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Municipality of Metropolitan Seattle

Exchange Building • 821 Second Ave. • Seattle, WA 98104-1598

March 13, 1989 , . ,,,, ""::: 8 ^s^-^r-^^

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 gratefuUy
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,

^'^
/ /lohn F. Spencer
/ y Director of Water Pollution Control

FFS/pd
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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 Qyalitv

• 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 Silvierow

• 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 dll.
• 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

A26 Second Avenue West, Seattle, Washington 98119 (206) 284-W3

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, HC03, N03)
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+K,
C1+N03). 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.l 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 average 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.

5. 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 designed 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.



Table 1.

WATER QUALITY MONITORING - SECTION 16

Surface Water

Green River

Stations

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

Parameters

Fecal coliform
Enterococcus
Nitrate-Nitrite-N

Ammonia-N
Metals

pH

Frequency

Quarterly

Groundwater

Springs S-l Blk. Dmd. springs

S-2 Palmer Coking Coal spring
S-3 Gorge spring
S-4 Palmer-Kanaskat spring

Same as above Quarterly

Wells

Lysimeters

W-l

W-2
W-3

W-4
W-5
W-6

W-7

35 - locations to be determined

Depth to water
Nitrate-Nitrite-N

Ammonia-N
pH

'0

Conduct! vity
Metals

Nitrate-Nitrite-N

Ammonia-N
Chloride
Conductivity

pH

Quarterly

Monthly
during
wet season

(Nov.

thru Apr.)

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 IMachno, Suzanne Schweitzer, Peggy Leonard, Roberta King)
and Metro's consultants (Chen Wang and Dick Bain, ofTCW 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

^^^u^~, J^-

Jack Warburton
Vice President

100 WEST HARRtSON STREET SEATTLE. WASHINGTON 98119-4186 • (206) 281-4000 • FAX: (206) 283-5560



HYDROGEOLOGY OF BLACK DIAMOND SPRINGS

TABLE OF CONTENTS

Page

CHAPTER 1. INTRODUCTION..................................................................................... 1-1

Scope of Work........................................................................................................................... 1-1

CHAPTER 2. DRAINAGE BASIN DESCRIPTION ................................................... 2-1

Drainage..................................................................................................................................... 2-1

Springs........................................................................................................................................ 2-2

Climate....................................................................................................................................... 2-3

Stratigraphy................................................................................................................................ 2-4

Structural Geology.................................................................................................................... 2-6

CHAPTERS. HYDROGEOLOGY................................................................................. 3-1

Discharge From Springs........................................................................................................... 3-1

Recharge.................................................................................................................................... 3-2

Groundwater Movement......................................................................................................... 3-4

Transmissivity.................................................................................................................. 3-4

Groundwater Flow Direction........................................................................................ 3-6

CHAPTER 4. WATER QUALITY.................................................................................. 4-1

Drinking Water Supply............................................................................................................ 4-1

Major Ions.................................................................................................................................. 4-1

Temperature.............................................................................................................................. 4-2

CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS ............................... 5-1

Potential Impacts on the Black Diamond Water Supply.................................................... 5-1

Recommendations.................................................................................................................... 5-2

CHAPTER 6. REFERENCES........................................................................................... 6-1

APPENDIX A. WELL INVENTORY
APPENDIX B. FIELD DATA
APPENDIX C. LABORATORY DATA



LIST OF TABLES

Table Page

2-1 Discharge From Black Diamond Springs.................................................................... 2-2

2-2 Temperature and Precipitation Averages................................................................... 2-3

3-1 Discharge From Springs................................................................................................. 3-2

3-2 Runoff Estimates............................................................................................................ 3-3

3-3 Transmissivity Estimates................................................................................................ 3-5

4-1 Water Quality Data........................................................................................................ 4-1

*

LIST OF FIGURES

Figure Page

1-1 Study Area Map.............................................................................................................. 1-1

*

*
2-1 Geologic Map.................................................................................................................. 2-4

2-2 Cross-SectionA-A'.......................................................................................................... 2-5

2-3 Cross-SectionB-B'.......................................................................................................... 2-5
3+S

2-4 Relative Position of Glacial Deposits.......................................................................... 2-5

2-5 Cross-SectionC-C'.......................................................................................................... 2-6

3-1 Discharge From Black Diamond Springs.................................................................... 3-2^

3-2 Average Annual Runoff................................................................................................. 3-3

3-3 Extent of Till.................................................................................................................... 3-3*

3-4 Direction of Groundwater Flow................................................................................... 3-6

4-1 Trilinear Diagram........................................................................................................... 4-2

Follows page shown

»

11



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 wiU 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.

Intmsive 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 Appendbc A.
Appendbc B contains data from Metro's drilling program and our slug test data. Laboratory
analytical reports are in Appendbc 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 mbble; 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

Date

1/15/88
2, 1/88
2/15/88
3, 1/88
3/15/88
3/29/88
4/15/88
4/28/88
5/15/88
6, 1/88
6/10/88
6/16/88
6/24/88
6/28/88
7, 7/88
7/20/88
7/27/88
8, 4/88
8/12/88
8/18/88
8/25/88
9, 6/88
9/20/88
9/24/88
9/30/88

10, 4/88
10, 6/88
10/11/88
10/18/88
10/20/88
10/26/88
II/ 3/88
11/16/88
11/22/88
12, 3/88
12, 7/88
12, 9/88
12/15/88
12/29/88
I/ 4/89
1/11/89

Spring
Water
Depth

(in)

N/A
N/A
N/A
N/A
N/A

10.00
N/A

11.00
N/A
N/A

10.50
10.50
10.00
10.00
10.00
9.75

10.00
9.75
9.50
9.25
9.25
9.00
9.00
9.00
8.50

10.00
9.75
9.75

10.00
7.50

9.25
10.00
11.25
11.25
11.50
11.50
11.00
11.00
11.00
11.00
11.25

Spring
Discharge

(cfs)

N/A
N/A
N/A
N/A
N/A
9.7

N/A
11.2

N/A
N/A

10.4
10.4

9.7
9.7
9.7
9.4
9.7
9.4

9.0
8.7
8.7
8.3

8.3
8.3
7.7
9.7
9.4

9.4
9.7
6.4
8.7
9.7

11.5
11.5
11.9
11.9
11.2
11.2

11.2
11.2
11.5

Treatment
Plant

Rainfall
(in)

3.1
1.7
2.6

2.2
2.4
2.0
2.6

.9

2.2
2.6

.9

.0

.0

.2

1.5

1.0
.0

.0

.0

.8

.0

.2

1.8
.0

.0

.3

.0

.1

4.0

.0

.4

3.1
5.5
4.2
1.0

.7

.0

.6

2.9
1.6
2.6

Buckley
1NE

Rainfall
(in)

3.05
1.54
1.51

.24
3.05
4.38
4.16
1.88
4.10
1.84

M
M
M
M

1.00

.85

.00

.00

.00

.81

.00

.04
1.17

.60

.90

.22

.02

.04
3.73

.03

.42

.49
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Mud Mtn
Dam

Rainfall
(in)

3.01
1.95
2.59

.36
3.91
5.48
4.71
1.78
4.02
3.52
1.55

.15

.22

.00
2.27

.71

.00

.00

.00
1.62

.00

.12
1.49

.31
1.87

.01

.26

.04
4.01

.47

.75

.33
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Palmer
3ESE

Rainfall
(in)

4.62
2.84
4.95

.72
4.04
8.28

5.64
2.37
6.21
4.59
2.01

.48

.29

.01
3.84

1.38

.00

.00

.00
1.15

.00

.17
M
M
M
M

.15

.02
5.86

.87
1.44
1.02
N/A
N/A
N/A
N/A
N/A
N/A
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 1NE, 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 Temp Pptn Temp Pptn

Month (T)' (In) (°F) (in) (°Fj (in)

January
February
March
April
May
June
July
August
September
October
November
December

38.0
41.7
43.2
47.9
54.0
58.8
63.1
62.7
58.4
50.9
43.4
39.7

6.52
4.79
4.33
3.91
3.13
2.92
1.20
2.03
2.94
4.20
6.15
6.85

36.5
39.8
40.8
45.2
51.3
56.3
61.3
61.0
57.3
50.2
42.7
38.8

7.08
4.89
4.66
4.58
3.96
3.75
1.58
2.54
3.46
4.73
6.64
7.45

36.0
40.2
41.5
46.5
52.7
57.7
62.7
62.3
58.6
51.3
42.8
38.3

12.24
9.41
9.01
7.71
5.57
5.24
2.38
3.28
5.30
7.59

11.00
13.47

Annual 50.2 48.97 48.4 55.32 49.2 92.20

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-Cumberiand 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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CHAPTERS

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, T21N, 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 stmcturally 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,
T21N 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 Drift.
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.
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Table 3-1. Discharge From Springs.

Section Spring Name
Discharge

(gpm)
Discharge

(cfs)~

17L1
19K1
19Q1, Pl
30N1

Resort Spring
Palmer Spring
Black Diamond Springs
Fish Hatchery Spring

900 to 2,200
2,000 to 11,000
2,200 to 18,000
3,300 to 23,000

2 to 5
4 to 25
5 to 40
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 Fmste, 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; mnoff; 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).
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Figure 3-1 Discharge from Black Diamond Springs
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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 mnoff below the 900-foot elevation and 60 inches per year
above that elevation.

Table 3-2. Runoff Estimates

Subbasin

Coal Creek Subbasin, total
Coal Creek Drainage
Icy Creek Drainage

Deep Creek Subbasin, total
Deep Creek Drainage
Black Diamond Spring

Green River Gorge Subbasin

Area
(mi2)

14.6
13.7
0.9
5.8
4.7
1.1

4.5

Average Runoff
(in/yr)

53
54
30
48
52
30
30

Computed Flow
(cfs)

57
55
2
20
18
2
10

The above table provides order of magnitude estimates of mnoff 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 mnoff. 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 mnoff 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 mnoff. 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 mnoff 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-l through A-3 summarize the information from the well logs.

Wells in the Cumberiand-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/ft^).
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(2641og(Tt/2693r2S)-65.5),

where Q/s is specific capacity (gpm/ft), t is duration of the specific capacity test in minutes,
r 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-l); 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.

Well Completion

Above Contact in Glacial Drift
At Puget Group Contact
Below Contact in Bedrock

Minimum

49
4
12

Transmissivity (gpd/ft)
Maximum

36,500
4,800
5,900

Average

5,400
1,600
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 comer 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/1). 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.
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Table 4-1. Water Quality Analyses.

Parameter

Black Diamond Spring
1/25/63

mg/1 meq/1

Black Diamond Spring
7/88

mg/1 meq/1

Black Diamond Spring
12/19/88

mg/1 meq/1

Black Diamond N. Spring
12/19/88

mg/1 meq/1

Calcium 6.5 .32

Magnesium 1.7 .14
Sodium 3.2 .14
Potassium .1 .00
Chloride 1.5 .04
Sulfate 2.6 .05
Bicarhsnate 30 .49

Nitrate (as N03) 1.4 .02

TDS (lab) 45
pH (lab) 7.1
SC (lab), umhos/an 62

Total Cations, meq .61
Total Anions, meq .61
Error, <te .39

8
2
4
0
4

4.5
31

2.2

7.3
<100

.40

.16

.17

.00

.11

.09

.51

.04

.74
.75
.83

7
1.7
2.8

0
2
3

32
3.1

48
6.9
69

.35

.14

.12

.00

.06

.06

.52

.05

.61

.69
6.32

8
2

3.2
0
2
3

34
3.1

45
6.7

76

.40

.16

.14

.00

.06

.06

.56

.05

.70

.73
1.63

Parameter

Calcium
Magnesium
Sodium
Potassium
Chloride
Sulfate
Bicarbonate
Nitrate (as N03)

TDS (lab)
pH (lab)
SC (lab), umhos/an

Total Cations, meq
Total Anions, meq
Error, %

Palmer Spring
7/88

mg/1

12
3
6
0
3
9

49
3.5

45
7.6

<100

meq/1

.60

.25

.26

.00

.08

.19

.80

.06

1.11
1.13

1.12

Falser Spring
12/19/88

mg/1

13
3.4
5.2

.2

2
6

54
3.4

83
6.8

110

meq/1

.65

.28

.23

.01

.06

.12

.89

.05

1.16
1.12

1.69

Fish Hatchery Spring
12/19/88

ng/1

6
1.3

2.3
0
2
2

27
3.1

51
6.6

60

meq/1

.30

.11

.10

.00

.06

.04

.44

.05

.51

.59

7.68

Air Shaft
7/88

mg/1

13
4
9
0
2

22.5
49

.09

110
7

190

Spring

meq/1

.65

.33

.39

.00

.06

.47

.80

.00

1.37
1.33

1.48



Table 4-1, continued. Water Quality Analyses.

Parameter

Calcium
Magneslum
Sodium
Potassium
Chloride
Sulfate
Bicarbonate

Nitrate (as N03)

TDS (lab)
pH (lab)
SC (lab), umhos/an

Total Cations, meq
Total Anions, meq

Error, %

Metro Well (Sec 20)
12/19/88

mg/1

25
6.1
2.3

.3

2
3

98
5.3

110
7

190

meq/1

1.25

.50

.10

.01

.06

.06
1.61

.09

1.86
1.81
1.27

Gallagher House Well
12/22/88

mg/1

11
2.9

4
.3

2
4

46
3

65
7

95

meq/1

.55

.24

.17

.01

.06

.08

.75

.05

.97

.94
1.42

Scott Paper Co. Well

12/22/88
mg/1

26
5.1
16
.7

3
21
95

5.8

140
6.7
220

meq/1

1.30

.42

.70

.02

.08

.44

1.56

.09

2.43
2.17

5.61

Fehr

m?/l

8
2.5

5
.2

2
3

37
4.9

53
6.6

82

House Well
12/22/88

meq/1

.40

.21

.22

.01

.06

.06

.61

.08

.83

.80
1.42

Parameter

Calcium

Magnesium
Sodium
Potassium
Chloride
Sulfate
Bicarbsnate
Nitrate (as N03)

TDS (lab)
pH (lab)
SC (lab), umhos/cm

Total Cations, meq
Total Anions, meq
Error, %

Smoke 'N Joe's Well

7/88
mg/1

16
4
7
1
4

10.5
67

2.7

7.5
160

meq/1

.80

.33

.30

.03

.11

.22

1.10
.04

1.46
1.47

.53

Kanasket-Palmer
12/88

mg/1

26
6

11
1.1

3
22
78
.4

126
7.6
210

meq/1

1.30
.49

.48

.03

.08

.46
1.28

.01

2.30
1.33

11.39

Cunningham
12/88

mg/1

9.2
3.1

7
.71

2.2
.5

29
.4

48
6.9

96

Well

meq/1

.46

.26

.30

.02

.06

.01

.48
.01

1.04
.55

30.33

Coal Creek

12/22/88
mg/1

6.2
1.1

4
.31
2.1

1.6
27
.4

104
7.3

51

meq/1

.31

.09

.17

.01

.06

.03

.44

.01

.58

.54
3.58



Table 4-1, continued. Water Quality Analyses.

Parameter

Calcium
Magnesium
Sodium
Potassium
Chloride
Sulfate
Bicarbonate

Nitrate (as N03)

TOS (lab)
pH (lab)
SC (lab)

Total Cations, meq

Total Anions, meq

Error, %

Green River
7/88

mg/1

8
2
4
0
2

4.5
37
.3

7.6
<100

meq/1

.40

.16

.17

.00

.06

.09

.61

.00

.74

.76
1.58

Green River

12/22/88
mg/1

5
.87

3
.24
1.5
.05
9.8

.4

84
7.37

36

meq/1

.25

.07

.13

.01

.04

.00

.16

.01

.46

.21
37.01

Deep Creek
12/22/88

nxj/1

6.6
3.2

7
.56
1.6

2.2
29
.9

124
7.5
70

meq/1

.33
.26
.30

.01

.05

.05

.48

.01

.91

.58
22.16

Deep Lake,
12/88

m?/l

6.2
3.3

6
.65
2.9

7.2
54
.4

46
7.1

71

5 Feet

meq/1

.31

.27

.26

.02

.08

.15

.89

.01

.86
1.12

13.36

Parameter

Calcium
Hagnesium

Sodium
Potassium
Chloride
Sulfate
Bicarhsnate
Nitrate (as N03)

TDS (lab)
pH (lab)
SC (lab), umhos/an

Total Cations, meq
Total Anions, meq
Error, %

Deep Lake, 10 Feet
12/88

mg/1

6.3
2.7

6
.63

2.2
7.2

24
.4

46
7.2
74

meq/1

.31

.22

.26

.02

.06

.15

.39

.01

.81

.61

14.16

Deep Lake,
12/88

mg/1

8.6
3.6

6
.99

2
20
41
.4

68
6.9
98

18 Feet

meq/1

.43

.30

.26

.03

.06

.42

.67

.01

1.01
1.15
6.46

Fish Lake,
12/88

mg/1

5.5
1
5

.33
2.8

3.4
20
.4

50
7.3

47

3 Feet

meq/1

.27

.08

.22

.01

.08

.07

.33

.01

.58

.48

9.25

Fish Lake,
12/88

m3/l

5.7

1.1
4

.34
1.7

3.1
20
.9

50
7.1

55

3 Feet

meq/1

.28

.09

.17

.01

.05

.06

.33

.01

.56

.45
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/1
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 47.5T 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 5

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 plaimed 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



5-2

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 5-year period and will use less than 320 acres per year. Using the 30 inches per year
of mnoff for the area (Figure 3-2), one cfs of mnoff 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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Table A-2. Cuiberland Basin yell Inventory, T21N, R7E--Uells Coipletid at Puget Group Contact

Section

2001
29A1

29A3
2901
32P3
32J2
32N2
3203

Average

ninitui
nairui

Ouner

Cunninghais
Aletander
Thiele

Gunderson
Layton
Plese
Fouler
Henaard

Borshole
Depth

(feet)

96
79

273
60
78

200
136
na

130
60

273

Casing
Depth

(feet)

95
7<
72
60
78

1U
136
118

98
60

1U

Casing
Dianeter

(inches)

6
6
6
6
6
6
6
6

6
6
6

Screened
Froin lo

(feet)

Static
Uater
Level

(feet)

82
62
55
11
60

100
60
71

66

u
100

Pulping
Rate

(gpa)

(
7
1

25
25

2.5

8
10

10
1

25

Specific
Capacity

(9P»/ft)

.67

1

.005

2.8

3.1
.03

.19

.(

1.0

.005

3.1

Test

Duration

(hrs)

2.5

(
i
(

2.5

I
(

3.5

3.2

1
i

Estinated
I

(9P<t/ft)

925
1(80

(
U7t
i822

28
2(5
5U

1565
(

(822

Ground
Elevation

(feet)

800
800
800
780
780
820
770
780

711
770
820

Depth to
Top of

un
(feet)

3
50

s
1

11
i

1
50

Depth to
Botton

of Till
(feet)

62
72
56
t3

103
10}

t3
103

Depth to
Puget
6roup

(feet)

95
79
72
60
78?

1U
136
118

60
Hi

Table A-3. Cuiberland Basin Uell Inventory, 121N, 87E--Uells Coipleted in Fuset Group

Section

23F1
28L2
2962
29H2
29H3
29H4
29H5
31G1

31L1
31(11
31N1

31P1
31P2

Averaae
flininuB

Naxi«u»

Ouner

Adcock
Ross
Ualker
F<hr

Laltr
floore

Ferry
Bryant

Puckett

Bathke
Ishan

Narshall
Henilerkier

Borehole
Depth

(feet)

2(0
160
303

80
300
340
360
180

165
120
205

160
160

213
80

360

Casing
Depth

(feet)

2(0
160
300

80
300
3.0
360
180

165
120
205

160
150

212
80

360

Casing
Diancter
I inches)

6
4

i

6
6
t
4
»

<
6
<

i

4

i.6

(
6

Screened
Fron To

(feet)

HO 160
2(0 100

260 300
320 340

320 360
120 HO
150 170
115 135

80 100
165 205
HO 160

186 215
80 100

320 360

Static
Uater
Level

(feet)

80
21
76
43

80
55

51
40

25
64
32

30
10

47
10

80

Fuipina
Rate

(gpn)

5
12

a
20
60
10

20
16

.4

8
2.5

60
1.5

17
.6

60

Specific
Capacity
Igpn/l't)

.05

.21

.04

4
1.2

.07

.27

.38

.015

.013

.6

.013

4

Ics
Duratio

(hrs

2.

2.

1.

2.

Estinated
T

(9Pd/(t)

<9
278

38
5919

1610
71

344

460
13

12

879
12

5919

Ground
Elevation

(feet)

860
880
810
aio
810
810
810
7(0

7(0
820
820

760
760

802
7(0

880

Depth to
Top of

Till
(feet)

0
5

20

37
10

3



Table A-l

Section

2ini
21N1
28E1
28F1
28L1
28L2
28N1
28N2
29A2
29A(
29A5
2981
2901
29H1
31A1
31B1
31J1
31J2
31L2
32F3
32C1
3201
32D2
32E1
32J1
32J2
32K1
32L1
32L2
32111
32H2
32N3
32N1
32N1
}2N!
32P1
3201
3202
32R1
3282
32R2

Aueraae
nini>u«

naiiiun

Cuiberland

Ouner

Scott Paper
Houser

Bar<uist
Adcock
Ehltrs

Ross
Hanon
Krahn
Rogers
Eliendorf
Carstens
Norstroa
Brozovic
Sonstans
Capdano
Harkhaa
Pttchuick
Harple
Folland

Layton
netzlsr
Ounnina
Sallashcr
Gasser
Burris
Flese
Finkerton
Olson
Uhdc

Schdblenntr
Senson

Hunt
Bullock
Bullock
Kent
Earley

Uedeieyer
Koehn
Van Uierengen
Oster
Oster

Basin Uell

Borchole
Depth

(feet)

125
99

128
2t0

89
160
110
120

82
80
H

108
77
74
(0
59
58
60

90
60
80

108
117

79
98

100
64

121
90
62

119
90
76

102
7i

169
78
60
96

101
120

97
40

2(0

Inventory, T21N,

Casing
Depth

(feet)

100
99

128
2<0

89
160
110
120

80
80
H

108
77
7(
tO
59
58
60
59
60
80

108
1U

79
98

100
64

121
90
62

119
90
76

102
7(

139

73
60
96

101
120

94

40
240

Casing
Oianeter
(inches)

6
6
6
6
6
t
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

6
6
6
6
6
6
6
6
6
6
6

6

b
I

6

R7E--Mells

Screened
Froi lo

(feet)

77
75

140

78

110

75

69

89
69

140

83
84

160

105

1U

15

7<

101
74

160

Coipltted

Static
Uater

level
(feet)

76
72
90
80
<2

21
92
i7
(8

50
78
77
32
60
20
3«
35
47
49
10
50

90
85
(5
79
83
}0
(0
63
50
66
58
68
77
50
60
60
42
60
88
95

60
20
95

Above Puget Group

Pumping

Rate
(api)

8
8
5
5

80
12
15
10
20
30

8
5

(0
15
20
(5
40
25
18
35
30
24
10
45
20
15
11
15
12

12
20
25

8
10
20
20

20
25
20

16

21
5

80

Specific

Capacity
(«p«/ft)

1.1

.67

.27

.05

(
.24

2.1

1.7

1
1.5

1.3

.31

5
1.8

3.3

5.6

(
3.6

3.5

2
3
2

(.5

1.4

1.7

1.1

.25

1.3

12
.65

2.1

8
1

20
.95

6.7

3.1

1.2

16

3.4

.05

20

Contact

Test
Duration

(hrs)

1
1
1
1
1
1

(.5
1.5

1
1

2.5

t
1

3.5

I
1

1.5

1

2.5

2.5



WELL LOGS IN THE VICINITY OF BLACK DIAMOND / CUMBERLAND SITE

T21N R7E SECTIONS 16 & 20

7

18

19

30

8

17

20

29

9

16

21

28

10

15

22

27

D

E

M

N

c

F

L

p

B

G

K

Q

A

H

J~.

R

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

Well logs in _Section 21:

NWVSWls

0 -

40 -
79 -
82 -

Vsw^

0 -

11 -

40'
79'
82'

125'

s

3'

11'

20'
20 - 75'
75 - 84'
84 - 99'

Gravel, large rock
Gravel/boulder
Gravel, sand w/ some water
Sandstone

Topsoil
Sand, gravel w/ some silt

Sand & gravel, cemented
Sand & gravel, dry
Sand & gravel, some water
Sands tone

We 11 loss in Section 28:

wk/svk

o - r
1 - 84'

84 - 106'

106 - 114'
114 - 128'

SEVNWls

Topsoil

Brown sand & gravel, dry
Blue till
Till, moisted
Sand & gravel, water bearing

0 - 45' Not recorded
45 - 240' Sandstone, making water 5 195'

to 240'

swVsw-1

0 -

3 -

35 -

72 -

81 -

100 -

102 -

3'
35'
72'
81'

100'
102'
110'

Topsoil
Brown hardpan
Gray hardpan
Brown sand

Sand & gravel

Gray sand
Sand & gravel, water bearing

Water level @ 76'

Pumping rate 8 gpm
Drawdown 7'/I hr.

Water level @ 72'

Pumping rate 8 gpm
Drawdown 12', 1 hr,

Water level @ 90'

Pumping rate 5 gpm
Drawdown 18'/I hr.

Water level ? 80'

Pumping rate 5 gpm
Drawdown 100'/I hr.

Water level @ 92'

Pumping rate 15 gprn
Drawdown 7 /41$ hrs



NEVSW1;

0 -

2 -

16 -

,19 -

80 -

wb/sv>

0 -

3 -

18 -
36 -
39 -
90 -

100 -

2'

16'
19'
80'
89'

s

3'

18'
36'
39'
90'

100'
120'

Topsoil

Brown sand & gravel
Sand & gravel w/ some water
Till
Sand & gravel, water bearing

Topsoil
Brown sandy loam
Brown hardpan
Coal
Gray hardpan
Gray hardpan w/ gravel

Sand & gravel, water bearing

Water level @ 42'

Pumping rate 80 gpm
Drawdown 20'/I hr.

Water level @ 87'

Pumping rate 30 gpm
Drawdown 18'/lls hrs.

Well 1 og s_ i.n „ Sec^i on 2 9 •'

NEli/NElz;

0 - 2' Topsoil
2 - 50' Gravel

50 - 72' Till
72 - 240' Sandstone

240 - 273' Sandstone, making water

Water level @ 55'

Pumping rate 1 gpm
Drawdown 205',4 hrs.

NEVNEis

0 -

3 -

7 -

12 -

3'
7'

12'
68'

68 - 94'

NEVNElfi

Topsoil
Red brown clay

Brown clay
Brown gravel with some clay
Gray gravel, water bearing

Water level @ 78'

Pumping rate 8 gpm
Drawd own 6' / 215 hrs.

0 -

1 -

7 -

36 -

38 -

56 -

61 -

74 -

76 -

NEVNEli

0 -
n̂  ~"

12 -

17 -

23 -

57 -

59 -

70 -

r
7'

36'
38'
56'
61'
74'
76'
82'

2'

12'
17'
23'-

57'
59'
70'

76'

Topsoil
Clayey gravel
Hardpan & boulders
Boulders
Hardpan
Sand with some silt, some seepage
Red sand & clay

Red sand, water bearing
Sand & gravel, water bearing

Topsoil
Sandy clay
Sand & clay, some seepage

Clay
Hardpan & boulders
Boulders

Clay & gravel
Red clay & gravel

WaCer level @ 48'

Pumping rate 20 gpm
Drawdown 10'/1 hr.

Water level @ 50'

Pumping rate 30 gpm
Drawdown 20'/I hr,

76 - 80' Red gravel with clay, water bearing

-2-



NEVNE12;

0 - 3'

3 - 62'

62 - 74'
74 - 79'

NWVNEls

0 - 3'

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

105 - 108'

NWVNEla

0 -

5
24
69
84
96

104
131
139
151
160
1-62

NWls/NWls

5'
24'
69'
84'
96'

104'
131'
139.'
151'
160'
162'
383'

0 - 2'

2 - 60'
60 - 77'

SEVNE^s

0
20
32
36
40
60
63
64
71

118
130
134
180
193
260
272

20'
32'
36'
40'
60'
63'
64'
71'

118'
130'
134'
180'
193'
260'
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
Sand st one

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'

Bumping rate 7 gpm
Drawdown 7'/4 hrs

Water level @ 77'

Pumping rate 5 gpm
Drawdown 16'/4 hrs.

Water level ? 76'

Pumping rate 8 gpm
Drawdown 200'/I hr.

Water level (3 32'

Pumping rate 40 gpm
Drawdown 28'/I hr.

Water level @ 80'

Pumping rate 60 gpm
Drawdown 50'/I hr.

-3-



SEVNE1;

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

60 - 80' White sandstone

s-sh/wh

0 -
20 -

43 -
56 -

20'
43'
56'
60'

Water level @ 43'

Pumping rate 20 gpm
Drawdown 5'/1 hr.

0
20
22
56
63
68

100
120
190
220
250
263
276
289

EVt

0
3

12
37
64

120
126
187
226
231
241
250
279
295
305

EVl

0
3

29
69

;wV;

0
3

56
60

20'
22'
56'
63'
68'

1001
120'
190'
220'
250'
263'
276'
289'
340'

IEii

3'
12'
37'
64'

120'
126'
187'
226'
231'
241'--

250'
279'
295'
305'
360'

ME1(

3'

29'
69'

74'

SEl-fi

3'

56'
60'

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

Coal & sandstone

Sandstone
Shale
Sand st one
Black shale

Basalt
Shale
Black coal
Black coal & clay

Shale

Topsoil
Sand, gravel & cobble
Cemented sand & gravel
Blue till
Sandstone'

Coal

Sand st one
White sandstone
Brown sand st one

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 @ 55'

Pumping rate 10 gpm
Drawdown 150'/I hr.

