Manganese 0.13 <0.002 <0.002
Total Copper - <0.002 <0.002
Total Zinc - 0.004 0.003

Total Arsenic _
Total Barium -
Total Cadmium -
Total Chromium —_
Total Lead -
Total Mercury A -
Total Selenium -
Total Silver —
Total Fluoride -

<0.005 <0.005
<0.02 <0.02
<0.002 <0.002
<0.005 <C.005
<0.01 <0.01
<0.001 <0.001
<0.005 <0.005
<0.002 <0.002
<0.2 <0.2

LABORATORY NO.

& This report is submitted for the exclusive use of the person, partnership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
' member of its staff in connection with the advertising or sale of any product or process will be granted only on contract. This company accepts no responsibility except
for the due performance of inspection and/or analysis in good faith and according 1o the rutes of the trade and of soence.

13744




Lauckso

Testing Laboratories, Inc. Certificate

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry Microbiology. and Technical Services

PAGE NO. 3
Brown & Caldwell ’ LABORATORY NO. 13744

Note:

Samples for dissolved metals analysis were filtered by the Tlaboratory through
0.45 micron filter prior to appropriate preservation and testing.

Key

< indicates "less than"

Respectfully submitted,

Laucks Testing Labdratories, Inc.

G

i f§ [,
‘3. M. Owens
JMO:1aj

This repont is submitted for the exclusive use of the person, partnership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
5» member of its staff in connection with the advertising or sale of any product or process will be granted only on contract. This company accepts no responsibility except
’_3;2? for the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.




LaucRkso

Testing

Laboratories, Inc.

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Certificate

Chemistry, Microbiology. and Technical Services

Brown & Caldwell]

APPENDIX A

Method Blank Summary

Blank Name Sample Numbers Analyte Result
B1221AS.W01 2-3 Arsenic <0.005
B1221SE.WO01 2-3 Selenium <0.005
B1222MBA.WO1 2-3 MBAS <0.1
B1222IAI.W01 1-3 Chloride <1.
B1222IAI.W01 1-3 Nitrate <0.2
B1222IAI.W01 1-3 Sulfate <1.
B1222IAI.401 2,3 Fluoride <0.2
B1227HG.WO1 2,3 Mercury <0.002
B1228ALK.WO01 1-3 Alkalinity 2.
BO103HRD.WO1 2,3 Hardness <l.
BO103TDS.WO1 1-3 TDS <2.
SOL = Sample Detection Limit.

MDL Method Detection Limit.

Units

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

PAGE NO. 4

LABORATORY NO.
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This report is submitted for the exclusive use of the person, partnership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
member of its staff in connection with the advertising or sale of any product or process will be granted only on contract. This company accepts no responsibility except
for the due performance of inspection andfor analysis in good faith and according to the rules of the trade and of science.




Lauckso

ing Laboratories, Inc. | Certificate

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry Microbiology. and Technical Services

PAGE NO. 5
Brown & Caldwell : LABORATORY NO. 13744

APPENDIX B

Copy of Chain-of-Custody Document Attached

This report is submitted for the exclusive use of the person, partnership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
’ member of its staff in connection with the advertising or sale of any product or process will be granted only on contact. This company accepts no responsibility except
for the due performance of inspection and/or anatysis in good faith and according to the rules of the trade and of science.




CHAIN OF CUSTODY RECORD

oate_/i 2-,/ !7// ;(ic:;

PAGE__L OF_L

Laucks

Testing Laboratories, Inc.

940 South Harney St. Seattle Washington 98108 (206)767-5060

i P /
AV fra a0 L] ( TESTING PARAMETERS N
{1 Lo Lo —
ADDRESS Jon el e g (e 0o i . = - S8 =iy 0
R e . K .. . N 9l ~— -t e =3 F
PR ENET T N A I AT I v
S AT Al < 1~ i . ] ’ C
ATTENTION: (N oid o) AT ’_\ N,‘ 5( R N , [“) o . “5 e n: 0 OBSERVATIONS, COMMENTS,
Teplcn ;oA : 1 =R o 2 B s IV N PECI
pROJECT NamE £t AT Ol A s g k"\ Joo 3 of  f o M T SPECIAL INSTRUCTIONS
TN i ’ AN . ] < - A
JOBPO.NO. 44 2 (. -} Al g W el ~ ~ Qg - Hoosbhr )
SAMPLER (SIGNATURE) (PRINTED NAME) ‘ P 7S N h b I BN N
- . S it ) o A X E
A (Gedrh b s AT N ‘\g i I ol ~1 =2 < ¢ A8 R
: NN W RS S M AR Y A ol I s
LAB NO. JLABSA#] SAMPLE NO. DATE TIME LOCATION ~- \\_) \J
/ S(‘, (3,- f ’I/Z/I (‘, “Z oa _f»g:i R_,(:;\ ade ‘/ !{\ Y\ s ‘. Y\ A S "{ pu ,’c‘ ‘ (Q.(- e an "41/',) {&ﬂ o
- 7
,/-) H Lt s V200 LIy as | W), L. ). '/v .{\ “A * * * * /K KX Bl { / L L L. A1) A4 emimna
- o - T . e ~, . ) v .
) R AR INE Abar b C i /\ IR 1S + N I S I N B Y ’57 41 Y fi Lo.yo FRTI
7 ) PN s A
\ / N N Hn /e ( .»‘»"ff\-,-w\-‘ ' |
Y == PRy |
I S et el A0 f, -‘v'l ot l__’\l )‘:n{g F(( }
|
; r‘ :
RELINQUISHED BY DATE RECEIVED BY’ . DATE ‘
¢ v ‘A ‘. 5§ TOTAL NUMBER OF CONTAINERS: SHIPMENT METHOD:
; ! 1»‘“ : SPECIAL SHIPMENT, HANDLING OR STORAGE REQUIREMENTS:
SIGNATURE = i /'; »’,/5 ;| SIGNATURE INSTRUCTIONS:
PR e TIME TIME,, 1. Shaded areas for lab use only. |
PRINTED NAME PRINTED NAME 1\.’\\ 2. Complete in ballpoint pen. Draw one line through
E 4 (s ) . errors and initial.
€. Ko e .
SoVERTY COMPANY K 3. Be specific in test requests.
RELINQUISHED BY DATE RECEIVED BY DATE 4. Check off tests to be performed for each sample.
) 5. Retain final copy after signing.
l’ /\)V\,\/ )() /\,/V\dﬂh\_/ /9/9 )| 6. Provide name and telephone of your contact person.
SIGNATURE- SIGNATU E . e y
L o> 0l O v s ATT
TIVE 71»(31 ™, Tehnso. [WE NAME
PRINTED NAME PRINTED NAME NE 0
O P o G S e
LAUCKS TESTING LABS / TELEPHONE -7 :
COMPANY COMPANY {
l
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Testing Laboratories, Inc. i Certificate

IAMEN g 'f,';’:—\m.\
=

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063 L EAD

ERY

Chemistry, Microbiology. and Technical Services

CLIENT: Brown & Caldwell LABORATORY NO. 13758
100 West Harrison Street
Seattle, WA 98119 DATE: Jan. 12, 1989
ATTN: Glen Wyatt '

REPORT ON: WATER

SAMPLE

IDENTIFICATION: Submitted 12/21/88 and identified as shown below:

1) 4261 No. 1 11:20 (6allagler) (NW %4, Sev 32.)
2) 4261 No. 2 12145 (5catt Pappa) (Siv Y, Sev 21)
3) 4261 No. 3 13:05 (Fehr) (NE 4, Se 29)

TESTS PERFORMED
AND RESULTS:

1 2 3
Total Coliform Count,

MPN per 100mls <2. <2. <2.
Fecal Coliform Count,

MPN per 100mls <2. <2. <2,
pH, glass electrode at 25°C 7.0 6.7 6.6
Specific Conductivity,

micromhos/cm at 25°C 95. 220. 82.

parts per million (mg/L)
Total Dissolved Solids 65. 140. 53.
Dissolved Iron 0.07 2.3 0.04
Dissolved Manganese 0.003 0.019 <0.002
Dissolved Calcium 11. 26. 8.
Dissolved Magnesium 2.9 5.1 2.5
Dissolved Sodium 4, 16. 5.
Dissolved Potassium 0.3 0.7 0.2
Bicarbonate Alkalinity as CaCO3 38. 78. 30.
Carbonate Alkalinity as CaC03 <1. <1. <1
Chloride 2. 3. 2.
Nitrate as N 0.7 1.3 1.1
Sulfate as S04 4. 21. 3.
Ammonia as N <0.01 <0.01 0.06

Z , This report is submitted for the exciusive use of the person, partnership. or corporation to whom it is addressed. Subseguent use of the name of this company or any
s member of its staff in connection with the advertising or sale of any product or process will be granted only on contact. This company accepts no responsibility except
LX.} for the due pertormance of inspection and/or analysis in good faith and according to the rules of the trade and of science.
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LaucRso

ing Laboratories, Inc. Certificate

940 South Harney Gt., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry Microbiology. and Technical Services

PAGE NO. 2
Brown & Caldwell | ~ LABORATORY NO. 13758

Note

Samples for dissolved metals analysis were filtered by the laboratory through
0.45 micron filter prior to appropriate preservation and testing.

Key

< indicates "less than"

Respectfully submitted,

Laucks Testing Laboratories, Inc.

. M. Owens
JMO:1aj

%, This report is submitted for the exclusive use of the person, partnership, or corporation to whom it is addressed. Sutsequent use of the name of this company or any
member of its staff in connection with the advertising or sale of any product or process will be granted oniy on contract. This company accepts no responsibility except
" for the due performance of inspection and/or analysis in good taith and according to the rules of the trade and of science.




Lauckso

Testing Laboratories, Inc.

940 South Harney St., Seattle, WA 98108 (206) 7675060 FAX 767-5063

Certificate

Chemistry Microbiology and Technical Services

Brown & Caldwell

APPENDIX A

Method Blank Summary

Blank Name Sample Numbers Analyte Result
B1222IAI.W01 1-3 Chloride <1.
B12221AI.W01 1-3 Nitrate <0.2
B1222IAI.W01 1-3 Sulfate <1.
B1228ALK.WO1 1-3 Alkalinity 2.
B12217TDS.W01 1-3 TD0S <?.
BO111NH3.WO1 1-3 Ammonia <0.01
SOL = Sample Detection Limit.

non

MDL

Method Detection Limit.

Units

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

PAGE NO. 3

LABORATORY NO. 13758
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. This report is submitied for the exclusive use of the person, partnership, or corporation to whom it is addressed. Sutsequent use of the name of this company or any
© member of its staff in connection with e advertising or sale of any product or process will be granted only on conract. This company accepts no responsibility except
for the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.
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ing Laboratories, Inc. | Certificate

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry Microbiology. and Technical Services

PAGE NO. 4
Brown & Caldwell ‘ LABORATORY NO. 13758

APPENDIX B

Copies of Chain-of-Custody Documents Attached

% This report is submitted for the exclusive use of the person, partnership, or corporation to whom it is addressed. Subseguent use of the name of this company or any
 member of its stalf in connection with the advertising or sale of any product or process will be granted oniy on contract. This company accepts no responsibility except

-} for the due performance of inspection andfor analysis in good faith and according to the rules of the trade and of science.
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CHAIN OF CUSTODY RECORD

BC Log Number

Client n@nb\ovw N (:,AL DL)JE L.L. Project or PO# L{ 7,6 ‘ / Analyses required -
Address . ) " Phone #
100w Havddson S w23 1LY 00D \,('( N
City, State, Zip Report attention L 1(;
< g athle \JA Glewm Wya t \‘P y \}‘
. Sampled by ’ > &
Lab Type* e da. £ . Y
Sa:1p|e Date Time See key ! (’J‘ S &G r 7 Nur;'ber \,\‘>~ } rﬁch}'FQ
number | sampled sampled below Sample descripllion containers /\0 Vv Q«""V@Q Remarks
[R5 /
¢ 4 . X
| 70810 | AQ | ¥] Gallagec 4 -+
‘ W
- [ 0300 ( - Sttt 6o z |t
e - \
S Jose| ) [ F gl 7 |+ |
?
y {
)
Signature Print Name ~Company - Date Time

Relinquished by

Received by

i

Relinquished by

Received by

//)Q/‘le/ . Berr, I

Beovn 1 laldne (]

/z
/t /e

o905~

Relinquished b //— 4 %
elinquishe P 2
! y, gllr 77 %f’b‘vd )

Received by Laboratory ()U ((, ¥ f(!(/((ﬁ,{ [1/

o705

BROWN AND CALDWéLL LA!EORATORIES

[l 1255 Powell Street, Emeryville, CA 94608 (415) 428-2300

[] 373 South Fair Oaks Avenue, Pasadena, CA 91105 (818) 795-7553
[ 1200 Pacifico Avenue, Anaheim, CA 92805

dud “ Galc] uj

Note:

(aucks T 72511, g Lal

/9/7:{/8?

Samples are discarded 30 days after results are reported unless other arrangements are made.

Hazardous samples will be returned to client or disposed of at client expense.

*KEY: AQ—Aqueous NA--Nonaqueous SL—Sludge GW-—Groundwater SO—Soil OT—Other PE-Petroleum
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Testing Laboratories, Inc.

. . / / -
[ RS B 'y Y .
CHA'N OF CUSTODY RECORD DATE WA 'Y/ A ﬂ/ PAGE / OF / 940 South Harney St Seattle Washington 98108 (206)767-5060
NAME e ;[\! oA AR - TESTING PARAMETERS E\I) »
. . i Py Y - [N . .
ADDRESS i) Ul Heresrny ST, BmfS ol L 0
- g ’ e LN
Ceatle  Lwp TRRI9 oo L F
s ~ N i~ o«
P . ye Y o & C
ATTENTION: Loge s bady e t o ‘»é Q \ﬁ fe} OBSERVATIONS, COMMENTS,
7 - Y
M e D S R . N SPECIAL INSTRUCTIONS
PROJECT NAME __ £ (v ( 15 47y a8 - iy Y ] - & ~ T
AN . L5 A
JOB/PO. NO. D o v 9 |
SAMPLER (S!/GNATURE) . (PRINTED NAME) vyl E e g N
. / - - Uy y
A PR i P . - 5! N E
.'4. N R ‘\/ fodt-r I fenty T w ‘z\ ol 2~ R
LAB NO. JLAB SA #] SAMPLE NO.7 | DATE TIME LOCATION al Wow <] W) S
L [ R . , S| - N .
{ 'L-‘ ( /)\/C,’:‘,r Fo20 Go.{{(\:lk._'g‘,( - /’( X >( ."\ )'{ /f‘q Hq_r S(}mp\gs 4(0(‘ W\o’\o('
- j . ~ . \ e
b ) o] L—I -, . " N Mo - - R
5 [) 27 Dot Bagud] o XL L 14 Y exTions, anions . throual
i an | ' : se | o - ! '
2 e ‘ (205 | Fo e MO [ X HY 0.45 micron $itec
B - . 7z N ’// ~ A
N e N ~[--—]—| bekore orececving
N —a.—— \ 1 g |
" N ( ooy as  disonlved |
A \
i
/
RELINQUISHED BY DATE RECEIVED BY " DATE
° o . TOTAL NUMBER OF CONTAINERS: SHIPMENT METHOD:
» SPECIAL SHIPMENT, HANDLING OR STORAGE REQUIREMENTS:
SIGNATURE SIGNATURE ; INSTRUCTIONS: L .
TIME ) : TIME 1. Shaded areas for lab use only. ' '\’;1":};" . L
PRINTED NAME PRINTED NAME 2. Complete in balipoint pen. Draw one line through - r 4‘ . ‘
. . errors and initial, .. S
SoMPATY COMPATIY o 3. Be specific in test requests. ’ . 2
RELINQUISHED BY Y DATE RECE’lV DBY - DATE 4. Check off tests to be performed for each sample. ! o ; :
W4 { R B N ‘/E (\ : " | 5. Retain final copy after signing. Lot ‘ ;
. ‘ St R L N )[/I ‘ ' i ‘ (_7\./“\/\/»\\‘ b "]/W':.‘@,C‘\\-" g Q/\ 6. Provide name and telephone of your contact person. ' r.’ )
SIGNATURE Cq 4L ;| SIGRATURE I~ : ) e o
P o Toliagpn e e
PRITED NAME ] i . PRINTED NAME
;‘ . ; N . _ ;i /. - . -l l
A Pt A LaucKs TESTING Las |5 YO | reterione
COMPANY COMPANY -
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Testing Laboratories, Inc.

940 South Harnev St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063 :

Chemistry Microbiology. and Technical Services

CLIENT: Brown & Caldwell LABORATORY NO. 13434
100 West Harrison Street
Seattle, WA 98119 _ DATE: Jan. 10, 1989

ATTN: Glen Wyatt
Job No. 4261-11

REPORT ON: WATER

SAMPLE
IDENTIFICATION: Submitted 12/01/88 and identified as shown below:

1) Palmer 11/30/88 16:10 falmer Syoring _
2) Fish  11/30/88 15:00 F,sh Hakehewy S@7129

TESTS PERFORMED
AND RESULTS:

1 2

Total Coliform Count,

MPN per 100mls <2. <2.
Fecal Coliform Count,

MPN per 100mls <2. -<2,
Specific Conductivity,

micromhos/cm at 25°C 110. 60.

pH, glass electrode at 25°C 6.8 6.6

parts per million (mg/L)

Calcium 13. 6.0
Magnesium 3.4 1.3
Sodium 5.2 2.3
Potassium 0.2 <0.1
Chloride 2. 2.
Bicarbonate Alkalinity as CaCO03 44, 22.
Carbonate Alkalinity as CaCO03 <1. . <1.
Nitrate + Nitrite as N 0.76 0.69
Iron 0.07 0.03
Manganese <0.002 <0.002
Total Dissolved Solids 83. 51.

Sulfate as S04 6. 2.

7 *,s-h—.";., This report is submitted for the exclusive use of the person, pannership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
©* member of its staff in connection with the advertising or sale of any product or process will be granted only on convact. This company accepts no responsibility except

“*; 0{{_) for the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.
fet—




Lauckso

Testing Laboratories, Inc. Certificate

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry Microbiology. and Technical Services

PAGE NO. 2
Brogn & Caldwell ' LABORATORY NO. 13434

Key

< jndicates "less than"

Respectfully submitted,
Laucks Testing Laboratories, Inc.

'J. M. Owens
JM0:1aj

- This report is submitted for the exclusive use of the person, partnership, or corporation to wnom it is addressed. Subsequent use of the name of this company or any
" member of its staff in connection with the advertising or saie of any product or process will be granted only on contract. This company accepts no responsibility except
- for the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.




LaucRkso

Testing Laboratories, Inc. | Certificate

940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry. Microbiology. and Technical Services

PAGE NO. 3
Brown & Caldwell ' LABORATORY NO. 13434

APPENDIX

Copy of Chain-of-Custody Document Attached

This report is submitted for the exciusive use of the person, partnership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
i member of its staff in connection with the advertising or sale of any product or process will be granted only on contract, This company accepts no responsibility except
“ for the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.




CHAIN OF CUSTODY

RECORD

DATE !‘ 2 / / /glr/

'

PAGE :/ OF ./

Laucks:

Testing Laboratories, Inc.

940 South Harney St. Seattle Washington 98108 (206)767-5060

[E SN .00 ;! Vo /,/ TESTING PARAMETERS N
NAME P S S L \ 0.
N [ o B
pe | i, ) 61 by
ADDRESS AT e 8y R R s 0
g Ny 'f.‘/;'/'/'! ?’ N \’\\ \:\ K '
oo . | A KA R B I c
ATTENTION: A <§l' U ,L;S 1 0 OBSERVATIONS, COMMENTS,
\ ¢ I3 N S . k
FOTI o [ N RN AR Y N SPECIAL INSTRUCTIONS
PROJECT NAME (1 ¢ 7 ol innk 5l | T v
. A . 3y “ N A
JOBIPO.NO.  "eli i RN S A
SAMPLER (SIGNATURE) (PRINTED NAME) RN AN { o N
N . . E
i A
\3 N A
LAB NO. |LABSA K] SAMPLE NO. DATE TIME LOCATION N ) L
R E— ] . o1 - . . ; .
g Al iiie /r,,/ ClrAc 1w i 7 e | o7 ] e L 4 O, g L\ -
- i { Ly g y LAY
-, ' ‘ ey 3| - o - . s y . i / .
iy VA WE:R VTR T il s Wl vi Codvn * rg el
‘7{'1!/'...‘ [ [\ O,y m S )
NI . ,
‘{l el e R )
) B /
PP
7 s
s
UISHED B DATE RECEIVED BY DATE o
RELINQUIS Y ¢ s TOTAL NUMBER OF CONTAINERS: ?() |SHIPMENT METHOD:
. e T i SPECIAL SHIPMENT, HANDLING OR STORAGE REQUIREMENTS:
SIGNATURE " / gﬁ/l’ SIGNATURE INSTRUCTIONS:
Ll e TIME TIME 1. Shaded areas for lab use only.
PRINTED NAME .~ PRINTED NAME 2. Complete in ballpoint pen. Draw one line through |
‘e ’ - R errors and initial. |
COM";A;‘Y' /_5_.5 2] o : * 3. Be specific in test requests. - |
RELINQUISHED BY DATE RECEIVED BY DATE 4. Check off tests to be performed for each sample.
5. Retain final copy after signing. )
6. Provide name and telephone of your contact person.
SIGNATURE SIGNATURE
TIME TIME NAME
PRINTED NAME PRINTED NAME
_ LAUCKS TESTING LABS TELEPHONE
COMPANY GOMPANY




A -—,—s""‘.« RET S I T SEaw TR TN T T T TRl TR T g
: o~ ‘ R .
rlease Print ﬁ’k’lfﬂ‘y
Health Services Division
JSE HEAVY PENCIL PUBLIC HEALTH LABORATORIES
1610 N.E. 150TH ST., SEATTLE, WA 98155-7224
WATER SAMPLE INFORMATION FOR RADIATION CHEMICAL ANALYSES
“AB.NUMBER SYSTEM NAME: SYSTEMI.D. NO. SYSTEM CLASS SOURCE NUMBER
(2/’ q c. .17 Q'L /7/¢“(1 ‘)lh;:\\;‘é‘ (circle one)
...___..._Z._z_. SoM’/?/L Adwe b .01 2 3 4 o
s this follow up of a previous out of compliance sample? Yes D No D/ COUNTY
if yes, what was the laboratory number of the previous sample? — o - - /‘ Al
IF SOURCE IS LAKE OR STREAM ENTER NAME IF SAMPLE WAS DRAWN FROM DISTRIBUTION SYSTEM
SOURCE —1.SURFACE _._ 3.WELL IT WAS COLLECTED FROM SYSTEM AT: (ADDRESS)
TYPE:
_ 2. SPRING 4. PURCHASE
DATE OF FINAL '
REPORT SEND REPORT TO: (PRINT FULL NAME & ADDRESS)
& /g ? GF/D.J pay LJ-:q‘LL
NAME
DATE COLLECTED DATE RECEIVED ,;.-"‘}/J - ( i
VSN AN VA oo md e
STREET
o Tt " S £/19
(%137 ZiP CODE
TeLerHoNe:( 290 ) 29! HYaana
AREA CODE
— J
Jebh BLI L1
LABORATORY REPORT
(DO NOT WRITE BELOW THIS LINE)
ANALYSES }-5?3 RESULTS *MCL COMPLIANCE CHEMIST
2 pCi/L : pCi/L YES NO INITIALS
ORATORY SUPERVISOR
Gross Alpha .4 / (? / Y / . LASB U
« . & J (Name or Initials) f_/ <
Uranium 7 ~,7. V4 ~
- Ys d
Gross Alpha — - 4 0
minus Uranium - 15 CHARGE:
Radium-226 . 3 f?’ 500
Radium-228 . REMARKS:
Radium-226 Plus
Radium-228 - 5
Gross Beta . 50 .
Strontium-89 . 80 - s -
Strontium-90 . 8 :
Cesium-134 . 80
lodine-131 . 3
Tritium _ 20.000
-

*MCL is the maximum contaminant Level Allowed
pCi/L is picoCuries per liter

MeTRIBIITION: White—--DSHS | abaratory & Data Processing Green—DSHS Billing

Yellow—Water Supplier

Pink—Seattle Engineer Office

DSHS 4-92H (Rev. 3/88) -68-

Gold—District Engineer or Local Health Dept.




