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1 INTRODUCTION

pose and Scope

This report summarizes existing and new geologic, hydrogeologic, and
ity.information for the Redmond-Bear Creek Ground

Water Manageme :

The purpose of thi

geologlc and hyd

d is to provide a framework for understanding the
glc conditions in the GWMA and to prowde

protection. Informatlon contalned in this report was obtained from existing
sources and through new data collection activities. Some of the data used
in this report was collected by persgnnel who were not employees of
EMCON Northwest. These included
Health Department, City of Redmgn
Sammamish water districts, and mer"ﬁbe
Advisory Committee.

nion Hill, and Northeast Lake
5.0f the Redmond Ground Water

The scope of work performed to prepare this report included the following
tasks: g

existing data collection and analysis
an electrical resistivity survey . W
design and implementation of a ground water monitoring network
water level monitoring

well installation and testing

water quality sampling and analysis
stream flow gauging

precipitation monitoring

evaluation of data
preparation of this report documenting findings and conclusions

All new data collection activities are discussed in Section 2 of this report.
Section 3 describes the interpreted geologic conditions. Sections 4 and 5
include the hydrogeologic and ground water quality conditions respectively.
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1.2  Study Area Description

The Redmond-Bear Creek GWMA is located in north-central King County
approximately 20 miles northeast of Seattle, Washington. The GWMA
covers“approxmately 50 square miles. It is bounded on the east by the
Sammarmis s River and on the north by the Snohomish-King County line.
The*fvestem« boundary follows the topographic divide between the Bear
Creek and_.- : nohomlsh River valleys. The southern boundary coincides with
the“topographlc divide between the Evans Creek Valley, the Sahalee
Plateau, and Lake Sammamish (Figure 1-1). The Bear Creek Valley bisects
the study area north to south, and the Evans Creek Valley bisects the

At

southern tip east fﬁ'wesh

L e«é’y

Elevations in the G range from approximately 30 feet above mean sea
level in downtown Redmond to just over 600 feet near the Redmond
watershed. Surface elevations rise steadily as one proceeds north from the
City of Redmond up the Bear Creek Valley gaining approximately 450 feet
of elevation. The GWMA contains a number of lakes and streams. The
primary streams include Cottage Cree 2% Daniels Creek, Seidel Creek, Bear
Creek, and Evans Creek. The fqu rgest lakes inside the GWMA
boundary are Lake Leota, Cottagey Welcome Lake, and Peterson
Park. V-
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Figure 2-1  Location of Electrical Resistivity Soundings
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Figure 1-1  Redmond-Bear Creek Ground Water Management Area
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Figure 2-2  Geophysical Section 1 - NE 116th Avenue
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Figure 2-3  Geophysical Section 2 - Woodinville-Duvall Road
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Figure 2-4  Geophysical Section 3 - Redmond-Fall City Road
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Figure 2-5 Geophysical Section 4 - Avondale Road
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Figure 2-6 Geophysical Section 5§ - NE 208th
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Figure 2-7 Location of New Test Wells

-
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Figure 2-12 Isohyetal Map (July 1980)
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Figure 2-13 Isohyetal Map {(October 1990)
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Figure 2-15 Location of Stream Gauging Stations
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.1 = collection and analysis of preci
I

2 DATA COLLECTION ACTIVITIES

New data collection activities were accomplished to expand and refine the
fiding of geology, hydrogeology, and ground water quality in the
Redmond Bear Creek GWMA. The new data collection activities performed

for this study consisted of:

. de5tgn of“a_;;gregxonal geophysical mvestlgatlon and collection of

s "—w-_-— . ; .
conditions, and water-quality in areas where data were lacking

e pump testing of three test wells to obtain information on aquifer
properties

ation data from seven stations in
the study area ,,i '

s collection and analysis of stream flow data from six sites in the
study area

* collection of periodic water level data from:
wells

80- prlvate and public

'.(

e sampling and chemical analysis of ground water samples from
36 wells el

The specific activities and interpretation of the data are discussed below.