Water level @-51'

Pumping rate 20 gpm
Drawdown not recorded

Water level @ 60'

Pumping rate 15 gpm
Drawdown 4'/3l hrs

Water level @

Pumping rate
Drawdown

41'

25 gpm
9'/4 hrs.



^^\f? °"" \ ^Ilb ^SI^S^J
?^N'^r^si&W ^P^

;^ ^l^j/
J\'. w. <

^HSi^Sy~"~Si~S?
^,21/07. 10A
SS^-?""S il'

S 21/07-G1
.v.21/07.

=i-»J^~sN<-^^7 ' > '-'"^ •^.'ft

;'s;
21/07. 10J
-1;"-\N^

J ;._—'_(/21A)7;LQ.'
-^-^21/07 7WR»;2S£":S^S,

%Y •••->•--

L'-^.-.teL?^'.'.-^ . ^ '•. ~,-Jst^"^s£s^

,[ » 21/.7 .'21M%S&--S^%%': '-n\L~^'^~i'm^^'~.~^T'-^'~^^- > ''

.^^S^rr^ ^,,.,. •-:: • .,--^^/°7^-,?^'^ \ o/ .^.^
_^W3w's^~^.^--T ~' ^^^'^lri^2%^^//^\ .^\ v/ /^fh
i^fy^M'"%. ^^SiM&^^^^r^^^1---^^f^i^ )<^< '^'^ • 2^""^?'^n^7^^;^^^ ^ ^^^
^^< />^-: ^'YTI "^^^../'Li7'^^^1^.^.; ^^^ /7^ ^ I ^,

^^/rvs^,.^'?">''.-''• --^3?3;.' ,( ' """-">-" ^•! ^r" ]^>Jv'//. .y'.s^^ft^'.^

^.^^M^'^Vi' '^^^^^----:'r'^--fc^^^1-"-li^i^t
I'..'•• -." ." • \^1— ~^..^^"\ '/'"'..'.s/ \ ~ • r.A \ TV; ?jj->^ ^

'^^-^ \ •ST'K^

^\-:\ ' ^ ••

Scale in Miles

Township 21 North

Range 7 East

• We 11 Locat ion

(from DOE Record)
•Q- Location of Proposed

New We 1 1

FIGURE
Weyertiaeuser Cumberland
Srts Location Map



Appendix B

Field Data



APPENDIX

FIELD EXPLORATION

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 Fic;ure 1, Vicinity ;Iap. Except Test Hole Bl, all other
test holes were drilled prinarily to explore whether glacial till

underlies the site, the characteristics of overburden soils and ground
water conditions. These test holes were teminated either in older soils,
if slacial 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 Hole

31 was drilled as a sroundwater monitoring well as well as a subsurface

exploration test hole. It was terainated in bedrock. The soils and ground
water conditions encountered in the test holes are presented on Plate 1
throush Plate 9.

Air-rotary.drilling equipnent was used for drilling. The presence of
large boulders in the soil limits the choice of the nethod 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 Role Bl,

all other test holes were backfilled with bentonite grout after the
completion of drillins. A 4-inch dianeter Schedule 40 PVC pipe and

screen was installed in Test Hole 31. The construction of monitorins
well is described on Plate Ib.
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900

800

0 7
M
H
<;
>w
M̂

709

soc

B2/ SAND, C;.';AV?y. ?

BCTLDKRS.
?

SOIL PROFILE / SECTION A-A

NOTK: r.ectj.o;) taken fro:,! southwest corner of Section 20 to northeast corner of Section 16

FIGURE 2. SOIL PROFILE/ SF.CTION A-A



900 ,--

-' 800

, ; SILTY SAND & GRAVEL
yI TH BOULDERS

0

700

600

JLL

SAND]GRAVEL ?
&,3.QUL3ERS!

? TILL
1--

FAND ^
/^&jwt-L— ?
BROWN SILTY

±
/ GRAVELLY SAND

FIGURE 3. SOIL PROFILE / SECTION 3-S

900

800 I

SILTY SAND

38)

SAND & GRAVEL W/ BOULDERS AND
'SILTY SAND S GRAVEL W/ 30ULDERJ

3(,
^;7~:.

?- I

700

FIGURE 4. SOIL PROFILE / SECTION C-C



TCW
DATE DHILl-ED

11-9, 10-88

>̂r

^

^ ^
4.'

LOG OF BORING NO. l

ft IU«««HT •flltl 0»tt •T T~t LIXITCT 0 Tnl K«r«
<*<0 AT ritt( Of IWK.LfK, »Uft3u>trul( cOWiriOXt UtT O.fft»
•T OTMf lOCtTinm AND u*ir CMtKOE AT 1W^ LOCATION »tTH
IW M»*<;| Of ItMt. TM( DAT* »-nHC*»T(p *f»("A'»tlt»ziriC*TK
or kcTuAt. coNomowa (NcoyNT(»itD.

^̂
' .^

60 o+y

,^
0^ STANDARD PENETRATION

A BLOWS PER FOOT**

760 C

1—10

t—20

.30

1—40

h-50

'60

70

;0{ -

^.' t '
^.'f

/?-'•'

r> ^.

3r. 0 .
•^

.^
•̂^.e

ô.^.

<i °,
'^'
'-^
^x

<^-*r C-1

j^l^>^^ I
7<"

?.A^
frl''?.

^t"£^
^.^^
^.
?̂^"
IF)^
F'YC-^,
'"0^
1".^'

wsl^s
<-<: n.

Brown sand, gravel & boulders

moist

so:ne silt

Brown silty sand - moist

(till?)

Gravel & boulders

silty

I*. —-L-.?'OJ
A. 2"O.D. splil-'tpoon somptar _ . ._ .... „ .
B.' 3"6'.a thin-wall'*ampler *• Standord Penetro'tion Re5islance_excepl^

C". 3-T/4" 0.0. x" 2-1/2" finar 'o': 2" O.D, split -SPOOn_san"iP'".
D.' 3-1/2" O'.D. spti barrel somplar using non-stondard procedures.

X. tample nol recovared

j3L«a!er level

j: hipervious seal

^\ pietomeler tip

WATER CONTENT - % dry wwghl

plastic limit _ liquid limit
-1.

•natural woler con'fit

PLATE 1-a



TCW
u^tc onil-t.CD i L-9, .10-88 LOG OF BORING NO. 1 continued

0.'

^
680

A^y ./•
^"

^
T-I iu-rf •w.ltl o«tl >t TX tOCTW 0> Ims K»..I
**<0*1TINI Of MtLUHC >U«3UnrACC cO»»oiTtOWt u*T Dt»lfC»
*11-or>-" lOCAIIONt AND U*T CNtWCC HI TWIt t/OCATION WITH
l?*t.M"*c( of T_IMC- TW( &AT* ^NtttNrio *»»i"-* >i**^L(r)CATK
Or KIW. CONOITICXl tNCOU«tt«IO:

^̂ STANDARD PENETRATION
ABU3WS PER FOOT**

^

h-ioci

.90

•tl

/ /
/ ,

//
/ •
/' /

//

Bed rock
encountered water @ EL 573
overnight UL @ EL 672.3

-producing rate 1 gpm

Upon completion, set 4" diaaiete^

PVC Schedule 40 pipe and
screen in hole, pipe £ro=i 1 to
73' and 98' to 100', screen

;ron 73' to 98'. Hole backfille4

with N6. 10/20 sand from 52' to

102', bentonite pellet from 50
to 62', bentonite & ceaent

srout from surface to 60' .

A. 2"O.D.*plit-ipoon sampler _ ^ _ ..„_._.._..._..., 4£.woter level
••Standard Penetration Resistance except T-.___,.

Qc. tQ/ys^f-^Vr ''?ora^aoaDr^tLOS?OT^s i T:vious.sw'
D; 3-'1//2"&D. spti txxret'aampler """'3 non-stondard procedures. ^ piezomeler tip

X. wmpla not recovered

WATER CONTENT - % dry w»<ght

plastic limit _ liquxl limit
I—-^ — ^

.natural water contfit

PLATE 1-b
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^'

ENGINEERING CONSUmnON _..„.._.. v ______ UHRASONIC EXAMINATON

CONSTRUCTION INSPECTION _ .__._. EC-UTIVE OFFICES GEOUGICAl SURVEYS
kUTCBUl TESTING .. 322°: 1_7TH AVENUE WEST • SEATTLE. WASHINGTON 98119 SfflL'TCST~BOffiNG '
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wwr

Certificate Number: 8811-4005 METRO BLACK DIAMOND SLUDGE DISPOSAL
Borchole Number : MU#1 - MONITORING UELI., IN SECTION 20
Location : TOWNSHIP 21 NORTH RANGE 7 EAST SECTION 20
Date : NOVEMBER 9 & 10, 1988 ^//bore^C-
* - Elevation approximated froa toposrap^ic map.

Depth
iSoilj
i Type

Sample i
Number jDescription Elev.

0.0

5.0

10.0

15.0

20.0

27.0

30.0

32.0

35.0

37.0

40.0

JSP

SP

SP

Sl

S2

S3

SP JS4

760.0s

DRILL RATE =150 FT/HR

jBrown. GRAVELLY COARSE SAND, Moist j755.0i""""' """-"""' "'"•""" ""-"'""— r

I DRILL RATE = 38 FT/HR i
I BOULDERS |

jLt. Brown, GRAVELLY F-M SAND, Slightly |750.0
jHigher Silt Content, Moist
j BOULDERS
I DRILL RATE = 16 FT/HR

I Olive Brown, GRAVELLY COARSE SAND,
jMoist
jDRILL RATE 23 FT/HR
I BOULDERS

jOlive Brown, GRAVELLY SAND u/ROCK
j FRAGMENTS, Koist

745.1

1740.0

i

BOULDERS

DRILL RATE = 30 FT/HR

SM

GP

S5

S6

Brown, SILTY SAND, Moist

DRILL RATE = 7 FT/HR

BOULDERS & COBBLES

GRAVEL, Wet (Drill Water)

DRILL RATE = 27 FT/HR
iBOULDERS & COBBLES

733.0

730.0

728.0

723.0

3220
88119

17th AVE.W. SEATTLE, WA.
208-282-0886

METRO SLUDGE DISPOSAL

WASHINGTON

ECT NO. ^u'40^

^EcnTamuNi®
nunm ruu



MWT

Certificate Nuaber: 8011-^005 METRO BLACK UiAMOND SLUDGL: DISPOSAL
Borehole Number : IWffl CONTINUED PAGE 2
Location :
Date :

iSoil. j Sample
Depth jType; Number jDescription

40.0

45.0

55.0

75.0

j GP j S7

50 . 0 i GP i S3

1 i

GP I S9

165.0 IGP JS10

GP JS11
GM

80.0 !GP !S12

i Elev.

BOULDERS & COBBLES

DRILL HATE = 27 FT/HR

i720.0

1 GRAVEL u/FRAGMENTS. Wet (Drill Water) j715.0

[ COBBLES j
jDRILL RATE = 30 FT/HR j

I GRAVEL w/FRAGMENTS, Wet (Drill Water) j710.0
i

i COBBLES j
I DRILL RATE 12 FT/HR I

i

GRAVEL w/FRAGMENTS, Wet (Drill Water) 705.0

t I

I DRILL RATE = 9FT/HR

I BOULDERS & COBBLES

I GRAVEL w/FRAGMENTS, Net (Drill Water) 1695.0

I Reduced BOULDERS & COBBLES

I DRILL RATE = 46 FT/HR

I GRAVEL - SILTY GRAVEL t-J/FRAGMENTS, Met |685.0
j(Drill Water) j

jDRILL RATE = 19 FT/HR
1
(GRAVEL. Wet (Drill Kater) j 680.0

3220 17th AVE. W, SEATTLE.WA.
08110 208-282-0880

METRO SLUDGE DISPOSAL
SITE - BLACK DIAMOND,
WASHINGTON

PROJECT Ho?n-4w
^^J^_

ENGR./GEOL
^2S

CffTBTAI.tNl®
TKASlf »MM



F4»«7

^;cr t i i ''.. c;'. t-e.; NuRbt'r':

I Bor'ehi,.'i c Kmaber - -

Local, loii :

Date :

0311-^005 METRO - BLACK DIAMOND SLUDGl: bi^POSAi.
f-Wf/l CONTINUKD PAGE 3

•So.il

Depth iType

^'s"

'*/"/1?^

(IM'S'^-

ROCK

ROCK

ROCK

Sg.isple..^ |

NuEber ;Description : Elev.

S13

1680.0

I ENCOUNTERED BEDROCK
iCould no longer advance steal caEing
; with additional drilling. ContiR'jed
idrilling open hole.

1675.0

I ROCK FRAGMENTS, Red-Gray-Ta^ ! 663.0

•BOTTOM OF HOLE

.iSoEe water encountered in rock fornation.
! Drill water air lifted to clean cut then
ihole allowed to stabilize. Kater air lifted
I out of hole produced rate of about 1GFM.

3220 17th AVE. W. SEATTI.E.WA.
OS1'.9 206-282-06B6

MSTKO SLUDGE DISFOSAI.
SITS - BLACK DIAMOND.
UASHir:GTON

PROJECT NO !?^l-^
D^E _24W^_
DRAWN „_
EN3R./GEOL.
APPROVED ,_^.

_<

CRtST.-.Lrn;®



BROWN AND CALDWELL

CONSULTING ENGINEERS DAILY FIELD ACTIVITY LOG

0
s
^
a

DATE

NO.

1-L 0(\ J3_

SHEET / OP -^

ROJECT NAME: g(^ ^>[^^ PROJECT NUMBER: tf "2-^

DESCRIPTION OF DAILY ACTIVITIES AND EVENTS INCLUDING TIME: PROJECT MANAGER: ^,^^~

(ooo.- ^mv(A Jr c.'^ .

<^o^\c uloj-^r IQM^I . <2:?'' ^ bo lc^' T.n.G.Lcn ^ i » r?. L-.

a^" T.f.c. tyi<^ ^<4<.(-{-*

pC- i^gU/- (^C^L ^ll^fy^ iK '?C»<c^ \-^z

s^ Al >k<»v\] l /V\^^ JT'. ^^" ^1.0.C. A 10'Z

^.>^a-y (?'PC- /l<<'<.^< P0^ P'p^ C^^°-<^)
^ ^^^—y, ^- ^5-

Liat^- s<^t/r<A B ^SL.\ PC -3^07 A^rm D-2-zy!

I I T '/*." I -/---.' -i... Z-.- / . t • ^
SoHff^, r^ SO^^d-'l^^ f'Fe-'- Z.'^ *t>»^e. /rt-ha.fe«?.5 (re-^A^y AS- 93^f.T.oe.

/

lOC-'f

12-f^_ 51-^^ IAJ. L ft^U< b Liryo i fn T in I l^i (TT! ' ? 7' R J " /?.^> ot^p <^h T ^. C.

: Pi/vMO r^j^d^ (fl/'si/in, ^nM^^>t ^
inl\^^( vJfJ^ir: 1-^-5^V^_ <7r(3*n^'5^ 6/w^i^

Pc'^s^A ^n»-< '}'W.'^A<. . b-?A(Lilt i/y^Dl

ŶW^

AL /"^ /^J<.3t^-z^^ K.L^ ^("Z" ^^ .^^;,^')^^^^ \\^'Vr\^^ C\Q'^t^<^^ w.L ^ ^/1 (" ' f<r. D. '0

1-L4Z'. 'finG4
1-LMqf: _2^3'1 II

I -L^L: -H^U t̂ayM>^- ouw\'t/lw

5^ / fc^c^
^; 7^-^^ : 5.^^; -?./.-y

i-)67.\ ^ L^h , p\r<v\ ft <>l^4- £>fF
/^y,' 9?fy/l 7

/^^ y/^i //

<Qo7; 9^'9^ -
VISITORS ON SITE:
^//. y?'/^"

WEATHER CONDITIONS:

IMPORTANT TELEPHONE WLLS:

^Tw'T'T'^;^,^^
rvY^^ " '*" ^7.« I J^ i \ln.n}\^0 C- \ ^ ^ ^ 4

(f.^-.V U-, n^ |(.?/'^v^|

u

B+ C PERSONNEL ON SITE:

SIGNED: DATE:



BROWN AND CALDWELL

CONSULTING ENGINEERS DAILY FIELD ACTIVITY LOG

p
2
>-

<d

DATE

NO.

)^ Z£ -£2-

SHEET '7/ OF ^

ROJECTNAME: -Blc,J< b,^yw^<\ PROJECT NUMBER: ^ Z.^ /

DESCRIPTION OF DAJLY ACTIVITIES AND EVENTS INCLUDING TIME: PROJECT MANAGER:

^3»r'^ mj^/^2^ uo/^-^ctl'lj? w,Y o<lp^\

\ l'2>j Lf_i __ I bnr .Wj^- . OV^ /^A ^\T\/)V.^
' /-"\3i->;_Wi> _u.

/
; -nO: q{Q I L ''

p
'V2>,.5\ yu"^»v.Y

r
•^~L

''I •r^

y;
'• -'*;''0 ^ t^c'Q.h^ nvY^n\i^i /
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TCW
1

DATE DKILLtO 11-14-88
*

^ Ay
750 C:

h-10

t~20

t—30

.40

•50

^ ^
A"

LOG OF BORING NO. 2

TKI IU«»»» •m.m ON1., .r TNf tOCtTlf IT TUI fu*
•N^*T TlNl 0» O-H.t.lNC »UllU<r»Ct CONOtTiCw* Mtv cxrrcif
"-o?Ht< lOCAHnni *HO in C'<*»<G( A1 IHH LOCATfOf W)TM
I"1."'""'" ""I. '"( i"'« '•ticntln ft-»i»»i.itic*n<
cr t!u»<. CONOIIIOO tiicounino;

^
.^
-y

<?'
^-\1'
^'

STANDARD PENETRATION
A BU3WS PER FOOT **'

^;1
^J~'

D 0.1

%1
^.1"''/

;t'
« n': •,^̂
%
"r. f-'T&

e'
Ĝ9A

%̂/

t̂ 'R

'?.

Brown sand & sravel w/ boulders

;ray

sandy

Gray silty sand with gravel

(till?)

Notes:
No water was encountered.

Upon conpletion, hole was
backfilled with bentonite

^rout.

A. 2"O.D. tplit-tpoon sampler
B. 3"O.D. thin-wall tampler
C. 3-1/4" 0.0, x 2-1/2" liner
D. 3-1/Z" O.D. split barrel sampler
X. aample not recovered

»* Standard Penetration Resistance except
for 2" 0.0. split-spoon samples estimated
using non-standard procedures.

_<»ater level

"mpervious seal

piezometer tip

WATER CONTENT -% dry weight

plastic limit liquid limit

•natural water co"l*nt

PLATE 2



TCN ASSOCIATES, INC.
DATE DniLLED 11-16-88

.°' .< .:•

^ ^ ..
690

t~10

1—20

h-30

t—/t0

.y

LOG OF BORING NO. 3

TM<» tUNNAHv AW^ICa OWLT *T TK LOCATION <X TMft •0»tNtt
•WO at TfUI Of (WlLLlNft SUtSUTACC COwOITKXI UtV &Tr£K
»1 OTNCN IOCA'HON* tNO u*y CMAMCC *T THIS LOCATION »|TM
Twt MHACI or TIME Txt &AT1 »lttS£**TCO *»>( * ait^l.lftCAT
or ACTUM, CONtxrtOMt CNCoynTtnto.

0*' .^o<-y

^ STANDARD PENETRATION
A BLOWS PER FOOT*-

iQ-'J
••'—< .-

R^
'^:
^/^
?<c

'̂^ '•

,^;
"'<''>
'^<

r^:
1\ N *

>•( 1«
^

.-'A l-

f *

;^>

v

Gray silty sand & gravel w/ somej
boulders - moist

Gray sand & gravel - moist

some silt

Brown silty gravelly sand
moist

- very

encountered water, WL rose to

EL 657.5 in .half an hour.

INote:

Upon completion, hole backfille'4
with bentonite groute.

a.
a
<

A. 2"O.D. split- tpoon tamplar

B. 3" 0.0. thin-watt tompler
C. 3-1/4" 0.0. x 2-1/2" linar
D. 3-1/2" 0.0. split barrel sampler
X. »orr^»l« not recovered

** Standard Penetration Resistance except
for 2" O.D. split-spoon samples estimated
using non-stondard procedures.

jS_water level

^ impervious seal

|~| piezomtter tip
u

WATER CONTENT - 'A dry wwgM

plastic limit liquid limit

natural water contenl

PLATE



ICW
OATC DNII.I.EO H-22T88

^ -- --*

^ A< /~ /'

LOG OF BORING NO. 4

Tit »•»«<» •>»lll> 0«L» •T fW LOfTK- C t"H »0«1««
»r0 *t tiu( o» tWiLi.itft »uiaunr*<:E CO«O»T)ON| N»T o<rrtn
*T OTM(» tOCAtlONl *NO *<*T Crt*KC( *T IMH LCKATtOH •t»M
TW MIlltl Of n«[. T»I ur» •ntSINHDtrl--» H"»1.1>IC«1
or KIUU. ca«Dino«i t«tou»tfm:

^
<?' ^

800
c^'

STANDARD PENETRATION
ABIXWS PER FOOT—

h-20

.10

•3D

.40

/•<»

ff •

l^l
\^^~

w\
i^.l

Brown-^ray sand, gravel, boulder

and some silt

siltier

Gray silty sand w/ gravel (till)

NOTES:
No water was encountered.

Upon completion, hole was
backfilled with bentonit'e

arout.

A. 2"O.D. iplit-tpoon sampler

B. 3"O.D. thin-wall tompler
C. 5-1/4" 0.0. X 2-1/2" linar
0. 3-1/2" 0.0. split bcxrel aamplar
X. •ample not recovered

** Standard Penetration Resistance except
for 2" 0.0. split-spoon samples eslimoted
using non-standard procedures.

.water level

impervious seal

piezomeler tip

WATER CONTENT -% dry weight

plaslic limit liquid limit .

.natural water contsnt

PLATE



DATE DHILLED

^ A
11-22^88

^

y ^
800

*'

LOG OF BORING NO. 5

TMtt »UWUA»r ^PltO OWtV AT TMC LOCATION Of TNI» »CNHi<ft

*T OT»<tB lOC*np«» tMD UAV CHANCt *T 1W}» LOCATION WITM
^M M»*Ct Of ItMt TMC &*T* ^tSCNTIO *N(--* atW^^lftCAItCNt
Of ACTuAt. CONO(TION» iNCOWTIHtD.

./<'
ot" ^~\u

0^'

STANDARD PENETRATION
A BLOWS PER FOOT * • '

t—10

h-30

.20

<c

£J <

'̂^» >

'^\
-^ :c\

<•
<^-1

Brown silty sand & gravel -

no 1st

Gray sand & gravel w/ boulders

Gray silty sand with gravel
<till)

NOTES:
No water was encountered.

Upon completion, hole was
backfilled with bentonite

grout.

0.
a.
t

A. 2"O.D. split-spoon aampler
B. 3" 0.0. thin - wall •ampler * * St<lndord Penetration Resistance _"cept^
C'. 3-T/4" O'.O. x~2-l/2"TinBr '°r 2" 0-D split:SP,oo"_sarr!ples. estimated
D.' 3-1/2" O'.D. split barrel" sampler u«i"0 non-standard procedures.

X. aomple not recovered

jxjrater Itvet

j: 'mpervious seal

H pieiometer tip

WATER CONTENT - % dry wwght

plastic limit _ liquid limit

.natural water content

PLATE



TCW ASSOCIATES, INC.

DATE DNILI.ED U-22-88

Jf *

-c
^'

825

A- _^ A'

LOG OF BORING NO. 5

mil IU«IUH» •m.KI 0«1.» •T rnl LOCXTIOI or Ima •OIINO
AND *T TIMC Or ONILI.IN^ tUtSuTACC'COWoiTIOMa M»Y'OTrCB
AT OTwc» looninws AMD U»T CNAHGC AT 1H!3 LOCATtON N'lTM
TW P*3»*Ct Or TIME THC &*T* i>fttSCNTCDAHt'*»l**»ILtf»C*TIO«
or tTuu. CDNOiTiori trcounTtHtb:

S'

<$-̂  0̂^'

/f STANDARD PENETRATION
A BLOWS PER FOOT'*

—10

—20

—30

7-s\
(- ^.\

^<y-\
^^i
^^1
^\-^1

• —^ ,

Brown silty sand & gravel w/
boulders

Gray sand & gravel w/ some silt
& boulders

Gray silty sand w/ gravel
(till)

NOTES:
No water was encountered.

Upon completion, hole was
backfilled with bentonite

grout.

A. 2"O.D. split- spoon sampler

B. 3^0,0. thin-wall •ampler
I C. 3-1/4" 0.0. x 2-1/2" liner

D. 3-1/2" 0.0 splrt barrel sampler
X, •an^le not recovered

* * Standard Penetration Resistance except
for 2" 0.0 sptit-spoon samples estimated
using non-standard procedures.

.water level

mpervious seal

piezometer tip

WATER CONTENT - % dry otflht

limit liquid limit

"—» ——..natural water contfit

PLATE



TCW ASSOCIATES, INC.

OATE DKILLED 11-23^88

^ /
840

.10

•20

—30

/-

LOG OF BORING NO. 7

'—'"•••'"."m.i" on. «i r«c LOCATION or tma wi-a
*NO AT TINt Of OHtLtlNS »U»SU»rACt-COWOirt6*<$ MAT ~0;Ff E»
*T.,rl™tR lOCJUinwS t*f0 NAT CMAMflt *T THtt LOCATION WITK
!"*.""'"t°' n"t T"t "" •••tHNTto.fVinoi.iriCtina
Of ACTuAt. CONCNTION* IrCOUNTCBeD

,^

<»<?
.^

STANDARD PENETRATION
A BLOWS PER F-bbf *'*"

^-EO:&M
-t. 3.-:

'^y
'<.£>'y

ff 0. I-

<̂3&
•^.
'.^"•<:^

Brown-gray silty sand & gravel
w/ boulders

Gray sand & sravel w/ boulders

Gray silty sand w/ gravel (till)

NOTES:
No water was encountered.

Upon completion, hole was
backfilled with bentonite

r.rout.

I

A. 2"O.D. split- spoon sampler
B. 3"O.D. thin-wall •ampler ** Standard Penetration Resistance except
C. 3-1/4 6. D. x 2-1/2 Tinar for 2 0.0 split-spoon samples estimated
.D.' 3-i'/2"O.D. sphl barrelSamptor u»i"9 non-standord procedures.

X. •ample not recovered

_water level

impervious seal

piezomeler tip

WATER CONTENT -% dry o-ght

plastic limit _ liquid limit
I—^- -'. .

.natural water confnt

PLATE



TC',5 ASSOCIATES, INC.

DATE DHILI.CO U-23-S

^
4- ^

_r

/'

LOG OF BORING NO.

TW WWU«T •p»im (mn ,T THC LOC.IKX Or TmB •OHIN«
UIO «T nut w miUKt •U«SUH»«CE COnOITIOM N»< OirrCH
*T_OTM(B LOCATlflHt AKO MAV CHANGE »T THIS LOCATION WITH
1»<t M3»A<( Of TIMC TH( DATA CWt SENT EO AW'AaiNCLIflCATXM*
OF *C1U*1. COWMTlONt ENCOUNTCHCO

0^
0̂^

A STANDARD PENETRATION
A BLOWS PER FOOT**'

82'

n
3
a

0
a

—10

=-20

-30

-(-•-r ft.

1^]
i^?>d

^1'?\M
1~"J;

'-_-*:-

-*-

f^
^<

f̂~-

Brown silty sand - wet

Gray sand & gravel w/ boulders

Gray silty sand with gravel

(till)

NOTES:
No water was encountered.

Upon coup let ion, hole was
backfilled with bentonite

srout.

A. 2"O.D. split- tpoon sampler

B. 3?'O.D. thin-wall »ampler
C. 3-1/4" O.D x 2-1/2" liner
D. 3-1/2" O.D split barrel somptor
X. •orr<»la not recovered

* * Standard Penetration Resistance except
for 2 0.0. split-spocxi samples estimated
u»mg non-standard procedures.

.water level

impervious seat

piezomeler tip

WATER CONTENT - % dry •wght

plastic limit _ liquid limit

.natural water contant

PLATE



TCW
DATE DKH.LID

^
11-23-88

*

<? ^
303

y

LOG OF BORING NO. 9

in tuiro.T trn.n ONH •i TK i.ofTif. o f.« f.—
*NO*»tiuc Or EXtH.U-s >u»3u»»r*cc CO»fl)(TiONl HAT (»rftn
"_°!Nt< loc*TIO%i *NO u*'r CHtWG( AT THIS LOCATION »)?»<
in »»»«o> tin. t»i iu>. »i<i>c«Ti»».i'.Vim.uric»ni>«
Of ACTUAL CONOtTIQNa tNCOy«Tt«CD.

^ ^^- J°'
^Q o+y

STANDARD PENETRATION
A BLOWS PER FOOT**

t—20

.10

-30

±^5Prv"<-

s
fl'^.

^.
mf.:p -.

Gray silty sand & gravel with
boulders and with sand &

gravel layers

Gray .silty sand with gravel

(till)

NOTES:
No water was encountered.

Upon completion, hole was

backfille'J with bentoaite

grout.

A. 2"O.D. split-spoon samplar

B. 3"O.D. thin-wall lampler
C. S-1/4" 0.0. j( 2-1/2" liner
D. 3-1/2" 0.0. split barrel aampler
X. »ample not recovered

'•Slondord Penetration Resistance except
for 2" 0.0. split-spoon samples estimated
using non-standard procedures.