HEAVY PLHCIL

161C NE 150th
‘WATER SAMPLE INCORMAHON FOR

he

<

) HOT WRITE N SHADED ARCAS

TrarArLn

CO.'+ FCITY [DATE RLCHIVED

018

278

DATE COLLECTID

ol b fafss | i fre

Henlth Services Division

PUBLIC HEALTH LADORATORIES
Scattle, Washl:;glot.98 155

TRINALOMETHANE

CHEMICA L*AN,AL‘./..;E.

S \{ p 7.__

i )

|(,ul Ltuw 2

Gl wr.‘- C‘.'{!L"//

ﬂ’b-ﬂ-\.
206

.4 u.ﬂ -

| VELEPHONE,
( O i

/Ct'

! -
! J
’--—--—‘-.---— s v— e #owe Ao wea &

" IA\F l ll"'l 'l!l /\l'-'NT

IT WAS
SIRTORED

- (‘.uLf‘nn.ATl D

- FLLOIMDATLID
\IATU\‘OFT(N(H Tvpe ystn .

o HYSILE'A MANE
;‘ 28] wJS
- "_—“‘J Cé’ﬂ/g/GCk ”lk/"t""‘g
e AT T T et SADPLE TAREN . -
v verone ¥
/ — THEATMCNT
‘.—.—-——-v—-—" T AFTER .
T T T T Y sounce
1N WYURGE TYPE: . 1 SUNFACE Lo owitL

VEOE QLY

hg'umc.

_ 4 PUNCHASE

A THIDUTION
mrALE CHLY

Iscunce wo.

[ll 'AMPL( wAs nitawy mou ()I‘ YIHDUTION s v'nLH [} HA y C(\LLLH () lu A 5% ILM A!

cr s el e

lF SOUﬂCE l.: LAKE OH .;TﬂEAH
CHTER NAME

LY

OR LEAA I oty

M')me

(ATE OF.FIMALY
REPNARTE “.7
D :Y'lj

'

" LRKS:

(DO NOT WRITE

LABORATORY REPORT

SEND REPONT TO: (PRINT FULL NAME &AODHESS)

Ole. /N Uy«b‘%——

Hame

ﬂ/‘own &../( C1, (Jue,/
/O O wJJ-;' ___/fg_/v‘ r.)o- l

Stent
Seaffle o &1
Cuny cp Cnde
Toephone ( 206 ) 2)) /S =0 e
TAroa T e
Cove

DELOW THIS LINE)

ompliance
; L ant Maximum Allowably Found HRL Comp
Contaminan Level (mg/1) wg/1 mg/1 In ut
Chloroform N.D. [¢-o000;5 v '
Dichlorobromomethane N.D: 0.000 8 —
Lu’bnmo'chloromechane M.D. 0.000y /
Zremoform N.D. lo.ocoss -
- " . —
tatal-Trihalonmethane . 0,100 D
w1, = Minijmun Reporting Level




State of Washington
Department of Social and Health Services
Division of Health
Public Health Laboratories.
1610 N.E. 150th St., Seattls, WA 98155
(206)361 2698

.-.’ll:8lqIIII:::Il.;.IIl:lllIIIEIIaISISII:BﬂIlBE-HI'=.ln::ll::!ll:ul::!::aa::

Lab Number : 5400793 Customer : BLACK DIAMOMD WATER SUPPLY/GLEN WYATT

Date coilected : 12/1%/88 Address : BROWN & CRLDWELL 100 W. HARRISIN o
Date Received : 12720788 City : SEATTLE . ' ' -
Date Tested @ 12/21/88 18:53 . State, Zip ¢ WA., 98119 T e e
Datas File 1 Y1L21M::04 ' County : KING : ' '

~Miscallanacus Sampie Information : 5409793

System 1D Number @ 072207 . System Name : BLACK DIANMDND WATER

- o o 0 o i O

_ Non-Composited Samples

DEHS Source Number 3 NA
Source Name : BDWS

Composited Samples

Numher of Sources Used in Composite : e
DSHS Source $'s Composited @ MA

4
fnalysis of Individual Snurces Necessary: MR
Anaiyst ¢ PAMELA IS Date of Report : C/‘k‘/'5\7
Instrument ¢~ 1 Analyst's Initials s RS
Supsruvisor's I[nitials :C;;
!B::!::E:RE:I:’ES--.--,“EES“—‘ = EBl:=====B::::=======S==x==!=====:======:::===== :!::::%—J b

Results of Analysis by EPA Msthod 524

RES L'{ ATED ! «'!'IE’B'L“J"'

EFA
{ode % Coapound Name Wliug/l) % Amount {ug’i} {ampliance
f g . g |
o v
2974 JINYL CHLURIDE V4 8.0 YES
2977 1,1 JJLH;LQJETHVLLH~ 7 8. YES
7931 1 TRICHLORDE THANE 208 0.7 YES
ol ..'.i. "4 TETRATHLORINE g I Yes
2994 £ " 1.0 YES
e b ) i vES
ens TPl“H‘GC ETP«hCHC - k I Yts
1Q¢,’|,| 5; n | '.n ¢ "muv-rncw T : i \_._
hntz: fin Amount of 0.0 ug/l indicates ihat tha irue cracentration 15 1ess than

the deisctian limit af the methad (0.5 ngAd }ﬂ. all compsunds).

{paye 1 of 7}




Lab Numbar : 9400773
Data Fite 2 DIL21M::D4

. ‘Results of Analysis by EPA Method 524

" Monitoring Required

- {eontinued)

Unragulated Compounds

EFA Code ¢- . Campound Name *amount (ug/1)
2210 CHLORCME THANE 0.0
2214 BROMOMETHANE 0.9
2216 CHLOROETHARE 0.8
2979 7-1,2,-DICHLORGETHYLERE 0.0
978 1,1-DICHL ORUETHANE 8.0
2816 2 ,2-DICHLORCPROPANE 8.0
2384 - £5-1,2-DICHLORDETHYLENE .0
2941 CHLOROFORM (THM) 0.0
2419 1,1-DICHLORCPROPENE 5.0
2983 1,2-DICHLOROPROPANE 0.0
2408 D IBROMOME THAKE 0.0
2943 BROMODICHLOROMETHANE (THID 8.0
2991 TOLUENE . 0.0 .
2705 '1,1,2-TRICHL OROETHANE 0.0
2987 TETRACHLOROETHYLENE 0.0
2412 1,2-DICHLOROPROPANE 6.0
2744 CH_ORDDIBRONOMETHANE (THM) 8.0
2989 CHLDROBENZERE ' : .0
2986 1,1,1,2-TETRACHLORDE THAHE 0.0
2992 ETHYL BENZEME 6.0
2965 M/P-XYLENE 6.0
2937 D-XYLEKE 2.0
2994 . STYREME n.o
2942 BROMOFORM (TH 2.2
2993 BROMOBENZENE 6.8
2414 1,2,3-TRICHLORIPROPANE 0.8
noys 1.1,2,2-TETRACHLORDE THAME 1.0
705k 0-CHLOROTILUEME NI
PRl P-CHLOROTOLUENE 3.0
2967 -0 1 CHLORPORENZENE . 0.0
2544 D-DICHLAROBENZE T - 0.0

B . ; . e 6
*ntay 9n ABmount of 8.0 ug/
g

)
cancentration Is 183%

i foime method ©
trmit oot the sBthod




2
Lsb Number : 5400793 ' *
Data Fite : »1L21M::D4
Results of Analysis by EPA Method 523
A ’ {cant inuad)
: Unregu‘lated Compounds
Discrationary
EPA Cade $ Compound Name *Amount (ug/l)
2218 TRICHLOROFLUCROMETHANE 0.0
243 BROMICHL DROMETHANE 0.0
%94 - [SOPROPYLBENZENE 0.0
2998 N-PROPYLBENZENE 0.0
2424 1,3 ,5-TRIMETHYLBENZENE 8.0
2426 . TERT-BUTYLBENZEHE 8.0
2418 1,2,4-TRIMETHYLBENZENE 6.0
V1) . SEC-BUTYLBENZENE 6.0
2039 v P- [SOPROPYLTOLUENE 0.0
2422 N-BUTYLBENZENE ‘ 0.0
2378 1,2,4-TRICHLOROBENZENE 8.9
2248 NAPHTHALENE 3.0
2246 HEXACHLORGBUTADTENE 8.0
0.9

2420 1,2,3-TRICHLOROBENZENE

*Nete: An fsount of 0.0 ug 1 indicates that the true v
concentration 15 less then the detection limit
of the method (0.9 ugs] For al! compounds).

—~
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Please Print Plainly ...‘

- K .A
L1
USE HEAVY PENCIL

He;nh Services Division
PUBLIC HEALTH LABORATORIES
1610 N.E. 150TH ST., SEATTLE, WA 98155-7224

¥ e e e e

WD TR

DEPARTVENT CF

. SOCIAL& HAITH
NS SVCEs

WATER SAMPLE INFORMATION FOR RADIATION CHEMICAL ANALYSES

LAB. NUMBER SYSTEM NAME: SYSTEM1.D. NO. SYSTEM CLASS SOURCE NUMBER
7 ﬂ/“ 4 p, — é (circle one)
.—___é‘_Z/ @D SPRIAMG 2 e b e 1 2 3 4 o
COUNTY :
is this follow up of a previous out of compliance sampie? Yes D No Q/
i yes, what was the laboratory number of the previous sample? — —_ - '
IF SOURCE IS LAKE OR STREAM ENTER NAME IF SAMPLE WAS DRAWN FROM DISTRIBUTION SYSTEM
SOURCE —1.SURFACE . 3.WELL IT WAS COLLECTED FROM SYSTEM AT: (ADDRESS)
TYPE:
_.ZSPRING ——— 4.PURCHASE
[ DATE OF FINAL '
REPORT SEND REPORT TO: (PRINT FULL NAME & ADDRESS)
7 - .
L2 1S T / e
7 6"’/ /‘L M/;a i
7 NAME
DATE COLLECTED DATE RECEIVED /;/ Oe e / C. j ‘j o [/
" 4 ] . I 4o X T -
/7 ., . ’Z-_ = . y = .,.,:‘!. e e T Lt e ‘ -*-- i -:P. S = -
- ‘1@./12/[/ "_{{’:\_/_’_‘_—12/_4(_ : /O:J [P ILIC.’/A Y=
STREET
(-t a ¢£7/5
cITY ZIP CODE
TErHoNE (L0 L ) LF7 Y oo 0
AREA CODE
Tob #YRL) - 17
LABORATORY REPORT
(DO NOT WRITE BELOW THIS LINE)
L3N RESULTS *MCL COMPLIANCE CHEMIST
ANALYSES | THAN pCi/L “pGirL YES NO INITIALS
: i o LABORATORY SUPERVISOR
G Alph Nk . gl
ross Alpha < / . / ) _ ) / L v / e .1“'; _!;.:/- (Name or initials) /; Xell
Uranium FARNV AN }7 o ;/,'o";‘ [
[E— [ — B — Ve ,‘,:
Gross Alpha . I3 /)
minus Uranium PE— w15 CHwARG’E
Radium-226 . I 3 . $ % & o
— U, /-
. REMARKS:
Radium-228 . -
Radium-226 Plus
Radium-228 — - .. = 5
e e e e e o - = . - SRR = Tl AT T TN S
Gross Beta R 50
Strontium-89 . 80
Strontium-90 8
[— T ——— L] [ —
Cesium-134 . 80
lodine-131 R 3
Tritium . 20.000

*MCL is the maximum contaminant Level Allowed
pCi/L is picoCuries per liter

DISTRIBUTION: White—DSHS Laboratory & Deta Processing

Grean—DSHS Billing

DSHS 4-92H (Rev. 3/88) -68-

Yaliow—Water Supplier Pink—Seattle Engineer Office Gold—District Engineer or Local Heaith Dept.




£ HEAVY PLHCIL

L
- -

LOIE

1) NOT WIITE Il SHADEOD Anc;.s
natiea .

GQT AL ERRIN P

161C NE 19%0th
WATER SAMPLE lNFORMAIION FOR

Health Services Division

PUDLIC HEALTH LABORATORIES
Scatile, Washington 98155

TRINALOMETHANE

co.’

ey

DATE RECuIveD -

A2 /]y

L\,\TC ‘couteTio

/ /7_[_/

: iu.)ur !LD “*JQ—:
¥

[TELEPHONE,

CHEMICAL ANMNALYSES

B e s A

ﬂrbuq w( G,fc!,«c //

2oc Z_f/ Yoro

o ——— — —

LHESIEA NANE

REXY LAY TN IA ll‘

GATAFLE TaNEN

GD SPrrinve 2 ;
Cf77 i /At . //Momy e ,_' e

W M\F : u vm ml I\l\" N'l

\U\T[ll f)l'TtNl'ﬂ TVP‘ U_;F"’ .

((‘U...\ : -

/CM.H.

e e e L I

o eeBer e mem o er et

/ U BEFONE « 1T WAS
T THEATAENT LOLTCRED ~ FLUOIIDATLD
K ‘ TATTER o Cl'lL"-‘""v'\" n
.t et e —— 1 .
- ; SOURCE SCURCE NO. IF SOURCE l" LM(E Oﬂ STHEAH
SN WOIURCE 0 TYPE: -~ _ 1 SunFAGE L WELL - CNTER NAME
ANELE oY 2L srG 4 PURCMASE

'

[r— T s o e bt s et e s o ot

M TRIDUTION
LARLE LY

b

_[lf SAMPLE VIAS DIRAWHN FROM DNSTIIBUTION & v lm

1 4T WIAG C(‘Ll[(.” (] f" M SYSTEM AI M'J()RE

s 0n LII('A'I\:NI

Glew 4 LIy

SENRD REPORT '{O: (PRINT FULL NAME & ADDNLSS)

ARKS:
" Mame
_. /g/‘ou'\ Any( Cq_/;LJc[[ .
e et - /e o {/(JJ- f{&._/__fu'oq' L
Strent
- — SetHe e THNT
Cuy o Code
s Tologhons: { 2.0 £ 7{/ Yooo . _ ...
. Cote
— — {DO HOT WRITE DELOW THIS LINE)
LABORATORY REPORT
e . Maximum Allowabld Found MRL Compliance
Contaninant .
Level (mz/1) ng/l ng/1 In Out
Chlorofurm ND 0.000 3" — .
Dichlorobromonmethane ND 0.000% -
bibromochloromethane N-D. le.0005 e
remoforin N'D 0.0d0y ~
intal - Trihalonethane g,10a ND

RINE

= Minimun Reporting

l.evel

- sommes men s




e

Stats of Hashington ' e P
Department of Social and Health Seruices . Tt T

Division of Health 4 ' _ L )

Public Health Laboratories - - e

1610 N.E. 150th St., Seattle, WA 98155 : v i :

(206)361 2898 . ) - : S

EEE IR GENNINAS A IR NS SIS EECEEE R E TN ESAS S NI AN AE A I I AN IE ARG LN I I T I RANESANEENLIIICATATET e T -

BLACK DIANMOND WATER SUPPLY./GLEN WYATT

Lab Number 1 5400794 Customer !

Date collected : 12/19/68 Address @ BROWN & CALDWELL 100 W. HARRISON

Dats Received : 12/20/88 City : :FGTTLL

Date Tested  : 12/21/B8 19:33 State, Z1p © WA, 9R119 : S
fiata File IS (WAL H County : KINS

Miscellanecus Sasple Infarmation @ 5400794

System 1D Number : 072207 Systom Name i BLACK DIAMIND UATER

2 i o O = A 2 4 R e 0 o

Nop-Composited Samples .
DSHS Source Number ! NA
Source Hame : BOSFRING 3

Composited Samples

Mumber cf Sources Used in Composite @ MNA
DSHS Source §'s Compasited : NA

finalysis of Individual Sources Necessary: MA

. o
Aslyst @ PAMELA NS Date of Report : ///'5/ 57
Inztrument ! 1 Analyst's Initials POFE

Supervisar's Initials @

2eniE ATED FIRPNUINDS

Chce 3 Coamprund Name MCL(ugsl)  * Amount lua/dil Campliance

247 Sy CHLORIDE
§,1-DICHLORUE THYLENE
1,1-TRICHLORDE THANE ?

. "l‘. fL’ i "10‘(*'

D N RS
o

oo

LANEY | W ¥
>

oo
-5

L
N

n
e
)

x
re

$atal Ao Braun

thn et

-1) po

ef .0 ugl sndicetes

.
'
ron imit of the method




# X

Lab Mumbar : 5400794
Data File : )IL21N::D4

Results of Analysis by EPA Method 524

Monitering Fequirad

EPA Code @

2210
2214
216
ng oo
7978
2414
2380
2941
WAL
2983
2408
2943

2995
7997
7996

0 )
fave)
LT=e

2993

n

2414
napn
i th
e

A
Dok

ple 4
67

0L

T

(cont inuad)

Unregulated Conpounds

Compound Name *hmount (ug/l)
CHL ORTMETHANE
HRUMOME THANE
CrLORGE THANE

T-1,2,-DICHLOROE THYLENE
1,1-C1CHLORDETHANE
2,2-DICHLLROPROPANE
£18-1,2-DICHLORDETHYLENE
CHLORDFORM (THH)

1,1-B) CHLOROPROPENE
1,2-D]CHLOROPROPANE

0 IBROMONE THANE
BROMODICHLORDMETHAHE (THR)

 TOLUENE

1,1,2-TRICHLOROETHANE
TETRACHLDROE THYLENE
1,3-DICHLORDPROPAHE
CHLOROD [BROMGMETHARE (TH:)
CHLOROBENTENE
1,1,1,7-TETRACHLORIE THANE
ETHYL BENZENE

K P-XYLEHE

0-XYLEME

STYRENE

ERIMOFORN  (TRM)
RROMDBENZENE
1,2,3-TRICHLORIPROPANE
1,3,7,0-TETRATHL OO0 THRNE
- CHL GROT O UENE
F-CHLORGTOLUENE
M-D1CHLOPOREMTENE

D-DICH ORDRENZENF

[
rotne

ipegs 1 ot

Tassl rndirstes

that the brie

d

1

€O SO D DGR M O oo
* s 3 e s s e v = e

L R )
o 62 ¢ 62 @ @ O 0 © O O G o o O O O o o

L Ty =3

[~ ]

i1

= o e e

=




Lab Numher
Data File

- am

‘Results of Analysis by EPA Method 524

Discretionary

5400796 .
YIL2IM::DS -

(continued)

Unrequisted Compounds

£PA Code #

2218
2430
2994
2998
7424
2696
2418
748

2030

2422

2378
2248
2246
2420

*Matel

~

(‘J

i (3]
13

Compound Name

*Amnunt (ug/1)

" TRICHLOROFLUDROME THANE
. EROMOCHLORDHETHANE

1SDPROPYLBENZENE
M-FROPYLEENZENE
1,3,5-TRIMETHYLBENZENE
TERT-BUTYLBENZENE

1,2, 4~TRIMETHYLBENZENE
GEC.BUTYLBENZENE

- P- ISOPROPYL TOLUENE

N-BUTYLEENZERE
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—S2METRO

Municipality of Metropolitan Seattle
Exchange Building ® 821 Second Ave. ® GSeattle, WA 98104-1598

Nﬂ\f"’ 3

t

Mr. George Mason vaember 7, 1988 - |
Brown and Caldwell ' %n-—“mb e
100 West Harrison St.

Seattle, WA 98119

Dear George,

We have completed the chemical analysis of six local water
sources in the area of Metro’s proposed Silvigrow Section 16
operation and have enclosed these for your information.

These analyses were undertaken in response to your work plan
approach, i.e. to help make a preliminary characterization
of water believed to come from the Cumberland aquifer.

Major cation and anion concentrations as well as pH, etc.
were determined. The concentrations of four ions are
directly comparable with acceptable Maximum Contaminant
Levels (MCL) set by the United States Environmental
Protection Agency’s (EPA) Safe Drinking Water Standards.

The MCL for sodium concentration in drinking water is an EPA
recommended value only. These standards have been presented
below for your convenience.

Element EPA MCL Standard
(mg/1)
Sodium 20
Sulfate - Sulfur 250
Chloride 250
Nitrate - Nitrogen 10

A comparison of the results of this sampling with EPA MCLs
for these four ions reveals that all six water sources
tested are in compliance with established standards. The
only exception to this is the sodium concentration (31 mg/1l)
observed at the Palmer Coking Coal lower spring, which
exceeded the recommended EPA MCL of 20 mg/l. Water samples
for these analyses were collected by TCW environmental
consultants and analyzed by Soiltest Farm Consultants, Inc.

I have also enclosed copies of letters sent by me to Keith
Olson Director of the Public Works Department at the City of




Black Diamond, and William Kombol Manager of Palmer Coking
Coal Company. These letters were sent to inform these
parties of the results of the analyses of their respective
water sources.

I am also passing on to you an updated draft of the
Silvigrow Section 16 Work Plan. As you know we are
proceeding with the drilling of the monitoring well and the
test bores on the Section 16 property.

I am looking forward to our early November meeting that
Mollie Bigger of our staff is scheduling with you. If I can
provide any further information please contact me at (206)
684~-1243 .

Sincerely,

ne Schweitzer
igrow Project Manager
Senior Water Quality Planner




SOILTEST FARM CONSULTANTS,INC.

WATER ANALYSTS

Client: TCW Associates, Inc.

426 Ava West . .
Seattla, WA 98119 Date Received __ 7/12/88

Report No. 263-1

c $1 Black Diamond Water #2 Air Shaft
SAMPLE I.D. . 3 Tply . Sprin

\ v "'\\g e S',o/'!‘ﬁ .| S See 1
pH 7.3 7.3’
SODIUM ABSORPTION RATIO - 0.3 0.6
CLASSIFICATION OF WATER cl-s1 Lov Sedim Hazard c1-s1 LoV Sodium Hazard

Low Salinity Hazard Low Salinity Hazard

CONDUCTIVITY
(Ec X 103 at 25 C) < 0.1 < 0.1
CALCIUM {Ca meq/1) .40 (8 ppm) .65 {13 ppm)
MAGNESIUM (Mg meq/1) .16 (2 ppm) .33 (4 ppm)
SODIUM (Na meq/l) . .17 (4 ppm) .39 (9 ppm)
POTASSIUM (K meq/l) .00 (0 ppm) (0 ppm)

CAREONATE (oo3 meq/1) — —

BICARBONATE (HCO, megq/1) - 0.5 (31 ppm) 0.8 (49 ppm)
SULFATE SOLFUR

(50,5 meq/1) ' 0.08 (1.5 ppm) 0
CHLORIDE (Cl meg/l) 0.11 (4 ppm) 0.06 (2 ppm)

NITRATE NITROGEN Y
(NON meq/1) 0.04 (0.5 ppm) '
RTHO-PHOSPHRTE PHOSPHORUS
(PO P meq/1) g

MANGANESE (meq/Y)

0.47 (7.5 ppm) 22.5

0.01 (0.2 ppm) O1

COPPER (meq/1)

IRON (meq/l1)
ZINC (meq/1) - |

AMMONIA N (NHBN meq(l)

NITRITE N (NON meq/1)

TOTAL SUSSPENDED SOLIDS (TSS)

TOTAL DISSOLVED SOLIDS (TDS)

TOTAL ALKALINITY (as Caco,)

TOTAL HARDNESS (as CaC03)

TOTAL CATICNS (meq/l) 0.73 1.37 : P

TOTAL ANIONS 1
(;:q/ ) 0.74 1.34
)
.
Signe




Client: qoy Associates,

426 Ave West

SOILTEST FARM CONSULTANTS, INC.