21 Geophysical Investigations

useful in prowdlng stratigraphic correlation between known data pomts
(wells) and in investigating deep subsurface geologic conditions where no
data are available. The geophysical investigation program consisted of

B/KIN/RBC/RBC-2-Rn12/sna:4 Rev. 0, 11/17/92
0121-003.07 2-1
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| /Ly s
Wompmed from November 7, 1988, to
Decem ; ,7and from March 1, 1989, to March 29, 1989. Field

work was performed by a three-person field crew from GeoRecon
International of Seattle, Washington. Each electrical sounding site is shown
on.Eigure. 2-1. The soundings were performed within the existing road right-

of-way to“akewate any legal access problems. Locations of underground M
uttlltté's were noted throughout the project area when possible] /e(/
Ocations were adjusted to decrease the impact of utilities on the
resuits:=A’description of the electrical resistivity data collection methodology

and general resistivity theory is presented in Appendix A.

2.1.1 Discussion,of Results

Five geophysical cr ttions were developed through the study area and
are shown in Figur through 2-6. The assigned number of each VES
is shown above the+ erpreted solution on the geo-electrical sections. Each
geo-electrical section has a geologic interpretation of the electrical resistivity
values. Table 2-1 shows typical resistivity values representatives of the
types of geologic materials found in the study area.

. The cross-sections were constructed,wfy using existing well logs, surficial

geologic data, and geophysics to IdQ tify, apparent resistivity patterns and
corresponding geologic condmons:g’ Theéa cross-sections were expanded

to other areas and depths lacking direct §eo xTognc information. The sections W
show a mixture of fine to coarse-grain soil units, which range from CIW Yo
gravels. Generally, these are not discrete units of clay or gravel, s lmf,.,félg

mixtures of each material type with the resistivity mdnca@ the predominant
grain-size present. Bedrock was also interpreted to exist at depth in three
of the sections (Figures 2-2, 2-4, and 2-6).

Section 1 (Figure 2-2) is oriented west-east alongiNortheast 116th Street
from the Sammamish River to 209th Avenue Northeast. This section shows
a general trend of geologic material dipping to the west. There is an
apparent change in the dip near VES-3 where it appears that the low
resnstlvnty marker units (32 ohm meters overlying much lower

fesastwmes)
may rise toward the surface The low resistivities “aboy : M

Woodinville-Duvall Road centered approximately at Avondale Road. Along
this section, the upper resistivity values are considerably higher than those
. encountered along Section 1. The high resistivity values found within 100 to

B/KIN/RBC/RBC-2-R.n12/sna:4 Rev. 0, 11/17/92
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200 feet of the surface in this section may indicate the presence of relatively
coarse-grained units which could be water-bearing.

Section 3 (Figure 2-4) is a west-east section along the Redmond-Fall City
Roadufmm Redmond to the roadway adjacent to approxlmately 236th
i rtheast. This section is similar to Sections 1 and 2 in that it is
gene" ally underlain by an approximate 30-ohm-meter to 66-ohm-meter unit.
L1ke_>_1fhe two'previous sections, this section may exhibit an apparent dip to
theWest™ A Additionally, soundlngs completed in March 1889 indicate there
may be considerable variation in the electrical properties of the interpreted
bedrock material. This may depend upon grain size, saturaticn, and depth
of burial. VES-40 was completed near a bedrock outcrop. The resistivities
interpreted for VESHarg shown in Table 2-2. Field observation indicates
the probable occurn f bedrock, at the sounding location, to be near
40 feet in depth. This:corresponds to an interpreted electrical layer at
36 feet where the registivity r.drops from 539 ohm meters to 246 ohm meters.

AT

VES-37 was completed at a Northeast Lake Sammamish Water District well
site (TW-1), approximately 2,500 feet south of this section. A section was
planned from well TW-1 to soundings north of Section 3, but unusually high
influences from utilities and fencing didinot permit completion on north of

Section 3. The data for VES-37 (wegm% -1) are also shown on Table 2-2.
4

Also, of considerable inte al;ae"mthe Memely high resistivity’ values
encountered west of These values indicate very coarse-grained %
alluvial deposits.