.water level

"mpervious seat

piezometer tip

WATER CONTENT-% d?-,"'"'.-.-.

plastic limit _ liquid limit

•natural water content

FIAT'7



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 H0= 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

2.22
2.90
3.55
4.78
5.25
5.80
6.50
7.27
7.77
8.57
9.62

11.60
13.37
15.17
18.33
21.63
25.97

92.44
91.76
91.46

91.22
90.87
90.75
90.65
90.53
90.42
90.36
90.26
90.15
90.00
89.85
89.70

89.50
89.35
89.20

3.52

2.84
2.54
2.30
1.95

1.83
1.73
1.61
1.50
1.44
1.34
1.23
1.08

.93

.78

.58

.43

.28

.353

.285

.255

.231

.196

.184

.174

.162

.151

.145

.135

.124

.108

.093

.078

.058

.043

.028

.600

.451

.345

.282

.209

.190

.172

.154

.138

.129

.117

.104

.086

.075

.066

.055

.046

.039



500

FEET

Bathymetric map from

Deep Lake

, Lakes o< Washington, 1965.

NO DATA AVAILABLE

70 7S Year

^ aa i»

l^^-^^wwFigure A-

Figure B. Total-Phosphorus (^^ throu9t1

May data) g.g

.T^nsparency (May through Odober data)
Figure C.
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1 DEFD LAKE K

LATITUDE 47<»1<S*13" LONGITUilE 121<»5(S*
GREE^-OUWA-fISH RIVEP BASIN

PHYSICAL DATA

ING COUNTY

19" T21N-M7E-33

CULTURAL DATA

DRAINAGE AREA
ALTITUDE
LAKE AREA
LAKE VOLUME
MEAN DEPTH
MAXIMUM DEPTH
SHORELINE LENGTH
SHORELINE CONFIGURATION
DEVELOPMENT OF VOLUME
BOTTOM SLOPE
BASIN GEOLOGY
INFLOW
OUTFLOW CHANNEL

WATER-OUALITY DATA (IN

3.^? SQ MI
770. FT

37. ACRES
1ZOO. ACHE-FT

33. FT
74. FT
1*3 MI
1 .ft

0.45
5.2 %

SED./META.
PERENNI&L
ABSENT

RESIDENTIAL DEVELOPMENT

NUMBER OF NEARS^ORE HOMES

LAND USE IN DRAINAGE BASIN

RESIDENTIAL URBAN
RESIDENTIAL SUBURBAN
AGRICULTURAL
FOREST 0(t UNPRODUCTIVE
LAKE SURFACE

PUBLIC BOAT ACCESS TO LAKE

M6/L UNLESS OTHERWISE INDICATED)

5

I

0
I
6

91
z

%

%
%
%
%
%

SAMPLE
DATE
TIMC
DEPTH
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

SITE

(FT)
NITRATE
NITRITE
AMMONIA
ORfiANIC

1

(N)
(N)
(N)
NITROGEN

7/13/73
1000 1010

3.
0.13
0.01
0.05

(N)
PHOSPMORUS (P)
ORTHOPHOSPHATE (p)

SPECIFIC CONDUCTANCE (MICROMHOS)
WATER TEMPERATURE (OEG C)
COLOR (PLATINUM-C08ALT UNITS)
SECCHI-DISC VISIRILITY (FT)
DISSOLVED OXYGEN

LAKE SHORELINE COVERED BY EMERSED PLANTS
LAKE SURFACE COVERED BY EMEffSED PLANTS

66.
0.42
0.00
0.04

0.13 0,10
0.011 0.015
0.005 0.005

6Z
19.9

10

72
4.9

25
15

9.8 1.2

DATE
TIME
NUMREP OF FECAL
FECAL COLIFO»M,
FECAL COLIFORMt
FECAL COLIFOPM,

REMARKS

COLIFORM SAMPLES
MINIMUM (COL./100ML)
MAXIMUM (COL./100MU
MEAN (COL./100MU

LITTLE OR NONE
NONE OR <1 %

7/13/73
1010

2
<l

2
I

VERY FEW AQUATIC PLANTS WERE OBSERVED. THE INFLOW VIA DEEP CREEK-DRAINS
A LARGE AGRICULTURAL AREA AND THE SMALL TOWN OF CUMBERLAND. METRO OF
SEATTLE STUDIED THE LAKE IN 1971-73.

61



FISt-T LAKF. KING COUNTY

LATITUDE 47«16* 7" LONGITUDE
GREEM-DUWAMISH RIVER BASIN

PHYSICAL DATA

IZ1<*67*17" TZ1N-R7E-31

CULTURAL DATA

DRAINAGE AREA
ALTITUOE
LAKE AREA
LAKE VOLUME
MEAN DEPTH
MAXIMUM OEPTM
SHORELINE LENGTH
SHORELINE COMFI6UR4TION
DEVELOPMENT OF VOLUME
BOTTOM SLOPE
BASIN GEOLOGY
INFLOW
OUTFLOW CHANNEL

WATER-QUALITY DATA (IN

14,2 SO MI
710. FT

la. ACPES
240. ACWE-FT

13. FT
2^. FT

0.99 MI
1.7

0.55
Z.4 %

SED./META.
PERENNIAL
ABSENT

RESIDENTIAL DEVELOPMENT

NUM8EW OF NEARSHORE HOMES

LAND USE IN DRAINAGE BASIN

RESIDENTIAL URSAN
RESIDENTIAL SUBURBAN
AGRICULTURAL
FOREST OR UNPRODUCTIVE
LAKE SUPFACE

PUBLIC BOAT ACCESS TO LAKE

MG/L UNLESS OTHERWISE INDICATED)

5 %

1

0 %
0 %
5 %

95 %
<1 %

YES

SAMPLE
DATE
TIMF
DEPTH
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

SITE

(.FT)
NITRATF
NITRITf?
AMMONIA
ORGANIC

1

(N)
(N)
(N)
NITROGEN

7/10/73
1500 1510

3.
0,14
0.01
0.06

(N)
PHOSPHORUS (P)
O^THOPMOSPHATE <p)

SPECIFIC CONDUCTANCE (MICROMHOS)
WATER TEMPERATURE (OEG C)
COLOR (PLATINUM-COBALT UNITS)
SECCHI-DISC VISIPILITY (FT)
DISSOLVED OXYGEN

LAKE SHORELINE COVERED BY EMERSEO PLANTS
LAKE SURFACE COVERED BY EMERSED PLANTS

DATE
TIME
NUMBER OF FECAL
FECAL COLIFORM»
FECAL COLIFORM»
FECAL COLIFOPM,

REMARKS

COLIFORM SAMPLES
MINIMUM (COL./100MU
MAXIMUM (COL./100MU
MEAN (COL./100MU

15.
0.04
0.00
O.Z1

0.14 0.47
0.017 0.064
0.014 0.010

52 68
18.8 9.4

5 15
8

11.2 4.6

1- 10 %
NONE OR <1 %

7/10/73
1535

2
9

17
13

THE PERENNIAL INFLOW VIA COAL CPEEK DRAINS A LARGE AREA COMPARED TO THE
SIZE OF THE LAKE. THE LITTO^AL BOTTOM IS SILT AND MUCK.
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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= 2.7
PERMEABILITY= 5.29E-04 CM/SEC STORAGE COEF=2.50E-02
CORRELATION NUMBER= 1.00

PERMEABILITY BASED ON REGRESSION FIT OF HEAD RATIO DATA

HVORSLEV PERMEABILITY=2.40E-03 / LAG TIME

CALCULATED PERMEABILITY IS INVALID
CALCULATIONS INDICATE THAT A VALUE OF 4.92 FEET FOR HO

OR A VALUE OF 5.690 INCHES FOR EFFECTIVE CASING DIA.
MAY YIELD BETTER RESULTS

PERMEABILITY BASED ON REGRESSION FIT OF DATA — FERRIS & KNOWLES METHOD

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

REGRESSION STATISTICS
X ON Y

INTERCEPT= .24
SLOPE= 8.3

Y ON X
INTERCEPT= .17
SLOPE= 8.8

CORRELATION COEFFICIENT= .97



DEEP LAKE

Deep Lake is in Nolte State Park near Cumberland, Washington (4 miles
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 han/ested 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-a 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

a

Date

Feb 26

Mar 12

Depth
(Meters)

1.0
5.0

10.0
18.0

1.0
5.0

10.0
18.0

Total
P04
(ppm)

.010

.009

.006

.015

.015

.008

.001

.012

Chlor-a
(PPb)

2.06

2.64

Trans
(Meters)

4.3

3.0

Cond
(limho)

74
74
74
72
70
70
70
70

PH

7.1
7.1
7.1
7.2
8.1
7.9
7.9
8.2

Temp
(°C)

4.6
4.1
3.7
3.7
7.1
5.9
4.7
4.8

DO
(ppm)

11.6
11.5

9.0
8.6

11.6
11.2
9.9
6.0

5-8



Appendix C

Water Quality Data



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

1' -

Certificate
^-^•m^^vfcu." t

Chemistry Moobiology and Technical Services

CLIENT: Brown & Caldwell
100 West Harrison Street
Seattle, WA 98119
ATTN: Glen Wyatt

Si-^l:£»

LABORATORY NO. 13744

DATE: Jan. 10, 1989

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 (^^e^»/> /*io-.4^ <^ -^^ ^
2) BDWS 12/19/88 14:
3) BOW Spring 3 12/19/88 15:

TESTS PERFORMED
AND RESULTS:

:20 (Jl--«.4-«« l»e»c -fta^- C;A^ lu^

:00 ^t3(^<.k J^.s^o^ A^o/.^ ^^^'^}

Total Coliform Count,
MPN per 100mls

Fecal Coliform Count,
MPN per 100mls

pH, glass electrode at 25°C
':>oec':fic Conduct 1 v1 ty,

micromhos/cm at 25°C
Color, units
Odor
Turbidity, Nephelometer units

4.

<2.

7.0

190.

<2.

<2.

6.9

69.
<5.

1.

<0.5

<2.

<2.

6.7

76.
<5.

1.

<0.5

This report is submitted for the exclusive use o1 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 sale of any product or process will be granted only on contract. This company accepts no responsibtlity except
for the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.



Lauchsc
Testing Laboratories, Inc.
940 South Harnev St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Certificate

Chemistry Mcrobtology and Technical Services

Brown & Caldwelt

PAGE NO. 2

LABORATORY NO. 13744

parts per mill ion (mq/L)

1 _2_ 3

Total Dissolved Solids
Dissolved Calcium
Dissolved Magnes-ium
Dissolved Sodium
Dissolved Potassium
Dissolved Bicarbonate Alkalimty as CaC03
Dissolved Carbonate AlkaHmty as CaC03
Dissolved Chloride
Dissolved Nitrate as N
Dissolved Su1fate as S04
MBAS
Total Hardness as CaC03
Total Iron
Total Manganese
Total Copper
Total Zinc
Total Arsenic
Total Barium
Total Cadmium
Total Chromium
Total Lead
Total Mercury
Total Selenium
Total Silver
Total Fluonde

110.
25.
6.1
2.3
0.3

80.
<1.

2.

1.2
3.

2.2
0.13

48.
7.

1.7
2.8

<OA
26.
<1.

2.

0.7
3.

0.1
24.
0.03

<0.002
<0.002
0.004

<0.005
<0.02
<0.002
<Q.005
<0.01
<0.001
<0.005
<0.002

45.
8.

2.0
3.2

<0.1
28.
<1.

2.

0.7
3.

<0.1
31.
<0.01
<0.002
<0.002
0.003

<0.005
<0.02
<0.002
<0.005
<0.01
<0.001
<0.005
<0.002

<0.2 <0.2

^ This report is submitted lor the exclusive use o! the person, partnership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
<((«.—d.JJJ; member of its staff in conneclion with the advertising or sale ol any product or process will be granted only on contract. This company accepts no responsibility excepl
''SsS^-y for the due performance o( inspeciion and/or analysis in good faith and according lo the rules of the trade and of science.



Laucfes
Testing Laboratories, Inc. Certificate
940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemisn-y Mfcrcbfcjogy and Technical Services

PAGE NO. 3

Brown & Caldwell LABORATORY NO. 13744

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

^fS-:f^ This report is submitted for the exclusive use of the person partnership or corporation to whom it is addressed Subsequent "s^°nhe name °nhls ^m^"y °r arly
:ls.t-"EA<-li?; member of its staff in connection with the advertising or sale ol any product or process will be granted only on contract. This company accepts no responsibility except
s,^^^^ for the due performance of inspection and/or analysis in good faith and according to the rules oi the trade and oi science.

iK^



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

Certificate

Chemistry Miciobkiogy and Technical Services

Brown & Caldwell

PAGE NO. 4

LABORATORY NO. 13744

Blank Name

B1221AS.W01
B1221SE.W01
B1222MBA.W01
B1222IAI.W01
B1222IAI.W01
B1222IAI.W01
B1222IAI.W01
B1227HG.W01
B1228ALK.W01
B0103HRD.W01
B0103TDS.W01

Sample Numbers

2-3
2-3
2-3
1-3
1-3
1-3

2,3
2,3
1-3

2,3
1-3

APPENDIX A

Method Blank

Anal.yte

Arsenic
Selenium
MBAS
Chlonde
Nitrate
Sulfate
Fluoride
Mercury
Alkalimty
Hardness
TDS

Summary

Result

<0.005
<0.005
<0.1
<1.

0.2
<1.

<0.2
<0.002
2.

<1.

<2.

Um'ts

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

SQL

0.005
0.005
0.1
1.

0.2
1.

0.2
0.001
1.

1.

2.

MDL

0.005
0.005
0.1
1.

0.2
1.

0.2
0.001
1.

1.

2.

SDL = Sample Detection Limit.
MDL = Method Detection Limit.

lis company or any
responsibility except
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940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Certificate

Chemistry Microbidogy and Technical Services

Brown & Cat dwell

PAGE NO. 5

LABORATORY NO. 13744

APPENDIX B

Copy of Chain-of-Custody Document Attached

\^ This report is submitted tor the exclusive use of the person, partnership, or corporation to whom it is addressed. Subsequent use of the name of this company or any
^^^^.Jijj; member of its staff in connection with the advertising or sale of any product or process will be granted onty 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. /z./n/^ PAGE OF.

Laucbs
Testing Laboratories. Inc.
940 StWlh Hiirney Sl. Scalllc Washinuion 98108 (206)767-5060

...n

/ /
NAME I'-.'' / ;.' ••- •' •'*' \

ADDRESS '/l> ' .-'•-.I/.

ATTENTION:

'' ^ {I'1:,

<:^.0l/ (..'/-

PROJECT NAME /__^^1']_<_^ _ ''_ _'.

'!...

•"\

ar
-1. -••

li_li
.-. -I.-.-,

? fill"/

~^j7

(')<- ,f .'1 f

JOB/P.O. NO. •'•/ ?..(., I /,'

SAMPLER (SIGNATURE)

f

LAB NO.

T
~T
~3

LAB SA « SAMPLE NO.

s^-
POi..^

H/'K,"//,,o;,^

RELINQUISHED BY

SIGNATURE

I-.', ;--'

(PRINTED NAME)

I'", il.J'~> ^ "' • '.'. • A'~"

DATE

i^n
\^_

I' /'•

^
f

PRINTED NAME
/

(

COMPANY
RELINQUISHED BY

SIGNATURE.

PRINTED NAME

COMPANY

TIME

pp.

/lt 7--

I j.?1-»

SATE

^
•/'/;(

TIME

// '\f

DATE

TIME

LOCATION

'^ L^^^i

L.>,i- j.,,.,4
-t —y

/'/^•'v I; /.-.• ;^
/ •-.-.'

I'..,

N.
J

'./-I

•-.^

^
-^

1
;L
Y-

!>

^-t.

^
I

•^

1 ^1.

-t-

i
Ys

^
>

V.

^
>.t

/ ,

't

-/.

-^

RECEIVED ay'
'•/» '.

/

TESTING

-VI

^ -V;

^1
*-

s-'l
v|

^
'(.,

-r.

+

L:

SIGNATURE

PRINTED NAMEMINTED NAME

».,

COMPANYOMPANY
RECEIVEDECEIVED BY

Jr7'}^^\ l')/LA/V3.^V.
IGNATUPE 7

H\ ^ ~"7r.A^5£? .-i
PRINTED NAME

LAUCKS TESTING LABS
COMPANY

~s
\

»

0
> '^

>
f

0
.Si;^

y.

^

>

/-

Y^

\
I

0
'\.f

f--

<'.

^

T(,

^
^7

DATE
-.i,

TIME.

^.

•!:•

DATE

l^p^
TIME

i/ '-.DO

•<

PARAMETERS

~/t
~.-!|

--M

H
>1

-'~'C I

01
\

',1
a

^L

A-
\

t

^
,1'

—^-

• J

--I'

\
^

'—•1

•s

_v

x
•<

<—<:

-4
^

<
<

\

l.

•X:

x

y.

'OTAL NUMBER

INSTRUCTIONS:

1.

2.

3.

4.

5.

6.

^1
u

^-'1

'^1

•^

OA

-/\

-t^.

K
V.

"'^k

\.')
<.. 1

^-c

-^
rx.

K
/.

->

)F CONTAINERS:

ihaded areas for lab use only.

complete
•rrors

ie specifi

;heck

detain

^AME.

N
o

o
F

c
0
N
T
A

I
N
E
R
s

tL

^^

'rovide name and telephone of your contacl

ite in ballpoint pen. Draw one line through

and initial.

cific in test requests.

off tests to be performed (or each sample.

final copy after signing.

• name and telephone of your contact person

;><•:. r cJ t<-'//iT7

•ELEPHONE_^
U ,:) ?-"

OBSERVATIONS, COMMENTS,

SPECIAL INSTRUCTIONS

/- fl 11<:'.<- f....... -/,.J ^^-

-^—[^
^ "• t>^ ( »,-s ; ,., <~> n,i ^ ^ i- n i ". " ->

^^.., ^ o.^'r^,,,^

-iHl\f l-.c\,^n .•''-r \>/-»'.^ i

. f: ^ --•l ^. f (•*,,, ,1../

/

SHIPMENT METHOD:

SPECIAL SHIPMENT, HANDLING OR STORAGE REQUIREMENTS:



Lauckso
Testmg Laboratories, Inc.
940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063 s^ .*-''"'' • -;~ "'*"' ^

Certificate

Chemistry Mcrobiotogy and Technical Services

CLIENT: Brown & Cat dwell
100 West Harrison Street
Seattle, UA 98119
ATTN: Glen Wyatt

LABORATORY NO. 13758

DATE: Jan. 12, 1989

REPORT ON: WATER

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

1) 4261 No.
2) 4261 No.
3) 4261 No.

11:20 ^u^i<«.) (N^'-^y re^32.)
:Sc.<r^^)fst^ ^-^l
CFet,rJ(l^''^^^{)

12:45
13:05

TESTS PERFORMED
AND RESULTS:

Total Coliform Count,
MPN per 100mls

Fecal Coliform Count,
MPN per 100mls

pH, glass electrode at 25°C
Specific Conducttvity,
micromhos/cm at 25°C

Total Dissolved Solids
Dissolved Iron
Dissolved Manganese
Dissolved Caldum
Dissolved Magnesium
Dissolved Sodium
Dissolved Potassium
Bicarbonate Alkalim'ty as CaC03
Carbonate Alkalimty as CaC03
Chloride
Nitrate as N
Su1-Fate as S04
Ammoma as N

<2.

<2.

7.0

95.

parts

65.
0.07
0.003

11.
2.9
4.

0.3
38.
<1.

2.

0.7
4.

<0.01

<2.

<2.

6.7

220.

per million

140.
2.3
0.019

26.
5.1

16.
0.7

78.
<1.

3.

1.3
21.
<0.01

<2.

-<2.

6.6

82.

(mq/L)

53.
0.04

<0.002
8.

2.5
5.

0.2
30.
<1.

2.

1.1
3.

0.06

^ 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
^(^'^J?-- member of its staff in connection with the advertising or safe of any product or process will be granted onty on contract. This company accepts no responsibility except
^^^^•^ for the due performance of inspection and/or analysis in good faith and accorcting to the rules of ^he trade and of science.



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

Certificate

Chemistry Mkrobtology and Technical Services

Brown & Caldwell

PAGE NO. 2

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.

Qm
JMO:1aj

. M. Owens

^fr3^^! ^his l'eP°rt is submitted for the exclusrve use of the person, partnership, or corporation to whom it is addressed. Subsequent use ol the name of this company or any
^(l^U^M member ot 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

^^is^y for the due pertormance of inspection anct/or analysis in good faith and according to the rules of the trade and of science.

®



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

Certificate

Chemistry. Mfcrobtology and Technical Seraces

Brown & Caldwell

PAGE NO. 3

LABORATORY NO. 13758

Blank Name

B1222IAI.W01
B1222IAI.W01
B1222IAI.W01
B1228ALK.W01
B1221TDS.W01
B0111NH3.W01

Sample Numbers

1-3
1-3
1-3
1-3
1-3
1-3

APPENDIX A

Method Blank

Analyte

Chl on de
Nitrate
Sulfate
Alkalimty
TDS
Ammoma

Summary

Result

<1.

0.2
<1.

2.

<2.

<0.01

Units

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

SDL

1.

0.2

1.

1.

2.

0.01

MDL

1.

0.2

1.

1.

2.

0.0

SDL = Sample Detection Limit.
MDL = Method Detection Limit.

isSa

'•^s
This report is submitted for the exciustve use of the person, partnership, or corporation to whom it is addressed. Subsequent use oi the name of this company or any
member of its sta^l in connection with tne advertising or sale of any product or process wifl 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.



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

Certificate
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PAGE NO. 4

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. Subsequent use of the name of this company or any
^^^^Jl|i; member of its staff in connection with the advertising or sale of any product or process wii! be granted only on contract. This company accepts no responsibility except

'V^li?^ for the due performance of inspection and/or analysts in good faith and according to the rules of the trade and of science.



CHAIN OF CUSTODY RECORD BC Log Number

Client narn'
.OV^ -^ C^LDI./^I-L-

Address
00 ^'-J. \\^^-\^^ ^. ^zcyr

City. State, Zip
"S'^-YAt v^\

Lab
Sample
number

Dale
sampled

Time
sampled

Type"

See key
below

Prolect or POH
fcm(

Phone #
-L^|-lWb

Report attention

(7\^
Sampled by

°^A 'z./ ^ c < ^
T

Sample description

Number
of

containers

z Analyses required z

>1-/•z-i^ o8io M -^
j 6? ft ^ a d «_^

-^ \- -t

•c) 0^00 r 2- Sc.4t f.p-^ 7. -\ T

^ 0750 ""> ^.^ ^ -+ -\-

Signature Print Name Company Date Time

Relinquished by

Received by

Relinquished by

Received by

Relinquished by .^/^ f-^r p. ^.^ Tr- ^ o i^- n ^ 'p "/«/.. ^^$-^

; il'n I I
IU ^\ tC'u~t-C4^ ^^-< fc1U(m7 ^cmcV^ ^\rj{\ic\ U^ /9/??/r^ ^)S~

Note:

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

BROWN AND CALDWELL LABORATORIES
D 1255 Powelt Street. Emeryville, CA 94608 (415) 428-2300

D 373 South Fair Oaks Avenue, Pasadena, CA 91105 (818)795-7553

D 1200 Pacifico Avenue, Anaheim. CA 92805



CHAIN OF CUSTODY RECORD DATE ' / <;- I M. PAGE. OF.

Lauchs
Testing Laboratories, Inc.
940 Scxith Hiirncy Sl ScanleWashinuKin 98108 (206)7675060

NAME f'\!<l^'^ -^ <!A..

ADDRESS !i:i) [lf' 1-^/"~ '' f

•\^1^:: L..^

^ {„<,-

•-•\ 51 +.-; ••> /..) <,"'
1 I- !V .'

rt^!li)

ATTENTION: I'.- I •'• .'. '.'./'/ •"'
/

PROJECT NAME /"'' (!'' Ll<- L^I':' • ^ ^

JOB/P.O. NO.

SAMPLER (SIGNAOIRE)

/•<-^; .'•-'. -;<..-..-. (7
•'.• /•- • ;-'^"-~^ y...

LAB NO.

I
^
~T

•f,

LAB SA » SAMPLE NO.''

JlL
•>'. •-)

.r. •-> ^

(PRINTED NAME)

'f'^-r f ^.,/y 'Sr.

DATE
I ':<

y

JL

RELINQUISHED BY

SIGNATURE

PRINTED NAME

COMPANY
RELINQUISHED BY

w- . ^
SIGNATURE

-;•;' ' .'I . ..•' {•'
</•' <-^ 7-

PRINFED NAME

,"'/',1 . -•"/-- ' ..'•• 7;f,

COMPANY

TIME

l,7_t'

i2'r

_L?oi

ffE

ME

VTE

/. '

'- .'/-

'!f-~,

ME

- /i ()

LOCATION

Gc.iic.'\g c

S^t4 ^pt</-

^ hr- v-

A,

'./

f;
I.

c
l/-

y:
d

><

>
••^

RECEIVED BY

SIGNATURE

PRINTED NAMEMINTED NAME

COMPANY3MPANY
RECEIV(ECEIV^D BY /--\

/
k-4-/ \

(9'^v^'~"~-| &1V

iGN/ftURE / ^.-

'^' ••^o|:
PRINTED NAME

LAUCKS TESTING

X.
^1

^-\
<^1

'""d

(^1
VJ|

^-1
•*-1

t'l
~^~-1

01V-'l

'/<1

,-^,

^

6^~

1;
t~-

•£

(^
VJ

e
k?'

>^
^s-

..-••<

\

\-./'

}^0^

LABS

\
:^

<
\

•^

I

.V

.>:

>
/--..

COMPANY

TESTING

Jl
Q|

W~>1

K|
Ql
^1

<J

^..

^

><

-^1

^

SATE

TIME

DATE

p'l^\
TIME'

^1 yo

PARAMETERS

^rm

'OTAL NUMBER OF CONTAINERS:

INSTRUCTIONS:

1.

2.

3.

4.

5.

6.

ihaded areas for lab use only.

N
o

o
F

c
0
N
T
A
I
N
E
R

^L
1
Ji

:j

;omplete in ballpoint pen. Draw one line through
irrors and initial. _-..,,

ie specific in test requests.

;heck off tests to be performed for each sample

lelain final copy after signing.

>rovide name and telephone of your contact person

<AME.

•ELEPHONE.

..,^

.<*••

.<•'"

OBSERVATIONS, COMMENTS,

SPECIAL INSTRUCTIONS

pit^r Samp^tS -(or i'v\0'\0 F
~s~

c^T'onS^ !\r>\C/t5 -<h''0<A^V\

0.4.5 r>"n^''oA ^".^9f

^!?or^ pr (.<:,?. r vi i\c^

report o^ <i'>s5Blv£<J
\

SHIPMENT METHOD:

iPECIAL SHIPMENT. HANDLING OR STORAGE REQUIREMENTS:

t

.^'.'..••' '

^.':~"

1 r:''': -

f"



Laucfes®
Testing Laboratories, Inc.
940 South Harnev St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

;—v^-t*l»l«-""«»'

Certificate
IS^I-

Chemistry Microbiology and Technical Services

CLIENT: Brown & Caldwell
100 West Harnson Street
Seattle, WA 98119
ATTN: Glen W.yatt

LABORATORY NO. 13434

DATE: Jan. 10, 1989

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 P*\^^ ^y^'-j
2) Fish 11/30/88 15:00 p. ^ H^U*^ si^'^

/

TESTS PERFORMED
AND RESULTS:

Total CoHform Count,
MPN per 100mls

Fecal CoHform Count,
MPN per 100mls

Specific Conductivity,
micromhos/cm at 25°C

pH, glass electrode at 25°C

Caldum
Magnesium
Sodium
Potassium
Chloride
Bicarbonate Alkalinity as CaC03
Carbonate Alkalimty as CaC03
Nitrate + Nitrite as N
Iron
Manganese
Total Dissolved Solids
Sulfate as S04

<2.

<2.

110.
6.8

parts per mi

13.
3.4
5.2
0.2
2.

44.
<1. .

0.76
0.07

<0.002
83.
6.

<2.

<2.

60.
6.6

Ill on (mq./L)

6.0
1.3
2.3

0.1
2.

22.
<1.

0.69
0.03

<0.002
51.
2.

^i-S-^i-, 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
4J(«*Ln<-}B member ol its staff in connection with Ihe advertising or sale of any product of process will be granted only on contract. This company accepts no responsibility except
-^-j—,^ for ^e due performance of inspection and/or analysis in good faith and according to the rules of the trade and of soence,



Lauchs®
Testing Laboratories, Inc.
940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Certificate

Chemistry Mcrobtobgy and Technical Services

Brown & Cat dwell

PAGE NO. 2

LABORATORY NO. 13434

Key

< indicates "less than"

JMO:1aj

Respectfully submitted,

Laucks Testing Laboratories, Inc.

^.m
. M. Owens

//f^^~^>- This report is submitted for the exclusive use of the person, partnership, or corporation to wnorri 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 wiff be granted only on contract. This company accepts no responsifaitity except
'"V^^^(~I" for the due performance of inspection and/or analysis in good faith and according to the rules of the trade and of science.

6.



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

Certificate

Chemistry Mkrobiobgy and Technical Services

Brown & Cat dwell

PAGE NO. 3

LABORATORY NO. 13434

APPENDIX

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
i((a^.'R-*-)K member of its staff in connection with ttw advertising or sale of any product or process will be granted only on contract. This company accepts no responsibility except
^^^'S' 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. /z.///..^ PAGE. / OF/

Laucfes
Testing Laboratories, Inc.
940 Sixilh HarncySl. Seallle.Wasliinuicin 98108 (206)767.5060

NAME

ADDRESS

ATTENTION:

'' .'.., /. :7E
-'•-•^l..'.'- •. I i/.',, ,:<...