WATER ANALYSIS

Inc..

Seattle, WA 98119

Date Received . 1/12

Report No. = 263-

SAMPLE I.D " #3 Palmer Coking Coal *4 Smoke N Joe House
= «U. Spring Upper .
NEof Myd. Lahe
pH 7.6 7.5 €l 20
SODIUM ABSORPTION RATIO 0.4 0.4
CLASSIFICATION OF WATER cl-s] Low Sodium Hazard cl-sy Low Sodium Hazard
Low Salinity Hazard Low Salinity Hazarc¢
CONDUCTIVITY '
(Ec X 103 at 25 C) £ 0.1 0.16
CALCIUM (Ca meq/l) 0.60 (12 ppm) 0.80 (16 ppm)
MAGNESIUM (Mg meq/l) 0.25 (3 pom) 0.33 (4 ppm)
SODIUM (Na meg/l) 0.26 (6 ppm) 0.30 (7 ppm)
POTASSIUM (K meq/l) (0 ppm) 0.03 (1 ppm)
CARBONATE (oo3 meq/1) — -—
BICARBONATE (HC03 meq/l) 0.8 (49 ppm) 1.1 (67 ppm)
SULFATE SULFUR : 3.0 P;
(SO,S meq/1) 0.19 (3 ppm) ‘ 0.22 (3.5 ppm) io-
CHLORIDE (Cl meq/l) 0.09 (3 ppm) 0.11 (4 ppm) e
NITRATE NITROGEN I
(NO.N meq/1) 0.06 (0.8 ppm) 3 0.04 (0.6 ppm) 1.7
ORTHO-PHCSFHATE PHOSEHORUS
(PO,zP meq/l1)
MANGANESE fmeq/)
COPPER (meq/1)
IRCN (meg/1)
ZINC (meq/1)
AMMONIA N (Nl~13N meq/1)
NITRITE N (m2N meq/})
TOTAL SUSSPENDED SOLIDS (TSS)
TOTAL DISSOLVED SOLIDS (TDS)
'TOTAL ALKALINITY (as Caco,)
TCTAL HARDNESS (as Caco,)
TOTAL CATIONS ( 1
"'9‘9" ) 1.11 1.46
TOTAL ANIONS (meq/
1) 1.14 1.47
i

A
Signed /7



SOILTEST FARM CONSULTANTS, INC.

WATER ANALYSTS

Client: 1w Associates, Inc.
426 Ave West .
Seattle, WA 98119 Date Received 7/12/88
| Report No. 263-3
SAMPLE I.D I #5 Green River at 46 Palmer Coking Coal
= Black Diamond Sprlng Lower
! N. Bu ‘e cﬂ' lawlmv $4ream
pH 7.6 7.3 «f i’:‘:’i
SODIUM ABSORPTION RATIO 0.3 2.0
CLASSIFICATION OF WATER Cl-s1 Low Scdium Hazard C2~Sl‘Medium §odium Hazard
Low Salinity Hazard Low Salinity Hazard
CONDOCTIVITY
(Ec X 103 at 25 C) < 0.10 0.26
CALCIUM (Ca meq/1) | 0.40 (8 ppm) 0.60 (12 ppm)
MAGNESIUM (Mg meg/1) 0.16 (2 ppm) 0.25 (3 ppm)
SODIUM (Na meq/l) } 0.17 (4 ppm)’ 1.33 (31 ppm)
i
POTASSIUM (K meg/1), (0 ppm) 0.03 (1 ppm)
CARBONATE (CO, meq/1) - — -
BICARBONATE (HCO, meq/1) 0.6 (37 ppm) 1.0 (6l ppm)
SULFATE SULFUR ¢, )
(50,S meq/1) 0.09 (1.5 ppm) 0.38 (6 ppm)
CHLORIDE (Cl meg/l) 0.06 (2 ppm) 0.51 (18 ppm) .
NITRATE NITROGEN | Py 1.3
(NO.N meq/1) i (0.1 ppm) “° 0.02 (0.3 ppm) "
ORTHO-PROSPHATE PHOSPHORUS
(PO,P meq/1) |
MANGANESE {meq/l) ;
COPPER (meq/1) |
IRON (meq/l) j
ZINC (meq/l) |
AMMONIA N (NH,N meq/1)
NITRITE N (NO,N meq(l)
TOTAL SUSSPENDED SOLIDS (TSS)
1
TOTAL DISSOLVED sot,Fns (TDS)
TOTAL ALKALINITY (a:s caco,)
i
TOTAL HARDNESS (as 'CACO3)
TOTAL CATIONS (meq/}) 0.73 2.23
TOTAL ANIONS 1
(meg/1) 0.75 1.91

Signed




ANALYSLS OF WATER SAMPLES
BIOMED NUS. 10505-10509, 10529, 10530, & 10549-10551

BIOMED SPEC COND CO. ALK HIO, ALK
SAMPLE 1D NO. pH gmho/cm TDS,ppm Fe,ppm Mn,ppm Na,ppm K,ppm Mg,ppm Ca,ppm ppm as CaCOJ pPpm as CaCOJ M al_l}-_th_p_ﬂn N_°3:.“_~EEE .SQQJM
Jeep Lake 10505 7.06 1 46 0.20 €0.01 6 0.65 3.3 6.2 0 44 . 2.9 €0.003 0.1 7.2
5.0
#8802206 : :
Decp Lake 10506 7.17 74 46 0.19 <0.01 6 0.63 2.1 6.3 V] 88 2.2 €0.003 €0.1 7.2
10.0
#8802207 .
Deep Lake 10507 6.88 93 68 15 0.10 .6 0.99 3.6 8.6 0 28 2.0 1.2 €0.1 20
18.0 .
#8802208
rish Lake 10508 7.31 47 50 0.07 <o0.01 5 0.33 1.0 5.5 0 27 2.8 0.010 <0.1 3.4
3.0 ‘
#8802210
¥ish Lake 10509 7.06 55 50 0.08 0.03 4 0.34 1.1 5.7 V] 53 1.7 0.032 0.2 341
6.0
#8802211
Well #1 10529 6.89 96 48 0.11 0.06 7 0.71 3.1 9.2 ) 16 2.2 €0.003 0.1 " €0.5
#8802241 C‘*‘"""‘J"*"‘/ Nw of HY"-'- LJ“/ £€ Sec 2o
Kanasket 10530 7.57 210 126 0.03 0.01 11 1.1 6.0 26 0 20 . 3.0 €0.003 0.1 22
—Palmer &inbe P b we", Sw Yy séc lo
#8802245
“&C Fish 10549 7.32 51 104 0.05 (0.01 4 0.31 1.1 6.2 0 22 2.1 €0.003 0.1 1.6
Lake Strm
55C Deep 10550 7.53 70 124 0.16 <o0.01 7 0.56 3.2 6.6 (o] 26 1.6 0.005 0.2 2.2
Lake/Hyde -
Lake Strm ’
1#3C Green 10551 7.37 36 84 0.02 0.01 3 0.24 0.87 5.0 0 8.0 1.5 €0.003 0.1 £0.5

River NW S'_‘_ /o

NOTE: Samples were prefiltered chrough a 0.45 micron filter.
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‘SECTION 16/20 PROJECT
- HYDROGEOLOGIC STUDY -
FINAL HEFORT g

SECTION 0.0 EXECUTIVE SUMMARY

The Metro Section 16/20 project site is located approximately 35 miles southeast of Seattle,
near the town of Cumberland. Hong West & Associates was contracted by CH2ZM Hlll an

-~ the behalf of Metro to review existing hydrogeologic:'data, design and mstail nine new

momtorlng wel!s and perforrn a hydrogeologlc evaluatlon of the snte,

L 0 1 PHYS[OGRAPHY

7 The Sectlon 16/20 project site is Iocated in the Cascade Foothills phys:ographlc area, which

is characterized by high rainfall, surface soils with high infi iltration capacity, increased local

:-relief .and bedrock exposure and decreased thickness of glacial deposits (a's_ compared to
“lower elevation Drift Plain areas). The project site is situated within the Cumberland drainage

basin, and occupies portions of the Green River Gorge and Deep Creek subbasins. The land

" surface is dominated by scattered hills with _steep slopes composed prlmarily of bedrock,
. thh mtervemng Iow rellef glac:al tablelands L - .

' 02 GEOLOGY

:The geology of the project area is dominated: by PIEIstocene {1.5 million to 10,000 years

. before present) glacial deposits overiying Eocene (52 to 36 million years before present)

-~ -bedrock units. -The youngest exposed Pleistocene deposits in-Puget S_ound are recognized
" -to be from the Vashon Stade of the Fraser Glaciation {approx. 20,000 to 10,000 years ago),

which are typified by an-upper recessional sand and gravel outwash, a middle lodgement till,
and a lower advance sand-and.gravel outwash (simplified sequence). The Vashon deposits

‘overlie a ‘variable assortment of “pre-Vashon™ sediments ‘and bedrock. =~ Thickness of
‘unconsolidated: materials decreases away from the Iowland due 10 lncreased elevat:on and

rise of the upper bedrock surface.’

Nine monitoring wells were constructed as part of the h'yd_rogeolog'ic investigations at the
Metro Section 16/20 project site. Available data and field data coliected during well

+ . installation were used to identify four major geologic units’ from top to bottorm: Vashon

Recessional ‘Outwash, Vashon Till, Vashon Advance Outwash and Tertiary Bedrock. The

“ice-contact deposits and ablation till are lumped into the Recressional Outwash unit, because

of the difficulty associated with defining contacts in highly variable materlals and the genetic
association of these deposits with glacial retreat, Variable spatial distribution of these four

.-units results“in complex hydrastratigraphy ‘and ground water dynamlcs No pre-Vashon
* unconsolidated sediments were |dent|f’ed durlng the f‘eld mvemgatlons :

Frevious on-site mvestlgatlons {Metro, 1988) suggested a continuous layer of glacial till

‘underiies the. Section 16/20 area. This study agrees with that fi ndlng insofar as much of the
. material encountered in borings MW-1 through MW-9 is glacial in origin. ‘However, our

analysis concludes that low permeability {i.e. less than 10®° cm/sec) glacial lodgement till is
absent or discontinuous beneath much of the project area; we interpret that much of the till
is ablation till, which is also very dense but due to less fines and less compaction more
permeable. The absence or discontinuous nature of lodgement till is explained by the
position of the project site near the former margin of the continental ice sheet, where the -



dynamics of glaciat erosion and deposition giffer considerably from those areas in the Puge:
lowland. Features of the ice margin environment that result in discontinuous lodgement tilt
include thinner ice {less overconsolidation), increase in subglacial meltwater erosion during
retreat, irregular ice - to - ground contact and an increase in importance of ICe-contact and
ablation {melt-out) features: - .

0.3 HYDROGEOLOGY

.Highly' permeable recessional outwash and ice contact deposits cover the project area.
These deposits are, for the most part.unsaturated. - Perched water may be found locally
above low permeabrllty lodgement till layers, but not in sufficient guantity or extent 1o
justify defining a separate aquifer requiring its own monitoring program. Highly permeable
advance outwash deposits are continuous beneath the project area at depth and host the
.. area’s principal aquifer. Where low permeability till is absent, a 2 layer hydrostratigraphy
_results .in an unconfined aquifer in glacial materials .over bedrock. The depth to ground
water averages 60 feet. The Section 16/20 project site is situated in an aquifer recharge
area. A locally steep hydraulic gradient combined with overlying glacual Iodgement till
_._Ienses produces local areas within the aqu1fer that are semi-confined. :

Glamal lodgement till Ienses a!so act as perch:ng layers for ground water;. it is suspected that
these perched layers are not lateralty extensive and probably discharge to the principal
aquifer. . The discontinuous nature of the-glacial-lodgement till and high-infiltration capacity
of the unsaturated soils suggest that ground water in Section 16/20 is in direct hydraulic

- ..connection with the.land, surface. Bedrock outcrops in the southeast quarter'of Section 16

on Lizard Mountain and in the west haif of Section 20.  The bedrock structure limits

o recharge to .the glacial aquifer and influences. the direction of ground water flow. The

- prominent flow pattern is from east to west..The Section 16/20 site is located within a local
‘ground water flow system where nearly all recharge to the aquifer is from direct infiltration
of precipitation and nearly. all _discharge is to springs-or the Green River. ~ The degree of

~--communication between the bedrock ground water regime (a fracture dominated turbulent

flow. system) and the glacial aquifer (a porous.laminar flow:system). is probably negligibie,
due to the differing permeabilities, recharge and flow mechanisms. -

_ _.0.4 WATER QUAL]TY CONSIDEHATIONS. :

- _.At present downgradrent water use IS llmrted to the Hesort Sprm., located in Section 17.

- Metrao began one year of baseline water quality. monitoring of the on-site monitoring wells
. and available off-site water.wells in May, 1991, - The additional off-site data has helped

: clar:fy flow (directions in the southern half of Section 20. - This was necessary because of
the number of adjacent domesnc wells in Sections 20 and 29, Ongoing monitoring will
confirm whether.any domestic water supply wells are downgradient from the Metro property
in Section 20. Based on. the initial monitoring, none of the - we]ls -appear to be
downgradlent from the Metro property in Section 20,

Mines in the vicinity of Sectton 16/20, mcludlng L;zard Mountaln and Hyde Mine, are

§ _4features excavated through bedrock. Bedrock does contain groundwater, but probably not

. in sufficient quantity or quality for dnnkmg water purposes. The Hyde Mine drainage tunnel

s mostly deep within bedrock; flow mechanisms in the upper glacial aquifer and the bedrock

_are sufficiently different SO as to minimize the probabuhty of water quahty |rnpacts resulting
frorn the posmon of the mine workmgs .



SECTION 1.0 INTRODUCTION

This report provides an overview of the hydrogeologic characteristics of the Metro
“Section 16/20 project site located in Southeast King County, Washington. Hong
West & Associates’ hydrogeologic evaluation involved a review of available -
pubhshed and unpublished data regarding the pro;ect area and site-specific geologic
and hydrogeologic field investigations. Prowded in thrs report are overviews of
previous studies and HWA's interpretations of site physrography, geology and
hydrogeology. The primary objective of the project was to provide substantiating
data for inclusion into Metro's draft and final EIS documents. For definitions of

c technucal terms the reader is referred to the glossary contarned in the Appendix.

1.1 AUTHORIZATION =~

This’ prorect was authorlzed under CH2M Hill Standard Agreement for Professional
"~ Services, issued by Mr Davrd Peters of CHZM Hl" dated January, 2, 1991.

. “1.2 SCOPE OF WORK
Eight separate tasks were performed by Hong Waest & Associates:

Task 101 Review Existing Data
‘Task 301 Site Reconnaissance
‘Task 302 Well Constructron
_Task 305 Hydraullc Conducttwty Testlng
- Task 306 Well Construction Report
' Task 307 Data Analysrs o '
~ Task 309 Final Report
o "Task 1500 Supplemental

The remarnder of thrs report |s based on data collected dunng performance of the

e eight tasks

1. 3 PREVIOUS INVESTIGATIONS

The Munlc:palrty of Metropohtan Seattle rssued a report ent:tled Geohydrology
Studies of the Metro Section 16 Silvigrow Project in March, 1889. This study was
prepared by Metro, TCW Engineers and Brown and Caldwell and is referenced
herein as Metro, 1989a. A second report entitled Metro Section 16 Project
Hydrogeology and Water Quality Evaluation was issued in December, 1989 and is
referenced herein as Metro 1988b. This study was prepared by TCW Assaociates,
Inc., HLA/Harper Owes, The University of Washington College of Forest Resources”
and Metro. Both studies documented existing data relevant to site geology and
hydrogeology and presented results of a 1988 test boring program that included



installation of one monitoring well (shown as B-1 on Figure 2-1) and eight shallow
borings. The pertrnent hydrogeologic conclusions of both Metro {1989} studies
include:

1 Ground water flow |n Sectlon 16 and 20 |s probably to the north to
B ,_northwest _

2. The chemical nature of spring. Iake, stream and well waters are the same;
. spring and well water chemlstry is consistent with Iocal recharge to ground
water. S _ _

3. Ground water in Sectlon 16 is recharged by precuprtatlon and discharges
through sprlngs and seeps along the Green River. The source of the Black
Diamond springs and the Resort spring is groundwater; recharge enters the
aquifer via lakes (Hyde Lake and Fish Lake) and precipitation.

4, ‘The 1888 borings B-1 through B-9 penetrated glacial till, interpreted to be
continuous beneath Sectlons 16 and 20 (reference Flgure B-2 in the Metro,
1989b report), except where bedrock highs occur.

5. Mines in the vicinity will not contribute to -any impact on ground water
quality as a result of Srlvngrow application.

1.4 SOURCES OF INFORMAT]DN‘ _

Portions of this report are based on readily available published and unpublished
data, with refinements added based on interpretation of such data and newly
coliected data obtained durlng construction of nine new monltonng wells (MW-1
through MW-9). FRegional data sources include studies by the United States
Geological Survey, the United States Department of Agriculture Soil Conservation
Service and the Washington State Department of Natural Resources, Division of
Geology and Earth Resources. Site specific and other data anaiyzed include the
~Metro 1989a and 1989b studies mentioned in Section 1.3, well logs collected by
the Washlngton State Department of Ecology and aquifer anaivses completed during
this study. Additional data concerning the Lizard Mountain and Hyde Mines was
obtained through an interview -and site reconnaissance with Ernest Seliger,
longtime local resident and former mine worker. . Water quality data and wellhead
surveys were provided by Metro. The remaining hydrogeologlc field work was
performed by the CH2ZM HulI/Hong West & Assocrates team A full list of references
"appears in Section 7. 0. - - :



SECTION 2.0 PROJECT AREA DESCRIPTION

The Metrg Section 16/20 project site is located in Southeast King County, near the
town of Cumberland, Washington. Access to the site may be gained from the west
by the Kent-Kangley road and Cumberiand-Kanaskat road. Access to the site from
the south is via the Enumclaw-Cumberland road. Gravel roads with locking gates
lead into Section 16 and Section 20 from 352nd Avenue SE (the Green River Gorge
road). ‘

2.1 LOCATION AND PHYSICAL SETTING

The project site is comprised of two square miles (Section 16 and Section 20,
- Township 21N and Range 7E of the Willamette Meridian) situated about 3 miles
east of the City of Black Diamond in southeast Klng County, Washlngton The
project location is shown in Figure 2-1. :

2.2 REGIONAL PHYSIOGRAPHY

~ Three distinct physiographic areas are relevant to evaluating ground water for the
Section 16/20 project and were -described by Robinson and Nobie (1972) as
- follows:

2.2.1 Drift Plain

These are rolling lowlands with a topography dominated by the depositing and
eroding actions of the last glaciation and a complex and thick segquence of geologic
and hydrogeologic units. An example in the project area is the Covmgton Drift Plain
located approximately, 10 miles west of Section 16/20.

2.2.2 Major Valley Segments

These are major active river valleys that flow from the Cascades foothilis through
the glaciated lowlands to Puget Sound or Lake Washington that often contain
locally important aquifers. An example in the project area is the Green-Duwamish
valley located 15 miles west of Section 16/20.

2.2.3 Foothills Area

The foothills area is located between the drift plains and the high Cascade
Mountains and is characterized by a rise in elevation, increase in relieft and bedrock
exposure and decrease in thickness of glacial deposits. This area also contains
locally important aquifers. The Section 16/20 project site is located within the
Foothills physiographic area. .
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2.3 PROJECT AREA PHYSIOGRAPHY

The topography of the northwestern two-thirds of Section 16 is nearly level,
ranging from 800 to 840 feet above sea level. The ground rises to the southeast,
where the bedrock of Lizard Mountain (Elev. 1,460) is exposed. There are two
large rounded depressions in the northwest corner ‘of Section 16 whose lowest
. elevations are 740 and 770 feet {Metro, 1989a). The topography of Section 20 is
similar to Section 16, and includes 'the aforementioned bedrock highs and
depressions.  Overall, the topography of Section 20 is more irregular and
hummocky. Slopes range from nearly level to about 5% over much of the project
area. Local areas have slopes exceeding 10% - these usually coincide with bedrock
exposures. The steepest slopes are found on Lizard Mountain in Section 18.