Section 4 (Figure 2-5) is a north-south section alongwAvendale Road from

the Woodinville-Duvall Road to Northeast 85th Place é southern end of

this section correlates well with Section 3 which en ﬁ.’i”st east of Section 4.

The central portion is indicative of interbedded silt/sand/gravel deposits Meglﬂ_g
seen elsewhere in the Puget Sound area. From'VES-12 north, it was not
possible to establish any direct correlation in the deeper portion of this @;
section. Considerable lateral changes appear to occur in the northern

3,000 feet of this section. Further study will be required to define the nature

B )

of these lateral changes." _ ¥

Section 5 (Figure 2-6) is a north-south section along 208th
Northeast from Northeast 100th Street to the Fali City Road. Basegon the
previously established premise for identifying bedrock along Section 3,
interpretation of the local bedrock projects north along this section. In the
vicinity of VES-27 northward to VES-9, a thick section of 90- to 100-ohm-

B/KIN/RBC/RBC-2-R.n12/sna:4 Rev. 0, 11/17/92 .
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Table 2-1

Typical Resistivity Values of Materials

Material Description Resistivity

: Ff%%rure (full to partial saturation) 10 to 100

Shidy sﬂts, nd clays and possible sandstone/shale 50 to 150 shale
bedrock Giill to partial saturation)

Slity sand and saturated sand/gravel 100 to 500

Sand to gravel (fine to coarse) 200 to 1,500
Dry sandstone/shale bedrock
L

tura

1,000 to 2,000
Ir2

Gravel (full to partialiga

Gravel (dry) 5{“‘4 %’\ 1,500 and above
B/KIN/RBC/RBC-2-T.n12/ch:3 Rev. 0, 11/17/92
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meter material may represent an extensive thickness of silty to coarse-
grained materials between a depth of 200 to more than 900 feet.

2.2 ¢W%Mon:tormg Well Installation and Pump Testing

As p"gr‘t 0 e Redmond-Bear Creek GWMA study five test wells were

comﬁieted f? coilect stratigraphic and hydrologic data for charactenzatlon

Well locatlon selections, shown on Figure 2-7, were based on two pnmary
factors:

1. areas wher g;_.:bsurface data were absent
2. current o futt re potential ground water supply areas

depth between 166“and ‘5@0 feet. Subsurface materials were collected

every 5 feet to evaluate geologic conditions. During drilling, water bearing

zones (aquifers) were noted, and (if significant in terms of water resource — /x %
potential) a 6-inch test well was installed. At two sites, no significant wat

resource was identified so small diamét_er (2-inch) monitoring well(s) were “(/vx

installed. In addition to well drilling, aqu er testing was performed in three

of the test wells to evaluate certainiaguifer parameters such as potential

pumping capacity and aquifer tramsmlssﬁ ity. The testing consisted of a 1
variable rate and a 24-hour constant rate pu pump test. A synopsis of drilling, W‘Z@U?A
well completion, and aquifer testing details is provided in Table 2-3. Copies

of the water well report for each well are included in Appendix B. Copies

of the pump testing data are included in Appendix,! %;&
o ]

-c‘-:» e

A brief description of the findings and mterpretatianswenved from the
drllhng and testing at each of the five sites is give

2.2.1 Woodinville Test Well

The Woodinville test well site is located in the extreme northwestern por
of the study area just north of the Woodinville-Duvall Road. Drilling w
was accomplished between February 26 and March 2, 1990. The tet
was drilled to a depth of 490 feet below ground surface (bgs). The gt
material encountered consisted of unconsalidated glaciofluvial and lacustrian
deposits of sand, gravel, silt, and clay.