.',' rl,
r'.'."'^ '• ' 'f.'''! ,/

,'./.-.. •.^..•.•n

/ „,'

PROJECT NAME •' ' " ' "' /-'' " •"• " •" d

JOB/P.O. NO. :' ('. ',' .1 / i

SAMPLER (SIGNATURE) (PRINTED NAME)

LAB NO.

RELINQUISHED

SIGNATURE

LABSAffl SAMPLE NO.

r'' '• ! , ': ;•'•'.

Z:"j/

DATE

//A.

)//./"'

;HED BY

/' /

- -^
PRINTED NAME

J <. .

COMPANY
RELINQUISHED BY

SIGNATURE

PRINTED NAME ,

COMPANY

TIME

A./^

/.:'"7 ~3

IATE

l^lf
'IME

/J-.^

)ATE

•IME

I

(

I

(
I

i

I

(

LOCATION

//It..' ''OC .(/"//

/"'.(/' ', ";/•

TESTING PARAMETERS

y
..,»'

.,:.'

?p
^"' I'

L^

^̂

':?
'.J

^'

•J
*•<

\̂j

/.--'

(-<'

•''~\

\̂\

LI •

fi
r

<

^
l.^'

•».

^.J-

^J

i-r
l''s

L--

*••'

ECEIVED BY

IQNATURE

RINTED NAME

h

OMPANY
ECEIVED BY

IGNATURE

RINTED NAME

LAUCKS TESTING LABS
OMPANY

)ATE
•t,

IME

)ATE

-IME

TOTAL NUMBER OF CONTAINERS:

INSTRUCTIONS:

1. Shaded

2. Complete
errors

3. Be specific

4. Check

5. Retain

NAME.

TELEPHONE.

N
0.

0
F

c
0
N
T
A
I
N
E
R
s

J_
!i_T

~K

6. Provide name and telephone of your contact

;TIONS:

I areas for lab use only.

•te in ballpoint pen. Draw one line through
ind initial.

cilic in test requests.

off tests to be performed for each sample.

final copy after signing.

name and telephone of your contact person,

IONE.

OBSERVATIONS, COMMENTS,

SPECIAL INSTRUCTIONS

/^ ! k- .^.'^...•-^ A-

^^_.+1\., •+ r\-,f!^, ^..«..l-/J^|

'^/..... ; ^ o, ^.r"/'-, :/ ^

f,/^-' t.:-^:.. /..
~t

^••"•'^ •---••'•'

^—. —^.

SHIPMENT METHOD:

iPECIAL SHIPMENT, HANDLING OR STORAGE REQUIREMENTS:



^
^.;-;-^»

Please Print frfc'inly

JSE HEAVY PENCIL

il E""S3T" X{<!.1i filW.^.^W-.^.f^j.S,.^

Health Services Division

PUBLIC HEALTH LABORATORIES
1610 N.E. 150TH ST., SEATTLE, WA 98155-7224

WATER SAMPLE INFORMATION FOR RADIATION CHEMICAL ANALYSES
-AB. NUMBER

.__^I^I

SYSTEM NAME:

c.-^ ^ ^/.^ ^/.^,.j
^.t/^/ylt /3l^ iu

SYSTEM 1.0. NO.

7—~
s this follow up of a previous out of compliance sample? Yes I— I No

if yes, what was the laboratory number of the previous sample? _ • __ _ ; _ _

SOURCE _1. SURFACE _3. WELL
nrE:

*^S SPRING _ 4. PURCHASE

IF SOURCE IS LAKE OR STREAM, ENTER NAME

SYSTEM CLASS

(circle one)

1234

SOURCE NUMBER

COUNTY

^ ' ~1<3

IF SAMPLE WAS DRAWN FROM DISTRIBUTION SYSTEM
IT WAS COLLECTED FROM SYSTEM AT: (ADDRESS)

1

DATEOFFtNAi7 - ^—
REPORT ,;'

QL Q.-Z/ '^

DATE COLLECTED

^1'Lll^

DATE RECEIVED

^^.i^s^

SEND REPORT TO: (PRINT FULL NAME & ADDRESS)

(f/^ ^. LJ-,.^

/•' >^-».

/ 00

J±
TELEPHONE: (

I

-r /
u^^

LABORATORY REPORT

*->-< -.

J^^-L

..-H-/.
ciry

?"(, )
kREA CODE

"^

NAME

/ c. i) ^.

f^^ ^~ I J -* -0

STREET

WA

? u, t ^

./-//

dL

> -.1 3

^//<7
ZIP CODE

(DO NOT WRITE BELOW THIS LINE)

ANALYSES

Gross Alpha

Uranium

Gross Alpha
minus Uranium

Radium-226

Radium-228

Radium-226Plus
Radium-228

Gross Beta

Strontium-89

Strontium-90

Cesium-134

todine-131

Tritium

LESS
THAN

<
~^~

T-

RESULTS
pCi/L

7:2 T^Z
•

•

•

•

•

•

•

•

•MCL
pCi/L

15

3

5

50

80

8

80

3

20,000

COMI
YES

~z_

IANCE
NO

CHEMIST
INITIALS

~^7~
~J~

^--

- '

..<' ,1 LABORATORY SUPERVISOR

i^'i^ •" (Name or Initials)

'/^.^CHARGE:

f^^r.w
REMARKS:

DSHS 4-92H (Rev. 3/88) -68-'MCL is the maximum contaminant Level Allowed
pd/L is picoCuries per liter

tier Pink—Seattle Enaineer Office Gold—District Enaineer or Local Health Deot.



HE/x'T PLI'CIL ncaiin smlcct oimion

PUDI-IC HEALTH LAUORATOniFS
-- _ • 1610 N1:: 1'jOth sci.in,.. wKhi,..yioi,90155

Y/ATER SAMPLE INFORMATION FOR TRJ.HALOMI.:TI!ANK
•J;i

..) HUT wrilTE IH 5KADFD Anf.AS

~(^i»7"[n . I CO.'- .' (CITY iOATC Ht-C'.IVIiO • | L'ATG COLLCCTI.-U gCOatCTCO (IY

CHEN,l:eAfc-AN^^^>
^'J§I3i;i ¥ i??^7

I : i'—mw^vj^.^. _t: ' t;—

2^6:i^-i-—J-
'r;

;Ol.Lt-.CT(;0 (IY / ~ f'

j <^<_ t^Y^^ .[, „., ^o . hiP-JlU^^ \ '^Jr^vc^.(f' ^ '[^
rarruorr.;, '2-ofc i^^f/^&s!^.

'a'u^rwl%^r^ir
|«- -•-^'»~».u~«n«,«...»..L-Ll=£.

(:"slt'^AV£ SD^s

' ~_^~ ^.-^^..^..^c^---^^tt..B2.^-.-.-....--..,.-....................--.....L-^IZ
..•.•",• .•.:''.*••• I'.'UI

/

)'1 •,'.>:.T<CF

'••I .1: 0.'<LY

"ll'i '..AWl.t; '/.Rf.H

u uErone *^

TAHCH -.

TlifAIMCUT

&-
souncE
TYPE: _ I SUHFAC6 .. 3 V/C1.L

sr'inwc.

:!.
"•" TASF.-l <•> ":'l 'IU:AIV!.NI

IT WAS
-rn.Knf.n -FLL'omoArco

- CUI.'"~'HI".ATI;,O .. V/ATC'I 'jOFTCNrn 7<r' u3':1 . . .. .

scunce no.
CUTER NAM£

4 I'UdCllAKF.

if ^Awt'it V/AS DIIAWH fno'.* DISTflltlXTION :;y:»1C'.l. IT WA:: CCLltClCU rnoM S'/SK.M AT ift';onE;3 o" LI:'''A'H|K)

IF SOUnCE 13 LAKE Ofl STnEAf.l.

,'; ^ij7i<iU'jTiOr< f>,

"."•:.!: C'^L'r

;|ATE o<--.f-wA\., ;";,'y^1.^-/;:^';'.'^'

^n?'^€/^IS^
• ••••.'•:••• ^i'!^^^'^^

.11X5:

SEND REPOnT TO: (I'niNT FULL NAME & AODntSS)

Gf^ /^. _LJy^h~_
flaw

'»i c^/ C^ (c^/e-

,00 LJ^^- //o ^->1»»,

-J^^^._-.-...-...-._.-^/l<?
c"r

Tulephuna ( 2.0C I ^)f) -f o -a ^3

iiy ro>;r

Afff*

c.i>'»

(DO NOT V/niTC OELOW THIS LINE)'

LABORATORY REPORT

Concaminant:

Chlorofurm

DichlorobroaomuthanG

Li.ibi-ouuchloroCTGthane

Bro.T.o.for.ia

rit ;I.I • TrilTiloiactlianc

Maximum Allow-.ibl

Level (n;;/.l)

. 0,100

Found

3UC/1

A/.iV

A/.b.

^.Z5.

A/.Z».

A/.D.

HRL
mp,/1

0-Qoo f

o.ots»r

f-6oay

f-ooe^"

Z'omplitinci-'

In

^

Ouc

'•;!;I, - llinusum Rcportiny Level



State of Uashington
Department o? Social and Health Services

Division of Health
Public Health Laboratories

1610 N.E. 150th St., Seattle, UA 98W
(206)561-2898

Lab Number

Date collected

Date Received
Date Tested
Data File

: 5400793
; 12/19/88
: 12/20/88
: 12/21/88 18:53
: >lL2in::D4

Customer : BLACK DIfttlONO UATER SUPPLY/'SLEH UYATT
Address : BROUN & CfiLDUELL 100 U. HflRRISON
City : SEATTLE
State, Zip : UA., 98119 - ;—---— -

County : KINS

t* •> sc.ellanp.ous Sample Information : 5400793

System ID Number ; 072287 Si/stem Hams i SLACK OIiWOND UATER

Non-Conpositnd Samples

DSHS Source Number : Nft
Source Name : BDUS

Conposited Samples

Kumhtr of Sources Used in Cciffiposite : Nft
OSKS Source t's Coisposited : W

Analysis of Individual Sources Necesssr-y: MS

ftnai yst : PftnELA .nS
Instruffient : 1

Date of Report : //x''/. ! 7
Analyst's Initials : /*-^-A^

Supervif.or's (nitials ;

ea%3a»t;csic%=«sa»c^Ks;%Ke»assatts«s»esKRna333ttcstt=scsssss5%ccassassx.aaKsa=e^s3S=ssa^csssc^=s^assaa^^^s3^'

Results of Analysis by EPfl tlsthod 524

RES'jLfiTtD carro-ws
EPa

Cprte i

2.9 ?t,

2977

rm
2'-8?

2°9(i

?9S8
•t'c":!4

•:'9X,1'

!.'.oi?pound Narfte

I'iNYL M-OR10E

l,l-OiCHLGR3ETHYLEk£
1,1.,!-TR!CHLOROETHANE
CaPPON TrT°ftCHLO'Jir€
8l-M2CHF

1 ,2-C;K:Hi;[!SOE?HHN£
THtCHlOROETHt-LENE -

P-[i!Ci-!Ll;%!S£f^E!!E

nCUug/i)

2
7

200

1:

'/f/-L

« finount (ug/l)

0.0

3.0

0.3

&.P

a.o

!l,(!

n.n '

Citffipliance

YES
YES
YFS
YES
VE5
"Fc.

YES
y:-_;-,

'"rir.t?; ftp. fimnunt r.f O.C uq-"i indicates th?.; {'hs tru?, cr'iCEfttrst ion is !?.'! than

t>';e rietection iiir.it of the raethp.d ;n.K I!Q/! tor aii c&ffipouns'..'.

(pagft 1 of 1/'i



Lab Hunbnr : 540C79?
Oatfl File : >lL21t1::D4

Results of Analysis by EPA ttethod 524
(continued)

Vnregutated Coiapounds

Honitoring Requireri

EPfl Code »•

2210
2214
2216
9°79

2978
2416
2jey .

2941
2410
2983
2408
2943
2991
2985
2987
2412
294-
2989
?ORfc

299?
2995
2997
?°9it, -

2942
ym
2414
?°B&
"iitK

'J I

^66
29,:.?

2-?6rf

. Compound Mama

CHLORCMFTHWE
BROMOrtETHWC
CHLQROETHANE
T-l,2,-DICHLOROETHYL£t€
1,1-DICHLOROETHWE
2,2-OICHLOROPROPWE
C!S-1,2-D1CHLORO£TKYLENE
DtOROFORH (Trtl)
1,1-DICHLOROPROPENE
l,2-DICKLOROPROPAk£
OlBRQtlOKETHfWE
BROnODlCHLOROrETHANE (THn)
TOLUENE
1,1,2-TRICHLQRQETHftNE
TFTRACHLOROETHYLENE
l,?-DICHLORa°ROPfWE
CHl.ORDOIBROnOHETHftNE (THM.)
CHLOROBEK2Eh-E
1,1,1,2-TETRACHl.QROETHW
ETHYL BENZEKE
n/P-XYLEi€
0-XYLEKE

. STYRENE
BROtlOFOSn (TH!-!)
8RQMOaEH2EW
1,2,5-TRICKLOROPRQPWE
LI ,2,2-TCTRftCLILOROETHStl,T

0-CHLOROTOLUEME
P-CHLORQTdi.lENE
1-DICKLOPQ8EM2DC
0-0!CHLGRQ8EK2D€

•Amount tug/1)

0.0

0.0

0.0

0.0

0.0

(1.0

3,0
0.0

0.0

0.0

0..8

0.0

0.0
0.8

0.0

0.0

O.R

0.0

0.0

(1.0

0.0

0.0

(1.0

2.2

0.!)
0.0

?.a

c.o

S..&

0.0

r 0.ft

"•'te--: (.In teusnt ^f 8.0 u"/l !r,d;cates ?hs.'' the ;-•;&

.:,or.c6n'ratior> is iess tnsp. tl''6 dtter.t 1;;-,

1-^it of t-.e ^erhod i0,c Uy'S ia1' ?ii! c;?&F/:lun^s

tp9oe,2 o? 75



Lab Number : 5400793
Data File : >lL2Ul::04

Results of Analysis by EPA Method 5?4

(continued)

Discrationary

FPft Code *

2218
2450
2994
2998
2424
2426
2418
2428
2030
2422
2378
2248
2246
2420

Unregulated Compounds

Compound Mane

TRlCHLOROFLUOROflETHANE
8ROffi)CHLDffOnE7HftME
ISOPROPYL8ENZFNE
N-PROPYLBENZEME
1,3,5-TRinETHYLBEMZENE
TERT-BUTYLBENZEfC
1,2,4-TRinETHYLBENZENE
SEC-BUTYLBEN2ENE
P-ISOPROFrt.TOLUENE
N-BUTYLBENZENE
1,2,4-TRICHLOROBENZENE
NAPHTHALENE
HEXACHLOROSUTfiDIEtE
1,2,?-TRICHLOR08EHZENE

•Amount (ug/1)

0.0
0.0
0.0
0.0

0.0

0.0

(1.0
0.0

0.0

0.0
0.9
8.0

0.0
0.3

itteig; fin ftssount o< C.O ug.-'l indicates that the trus '••

cancentrstion is less than the de'ection lifflit

of the merhod tQ.^ ua/i I'or ail r.oisDOL'nds).

(n^e ? -.f" "'!



Pleaae Print Plainly ,

^ "' '•'

USE HEAVY PENCIL

f-"^"" —"*" '"r

Health Services Division

PUBLIC HEALTH LABORATORIES
1810 N.E. 1SOTH ST., SEATTLE, WA 98155-7224

WATER SAMPLE INFORMATION FOR RADIATION CHEMICAL ANALYSES
LAB. NUMBER

-m%\
SYSTEM NAME:

<-.-?. ^ /?/.,( ^c^.^^

<^k. -3 . ,,.

SYSTEM I.D. NO.

Is this follow up of a previous out of compliance sample? Yes I_I No

If yes, what was the laboratory number of the previous sample?

SOURCE _1. SURFACE _ 3. WELL
TYPE:

!. SPRING — 4. PURCHASE

IF SOURCE IS LAKE OR STREAM, ENTER NAME

SYSTEM CLASS

(circle one)

1234

SOURCE NUMBER

COUNTY

K--'^

IF SAMPLE WAS DRAWN FROM DISTRIBUTION SYSTEM
IT WAS COLLECTED FROM SYSTEM AT: (ADDRESS)

DATE OF FINAL
REPORT

0 /il^~2lS1^'
SEND REPORT TO: (PRINT FULL NAME t ADDRESS)

<5/^/» /'-f. i^^^

1 -

DATE COLLECTED

L^lMjM-

DATE RECEIVED

i^_l^_l^_ ---t

(DO NOT WRITE BELOW THIS LINE)

A:
7o

^
.3

•r-^..

TELEPHONE:

^
1EPORT

i
RT

/

- ^ / c

~^:r ^

ĉm

( 7. o ^ )
AREA CODE

jt^^C.f

NAME

. u,...//
•:-.-.r. - ;• • •:--:

<--^ /-I ;> - ~

STREET

WA

L.F/ >/ o •->

- //

9^//<7
ZIP CODE

0

ANALYSES

Gross Alpha

Uranium

Gross Alpha
minus Uranium

Radium-226

Radium-228

Radium-226 Plus
Radium-228

Gross Beta

Strontium-89

Strontium-90

Cesium-134

lodine-131

Tritium

<

~z.

RESULTS
pCi/L

_/ . -J±

m '

•

•

•

.

•

•

.

•MCL
•pCI/L

-—15

3

5

50

80

8

80

3

20,000

COMI
YES

.IANCE
NO

CHEMIST
INITIALS

^Y/^T
^ LABORATORY SUPERVISOR

._.-^' /ji-^- (Name or Initials) y^' ^

..&^CHARCSE:

REMARKS:'̂
^. ^^

DSHS 4-82H (Rev. 3/88) -88-"MCL is the maximum contaminant Level Allowed
pCI/L is picoCuries perliter

DISTRIBUTION: Whlte-DSHS Laboratory 4 Data Processing Green—DSHS Billing Yeliow—Water Supplier Pink—Seattle Engineer Office Gold-District Engineer or Local Health Dept.



t HE/.'.'T PI.HCIL ncaiin Srnico urmon

PUDLIC HEALTH LAUOnATO'rilES
• 1610 W 1'jOth SciilUe. Wtihlr.uloi.98 15 5

WATER SAMPLE INFORMATION FOR TnniALOMKTllANt:
r.OK
HU U'JI \vniTE IH 5HADFD Anc/.S

CHEMICAL ANALYSES

DATE COLLCCTI.-U iCOllUTCO IIY.
6T^

!^-IJlJUL I ^^ cji.< (f
II'. |i<S'f-l ".••».•£

I GO ^ ^ft-\^ 6 3

"I.—.— -^-^-.-.^.-^^^C1i-_.^?*^<><v?7
"H:i I.AMfl.U 'AKf.H ^ |H: tytSF.-l /.<";H TIUiftK.-i.Nl

U UEFOnE ^
T"fAn:i:»<T

T AfTCH -

|ii;u;nio«(;: 2^>c. z^'/yo'*o

C(;U.'i;l"

./•.•r,l >-..-.-.A:.;');I

/

. -)'i •..'.)yw:f.

'..••'.T.li O.'ilY 0

^IAJ<.

IT WAS
.niTcw.n -n.t'o'iiOArcn

-. cni.oiif.ATKO _ vMfcn soFTCNrn T<r? usi:') . .....

scunce HO. IF sounce is IAKC on STOEAM.
CriTEfl NAME

;sounce
TYPE: _ I SLWAC6 .. 3 nei.L

SPHIMG ._ 4 fUHCHASR

H SAMflt WAS f)ll»\VN rllOM DI'.TIHOUTlON ;;Yr«1EM. IT nA3 C(.'l.l£CII:0 rilOM SYSitEM AT |A»(inE;3 On t.l:<r.A'n'iH|

,". r.>m»ii[j'jTior< i>.

-." :.!; ONLY

•JIKS:

SEND nEPOOT TO: (I'mnT FULL NAME 4 AOOntSS)

Qfe^ /\. LJy-{^~
' ' M.inr

«,ni/ C^l^ie

/ 00 {^/^ j 4- ^ ^^, /< -, _— —
Slicul

^-._-.-.-...-.—^'//7
Cnr :'y f"i:r

Toltphun* ( t^O 1.1 ^*/ Y 0 0 0
Ai<f*

C3M

•(DO HOT V/niTE DELOW THIS IINE)-

LABORATORY REPORT

Concaminanc
Maximum Allowablr

Level (my/1)
Found

"C/l
MEL

TOR/1

Compii^"^L;

In Ouc

Clilorofurra N'D. O.OOBl"

UichlorobroaomeChanc

ti.ibroBochloromachane

N-D. o.oOo 5"

A/.^. 6.006 f

lirc.'-.o.for.m A/.t). e.titifi»

iQt.-'.I. Trihnloiaatliane . 0,10(1 ^.D.

'•;!;!. " Illnuaum Reporting Level



State of Uashington
Department of Social and Hsalth Services

Division of Health
Public Health Laboratories

1610 N.E. 150th St., Seattla, UA 98155
(206)561-2899

Lab Number : 5400794 Customer : BLACK 01?l0 UftTER 5UPPLY/SLEN UYATT
tote collected : 12/19/88 Address ; 8ROUN & CftLOUELL 100 U. HftRRlSW
Date Receiyed ; 12/20/88 City ; SEATTLE
Date Tested : 12/21/88 10;3? Sts'te, Zip : UA., 9RD9 - --

Data File :>1L2!N::D4 County : KINS

MiscftllsnsGus Siuiple Infonaation ; ^400794

Systsm ID Number : 072207 System Maroe : BLACK WWQ'ffJ 'jRTER

Non-Compos'.ted Samples .. . ,

OSHS Source Number ! Nft
Source Nssia : BOSPRING 3

Composited Samples

Mi.iCiber cf Sources Used in Cofl-iposite ; Nfi

DSHS Source $'s Composited : NA

Analysis of Individual Sources Keces.ssry: Nft

1 y^

Rnnlyat : PfiilELA OS Date of Report ; f / ^ I J
ir.strusient ; 1 Analyst's Initssis : 7,.

Superuisor's Ir'itials : ^J J

»«^»^^.»^.....»».-^^^»^.-^-^...»-.-.-^^.»-^^^Z£&^^-^^^=a^^sasscss3^=^sssK^ss=s^^ss=aeaccE;csssaassE=sscss^aescsss=eyx3SssaK^yafatfafcs=a=ss^s"?^ttfficr -f- *"" .^-^

Results of Analysis by EPft Msthod 524 (-^

"F^ui.nTEn roipnuwo?
cps.

Cl'.ce. ?

2t'7fc

29/7
9981
'•%•:

;?90
?988
'7W&

?°AU

Cu-iipourid Hawe

UWL CHLORiDE
IJ-DHHLOROET^LEKE
1,1,1-TR',CHLOROETHW£
CriRSt'N U'TRStHlOSiOE
Ri:k!2FNC
1,2-Di?LORiJ?:"iii-ii€

T^LKOPOFiHYLFSF
P-Ej;!'?.&KOS?;:;'iE

ncuuQ/'i)

1
i.

7
20fi

c,

t;

c

/

* Aaiount (ug/'i)

r

0.0

O.ii

e.e

[! V
f,3

M!
[I

CofTipiiance

YES
YES
YES
•/ec

YK
Y[£
s'ci::

^ite: pn awup* ci' G.S Ufl-'l inri'cste; that th? true cnncsntrst ;on is Is?.? than

•n? rt'i.'.scnnii !;c,;; nj: thr. nethcd !p.!? i.'q/i for sl! coiBF.o'jf.ri?-).

'page 1- o* 3'i



'jr .

Lab Number : 5400794
Oflta F,!e : >1L?1N;:04

Results of Anat^sis by EPft Method 524
(continued)

Unregulated Compound*

nomtr.nng Rsquirad

EPfi Code »

223 0
22U
•,'?]&

?°7°

"978

?416
;?RU
2941
?&18
?°8?
2408
294?
29<»1

29°?

2987
2412
2944
2CS'?

?93fc
2992
;995
?w
2W6
29-;2

?w
2414
39S3
2crG

i''<-^.*
' i.*i •

-le6'?

??6R

Compound Name

CKLOROnETHfWE
RROnonETHAHE
CHLOROETHW.
T-1,2,-DICHLOROETHYLE!€
1,1-OIDILOROETHA'C
2,2-OICHt.OROPROPflNE

.!:!S-1,2-OICHLORO£THY,LENE

CHLOROFQRD (THrt)
1,1-DICM.OROPROPEW
1,2-DICHLOROPROPlWE
CieROnonETHANE
BRDnODICHL&WOHfiiC (THt)

. TOLUENE
•1,5,2-TRICHLOROEWlME
TETPACH1.0R9ETHYLEME
1,3-OICHUHIPROPAHE
CHLOROO!BROnOnETHffrlE (TH;1 )

.CHLOROBEN2EME
1,5,5 ;?-TrTRftCHl-QRl£THSNF

£THYL BEN2ENE
r./F-XYLEME
0->"/LEME

STYRENt
E-'Ror'.OFOSn (Trim .

BROTiOBENZFNE
1,2,3-TRICHLOROPROPftiC
1 ,'i ,?;?-TFTf?firHLOPnf:THa'l!i-

"-CHLOSOTOLUEW
F-CHLOROTOLUiM
n-[)lf'HLORC3EM?EUE

0-RICH OR08EWW

•Amount (ug/1)

0.0
0.0
0.0

0.0

0.0
0.0

0.0
0.0
0.0

0.0

0.0
0.0

3.0

0.9

8.3

0.0

3.8

0.0

3.&

0.0

0.0

0.0

0.0

0.0

G.O

o.s-

11.0

0.0

8.G

0.0

OJ

<l'!ntii; Sn ftfoynt •;'' fi.S nc.'i inriir:;^? t'^' ?hn >r

c^ncei'rrs? •i0r. is !?55 rnsn <!-.B de:.6i::;o"-

^ ! t -"'T ^ h? 'r'?.'^."d '. ^ ,:7' •.'c.''^ rclr -^ '•'^'t'.'"

^psgs 2 ot ?.'
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Lab Nunber : 5400794

Data File : >1L21N::D4

Results of Analysis by EPft Method 524
(continued)

Unregu Sated CoiRpounds

Discretionary

EPA Code i

221fi
2430
2994
2996
;.i?4

2626
241R
?428
2PJO
2422
2378
2248
2?46
242B

Compound Name

TRICHLOROFLUOROHETHAHE
8ROt10M.OROnETHRNE
ISOPROPYLBENZEME
N-PROFYL8EN2ENE
1,3,5-TR!HETHYLBFNZB€
TERT-BUTYLBEN2ENE
1,2,4-TRitlETHYLBENZENF
SEC-BUTYLBEHZENE
P-ISOPROPYLTOLUENE
N-8UTYLBEN2ENE
],2;4-TR1CHLOROBE?€
HftPHTWLENE
HEWCHLOROS'JTftDIENE
l,2,?-Tfi!CHl.no08EN2DiE

•Amount (ug/1)

o.n

0.0

0.0
O.t)

0.0

0.0

o.a

o.a

0.0
O.B

0.0

0.0

9.0

0.0
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concs.-itrst ion -is less ti'ian the .'if.tect ic.ri liait

'•,!' thf iBfifhad 13.5 ^]'"1 r'r.r ai; Cfimpouricia}.

ip-qe ? of ?5

.,,-f~y

>



Municipality of Metropolitan Seattle

Exchange Building • 821 Second Ave. Seattle, WA 98104-1598

m^S 1938

Mr. George Mason
Brown and Caldwell
100 West Harrison St.
Seattle, WA 98119

Nqvember 7, 1988
'.-- —-.--— .-si.'-ui

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 sodiuro 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
Sulfate - Sulfur
Chloride
Nitrate - Nitrogen

20
250
250

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/1)
observed at the Palmer Coking Coal lower spring, which
exceeded the recommended EPA MCL of 20 mg/1. 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,

me Schweitzer
rigrow Project Manager

Senior Water Quality Planner
si



SOXLTEST FARM CONSULTANTS,XNC.

WATER ANALYSIS

Client:
TCW Associates, Inc.

426 Ave West
Seattle, WA 98119

Date Received 7/12/88

Report No. 263-1

SAMPLE I.D. :

pH

SODIUM ABSORPTION RATIO

CLASSIFICATION OF WATER

COtlDUCriYIW
(Ec X 103 aC 25 C)

CALCIUM (Ca meq/1)

MAGNESIUM (Mg meq/1)

SODIUM (Na meq/1) .

POTASSIUM (K meq/1)

CARBONATE (CO^ meq/1)

BICARBCNATE (HCOg meq/1)

SULFATE SULFUR
(SO 3 meq/l) __
CHLORIDE (Cl meq/1)

NtTRATE NlTR(SG£N
(NO,N
ORTHO-PHOSPHATE PHOSPHORUS
(PO^P meq/1) _^
MANGANESB fmqq/Jt) i

COPPEK (meq/l)

IRON (meq/1)

ZINC (meq/l)

AMMONIA N (NH^N meq/1)

•NITRITE N (NO^N meq/1)

TOTAL SUSSPENDED SOLIDS (TS;

TOTAL DISSOLVED SOLXDS (TDS)

TOTAL ALKALINICT (as CaCO^)

TOTAL HARDNESS (aa CaCO^)

TOTAL CATIONS (neq/1)

TOTAL ANION3 (meq/1)
-A.

11 Black Diamond Water

?ply. _ •
l^<iAT< 'SyO^I'-^

7.3

0.3

Low Scdim Hazard
Low Sfllinitv Hazard

^ 0.1

.40 (3 ppn)

.16 (2 ppn)

.17 (4 ppm)

.00 (0 ppm)

0.5 (31 ppm)

0.09 (1.5 ppn) H^^

0.11 (4 ppm)

0.04 (0.5 ppm) Z-t'^h

0.73

0.74

1l2 Air Shaft

St^ ^>c:T

7.3

0.6

Low Sodium Hazard
Low Salinitv Hazard

(. 0.1

.65 (13 ppm)

.33 (4 ppm)

.39 (9 ppm)

(0 ppm)

0.8 (49 ppm)

0.47 (7.5 ppm) Z t,''

0.06 (2 ppm)

0.01 (0.2 ppm) 6-

.1.'.