‘The Green River (which flows generally east to west) has carved a deep gorge,

- which is approxrmately 600 to 1000 feet north and west of the Section 16/20

“project area.” The surface of the project site has been somewhat modified by timber
activities and associated gravel road building. - There are several gravel quarries/pits
' scattered throughout Sections 16 and 20. The deepest of these excavations is
~about 20 feet. Maxlmum Ioca! rellef throughout the pro;ect sute IS approxrmately
700 feet ' : : > : :

- 2.4 LOCAL_ DRAINAGE CHARACTERISTICS

. “The Section 16/20 project site is located in the Cumberland drainage basin
{approximately 25 square miles) and occupies portions of two drainage subbasins
identified in Metro {(1988a). The northern two-thirds of -Section 20 and all of
- Section 16 _lie within.the Green River Gorge subbasin and the remaining southern
one-third of Section 20 lies within the Deep Creek subbasin (Refer to Figure 1-1 in
the Metro 1989a study)

The Green Fhver is the only perennial stream in the immediate vicinity of the Section
'16/20 area. Previous studies (Metro, 1989b} identified two ephemeral streams on
Lizard Mountain in Section 16. Metro staff traversed an ephemeral stream to its
‘source in Section 20 in 1991. This stream is located just west of MW-6 (refer to
‘Figure 2-1). it had substantial flow in May, 1991 but was’ dry by August, 1991.
: There are several topographic depressrons scattered throughout the Section 16/20
-area. These are probably glacial kettles.  Where the bottom of " the kettles are
composed of relatively impermeable till, local seasonally wet areas are found. Two
such depressuons appear on the topographic map (Figure 2-1) in the southern
- portion of Section 20. Ponded or perched water in these depressrons dissapates
- through slow percolatlon through ‘the - unsaturated - .zone and through
‘evapotransplratron ‘The wet areas observed are not springs,; which by definition are
discharge points for flowing aquers Rather, the wet areas are recharge points for
‘ground water. This is consistent with the observation that the entire Section 16/20.
project site is situated in an area of aquifer recharge (refer to Section 4.2.3). Due

4



to generally high infiltration rates, most of the drainage appears to be internal,

SECTION 3 0 GEOLOGY

'.The dlStFlbUthl’] of geologic materlals governs ex1st|ng ground water recharge,
- discharge and flow mechanisms and is an important .factor in consideration of the
hy_drogeolqg_io systern at the Section 16/20 project site. - :

3.1 REGIONAL GEOLOGY

The geology of the Puget Sound regton cons:sts of thick (up to 3 000 feet) complaex
. .sequences of glacial and non-glacial uncaonsolidated silt, sand and gravel overlying
- -thick sequences of consolidated bedrock all deposited in a major structural trough.
During the Pleistocene: Epoch (approximately 1,500,000 to 10,000 years ago} the
Cordilleran Ice Sheget ‘advanced and retreated. through the Puget lowland forming
deposits generaliy referred to as dnft till and outwash. During periods between the
.glacial advances, the Puget lowland was filled with alluvial sediments .deposited by
rivers draining the western slopes of the Cascades and the eastern slopes of
the Olympics. Hall and Othberg (1974} estimate the sediment pile is as much as
3,600 feet thick in the Seattle area and about 2,000 feet thick near Tacoma.
Sediment thickness decreases ‘in general away from the central axis of the Puget
lowland, except along the northeast portion of the Olympic Penmsula near Sequim,
. whare thicknesses exceed 3,000 feet (Nobie, 1960). The most recently published
- -"concensus” geologic/stratigraphic column for the region {Galster and Laprade,
1991).is provided for reference as Figure 3-1. Only a- -small portion of the sequence
-are found at Section. 16/20. - Project-relevant units are described below from
~youngest to oldest: e . T

3.1.1 Fraser-Age Glacial and Post-Fraser Non-Glaciél Depo.éits

. The youngest Pleistocene sediments in the Puget iowland are referred to as Vashon
.. drift. The Vashon glaciation was the most recent stade of the Fraser Glaciation to
- -affect the area. Post-glacial deposits (Holocene, < 10,000 years in .age) overlie
. glacial deposits, usually.in active stream and river valleys eroded down through the
older glacial deposits. Other post-glacial deposms include peat, which is found in

valleys and depressions and is formed. by organic accumulatlons in -marshes and

e _' -bogs, and locally. significant landslide dep05|ts

: The Vashon dnft (approxlmately 20, 000 to 10, 000 years in age) is subdrvuded in
:the literature into three principal units. . The . upper unit is a somewhat
. -discontinuous, weakly stratified sand and gravel deposit termed Vashon Recessional
Qutwash. The middle unit is a non-stratified assortment of c[ay, silt, sand, gravel
and boulders termed Vashon Till. The bottom unit is a moderately stratified sand
and gravel deposit termed Vashon Advance Outwash.  Sub-units occur in local

5



PERIOD | AGE (Ké) GEOLOGIC/CLIMATIC UNITS | TIME/STRATIGRAPHIC UNITS
Q " .
g . Winthrop Creek glacial Alluvium, colluvium
g . . . ~ marine deposils,
2 10 Hypsithermal interval lahars, volcanic ash
13.5 4
Recessional deposits
&=
— = Vashaon Till
E ‘§ Vashon g
[ Stade S | Esperance
w0 ﬁ Sand Advance
> cutwash
Lawton Clay
20
Qlympia nen-glacial Discovery larmation
g 60-
E Passession glacial Possession Drift
= £ 80
2 g Whidbey non-glacial Whidbey Formation
S 2| 100 ‘
k= Dauble Bluff.glacial Double Bluf{ Driki®
[N 250
Upper glacial Upper Saimon Springs Drift”
Salmon
Springs MNon-glacial Non-glacial sediments, tephra®
8404 Glacial
. Lower glacial_ Lower Salmon Springs Drik”
Puyallup non-glacial Puyallup Farmation”
Stuck glacial Stuck Drift*
Aldenon non-glacial Alderton Formation™
2 600 Orting glacia! Crting Drift”
piocene 7 I,
Miccene Continental Hammer Bluft Formation®
Oligocene Marinesestuarine Blakeley Formation
fam
g 7 Renton Formation
S , ’ Puget
= Continental - volcanic 9 Tukwila Formation
Eccene Group
Tiger Mouniain Fm.”
Marine Raging River Formation®

GENERALIZED GEOLOGIC/STRATIGRAPHIC COLUMN FOR

SEATTLE/PUGET SOUND AREA
from: Galster and LaPrade, 1591

FIGURE 3-1



_ areas where drlft and outwash were deposrted egamst the receding glacier front
_ {ice-contact deposuts) and along the margins of the Vashon ice sheet (morainal
_ 'embankments) {Booth, 1984). These’ deposuts tend to dlsplay rapid lateral changes
"in grain size. ‘Vashon Till and Recessional Qutwash commonly outcrop at the
~surface; Advance Outwash is. wrdely recognized through well Iog rnterpretatmn and

o sparse exposures in deep rlver gorges and gravel quarrles

.3. 1.2 'Pre—l_-'res__e( Deposit.s o

" 'Older Pleistocene * deposits (pre- Fraser) appear in the literature under various

" nomenclature depending on the type Iocallty (i. e. Salmon Sprrngs drift, Auburn

Gravel, Soos Clay) These deposits. attain great thrcknesses {over 1000 feet) in
Central Puget Sound, and are thin or absent in marginal areas. However, a lack of
deep drilling data combined with complex geology has rendered the task of regional
pre-Vashon stratigraphic correlation problematic. Booth (1984} attributes the
absence of pre-Vashon deposrts in upland, marginal areas to similar processes
responsrble for stripping pre-Wisconsin . glacial drift in the midwestern and
'northeastern u.s. In the Foothrlls area near former glacial margins, isolated pre-
o Vashon depos:ts remain m Iocatlons topographlcally hrgher than the mferred Vashon
glac:al maximurm. '

"3. 1.3 Te'rtfary Bedrook

The rnost wrdespread pre Plelstocene bedrock was formed durlng the Tertiary
Penod (66.4 to 1.5 million years in age) and includes sr!tstone sandstone and
" volcaniclastic deposits. The rock is commonly folded and deeply eroded units lie
under the thick Plelstocene deposits while’ relat:vely resrstant units form bedrock

. _hlghs or rldges that are the grosional remnants of the Iarge folds. - Tertiary age

~rocks host the coal deposits mlned in the region during the early to mid 1900s.

~ Thicknesses of the sedrmentary rock in the Green F{lver area exceed 6000 feet
”(Vme, 1962) '

3.2 SECTION 16/20 GEOLOGY

Based on the known distribution of glacral deposits (e.g. Hall and Othberg, 1874},

N the project site is Iocated wrthrn two miles of the former gastern laterai margin of
" Fraser glacier ice and contains geologlc and topographrc features of the ice margin

" environment. Section 16/20 geology is characterized by. two ‘northeast-trending
‘bedrock hrghs (1600+ ft Lizard Mountain in ‘Section 16 and’ an unnamed 900+ ft
< hill in Sectaon 20) that enclose a relatrvely level upland area of glacial deposits
~“averaging 100 feet in thickness. Based.on our interpretation of the literature and
" field data, only Fraser- -age glacial deposits overlie bedrock beneath the study area.

~ Pre-Fraser deposuts were presumably removed during Vashon glaciation, thus
) _srmpllfynng correlation of stratigraphic units. The Pleistocene geo[ogy of this area,

' however, is unrque and wrll be descrlbed below and summarlzed further in Section.
3.3.
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Four separate geologic units were identified in the borlngs plus an additignal

"transitional" zone, described below from top to bottom Refer to Figures 3-2 and 3-
o 3 for generallzed subsurface cross sections based on correlatlonfnterpretatlon of
bonng logs and note that wells not located directly on the section line are
_ prcuected"'lnto the sectlon Glaclal deposrts are known to vary widely over
" distances measured in tens of feet. The complexrty of glacual deposits and
relatively large distance between borlngs (at least 1 ,000 feet) makes absolute
correlation of distinct units problematic; hence only major. units that are most
‘relevant to hydrogeology are differentiated. ~ Details of the borings are contained
within the Appendix. Each geologic unit displays a range of grain size variation
between the interpreted contacts, as evudenced by the varlous descrrpttons in the
boring Iogs ‘Inferred gecioglc contacts between boreholes are dashed and labeled
o wath questlon marks on Flgures 3- 2 and 3 3.

| '3'-2' 1 ’?Ecessfona'/ O.UfWaéﬁ/fcé Contabr bebbs}ts‘

These are generally equlvalent to the "terrace gravel and stratlfled drlft“ described
in the Metro (1989a, 1989b) reports. ‘This unit covers much of the land surface in
Sections 16/20. These deposits are characterlstlcally less stratified, more
boulder/moraine-like than commonly observed recessional eutwash units. The
hummocky topography in the northwest corner of Section 16 and much of Section
20 suggests a preponderance of ice contact features. Hummocky morainal
topography is a characteristic feature of "dead ice” - non flowing ice remnants
separated from the retreating glacier (Embleton and Klng, 1971). Meit-out of glacial
" ice "dumped" bouldery debris in some areas, remnent ice blocks formed kettles and

" sporadic_meltwater streams deposited a thin. veneer of. recessional outwash This

' _geomorphology suggests a fundamentally dlfferent deposutlcnal reglme than drift

" 'plain recessional outwash, i.e. c¢lassic recessronal outwash (with successive stages

of deglacratlon producmg outwash channels that cut into older, more extensive
expanses of coarse sediment). The boulder- strewn chaotic nature of the deposits
suggests rapid glacial thinning and retreat in the vicinity of the project area, where
ice-contact and subglacial deposition predominated. Thickness of the
recessional/ice contact units ranged from approximately. 30 to 75 feet.

3.2.2 Glacial Till

“Glacial till is present as Iodgement tlil remnants (e:ther deposnted sporadically or
eroded by subglacual meltwater) or as the variety commonly referred to as ablation

~ till. The lack of overconsolldatlon structures may imply that the ice only rarely

 grounded against these sediments (Booth, 1984} in the Section 16/20 area. The
ffall out of debris released from the base of meltmg ice produces ablation till, and
this process is consistent with the features observed. Isolated, lodgement till-like
" bodies were observed in four of the nine boreholes (refer to Flgures 3-2 and 3-3 and
~ the Appendix for detailed description of units _encountered). These deposits

""_'resembied the classic ‘Vashon Iodgement till in terms of relative stratigraphic

position; - however, overall, the depos:ts encountered were a coarser~gramed less
dense ablation till as opposed to the classic fine gramed "concrete llke" lodgement

7
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till. Thickness of the till units ranged from approximately O to 24 feet.

3.2.3 Transitional Zone

- A transitional zone, possibly representing a ‘gradational contact between till and
advance outwash was observed ‘in Section '20- {MW-5). - This ‘unit may be a
reworked advance outwash deposit with silty layers, capable of locally perching
‘ground water.  Thickness observed in MW-5 was 10 feet.. The transitional zone
was' ‘also observed in Sectlon 16 (MW 2), where the advance outwash was
unusually silty. oy L : T -

‘3.2, 4 Advance Outwa.sh n

AII nine boreholes penetrated this unit. Advance outwash is typically a very coarse,
highly permeable and unweathered sandy gravel deposited by meltwater streams
emanating from the advancing glacial front. Thickness ranged from 25 to at least
50 feet beneath much of the project area. The bottom of this unit was not fully
penetrated, except in MW-2. ~ Aquifers in advance outwash are highly transmissive
~and are a regionally important source of underground water supply, capable of well
'yields in excess of 1000 gpm This unit is discussed further in Section 4.0

R GROUND WATER

3 2 5 Bedrock

Tertiary age bedrock of the Puget Group (30 to 60 million years in age) consisting
--of andesitic valcanic rocks and arkosic sandstone was observed in MW-2 and at the
surface on Lizard Mountain in Section 16. The bedrock contains ‘generally north-
- trending folds (anticlines and synclines) ‘and  northwest - trending faults. In the

-vicinity of -Lizard Mountain, the bedrock dips--to the southeast and contains
" numerous coal seams ranging from a few inches to a few tens of feet in thickness.

SECTION 3.3 SECTION 16/20 GEOLOGY SUMMARY

A classical model for the genesis of glacial deposits in Puget Sound was described
in the Metro (1989a, 1989b) reports (Figures 2-4 and A-4, respectively) and is
duplicated below:

Ratraat




This model is generally- valid for the Drift .Plain physiographic area described in
Section 2.2. However, the Foothills area represents a transition between an ice
margin environment and a drift plain environment, so the processes of erosion and
deposition were quite different than the above model.

Our interpretation (observed in .other upland areas away from the central axis of
Puget Sound) is that during Vashon glamatlon the Sectton 16/20 prOJect area had
__the followmg glacnal features : .

1 Ice thackness near the g[acnal margms was not great enough to erode and
- deposit a continuous sheet of Iodgment till.

2. The bottom of the Vashon glacier margin was honeycombed by a net-work :

of subglacial streams that eroded and reworked the till, leaving isolated

- lodgement. till remnants -and/or stratified. tlll hke dep05|ts after glacial
© retreat. . S S

- 3. The Vashon glacier was. hot in'fuli contact with the -ground, especially
during ice retreat (nearly full .contact requu'ed for continuous Iodgement till
. formation). - : R Lo :

4. As ice retreated, large stagnant ice blocks sepahated from the moving
- glacier, producing highly variable ice-contact deposits and till remnants.
Rapid melt-out left significant volumes of ablation till.

_:...:_'ln":sumrnéry',‘ the model fbr-:glaciat _erosioh é_nd debositibﬁ ln Fo'o'thi'lls areas includes
... the advance and retreat of the- glacier as illustrated above; however, the foothills -
areas have the added:influence of pre-existing topography (i.e.  the bedrock hills)

- and a decreased thickness of glacial ice and glacial deposits. The Figure A-4 from

. the . Metro 1988b report -duplicated .above is- essentially a. north-to-south profile.
Below is a west-to-east schematic profile illustrating our interpretation of some of
the glacial features of the foothills area and glacual margln envuronment dunng
glacial advance and retreat (Figure 3-4). . k
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SECTION 4.0- GROUND WATER

An understandmg of regional and site-specific ground water conditions is critical to
evaluating land application nmpacts and developtng a credible monitoring program.
Ground water is a major source of drinking water in. the _project-area - both as a
direct source via drilled wells and indirectly through discharge to-various springs
such as Black Diamond Springs and the Resort Spring.. This section provides an

- ~overview of the Sectaon 16/20 ground water condrt:ons as a basis for evaluating

the- extent of potential water quality impacts and desugnlng a ground water
monitoring program to detect any such impacts. N . R

“4.1 REGIONAL HYDROGEOLOGY. = -

The Puget lowland has a varied and complex hydrogeologic system. Multiple
aquifers occur in areas underlain by thick sequences of glacial and nonglacial
- deposits.  Some areas in central Puget Sound have more than three. hydraulically
separate aquifers. The most widespread aquifers occur within (from top to
bottom) Vashon Recessional Outwash, Vashon Advance Outwash and pre-Vashon
gravels (such as Auburn Gravel in southern King County). Major aquitards include
~ the Vashon T|l[ and pre- Vashon sults and clays (such.as: the Soos Clay in southern
King County) : :

4 1 1 Gmund Water Occurrence and Hydrostratrgraphy

'The South’ King- County Ground Water Management Plan (GWMP) descnbes several

o : aquufers One of these aqurfers is present throughout the Section 16/20 area based

‘on our mterpretatlon of previous data (Metro, 1989a, 1989b;. Eco!ogy Well logs)
“and’ new!y-collected field data obtained during this study. - Previous studies

" '{Robinson and Noble, 1872) identified this aquifer and named it the Cumberland

aquifer. Based on examination of regional data, there are . four major

' hydrostratlgraphlc Iayers that ‘are pertlnent to. the study area. These layers are

defined as ‘groupings of sediment or rock (geologlc unlts) that exhibit similar
"‘physrcai and hydro!oglc characterrstlcs, both vertlcally and horlzontelly The four
"hydrostratlgraphlc units Ilsted ‘below consist of .upper and lower aquifer systems and

" ‘upper and lower aqurtards The on-s:te S|gn|f|cance of each !ayer is discussed in
"Sectton42 R R P

LAYER 1 Upper Perched Aquifer (Vashon Recessional Qutwash)
LAYER 2 Upper Aquitard (Vashon Till) '

LAYER 3 Principal Aquifer (Vashon. Advance . Outwash}

LA YER 4 Lawer Aqurtard {Bedrock)

10



4.1.2 Recharge/Discharge Characteristics
Regional recharge to all aquifers is achieved through three principal mechanisms:

* 1. Direct lnflltratlon of precmltation o o
2, Infiltration of surface water from lakes strearns and swamps
3 Inter~aquer exchange o

Secondary recharge mechanlsms lnclude ungatron :nﬂtratlon frorn septlc drainfields
and stormwater runoff from manmade lmperwous surfaces .

Agnual precipitation averages 65 inches per year in the study area and is considered
the major contributor to aquifer recharge. Lakes such as Hyde Lake and Deep Lake
are important local sources of aquifer recharge. -Aquitard permeability, thickness
and continuity in combination with the vertical distribution of aquifer hydraulic
heads governs the degree of inter-aquifer exchange

: fﬁeglonal drscharge occurs through mteraqu:fer exchange, dlscharge to surface
: "'”water ‘and evapotransplratlon :

' 4 1 3 Ground Water Flow

" The complex dlstnbution of aqunfer and aquutard materrals and recharge/dlscharge
conditions results in complex regional ground water flow patterns

Regional ground water flow patterns are influenced by numerous geologic,
hydrologic and topographic factors. The glacral sediments are discontinuous and
heterogeneous incised by streams and rivers and isolated by bedrock highs. In
" south’ King County, most’ ground ‘water flow is toward the major dlscharge points
* {Green River and White River). The hydrauhc gradlent steepens in aquifer recharge
4'zones and tends to flatten out |n drscharge zones (except near major sprlngs)

 Ground . water flow in “the upper, unconflned aqun‘er IS generally controlled by
i topography and the configuratron of the upper aqu:tard (tlli) surface. Ground water
- flow in the lower, prmcrpal water 5upp!y aqurfer is controlled by recharge/discharge
relationships and confi ining pressure. Those portions of aquufers within the zone of

"~ influence of major wellf:elds exhibit the characteristic radial flow pattern produced
- by well pumping and drawdown. Lakes produce ground water moundlng effects,

while bedrock barriers produce dlvergent flow conditions.

" 4.1.4 Regional Ground Water Deve/opment
Ground water is an |rnportant source of drlnk:ng water in the Puget Sound region.
in south King County, water wells are developed in the unconfined (upper) aguifers

and in deeper aquifers. Most wells produce from 5 to 500 gpm and are generally
less than 200 feet deep. There are several high vyielding wells and wellfields

11



"developed by Municipal water districts and other water purveyors, for example the
City of Kent's and King County Water District's wellfields ‘in Covington and
Ravensdale. Drinking water supply in the region is from a combination of surface
and ground water sources.

4.7, 5 Regronal Ground Water Quahty

Ground water qualtty in the region is’ typlcally excellent “Routine water quality

. monitoring of public ‘water supply wells indicates that the ground water quality in

the principal water supply aquifer (wells ptaced in"Advance Outwash} of the area is
excellent and suitable for public water supply.’- Insufficient data are available at this
time to adequately characterize water quality in the shallow aquifer where it exists.
-Areas with recessional outwash gravel exposed- at the surface and shaliow ground
-water are ‘susceptible to water quality degradatlon, particularly where there is a
high density ‘of “septic" tank dralnfueld systems or uncontrol[ed application of
‘ pestlcudes and fertrhzers x .

"-The Metro (1989b) study descrlbed the results from - 24 samples taken from
streams, lakes, wells (mcludlng B-1 in Section 20) and springs (including Black
Diamond Springs).  The composition of the water sampies relative to major ions,
‘was plotted on trilinear diagrams for the purpose of evaluatnng the chemical
character of water. Almost all of the water samples analyzed were of the calcium
bicarbonate character (Metro,”1988) and had low total dlssolved solids, indicating
E --Iocal recharge and short ground water resmence tlme SR :

o Insufﬂcuent data exist to charactenza water quallty in bedrock. Verbal reports from
residents with bedrock wells indicate the water often has an unpleasant taste and
odor thlS may be related to the carbonaceous nature of the bedrock in the area.

- '4 2 SECTION 16/20 HYDRDGEOLOGY

'Slte-speclf‘ c charactenzatlon of Sectlon 16!20 hydrogeology is critical to_the
- avaluation of project water quality and potential land use lmpacts Factors such as
- .depth to ground water, rates and directions of ground water flow, aquifer recharge
and discharge characteristics and water quality - are used to describe the existing

- ground water conditions at the site.: The following discussion is based on a review

" of the Metro reports (1989a, 1989b) and new findings resulting from HWA's 1891
field investigation and monitoring well installations. “For a detailed discussion of
fleld mvestlgatlons, please refer to the Technlcal Appendlx attached to this report.

4 2 7 Ground Water Occ'urrence and Hydrostratigraphy o

Based on examination’ of prevrous reports, and ‘our field data, three conceptual
“models of ground water conditions have been’ developed for Section 16/20. This
- mode! includes basic ground water characteristics and variants of the four major
- hydrostratigraphic units’ introduced in Section ‘4.1, - ‘Refer to Figure 4-1,
Hydrostratigraphic - Models which - illustrate the 'relatronshlp between the

© 12



. hydrostratigraphic layers, ‘in particular the role of glacial lodgement till on
.. hydrostratigraphy and ground water dynamics. The four layers. described do not
occur everywhere in vertical succession. e ST

LAYER 1 Upper Aqguifer (recessional outwash): This hydrostratigraphic unit
_is either absent or discontinuous over much. of Section 16/20, due to the
discontinuous nature of the underlying aquitard {(see Layer 2} and the
... complex distribution-of - recessional outwash and moraine deposits. it is
. ..most recognizable in .Section 20, where perched water was observed at the
. surface in several depressmns and in MW-5. Layer 1. is more:common in
. Drift Plain enwronments : x S

- LA YEH 2 Upper: Aquitard {Vashan Lodgement Tillj: Where present, this unit
. serves.as the base of the upper .aquifer and confines ground water in the
_;‘underlymg aquifer(s). The unit,is very dense and, compact with. a significant
proportion of fine gramed sediment, thus formlng a significant barrier to
ground water flow, Permeability of lodgement till typically ranges from 106
- to 10°® cm/sec.. Low permeability lodgement till was observed in wells MW-
. 5, in the northeast corner of Section ,20 MW-7 and MW-8 in Section 20 and
. -possibly in Section 16 in MW-1 and MW-2. . ‘Layer 2 may also be present in
_ . the northwestern one third of Section 16 at considerable depth. Where
.lodgement till is absent, a.mixture of ablation till and very coarse recessional
- -and ice contact deposits is observed. . Ablation till'and associated deposits
are relatively permeable.  Therefore, perched -ground water in Layer 1 is
uncommon. A falling head permeability test (refer to Appendix) of ablation
.. till taken from MW-3 indicated a verttcal permeablhty of approx1mately EX10-
03 cm/sec: (1X1O -2 fget/minute}..

LA YER 3 Prmc:pal Aqu:fer {Vashan Advance Outwash} Thls unlt underlies

nearly the entire Section 16/20 area, with the exception being those areas

‘where the glacial deposits pinch out against bedrock. Thickness of this unit

-varies from-several tens of feet in the northwestern quarter of Section 16 to

less -than  five to zero .feet in the eastern one . half of Section 16.

... Permeability (as estimated utilizing slug tests and grain size distribution data)

....ranges. . from.-1.8X103 to >.5 cm/sec:(3.6X103 to 1 ft/min; refer to

.- Appendix). Where glacial till is discontinuous or-absent, this unit is in direct

. hydraulic. connection with the land surface (F|gure 41 Model B, single-
-;aqutfer systern) - N _ , '

LA YER 4 Lower Aqwrard (Temary Bedrack} ThIS umt serves as the lower
confining unit for the Principal Aquifer {(when under confining conditions} or

as a perching layer under water table conditions. Pre-Vashon silts and clays

... are absent in the study area. Tertiary bedrock is generally considered an
.., aquitard with permeabilities below 1x10* cm/sec (2X10* ft/min} and ground
.. water flow controlled by the nature and orientation .of fractures in the rock.

- Regional recharge is generally through surface exposures of fractures, faults.
~and mine workings. Residence time for ground water in Layer 4 is probably

S ‘ 13
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greater than that of the glacial aquifer, which is reflective of a regional flow
system.