B/KIN/RBC/RBC-2-A.n12/sna:4 . Rev. 0, 11/17/92
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Table 2-3

Summary of Well Drilling and Aquifer Testing Data % %

/ Pump Téast es&fﬁs
Well Casing ’ Specific s
Total Depth |- Depth of Screened DI Capacity Potential Transmissivity
Test Well Site of Hole (ft) Well(s} (ft) Intervals (ft) (gpm/fty | Yield {gpm) (gpd/ft)
\-_/

: 75-85 6 18 1200 80,000

50 75 65-75 2 NA NA NA

ower Evans Creek 160 153 143-163 6 6 700 20,000

Ugj?'Jer Evans Creek 237 160/200 140-160/ 2 NA NA NA
. 180-200 (™,

Marymoor 170 161 151-161 100 4 100 5,000

NOTE: NA Not applicable.
B/KIN/RBC/RBC-2-T.n12/ch:3 _ Rev. 0, 11/17/92
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Table 2-2

VES Interpretation

Resistivity
(in ohm meters)

Y
Geologic Interpretation

351078

78 to 115
115 to 171
171 to 254

254 to 366
366 to 546
546 to 600 + /-

VES-40

Oto 4
4106

6to8
8to 11
i1 to 14

14 to 24
24 to 36

36 to 93
93 to 142

B/KIN/RBC/RBC-2-T.n12/ch:3
0121-003.07

300+
173
91

75
84

65

149

261
539

250
350

Siity sandy gravel

Sandy silt and grave! layers

Silty sand and gravel
Fine to coarse sand
Fine sand

Siity sand and gravel and layers
of silt

Gray fine sand, silt and clay

Gray water-bearing silty fine
sand

Coarse drﬁ( sand and gravel

Siltler material

Water table

Silty layer

Coarse sand and gravel

Rev. 0, 11/17/92



During drilling, a sandy silt (Till) was present to a depth of 10 feet. Between
10 and 85 feet bgs, a saturated fine-to-coarse sand and occasional silt
layers were encountered. A significant (>200 gpm) water bearing zone
was identified between 72 and 88 feet. Below a depth of approximately
80. fee, the material was predominantly dense silt and clay deposits with
terbeds of sand and gravel. No significant aquifers were found
bela a depth of 90 feet.

Foﬂa'wmg“dnlhng, a 6-inch stainless steel well screen was installed between
75 and 85 feet bgs to evaluate aquifer conditions. A 24-hour pump test was
performed on May 3, 1990. Results of the pumping test are presented in
Table 2-3. In summary, the pump test indicated a moderately permeable
aquifer with a potefitigiFwell yield of 700 to 1,200 gpm. Water quality testing
showed relatively | 6w secondary dnnklng water standards) levels of
iron and mangane d no elevated levels of primary standards.

2.2.2 Redmond Test Well

The Redmond test well site is located in the south central portion of the
study area on the southwest corner gf Union Hill Road and 196 Avenue
Northeast. Driling work was accomp éShed between February 8 and 14,
1990. The test hole was drilled to a of 500 feet bgs. The geologic
materials encountered were from deposltn hal environments similar to those
in the Woodinville well. -

From ground surface to a depth of 75 feet, geologic materials consisted of
fine to coarse sand and gravel. A significant (>200 gpm) aquifer was
present between 20 and 70 feet. Below a depthinf 75%eet, the material
- consisted predominately of silt and clay mixtures wgtﬁ,,g@pasmnal interbeds
of sand and gravel. No significant aquifers were fpund below the upper
water bearing zone.

Since the upper water bearing zone is currently being used by the City of
Redmond wells, significant aquifer data have already been collected. For
this reason, plus limited funds for pump testing, one 2-inch mogﬂers?g well
was installed at the base of the shallow aquifer. Water quallty testtrg@ of this

well did not indicate any parameters exceeding primary or se""'ondary

drinking water standards.