1.37 •••' • •••••

1.34

Signed ~ff



SOILTEST FARM CONSULTANTS,INC.

WATER ANALYSIS

Client: TCW Associates, Inc.
426 Ave West
Seattle, WA 98119 Date Received 7/12

Report No. _263-:

SAMPLE I.D.

pH

SODIUM ABSORPTION RATXO

CLASSIFICATION OP WATER

CONDUCTIYITX
(Ec X 103 at 25 C)

CALCIUM (Ca meq/1)

MAGNESIUM (Mg meq/1)

SODIUM (Na meq/1)

POTASSIUM (K meq/1)

CARBONATB (CO^ meq/1)

BIChRBCNATB (HCO^ tneq/1)
SULFATS SULfUR - ~ - '

(SO^S meq/1)

CULORID8 (Cl meq/1)

NITRATE NITRCX32M
(NO,N roeq/1)
oaTao-
(PO P meq/1)

MANGANESB ftneq/i)

COPPER (meq/1)

IRON (meq/1)

ZINC (roeq/1)

AWMONIA N (NH^N meq/1)

NITRITS N ^N meq/1)

TOTAL SUSSPENDED SOLIDS (TS;

TOTAL DISSOLVED SOLIDS (TDS

TOTAL AUCALINm (as CaCO^)

TOTAL HARDNESS (aa CaCO^)

TOTAL CATION3 (maq/1)

TOTAL AN10NS tmeg/1)

^*

t3 Palroec Coking Coal
Spring Upper

7.6

0.4

:l-Sl

i 0.1

0.60

0.25

0.26

0.3

0.19

0.09

0.06

1.11

1.14

Low Sodium Hazard
T.rtu Sallnify Haza^

(12 ppm)

(3 ppm)

(6 ppm)

(0 ppm)

(49 ppm)

(3 ppffl) ^°

(3 ppn)

(0.8 ppm) ?-<

*4 Smoke N Joe House

Wc4 H^.L t.^t<

7.5

0.4

Low
Low

0.16

0.80

0.33

0.30

0.03

1.1

0.22

0.11

0.04

1.46

1.47

<&CSe<.lO

•*

Sodium Hazard
Salinitv Hazarc

(16 ppm)

(4 ppm)

(7 ppm)

(1 ppm)

(67 ppm)

(3.5 ppm) i^

(4 ppm) ^

(0.6 ppm) i."7

jS&$^t-^l l.c/Qf^
Signed



SOILTEST FARM CONSULTANTS,INC.

WATER ANALYSIS

Client: TCW Associates, Inc.
426 Ave West
Seattle, WA 98119 Date Received 7/12/Q8

Report No. 263-3

SAMPLE I.D. i

PH 1

SODIUM ABSORPTION R^TIO

CLASSIFICATION OF WATER

CONDOCTTYIT2T
(Ec X 103 at 25 C)

CALCIUM (Ca meq/1) i

MACNESIUM (Mg meq/1)

SODIUM (Na meq/l)

POTASSIUM (K meq/1);

CARBONATB (CO^ meq/1)

BICARBONATE (HCO^ meq/1)

SULFATE SULFUR
(SO S meq/1)

CHLORIDB (Cl meq/1)

NITRATE NITROGEN —f
(NO-,N meq/1) I
ORTHO-PHOSPriATfl ^ttSSpttoRlJ^
(PO^P meq/1)

MANGANESB (meq/I)

COPPER (meq/1) j

IRON (meq/1) j

ZINC (rneq/1) i

AMMONIA N (NH N meq/1)

NITRITE N (NO^N meq^'1)

TOTAL SUSSPENDED SOJLIDS (TS;
I

TOTAL DISSOLVED SOLIDS (TDS]

TOTAL ALKALINITO (as CaCO^)

TOTAL HARDNESS (as CaCOJ

TOTAL CATICNS (meq/^)

TOTAL ANION3 (meq/1)

15 Green
Slack

M.6«^t<

7.6

0.3

Low

Low

< 0.10

0.40

0.16

0.17

0.6

0.09

0.06

0.73

0.75

River at
Diamond,

1 A)t^r /-ll'»« JAa-i

Sodium Hazard
Salinitv Hazard

(8 ppm) •

(2 ppm)

(4 ppm)

(0 ppm)

(37 ppm)

(1.5 ppm) ^

(2 ppm)

(0.1 ppm) "^

K6 Palmer Coking Coal
,Spring Loves
[-Hr S-j-'CA^I

7.3

2.0

sjt- pttii'e.
^OX.A

Medium Scxiium Hazard
Low Salinitv Hazard

0.26

0.60

0.25

1.33

0.03

1.0

0.38

0.51

0.02

\

2.23

1.91

(12 ppn)

(3 ppm)

I(31 ppn) ;

(1 ppm)

(61 ppm) .

(6 ppm) V3

;(18 ppm) ,

(0.3 ppm) '•?

\/ ,
•7%^"^ /

SignedZ



ANALYSIS OF WATER SAHPLBS
BIOMED NOS. 10505-10509, 10529, 10530, & 10549-10551

BIOHEU SPEC COND

leep Lake 10505 7.06 71 46 0.20 0.01 6 0.65 3.3 6.2 0 44 2.9 <0.003 0.1 7.2

5.0

!y8802206
Oecp Lake 10506 7.17 74 ;i6 0.19 <0.01 6 0.63 2.7 6.3 0 88 2.2 <0.003 <0.1 7.2

10.0

j?8802207
Deep Lake 10507 6.88 98 68 15 0.10 .6 0.99 3.6 8.6 0 28 2.0 1.2 <0.l 20
18.0
<ir8802208
?ish Lake 10508 7.31 47 50 0.07 <0.0l 5 0.33 1.0 5.5 0 27 2.8 0.010 <0.1 3.4

3.0

#3802210
lish Lake 10509 7.06 55 50 0.08 0.03 4 0.34 1.1 5.7 0 53 1.7 0.032 0.2 3.1

6.0

JJ18802211
Well ffl 10529 6.89 96 W 0.11 0.06 7 0.71 3.1 9.2 0 16 2.2 <0.003 <0.1 <0.5

^•8802241 Ct^.^j'K.^ /ft^ ,(. ^y^ U.^ f<T5ec to

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

-Palrer Sr^4«. ^.^ ^{^ StO J<< SCt. 10
iS'8802245
;'-&C Fish 10549 7.32 51 10<» 0.05 (0.01 4 0.31 1.1 6.2 0 22 2.1 <0.003 0.1 1.6

Lake SCrm

U4C Ueep 10550 7.53 70 12A 0.16 <O.Ul 7 0.56 3.2 6.6 0 26 1.6 0.005 0.2 2.2
Lake/Hyde
Lake Stnn

I'.AC Green 10551 7.37 36 84 0.02 0.01 3 0.2'* 0.87 5.0 0 8.0 1.5 <0.003 0.1 <0.5

River /VV^ 5^^ ^ 0

NOTE: Samples were prcfiltered through a 0.45 micron filter.

0.65

0.63

0.99

0.33

0.34

0.71

1.1

0.31

3.3

2.7

3.6

1.0

1.1

3.1

6.0

1.1

6.3

8.6

5.5

5.7

9.2

26

6.2

CO, ALK
ppm as CaCO-

0

0

0

0

0

0

0

0

0

0

HCO ALK
ppro as CaCO.

44

88

28

27

53

16

20

22

26

8.0

Cl,ppm

2.9

2.2

2.0

2.8

1.7

2.2

3.0

2.1

1.6

t.5

N11 -N.ppm

<0.003

<0.003

1.2

0.010

0.032

<0.003

<0.003

<0.003

0.005

<0.003

^A.
0.1

<0.1

<0.l

<0.1

0.2

<0.1

0.1

0.1

0.2

0.1

>ro
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SECTION 16/20 PROJECT 
HYDROGEOLOGIC STUDY 

FINAL REPORT 

SECTION 0.0 EXECUTIVE SUMMARY 

The Metro Section 1 6/20 project site is located approximately 35 miles southeast of Seattle, 
near the town of Cumberland. Hong West & Associates was contracted by CH2M HIii on 
the behalf of Metro to .review existing hydrogeologic data, design and install nine new 
monitoring wells and perform a hydrogeologic evaluation of the site, 

0.1 PHYS.IOGRAPHY 

The Section 16/20 project site is located in the Cascade Foothills physiographic area, which 
is characterized by high rainfall, surface soils with high infiltration capacity, increased local 
relief and bedrock exposure and decreased thickness of glacial deposits (as 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 primarily of bedrock, 
with intervening low relief glacial tablelands. 

0.2 GEOLOGY 

The geology of the project area is dominated by Pleistocene (1.5 million to 10,000 years 
before present) glacial deposits overlying Eocene (52 to 36 million years before present) 
bedrock units. The youngest exposed Pleistocene deposits in Puget Sound 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 lowland, due to increased elevation and 
rise of the upper bedrock surface. 

Nine monitoring wells were constructed as part of the hydrogeologic investigations at the 
Metro Section 16/20 project site. Available data and field data collected during well 
installation were used to identify four major geologic units from top to bottom: Vashon 
Recessional Outwash, Vashon TIii, 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 materials and the genetic 
association of these deposits with glacial retreat. Variable spatial distribution of these four 
units results in complex hydrostratigraphy and ground water dynamics. No pre-Vashon 
unconsolidated sediments were identified during the field investigations. 

Previous on-site investigations (Metro, 1989) suggested a continuous layer of glacial till 
underlies the Section 16/20 area. This study agrees with that finding 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 1 o·• 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 -

i 



dynamics of glacial erosion and deposition differ considerably from those areas in the Puge: 
lowland. Features of the ice margin environment that result in discontinuous lodgement till 
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 re.cessional 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 lodgement till layers, but not in sufficient quantity or extent to 
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 glacial .lodgement till 
lenses produces local .areas within the aquifer that are semi-confined. 

Glacial lodgement till lenses also act as perching layers for ground water; it is suspected that 
these perched layers are not laterally 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 1 6/20 is in direct hydraulic 

. connection with the land. surface. Bedrock outcrops in. the southeast quarter of Section 1 6 
on Lizard Mountain and in the west half of Section 20. The bedrock structure limits 
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 negligible, 
due to the differing permeabilities, recharge and flow mechanisms. 

0.4 WATER QUALITY CONSIDERATIONS 

At present, downgradient water use is limited to the Resort Spring, located in Section 17. 
Metro began one year of baseline water quality monitoring of the on-site monitoring wells 
and available off·site water wells in May, 1 991. The additional off-site data has helped 
clarify flow directions .in the southern half of Section 20. This was necessary because of 
the number of adjacent domestic 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 wells appear to be 
downgradient from the Metro property in Section 20. 

Mines in the vicinity of Section 16/20, including Lizard Mountain and Hyde Mine, are 
features excavated through bedrock. Bedrock does contain groundwater, but probably not 
in sufficient quantity or quality for drinking water purposes. The Hyde Mine drainage tunnel 
is mostly deep within bedrock; flow mechanisms in the upper glacial aquifer and the bedrock 
are sufficiently different so as to minimize the probability of water quality impacts resulting 
from the position of the mine workings. 
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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 
published and unpublished data regarding the project area and site-specific geologic 
and hydrogeologic field investigations. Provided in this report are overviews of 
previous studies and HWA's interpretations of site physiography, 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 
technical terms, the reader is referred to the glossary contained in the Appendix. 

1.1 AUTHORIZATION 

This project was authorized under CH2M Hill Standard Agreement for Professional 
Services, issued by Mr. David Peters of CH2M Hill, dated January, 2, 1991. 

1.2 SCOPE OF WORK 

Eight separate tasks were performed by Hong West & Associates: 

Task 101 Review Existing Data 
Task 301 Site Reconnaissance 
Task 302 Well Construction 
Task 305 Hydraulic Conductivity Testing 
Task 306 Well Construction Report 
Task 307 Data Analysis 
Task 309 Final Report 
Task 1500 Supplemental 

The remainder of this report is based on data collected during performance of the 
eight tasks. 

1 .3 PREVIOUS INVESTIGATIONS 

The Municipality of Metropolitan Seattle issued. a report entitled Geohydrology 
Studies of the Metro Section 16 Silvigrow Project in March, 1989. 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 1989b. This study was prepared by TCW Associates, 
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 1 988 test boring program that included 



installation of one monitoring well (shown as 8-1 on Figure 2-1) and eight shallow 
borings. The pertirwnt hydrogeologic conclusions of both Metro (1989) studies -
include: 

1. Ground water flow in Section 16 and 20 is probably to the north to 
northwest. 

2. The chemical nature of spring, lake, stream and well waters are the same; 
spring and well water chemistry is c;onsistent with local recharge to ground 
water. 

3. Ground water in Section 16 is recharged by precipitation and discharges 
through springs 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 1988 borings B:1 through 8-9 penetrated glacial till, interpreted to be 
continuous beneath Sections 16 and 20 (reference Figure 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 Silvigrow application. 

1.4 SOURCES OF INFORMATION 

Portions of this report are based on readily available published and unpublished 
data, with refinements added based on interpretation of such data and newly 
collected data obtained during construction of nine new monitoring wells (MW-1 
through MW-9). Regional 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 analyzed include the 
Metro 1989a and 1989b studies mentioned in Section 1.3, well logs collected by 
the Washington State Department of Ecology and aquifer analyses completed during 
this study. Additional data concerning the Lizard Mountain and Hyde Mines was 
obtained through an interview and site reconnaissance with Ernest Selig er, a 
longtime local resident and former mine worker. Water quality _data· and wellhead 
surveys were provided by Metro. The remaining hydrogeologic field work was 
performed by the CH2M Hill/Hong West & As_sociates team. A full list of references 
appears in Section 7.0. 
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SECTION 2.0 PROJECT AREA DESCRIPTION 

The Metro Section 16120 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 Cumberland-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 1 6 and Section 20, 
Township 21 N and Range 7E of the Willamette Meridian) situated about 3 miles 
east of the City of Black Diamond in southeast King County, Washington. 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 16120 project and were ,described by Robinson and Noble (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 sequence of geologic 
and hydrogeologic units. An example in the project area is the Covington Drift Plain 
located approximately, 10 miles west of Section 16120. 

2.2.2 Major Valley Segments 

These are major active river valleys that flow from the Cascades foothills 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 16120. 

2.2.3 Foothills Area 

Tha foothills araa is locatad batwaan tha drift plains and tha 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 1 6120 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 1 6 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 1 6. 

The Green River (which flows generally east to west) has carved a deep gorge, 
which is approximately 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. Maximum lqcal relief throughout the project site is approximately 
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 ( 1989a). The northern two-thirds of Section 20 and all of 
Section 1 6 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 River 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 1 6. 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 depressions sc·attered throughout the Section 1 6/20 
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 depressions appear on the topographic map (Figure 2-1) in the southern 
portion of Section 20. Ponded or perched water in these depr.essions dissapates 
through slow percolation through the unsaturated zone and through 
evapotranspiration. The wet areas observed are not springs, which by definition are 
discharge points for flowing aquifers. Rather, the wet areas are recharge points for 
ground water. This is consistent with the observation that the entire Sectio.n 16/20_ 
project site is situated in an area of aquifer recharge (refer to Section 4.2.3). Due 
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to generally high infiltration rates, most of the drainage appears to be internal. 

SECTION 3.0 GEOLOGY 

The distribution of geologic materials governs existing ground water recharge, 
discharge and flow mechanisms and is an important factor in consideration of the 
hydrogeologic system at the Section 16/20 project site. · 

3.1 .REGIONAL GEOLOGY 

The geology of the Puget Sound region consists of thick (up to 3,000 feet) complex 
.sequences of glacial and non-glacial unconsolidated 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 Sheet advanced and retreated through the Puget lowland forming 
deposits generally referred to as drift, 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 muc:h 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 Peninsula, near Sequim, 
where thicknesses exceed 3,000 feet (Noble, 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: 

3. 1. 1 Fraser-Age Glacial and Post-Fraser Non-Glacial Deposits 

The youngest Pleistocene se.diments in the Puget lowland 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 deposi~s, usually in active stream and river valleys eroded down through the 
older glacial deposits. Other post-glacial deposits include peat, which is found in 
valleys and depressions and is formed by organic accumulations in marshes and 
bogs, and locally significant landslide deposits. 

The Vashon drift (approximately 20,000 to 10,000 years in age) is subdiyided in 
the literature into three principal units. The upper unit is a somewhat 
discontinuous, weakly stratified sand and gravel deposit termed Vashon Recessional 
Outwash. The middle unit is a non-stratified assortment of clay, silt, sand, gravel 
and boulders termed Vashon Till. The bottom unit is a moderately stratified sand 
and gravel deposit termed Vashon Advarn::e Outwash. Subsunits occur in local 
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areas where drift and outwash were deposited against the receding glacier front 
(ice-contact deposits) .and along the margins of the Vashon ice sheet (morainal 
embankments), (Booth, 1984). These deposits tend to display rapid lateral changes 
in grain size. Vashon Till and Recessional Outwash commonly outcrop at the 
surface; Advance Outwash is widely recognized through well log interpretation and 
sparse exposures in deep river gorges and gravel quarries. 

3. 1.2 Pr~-Fraser Deposits 

Older Pleistocene deposits (pre-Fraser) appear in the literature under various 
nomenclature depending on the type locality (i.e. Salmon Springs drift, Auburn 
Gravel, Soos Clay). These deposits attain great thicknesses· (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 deposits in upland, marginal areas to similar processes 
responsible for stripping pre-Wisconsin glacial drift in the midwestern and 
northeastern U.S. In the Foothills area near former glacial margins, isolated pre­
Vashon deposits remain .in locations topographically higher than the inferred Vashon 
glacial ma.ximum. 

. 3.1.3 Tertiary Bedrock 

The most widespread pre-Pleistocene bedrock was formed during the Tertiary 
Period (66.4 to ·1 .5 million years in age) and includes siltstone, sandstone and 
volcaniclastic deposits. The rock is commonly folded and deeply eroded units lie 
under the thick Pleistocene deposits while· relatively resistant units form bedrock 
highs or ridges that are the erosional remnants of the large folds. Tertiary age 
rocks host the coal deposits mined in the region during the early to mid 1900s. 
Thicknesses of the sedimentary rock in the Green River area exceed 6000 feet 
(Vine, 1962). 

3.2 SECTION 16/20 GEOLOGY 

Based on the known distribution of glacial deposits (e.g. Han and Othberg, 1974), 
the project site is located· within two miles of the former eastern lateral margin of 
Fraser glacier ice and contains geologic and topographic features of the ice margin 
environment. Section 1 6/20 geology is characterized by two northeast-trending 
bedrock highs (160() + ft Lizard Mountain in Section 16 arid an unnamed 900 + ft 
hill in Section 20) that enclose a relatively 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 deposits were presumably · removed during Vashon glaciation, thus 
simplifying correlation of stratigraphic units. The Pleistocene. geology of this area, 
however, is unique and will be described below and summarized further in Section_ 
3.3. 
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Four separate geologic units were identified in the borings, plus an additional 
"transitional" zone, described below from top to bottom Refer to Figures 3-2 and 3-
3 for generalized subsurface cross sections based on correlation/interpretation of 
boring logs and note that wells not located .directly on the section line are 
"projected" into the section. Glacial deposits are known to vary widely over 
distances measured in tens of feet. The complexity of glacial deposits and 

'' ' ' ' 

relatively large distance between borings (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 evidenced by the various descriptions in the 
boring logs. Inferred geologic contactsbetween boreholes are dashed and labeled 
with question marks on Figures 3-2 and 3-3. 

3.2.1 Recessional Outwash/lce Contact Deposits 

These are generally equivalent to the "terrace gravel and stratified drift" described 
in the Metro (1989a, 1989b) reports. This unit covers much of the land surface in 
Sections 1 6/20. These. deposits are characteristically less · stratified, more 
boulder/moraine-like than commonly observed recessional outwash 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 King, 1971 ). Melt-out of glacial 
ice "dumped" bouldery debris in some areas, remnant ice blocks formed kettles and 
sporadic meltwater streams deposited a thin veneer of recessional outwash. This 
geomorphology suggests a fundamentally different depositional regime than drift 
plain recessional outwash, i.e. classic recessional outwash (with successive stages 
of deglaciation producing 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 lodgement till remnants (either deposited sporadically or 
eroded by subglacial meltwater) or as the variety commonly referred to as ablation 
till, The lack of overconsolidation structures may imply that the ice only rarely 
grounded against these sediments (Booth, 1984) in the Section 16/20 area. The 
fall-out of debris released from the base of melting ice produces ablation till, and 
this process is con.sistent with the features observed. Isolated, lodgement till-like 
bodies were observed in four of the nine boreholes (refer to Figures 3-2 and 3-3 and 
the Appendix for detailed description of units encountered). These deposits 
resembled the classic Vashon lodgement till in terms of relative stratigraphic 
position; howe\/er, overall, the deposits encountered were a coarser-grained, less 
dense ablation till as opposed to the classic fine grained "concrete like" lodgement 
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till. Thickness of the till units ranged from approximately Oto 24 feet. 

3.2.3 Transitional Zone 

A transitional zone, possibly representing a gradatJonal 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 Section 16 (MW-2), where the advance outwash was 
unu~ually silty. 

3.2.4 Advance Outwash 

AU 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 
GROUND WATER. 

3.2.5 Bedrock · 

Tertiary age bedrock of the Puget Group (30 to 60 million years in age) consisting 
of andesitic volcanic 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: 

r------......_ __ ---.:.Advance Retreat -Glacier Ice __,,.. 
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This model is generally valid for the Drift Plain physiog'raphic 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 glaciation the Section 16/20 project area had 
the following glacial features: 

1. Ice thickness near the glacial margins was not great enough to erode and 
deposit a continuous sheet of lodgment till. 

2. The bottom of the Vashon glacier margin was honeycombed by a network 
of subglacial streams that eroded and reworked the till, leaving isolated 
lodgement till remnants and/or stratified tilHike deposits after glacial 
retreat. 

3. The Vashon glacier was not in full contact with the ground, especially 
during ice retreat (nearly full contact required. for continuous lodgement till 
formation). 

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

In summary, the model for glacial erosion and deposition in Foothills 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 1989b 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 glacial margin environment during 
glacial advance and retreat (Figure 3-4). 
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SECTION 4.0 GROUND WATER 

An understanding of regional and site-specific ground water conditions is critical to 
evaluating land application impacts and developing a credible monitoring program. 
Ground water is a major source of drinking water in the project area - both as a 
dir·ect source via drilled wells and indirectly through discharge to various springs 
such as Black Dia_mond Springs and the Resort Spring. This section provides an 
overview of the Section 16/20 ground _water conditions as a basis for evaluating 
the• extent of potential water quality impacts and designing a ground water 
monitoring program to detect any such impacts. 

4.1 REGIONAL HYDRO GEOLOGY. 

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 Till arid pre-Vashon silts _and clays (such as the Soos Clay in southern 
King County). · 

4. 1. 1 Ground Water Occurrence and Hydrostratigraphy 

The South King County Ground Water Managem~nt Plan (GWMP) describes several 
aquifers. One of these aquifers is present throughout the Section 16/20 area based 
on our interpretation of previous data (Metro, 1 l:)89a, 1989b; .Ecology Well logs) 
and newly-collected field data obtained during this study. Previous studies 
(Robinson and Noble, 1972) identified this aquifer and named it the Cumberland 
aquifer. Based on examination of regional data, there are .four major 
hydrostratigraphic layers that ·are pertinent _to • the study area. These layers are 
defined as groupings of sediment or _rock (geologic units) that exhibit similar 
physical and hydrologic characteristics, _both vertically and horizontally. The four 
hydrostratigraphic units listed below consist of upper and lower aquifer systems and 
upper and lower aquitards. The on-site· significance of each layer is discussed in · 
Section 4.2 

LA YER 1 Upper Perched Aquifer {Vashon Recessional OutwashJ 
LA YER 2 Upper Aquitard {Vashon Till) 
LA YER 3 Principal Aquifer {Vashon Advance Outwash) 
LA YER 4 Lower Aquitard {Bedrock) 
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4. 1. 2 Recharge/Discharge Characteristics 

Regional recharge to all aquifers is achieved through three principal mechanisms: 

1. Direct infiltration of precipitation 
2. I nfiltratibn of surface water from lakes, streams and swamps 
3, Inter-aquifer exchange 

Secondary recharge mechanisms include. irrigation, infiltration from septic drainfields 
and stormwater runoff from manmade impervious surfaces. 

Ai;inual 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. 

Regional discharge occurs through interaquifer exchange, discharge to surface 
water and evapotranspiration. 

4.1.3 Ground Water Flow 

The complex distribution of aquifer and aquitard mater-ia~s and recharge/discharge 
conditions results in complex regional ground water flow patterns. 

Regional ground water flow patterns are influenced by numerous geologic, 
hydrologic and topographic factors. The glacial 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 discharge points 
(Green River and White River). The hydraulic gradient steepens in aquifer recharge 
zones and tends to flatten out in discharge zones (except near major springs). 

Ground. water flow in ·the upper, unconfined aquifer is generally controlled by 
topography and the configuration of the upper aquitard (till) surface. Ground water 
flow in the lower, principal water supply aquifer is controUed by recharge/discharge 
relationships and confining pressure. Those portions of aquifers within the zone of 
influence of major wellfields exhibit the characteris.tic radial .flow pattern produced 
by well pumping and drawdown. Lakes produce ground water mounding effects, 
while bedrock barriers produce divergent flow conditions. · 

4.1.4 Regional Ground Water Development 

Ground water is an important source of drinking water in the Puget Sound region. 
In south King County, water wells are developed in the unconfined (upper) aquifers 
and in deeper aquifers. Most wells produce from 5 to 500 gpm and are generally 
less than 200 feet deep. There are several high yielding wells and wellfields 
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developed by Municipal water districts and other water purveycirs, 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. 1. 5· Regional Ground Water Quality 

Ground water quality in the region is typically excellent. Routine water quality 
monitoring of public water supply wells indicates that the ground water quality in 
the principal water supply aquifer (wells placed 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 shallow ground 
water are susceptible to water quality degradation, particularly where there is a 
high density of septic tank drainfield systems or uncontrolled application of 
p~sticides and fertilizers. 

The Metro (1989b) study described the results from 24 samples taken from 
streams, l_akes, wells (including B-1 in Section 20) and springs (including Black 
Diamond Springs).. The composition of the water samples, relative to major ions, 
was plotted on trilinear diagrams for the purpose of evaluating the chemical 
character of water. Almost all of the water samples analyzed were of the calcium 
bicarbonate character (Metro, 1989) and had low total dissolved solids, indicating 
local recharge and short ground water residence time. 

Insufficient data exist to characterize water quality in bedrock. Verbal reports from 
residents with bedrock wells indicate the water often has an unpleasant taste and 
odor; this may be related to the carbonaceous nature of the bedrock in the area. 

4.2 SECTION 16/20 H
0

YDROGEOLOGY 

Site-specific characterization of Section 16/20 hydrogeology is critical to. the 
evaluation of project water quality and potential land use impacts. 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 1991 
field investigation and monitoring well installations. For a detailed discussion of 
field investigations, please refer to the Technical Appendix attached to this report. 

4.2. 1 Ground Water Occurrence and Hydrostratigraphy 

Based on examination of previous reports, and our field data, three conceptual 
models of ground water conditions have been developed for Section 16/20. This 
model 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 relationship between the 
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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. 

LA YER 1 Upper Aquifer (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 depressions and in MW-5. Layer 1 is more common in 
Drift Plain environments. 

LA YER 2 Upper Aquitard (Vashon Lodgement Till): Where present, this unit 
serves as the base of the upper aquifer and confines ground water in the 
underlying aquifer(s). The unit is very dense and compact with a significant 
proportion of fine grained sediment, thus forming a significant barrier to 
ground water flow. Permeability of lodgement till typically ranges from 10·6 

to 1 O·• 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 vertical permeability of approximately 5X 1 0· 

· 3 cm/sec _(1X10·2 feet/minute). · 

LA YER 3 Principal Aquifer (Vashon Advance Outwash): This unit 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 1 6 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 1.8X10·3 to > .5 cm/sec (3.6X10·3 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 (Figure .4-1, Model B, single­
aquifer system). 

LA YER 4 Lower Aquitard (Tertiary Bedrock): This unit 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 bedro.ck is generally considered an 
aquitard with permeabilities below 1x10 .. cm_/sec (2X 10 .. 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 
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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, hydraulic communication between the two layers is probably 
negligible. 

Table 4~1 below illustrates the typical range for hydraulic conductivity (permeability) 
which might be expected in glacial deposits of the Pacific Northwest. Table 4-1 
was developed from published data (e.g. Freeze and Cherry, 1979) and in-situ and 
laboratory tests of aquifer materials conducted by Hong West & Associates staff. 
As the table indicates, the hydraulic conductivity and/or permeability of glacial 
deposits will vary over a wide range. Till, including the lodgement and ablation sub­
types can vary over 8 orders of magnitude. 

TABLE 4-1 TYPICAL RANGES FOR HYDRAULIC CONDUCTIVITY 
IN NORTHWEST GLACIAL DEPOSITS 

Centimeters/Second 
lo-' 10-' 10"' 10-3 101 

-·.._! -~----'-RE--'-"-C"'"ES""S~IO""'N""AL=-'O-'UTW-"'---"-A-"'S~H'---__ __, 

LODGEMENT TILL 

LOW 

ABLATION TILL 

SUBGLACIALDIAMICTONS I 
SUBGLACIAL OUTW ASH 

ADVANCE OUTWASH 

PRO-GLACIAL LAKE 
DEPOSITS 

MODERATE 

4.2.2 Definition of Uppermost Aquifer For Monitoring 

Washington State regulations require definition of uppermost aquifer prior to design 
of a monitoring program. "Monitorable" ground water should ideally have the 
following characteristics: 
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• 1. Continuous beneath area of concern 

2. Hydraulic gradient is measurable beneath area of concern 

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

Anpther important consideration should be that the aquifer to be monitored is an 
important aquifer in terms of water supply, or clearly connected to such an aquifer. 