Due to the differing hydraulic properties: of the bedrock and advance
_outwash hydraullc commumcatlon between the two layers is probably
negligible. g

' 'Table 4-1 below |1Iustrates the typlcal range for hydraulnc conduct:vuty (permeabullty)
which might be expected in glacial deposits of the Pacific Northwest.  Table 4-1
was developed from published data (e.g. Freeze and Cherry, 1879) and in-situ and
Iaboratory tests of aquifer materials conducted by Hong West & Associates staff.
As the table lndlcates, the’ hydrauluc conductlwty and/or parmeablhty of glacial
deposnts will vary over a wnde range. Till, includmg the Iodgement and ablatmn sub-
' types can vary over B orders of magnltude '

TABLE 4-1 ‘TYPICAL RANGES FOR HYDRAULIC CONDUCTIVITY
E "IN NORTHWEST GLACIAL DEPOSITS '

i _ L o Centimete_rs/Second . ST
. __._1;1?‘”_._ 1(1)"- 108 - 10t 10 108 100 107 0 10710t - 1P 10!

R Nt £t SNy SO e S

| _ I RECESSIONAL OUTWASH 1
TODGEMENTTOL - ] = . . B
I SUBGLACML‘DIAMCTONS j

[ SUBGLACIAL OUTWASH |

B ADVANCE OUTWASH

PRO-GLACIAL LAKE |
o DEPOSITS i

o o MODERATE ————HcH

' 4.2.2 Definition of Uppermost Aguifer For Monitoring

Washlngton State regulatlons require definition of uppermost aqunfer prior to design
of a monitoring program. "Monltorable ground water should /ideally have the

' - following characteristics:
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1. Continuous beneath area of concern
2. Hydrauiic gradient is _rneasurable beneath area.of concern

3 Ground water samples may be taken from conventlonal monitoring wells
during most of the year

_Anpther important consideration should be that the aquifer to be monitored is an
' m‘nportant aqurfer in terms of water supply, or clearly connected to such an aquifer.
- Ground water was encountered in all nlne borlngs at depths roughly correspondmg
to the upper contact, of the advance outwash with overlylng glacial till/transitional
_2Zone or ice-contact depos:ts {refer to F:gures 3 2 and 3-3 for the relationship
between geologic contacts and water levels) ThIS water level corresponds to
seasonal high conditions and probably varies seasonally on the order of 10-15 feet
{Refer to Figures 4-2 and 4-3 for a comparison of winter and summer water levels).
Shallow or perched ground.water was encountered in cne boring (MW-5), and the

lateral and vertical extent of shallow ground water appears to be limited.

Based on our interpretations, the upper aquifer beneath the Section 16/20 project
site is contained within Hydrostratigraphic Layer 3 - Advance Outwash, and occurs
-at roughly 60 feet below ground surface, with potentiometric levels ranging from
50 to 75 feet below ground surface” under water table and “semi-confined
“conditions. " The springs discharging to the north and west of the project site are.
' mterpreted to be ‘the primary .discharge points of this aquifer, based on the
projected elevation of the measured potentiometric ievels in the wells. = Since the
Resort spring is at present the only known downgradient water supply and perched
ground water above Iodgement till appears to be limited, the Cumberland Aguifer,
hosted pnmaruly by Vashon Advance outwash is the uppermost aquifer.

4.2.3 Ground Water Flow 'a'n'd A quifer Recharge/Discharge

Ground water flows generally from east to west across the Section 16/20 site.
There is a southeast to northwest component to ground water flow in the southeast
one quarter of Section 16 (refer to Figures 4-2 .and 4-3). The hydraulic gradient
averages .02 feet/foot, but is less steep during late summer and fall (Refer to
Figures 3-2 and 3-3 for a graphical representation of the hydraulic gradient). Depth
to ground water averages 60 feet. Water levels dropped approximately 3 feet
between late March and mid-May, 1991 but flow directions remained the same.
Additional data collected in AugoSt 1991 indicated a further drop in water levels.

The bedrock barrler of Lizard Mountain defines the Iocal upgradsent flow and
recharge boundary. Aquufer recharge is almost ent|rely from direct infiitration of
precipitation. Unusually low conductivity levels observed during well development
{refer to Technical Appendix) are indicative of recharge conditions, high hydraulic
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s

conductivity and short ground water residence time, characteristics that are
consistent with the .findings of Metro {1988b). Ground water is present under
unconfined to semi-confined conditions.

Ground water in Section 20 flows generally from east to west until it approaches
the bedrock barrier where flow apparently diverges to the southwest and northwest
(refer to Figures 4-2 and 4-3). Refined ground water contours for the southern
portion of Section 20 were obtained by surveying and measuring water levels in
two domestic water supply wells (refer to Figure 4-3). Note that the contours in
Section 20 illustrated in Figure 4-2 do not continue beyond a line drawn between
wells MW-9 and MW-B due to a lack of data for the southeastern quarter of the
Section. With the collection of additional data from off-site domestic wells, the
contours were continued further south with more confidence. The orientation of

~water level contours may vary slightly with seasonal fluctuations in gradient and

water levels. Further data will confirm the observation, illustrated in Figure 4-3 that
flow is from east to west across Section 20.

Ground water discharges to the surface from a series of springs located south of
the Green River. Due to the varying proximity and elevation of the discharge
points, hydraulic gradient is variable: in the northern haif of the section it is .04
feet/foot, in the south half it averages .015 to .02 feet/foot. Ground water is
present under unconfined conditions. Recharge to Section 20 ground water is
primarily from direct infiltration of precipitation and infiltration of run-off in the
vicinity of Lizard Mountain in Section 21. A map depicting the depth to the upper
surface of Advance Outwash is shown in Figure 4-4,

An estimate of ground water flow velocity within the principal aquifer .beneath
Sections 16/20 may be obtained using the following equation:

Ki
Y
n
using K = average hydraulic conductivity = .049 cmisec
i = average hydraulic gradient = .02
n = assumed porosity = 40%
v = 127 meters/day = 416 feet/day

Water lavel measurements and well elevations are summarized below in Table 4-2.
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: TABLE 4-2 '
MONITORING WELL WATER LEVEL SUMMARY
: - (elevatlons in feetl

CMW-1 CMW-2 MW-3 - MW-4 - MW-5 "MW-6 MW-7 MW-8 MW-g

‘Top PVC  '854.65 842118 81374 B27.88  799.35  707.90 760.60  791.04  744.54

78-24-91 - 725.62° 779.41  760.17 74752 -'740.04 = 658.06 71B.51 738.33  670.60
5-1T6-91 '724.46 '777.28 757.86 74236 737.02 = 657.34 71573 737.07 665.79

- 8-8-91* 71810 769.80 ' 754.86° 742.00 '/ 729.78 652.89 708.20 729.89  g52.38
DOMESTIC WELLS: (8-8-91): Plum Creek - 774.66; Walker - 715.49

NOTE: Well elevations surveyed by METRO
" % Well cap for dedicated pump (.25") added |
’ 4.2.4' Aoﬁr'ac.eht G'rouh'd Water Deveio'pm'em_':

© Well'logs on file at the Washlngton Department of Ecology were revnewed during
_this study and the Metro (1989a, 1988b) studies. There are no water wells

_recordad in Section 16, and five wells are recorded in the southeastern quarter of

~Section 20. There. are several wells Iocated in Sections 28 and 29, south of the
' project area. The Pium Creek well located in the southwest quarter of Section 21
was used to gain additional water levei data. "The Kanasket-PaImer State Park well
s located in Section 10, northeast of the project area. Approxumate locations of
':nearby wells, based on the most recent well fogs ‘available from Ecology {May,
" 1991) are shown on Flgure 2-1. Water use is generally for domestic purposes;
some of the wells may be used for irrigation purposes. The Walker property
located near Hyde Lake contains two wells. One well is drilled into the glacial
aquifer and generally goes dry each surnmer A second well is drilled into the
'Puget Group bedrock and, accordmg to 1ts owner, :s not suutable for drinking water
'supply, but |s used for |rr|gat|on o : :

The Resort Spring {shown on Flgure 2-1) serves as a water supply Based on
measured potentlornetrlc Ievels and ground water flow direction, this spring is
hydrauilcally downgradient from Sectlons 16/20. . Based on initial well surveys,
the wells in the southeast quarter of Section 20 and northeast quarter of Section
' '29 are not downgradient from the Metro Section 16/20 project site.  As mentioned
in Section 4.2.3, additional water level data collected from these water wells and
the on-site wells will confirm the observatlon ‘of ground water flow directions in
thls area.
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4.3 SECTION 16/20 GROUND WATER QUALITY

Metro began a year-long baselrne water quallty evaluation of the on-site wells by
taking its first quarterly groundwater samples from the nine new on-site wells in
May, 1991. Samples were obtained by Metro staff by using dedicated Geoguard

. pumps - utilizing rndustry-standard technrques for sample containers, preservation
" ‘and analysis. Samples were analyzed for conventional,- bactenologlcal total and

dissolved metals’ and organic parameters.. The baseline data will build upon the data

_co[lected during the ‘Metro (1989b) study and will be used during subsequent

- - hydrochemical characterization of the Section 16/20 -project srte aqurfer and will
- also provide the basis for scoplng future monitoring efforts. :

4.4 POTENTIAL IMPACT/AFFECTS OF MINING

The coal mining history of the Section 16/20 area dates back to the early 1900s.
Vine {1969) describes the stratiform coal deposits of the South King County area.
Two major mining operations existed during the early to mid 1800s in the project
area: Lizard Mountain in Section. 16 and Hyde Mine, just south of Section 20, in
Section 29. Coal ore was extracted using tunneling and open pit excavations on
_the east and west side of Lizard Mountain. - Two. haulage slopes and one air

B ~ ventilation shaft were excavated into the: northwest side of Lizard Mountain. These

‘structures are collapsed and obscured by vegetatron There are also scattered
co[lapse features ajong the toe of Lizard Mountain. It is assumed that the
’ excavatrons were in the direction of the southeast-drpplng coal veins. There is no
- evidence to suggest underground tunnels, shafts or adrts northwest of Lizard
' Mounta:n in Section 16. A small collapse feature was dlscovered approxumately

n 600 feet east of MW 3 Thrs is lnterpreted as a, collapsed prospect hole. A map

re port

. A former mine drarnage tunnel passes beneath the southwest corner of Section 20,
in the VICInItY of B-1. This tunnel was ‘excavated to remove excess water from the
Hyde Mine workings in the north central portion of_Sect_ron 29. The former tunnel
in this area is probably 150 to 250 feet below the contact between the upper
bedrock surface and overlylng glacial deposits (the approximate plan view location
of the tunnel is shown on Figure 2- 1). Much of ‘the water dralnrng through the

_"tunnel and dlschargmg near its mouth above the ‘Green River (at elevation 411;
~ ‘Metro, 1988b).is probably derived from ground water seepage in the bedrock

‘fractures,” The bedrock ground water regime probably operates on a regional scale.
Recharge is primarlly through surface exposures of fractures faults and mine
_ workmgs in the prolect area. -

Diract observation of the hydrologic interaction between bedrock and overlying
glacial deposits is not feasible in the Hyde Mine drainage tunnel area due to the
excessive depth of the former tunnel (ranging up to several hundred feet below
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ground surface). However, some generalizations concerning this relationship are in
order. Figure 4-5 is a schematic of the former Hyde Mine drainage tunnel, based on
the information cited in the Metro {1989b} report. Groundwater flow in the glacial
aquifer is predominantly sub-horizontal laminar flow with a refatively steep hydraulic
gradient due to recharge/discharge conditions. Groundwater flow in the bedrock is
structurally controlled by the position and crientation of fracture systems and is at
least in part turbulent fiow. The bulk permeability of the glacial deposits probably
exceeds the whole-rock permeability of the bedrock on a macro scale by several
orders of magnitude. '

‘What this means, qualitatively, is that the amount of hydraulic connection between
the two ground water regimes is probably negligible. The fact that the former mine
drainage tunnel passes well beneath the bedrock/glacial deposit contact decreases
the chances of the tunnel being a major conduit for principal aquifer ground water
discharge. The hypothesis of hydraulic separation can be supported in part by
comparing the hydrochemistry of the glacial (principal) aquifer to that of the former
tunnel dlscharge water above the Green River.

in summary, it is unlikely that the mine excavations in the Section 16/20 area
would provide major conduits for principal aguifer ground water flow or contaminant
transport. There are no obvious deflections of ground water contours in Section 20
(Refer to Figure 4-2 and 4-3) that would suggest that the former tunnel (or the
hypothetical "ancestral”™ Green River channel) act as underground conduits for
ground water flow. |If this was the case, the contours would bend in the
"downstream” direction along the axis of the conduit. Measured potentiometric
levels in monitoring wells do not indicate any such anomalous flow patterns caused
by the influence of mine tunnels or other subsurface irregularities.

SECTION 5.0 FINDINGS AND CONCLUSIONS

Based on review of available data and new data collected during installation of nine
monitoring wells, the following general conclusions are presented relative to the
hydrogeclogy of the Metro Section 16/20 project. The following statements
summarize the Section 16/20 project ground water system:

1. Highly permeable recessional outwash and ice contact deposits cover the
project area. These deposits are for the most part unsaturated. Perched
water may be found locally above low permeability Iodgement glacnal till
layers, or silty "transistional™ advance outwash.

2. Moderate to low permeability glacial iodgement till is absent or discontinuous
beneath the project area.

3. Highly permeable advance outwash deposits are continuous beneath the
project area and host the area's principal aquifer. Depth to groundwater

“~averages 60-feet. )
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4. Where glacial till is absent or discontinuous, the principal aguifer behaves as

_a water table aquifer. A steep hydraulic gradient combined with overlying

glacral till produces Iocal areas. wrthrn the aquifer that are semi-confined.

5. The Section 16/20 project area is wuthln a local ground water flow system,

_ where nearly all recharge to the aqurfer 1s from .direct infiltration of
precrpitatron and nearly all dlscharge is to spnngs or the Green River.

Ground water flows genera!ly from east to west across the project site. A
bedrock high creates a north and south divergence in the flow pattern in
Sectron 20

7. The genera[ly high_infiltration capacity of the surface sedrments the high

'permeablhty of the advance outwash and the relatively Iarge local relief

between recharge and discharge areas causes the area's ground water

~system to have a steep. hydraulrc_ gradlen_t _and a resultant hrgh,rate of fiow.

Former mine workrngs at Lizard Mountarn in Sectron 16 and the Hyde Mine
drainage tunnel in Section 20 do not appear to significantly impact the rate

~or _direction or ground. water flow in the overlying. glacial aquifer.

 SECTION 6.0 'hééomméNoATioNs:

Based on our mvestlgatron several data gaps were rdentlfred wh:ch are |mportant in
evaluating the hydrogeology of the Section 16/20 project srte and developing a
credible monitoring program,

1

Dngorng ground water leve! data utrlrzmg exrsttng on-srte monltonng wells
and off-site domestic water supply wells should be evaluated by a

- hydrogeologist to confirm that wells in the southeast quarter of Section 20

and the northeast quarter ‘of Section 29 are not downgradlent (under any

seasonal flow regimes) from the Metro Section 20 property

. The perched" aquifer - tentat;vely |dentlfred in MW-5 Sectron 20 is not

known. If glacial till is areally limited. Low permeability glacial till is

. discontinuous, perched water from Layer 1 dlscharges to Layer 3 and

o "therefore will not, requrre a separate monrtorlng system

3.

The benefits of addrtronal field data collectlon to determrne the extent of

..perched. ground water in. Section 20 may not be justified, given the remote
'Irkellhood of hydraulrc separatlon bayond the limits of the project site.

Vadose zone monitoring and principal aguifer monitoring wrll provide early
detection of changes in groundwater quality. -
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4. The discharge from the former Hyde Mine drainage tunnel should be sampled
_ and the hydrochemistry should be evaluated.

5. The ‘baseline water quality data and water level data from ongoing
monatorlng should be eva[uated periodically by a hydrogeologlst

6. _Follow:ng the lnltlal year's worth of monrtorrng, the basellna water quality

- and hydrochemlstry should be descnbed and evaluated by a hydrogeologist
prior to design and planning of the project water ‘quality ‘monitoring program.
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APPENDIX A
. TECHNICAL GLOSSARY

‘Ablation Till -- Nonsorted, nonlayered, extremely heterogeneous sed1rnent depos1ted at the
- nose or lateral margin of a retreating glacier, = -

+

Adlt — A nearly honzontal mine passage from the surface inar mine.
Aqulfer — A subsurface waterbeanng soil or rock unit capable of yielding water.

“Aquitard - A soil or rock unrt not capable (or relatwely mcapable) of transrmttmg
ground water, _ _

‘Confined Aquifer — A soil or rock aguifer unit that is isolated from the atmosphere at the
point of discharge by a low permeable unit. Confined ground water is generally
subject to pressure greater than atmosphere

' Dlam.lcton = Nonsorted terngenous sedlments and rocks contammg a w1de range of
parhcle srzes regardless of ongm

Dlscharge - 'I'he water ﬂowmg in-a stream or- through an aquer past a spec1ﬁc pointina
glven penod of t1me

Drlft — A collective term for all the rock sand and clay that is deposued by a glac1er
e1ther as t111 or outwash

Epoch Used mformally to des1gnate a relatlvely short mterval of geologlc time, e.g. a
glacial epoch _

’Hydrauhc Conductmty - The ease w1th wh1ch a porous matenal allows the ﬂow of
- “liquid or gaseous fluids.

Hydrauhc Connection -- Two or more hydrostratlgrapmc umts wh1ch allow water to pass
' ‘between them, " = B

Hydraullc Gradient — The rate of change in total head per umt distance of ﬂow ina given
' duectlon Le. the slope of the water table or potentrometnc surface e

Hydrostratlgraphlc Unit -- A body of rock/soil havmg considerable lateral extent and

composing a geologic framework for a reasonably distinct hydrogeologic system.



Hydrostatle Pressure - Force exerted ona hqurd by surrounding solid.

Ice-Contact Deposits - Geomorphtc features that include moraines, kames, kettles,
drumlins and eskers; generally composed of nonstratified or sl‘.ratrﬁed drift
deposited in contact with melting or stagnant glacial ice. Numerous small
coalescing kettles produce hummocky topography.

- Laminar --. Water flow in which the stream lines remain distinct and in which the flow
direction at every point remains unchanged with time, It is characteristic of the

~ movement of ground water.

Lodgement Till -- Nonsorted nonlayered sedrment deposrted beneath a movmg glamer
. generally very dense and compact. . _

. Moraine - A mound, ridge, or other distinct accumulation-of unsorted, unlayered glacial
debris deposited ch1eﬂy by direct action of glacier ice. o

. Outwash — ananly sand and gravel washed out from a glacrer by meltwater streams and -
dep051ted in front of or beyond an active glac1er 3 .

Overcousohdatlon (glacial) - A lugh degree of compactnon (and assoc1ated structures) of
- subglacial sediments resultmg from the. forces exerted by the welght of glacier ice.

Perched Aquifer -- Ground water separated from an underlymg main body of ground
: - ‘water by an unsaturated zone. May be seasonal and lumted in lateral extent,

Potentiometric Surface/Level — Surface to which water in an aqurfer would rise under
. hydrostatic pressure. . - e _ L

Recharge - The processes mvolved in the absorptton and addltlon of water to the zone of
-saturation or water body.. : S .

Stade A substage of a glac1a1 stage marked by a glae1al readvance

Stage A t1me term for 2 major subdmsron of a glamal epoch it mcludes glac1a1 stage and

interglacial stage

Stratlgraphlc Umt - Unlt cons1st1ng of layered mamly sedrmentary rocks grouped for
descnptton mappmg, or correlation purposes

Turbulent - Water ﬂow in wh1ch the flow lmes are confused and heterogeneously rnlxed
It is typlcal of flow in surface-water bodies and bedrock cavities and fractures.

i



Vadose Zone -- (Unsaturated Zone) A subsurface zone containing water under pressure
less than that of the atmosphere. The zone is limited above by the land surface and
below by the water table. '

Water Balance — A sum of all the sources of supply and the corresponding discharges
with respect to an aquifer or a drainage basin.

Water Table Aquifer — (Unconfined Aquifer) A soil or rock aquifer unit which is under
atmospheric pressure. The aquifer is not overlain by a low permeable unit.

_Zone of Saturation - That part of a geologic formation in which soil or rock pores are
‘ filled with water and the pressure of that water is equal to or greater than
atmospheric pressure. ‘ ‘



| APPENDIX B
TECHNICAL REPORT-FIELD INVESTIGATIONS
METRO SECTION 16/20 PROJECT

I. SUMMARY

Hong West & Associates (HWA) installed nine 2" PVC. monitoring. wells at-the Metro
Section 16/20 site near Cumberland, Washmgton between December 13, 1990 and March
24, 1991, ln[tlatly, drilling ‘was hampered somewhat . by the unusua[ly severe winter
weather and some large bou[ders whlch were successfully bypassed by deploying a
"downhole hammer on an air rotary rig. However, the incidence of nested boulders
increased. - The CH2M Hill/Hong West & Associates team elected. to suspend drilling
operations after installation of MW-3 and MW-5 due to the very hlgh incidence of large
boulders encountered and the inability of the air rotary rig to successfully advance the &"
steel casmg After a period of technical and comparrtlve evaluations of available drilling
methods, dual wall reverse circulation was selected over air rotary and cable tool as the
method best suited to the Section 16./20 geologic conditions. A shiftin drifling technology
from conventxonal -air rotary to dual wall reverse circulation requ;red -execution of a new
drilling contract. “After moblllzmg the reverse olrculatton rig on- s:te the remalnmg 7 wells
were completed w:thm a week s time.

Flgure 2 1 (ln text of report) shows the locations of all monitoring weils at the project site.
Monitoring wells MW-3 and MW-5 were instalied by Ramlo Well Drilling, Graham,
Washington. Monitoring wells MW-1, MW-2, MW-4, MW-6 thru 9 were installed by Layne
Environmental Drilling of Tacoma, Washington. =~ Wellhead horizontal locations (to the
nearest .1 ft) and elevations {to the nearest .01 ft) were surveyed by Metro staff. All
drilling, well construction and development was supervised and inspected by Hong West &
Associates' hydrogeologists. Boring logs were prepared on site by the geclogist during
“well -drilling and- constructlon ‘and modlfled accordlngly after reviewing samples in the
‘geotéchnical Iaboratory ‘“Table 1° presents a summary of the ‘Section 16/20 pro;eot
monitoring well construction details. - Refer to the accompanylng well Iogs for |lthO|OQIC
and “well construction details. Upon well completion, water” levels ‘were  measured
periodically to provide data for construction of potentiometric maps. Boring logs were
examined to evaluate site geology and aquifer thickness. Hydraulic conductivity testing
“was performed on several monitoring wells to provude for an estimate of . saturated
- hydraulic conductivity of the aquifer matérials. Geotechnlc:al Iaboratory testlng was carried
out on selected soil samples to provide further geologic/hydrogeologic data for
characterization. After the initial construction, development and water level monitoring
was complete, Metro installed dedicated Geoguard sampling pumps in each well and
commenced wuth water guality monitoring in May, 1981.