B/KIN/RBC/RBC-2-R.n12/sna:4 Rev. 0, 11/17/92
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223 waer Evans Creek Test Well

The site for this test well is the lower Evans Creek Valley on the north side
of State Route 202. Driling work was accomplished between March 8 and
3,..1980. The test hole was drilled to a depth of 160 feet bgs. The

) terials encountered were predominantly sand and gravel
glaciofluvial deposits.

t&hole penetratéd predominantly sandy gravel and gravelly sand
from ground surface to a depth of 156 feet. The bottom of the boring
(156 to 160 feet) encountered a clayey silt. A significant water bearing zone
(50 to 100 gpm) was present between 90 and 100 feet, but there was a
strong hydrogen stlgitiide.odor. A more productive zone (>200 gpm) was

found from 120 to est. A slight hydrogen sulphide odor was also
present in the lowet

Anngordor afﬂ?

After driling, a 6-inch &tai een was installed between
143 and 153 feet bgs. 24-hour pump test was performed on April 30,
1990. Results of the pumping test are presented in Table 2-3. The pump
test indicated a moderately permeable E?qwfer with a potential well yield of

manganese.

2.2.4 Upper Evans Creek Tes’i%Wel;

The upper Evans Creek test well site is in the Upper Evans Creek Valley on
the south side of State Route 202. Drilling work was accomplished between
March 6 and 8, 1990. The test hole was drilled to @"Hepth of 237 feet and

at the Lower Evans Creek site.

Driling at this site encountered a sandy gravel from ground surface to
44 feet overlying a silt/sandy silt zone between 44 and 80 feet. Interbedded
layers of fine sand, silty, and silty gravel were found from a depth of 80 feet
to about 120 feet. ;

gravelly sand.
probably less than 100 gpm. From 160 to 237 feet, the geologic material
consisted of fine to medium sand. The water bearing capacity of the lower
sand did not appear significant.

B/KIN/RBC/RBC-2-Rn12/sna:4 Rev. 0, 11/17/92
0121-003.07 2-16



Since no significant water bearing zones were encountered, pump testing

was not performed at this site. The borehole was completed with two

2-inch diameter monitoring wells installed at different depths (see Table 2-3).

In addition to providing information on water quality and water levels, these

wellg.may provide mformatlon on hydrologlc and geologic conditions w;thln
sCr

235 “Marymoor Park Test Well

The well site is located in the southwestern portion of the study area just
south of the East.lake Sammamish Parkway. Driling work was
accomplished betwsen gust 30 and September 5, 1990. The test hole
was drilled to a de 180 feet bgs. The geologic materials encountered
reflect deltaic and lacusirian depositional environments.

g R

The drilling encountered coarse sand and gravel, typical of deltaic deposits
from ground surface to a depth of 115 feet. Saturated conditions existed
below about 8 feet. Very significant quantities of water appear to exist in
this aquifer. From 120 to 140 feeti a dense silt and clay unit was
penetrated. Below this low permeability.unit, a gravelly sand and sand unit
was encountered from about 145t feet This confined aquifer also
appears to have the potential for p;:o ucifig significant quantities of water.
From 165 to 180 feet, the material aricoufitered consisted predominantly of
fine to medium sand which appeared to be getting finer with depth.

After drilling was completed, a 6-inch diameter !\L@)\l | screen was installed
from 151 to 161 feet bgs. Due to budget constrairt a"“24 hour pump test
could not be performed on this well. Two short-term. pémp tests (40 and
60 minutes) indicated a potential well yield of at Ieg it 100 gpm.

2.3 Precipitation

Precipitation data were compiled from measurements at seve ther
stations in the Redmond-Bear Creek watershed during 198971980, and
1991. The location of each precipitation collection station is shown on
Figure 2-8. Monthly precipitation data are compiled in Table 2-4.: Daily
precipitation data are included in Appendix D.

The RBC watershed receives an average of 42 inches of rainfall annually,
approximately 8 inches more than the Everett weather station to the north.