Ground water was encountered in all nine borings at depths roughly corresponding 
to the upper contact of the. advance outwash with overlying glacial till/transitional 
zone or ice-contact deposits (refer to .Figures 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 one 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 1 6/20 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 · 7 5 feet below ground surface under water table and semi-confined 
conditions, The springs discharging to the north and west of the project site are 
interpreted· to be the primary discharge points of thi.s aquifer, based on the 
projected elevation of the measured potentiometric levels in the wells. Since the 
Resort spring is at present the only known downgradient water supply and perched 
ground water above lodgement till appears to be limited, the Cumberland Aquifer, 
hosted primarily by Vashon Advance outwash is the uppermost aquifer. 

4.2.3 Ground Water Flow and Aquifer Recharge/Discharge 

Ground water flow~ 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 August, 1991 indicated a further drop in water levels. 

The bedrock barrier of Lizard Mountain defines the local upgradient flow and 
recharge boundary. Aquifer recharge is almost entirely from direct infiltration 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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conductivity and short ground water residence 
consistent with the .findings of Metro (1989b). 
unconfined to semi-confined conditions. 

time, characteristics that are 
Ground water is present under 

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-8 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 half 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 1 6/20 may be obtained using the following equation: 

Ki 
v= 

n 

using K = average hydraulic conductivity = .049 cm/sec 
i = average hydraulic gradient = .02 
n = assumed porosity = 40% 

v = 127 meters/day = 416 feet/day 

Water level measurements and well elevations are summarized below in Table 4-2. 
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TABLE 4-2 
MONITORING WELL WATER LEVEL SUMMARY 

(elevations in feet) 

MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 MW-7 MW-8 

Toe PVC 854.65 842.19 813.74 827.88 799.35 707.90 760.60 

3-24-91 725.62 779.41 760.17 747,52 740,04 659.06 718.51 

5-,.5-91 724.49 777.28 757,86 742.36 737.02 657.34 715.73 

8-8-91 • 718.10 769.80 754.96 742.00 729.78 652.89 709.20 

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 Adjacent Ground Water Development 

791.04 

738.33 

737.07 
729.89 

MW-9 
744.54 

670.60 

665.79 

662.98 

Weir logs on file at the Washington Department of Ecology were reviewed during 
this study and the Metro (1989a, 1989b) studies; There are no water wells 
recorded in Section 16, and five wells are recorded in the southeastern quarter of 
Section 20. There. are several wells located in Sections 28 and 29, south of the 
project area. The Plum Creek well located in the southwest quarter of Section 21 
was used to gain additional water.level data. The Kanasket-Palmer State Park well 
is located in Section 1 O, northe!lst of the project area. Approximate locations of 
nearby wells, based on the most recent well logs available from Ecology (May, 
1991) are shown on Figure 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 summer. A second well. is c:lrilled into the 
Puget Group bedrock and, according to its owner, is not sui_table for drinking water 
supply, but is used for irrigation. 

The Resort Spring (shown on Figure 2-1) serves. as a water supply. Based on 
measured potentiometric levels and ground water flow direction, this spring is 
hydraulically downgradient from Sections 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 observation of ground water flow directions in 
this area. 
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4.3 SECTION 16/20 GROUND WATER QUALITY 

Metro began a year-long baseline water quality 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 industry-standard techniques for sample containers, preservation 
and analysis. Samples were analyzed for conventional, bacteriological, total and 
dissolved metals .and organic parameters. The baseline data will build upon the data 
collected during the Metro (1989b) study and will be used during subsequent 
hydrochemical characterization of the Section 1 6/20 project site aquifer and will 
also provide the basis for scoping future monitoring efforts. 

4.4 POTENTIAL IMPACT/AFFECTS OF MINING 

The coal mining history of the Section 1 6/20 area dates back to the early 1 900s. 
Vine (1969) describes the stratiform coal deposits of the South King County area. 
Two major mining operations existed during the early to mid 1900s 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 
ventilation shaft were excavated into the· northwest side of Lizard Mountain. These 
structures are collapsed and obscured by vegetation. There are also scattered 
collapse features along the toe of Lizard Mountain. It is assumed that the 
excavations were in the direction of the southeast-dipping coal veins. There is no 
evidence to suggest underground tunnels, shafts or adits northwest of Lizard 

· Mountain in Section 16. A small collapse feature was discovered approximately 
600 feet east of MW-3. This is interpreted as a collapsed prospect hole. A map 
showing the extent of mine workings appears as, Figure 2-5 in the Metro (1989b) 
report. 

A former mine drainage .tunnel passes beneath the southwest corner of Section 20, 
in the vicinity of Be 1. This tunnel was excavated to remove excess water from the 
Hyde Mine workings in the north central portion of Section 29. The former tunnel 
in this area is probably 1 50 to 250 feet below the contact between the upper 
bedrock surface and overlying glacial deposits (the approximate plan view location 
of the tunnel is shown on Figure 2-1 ). Much of the water draining through the 
tunnel and discharging near its mouth above the Green River (at elevation 411 ; 
Metro, 1989b). ls· probably derived from ground water seepage in the bedrock 
fractures. The bedrock ground water regime probably operates on a regional scale. 
Recharge is primarily through surface exposures of fractures, faults and mine 
workings in the project area. 

Direct 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 relatively steep hydraulic 
gradient due to recharge/discharge conditions. Groundwater flow in the bedrock is 
structurally controlled by the position and orientation of fracture systems and is at 
least in part turbulent flow. 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 discharge 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 aquifer 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 weHs do not indicate any such anomal.ous 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 
hydrogeology of the Metro Section 1 6/20 project. The following statements 
summarize the Section 1 6/20 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 lodgement glacial till 
layers, or silty "transistional" advance outwash. 

2. Moderate to low permeability glacial lodgement 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 groundwate~ 
averages 60 feet. 
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4. Where glacial till is absent or discontinuous, the principal aquifer behaves as 
a wat_er table aquifer. A steep hydraulic gradient combined with overlying 
glacial _till produces local areas. within the aquifer that are semi-confined. 

5. •The Section 16/20 project area is 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. 

6. Ground water flows generally from east to west across the project site. A 
bedrock high creates a north and south divergence in the· flow pattern in 
Section 20. 

7. The generally high infiltration capacity of the surface sediments, the high 
permeability of the advance outwash and the relatively large local relief 
between recharge and discharge areas causes the area's ground water 
system to have a steep hydraulic gradient and a resultant high rate of flow. 

8. Former mine workings at Lizard Mountain in Section 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 RECOMMENDATIONS 

Based on our investigation, several data gaps were identified which are important in 
evaluating the hydrogeology of the Section 16/20 project site and developing a 
credible_ monitoring program. 

1. Ongoing ground water level data utilizing existing on-site monitoring 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 a're not downgradient (under any 
seasonal flow regimes) from the Metro Section 20 property. 

2. The "perched" aquifer-tentatively identified in MW-5, Section 20 is not 
known. If glacial till is areally limited. Low permeability glacial till is 
discontinuous, perched water from Layer 1 discharges to Layer 3 and 
therefore will not require a separate monitoring system. 

3. The benefits of additional field data collection to determine the extent of 
perched ground water in Section 20 may not be justified, ·given the remote 
likelihood of hydraulic separation beyond the . limits of the project site. 
Vadose zone· monitoring and principal aquifer monitoring will 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 
monitoring should be evaluated periodically by a hydrogeologist. 

6. Following the initial year'.s worth of monitoring, the baseline water quality 
and hydrochemistry should be described and evaluated by a hydrogeologist 
prior to design and planning of the project water quality monitoring program. 
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APPENDIX A 
TECHNICAL GWSSARY 

Ablation Till -Nonsorted, nonlayered, extremely heterogeneous sediment deposited at the 
nose or lateral margin of a retreating glacier. 

Adit - A nearly horizontal mine passage from the surface in a mine. 

Aquifer - A subsurface waterbearing soil or rock unit capable of yielding water. 

Aquitard - A soil or rock unit not capable (or relatively incapable) of transmitting 
ground water. 

Confined Aquifer - A soil or rock aquifer unit that is isolated from the atmosphere a.t the 
point of discharge by a low permeable unit. Confineq ground water is generally 
subject to pressure greater than atmosphere. 

Diamicton - Nonsorted terrigenous sediments and rocks containing a wide range of 
· particle sizes, regardless of origin. 

Discharge - The water flowing in a stream or through an aquifer past a specific point in a 
given period of time. 

Drift - A collective term for all the rock, sand, and clay that is deposited by a glacier 
either as till or outwash. 

Epoch - Used informally to designate a relatively short interval of geologic time, e.g. a 
glacial epoch. 

· Hydraulic Conductivity -- The ease with which a porous material allows the flow of 
liquid or gaseous fluids. 

Hydraulic Connection - Two or more hydrostratigraphic units which allow water to pass 
· between them. 

Hydraulic Gradient - The rate of change in total head per unit distance of flow in a given 
direction, i.e. tlie slope of the water table or potentiometric surface. 

Hydrostratigraphic Unit - A body of rock/soil having considerable lateral extent and 
composing a geologic framework for a reasonably distinct hydrogeologic system. 



Hydrostatic Pressure - Force exerted on a liquid by surrounding solid. 

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

T.aroinllr - 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 sediment deposited beneath a moving glacier; 
generally very dense and compact. 

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

Outwash - Primarily sand and gravel washed out from a glacier by meltwater streams and 
deposited in front of or beyond an active glacier. 

Overconsolidation (glacial) - A high degree of compaction (and associated structures) of 
subglacial sediments resulting from the forces exerted ·by the weight of glacier ice. 

Perched Aquifer - Ground water separated from an underlying main body of ground 
water by an unsaturated zone. May be seasonal and limited in lateral extent. 

Potentioroetric Surface/Level - Surface to which water in an aquifer would rise under 
hydrostatic pressure. 

Recharge - The processes involved in the absorption and addition of water to the zone of 
saturation or water body. 

Stade - A substage of a glacial stage marked by a glacial readvance. 

L 

Stage - A time term for a major subdivision of a glacial epoch; it includes glacial stage and < 

interglacial stage 

Stratigraphic Unit -- Unit consisting of layered, mainly sedimentary rocks, grouped for 
description, mapping, or correlation purposes. 

Turbulent - Water flow in which the flow lines are confused and heterogeneously mixed. 
It is typical of flow in surface-water bodies and bedrock cavities and fractures. 



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 ~quifer - (Unconfined Aquifer) A soil or rock aquifer unit which is under 
l!,tmospheric 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. 



I. SUMMARY 

APPENDIX B 
TECHNICAL REPORT-FIELD INVESTIGATIONS 

METRO SECTION 16/20 PROJECT 

Hong West & Associates (HWA) installed nine 2" PVC monitoring wells at the Metro 
Section 16/20 site near Cumberland, Washington between December 13, 1990 and March 
24, 1991.- Initially, drilling was hampered somewhat by the unusually severe winter 
weather and some large boulders which 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 high incidence of large 
boulders encountered and the inability of the air rotary rig to successfully advance the 6" 
steel casing. After a period of technical and comparitive 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 shift in drilling technology 
from conventional air rotary to dual wall reverse circulation required ·execution of a new 
drilling contract. After mobilizing the reverse circulation rig on-site, the remaining 7 wells 
were completed with_in a week's time. 

Figure 2-1 (in text of report) shows the locations of all monitoring wells at the project site. 
Monitoring wells MW-3 and MW-5 were installed 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 geologist during 
well drilling and construction and modified accordingly after reviewing samples in the 
geotechnical laboratory. Table 1 presents a summary of the Section 16/20 project 
monitoring well construction details.· Refer to the accompanying _well logs for lithologic 
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 provide for an estimate of saturated 
hydraulic conductivity of the aquifer materials. Geotechnical laboratory testing 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 with water quality monitoring in May, 1991. 



TABLE 1 
Monitoring Well Summary 

Ground Top of PVC 
Surface Casing Drill Screen Screen 

Well Elevation Elevation Depth Depth Elevation 
Number (feet)* (feet) * • (feet) (feet) (feet) · 

MW-1 853.32 854.65 139 127-137 726.32-716.32 
MW-2 840.81 842.19 90 78-88 762.81-752.81 
MW-3 812.27 813.74- 76 63-73 749.27-739.27 
MW-4 825.92 827.88 99 86-96 739.92-729.92 
MW-5 797.94 799.35 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 59 47c57 711.91-701.91 
MW-8 788.53 791.04 72 59-69 729.53-719.53 
MW-9 741.80 744.54 90 79-89 662.80-652.80 

NOTES: * Elevations surveyed by Metro 
* • Add .25' to these ·elevations to allow for addition of Geoguard cap 

11. EQUIPMENT/DECONTAMINATION 

Drilling for Wells MW-3 and MW-5 was performed with air rotary drill rig owned and 
operated by Tacoma Pump & Drilling Company (d/b/a Ramlo Well Drilling) of Graham, 
Washington. . The rem_ainder of the driUing was performed with a dual-wall reverse­
circulation drill rig owned .and operated by Layne Environmental Services of Tacoma, 
Washington. 

All drilling equipment was pressurized-hot water washed/steamed cleaned prior to entering 
and after leaving each borehole site. In addition, all downhole drilling tools were 
pressurized-hot water washed/steam cleaned between borings. 

Ill. 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, 
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4-1 /2" diameter drill rods were used to advance the boring. Cuttings (up to about 3" in 
diameter) were removed from the hole by compressed air pumped down the drill string and 
rele_ased through the bit. 

The dual wall reverse-circulation rig utilized a pile drive 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" diameter air 
discharge tube (cyclone was not used on MW-3 or MW-5). Sampling intervals were 
typically,every five feet or less. After field inspection by the HWA geologist, samples were 
sealed and labeled in -air-tight containers for transportation to HWA's soils laboratory for· 
analysis. 

V. WELL COMPLETION 

All monitoring wells were completed using threaded 2-inch schedule 40 PVC pipe as a riser 
and a 10-foot section of screen with 0.010-inch slot widths. Afilter pack of Colorado 10-
20 silica sand was placed around each screen and bentonite grout was used to seal and 
backfill the annular space. Bentonite 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 individual well completions.' 

VI. WELL DEVELOPMENT 

Monitoring wells were developed using either a single pipe airlift technique or by bailing. 
The airlift technique used 100 CFM compressed air, filtered for liquid, particulate and 
organic matter using a three-phase filter, w_hich was conducted to th_e screen_ed zone 
through a 1 inch continuous PVC pipe. A separate length of 1" diameter PVC development 
pipe was dedicated to each well. The pipe was systematically raised and _lowered over the 
screen during development. The bailing method used a 5' long 1" diameter 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 duril)g development were tested at regular intervals for pH and conductivity. 
Development was continued until discharge water was relatively clear and pH and 
conductivity stabilized. The volume of well development water varied from approximately 
1 0 to 75 gallons depending on the technique used. 



Vil. MONITORING.WE.LL SUMMARIES. 

Following is a well-by-well description of drilling and well construction activities, based on 
field logs and notes. For well details, refer to Exhibit A, Monitoring Well Logs. Note on the 
logs tha.t the open symbol for groundwater indicates the Jevel at which ground water was 
first encountered and the closed symbol represents the stabilized water level after well 
installation. 

MONITORING WELL MW-1 

This well was drilled, installed, and developed between March 20, and April 1 1991. 

Drifling originally began on MW-1 on December 29, 1990 with. the air-rotary drill rig, but 
was ·abandoned due to boulders· encountered. The bor.ehole was backfilled with· bentonite 
chips as per WAC 173-160. Drilling began again utilizing th.e 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 1 27 feet. Screen elevations 
relative to the Metro survey are .contained in Table 1. 

Well MW-,. 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. conductivity readings seemed abnormally high and may have 
been the result of a malfunctioning instrument on April 1, 1991 (see also MW-6). 
Approximately 11 gallons of water were removed during development. 

MONITORING WELL MW-2 

This.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-wan reverse­
circulation drill rig. Ground water was originally encountered at a depth of 78 feet b.g.s., 
with a static level after installation of 61.4 feet. The well screen interval was from a 
depth of 88 to 78 feet. 

Well MW-2 was developed on April 2, 1991 for a period of 50 minutes using the air-lift 
technique until stable pH and conductivity readings were obtained. A pH of 8.5 and a 
conductivity of 148 us were recorded. Approximately 75 gallons of water were removed 
during development. · · 

MONITORING W.ELL MW-3 

This well was drilled, installed, and developed, between December 13 .and December 27, 
1990. 
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Drilling began on December 13, 1990 utilizing the air0rotary drill rig and was completed on 
December 27, 1990. 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 interval was from a 
depth of 73 to 63 feet. · 

Well MW-3 was developed.on December 27, 1990, for a period of 1 hour using the air-lift 
technique until water flowed clear. 

MONITORING WELL MW-4 

This well was drilled, installed, and developed between March 21, and April 2, 1991. 

Drilling began on March 21, 1991 and was completed on March 22, 1991, JJtilizing 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 a downhole hammer. The abandoned borehole 
was sealed with bentonite chips in accordance with WAC 173-160. The dolivnhole 
hammer successfully drilled through the boulder in about 10 minutes. The dual wall pipe 
was tlJen 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 installation of 
78.4 feet. The well screen interval was from a depth of 96 to 86 feet. 

Well MW-4 was developed on April 2, 1991 for a period of 2 hours using the air-lift 
. technique until stable pH and conductivity readings 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. 



MONITORING WELL MW-5 

This well was drilled, installed, and developed between January 1; and April 3, 1991. 

Drilling began on January 1, and was completed on January 7, 1991, utilizing the air-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 period of 40 minutes using a bailer until 
stable pH and conductivity readings were obtained. A pH of 7 .8 and a conductivity of 11 2 
uS were r!lcorded. Approximately 10 gallons of water were removed during development. 

MONITORING WELL MW-6 

This well was drilled, installed, and developed between March 22, .and April .1, 1991. 

Drilling began on March 22, and was completed. on March 23, 1991, utilizing the reverse­
circulation .drill rig. Ground water was .encountered at a depth of 49 feet with a static 
level after installation of 46.4 feet. The well screen interval was from a depth of 57 to 47 
feet. 

Well MW-6 was developed on April 1, 1991 for 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 .1970 us were recorded. The conductivity readings seemed 
abnormally high and may have been the result of a malfunctioning instrument. 
Approximately 20 gallons of water were removed during development.· 

MONITORING WELL t,//W-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 April 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 199 us were recorded. Approximately 15 gallons of water 
were removed during development. 

MONITORING WELL MW-8 

This well was drilled, installed, and developed between March 23, and April 3, 1991. 

1. 



' 

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 
insta.llation 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 conductivity readings were obtained. A 
pH of 7.67 and a conductivity of 256 us were recorded.· Approximately 15 gallons of 
water were removed during development. 

MONITORING WELL MW-9 

This well vyas drilled, instaUed, and developed between March 24, and April 3, 1991. 

Drilling began on and was completed on March 24, 1991,· utilizing the reverse-circulation 
drill rig. Ground water was encountered at a depth of 77 feet with a static level after 
installation of 71.2 feet. The well screen interval was from a depth of 89 to 79 feet. 

Well MW-9 was developed on April 3, 1991 for a period of 50 minutes using the bailer 
method until .the bailer .broke. and was lost down· the hol.e. The bailer was subsequently 
remov.ed tr'om the hole and development completed onMay 25, 1991. An initial pH of 
6.61 and a conductivity of 103 us were recorded. Approximately 10 gallons of water 
were removed during development. 

VIII. HYDRAULIC CONDUCTIVITY TESTING AND ANALYSIS 

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 instantaneously and the rate-of-rise 
was measured. Water level response was measured using a pressure tranducer and 
Hermit Datalogger (manufactured by In-Situ Inc.). · · 

Permeability estimates were obtained using the methods of Hvorslev (1951) and Bouwer 
and Rice (1976), and checked using the computer program, SLUGTEST (Wylie and Wood, 
1990). 

Methodology 

The Hvorslev 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: 



where 

K = r2 ln(L/R) 
2LTo 

. K is the hydraulic conductivity in ft/min 
· r is the radius of the well casing (0.167 ft for ·all wells) 
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) 
To is the basic time lag (Read from graph in minutes) 

To, the· basic time lag, is determined graphically from a semilogarithmic plot of the head 
ratio (h/ho) vs time (t). The distance the water level responds immediately upon removal 
(or injection) of the slug is ho, The water level response at some time, t, after the slug is 
removed (or injected), is h. The head ratio is plotted on the logarithmic axis. The time is 
plotted on the arithmetic axis. A best fit line is plotted through the data. To is the time 
value where the best fit line intersects the 0.37 h/ho line. 

The Bouwer and Rice method also assumes a homogeneous, isotropic, infinite medium. It 
can be used for "slug tests on partially or completely penetrating wells in unconfined 
aquifers for a wide range of geometry conditions" (Bouwer and Rice, 1976). The equation 
used is: 

K = r,2 ln(R,/rwl l in Yo 
2L t Y, 

where 

K is the hydraulic conductivity in feet/minute 
r, is the radius of the casing (0.167 ft for all wells) 
R, is the effective radius of the. well (obtained from type curves) 
rw is.the radius of the borehole (0. 75 ft for all wells, except MW-5; rw = 0.5) 
Yo is the.initial drop in. head · 
L · is the length of the .screen ( 1 0 ft for all wells) 
t is an arbitrary time 
y, is the depth below static water level. at time t 

The term y, is determined graphically from a semilogarithmic plot of y (well response) vs 
time. The reponse, y, 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. 

The term ln(R./rwl is determined bythe equation: 

I (R / ) = ,. 1.1 A+ Bin[(□ -H)/rwl ,., 
n ' rw ln(H/rwl + L!rw 



where: 
H is the distance from the water table to the bottom of the well screen 
D is the distance from the water table to the bottom of the aquifer 
A, B are values taken from type curves 

The value ln[(D - H)/rwl has an effective upper limit value of 6. If ln[(D - H)/rwl is greater 
than 6, a value of 6 should be used for the term ln[(D - H)/rwl 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 ln[(D - H)/r wl in our calculations, which equates to an 
aquifer thic_kness of 50 to 70 feet .. 

If D = H, as it does for MW-2, the term ln[(D - H)/rwl cannot be used. In this case the 
above equation should be changed to: 

I 
1.1 .. C 1·1 

ln(R./rwl = ln(H/rwl + L/rw 

This equation is valid for wells fully penetrating the aquifer. 

The terms A, B and .C are dimensionless coefficients that are functions of L/rw 11 o»H. The 
values of A, B and C are taken from type curves that can be found in Bouwer and Rice, 
1976, p. 425. 

Results and Discussion 

The results of the slug tests performed are summarized in Table 2 Aquifer Parameter 
Summary. 

TABLE 2 
Aquifer Parameter Summary 

Hydraulic Conductivity (cm/sec) 
Well Number . Hvorslev Slugtst · Bouwer & Average 

andTest Method Program Rice · (by well) 
MW-1 Falling Head 0.12 0.068 - NA. 
MW-1 Rising Head 0.06 0.09 0.058 . 0.079 
MW-2 Falling Head 0.009 0.0024 0.0035 
MW-2 Rising Head 0.018 0.0018 NA 0.0069 
MW-4 Falling Head. 0.05 0.035 NA 
MW-4 Rising Head 0.04 0.05 0.04 0.043 
MW-5 Falling Head 0.085 0.04 NA 
MW-5 Rising Head 0.039 NA NA 0.055 
MW-7 Falling Head 0.073 0.038 NA 
MW-7 Rising Head 0.092 NA 0.099 .. 0.075 
MW-9 Falling Head 0.12 NA NA 
MW-9 Risino Head NA NA NA 0.12 

NA = Not Analyzed; insufficient data 



Due to the high hydraulic conductivity, some extremely fast recovery rates were 
· experienced during the slug tests. This resulted in sparse data making the analysis slightly 
more subjective, but repeatable and not significantly less accurate. 

Note that for both methods (Hvorslev, 195.1; Bouwer and Rice, 1976) the time-drawdown 
data "should plot on a straight line." Clearly, the graphs presented in Exhibit 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 he.ad data look better). Since the subject .aquifer is 
composed of glacial outwash it is presumed to be highly permeable, perhaps too permeable 
to estimate K using slug tests. Multiple well pumping tests are far more precise methods 
under these conditions. 

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 Ric.e variables), which is not the case. Actually Re is 
less than L and this leads to an overestimation of K. 

With the exception of MW-2 (completed in si,lty gravel), the estimated hydraulic 
. conductivity values were in the range of .04 to .1 2 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 geotechnical analysis. Grain size distribution was 
determined for the .following: 

MW-1 - 1 ;35 foot samp!e 
MW-2 -"- 50 + 55 foot composite sample 
MW-3 - 38-39 undisturbed (Dames & Moore) sample 
MW-4 - 90 foot sample 
rylW-6 - 20 foot sample 
MW-6 - 55 foot sample 
MW-7 - 55 foot sample 
MW-8 - 5 foot sample 

Samples analyzed ranged from poorly graded gravel .with sand (GP) to silty gravel with 
sand (GM). Permeability calculations were performed using the method outlined in Powers 
(1981 ). However, due to either very high uniformity coefficients or high 050 grain size, 
analysis could only be done for three of the samples. All estimates for permeability based 
on grain size distribution were greater than .05 cm/sec (.1 ft/minute). 



A falling head permeability test was performed on the l'vlW-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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EXHIBIT A 

MONITORING WELL LOGS 
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HONG WEST & ASSOCIATES 
P.O. BOX 596, L YNNWOOO, WASHINGTON 98046, (206)77 4-·□ 1 □ 6 

DRILLING COMPANY: Layne Environmental Services 
DRILLING METHOD: Dual Wall Reverse Circulation 
SAMPLING METHOD: Grab sample from cyclone. 

en 
w _, 

WELL LOG 
LOGGED BY: Dan Howard 

TOT AL DEPTH: 139 FEET 
DATE STARTED: 3-20-91 
DA TE FINISHED: 3-20-91 

ll.. 
:::.: 
<t AS BUILT 

D 
en SYMBOLS DESCRIPTION 

GM Brown, silty GRAVEL, some sand 
and cobbles. dry - damp 

(Recessional Outwash) 

10 D 

20 

30 

40 

50 

Brown, sandy GRAVEL, trace slit. 

Brown, gravelly, med. to coarse SAND, 
moist to wet. 

Brown, sandy GRAVEL, dry to damp • 

Boulder (Andeslte) from 27 to 31'. 

Brown, sandy GRAVEL and COBBLES, 
trace slit, dry to damp. 

Brown, coarse sandy GRAVEL, trace 
slit, moist. 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 853.32 ft. 
MEASURING POINT EL.: 854.65 ft. 

• 
• 
• 

REMARKS 

oncrete Seal 

2" Steel Case 

" Steel Case 

---Rentonlte Chips 

WELL MW-1 
PROJECT NUMBER: 90131 

PAGE: I OF 3 
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100 

HONG WEST & ASSOC IA TES 

WELL LOG 

[/) 
w 
-' 
IL 
::;: 
4: 
[I) SYMBOLS DESCRIPTION 

GM 

D 

Brown, cobbly coarse GRAVEL, some 
sand, trace silt, moist. 

8rown, gravelly SANO, trace silt. 

Brown, coarse sandy, GRAVEL, trace 
slit, moist. 

Brown. GRAVEL. some sand, trace 
slit, damp to moist. 

Gray, silty GRAVEL, some sand, dry. 
purplish silt/clay clasts. 

(TIii) 

Gray, gravelly SAND, some silt, dry. 
(TIii?) 

Brown, GRAVEL, some sand, 
moist to wet. 

Brown, GRAVEL, some sand and silt, 
moist to wet. 

PROJE.CT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 853.32 ft. 
MEASURING POINT EL.: 854.65 ft. 

AS BUILT 
REMARKS 

. 2" PVC Riser 

--"'entonlte Chips 

WELL MW-1 
PROJECT NUMBER: 90131 

PAGE: 2 OF 3 
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(/J 
lJJ 
_J 
a.. 
::,: 
<i 
UJ SYMBOLS 

100 = fili_ Brown, 

HONG WEST & ASSOCIATES 
WELL LOG 

AS BUILT 
DESCRIPTION 

coarse SAND and GRAVEL, 

REMARKS 

/2i 
~~-o:c GM some silt, wet. 
-~t~c 
O.:·aO. 

D 

!::::~:: 
SE. Brown, gravelly, SAND, some silt, wet. 
SM 

-

---'>" PVC Riser 

·••·•·••· •••••··•· ·•·•·•••· :•:•·•:•: 

110 D 
•::.:;;~ GP 
•:••.•',• Brown sandy GRAVEL, trace silt, wet. 

••.• .. 
r;.•::.:;t.:. 
~-~·-:;;~· 
.•::.f:. 

---Aentonlte Chips 

D ~~-0:< GW Brown GRAVEL, some sand and silt, wet. 
:J.i~ GM 
::,.,:.o. 
6.~·f6. 
6-~·~l 

f-120 D ::fif GP Gray/brown, coarse GRAVEL with sand, 
trace silt, wet. ---Rentonlte Pellets 

lJJ 
lJJ 
IL 
z .... 
I 
f-
a.. 
lJJ 
D 

130 

140 

150 

D 

{:.:.··~~ 
r:.::~~ 
,::.";.·~~ 

rnH ~-~·-t-:~ 

-- saturated 

D 

D 

:0.0:< GW Gray/brown, coarse sandy ,. :i<l 

~~•ifc trace silt, saturated. 