TABLE 1
Monitoring Well Summary

.Ground Top of PVC _

| Surface . Casing’  Dril  Screen . Sc:reen
~ Well - ‘Elevation Elevatlon ~ Depth ~~ Depth . Elevatuon
Number = (feet)* = ‘(feet) ** (feet) . (feet) (fest) "
MW-1  853.32  854.65 _._139,_ 127-137  726.32-716.32
MW-2  ° 840.81 84218 90 . 78-88 . 762.81-752.81 .
 MWwW-3 . B12.27. ~ B13.74. . 76 . 63-73  749.27-739.27
MW-4 82592 ~ 827.88 . 99 - 86-96 = 739.92-720.92
"MW-5 . 797,94 79935 77 65-75 . .732.94-722.94 .
MW-6 ~ ~ 705.46 @ 707.90 = 59 = 47-57  658.46-648.46
- Mw-7 . . 758.91 .. 760.60. B9 .. 47-57  711.81-701.91
- MwW-8 - 788.83  791.04 72 59-69 . 729.53-719.53

MW-9 741.80 744.54 90 - 79-89 662.80-652.80

NOTES: . * E[evat[ons surveyed by Metro .
' A Add .25’ to these- elevatlons to allow for addltaon of Geoguard cap -

. EQUIPMENTIDECONTAMINATIOi\l

' Dnlhng for wells MW—3 and MW 5 was performed Wlth air . rotary dn[l ng owned and
'operated by _Tacorna Pump & Dnlllng Company (d/b/a Ramlo Well Drilling) of Graham,
Washmgton The remainder of. the drilling was performed .with a dual-wall reverse-

~ circulation drlll rig. owned and operated by Layne Env:ronmenta[ ‘Services of Taooma, R

) Washlngton

AII dnllmg equnpment was pressunzed -hot water washed/steamed cleaned pnor to entenng

and after leaving each borehole site.. In. addltlon, all downhole drilling tools were

.pressunzed-hot water washed/steam cleaned between bonngs

IIl. DRILLING

The air rotary drill rig used a "drill and drive” method. A 6" diameter tricone bit was
advanced two to five feet below the the 6" steel drill casing after which the casing was
hammer driven to the drilled depth. A 6" diameter drive shoe was welded to the bottom of
the initial length of 6" drill casing. A twenty foot, 5" diameter stabilizer and twenty foot,

v ":.,. ey
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4-1/2" diameter drill rods were used to advance the bormg Cuttings (up. to about 3" in
diameter) were removed from the hole by cornpressed air pumped down the drill string and
released through the b|t

The dual wall reverse- -circulation rig utllrzed a pile dnve method. The dual- wall pipe, 9"
~ outside diameter, 6" inside diameter was driven into the ground with-a pile driver built into
the rig. Air was blown down the annular space between the two casings, forcing the
cuttings up the inner 6" diameter pipe. Removal of material ranging from silt to 6" cobbles
or rock fragments was possible using this method,

IV. SAMPLING

Samples’ were collected from a cyclone attached to the end of the 6" dlameter air
discharge ‘tube {cyclone was not used on MW-3 or MW- 5) Samplmg intervals were
‘typically-every five feet or less. After field inspection by the’ HWA geologist, samples were
sealed and Iabeled m alr-tlght contalners for transportatlon to HWA ] sorls laboratory for
j analysrs

V. WELL COMPLETION

~ All monitoring wells were cornpleted usmg threaded 2- inch schedule 40 PVC p[pe as.a riser
" and a 10-foot section of screen with 0.010-inch slot widths, ‘A’ frlter pack of Colorado 10-
‘20 silica sand was placed around each screen and bentonite grout was used to seal and
backfill the annular space. Bentonrte _chips’ were used to complete the- seal where the
grout settled in the borehole. 'As the pipe and backfill were placed, the drill casing was
withdrawn from the hole. An inner 6-inch and outer 12-inch diameter security casing was
installed at the surface and embedded in concrete. See the attached well logs for details
of rnduvndual wel! completlons

: VI WELL DEVELOPMENT

: Momtonng wells were deve[oped using either ‘a srngle plpe airllft technlque or by barl:ng
The airlift technique used 100 CFM compressed air, filtered for liquid, particulate and
organic matter using a three-phase filter, which was conducted to the screened zone
' 'through a 1'inch contmuous PVC pipe. A separate Iength of 1" dlameter F'VC developrnent
~ pipe was dedicated to each well; The pipe was systematrcally raised and Iowered over the
“screen during development.- The bailing method used a 5' long 1" drameter PVC tube ‘with

a "foot valve" attached to the bottom end. The bailer was lowered on nylon rope into the
water until filled, then manually lifted back to the surface and dumped.  Samples of the
‘water lifted during development were tested at regular intervals for pH and conductivity.
Development was continued until dlscharge water was relatively clear and pH and
conductivity stabilized. The'volume of well development water varied from approxrmately
10 to 75 gallons depending on the technique used.



VIl. MONITORING WELL SUMMARIES

Following is a well-by-well description of drilling and well constructlon actl\ntles based on
- field logs and.notes. For well details, refer to Exhibit A,. Monitoring Well Logs. Note on the
_ logs that the open symbol for ground water mclncates the level at which ground water was
. first. encountered and the closed symbhol represents the stabilized water level after well
__‘;_lnstallatlon . . . _ _ o

MONITORING WELL MW-1
This well was drilled, installed, and developed between March 20, and April 1 1991.

Drlllrng originally began on MW-l on December 29, 1990 with the air-rotary drill rig, but
.. was abandoned due to boulders encountered. The borehole .was backfilled with bentonite

~“chips as per WAC '173-160. Drilling began again utilizing the dual-wall reverse-circulation

drill rig and was completed on March 20, 1991. Boulders were again encountered at a
“depth of 27 to 32 feet, but were successfully drilled through Ground water was originally
encountered at a depth of 127 feet b.g.s., with a static level after installation of 127.7
feet. The well screen interval was from a depth of 137 to 127 feet. Screen elevations
relative to the Metro survey are contained in Table 1. PRI

Well MW-1 was developed on April 1, 1991 for a period of 2.5 hours using a bailer until
. stable pH and conductivity readings. were obtained. A pH. of 8.11 and .a conductivity of
2000 us were recorded The conduct:v:ty readlngs seemed abnormally high and may have
__'been the result of a malfunctlonlng instrument . on . Apnl 1, 1991 (see also MW-6).
Approxrmately 11 gallons of water were removed dunng deveIOpment Ce

MONITORING WELL MW 2
Thrs,well was drilled, installed, and developed between March 21, and April 2, 1991,

Drilling began and was completed on March 20, 1991, utilizing . the dual- wall reverse-

circulation drill rig. Ground water was originally encountered at a depth of 78 feet b. g.s.,

_with a static level after. mstallatlon of 61.4 feet -The well screen. interval was from a
depth of 88 to 78 feet. : T Gl elin e

 Well MW-2 was developed on Aprll 2 1991 for a penod of 50. mlnutes usmg the a|r~llft
'technlque until stable pH and conductlv:ty readlngs were obtalned A .pH of 8.5 and a
conducttvrty of 148 uS were recorded Approanately 75 gallons of water were removed
_clurlng developrnent ' : _ L e . o .

"M_ONITORING WELL MW-3

| _.Thls well was dniled mstalled and developed between December 13 and December 27
~1880. : -




Drilling began on December 13, 1990 utilizing the air-rotary drill rig and was completed on -
December 27, 1920. Ground water was originally encountered at a depth of 53 feet
b.g.s., with a static level after installation of 53 feet “The well screen lnterval was from a
depth of 73 to 63 feet :

Well MW-S was developed on December 27 1990 for a: peruod of ‘l hour usmg the alr—llft
'technlque unt:l water ﬂowed clear : ‘

MDNITOHING WELL MW-4
Thls well was dnlled mstalled ancl developed between March 21 and April 2 1991

Drllllng began on March 21 1991 and was completed on March 22 1991 ut|l|2|ng the
dual-wall reverse-circulation drill rig. A boulder was encountered at a depth of 39 feet. -
After pounding on the boulder unsuccessfully for the last 2.5 hours of March 21 the rig
was - moved to an alternate-location approximately 50 feet away. “ The ‘new: hole
encountered a boulder at 5 feet. The driller then decided to return to the original hole,
- with the casing still in"at 40 feet, and use & downhole hammer. The abaridoned borehole
. ‘was" sealed with bentonite chips in accordance with WAC 173-160." The downhole
hammer successfully drilled through the boulder in about 10 minutes.  The dual wall pipe
- was then driven through the boulder and on to the final depth. Ground water ‘was
originally encountered at a depth of 79 feet b.g.s., with a static level after mstallatlon of
-78 4 feet The well screen mterval was from a depth of 96 to 86 feet o

Well MW-4 was developed on Apr[l 2, 1991 for-a- penod of 2 hours using the alr-llft
= technique until stable pH and ‘conductivity readmgs ‘were obtained. A pH of 7.9 and a

conductivity of 81.6 uS were recorded. -Approximately 40 gallons of water were removed
during development.



MDNITORING WELL MW 5

-This well was dnlled lnstalled and developed between January 3, and Aprrl 3 1991

Drilling began on January 1, and was completed on January 7, 1991 UtIIIZInQ the alr-rotary

+ drill rig. -Perched ground water was originally encountered from.a depth of 38 to 42 feet

b.g.s. Ground water was encountered at a depth of.68 feet .with a: ~static level after

installation of 56.5 feet. The well screen interval was from a depth of 75 to 65 feet

Well- MW-5 was developed on April 3, 1991 for a perlod of 40 mmutes usmg a baller until

stable pH and conductivity readings were: obtained. A pH of 7.8 and & conductivity of 112

usS were recorded Approxmately 10 gallons of water WEre removed durlng development
MONITORING WELL MW 6

.'Thls well was drllled mstalled and developed between March 22 anc[ Aprll 1, 1991

i 'Dnlllng began on March 22 and was completed on March 23 1991 utlllzmg the reverse-

~.circulation drill- rig. ~Ground- water- was encountered at'a depth of 49 feet with a:static’

) . level after mstallatlon of 46 4 feet The well screen mterval was from a. depth of : 57 to 47
feet. . A S : : Pt

We[l MW-6 was de.velope.d. on April fl, 1.9'91 .lf.or a period of twp hours using a bailer until
the water cleared and stable pH and conductivity readings were obtained. A pH of 7.71

-.and ~a conductivity. of 1870.-uS :were recorded.  The. conductivity readings : seemed

;abnormally high and- may have been. the result of a melfunctlonrng lnstrurnent
Approximately 20 gallons of water were.removed during developrnent SR o

MONITORING WELL MW-7
This well was drilled, installed, and developed between March 23, and April 2, 1991.

Drilling began on and was completed on March 23, 1991, utilizing the reverse-circulation
drill rig. Ground water was encountered at a depth of 43 feet with -a static level after
installation of 40.4 feet. The well screen interval was from a depth of 57 to 47 feet.

Well MW-7 was developed on Aprii 2, 1991 for a period of 26 minutes using the air-surge
method until the water cleared and stable pH and conductivity readings were obtained. A
- pH of 7.8 and a conductivity of 189 uS were recorded. Approximately 15 gallons of water
were rernoved durlng development.

MONITORING WELL MW-8

This well was drilled, installed, and developed between March 23, and April 3, 1991.



Drilling began and was completed on March 23, 1991, utilizing the reverse-circulation drill
rig. Ground water was encountered at a depth of 57 feet with a static level after
installation of 50.2 feet. The well screen interval was from a depth of 69 to 59 feet.

Well MW-8 was developed on April 3, 1991 for a period of 25 minutes using the air-surge
method until the water cleared and stable pH and conductrwty readings were obtained. A
pH of 7.67 and a conductivity of 256 uS were recorded Approxametely ‘15 galions of
water were removed during development ' i ‘ _

“MONITORING WELL= MW-Q_ '
This well vyas dri[led, i'nstelled, and developed between March 24, a_nd April.3, 1.991.

“'Drllllng began on and was completed on March 24 199‘1 utrllzmg the reverse-crrculatron

- drill rig. Ground water was encountered at a depth of 77 feet with a static level after

- 4lnstallat|on of 7‘[ 2 feet The weII screen 1nterva| was from a depth of 89 to 79 feet.

Well MW-92 was developed on Aprll 3 1991 for a penod of 50 mrnutes usnng ‘the bailer
~ method until the bailer broke and was lost down the hole.. The bailer. was subsequently
'_:removed from the hole and deve[opment completed on May 25, 1991. An initial pH of
' 6.61 and a conductrvrty of 103 uS were recorded Apprommately 10 gallons of water
" were removed during development.

© VIHll. HYDRAULIC CONDUCTIVITY TESTING AND ANAL?sls SR

Single-well hydraulic conductivity testing was used to further define the aquifer parameters
for the Section 16/20 project site. Rate-of-fall and rate-of-rise slug tests were performed
on April 15th and May 1st, 1991, for six monitoring wells (MW-1, MW-2, MW-4, MW-5,
MW-7, and MW-9). The rate-of-fall was initiated by placing a’ “solid "slug” made of solid
PVC below the water table and- ‘measuring ‘the well response over time. ‘After ‘the well
recovered to static conditions, the slug was removed mstantaneously and the rate-of-rise
was measured. Water level response was measured usrng a pressure tranducer and
Hermit Datalogger {manufactured by In-Situ Inc.). = -

Permeability estimates were obtained using the methods of Hvorsiev (1951) and Bouwer
_and Rice (1976), and checked using the computer program, . SLUGTEST. (Wyhe and Wood,
' .1990)

' Methodology -

The Hvorsiev analysis assumes a homogeneous,. isotropic, and infinite medium. The
equation used is one of many presented by Hvorslev for differing well geometry and aquifer
conditions. The equation which follows can be applied to unconfined aquifer conditions for
most well designs where the length of the well screen is considerably.greater than the.
radius of the well screen, L/R > 8, (Fetter, 1988). The equation for hydraulic conductivity
is: ' : :



., rRin(L/R]
5.‘ 21T, -

where o

L K is. the hydraullc conductlwty in ft/mln _ s

't is the radius of the well casing (0.167 ft for all wells) o

L is the length of the well screen {10 ft for all wells)

R is the radius of the well filter pack (0.75 ft for all. wells, except MW-5 = 0.5 ft)
Te is the basic time lag (Read from graph in minutes)

To, the basuc time lag, is determined gre'phlcally from a semilogarithmic plot of the head
ratio (h/hg) vs time (t). The distance the water level responds lmmed:ately upon removal
‘(or m}ectlon) of the slug is ho. . The water. Ievel response at some time, t, after the slug is
" removed (or m;ected) is h. The head ratio is plotted on the Iogarlthmlc axis. The time is

‘plotted on ‘the arithmetic axis. A best fit line is piotted through the data. T, is the time
: value where the best fit line intersects the 0.37 h/ho line. : v

o The Bouwer and Rlce method also essurnes a homogeneous, lsotroplc mfmnte med:um It

" can be used for "slug tests on partlally or completely penetratmg wells in unconfined
aquifers for a wide range of geometry cond[tlons (Bouwer and ice 1976) The equatlon
used is: .

re2 In{Re/rw)

_ 1, Yo
K= oL 1'11-"7:

o where ' L

K is the hydraulic eanductivity in feet/minute -
- Te is the radius of the casing{0.167 ft for'all wells)
.. Rq is the effective radius of the-well (obtained from type. curves) SRR
. Fw is the radius of the borehole (0 75 ft for all. wel[s, except MW:E; ry = 0 5) T
Yo is the initial drop in head . .. . e . o
L “is the length of the screen (10 ft for all wel!s)
t is an arbitrary time
_ yt |s the depth below statlc water Ievel at tlme t

" The term vy, is determmed graphlcally from a semllogerlthmlc plot of y (well response) VS
time. The reponse, v, is plotted on the logarithmic axis. The time is plotted on the
arithmetic axis. From the best fit line through the data y. is taken at any arbitrarily
selected t. } T :

The term In(R.’/rwl is *deterijhiried_ by»the equation_: :

1.1 . A + BIn[(D H)/rw]
i (H/fw) L/r" L )

[ﬁ(Re/rw)



where: .
. H is the distance from the water table to the bottom of the well soreen
D is the distance from the water table to the bottom of the aquufer
A, B are values taken from type curves ==~ -

“The value nl(D - H)/r.,,] has an effectlve upper Iumlt value of 8. lf ln[(D Hl/rw] is greater
“than 6, a value of 6 shou[d be used for the term In[{D - H)/ral in the above equation
(Bouwer and Rice, 1976) The value of D'is. unknown for all wells, except MW-2,
therefore we used a value of 4 for In[(D - Hl/r..] m our calculatlons whlch equates to an
aqwfer thlckness of 50 to 70 feet .

If O = H, as it does for MW-2, the term In][(D - H)/rw] cannot be Used. Inthls c'a"se.the
above equatlon should be changed to: ' :

|1 _,_ C
ln{HIrwl L/rw

Th[s equatlon is vahd for wells fully penetrating the aquifer."

-1
II'I (Rn/rw)

~The terms- A, B.and C are dimensionless coefficients that are functions of L/runo>>n. The

o values of A, B and C are taken frorn type curves that can be found in Bouwer and Rice,

1978, p 425,
- Results and Discussion

The results of the slug tests performed are summanzed in Table 2 Aqurfer F‘ararneter
Summary.

_ ” TABLE 2
~.-Aquifer .Parameter Summary : - .

-Hydraulic Conduotivity (cm/sec) o

Well Numoer

_Hvorslev Slugtst Bouwer & - “Average
andTest Method _Program - |~ Rice " ' ””'(bv well)
MW-1 Falling Head | 0.12 - 0.068 S NA o
MW-1 Rising Head 0.06 0.09 0.058 - ' 0.079
MW-2 Falling Head | 0.009 0.0024 0.0035 S
MW-2 Rising Head 0.018 . 0.0018 NA ~'0.0069
MW-4 Falling Head. 0.05 0.035 T NA o
MW-4 Rising Head 0.04 0.05 - 0.04 0.043
MW-E Falling Head |  0.085 0.04 - NA N
~_MW-5 Rising Head | 0.039 _ NA NA - 0.055
~ MW-7'Falling Head | '0.073 . |  0.038 o NA
" "MW-7 Rising Head | 0.092 | NA | 0099 | . 0.075
‘MW-9 Falling Head | = 0.12 NA . NA SR
MW-9 Rising Head NA NA NA 0.12

NA = Not Analyzed; insufficient data



Due to the high hydraulic conductlwty, some  extremely fast recovery rates were
'expenenced during the slug tests. This resulted in sparse . data maklng the analysis slightly
more subjective, but repeatable and not srgnrflcantly less accurate

Note that for both methods (Hvorslev, 1951; Bouwer and Rice, 1976) the time-drawdown
data "shculd plot on a stralght line.” Clearly, the graphs presented in Exhlblt C indicate
““that test conditions were not ideal and that the linear relationship is only observed for very
early. time (in this case, the rising head data look better). Since the subject aquifer is
‘composed of glacial outwash it is presumed to be. hlghly permeable, perhaps too permeable
to estimate K using slug tests. Multiple well pumpung tests are far more precuse methods
. under these conditions, _— ) : NCRN.

Bouwer and Rice (1976) is probably the more valid test because Hvorslev assumes an
ellipsoidal well screen and infinite vertical extent of the flow system. Further, Hvorslev
equates Re to L {to use Bouwer and Rice variables), which is not the case. Actually Re is
less than L and this leads to an overestimation of K. R -

With - the. exception . -of MW-2 (completed .in silty . gravel), "the -estimated hydraulic
. conductivity values were-in the range of = :04:to .12 cm/sec. 'An average value for the
advance outwash of .08 cm/sec (.16 ft/minute) may be used to estimate rate and velocity
of ground water flow.

The slug test data, graphs and calculations used in the analysis are presented in Exhibit C.

IX. GEOTECHNICAL LABORATORY TESTING

Eight samples were selected for geotechnlcal analy5|s Grain size distribution was
determined for the followmg

-fMW-1 -- 135 foot sample o
. MW-2 — B0 +.55 foot composite sample :
“'MW-3 -~ 38-39 undisturbed (Dames & Moorel sample
-~ MW-4 - 90 foot sample
“MW-6 - 20 foot sample
. Mw-6 - 55 foot sample R
- MW-7 — 55 foot sample -
MW-S - 5 foot sample

Samples analyzed ranged from pooriy graded gravel w1th sand (GP) to srlty gravel with
sand (GM). Permeability calculations were performed using the method outfined in Fowers
(1981). However, due to either very high uniformity coefﬁcrents or_high D50 grain size,
analysis could only. be done for three of the samples. All estimates. for permeab:llty based
on graln size drstnbutlon were greater than .05 cm/sec ( 1 ft/mmute) E



A falling head permeébi]ity test was performed on the MW-3 38-39 foot undisturbed -
sample, logged as glacial till. The calculated K value was 5.6 X 10 -3 cm/sec. Refer to
Exhibit B for all geotechnical analyses.
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DEPTH IN FEET

HONG WEST & ASSOCIATES = WELL LOG

P.0. BOX 598, LYNNWOOD, WASHINGTON 98046, (208)774-0i06 LDGGED BY: Dan Howard

' 5 i . TOTAL DEPTH: 138 FEET
ORILLING COMPANY: Layne Environmental Services DATE STARTED: 3-20-01

DRILLING METHOCD: Dual Wall Reverse Circulation -l
SAMPLING METHOD: Grab sample from cyclone. DATE FINISHED: 3, 20 9_1

w
L
i
oo
¢ SYMBOLS ~ DESCRIPTION REMARKS
°7 GM[  Brown, siity GRAVEL, some sand - oherete Seal
- and cobbles. dry — damp o
" (Recessional Cutwash) 2" Steel Case
o ..'--Steel Case
1045

Brown, sandy GRAVEL, trace silt.

' Bentonite Chips
Brown, gravelly, med, to coarse SAND, o
moist to wet.

Brown, sandy GRAVEL, dry to damp.

Boulder (Andesite} from 27 to 31 Ll
S e ~ ' 2" PVC Riser

Brown, sandy GRAVEL and COBBLES, .
trace silt, dry to damp. ’

Brown, coarse sandy GRAVEL, trace
silt, moist.

PROJECT: Silvigrow - WELL MW-1
LOCATION: Cumberiand, WA I L Co
SURFACE ELEVATION: B53.32 ft. L PROJECT NUMBER: 80131
MEASURING POINT-EL.: 854.85 ft. ' S '

S PAGE: | OF 3




DEPTH IN FEET

HONG WEST & ASSOCIATES'.

WELL LOG

SYMBOLS ﬂ'-f*DESCRnHTDN

I SAMPLES

.
=
)

50 GW ".Brown. cobbly coarse GRAVEL, _some
- E '.sand trace silt, moist.

|SW!  Brown, gravelly SAND, trace silt.

silt molst

io0:d GW| Brown, coarse sandy, GRAVEL, trace
o e

GP| ‘Brown, GRAVEL, some sand, trace
‘| silt, damp to molist.

GM Gray. sllty GRAVEL, some sand, dry
a0— o purpl(lsh sitt/clay clasts. . '

Gray, gravelly SAND, some silt, dry.
s (Tme)

Brown, GRAVEL, some sand,
moi_;t to wet.

Erown. GRAVEL, some sand and s!ft
molst to wet

AS BUILT

2" PVC Riser

e_n.tcnlté Chips

REMARKS

Bt

PRQJECT: Silvigrow

LOCATION: Cumberiand, WA
SURFACE ELEVATION: 853.32 ft.
MEASURING POINT EL.: B54.85 ft.

HWEEL‘Mw*ij
_fRQJECTﬂNumasﬁpsom:

PAGE: 2 OF 3




DEPTH IN FEET

150

HONG WEST & ASSOCIATES
WELL LOG

_ AS BUILT
SYMBOLS DESCRIPTICN . REMARKS

] SAMPLES .

Brown, coarse SAND and GRAVEL,
some silt, wet.

Brown, grave_iiy. SAND, some silt, wet. “ PVC Riser

Brown sandy GRAVEL, trace silt, wet.

Bentonite Chips

Brown GRAVEL, some sand and silt, wet,

and

Gray/brown, coarse GRAVEL with sand,

trace silt, wet. entonite Pellets

—— saturated

¥y

Gray/brown, coarse sandy GRAVEL,

trace silt, saturated. 0.010 Slot Screen

+——10-20 Silica Sand

Bot?om of Hole

PROJECT: Silvigrow ' | § WEI_L Mw_i -

LOCATION: Cumberland, WA )
SURFACE ELEVATION: 853.32 ft. ' ‘ PROJECT NUMBER: 80131

MEASURING POINT EL.: 854.85 ft.
. PAGE: 3 OF 3




"DEPTH.IN FEET

"HONG WEST & ASSOCIATES = = WELL LOG
P.O. BOX 586, LYNNWOOD, WASHINGTON 88046, (206)774-0106 LOGGED BY: Dan Howard

DRILLING COMPANY: Layne Env’l"ro'mhental éerviées DLQI’EASLTE\IER?I‘E%QD FEET
DRILLING METHOD: Dual Wall Reverse Circulation DATE FINISHED: 3-21-8f
SAMPLING METHOD: Grab sample from cyclone, EQ. 3-21-8t

0
w
|
o
=
g
|

SYMBOLS DESCRIPTION " REMARKS

0_ ST v

icoid BW)  Brown, sandy, GRAVEL, some
4 ES8dCM| silt and cobbles. dry — damp
: 60 .. (Recesslional Outwash)

Cancrete Seal
2" Steel Case

" Steel Case

b.—'o.l-bl
LGP EPED

Sentonite Chips

LN
0%

-
.p.ﬂ.