B/KIN/RBC/RBC-2-Rn12/sna:4 Rev, 0, 11/17/92
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Figure 2-8 Location of New Test Wells

B/KIN/RBC/RBC-2-R.n12/sna:4 Rev. 0, 11/17/92
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YEAR MONTH STATION
Woodmlie —Onmon BT EahalesRedmand Holywood — Norh Fidge  Biakely Aldge |
1989 Jan ND ND 5.85 272 397 581 ND
Fab ND ND 3.07 1.1 3 4,46 ND
Mar 5.00 ND 6.85 304 556 6.79 ND
Apr 1.47 200 245 0.97 1.32 230 ND
May 333 378 3.95 381 .54 4,28 NO
Juna 1,58 1.36 1.72 1.20 .21 1.45 ND
July 0.19 NO 1.07 0.54 0.73 0.80 ND
Aug ND 1.37 1.05 ND 0.87 .21 ND
Sept ND 0.37 0.35 0.13 .38 0.42 NO
Oct ND 417 4.40 3.5 4.19 448 4,48
Nav ND 5.59 7.05 429 4,36 586 586
Dac NO 573 5.60 4,28 4.60 597 597
total 11.66 24.37 43.41 25.60 34.07 43.83 16.31
1990 Jan ND 9.02 9.70 7.68 8.02 9.99 9.99
Feb 3.83 4,66 315 2.89 2.91 3.88 3.8
Mar 3.02 389 3.50 an K- 7] 4,14 414
Apr 3.40 d.66 2.75 2.32 3.58 3.91 391
May 2.52 3.42 235 1.0 2.50 278 278
June 3.34 378 410 2.82 313 397 73
July 0.77 0.98 1.20 0.74 0.74 1.09 0.86
Aug 1.06 1.68 1.75 0.87 0.72 1.35 1.28
Sepl 0.08 0.04 ND 0.02 0.1 0.21 041
Qa1 7.03 8.28 7.85 5,80 6.87 8.30 8.76
Nov 8.04 8.05 7.95 6.29 6.91 6.06 £.83
Doc 4,86 4,39 535 4,02 5.10 4.4 529
1otat 37.85 51,93 49.65 38.37 44.51 50.02 51.87
1991 Jan 3.082 4,86 S5.00 3.72 368 5.02 4,60
Feb 5.98 5.08 5.15 438 351 5.26 5.86
Mar 504 582 6.05 4,24 479 T.27 6.52
Aps 5.83 6.57 6.40 535 5.48 6.41 5.67
May ND 2.63 245 1.28 1.73 2.55 2.10
June ND 279 275 1.58 216 278 254
July ND 0.08 0.30 0.26 0.39 0.42 0.04
Aug ND ND 1.80 1.41 162 1.75 1.83
Sept ND ND 0.00 0,44 0,33 038 0.36
Oct ND ND 1.70 1.64 ND MD ND
Nov ND ND 2,28 ND ND ND ND
Dac ND ND 0.00 ND ND ND NOD
1otal 20.67 27.83 23.95 24.40 25.67 31.84 29.72
ND - No Data Available
\
[ oare_10-92 Table 2-4
/‘\ E m c o n DWN. REDMOND BEAR CREEK
@ APPR.____ GROUND WATER MANAGEMENT AREA
\_/ Northwest, Inc. AEVIS.
PROJEGT NO.
L 0121-603.07 MONTHLY PRECIPITATION DATA (inches)




Total monthly precipitation for each weather station during the years 1988,
1990, and 1991 is shown in Figures 2-9, 2-10, and 2-11 in a particular
month have not been plotted for that month. Incomplete or no data were
availab[e for a few months at certain stations For example the Union Hill

falhng durlng the fall and winter months from October through March. On
average over the three-year period, the month of January had the greatest
amount of precipitation The GWMA-wide averages of precipitation for

of 1980. Precipita creases sharply during the summer with the least

precipitation typicall occhrnng during September. Average precipitation

over the watershed dunng the month of September ranged from 0.15 to
0.30 inches during the three years of study.

To evaluate precipitation patterns within the GWMA, monthly precipitation
totals for each station were plotted both a high and low precipitation
month. July and October of 1990 were“selected because there are data at
all of the precipitation stations for,? _months The isohyetal maps,
Figures 2-12 and 2-13, show the distribution.of precipitation during July and
October of 1990, respectively. The maps show that precipitation generally
increases from west to east across the watershed. As expected, rainfall
was usually greatest at the higher elevations along the western boundary

precipitation totals.