>..:·.c. 
~~-o: 
-~~~( ;,:·.;O. 
~~·f6. 

= 

:,,_o.o:c :,.o. 
:o.o: o,:.,o. 
~~.o:c :a,o. 

Bottom of Hole 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 853.32 ft. 
MEASURING POINT EL.: 854.85 fl. 

GRAVEL, 
.010 Slot Screen 

WELL MW-1 
PROJECT NUMBER: 90131 

PAGE: 3 OF 3 
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HONG WEST & ASSOCIATES 
P.O. BOX 596, LYNNWOOD, WASHINGTON 98046, (206)774-0106 

DRILLING COMPANY: Layne Environmental Services 
DRILLING METHOD: Dual Wall Reverse Circulation 
SAMPLING METHOD: Grab sample from cyclone. 

WELL LOG 
LOGGED BY: Dan Howard 

TOT AL DEPTH: 90 FEET 
DATE STARTED: 3-21-91 
DA TE FINISHED: 3-21-91 

[/J 
w 
_J 
n. 
X 
<t AS BUILT 

0 

10 

20 

30 

UJ SYMBOLS DESCRIPTION 

Brown,.sandy, GRAVEL, some 
slit .and cobbles. dry - damp 

(Recessional Outwash) 

-- moist 

Gray, silty GRAVEL, some send, dry. 
(Till) 

40 D 

50 

D 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 840.81 ft. 
MEASURIN.G POINT EL.: 842.19 ft. 

REMARKS 

oncrete Seal 

2" Steel Case 

--+>entonlte Chips 

WELL MW-2 
PROJECT NUMBER: 90131 

PAGE: I OF 2 
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HONG WEST & -ASSOCIATES 
WELL LOG 

U) 
w 
...J 
!l.. 
::,: 
<( 
UJ SYMBOLS DESCRIPTION 

50 ==~-~-------------.----GM Gray, silty GRAVEL, damp. 
·(Till) 

D 

60 D 

70 

80 

90 

100 

Gray, GRAVEL, trace to some slit, 
moist to wet.. 

(Advance Outwash) 

_ _: saturated 

D - ss Gray, hard, SILT /SANDSTONE 
\ (Bedrock) 

Bottom of Hole 

PROJECT: Sllvlgrow 
LOCATION: Cumb_erland, WA 
SURFACE ELEVATION: 840.81 ft. 
MEASURING POINT EL.: 842.19 1t. 

AS BUILT 
REMARKS 

2" PVC Riser 

---Aentonlte Chips 

----f'!entonlte Pellets 

WELL MW...,.2 
PROJECT NUMBER: 90131 

PAGE: 2 OF 2 
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HONG WEST & ASSOCIATES 
P.O. BOX 596, LYNNWOOD; WASHINGTON 98046, (206)77 4-0106 

DRILLING COMPANY: Tacoma Pump and Drilling 
DRILLING METHOD: Air Rotary - 6" Trlcone 
SAMPLING METHOD: Grab sample from air discharge tube 

WELL LOG 
LOGGED BY: Doug Geller 

TOT AL DEPTH: 76 FEET 
DATE STARTED: 12-13-90 
DATE FINISHED: 12-27-90 

CJ) 
w 
-1 
c.. 
~ 
<i AS BUILT 

0 

20 

30 

CJl SYMBOLS DESCRIPTION 

·.· . SM 
□·.·.· 

□ II: SP 

GM 

□ 

SURFACE: 6" ROAD GRAVEL 

Brown, gravelly SAND, some slit, damp .. 
(Recessional Outwash) 

-- large boulder at 7 
-.'-- sandy gravel from 7-9 

Brown, very gravelly coarse SAND, 
trace tine sand, moist. 

Br own, gr9velly SAND, trace fine 
sand, moist. 

-- rock fragments from 20-25, damp. 

-- coarse sand at 26~ me~lum sand at 29 

Brown, medium to coarse SAND, trace slit 
and fine gravel, dry. 

Gray/brown, sandy GRAVEL, some slit, dry, 
hole staying open. 

(Till) 

4□ G 
-- Dames and Moore sample at 39 

no grab sample at 40. 

□ 

-- hit very large, hard boulder at 42 

-- drilled through boulder at 47.5 
after 4 hours with downhole hammer. 

PROJECT: Sllvlgrow 
LOCATION: Cumberland,.WA 
SURFACE ELEVATION: 812.27 ft. 
MEASURING f:'OINT EL.: 813.7 4 ft. 

• • 
REMARKS 

"aok-Concrete Seal 

2" Steel Case 

---Aentonlte Grout 

---<> 11 PVC riser 

WELL MW-3 
PROJECT NUMBER: 90131 

PAGE: I OF 2 
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. 80 
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100 

HONG WEST & ASSOCIATES 
WELL LOG 

rn 
w 
...J 
a.. 
:a 
<( 
rn SYMBOLS DESCRIPTION 

Gray/brown, sandy GRAVEL, som.e silt, dry. 
(Till) 

r---~- color change at 52.5, oxidized sand, 

Brown to gray, fine .GRAVEL with sand, 
trace fine sand/slit, saturated, 

(Advance Outwash) 

Gray, coarse GRAVEL. some sand. trace 
slit, water >15 GPM 

· -- water at 30 GPM 

End. of Borehole 

PROJECT: Silvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 812.27 ft. 
MEASURING POINT EL: 813.74 ft. 

AS BUILT 
REMARKS 

---Aentonlte Pellets 

" PVC .01 slot 
screen. 

WELL MW-3 
PROJECT NUMBER: 90131 

PAGE: 2 OF 2 



f-
w 
w 
IL 
z ..... 
:r: 
f-
0.. 
w 
□ 

0 

10 

20 

30 

HONG WEST & ASSOCIATES 
P.O. BOX 596, LYNNWOOD, WASHINGTON 98046, (206)77 4-0106 

DRILLING COMPANY: Layne Environmental Services 
DRILLING METHOD: Dual Wall Reverse Circulation 
SAMPLING METHOD: Grab sample from cyclone .. 

en 
w _, 
0.. 
~ 
<( . 
en SYMBOLS DESCRIPTION 

□ 111111111~ 

Brown, coarse SAND and GRAVEL, , 
some cobbles, trace silt, d,amp. 

Gray, SAND, some silt and gravel_. dry. 

40 D mm: Boulder (Andeslte)_from 39 to 42'. 

:11 
D GM Brown, silty, coarse sandy, GRAVEL, 

dry to damp. 

50 = U..U-"---' 

PROJECT: Sllvlgrow 
L'OCATION: Cumberland, WA 
SURFACE.ELEVATION: 825.92 ft. 
MEASURING POINT EL.: 827.BB ft. 

WELL LOG 
LOGGED BY: Dan Howard 

TOT AL DEPTH: 99.5 FEET 
DATE STARTED; 3-21-91 
DA TE FINISHED: 3-22-91 

REMARKS 

oncrete Seal 

2''. Steel Case 

11 Steel Case 

---Rentonlte Chips 

"PVC Riser 

WELL- MW-4 
PROJECT NUMBER: 90131 

PAGE: I OF 2 
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HONG WEST & ASSOC IA TES 
WELL LOG 

en 
w 
...J 
a.. 
L 
~ en SYMBOLS DESCRIPTION 

50 = GM Br Own, silty GRAVEL, some coarse 
some cobbles and sand, dry to damp. 

. 

D 
,: SM Brown, gravelly SAND, some slit, damp. 

. 

60 D 
GM Brown, GRAVEL, some slit 

moist to wet. 

D ---wet 

70 D 

D 

80 D 

··~•-~\• GP ·-- saturated -~·-t-: 
-:::;.·;• 

Gray/brown, coarse sandy, GRAVEL, ·;·.:t-.· 

:f.~% 
some slit, saturated. 

-~·.:•·~· 
-~·.'{: . 
:0.0:' fill. Gray/brown, coarse sandy, GRAVEL, ::i.:.;o. GP io.o·. trace silt, saturated. 

:90. 

90 D 
~~f~ 
;~.o:c 

100 

:J.t~c 
>.:,.o. 
~~o: ~,iO. 
:o.o: 
>.:.;,O. 

D ;~.o: :.o. 
:o.o: 
~-t~· 
>.:.,o. 
:o.o:ci 
~:,:•C;>· 

Bottom of Hole 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 825.92 ft. 
MEASURING POINT EL.: 827.BB ft. 

AS BUILT 
REMARKS 

__ _,,., PVC Riser 

---Rentonlte Chips 

.010 Slot Screen 

WELL MW-4 
PROJECT NUMBER: 90131 
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HONG WEST & ASSOCIATES 
P.O. BOX 596, LYNNWOOD, WASHINGTON 98046, (206)774-0106 

DRILLING COMPANY; Tacoma Pump and Drilling 
DRILLING METHOD; Air Rotary - 6" Trlcone 
SAMPLING METHOD; Grab sample from air discharge tube 

en 
UJ 
--' 
0.. 

WELL LOG 
LOGGED BY; Howard/Dunn 

TOT AL DEPTH: 77 FEET 
DATE STARTED; 1-3-91 
DA TE FINISHED: 1-8-91 

~ 
<l: AS BU T 

D 

10 

20 

30 

en SYMBOLS DESCRIPTION 

········· 

II: 

D GM 

Brown, med. to coarse SAND, 
some _gravel and silt,- dry. 

(Recessional Outwash) 

-- cobbles 

-- trace slit 

-- cobbles 

Gray, GRAVEL, some med • 
to coarse sand, trace sift, 
dry. (TIii?) 

-- sandy 

Brown-gray, med. to coarse SAND 
and GRAVEL, some slit, dry. 

(TIii) 

-- Perched water at 5 gpm. 

40 D 

50 

-- Boulder from 42 to 44.5 feet. 
Orllled with downhole hammer. 

D 

PROJECT: Sllvlgrow 
LOCATION; Cumberland, WA 
SURFACE ELEVATION: 797.94 ft. 
MEASURING POINT EL; 799.35 ft. 

REMARKS 

,..._<.:oncrete Seal 

2" Steel Case 

A--6" Steel Casing 

---Bentonlte Chips 

---211 PVC riser 

---Bentonlte Grout 

WELL MW-5 
PROJECT NUMBER: 90131 

PAGE; I OF 2 



HONG WEST & ASSOC IA TES 
WELL LOG 

en 
w 
-' a.. 
::;: 
~ 
en SYMBOLS DESCRIPTION 

50 =~=-,­
GM 

Brown, silty, sandy GRAVEL, moist 
to wet. (TIii) 

60 

f- 70 
w 
w 
l1. 
z 
H 

I 
f­
a.. 
w 
□ 

80 

90 

100 

D 
SM 

-- InJected water from 54 to 57 
feet -lo clear casing. 

Brown-grey, gravelly, coarse 
SANO, some silt, wet. 

(Transitional) 
Saturated at 60 feet. 

Brown/gray, silty, gravelly SAND, 
saturated. (Transitional) 

Grey, sandy, GRAVEL, to 
gravelly coarse SAND, saturated, 
water at 10 gpm. 

(Advance Outwash) 

-- some sand, trace slit. water 
at 20-25 gpm. 

End of Borehole 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 797.94 ft. 
MEASURING POINT EL.: 799.35 ft. 

AS BUILT 
REMARKS 

iJ 
on 1/6/91 

--i3entonlte Chips 

--i3entonlte Pellets 

.. . 

l ,...,··;,i••~--<>~•c~~;n:01 slot 
} } .. . .. 
'}//\· .. \~/,---<o51~~a c;~o;~do 

WELL MW-5 
PROJECT-NUMBER: 90131 

PAGE: 2 OF 2 
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10 

f-
20 

UJ 
UJ 
lL 
z .... 
I 
f-
a.. 
UJ 
□ 

30 

40 

50 

HONG WEST & ASSOCIATES 
P.O. BOX 596, L YNNWOOO, WASHINGTON 9B046, (206)77 4-0106 

DRILLING CCJMPANY: Layne Environmental Services 
DRILLING METHOD: Dual Wall Reverse Circulation 
SAMPLING METHOD: Grab sample from cyclone. 

en 
UJ 
-' a.. 
::;: 
<i 
en SYMBOLS DESCRIPTION 

GM Brown, silty GRAVEL, trace fine sand, 
some cobbles, damp. · 

Brown, medium sandy, GRAVEL, trace 
slit, damp. · 

-- moist 

Brown, GRAVEL, some silt, 
some coarse sand, wet. 

-- trace slit 

Brown, GRAVEL, some .slit and sand, 
moist to wet. 

Brown/gray, medium-coarse SAND, 
some gravel and sift; saturated. 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURF ACE ELEVATION: 705.46 ft. 
MEASURING POINT EL.: 707.90 ft. 

WELL LOG 
LOGGED BY: Dan Howard 

TOT AL DEPTH: 59.5 FEET 
DATE STARTED: 3-22-91 
DATE FINISHED: 3-23-91 

REMARKS 

oncrete Seal 

2 11 Steel Case 

entonlte Chips 

"PVC Riser 

.010 Slot Screen 

WELL MW-6 
PROJECT NUMBER: 90131 

PAGE: I OF 2 



50 

60 

I- 70 
w 
w 
LL 
z .... 
r 
I-
0.. 
w 
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80 

90 

100 

HONG WEST & ASSOCIATES 
WELL LOG 

en 
w 
...J 
0.. 
~ 
~ 
en SYMBOLS · DESCRIPTION 

= !l!lil/l! SP 

0 :[~~~ GP 

-::.:.-~~ 
::t;~~ 

Brown, sandy, GRAVEL, 
trace silt, saturated. 

Bottom .of Hole 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 705.46 ft. 
MEASURING POINT EL.: 707 .90 ft. 

AS BUILT 
REMARKS 

\) }/ · .010 Slot Screen 

I~ Ll•"<.!'----<o-2o Slllca Sand 

WELL MW-6 
PROJECT NUMBER: 90131 

PAGE: 2 OF 2 
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HONG WEST & ASSOCIATES 
P.O. BOX 596. LYNNWOOD, WASHINGTON 98046, (206)77 4-0106 

DRILLING COMPANY: Layne Environmental Services 
DRILLING METHOD: Dual Wall Reverse Circulation 
SAMPLING METHOD: Grab sample from cyclone. 

(/J 

UJ 
...J 
n. 
::.: 
<( 
UJ SYMBOLS DESCRIPTION 

D 

D 

G.l'.l 
GM 

Brown, coarse SAND and GRAVEt, 
some 'silt, damp. 

Brown, sandy GRAVEL, trace to 
some slit, damp. 

Brown, cobbly, GRAVEL, some sand,. 
dry to damp. 

-- BS above except trace sand, wet. 

40 D 

50 

Brown, sandy GRAVEL, trece slit, 
saturated. 

PROJECT: Slivlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 758.81 ft. 
MEASURING POINT EL.: 760.60 ft. 

WELL LOG 
LOGGED BY: Dan Howard 

TOT AL DEPTH: 59.5 FEET 
DATE STARTED: 3-23-81 
DATE FINISHED: 3-23-81 

REMARKS 

oncrete Seal 

2'.' Steel Case 

"Steel Case 

---Aentonlte Chips 

--eentonlte Pellets 

.010 Slot Screen 

WELL MW-7 
PROJECT NUMBER: 80131 

PAGE: I OF 2 
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100 

HONG WEST & ASSOCIATES 

WELL LOG 

U) 
w 
_J 
c.. 
~ 
<t 
Ul SYMBOLS DESCRIPTION 

Gray/brown, sandy, GRAVEL, 
trace slit, Saturated. 

Bottom of Hole 

PROJECT: SHvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 758.91 ft. 
MEASURING POINT EL.: 760,BO ft. 

AS BUILT 
REMARKS 

1 ·e~::.,;;,t.----<J .. 010 Slot Screen 

:(\(:·}\•/-'-tl:----0-20 SIiica Sand 

WELL MW-7 
PROJECT NUMBER: 90131 

PAGE: 2 Of: 2 
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HONG WEST & ASSOCIATES 
P.O. BOX 59B, LYNNWOOO, WASHINGTON 98048, (206)77 4-0106 

DRILLING COMPANY: Layne Environmental Services 
. DRILLING METHOD: Dual Wall Reverse Circulation 

SAMPLING METHOD: Grab sample from cyclone. 

WELL LOG 
LOGGED BY: Dan Howard 

TOT AL DEPTH: 72 FEET 
DATE STARTED: 3,-23-91 
DATE FINISHED: 3-23-91 

(/] 

l1J 
...J 
Cl.. 
::,: 
<i AS BUILT 

D 

10 

I- 20 
l1J 
l1J 
IL 
z 
H 

I 
l­
o.. 
l1J 
□ 

30 

UJ SYMBOLS DESCRIPTION 

D 

G.J,L 
GM 

G.J,L 
GP 

GW 

G.J,L 
GM 

GM 

Brown, coarse sandy, GRAVEL, 
some slit, damp to moist. 

Brown, GRAVEL, some sand and slit, 
damp to moist. 

Brown, medium to coarse, sandy, 
GRAVEL, damp to moist. 

Brown, sandy GRAVEL, and slit, 
moist. 

Brown, GRAVEL, some sand and slit, 
moist. (TIii?) 

40 D 

50 

D 

PROJECT: Sllvlgrow 
LOCA TIDN: Cumberland, WA 
SURFACE ELEVATION: 788.53 ft. 
MEASURING POINT EL: 791.04 ft. 

REMARKS 

•r'.l"'"teoncrete-Seal 

2" Steel Case 

--l"lentonlte Chips 

2" PVC Riser 

--'"entonlte Pellets 

_WELL MW-8 
PROJECT NUMBER: 90131 

PAGE: I OF 2 
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90 

100 

HONG WEST & ASSOCIATES 
WELL.LOG 

(/J 

w 
...J 
(L 

::.: 
...: 
W SYMBOLS DESCRIPTION 
= ..-r.nrGccM-cr------------------

Brown/gray, GRAVEL, some 
sand and slit, moist to wet. 

(TIii?) 

:0.0:; 
R:.o. 

GW 
D ~lt+ 

b.:,;o. 

Brown/gray, GRAVEL, trace 
sand and slit, saturated. 

Brown/gray, gravelly, med. SAND, 
saturated, (heaving approx. 6'). 

Gray/brown, coarse sandy, GRAVEL, 
trace slit, saturated. 

Bottom of Hole 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 788.53 ft. 
MEASURING POINT EL: 791.04 ft. 

AS BUILT 
REMARKS 

WELL MW-8 
PROJECT NUMBER: 90131 

PAGE: 2 OF 2 
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30 

40 

HONG WEST & ASSOCIATES 
P.O. BOX 598, LYNNWOOD, WASHINGTON 98048, (208)77 4-0106 

DRILLING COMPANY: Layne Environmental Services 
DRILLING METHOD: Dual Wall Reverse Circulation 
SAMPLING MET-HOD: Grab sample from cyclone. 

(/) 
w 
.J 
0.. 
::.: 
<( 
(I) SYMBOLS DESCRIPTION 

fill. 
GM 

Brown, sandy, GRAVEL, 
some cobbles and slit, damp. 

Brown, coarse sandy GRAVEL, 
some slit, damp. 

Brown, sandy; GRAVEL, damp. 

Brown, silty, coarse sandy, 
GRAVEL, damp. 

Brown, med. to coarse SAND, 
trace slit, damp to moist. 

Brown, sllty,·GRAVEL, some 
sand, damp to moist. 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE ELEVATION: 741.80 ft. 
MEASURING POINT EL.: 744.54 It. 

WELL LOG 
LOGGED BY: Dan Howard 

TOT AL DEPTH: 90 FEET 
DATE STARTED: 3-24-91 
DA TE FINISHED: 3-24-91 

REMARKS 

oncrete Seal 

2" Steel .Case 

--Bentonlte Chips 

WELL MW-9 
PROJECT NUMBER: 90131 

PAGE: I OF 2 
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HONG WEST & ASSOCIATES 
WELL LOG 

(/) 

llJ 
...J 
ll.. 
::;: 
<{ 
UJ SYMBOLS DESCRIPTION 

:O,i,~C G.!i _Brown, coarse sandy, GRAVEL, some 
:,,:.,o. GM silt, moist. 

D ~~.o: .~;; 
~.:·-~. 
:i~•~o. 

Brown, GRAVEL, trace sand and 
silt, moist. 

Brown/gray, sandy GRAVEL, 
trace silt, moist. 

-- saturated 

-- as above except trace to some sand. 

Bottom of Hole 

PROJECT: Sllvlgrow 
LOCATION: Cumberland, WA 
SURFACE.ELEVATION: 741.80 ft. 
MEASURING POINT EL.: 7 44.54 ft. 

AS BUILT 
REMARKS 

"PVC Riser 

--"entonlte Chips 

--"entonlte Pellets 

WELL MW-9 
PROJECT .NUMBER: 90131 

PAGE: 2 OF 2 
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HONG WEST & ASSOCIATES 
GRAIN SIZE DISTRIBUTION 

.Projecl: Silvigrow Test Hole Number: MW-1 

King_ County, Washington -------~ --------
Sample Number: -------

Pro j e c I Numb.er: -'9;_:0:__lc_:3:__1'--------- Depth: 135 feet 

Dale Tes!ed: 4__: 1 6-91 --'--~::_.::__: ______________ _ Sample Description: 

Remarks: Brown, well gr~~-e_~ GRAVEL with sand (GW) Gravel: _7;_3=-1:__ _______ _ 

Clay Silt 

100 

90 

80 

a:: 70 w 
__J 
__J 
<{ 60 ::;; 
VJ 

I- 50 
z 
w 
u 40 a:: 
w 
CL 

30 

20 

10 

0 
5 2 ' 2 

0.001 0.01 

Reviewed By:-~--~ . 

Sand: 26.7 ----------·-----------------------
Silt: 0.2 
Clay: __________ _ 

Sand Gravel 
f'lne Medium Ccso Fine Cr5e 

SIEVE SIZES 
200 100 60 ◄ O JO 20 16 10 4. 3/8 3/4 1 3/2 2 3 

5 

0.1 
GRAIN SIZE 

2 5 

1 
MILLIMETRES 

2 5 2 5 

10 



HONG WEST & ASSOCIATES 
GRAIN SIZE DISTRIBUTION 

Projeci: Silvigrow 
·············----·---------

King County, Washingto· 

Project Number: 90131 ------------
Date Tested :·_..;.4_-_,1..:6:_-...:9::.1:___-'-----------~ 

Remarks: ._c:;rayish brown, silty GRAVEL with sand(GM) 

··························---·---------------­

·························································-----------

Cloy . Silt 
floo 

Test Hole Number: MW-2 
----'-'-'-'°---

. Sample Number: Composite 

Depth: _____ 5_0_+_5_5_f..:e..:e.:..t __ _ 

Sample Description: 

Gravel: 60.8 --'-'-"----------
Sand: 18.9 

Silt: ,c2:,,.0,.,.3,._ _____ _ 

Clay: _______ _ 

S □ nd Grovel 
Medium Cm fin• Crse 

SIEVE SIZES 

100 200 100 60 40 JO 20 16 10 4 3/B 3/4 1 3/2 2 3 

90 

80 

ll:'. 70 w 
....) 
....) 

~ 60 ::::;; 
V1 

I- 50 
z 
w 
u 40 ll:'. 
w 
a.. 

30 

20 

10 

0 

' 2 ' 0.001 0.01 

. . kY~ Reviewed By ......................... . 

2 5 

0.1 
GRAIN SIZE 

2 5 

1 
.MILLIMETRES 

2 2 

10 



HONG ·WEST 
GRAIN SIZE 

& ASSOCIATES 
DISTRIBUTION 

Project: Silvi grow--------------------------------- Test Hole Number: MW-3 

King County,_ Woshingto~--------- Sam pie Number:---------------------------------
p ro j ect N umber: 9 D 1 31 _____________________________________________ _ Depth: 38-39 feet 

Date Tested: 4-16-91 Sample Description: 

Remarks: Gray-brown; well 9!0ded _ G"-"R'--A'-'V--'E'-'L'-w--'iccth'-'--.c.s.c.o--'n--'d-';· Gravel: 65.2 ---CC==--'---------
_______________ some silt (GW-GM2 __________ _ Sa n d: 29ccc.c· 5'----'------

----------------------------------- Silt: ______ 5.3~--------

Clay:-----------·-------· 

Clay Silt Sand Gravel 
Fint1 Medium Cm Fine Crsa 

SIEVE SIZES 
200 100 60 40 JO 20 16 10 4 J/B 

100 ::iii iiiii:ii i i::iiiii 'i::iiiii iiiiiiii ; :;;;; 

IY 
·W 
--' 
--' 

. <( 

::E 
VJ 

t-­z 
w 
u 
IY 
w 
□-. 

0 

Reviewed 

'' ,.. ' ' . . . ... ' ' ' '.. ... . ' ''. ... . ' '. ',.. ' ' ' ''' : : : :: : : : : : : :: : : : : : : : :: : : : : : ::: : : : : : : :: : : : : : : 

I , 111 ' ' I l 1111 I I 11 I 

' 2 ' 2 ' 0.001 0.01 0.1 
GRAIN SIZE 

By: _ _»lj~ 

2 

, I I 

5 

1 
MILUM ETR ES 

2 

I I I I I l 

' 2 5 

10 



HONG WEST & ASSOCIATES 
GRAIN SIZE DISTRIBUTION 

· Project: Silvigrow ····················--- -----·············· 

______ K_ing .. County, .. Washington·····························.··· 

Test Hole Number: 

Sample Number: 

MW-4 

Project Number: 90131 
··················--- Depth: _____ 9_0_f_e.::.et:_ __ 

Dote Tested: 4-16-91 ---------- Sample Description: 
Remarks: .. ~.r,own, well graded GRAVEL with sand; Gravel: 57.B --=-------
_____ t_r_a_c_e __ s_il_t. __ ( G W) ········---························· Sand: 39.9 

··················-----~ 
Silt: ...... 2.3 ......... . ----

·······································---- ·············································· Clay: ...... ····---······················· 

Cloy Silt 

100 

90 

80 

"" 70 w 
--' 
--' 
<( 60 2 
(/] 

I- 50 z 
w 
0 40 
"" w 
[L 

30 

20 

10 

0 
5 2 5 

0.001 0.01 

. ~,\ L 
Reviewed By: .~ .......... . 

2 

Sand 
Medium Cm 

SIEVE SIZES 
200 100 -60 . ◄0 30 20 16 10 

5 

0.1 
GRAIN SIZE 

2 5 

1 
MILLIMETRES 

2 5 

Grovel 
Fine Crsu 

3/8 3/4. I 3/2 2 3 

2 5 

10 

! ! 



HONG WEST & ASSOCIATES 
GRAIN SIZE DISTRIBUTION 

Projecl: · Silvigrow 

---············King .. County, Washington··············--­
Projecf· Number: 90131 -"----·------------

. Date Tested: 4-16-91 ·~-'--"-"'--'--'---------------~ 
Remarks: .. ~.~.!e.wn, well graded GRAVEL with sand; 

_____ ,s:;:o"'mccec...:s=ilt ........ (=Gc.:W_-_,G:.cM:.,.) ____ _ 

···················································-----

Clay Silt 
Fin• 

200 100 60 
lDO 

90 

80 

O'.'. 70 w 
...J 
...J 
<( 60 ::::. 
V1 

1-- 50 
z 
w 
u 40 O'.'. 
w 
Cl.. 

30 

20 

10 

0 

' 

Reviewed 

, . I 

2 ' 
0.001 0.01 

2 

I ' 

' 
0.1 

GRAIN SIZE 

' 

Test Hole Number: MW-6 

Sample Number: --------
Depth: 20 feet 

Sample Description: 

Gravel: --=6-=6c:..9=----------
Sa n d: 27.9 

Silt: 5.2 

Clay:-------···············• 

Sand 
Cc,• 

SIEVE SIZES 
40 30 20 16 10 

' 
1 

MILLIMETRES 

' 

4 

' 

Gravel 
Fine Crse 

3/B 3/4 1 3/2 2 3 

2 ' 
10 



HONG WEST & ASSOCIATES 
GRAIN SIZE DISTRJBUTION 

Project: .... Silvi grow······---····························------
....................... ~(~ g County, .. Washington ---········-··· 
Project Number: --· 901.31 ··---··············----­
Oate Tested: 4-16-9.1 _ _c_ __ _: ______________ _ 

Rem arks: 8 row n , .. poorly graded .. G R.c.Ac..Vc.cE=cl:o...w=it-"h'--'s"a"-n~d'-'; __ 

trace silt --- ---------------- --

a:: 
w 
...J 
...J 
<( 

2 
VJ 

1-­
z 
w 
u 
a:: 
w 
[L 

' 

Clay 

0.001 
2 

(GP_)_·················-----

Silt 
fin• 

' 2 ' 2 

0.01 0.1 

Test Hole Number: MW-6 

Sample Number: 

Depth: ____ 5:..5:c__fc::ec::e.:..! --·····-······ 
Sample ·oescrip!ion: 

Gravel: 59.9 ..c:c.::.:.=--'-----
S and: 37...c·-=.O __ _ 

Silt: 3. 1 

Clay:-------·············· 

Sand Gravel 
Medium Cm f'lnei Crse 

SIEVE SIZES 

' 2 ' 2 5 

1 10 
GRAIN SIZE MILLIMETRES 

Reviewed By: ... A ... ~ 



HONG WEST & ASSOCIATES 
GRAIN SIZE DISTRIBUTION 

_Projeci: ... Silvigro_w ________________ _ 

_______ K_ing .. County, Washington 

Projeci Number: 90131 --~-----------·----
Ocie Tested: 4-1 6-91 --...C..---------·--------
Remarks: Brbwn, poorly graded GRAVEL with sand; 

trace silt (GP) 

·······•········----------------------'---­
·······················-----

Clay Silt 
Fine 

Test Hole Number: MW-7 

Sample Number: ------~--
Depth: 55 feel 

Sample Description: 

Gravel: 52.6 ..cc==---------
s and: ..... 4 6. 9 ............................. . 