»}

~= moist

'.6"

T i i B iy
UL R

ALY

2" PVC Riser

%ﬁsﬁaﬁaﬁafaﬁgfaﬁafs.—‘!a:‘.’aﬁa.—?a.’?a:‘?‘d:‘?‘:‘2:'-.-'
0

] GM| Gray, silty GRAVEL, some sand, dry.
- Ty - '

50-=

FROJECT: Silvigrow . WELL MW-2
LOCATION: Cumberiand, WA T T
SURFACE ELEVATION: B40.B1 ft. ~ ~ | PROJECT NUMBER: 80131

MEASURING POINT EL.: 842.19 ft.
: ' N PAGE: 1 OF 2




so0-

DEPTH IN FEET

HONG WEST & ASSOCIATES

WELI_ LOG

73]

el ]

.

o

%

.0 SYMBOLS |  DESCRIPTION
= GM[, Gray, Sty GRAVEL, damp.

S (Till)
=N JF
O

moist to: wet..
. (Advance Outwash)

- saturated

Gray, GRAVEL, trace to some silt,

\ {Bedrock)

GrBY. hard, SILT/SANDSTONE

Bottom of Hole

AS BUILT

REMARKS -

2" PVC Riser

Bentonite Chips

entonite Pellets

g .

——0.010 Slot Screen’

f—..—f—.—!U;-EO Sili_tfa Sand

PROJECT: Siivigrow

LOCATION: Cumberiand, WA
SURFACE ELEVATION: 840.81 ft.
MEASURING POINT EL.: 842.18 ft.

WHELL;MH?E
_' :#'Ho‘JEc_T _NQM’?ER# éo1§|

“PAGE: 2 OF 2




HONG WEST & ASSOCIATES WELL LOG

P.0. BOX 596, LYNNWOOD, WASHINGTON 98048, (206)774-0106 LOGGED BY: Doug Geller

: TOTAL DEPTH: 78 FEET
DATE STARTED: 12-13-80
DATE FINISHED: 12-27-60

DRILLING COMPANY: Tacoma Pump and Driling
DRILLING METHOD: Air Rotary — 6" Tricone .
SAMPLING METHOD: Grab sample from air discharge tube

u
uf
I
o
Z e AS BUILT 3 ~
n SYMBOLS DESCRIPTION T T — - ‘REMARKS
Pl ry
. " v oo ’ - q- :
SURFACE: 6" ROAD GRAVEL - s :, oncrete Seal
P e 2" Steel Case
. s ] _ 2 . )
- [+ "
Brown. graveily SAND some silt damp T P > Stee' Case
‘{Recessional Outwash) B ‘
— largg___l:youlder at? ....
== sandy gravel from 7-9 : R __
Brown, very gravelly coarse SAND, - - .. . 2 . Bentonite Grout
trace tine sand, moist. . S o O oo ol '
Browhifgravelly SAND, trace fine L e . L
sand, moist. : o] o
S | = B
- - rdék fragments from 20-25, damp. % % "_ PVC riser
L o ' : .
L
(IR
z 5 2
— —— coarse sand at 26, medium sand at 28 2
I ! . y - . . . .- e II!::
'_ 0 M
a
l{'jI Brown, medium to coarse SAND, trace silt
~ and fine gravel, dry.
Gray/brown, sandy GRAVEL, some silt, dry, R
hole staying open.
- (T
3
-« Dames and Moore sample at 38
40— E no grab sample at 40.
- —~— hit very large, hard boulder at 42 ‘ IR 0
0 = R
_ —— drilled through boulder at 47.5 e
: after 4 hours with downhole hammer. St
0= : : L
PROJECT: Silvigrow ' WELL MW 3
LOCATICN: Cumberiand, WA o
SURFACE ELEVATION: B12.27 ft. : _ K PROJECT NUMBER 20131

MEASURING POINT EL.: 813.74 ft.
' : = PAGE 'IOF 2 T




HONG WEST & ASSOCIATES

" SURFACE ELEVATION: 812.27 it.
MEASURING POINT EL.. 813.74 ft.

9]
wl
-
&
= _ . AS BUILT o
" SYMBOLS DESCRIPTION R R A 7 REMARKS
50— = Gray/brown sandy GRAVEL, some silt, dry. z o ——— :
N : '_ STy R ' -
= {T=-- color. change at 52.5, oxidized sand, —Bentonite
- Foy AR VY
q - -Brown to gray, fine GRAVEL wlth sand T Y Ty :
= ‘trace fine sand/siit, saturated. SO
. (Aqva‘nce Outwash) _
. . ‘ entonite 'Pellets_
607 (] Gray, coarse GRAVEL, some sand trace ' '
sllt water >15 GPM ! . B
- : : ——=2" PVYC riser
= ‘== water at 30 GPM }———10-20 Colerado Sand
. 70-= ——2' PVYC .0l slot -
() 1 _screen. '
w . creer
LL .
=z M
= [ _
r A ——
3_:. .End. of Borehole
I . SIS o
D .
.80+
20—
100~
PROJECT: Silvigrow WELL MW"B

LOCATICN: Cumberiand, WA

PROJECT NUMBER 2013!¢

PAGE 2 oF 2




DEPTH IN FEET

HONG WEST & ASSOCIATES

P.0. BOX 596, LYNNWOOD, WASHINGTON 98048, (208)774--0108

'DRILLING COMPANY: Layne Envirenmental Services
DRILLING METHOD: Dual Wall Reverse Circulation
SAMPLING METHOD: Grab sample from cyclone.

0
i
-
o
=

<
¢

SYMBOLS DESCRIPTION

O ==

GP | Brown; coarse SAND and GRAVEL, .
. some cobbles, trace silt, damp.

Gray, SAND, some silt and gravel, dry.

Bouider (Andesite) from 30 to 42",

GM| - Brown, silty, coarse sandy, GRAVEL,
i dry to damp.

50—=

WELL LOG

LOGGED BY: Dan Howard

TOTAL DEPTH; 86.5 FEET
DATE STARTED: 3-21-of
DATE FINISHED: 3-22~81

 REMARKS

'_éincre:te Seal
2" Steel Case

8" _XS_te'el, Case’

Sentonite Chips

' PVC “Hiser

PROJECT: Silvigrow
LOCATION: Cumberiand, WA

" SURFACE.ELEVATION; B25.92 ft.
MEASURING POINT EL.: B27.88 ft.

- WELL. MW-4

~ PROJECT NUMBER: 80131

PAGE: 1 OF 2




DEPTH IN FEET

T
a]
J

1

100~

HONG WEST & ASSOCIATES?
WELL LOG i

--— saturated

2]
18}
_J
o
Z AS BUILT
0 SYMBOLS 'DESCRIPTION o .. 'REMARKS
é GM|" Brown, silty coarse GRAVEL, some
: ".some cobbles and sand, dry to damp
o % SM '_quwn_, '_gr_.avel!y SAND, some silt, damp. " PVC Riser
- GM| Brown, GRAVEL, some silt Bentonite Chips
moist to wet. L .
= Llwet
2
o

Gray/brown, coarse sandy, GRAVEL,
some silt, saturated.

262 6% 0% 6%
DA CHCash A

B

Gray/brown, coarse sandy, GRAVEL,
trace sjlt, saturated. _

Bottom of Hole

entonite Pellets

L —0.010 Slot Screen -

———0-20 Siiica Sand .

eROJECT Siviaren — wELLMw-—4

LOCATION: Cumberiand, WA
SURFACE ELEVATION: 825.92 ft.
‘MEASURING POINT EL.: 827.88 ft.

" 'PROJECT NUMBER: 8013

PAGE: 2 OF 2
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DEPTH IN FEET

HONG WEST & ASSOCIATES - - WELL LOG

P.0. BOX 506, LYNNWOOD, NASHINGTON 08046, (208)774~0108 LOGGED BY: Howard/Dunn

DRILLING COMPANY: Tacema Pump and Driling. ' JETTE‘EALS'?E;}-EB?T FEET

DRILLING METHOD; Air Retary — 6" Tricone P =3
. SAMPLING METHOD: Grab sample from air discharge tube DATE FINISHED: 1-8-8f

w
w
|
o
=
<
w

SYMBOLS DESCRIPTION .'_RgMARKS

'Brown, med. to coarse SAND,
.some gravel and siit, dry.
(Recessional Qutwash)

oncrete Seal
2" Steel Case -

" Steel Casing

Bentonite Chips

- P ﬁ———Caved Hole

== cobbles :

== trace siit _ 3388

—— cobbles

Gray, GRAVEL, some med. S R - 2% PYC flser

to coarse sand, trace silt, e : : .

dry. - -{Ti?)

—— sandy R

Brown—gray, med. to coarse SAND
" and GRAVEL, some silt, dry.

(T
- — —— Perched water at 5 gpm. e )
40— _ 2R entonite Grout
= l —— Boulder from 42 to 44.5 feet. >
Drilled with downhole hammer. 2
=
|-':?Qé‘ -"96‘
50— = Lol Kok
PROJECT: Slivigraw - WELL MW-5H
LOCATION: Cumberiand, WA ST
SURFACE ELEVATION: 787.94 ft. " PROJECT NUMBER: 80131

MEASURING POINT EL.: 789.35 ft.
S PO PAGE: 1 OF 2




100

DEPTH IN FEET

N
‘0
1

80—

‘I SAMPLES

HONG WEST & ASSOCIATES'_”
- WEI_L I_OG | |

. AS BUILT .
SYMBDLS -+ .DESCRIPTION R ‘REMARKS

“Brown, silty. sandy GRAVEL, moist .
'to wet. (Ti[l) .

GM
: aved Hole

B zn;'ec'ted water from 54 to 57
v feet’to clear casing.

¥y

_on i/8/¢}
Bentonite Chips .

Brown-grey, gravelly, coarse
"SAND, some silt, wet.
‘(Transitional)
Saturated at 80 feet.

Brown/gray, siity, gravelly SAND,
‘saturated. (Transitional)-

Grey, sandy, GRAVEL, to
gravelly coarse SAND, saturated,
water:at 10 gpm.

~ (Advance Outwash)

+—2" PVC .01 slot _
: screen.

_.'——- some sand trace sllt water :. o
~at 20-25 gpm.

End of ‘Borehole

44020 Colorado
1 Silica Sand

Bentonite Pellets

CmosseT sivigrow  WELL MW-5

.. BURFACE ELEVATION: 797.84 ft.
- MEASURING POINT EL.: 799.35 ft,

LOCATION: Cumberland, WA = . . L
_F_'FIO_JEC_TuNUMBER: 80131

‘PAGE: 2 OF 2
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DEPTH IN FEET

HONG WEST & ASSOCIATES
P.O. BOX 588, LYNNWOOD, HASHI:NGTON 88048, (208)774-0106

DRILLING COMPANY: Layne Environmental Services
DRILLING METHOD: Dual Wall Reverse Circulation
SAMPLING METHOD: Grab sample from cyc!one.

0
W
-
o
=
<
[ ()}

SYMBOLS DESCRIPTION

GM| Brown, slity GRAVEL, trace fine sand,
o = some cobbles, damp.

8rown, medium sandy, GRAVEL, trace
silt, damp.

—=— moist

Brown, GRAVEL, some silt,
some coarse sand, wet._

—— trace silt

o
al

Ny By B
PUPLE

elle
afa®

Brown, GRAVEL, some silt and sand,
maist to wet.

LN
6% 8% 97

W
)
s PaloRale 606 0 6 d;
By
[al [

i5%0

-
[eY

Brown/gray, medium—coarse SAND,
some gravel and siit, saturated.

WELL LOG

LOGGED BY: Dan Howard

TOTAL DEPTH: 58.5 FEET
DATE STARTED: 3-22-¢1
DATE FINISHED: 3-23-61

_REMARKS

ohcre’te Seal
. 2" Steet Case

g" Stee_t Case

entonite Chip__a :

" PVC Riser

Bentonite Pellets:

Y

0.010 Siot Screen
e c

PROJECT: Silvigrow _
LOCATION: Cumberiand, WA
SURFACE ELEVATION: 705.48 ft.
MEASURING POINT EL.: 707.80 ft.

WELL MW-6

" PROJECT NUMBER: 90131

PAGE: | OF 2




DEPTH IN FEET

SYMBOLS:

HONG WEST & ASSOCIATES"f
WELL Lo

AS BUILT

. DESCRIPTION - ... . Tooiee . REMARKS

: ———0010 Siot Screén

. Brown,

sandy, GRAVEL,
trace silt, saturated.

i 40-20 Siilca Sand

00—

- Bottom.of Hale

PROJECT: Silvigrow
‘LOCATION: Cumberland, WA

SURFACE ELEVATION: 705.48 ft.
" MEASURING POINT

WELL MW-— 6

PROJECT NUMBER 90131

EL.: 707.90 ft. :
PAGE: 2 OF 2




DEPTH IN FEET

20—

HONG WEST & ASSOCIATES -

P.0. BOX 598, LYNNWOOD, WASHINGTON 88048, (208)774-0106

DRILLING COMPANY: Layne Environmental Ser\'r:ices
DRILLING METHOD: Dual Wall Reverse Circulation
SAMPLING METHOD: Grab sample from cycione.

wn
L
|
0.
=
<
7]

0

30—

SYMBOLS DESCRIPTION

0.0 B,
Piitd GM.

Brown, coarse SAND and GRAVEL,

~some silt, damp.

¥

Brown, sandy GRAVEL, trace to
some silt, damp.

Brown, cobbly, GRAVEL, some sand,.
dry to damp.

GM

Brown sandy GRAVEL, trace to some
silt, moist.
(Tim

—— as above except trace sand, wet.

WELL LOG
LOGGED BY: Dan Howard

TOTAL DEPTH: §9.5 FEET
DATE STARTED: 3—-23-81
DATE FINISHED: 3~23-0!

"’REMARKS

oncrete Seal
2" Steel Case

g Stee_l Case

entonl_te 'Chips :

2" PVC Riser

Bentonite Pellets

2 !
' ——Caved hole

Brown, sandy GRAVEL, trace silt,
saturated. T

¥

—-0.010 Siot Screen

'PROJECT: Silvigrow

LOCATION: Cumberland, WA
SURFACE ELEVATION: 758.91 ft.
MEASURING FOINT EL.: 780.60 ft.

WELL MW-7
7 PROJEET NIMBER: s01a!

PAGE: 1 OF 2




HONG WEST & ASSOCIATES

9]
Lt
~
o
zZ : AS BUILT ‘
Lt SYMBOLS : "DESCRIPTION e LT o CREMARKS
50 = Gray/brown. sandy, GRAVEL : R - ce e
. . trace silt saturated : A )
- : o —0.010 Slot Screen
I:j S
4——10-20 Stica Sand
50— .Bottom of Hole
- 70~
w .
m 4
e
Z . -t
[ ]
I -]
|_
o
i -
(m}
B8O
80—
00—
PROJECT: Sllvigrcw WELL MW—7
LOCATION: Cumberland, WA

SURFACE ELEVATION: 758.81 1t " PROJECT NUMBER: 80131

MEASURING POINT EL.: 780.80 ft. ;
: - FAGE 2 DF 2




DEPTH IM FEET

HONG WEST & ASSOCIATES

~P.Q. BOX 598, LYNNWOOD, WASHINGTON 88048, (208)774-0108
DRILLING COMPANY: Layne Environmental Services .

. ORILLING METHOD: Dual Wall Reverse Circulation
SAMPLING METHOO: Grab sample frem cyclone,

50~

DESCRIPTION

WELL LOG

LOGGED BY: Dan Howard

TOTAL DEPTH: 72 FEET
DATE STARTED: 3-23-9i
DATE FINISHED: 3—-23-81 :

HEMARKS

Brown, coarse sandy, GRAVEL,
saome siit, damp to molst.

oncrete Seal
2" Steel Caae ‘

g Steel_ Case

Brown. GRAVEL, some sand and sllt
damp to mc{st O

Bentonite Chips

S GW

G
GM

Brown, medium to coarse, sandy,
GRAVEL, damp to moist.

Brown, sandy GRAVEL, and silt,
moist.

2" PVC Riser

Iem

- Brown, GRAVEL, some sand and silt,
moist.

(T

Bentonite Peilets_

PROJECT: Silvigrow

_LOCATION: Cumberland, WA .

SURFACE ELEVATION: 788. 53 ft.
MEASURING POINT-EL: 791 04 ft.

WELL MW-8

PROJECT NUMBER 9013!

PAGE: | OF 2 '




DEPTH IN FEET

)
o
I

80—

90—

100 —

'SYMBOLS. " DESCRIPTION

"~ WELL LOG |

‘AS BUILT,.

~ I'saMPLES

GM

~ REMARKS

Brown/gray, GRAVEL, some
sand and silt, moist to wet.
o _(Tlll?)

—2" PVC Riser
¥y '

Brown/gray, GRAVEL, trace
sand and silt,’saturated.

Brown/gray, gravelly, med. SAND,
saturated, (heaving approx. 8°). . : :
ke ———0.010 Siot Screen

Gray/brown, coarse sandy, GRAVEL,
trace siit, sa_turated. ) ‘

Bottom of Hole

'J———io_—zo Slica Sand

PROJECT: Silvigrow

TWELL MW-8

LOCATION: Cumberiand, WA

SURFACE ELEVATION: 788.53 ft.

_PROJECT NUMBER: 90131 .

MEASURING POINT EL.: 791.04 ft.

PAGE: 2 OF 2
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HONG WEST & ASSOCTATES .. WELL LOG
P.0. BOX 588, LYNNWOOD, WASHINGTON 98046, . (208)774-0108 LOGGED BY: Dan Howard

DRILLING COMPANY: Layne Environmental Services ATTOETQ'?-AD»%;H} 80 FEET °
DRILLING METHOD: Dual Wall Reverse Circulation D ATE RINIEey 3m24-a
SAMPLING METHOD: Grab sample from cyclone. ISHED: 3-24-91 .

SAMPLES

SYMBOLS DESCRIPTION " REMARKS

Brown, sandy, GRAVEL, 3

y ; oncret
some cobbles and silt, damp. rete Seal

2" Steel Case

8" Stee| Case

Brown, coarse sandy GRAVEL,
some _silt, damp.

Bentonite Chips

}_
w :
W L
W g
z o
4 .
T L
[t .
m T
a S
' " PVC Riser
Brown, sandy, GRAVEL, damp.
.Brown, silty, coarse sandy,
GRAVEL, damp.
Brown, med. to coarse SAND,
trace silt, damp to moist.
[}]H5M] 8rown, siity, GRAVEL, some
50—-= sand, damp to moist.
PROJECT: Silvigrow ' ~ WELL MW-9°
LOCATION: Cumberiand, WA o -
SURFACE ELEVATION: 741,80 ft. _ B ' PRQJEP_T NUMEEB: 90|.3|

MEASURING POINT EL.. 744.54 ft.
R PAGE: 1 OF 2




DEPTH IN FEET

HONG WEST & ASSOCIATES

WELI_ LOG

SYMBOLS ¢

‘DESCRIPTION

{ SAMF‘LES

.
&
l .

" AS BUILT.

Brnwn, coarse sandy, GRAVEL some
silt, mcnst

Brown, GRAVEL, trace sand and
sllt‘._ maist. .

Brown/gray, sandy GRAVEL,
trace silt, molst.

—_ 's"a_tura"téd '

i .

—— as above except trace to some sand.

REMARKS

2" PVC Riser

Bentonite Chips

ent_phlt:e Pelllet_s

4———0.010 Slot Screen

4——10-20 Silica Sand

Bottom of Hole

100—

PROJECT: Sllvigrow

LOCATION; Cumberland, WA

SURFACE ELEVATION: 741.80 ft,
- MEASURING POINT EL.: T44.54 ft,

WELL MW-9
| :I5RD‘:J.ECT,N:UH.BER: o131

PAGE: 2 OF 2




" EXHBITB

~ GEOTECHNICAL LABQRAT'ORY';ANALYS_IS ;

' PERMEABILITY CALCULATIONS  ©
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38-39 feet

- 29.5-
5.3

63.2 .

Silt:.
Clay

‘Sand

Sample Description
. Gravel

Test Hole Number

. Sample Number
Depth '

ton

well graded GRAVEL with sand

" GRAIN SIZE DISTRIBUTION
(GW=GM)

HONG "WEST & ASSOCIATES

90131

King County, Washing

4—-16-91
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GRAIN SIZE DISTRIBUTION

P
<
[
e
=
o
1]
Ll
RS R
oo
[+ Lo p}
s
E
3
z
o
0
T
.
L]
Q
-

- Sample Number;

Depth:

e
o H
et} H
.o H
B
=
W
G.
= i
2=
LRI
a1 —
o! Q@
BEERE L
g
oy on .
c
Rt
R
ZH

.

-Project

' Proiegi' Number

-9

4-18

Date Tested:”

57.8

Gravel:

Sample Description:
."._Scm_d

th sand

3
2.3

1

graded GRAVEL w

8.9

]
=z
(Y
L
T
I
cf o
2l o
r...l....
m
'y
|9
o
E
[iH]
CH

Silt:

Clay

Crse

" Gravel

"Sand

Silt -

Clay

' Cr;u Fina

SIEVE SIZES

Madlum

Fine

Lg]

e

~

.

L]

gl LT T DO NRCTUUN (PP ey NP DU S LI I {—

“~F .

m

e

= u

" =

- -

o

w

g [ g =

L (SRR NN, SUDDDDIE NI Nl SRR SORSUUIE IDDUNRR SR |

RN DOUPUDS ORROUN: SUUNINN MOSRNNE RO -

Lt [N APV 1N SRR SO, —

S i T B

o l.lltlllMl!lll‘a.lrolllal- —

@ A S i

o i :

=] ! ;

o -

o t—

Ny -
RN RRRRERARNERRR A DRURNRERE :

O O 9 0 0.0 0.0 O _ 0. O

O o~ vw N+ N -

CYITIVAS INIDYId

10

1

MILLIMETRES

o

GRAIN -SIZE

-0.01

0.001

Reviewed By




“HONG WEST & ASSOCIATES

"GRAIN" SIZE DISTRIBUTION
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HONG WEST & ASSOCIATES

GRAIN SIZE DISTRIBUTION
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HONG WEST & ASSOCIATES
~ GRAIN SIZE DISTRIBUTION
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HONG CONSULTING ENGINEERS, INC.

FALLING HEAD PERMEABILITY TEST REPORT

Project;__ METRO SILVIGROW

Test Hale Number.

_MW - 3

Address: Section 16/20

Depth. __ __ __38-39 '

Test Number: |

Brown SanBy gravel

Project Number: 907131 Sample Description:
Date Tested: 4-91 By: SEG - __.EV..J'_EE, .5:‘?.‘“"’ silt
Test Apparatus: - — ——— — et
Machine Numbef: — e e e
[}
Load Increment —— - ——— ——
' 1 2 I 3 1 2 - 2
TrialNumber i . - e ]
Areaof Burettecm? (a) 29.49 _’ I —
. 10.16 § >
SampleHeightcm (L) _ i : e —
Sample Diameter cm (D) - .13 : ' — 2 . ____ S
: H >
Sample Area cm? (A) 29.49 : ; e om ————
Initial Head cm (ho) 15.24 , 15.24 . 15.24
. : 10.24 ! 10.24 10.24
Final Head cm (h') _ : —_— e e
! 1
Initial Tima sec. (to) 0! 0 ¢ S ¢ :
- ' 11 | 12 . 13
Final Time sec. {t') : ’ e e e e e =
.0062 ! .oo57 ! .0052 .em/sec o
T ; o aL g
i ] k:23 ATt -ty 1090 T,
1 | .
hg C
! H
! ]
'E . 'h' : ¥ i Remarks: - . —————
' r i i . K = 5.6X 1073 cm/sec. o
g . - — ——— e e e
L —
! e e e
T=r) T
- ..
Datum |
1 1 t v

P.0. Box 594. Lynnwood,

Washington 98046 « (206) 743-4774




S ~ HYDRAULIC CONDUCTIVITY TESTING

 DATA AND CALCULATIONS




. SE1000B
Environmental Logger
05/01 10:08

Unit# 00997 Test# O e o
. MW-1 FALLING HEAD TEST -
INPUT 1: Level (F) TEST DATA

Reference 10.69
Scale factor 10.11
yffset 0.00

Step# 0 05/01  09:25

2lapsed Time Value
0.0000 10.69
0.0033 +10.79
0.0066 11.33
0.0099 12.13
0.0133 11.77
0.0166 11.06
0.0200 10.84
0.0233 10.79
0.0266 10.76
0.0300 10.75
0.0333 10.74
0.0500 10.77
0.0666 10.76
0.0833 10.76
0.1000 10.76
0.1166 10.76
0.1333 10.74
0.1500 10.74
0.1666 10.74
0.1833 10.74 : o ST
0.2000 10.73 ©.01.5833 >0 10.69
0.2166 10.74 L. 1.6667 S0 10.70
0.2333 10.73 s 1.7500 oot 10.69
0.2500 10.73 . .1.8333 . 10.70
0.2666 10.73 - ¢ 1.9167 0 0 .:10.70
0.2833 10.73 : ©.,2.0000 . 710.69
0.3000 ‘ 10.73 L 2.5000 0 10.69
0.3166 10.73 S 3.0000 e 10.69
0.3333 10.72 : 3.5000 .. 10.69
0.4167 10.72 4.0000 ceo . 10.68
0.5000 10.72 4.5000 s 10.68
0.5833 10.71 5.0000 .7 10.68
0.6667 10.71 5.5000 o 10,69
0.7500 10.71 ©6.0000 0 10.69
0.8333 10.71 6.5000 ' . 10.69
0.9167 10.70 . 77.0000 =~ 10.68
1.0000 10.70 . 7.5000 G 10.68
1.0833 10.70 .'8.0000 710,69
1.1667 10.70 - 8.5%5000 L 10.69
1.2500 10.70 1.9.0000 < -10.68
1.3333 10.70 - 9.5000 . .10.68
1.4166 10.70 10.0000 .. 10.68
1.5000 10.70 '12.0000 .7 :10.68



SE1000B

Environmental Logger

05/01 10:10
Unit# 00997 Test# 1

INPUT 1: Level (F)

Raeference 10.69
Scale factor 10.11
Offseat 0.00

Step# O 05/01 09:40

Elapsed Time value
0.0000 - 10.67
0.0033 . 10.48
0.0066 10.21
0.0099 10.14
0.0133 10.17
0.0166 10.27
0.0200 10.35
0.0233 10.39
0.0266 10.45
0.0300 10.50
0.0333 10.52
0.0500 10.61
0.0666 10.64
0.0833 10.65
0.1000 10.67
0.1166 _ 10.67
0.1333 o 10.67
0.1500 10.67
0.1666 - 10.67
0.1833 10.68
0.2000 - 10.68
0.2166 10.68
0.2333 10.68
0.2500 10.69
0.2666 10.68
0.2833 10.68
0.3000 10.68
0.3166 10.69
0.3333 10.68
0.4167 10.68
0.5000 : 10.69
0.5833 ' 10.69
0.6667 10.69
0.7500 10.69
0.8333 10.69
0.9167 ‘ 10.69
1.0000 10.69
1.0833 10.69
1.1667 .10.69
1.2500 10.69
1.3333 . 10.69
1.4166 10.69

1.5000 10.69

MW-1 RISING HEAD TEST DATA

VWO dA AU U A S LU WR N e

.5833
6667
.7500

8333

.9167
.0000
.5000
.0000
.5000
. 0000

.5000 .

.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.0000

. 0000

10.69

+.10.69

10.69
10.69

10.689
.10.69

10.69
10.68
10.69

10.69
- 10.68
.'10.69

10.68

- :10.69
- -:10.69
... 10.69

..10.69

10.68

:10.68

7 10.69
. 10.68
-.°10.68
.. 10.68
+.10.637



SELO00B
Environmental Logger
05/01 11:55

it# 00997 Test# 2 ST e
Unit# est# MW-2 FALLING HEAD TEST DATA

INPUT 1: Level (F)

Reference 12.90
Scale factor 10.11
Offset 0.00

Step# 0 05/01 10:50

Elapsed Time Value.
0.0000 15.88
0.0033 . . 15.49
0.0066 15.51
0.0099 14.94
0.0133 13.38
0.0166 . 13.86
- 0.0200 14.01
-~ 0.0233 .14.04
0.0266 © 14.06
0.0300 S 13.77 ,
0.0333 13.55 1.5833 13.05
0.0500 13.54 1.6667 13.04
0.0666 : 13.54 ' 1.7500 ; 13.04
0.0833 13.54 " 1.8333 © 7 13.03
0.1000 ~ 13.48 - 1.9167 13,02
0.1166 13.46 2.0000 13,02
- 0.1333 13.42 - 2.5000 C13h02
0.1500 . 713.40 " 3.0000 113,00
0.1666 13.36 ' 3.5000 713,00
0.1833 13.36 -4,0000. 12,99
0.2000 13.34 " ' 4.5000 12,98
0.2166 13.31 ' '5.'0000 12,97
0.2333 13.30 . 5.,5000 - 12,97
. 0.2500 13.29  6.0000 12,97
. 0.2666 13.28 7 §.5000 12,96
' 0.2833 13.27 . 77.0000 12,96
0.3000 13.26 ©7.5000 ¥ 12,95
~ 0.3166 . 13.24 '8.0000 © 12.98
y . 0.3333 13.23 ' B.5000 S 12.96
0.4167 13.20 9.0000 " -12.95
0.5000 13.18 © 9,5000 1 12.95
0.5833 . . 13.16 ' 10.0000 .~ 12.95
0.6667 13.13 ©12.0000 ©12.93
0.7500 13.13 14,0000 ©12.93
0.8333 13.11 '16.0000 12,92
0.9167 13.09 18.0000 412,93
1.0000 13.09 - '20.0000 12,82
1.0833 13.08 22.0000 12,92
1.1667 13.07 24.0000 12,91
1.2500 13.07 ' 26.0000 12091
1.3333 13.05 28.0000 12,92
1.4166 13.05 . 30.0000 12,91
1

.5000 13.05 "32.0000 0 12.92



SE1000B
Environmental Logger
05/01 11:57
Unit# 00997 Test# 3

INPUT 1: Level (F)

Reference - 12.90
Scale factor 10.11
Offset 0.00

Step# 0 05/01 11:23

Elapsed Time Value
0.0000 12.40
0.0033 - 11.59
0.0066 11.67
0.0099  ~  11.81
0.0133 11.28
0.0166 11.24
0.0200 11.26

- 0.0233 11.34
0.0266 11.46
0.0300 11.60
0.0333 11.73
0.0500 12.10
D.0666 12.17
0.0833 12.23
0.1000C 12.29
0.l1166 12.33 .

0.1333 ... 12.36
0.1500 . 12.39
0.1666 12.241
0.1833 12.43
0.2000 12.46
C.2166 12.47
0.2333 12.48
0.2500 12.50
0.2666 12.51
0.2833 12.52
0.3000 . 12.53
0.3166 12.53
0.3333 12.55
0.4167 12.58
0.5000 12.61
0.5833 12.63
0.6667 12.65
0.7500 12.66
0.B333 ’ 12.68
0.91&87 ' 12.69
1.0000 12.70
1.0833 12.71
1.1667 12.71
1.2500 12.72
1.3333 12.73
l1.4166 12.73

1.5000 12.74

MW

-2 RISING HEAD TEST DA_TA. .

. 1.5833
. 1.6667
- 1.7500

1.8333

2 1..9167 .

. 2.0000
.. 2.5000

. 3.0000.

... 3.5000
. 4.,0000
4.5000

5.0000

- 5.5000
. 6.0000
6.5000
- 7.0000
- 7..5000
.. 8.0000
.. 8.5000
. 9.0000

9.5000

- 10.0000
12.0000
-14.0000
16.0000
.. 18.0000

20.0000

- 22.0000

24.0000
' 26.0000
..28.0000

o12.74
12,74
S 12.74
. 12.76
212075
..12.76
.. 12.78
12,79
..~ 12.80
. -12.80
L. 12.81.
12.81

12.82

~.12.82

12.82

. 12.83

12.83
12.83

. 12.83
©12.83

12.83

.. .12.84
12.84
...12.85
. 12.85
.. 12.86
. ..12.85
12.85
. 12.86
'12.87

12.86

J—

Ei

-

-



SE1000B
Environmental Logger
05/01 12:58
Unit# 00997 Test# 4 MW-4 FALLING HEAD TEST DATA
INPUT 1: Level (F) '

Reference 12.73
Scale factor 10.11
Offset . 0.00

Step# Q 05/01 12:28

Elapsed Time Value
0.0000 12.65
0.0033 *12.66
0.0066 13.33
0.0099 15.51
0.0133 15.71
. 0.0166 14.15
0.0200 13.03
0.0233 13.21
0.0266 13.46
-0.0300 13.31
0.0333 13.03
0.0500 13.09
0.0666 12.88
0.0833 . 12.84
0.1000 12.81
0.1166 . 12.80
0.1333 ‘ 12.78
0.1500 12.77
0.1666 12.76
0.1833 12.76
0.2000 . 12.75 1.5833 _ 12.73
0.2166 12.74 1.6667 12.73
0.2333 12.74 1.7500 12.73
0.2500 12.74 ©1.8333 © 12.73
0.2666 12.74 . 1.9167 12.73
0.2833 12.74 '~ 2.0000 o 12573
0.3000 12.74 2.5000 12.73
0.3166 12.73 ~ 3.0000 '12.73
0.3333 12.73 3.5000 12.73
0.4167 12.73 4.0000 ‘12,73
0.5000 12.73 4.5000 12.73
0.5833 12.74 5.0000 S 12.73
0.6667 - +12.73 5.5000 12,73
0.7500 12.73 6.0000 ‘12.73
0.8333 12.73 6.5000 12.73
0.9167 - 12.73 7.0000 12.74
1.0000 12.73 7.5000 12.73
1.0833 12.73 8.0000 12,73
1.1667. 12.74 8.5000 12.73
1.2500 12.74 9.0000 12,73
1.3333 12.73 5.5000 12.74
1.4166 12.73 ~ 10.0000 12.73

1.5000 12.73 12.0000 12.73



SE1000B
Envirommental Logger
05/01 13:00

Unit# 00997 Test# 5 MW_4R151NGHEAD'I'ESTDATA

INPUT 1: Level (F)

Referénce 12.73
Scale factor 10.11
Offset 0.00

Step# O 05/01 12:44

Elapsed Time Value

0.0000 T 12.67

0.0033 , 11.96

0.0066 11.56

0.0095 11.98

0.0133 11.62

0.0166 11.55

0.0200 11.60

0.0233 11.71

0.0266 11.82

0.0300 11.95

0.0333 12.07

0.0500 12.42

0.0666 12.57 .

0.0833 12.63

0.1000 ' IT.6E

0.1166 : 1.0
.0.1333 . .1z ..

0.1500 12.658

.0.1666 '12.69

0.1833 12.69

0.2000 : 12.69 o o
0.2166 12.69 1.5833 12.71
0.2333 12.70 1.6667 12.71
0.2500 12.70 1.7500 To12.71
0.2666 12.69 ‘ 1.8333 12.71
0.2833 12.70 1.9167 12.71
0.3000 12.69 "2.0000 12.72
0.3166 12.70 2.5000 12.71
0.3333 12.70 3.0000 $12.72
0.4167 , 12.70 3.5000 12.72
0.5000 12.71 4.0000 J12.71
0.5833 12.70 4.5000 12.71
0.6667 12.70 5.0000 12.71 -
0.7500 12.71 5.5000 12.71
0.8333 12.70 : 6.0000 12.72
0.9167 12.71 6.5000 12,72
1.0000 12.71 7.0000 12.72
1.0833 12.71 ~7.5000 12.72
1.1667 12.71 8.0000 12.71
1.2500 - 12.71 8.5000 12,71
1.3333 12.71 9.0000 . 12.70
1.4165 12.71 9.5000 12.71 .

1.500% 12.71 10.0000 12.72 .



SE1000B
Environmental Logger
04/15 . 17:36

Unit# 00997 Test#F O

[NPUT 1: Level (F) MW-5 FALLING HEAD TEST DATA
eference 13.70
scale factor 10.11
ffset : 0.00.

Step# 0 04/15 10:51

=lapsed Time Value
0.0000 13.72
0.0033 13.74
0.0066 13.88
0.0099 14.24
0.0133 14.54
0.0166 14.76
0.0200 . 14.64
0.0233 14,38
0.0266 . 14.01
0.0300 13.75
0.0333 13.69
0.0500 13.67
0.0666 13.72
0.0833 13.76
0.1000 13.75
0.1166 13.74
0.1333 13.73
0.1500 13.72
0.1666 13.73
0.1833 13.73
0.2000 13.72
0.2166 13.72 1.5833 13.72
0.2333 13.73 1.6667 13.72
0.2500 13.72 1.7500 13.71
0.2666 13.72 .1.8333 13,72
0.2833 13.72 1.9167 13.72
0.3000 13.72 2.0000 13.72
0.3166 13.72 ‘ 2.5000 13.72
0.3333 13.72 . 3.0000 13.73 -
0.4167 13.72 3.5000 13,72
0.5000 . 13.71 4.0000 13.73
0.5833 13.72 4.5000 13.72
0.6667 13.72 5.0000 13.72
0.7500 13.72 5.5000 13.72
0.8333 13.71 . 6.0000 13.73
0.9167 ‘ 13.72 6.5000 13.72
1.0000 13.73 7.0000 13.72
1.0833 13.72 7.5000 13.72
1.1667 13.72 - 8.0000 - 13.72
1.2500 13.71 8.5000 13.72
1.3333 13.71 9.0000 13.73
1.4166 S 13.71 : ‘§.5000 13.72
1.5000 13.73 10.0000 13.71



SZ1000B
Environmental Logger
04/15 17:37

i 00997 Testy 1
units ests MW-5 RISING HEAD TEST DATA .

INPUT 1: Level (F)

keference 13.70
Scale factor 10.11
Offset o 0.00

Step# 0 04/15 11:05

Elapsed Time Value

0.0000 13.54

0.0033 13.43

0.0066 13.43

'0.0099 13.41

0.0133 - 13.40

0.0166 - 13.39

0.0200 13.41

0.0233 13.39

0.0266 13.41

0.0300 13.41

0.0333 13.45

0.0500 13.74

0.0666 13.82

0.0833 13.65

0.1000 13.68

0.1166 13.75

. 0.1333 13.72 .

0.1500 13.70

0.1666 13.72

0.1833 13.73

- 0.2000 13.71

0.2166. - 13.72

0.2333 13.72

0.2500 13.72

0.2666 13.72 : - B
0.2833 13.72 ' 1.5833 - 13.72
0.3000 13.72 1.6667 13.72
0.3166 13.72 1.7500 13.72
0.3333 13.72 : 1.8333 13.72
0.4167 - 13.71 1.9167 13.72
0.5000 » 13.72 2.0000 13.73
0.5833 13.73 2.5000 13.73
0.6667 13.72 3.0000 13.73
0.7500 13.71 3.5000 13.73 .
0.8333 13.72 4.0000 . 13.72
0.9167 , 13.72 4.5000 13.73
1.0000 13.72 5.0000 ' 13.73
1.0833 13.72 5.5000 - 13.73
"1.1667 ~ 13.73 6.0000 13.73 -
1.2500 13.72 6.5000 13.72 -
1.3333 13.72 7.0000 . 13.72.
1.4166 13.72 7.5000 13.72

1.5000 ~ 13.73 8.0000 13.72 .



SE1000B
Environmental Logger
04/15 17:41 '

Unit# 00997 Test# 4 . N o ,
MW-7 FALLING HEAD TEST DATA
INPUT 1: Level (F)

Reference - 13.28
Scale factor i0.11
Offset 0.00

Step# O 04/15. 13:30

Elapsed Time Value
0.0000 - 13.27
0.0033 13.33
0.0066 13.49
0.0099 13.58
0.0133 13.74
0.0166 13.92
0.0200 13.87
0.0233 13.70
0.0266 | 13.49
0.0300 '13.26
0.0333 ‘13.24
0.0500 13.14
0.0666 13.20
0.0833 13.29
0.10600 13.31
0.1166 13.27
0.1333 13.24
0.1500 13.26
0.1666 13.28
0.1833 13.28
0.2000 - 13.27 L
0.2166 - 13.27 - '1.5833 - 13.26
0.2333 13.27 1.6667 13.27
0.2500 13.26 '1.7500 13.27
0.2666 13.27 1.8333 . 13.27
0.2833 13.27 - 1.9167 - 13.27
0.3000 13.27 . 2.0000 .13.27
0.3166 13.27 2.5000 13.28
0.3333 13.27 3.0000 13.27
0.4167 13.27 3.5000 13.27
0.5000 13.27 4.0000 13.27
0.5833 13.27 4.5000 13.27
0.6667 © o 13.26 5.0000 13.26
0.7500 13.27 ' 5.5000 13,27
-0.8333 13.27 6.0000 - 13.27
0.9167 13.27 6.5000 ° 13.27
1.0000 . 13.27 7.0000 13.27
1.0833 13.27 7.5000 13.26
1.1667 13.27 8.0000 - 13.26
1.2500 13.27 8.5000 13.27
1.3333 13.28 ~ 9.0000 13.27
1.4166 13.26 : 9,.5000 ' 13.26

1.5000" ‘ 13.27 10.0000 13.26



SE1000B -
‘Environmental Logger
04/15 17:42

Unit# 00997 Test# 5
: MW-7 RISING HEAD TEST DATA -
INPUT 1: Level (F) E Co o

Reference 13.28

Scale factor 10.11
Offset 0.00

Step# O 04/15 13:44

Elapsed Time Value
0.0000 12.51
0.0033 . 12.82
0.0066 12.89
0.0099 12.94
0.0133 12.91
0.0166 12.96
0.0200 13.01
0.0233 13.11 !
0.0266 . 13.17
0.0300 13.25
0.0333 13.31
0.0500 13.41
0.0666 13.26
0.0833 13.18
0.1000 13.23
0.1166 13.29
0,1333 ¢ - 13,28"°
0.1500 13.25
0.1666 13.26 .
0.1833 13.28
0.2000 13.26
0.2166 13.26 1.5833 13.27
0.2333 13.26 1.6667 - 13.28
0.2500 13:26 1.7500 ‘13.28
0.2666 13.27 1.8333 ‘13.28
0.2833 13.26 1.9167 - 13.28
0.3000 13.26 2.0000 - 13.28
0.3166 13.26 2.5000 . " 13.28
0.3333 13.26 '3.0000 13.27
0.4167 13.26 3.5000 13.27

- 0.5000 - 13.27 4.0000 "13.28

0.5833 13.26 - 4.5000 13.28
0.6667 13.27 5.0000 13.27
0.7500 13.27 ‘5.5000 113.27
0.8333 13.27 6.0000 13,27
0.9167 13.27 6.5000 '13.27
1.0000 13.27 7.0000 13,28
1.0833 13.27 7.5000 13,28
1.1667 13.27 8.0000 13.27
1.2500 13.27 8.5000 13.28
1.3333 13.27 9.0000 13.28
1.4166 13.27 9.5000 13.28
1

.5000 13.27 10.0000 '13.28



SE1000B -
Environmental Logger
04/15 17:38

Unit# 00997 TeSt#'z

ITNPUT 1: Level (F '
g c ) () MW-9 FALLING HEAD TEST DATA

Reference ' 12.72
Scale factor 10.11

Offset 0.00

Step# 0  04/15 12:23

Elapsed Time . Value
0.0000 . 12.73
0.0033 12.90
0.0066 13.03
0.0099 13.05
0.0133 12.87
0.0166 12.67
0.0200 12.60
0.0233 12.64
0.0266 12.67 o
0.0300 - 12.68
£ 0.0333 12.67
0.0500 12.64
0.0666 12.71
0.0833 ' 12.74
0.1000 12.73
0.1166 12.71
0.1333 12.69
0.1500 . 12.72
0.1666 12.73
0.1833 12.72
0.2000 12.70
0.2166 12.71 '1.5833 12,72
'0.2333 12.72 1.6667 L 12072
0.2500 12.72 "1.7500 "12.72
0.2666 12.72 1.B333" 12.72
0.2833 12.72 '1.9167 12.72
0.3000 12.71 2.0000 - 12,72
0.3166 12.72 ~2.5000 ©12.73
- 0.3333 Co12.72 :3.0000 SL12.72
0.4167 12.72 3.5000 12,71
0.5000 12.72 4.0000 12.72
0.5833 12.72 4.5000 12,72
0.6667 12.72 5.0000 12,72
0.7500 12.72 . 5.5000 12.72
0.8333 12.72 "6 .0000 “12.71
0.9167 12.72 6.5000 12.72
1.0000 12.72 7.0000 L 12,72
1.0833 12.72 7.5000 “12.72
1.1667 12.72 -~ 8.0000 12.72
1.2500 12.72 8.5000 ' 12.72
1.3333 12.71 9.0000 c12.72
1.4166 12.72 9.5000 C12v72
1

.5000 12.72 10.0000 12.72



SE1000B

Environmental Logger

04/15 17:40
Unit# 00997 Test# 3

INPUT 1: Level (F)

Reference 12.72
Scale factor 10.11
Offset 0.00

Step# 0  04/15 12:36

Elapsed Time Value
0.0000 26.81
0.0033 * 26.67
0.0066 26.71
0.0099 26.71
0.0133 26.73
0.0166 26.70
0.0200 . 26.68
0.0233 26.70
0.0266 26.72
0.0300 26.76
0.0333 26.81
0.0500" 26.98
0.0666 26.88
0.0833 26.77
0.1000 26.81
0.1166 26.90

0y1333 " 26.89
0.1500 26.83
0.1666 LELE2
0.1833 TA LT
0.2000 26,354
0.2166 26.84
0.2333 26.84
0.2500 ‘ 26.85
0.2666 - 26.86
0.2833 26.85
0.3000 26.84
0.3166 26.85
0.3333 26.84
0.4167 26.82
0.5000 26.87
0.5833 : 26.88
0.6667 26.87
0.7500 26.87
0.8333 26.87
0.9167 26.87
1.0000 26.87
1.0833 26.87
1.1667 26.88
1.2500 26.88
1.3333 26.87
1.4166 ' 26.88

i1.5000 26.87

MW-9 RISING HEAD TEST DATA

1.5833
1.6667

1.

7500

1.8333
1.9167

.2_
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000

™

OWWVEMIdOO LU DS W LK

0000

26,
26,88
:‘..'2.6-
~26,
w26,
26.
.26,
28,
26.
26.
- 26,
.. 26.
26,
26
. 26.
.26.
26.
26.
26.
26

88

87
B8
8S
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