Silt: ...... 9.-.!? ... ·---·---
Clay: ---············---

Sand Gravel 
Medium Cr.;, Fine Crsa 

SIEVE SIZES 
200 100 60 40 .":50 20 16 10 4 3/B 3/4 1 3/2 2 3 

100 

90 

80 

. 0:: 
70 w 

...J 

...J 
<( 60 2 
l/l 

I- 50 
z 
w 
u 40 0:: 
w 
a.. 

30 

20 

10 

0 
2 ' 0.001 0.01 

Reviewed By: .. ~ .. i-

I I 

2 ' 2 

0.1 
GRAIN SIZE 

' 
1 

MILLIMETRES 

2 s 2 

10 



HONG WEST & ASSOCIATES 
GRAIN SIZE DISTRIBUTION 

Test Hole Number: 

Sample Number: 

MW-8 Projecl: .... silvigrow ·········------···············-----­

·······················King. County, Wo shin !l.~".'.'.----···················· ---------
P raj eel Number: .... ~g.).~.-1 ______ ................................. . Depth: 5 feet 

Dote Tested: 4-16-91 --'---'--·----------- Sample Description: 

Remarks: Brown, W.~!! .. llraded GRAVE!, with sand; Gravel: 49.5 -'==-------
----·some. silt .... (GW-GM) ............... · ......................... . Sand: 42.8 

Silt: 7,~•cc7 ________ _ 

Clay: ________ _ 

Clay Silt Sand Gravel 
Fin• M11dlum Cm fine Crsa 

SIEVE SIZES 

100 
zoo 100 60 40 30 20 16 10 3/B 1 3/2 2 3 

90 

80 

Cl:'. 70 w _, _, 
< 60 :::E 
VJ 

I- 50 z 
w 
u 40 Cl:'. 
w 
a.. 

30 

20 

10 

0 

' 2 ' 2 ' 2 ' 2 5 2 5 

0.001 0.01 0.1 1 10 
GRAIN SIZE MILLIMETRES 

Reviewed 

\ 
L. 



l1oNa WEsT & Assoc1ATES Page. ___ / __ of ____ _ 

Job No. ~o I:;> I 

Project -----=5='-'-1 ~L_;_V_l.s:{;c.R-'-'. D:;...e.W::...· _______________ _ 

Calculations for ___ -"-P-~_,_,-'-'r.1-"-1--=-•~b"'. •...c•'.:...• _-~.,:.'-=F""~'"'t-'· ,-"w,'-",:;,_:..._----'i-'-
1
,"'h..c••c...(,'-",..c,,· ,,,. • .,,,,.,,"---'c;"''-"z-.,e __ 

Date s-:.. I 3 - '1 I 
Made by 0, r=..=//r=r 

[Mw- d 
uw I HJ.c..,.,, ,ry 
{r:::Eff-rCIEfJr 

[2,w- c:; 

us 1 ,.,. 6- 1,,u:n-1 oc:i 1 ~J ro wcr?:.. C , </'.;. 1 ) 

I 
!35 SA,v,fLb I< @ 135' 

C.._, :::. D~v Io. S-
'{. 3 B - -

Pio 2,1 

Cu. /sec. 

c G Uk:tM- 'Tl L0 

CA--N1vor es·n_,.A.,.,...,-z;-

Cu =- D," -= :;,. • 2.. }L.:::. - £". s '-/ 
D'." I, 3 

0.. 

0,-.; .=; S"-!r 

=' 

c...,-::. . -:: t.o. c; IL. -

Jls-z, 
/ 

5S 5,._,v, f L IF ( Aa'.f . .j....,,.cL·-

C._, 

55 

I 
:, 

c:, DGo 

D,o 

= 

..!,j_-=. 51,J S 
- 3 'Cf-

D ,o O I 2. 

C A-Dv"-"-'c.~ CuT'--'.+s1-1) 

7.5 -, I ~ 

1< > I rr/,,,ur./ 

- I G' c." /s-ec 

. ) (, j>,J,,,,,,.; 

I Pr/'VIIIV 

8.;T)M,t-"j'b 



t1oNo WEST &:. AssocIATES Page. __ ;;:z __ of ___ _ 

Job No. __ 9._..A..,__,_1..,.J....:I __ _ 
Project _______________________ Date _______ _ 

Calculations for Made by ______ _ 

3f3 -Jq 

Cv =- iJt;o 

P,o 
z. Gr 

L----'------'------------------------------

.. 
' 
I 

l 
' 

l 



HONG CONSULTING ENGINEERS. INC. 

FALLING HEAD PERMEABILITY TEST REPORT 

Project: METRO SILVI GROW Test Hole Number. ____ MW - 3 

Address: Section 1 6/20 Depth. _ _ _ __ 3..8=_3~- ·-
. 

Test Number: 

Project Number. 90131 Sample Oescript1on:~~~-n Sanfly gravel 

Date Tested: 4-91 By: SEG with some silt 
-- ····• - ---- ... ------

Test Apparatus: - ·-· -- . . ·--. - - . -- -· ·--·. 

Machine Number. -- . - -··- --- ·-· ·---- -··· --------

' 
Load Increment -· ·- - - -----·-· ----

1 
I 

2 I 3 1 2 ' 3 I Trial Number . ---• ,_ .. - -·- ··----------- -- -
: : -

Area of Buretta cm• (a) 29.49 , 
- -- ,. ·- ··-· ·-----

Sample Height cm (L) 
1 0. 1 6 i . 

' ·--· --
" 1 ., 

i ' Sample Diameter cm (D) ' ~. -· - -- ---- ---
i -

Sample Area cm• (A) 29.49 ' --···-- -- ---·--·--· : I 
Initial Head cm (ho) 1 5. 24 

' 15.24 ' 15.24 .. -- - ---· 
Final Head cm (h') 

1 0. 24 I 10.24 l 10.24 
' 
I 

·--· -· ,--- ···----: ' Initial Time sec. (to) 0 ! 0 I ____ Q._, 
I ' 

--·-- ---- --- .. 

Final Time sec. (t') 
1 1 ' 1 2 i 13 

' --- . ·- ·- -- --
I ,ci:m/sec ' .0062 i .0051 .0052 

-
t ♦ al ho 
I I k,2 3 A(l,-t,,l log,0 'h"." 
I I 

' I 
h, ' 
' ' 
! h, ' 
! • 1 ' Remarks: -- --. 

Ti 
I 1 u_-3 -- I _ _K____aa__ -5 6 X cm Iser:.. 

. - ·- --

1 --··· - -- ··- . -·. -- -· -- ·---- ·-- . -

L --- --·--·--·- - --- -------- -···-
I 
i 

r - , .,.-,. 
I - - --- ·--·--------

IXJ - I .i ---
oa1um ' j ! • ' , 

P.O. Box 596. Lynnwood. Woshlngton 96046 • (206) 743-4774 



EXHIBITC 

HYDRAULIC CONDUCTIVITY TESTING 

DATA AND CALCULATIONS 



SEl0O0B 
Environmental Logger 

05/01 10:08 

Unit# 00997 Test# 0 

[NPUT 1: Level (F) 

'l.eference 
Scale factor 
~ffset 

10.69 
10.11 

0.00 

Step# 0 05/01 09:25 

,lapsed Time Value 
------------ ---------

0.0000 
0.0033 
0.0066 
0.0099 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0 .. 1000 
0.1166 
0.1333 
0.1500 
0.1666 
0.18·33 
0.2000 
0.2166 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0. 3166 
0.3333 
0.4167 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0. 9167 
1. 0000 
1.0833 
1. 1667 
1. 2500 
1. 3333 
1. 4166 
1.5000 

10.69 
•10.79 
11.33 
12 .13 
11.77 
11.06 
10.84 
10.79 
10.76 
10.75 
10.74 
10.77 
10.76 
10.76 
10.76 
10.76 
10.74 
10.74 
10.74 
10.74 
10.73 
10.74 
10.73 
10.73 
10.73 
10.73 
10.73 
10.73 
10.72 
10.72 
10.72 
10.71 
10.71 
10.71 
10. 71 
10.70 
10.70 
10.70 
10.70 
10.70 
10.70 
10.70 
10.70 

MW-1 FALLING HEAD TEST DATA 

1.5833 
1.6667 
1.7500 
1.8333 
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 

10.69 
10.70 
10.69 
10.70 
10.70 
10.69 
10.69 
10.69 
10.69 
10.68 
10.68 
10.68 
10.69 
10.69 
10.69 
10.68 
10.68 
10.69 
10.69 
10.68 
10.68 
10.68 
10.68 



SElOOOB 
Environmental Logger 

05/01 10:10 

Unit# 00997 Test# 1 

INPUT 1: Level (F) 

Reference 
Scale factor 
Offset 

10.69 
10.11 

0.00 

Step# 0 05/01 09:40 

Elapsed Time Value 

0.0000 
0.0033 
0.0066 
0.0099 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1000 
0.1166 
0.1333 
0.1500 
0.1666 
0.1833 
0.2000 
0.2166 
0.2333 
0.2500 
0.2666 
0. 2833. 
0.3000 
0.3166 
0.3333 
0.4167 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9167 
1.0000 
1.0833 
1.1667 
1. 2500 
1.3333 
1. 4166 
1. 5000 

10.67 
10.46 
10.21 
10.14 
10.17 
10.27 
10. 35 
10.39 
10.45 
10.50 
10.52 
10.61 
10.64 
10.65 
10.67 
10.67 
10.67 
10.67 
10.67 
10.68 
10.68 
10.68 
10.68 
10.69 
10.68 
10.68 
10.68 
10.69 
10.68 
10.68 
10.69 
10.69 
10.69 
10.69 
10.69 
10.69 
10.69 
10.69 
.10.69 
10.69 
10.69 
10.69 
10.69 

MW-1 RISING HEAD TEST DATA 

1.5833 
1.6667 
1.7500 
1.8333 
1. 916'.7 
2.0000 
2.5000 
3.0000 
3.5000 
4.0000 
4.5000. 
5.0000 
5.5000 
6.0000 
6.5000 
7.0000 
7.5000 
8.0ooo 
8.5000 
9.0000 
9.5000 

·10.0000 
12.0000 
14.0000 

10.69 
10.69 
10.69 
10.69 
10.69 
10.69 
10.69 
10.68 
10.69 
10.69 
10.68 
10.69 
10.68 
10.69 

· lo. 6 9 
10.69 
10.69 
10.68 
10.68 
10.69 
10.68 
10.68 
10.68 
10.6:7 

' L 

'· 



SElO00B 
Environmental Logger 

05/01 11:55 

Unit# 00997 Test# 2 

INPUT 1: Level (F) 

Reference 
Scale factor 
Offset 

12.90 
10.11 

0.00 

Step# 0 05/01 10:50 

Elapsed Time Value. 

0.0000 
0.0033 
0.0066 
0.0099 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1000 
0.1166 
0.1333 
0.1500 
0.1666 
0.1833 
0.2000 
0.2166 
0.2333 
0.2500 
0.2666 
0.2833 
0. 3 000 
0. 3166 
0.3333 
0.4167 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9167 
1. 0000 
1.0833 
1.1667 
1.2500 
1.3333 
1.4166 
1.5000 

15. 88 . 
15.49 
15.51 
14.94 
13.38 
13.86 
14.01 
14.04 
14.06 
13.77 
13.55 
13.54 
13.54 
13.54 
13.48 
13.46 
13.42 
13.40 
13.36 
13.36 
13.34 
13. 31 
13.30 
13.29 
13. 28 
13:21 
13.26 
13.24 
13.23 
13.20 
13.18 
13.16 
13 .13 
13 .13 
13.11 
13.09 
13.09 
13.08 
13.07 
13.07 
13.05 
13.05 
13.05 

MW-2 FALLING HEAD TEST DATA 

1. 5833 
1. 6667 
1.7500 
1.8333 
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 
30.0000 
32.0000 

13.05 
13.04 
13.04 
13.03 
13.02 
13.02 
13.02 
13.00 
13.00 
.12. 99 
12.98 
12.97 
12.97 
12.97 

. :1.2. 96 
12.96 
12.95 
12.96 

. 12. 9 6 
12.95 
12.95 
12.95 
12.93 
12 .93 
12.92 
12. 9.3 
12.92 
12.92 
12. 91 
12.91 
12.92 
12. 91 
12. 9.2 



SEl.OOOB 
Environmental Logger 

05/01. 11.:57 

Unit# 00997 Test# 3 

INPUT 1.: Level (F) 

Reference 
Scale factor 
Offset 

1.2.90 
1.0. 1.1. 

0.00 

Step# 0 05/01. 1.1:23 

Elapsed Time Value 

0.0000 
0.0033 
0.0066 
0.0099 
0.01.33 
0.01.66 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1.0QO 
0.1.166 
0.1.333 
0.1500 
0.1.666 
0.1833 
0.2000 
0.2166 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0.31.66 
0.3333 
0.41.67 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9167 
l. 0000 
1.0833 
1..1667 
1..2500 
1..3333 
1..41.66 
1..5000 

12.40 
1.1.59 
1.1.. 67 
1.1.. 81. 
1.1.. 2 8 
1.1..24 
11.. 2 6 
1.1.34 
11..46 
1.1.60 
ll.73 
1.2.1.0 
12 .1.7 
1.2.23 
12.29 
12.33 
12.36 
12. 3 9 
1.2.41 
12.43 
12.46 
12.47 
1.2.48 
1.2.50 
12. 51. 
12.52 
1.2.53 
1.2.53 
1.2.55 
12.58 
1.2. 61 
1.2.63 
1.2.65 
1.2.66 
12.68 
1.2.69 
12. 7 0 
1.2.71 
1.2 . 71 
1.2. 7 2 
1.2 . 7 3 
1.2.73 
1.2. 7 4 

MW-2 RISING HEAD TEST DATA 

1..5833 
1.6667 
l.7500 
1.8333 
l. 91.67 
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 

1.0.0000 
1.2 .. 0000 
1.4.0000 
1.6.0000 
1.8.0000 
20 . .0000 
22.0000 
24.0000 
26·. 0000 
28.0000 

12.74 
1.2.74 
12.74 
1.2.76 
12.75 
12.76 
12.78 
12.79 
1.2.80 
1.2.80 
12.81 
·12. 81. 
1.2 .• 82 
1.2.82 
1.2.82 

.1.2.83 
12.83 
1.2.83 
1.2.83 
1.2.83 
1.2.83 
1.2.84 
12.84 
12.85 
1.2 .85 
1.2.86 
12.85 
12.85 
1.2. 8 6 
1.2.87 
1.2 . 8 6 

\ 



SEl.0O0B 
Environmental Logger 

05/0l. l.2:58 

Unit# 00997 Test# 4 

INPUT l.: Level (F) 

Reference 
Scale factor 
Offset 

l.2.73 
l.0.l.l. 

0.00 

step# o 05/0l. l.2: 28. 

Elapsed Time Value 

0.0000 
0.0033 
0.0066 
0.0099 
0.0l.33 
0.0l.66 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.l.000 
0.1166 
0.l.333 
0.l.500 
0.l.666 
0.l.83.3 
0.2000 
0.2l.66 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0.3166 
0.3333 
o;4l.67 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9].67 
l..0000 
l..0833 
l.. l.667 
l..2500 
l..3333 
l..4l.66 
l.. 5000 

l.2.65 
l.2.66 
l.3. 3 3 
l.5.5]. 
l.5. 7l. 
l.4. l.5 
l.3 . 0 3 
l.3. 2l. 
l.3.46 
13.31 
13.03 
13.09 
12.88 
12.84 
12.8l. 
12.80 
12.78 
12.77 
12.76 
12.76 
12.75 
12.74 
12.74 
12.74 
12.74 
12.74 
l.2.74 
12.73 
12.73 
l.2.73 
12.73 
l.2. 7 4 

·12.73 
l.2.73 
l.2.73 
12.73 
12.73 
l.2.73 
l.2. 7 4 
l.2. 7 4 
l.2. 7 3 
l.2. 7 3 
l.2.73 

MW-4 FALLING HEAD TEST DATA 

l..5833 
1.6667 
1.7500 
l..8333 
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 

l._0. 0000 
l.2.0000 

l.2. 73 
12. 73. 
12. 73 
12.73 
l.2 .73 
12·; 73 
12.73 
12.73 
12.73 
l.2.73 
12.73 
12.73 
12.73 
12.73 
l.2 . 7 3 
12.74 
12.73 
l.2 . 7 3 
12.73 
l.2.73 
l.2. 7 4 
12.73 
l.2.73 



SE1000B 
Environmental Logger 

05/01 13:00 

Unit# 00997 Test# 5 

INPUT l: Level {F) 

Reference 
Scale factor 
Offset 

12 ·. 7 3 
10.11 

o.oo 

step# o 05/01 12:44' 

Elapsed Time Value 
------------ ---------

0.0000 
0.0033 
0.0066 
0.0099 
0.0133 
o. 016.6 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1000 
0.1166 
0.1333 
0.1500 
0.1666 
0.1833 
0.2000 
0.2166 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0.3166 
0.3333 
0.4167 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9167 
1.0000 
1.0833 
1.1667 
1.2500 
1.3333 
l.4166 
1- 500:., 

12.67 
11.96 
11.56 
11.98 
11-62 
11-55 
11.60 
11.71 
11.82 
11.95 
12.07 
12.42 
12.57 
12.63 
:

0 .66 
l_. 
12 ... 
12.65 
12.69 
12.69 
12.69 
12.69 
12.70 
12.70 
12.69 
12.70 
12.69 
12.70 
12.70 
12.70 
12.71 
12.70 
12.70 
12.71 
12.70 
12.71 
12.71 
12.71 
12.71 
12.71 
12.71 
12.71 
12.71 

MW-4 RISING HEAD TEST DATA 

1.5833 
1.6667 
1.7500 
1.8333 
1.9167 
2.0000 
2.5000 
3.0000 
3.5000 
4.0000 
4.5000 
5.oooo 
5.5000 
6.0000 
6.5000 
7.0000 

·7.5000 
8.0000 
8.5000 
9.0000 
9.5000 

10.0000 

12.71 
12.71 
12.71 
12.71 
12.71 
12 .72 
12.71 
12. 72 
12.72 
12.71 
12. 71 
12.71 
12. 71 
12.72 
12.72 
12·. 72 
12.72 
12. 71 
12.71 
12.70 
12.71 
12. 72 . 



SE1000B 
Environmental Logger 

04/1.5. 17:36 

Unit# 00997 Test# 0 

[NPUT 1: Level ( F) 

~eference 
,cale factor 
)ffset 

13.70 
10.11 

0.00 

,tep# O 04/15 10:51 

,lapsed Time Value 
------------ ---------

0.0000 
0.0033 
0.0066 
0.0099 
0.0133 
0.0166. 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1000 
0.1166 
0.1333 
0.1500 
0.1666 
0.1833 
0.2000 
0.2166 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0. 3166 
0.3333 
0.4167 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9167 
1. 0000 
1.0833 
1.1667 
1.2500 
1.3333 
1.4166 
1. 5000 

13.72 
·13.74 
13.88 
14.24 
14.54 
14.76 
14.64 
14.38 
14.01 
13.75 
13.69 
13.67 
13.72 
13.76 
13.75 
13.74 
13.73 
13.72 
13.73 
13.73 
13.72 
13.72 
13.73 
13.72 
13.72 
13. 72 
13.72 
13.72 
13.72 
13.72 
13. 71 
13.72 
13.72 
13.72 
13.71 
13.72 
13.73 
13.72 
13.72 
13. 71 
13. 71 
13.71 
13.73 

MW-5 FALLING HEAD TEST DATA 

1.5833 
1.6667 
1.7500 
·1.8333 
1. 9167 
2.0000 
2.5000 
3.0000 
3.5.000 
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 

13.72 
13.72 
13.71 
13.72 
13.72 
13.72 
13.72 
13.73 
13. 72 · 
13.73 
13.72 
13.72 
13.72 
13.73 
13.72 
13.72 
13.72 
13.72 
13.72 
13.73 
13.72 
13.71 



S::C:lOOOB 
Environmental Logger 

04/15 17:37 

Unit# 00997 Test# l 

INPUT 1: Level (F) 

Reference 
Scale factor 
Offset 

13.70 
10.11 

0.00 

Step# 0 04/15 11:05 

Elapsed Time Value 
------------ ---------

0.0000 
0.0033 
0.0066 
0.0099 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1000 
O.ll66 
0.1333 
0.1500 
0.1666 
0.1833 
0.2000 
0.2166 
0. 233·3 
0.2500 
0.2666 
0.2833 
0.3000 
0.3166 
0.3333 
0.4167 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9167 
1.0000 
1.0833 
1.1667 
1.2500 
1.3333 
1.4166 
1.5000 

13.54 
13.43 
13.43 
13.41 
13.40 
13.39 
l3.4l 
13.39 
13. 41 
13.41 
13.45 
13.74 
13.82 
13.65 
13.68 
13.75 
13.72 
13.70 
13.72 
13.73 
13.71 
13.72 
13.72 
13.72 
13.72 
13.72 
13.72 
13.72 
13.72 
13.71 
13.72 
13.73 
13.72 
13.71 
13.72 
13.72 
13.72 
13.72 
13.73 
13.72 
13.72 
13.72 
13.73 

MW-5 RISING HEAD TEST DATA 

1.5833 
1.6667 
1.7500 
l.8333 
l. 9167 
2. 0000 
2.5000 
3.0000 
3.5000 
4.0000 
4.5000 
5.0000 
5.500q 
6.0000 
6.5000 
7.0000 
7.5000 
8.0000 

13. 72 
13.72 
13 •. 72 
13. 72 
13.72 
13. 73 
13.73 
13. 73 
13.73 
13.72 
13.73 
13.73 
13. 73 
13.73 
13. 72 
13.72 
13.72 
13.72 



SElOOOB 
Environmental Logger 

04/15 17:41 

Unit# 00997 Test# 4 

INPUT 1: Level (F} 

Reference 
Scale factor 
Offset 

13.28 
10.11 

0.00 

Step# 0 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 
0.1600 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 
0.2166 13.27 
0.2333 13.27 
0.2500 13 :26 
0.2666 13.27 
0.2833 13.27 
0.3000 13.27 
0.3166 13.27 
0.3333 13.27 
0.4167 13.27 
0.5000 13.27 
0.5833 13.27 
0.6667 13.26 
0.7500 13.27 

.o.8333 13.27 
0.9167 13.27 
l.0000 13.27 
1. 0833 13.27 
1.1667 13.27 
l.2500 13.27 
l.3333 13.28 
1. 4166 13.26 
1. 5000 13.27 

M.W-7 FALLING HEAD TEST DATA 

1.5833 13 .'2 6 
1.6667 13.27 
1.7500 13.27 
1.8333 13.27 
l.9167 . 13. 27 
2.0000 13.27 
2.5000 13.28 
3.0000 13,. 27 
3.5000 .13.27 
4.0000 13.27 
4.5000 13.27 
5.0000 13.26 
5.5.000 13.27 
6.0000 13.27 
6.5000 13. 27 
7.0000 13.27 
7.5000 13 .26 
8.0000 13.26 
8.5000 13.27 
9.0000 13.27 
9.5000 13.26 

10.0000 13.26 



SE1000B 
Environmental Logger 

04/15 17:42 

unit# 00997 Test# 5 

INPUT 1: Level (F) 

Reference 
Scale factor 
Offset 

13.28 
10.11 

0.00 

Step# 0 04/15 13:44 

Elapsed Time Value 

------------ ---------
o ;oooo 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 13.19 
0.1000 13.23 
0.1166 13.29 
0.1333 13.28 
0.1500 13. 25 
0.1666 13.26 
o._1033 13.28 
0.2000 13.26 
0.2166 13.26 
.0.2333 13.26 
0.2500 13,26 
0.2666 13.27 
0.2833 13.26 
0. 3 000 1·3. 26 
0.3166 13.26 
0.3333 13.26 
0.4167 13.26 

- 0.5000 13.27 
0.5833 13.26 
0.6667 13.27 
0.7500 13.27 
0.8333 13.27 
0.9167 13.27 
1.0000 13.27 
1. 0833 13.27 
1.1667 13.27 
1. 2500 13.27 
1.3333 13.27 
1. 4166 13.27 
1. 5000 13.27 

MW-7 RISING HEAD TEST DATA 

1.5833 
1'.6667 
1.7500 
1.8333 
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 

13.27 
13.28 
13.28 
13.28 
13.28 
13.28 
13.28 
13.27 
13.27 
13.28 
13. 2_8 
13.27 
13.27 
13.27 
13.27 
13.28 
13.28 
13.27 
13.28 
13.28 
13.28 
13.28 

. I 



SEl.000B 
Environmental Logger 

04/1.5. 1.7:38 

Unit# 00997 Test# 2 

INPUT 1.: Level (F) 

Reference 
Scale factor 
Offset 

1.2.72 
1.0.1.1. 

0.00 

step#·o 04/1.5 1.2:23 

Elapsed Time . Value 
------------ ---------

0.0000 
0.0033 
0.0066 
0.0099 
0.01.33 
0.01.66 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1.000 
0.1.1.66 
0.1.333 
0.1.500 
0.1.666 
0.1.833 
0.2000 
0.21.66 
0.2333 
0.2500 
0.2666. 
0.2833 
0.3000 
0.31.66 
0.3333 
0.41.67 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.91.67 
L0000 
1.. 0833 
1.. 1.667 
1..2500 
1..3333 
1..41.66 
1.. 5000 

1.2.73 
1.2.90 
1.3.03 
1.3.05 
1.2.87 
1.2.67 
1.2.60 
1.2.64 
1.2.67 
-1.2.68 
1.2.67 
1.2.64 
1.2. 71. 
1.2.74 
1.2.73 
1.2.71. 
1.2.69 
1.2.72 
1.2.73 
1.2.72 
1.2.70 
1.2. 71. 
1.2.72 
1.2.72 
1.2.72 
1.2. 72 
1.2.71. 
1.2.72 
1.2.72 
1.2.72 
1.2.72 
1.2.72 
1.2.72 
1.2.72 
1.2.72_ 
1.2.72 
1.2.72 
1.2.72 
1.2. 7 2 
1.2. 7 2 
1.2. 71. 
1.2.72 
-1.2. 72 

MW-9 FALLING HEAD TEST DATA 

1..5833 
1..6667 
1..7500 
1.8333 
1..91.67 
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 

1.0.0000 

1.2.72 
1.2.72 
12.72 
12.72 
1.2.72 
12.72 
1.2.73 
1.2.72 
12. 71. 
1.2.72 
1.2.72 
1.2.72 
12.72 

· 12. 71. 
12.72 
12.72 
1.2.72 
12.72 
1.2.72 
1.2.72 
1.2s72 
1.2.72 



SE1000B 
Environmental Logger 

04/15 17:40 

Unit# 00997 Test# 3 

INPUT 1: Level (F) 

Reference 
Scale factor 
Offset 

12.72 
10.11 

0.00 

Step# 0 04/15 12:36 

Elapsed Time Value 

0.0000 
0.0033 
0.0066 
0.0099 
0.0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1000 
0.1166 
0;1333 
0.1500 
0.1666 
0.1833 
0.2000 
0.2166 
0.2333 
0.2500 
0.2666 
0.2833 
0.3000 
0.3166 
0.3333 
0. 4167 
0.5000 
0.5833 
0.6667 
0.7500 
0.8333 
0.9167 
1. 0000. 
1. 0833 
1.1667 
1.2500 
1.3333 
1.4166 
1. 5000 

26.81 
26.67 
26.71 
26. 71 
26.73 
26.70 
26.68 
26.70 
26.72 
26.76 
26.81 
26.98 
26.88 
26.77 
26.81 
26.90 
26.89 
26.83 

26. S ., 
26.84 
26.84 
26.85 
26.86 
26.85 
26.84 
26.85 
26.84 
26.82 
26.87 
26.88 
26.87 
26.87 
26.87 
26.87 
26.87 
26.87 
26.88 
26.88 
26.87 
26.88 
.26. 87 

MW-9 RJSING HEAD TEST DATA 

1.5833 26.88 
1. 6667 26.88 
1.7500 26.87 
1. 8333 26.88 
1. 9167 ·26.89 
2.0000 26.88 
2.5000 26.88 
3.0000 26.88 
3.5000 26.87 
4.0000 26.87 
4.5000 26.88 
5.0000 26.88 
5.5000 26.88 
6.0000 26.88 
6.5000 26.88 
7.0000 26.88 
7.5000 26.88 
8.0000 26 .. 87 
8.5000 26.88 
9.0000 26.88 
9.5000 26.88 

10.0000 26.87 
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Ho NG WEST & Assoc1ATES 

Project \IL u/ (:, ,? OCfa" 

Calculations for k i=,e12,., 

/11w- I 
FALL (/J& f/G"1b 

r =, /C,7 FcET 

R ~ , 75 !=tET 

L = /0 FEE'r 

fc, .::· , 0 IS 1'111..ro'rt:.. J 

k= v-:i ;"'{t/R.)., 
-;)L -f0 

_ ,11,7 2 ln(I0/,7J) 
'd (to )(,o 1f) 

- , )L/ t-1/.,.tl.{ 
I ~- , '). c.;,,, /SEc. I 

Rt5(Kb fltAD 

f O ::: , o ')q ,Ml tc1v'rl S 

!<=· ./{?? 2 J.,,(to/7sl_ 
-;,i(_;o)(.cx) 

= • /;) ft 1/VflN 

. 

. 
'F,.a,.,., r 

.;£ (.JC,, i!i 

/c = ,o]7 .(' 1 /.,. 111\/ 

,O JC, c,-./{£c. --
'to 

"- ::c , 11' f'f /At</ 

, DCffr- c,-,.,(Jfc 

k-::. o, t8 1'1(,,.,,,l-f 
-= o. cq £~/fee. 
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