24 Streamflow

The Redmond-Bear Creek GWMA is drained- by four majorme;reams

Creek, located in the northern part of the watershed flows s
Cottage Lake which is drained by Cottage Lake Creek. Eva
originates in a marshiand at the southern end of the watershed and'flows
northwest toward the Sammamish River. Cottage Lake Creek and Bear
Creek both flow south until they merge north of Avondale and empty into

B/KIN/RBC/RBC-2-R.n12/sna:4 Rev. 0, 11/17/92
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Evans Creek at Union Hill Road just east of Redmond. Evans Creek
eventually discharges to the Sammamish River.

During this study, stream discharge data were collected for six gauging
statigns..in the GWMA from 1889 through 1991 (Figure 2-15). Station -
Number 1%was located on Daniels Creek at the Woodinville-Duvall Road,

(Numbers 5 and 6) were located on Evans Creek at Union Hill Road,
approximately 1.5 miles apart. At stations 1 and 2, stream flow data were
collected periodically by EMCON personnel. Data from Station Number 3
were collected by“ilié“Geattle-King County Health Department, using a
continuous recordet; Data from the Lower Bear Creek station Number 4
were collected by thé‘tISGS with a continuous recorder, and data from
Evans Creek statiofis 5 'and 6 were collected by the King County Surface
Water Management Division, using continuous recorders.

241 Gauging Methods

¥ ¢ollect measurements from a reach
sh hanging in the water, no large

_____ Um conditions were found only in
culverts beneath roads, so they “wére ffie"location of choice for stream
gauging. Stream sections exhibiting fair to good conditions were used
where culverts were not available.

B e,

At the Daniels Creek, upper and lower Bear Creek sites, stream velocity
measurements were made with a Swoffer impelier:type current meter,
number M-1-01-K.  Velocity and water depth were measured at 6 to
24 equally spaced points along a tape stretched pefpendicularly across the
stream. Each point represents the midpoint of a flow segment whose
vertical sides are located midway between neighboring measurement points
on the tape. Velocity measurements at each point were made at a depth
corresponding to six-tenths of the depth of the stream. - At eaicl;afa\ﬁun;,R at
least three 20-second velocity measurements were collected and averaged.

%

Discharge for each segment is the product of the average velocity and the
area of the segment. Discharges for each segment were surfirfied to

B/KIN/RBC/RBC-2-A.n12/sna:4 Rev. 0, 11/17/82
0121-003.07 2-27



determine the total stream discharge at each site.  Stream flow
measurements collected during the study are presented in Appendix E.

Hydrographs of stream discharge were prepared for the two Evans Creek
stattons and for the Lower Bear Creek station for the years 1989 through
i65e streams flow throughout the year.. Seasonal vanatrons in -

haracterized by high flows in the winter and spring and low flows
in the*gdfimer and fall. Hydrographs for Evans Creek at Union Hill Road
(Station 5) are shown in Figures 2-16, 2-17, and 2-18. Hydrographs for
Evans Creek at Union Hill Road (Station 6) are shown in Figures 2-19, 2-20,
and 2-21, and hydrographs for Lower Bear Creek near Redmond (Station 4)

Daniels Creek and
Discharge data for
to data reduction pﬂ,ﬂblems

During each year, base flow comprised most of the flow in each creek
during the summer months from July through September. This period also
corresponds with the months of Iowest . precipitation.  Storm flows typically
occur between November and April ngJm the largest peak flow in each
stream recorded in January 1990. Aldng:Evans Creek, baseflow increases
greatly between the upstream and dewris eam gauging stations, indicating
ground water discharge to Evans: Cree 1930, basefiow ranged from
approximately 5 cubic feet per second (cfs) upstream to 25 cfs downstream.
Base flow in Evans Creek was highest in 1991 and lowest in 1990,

The Evans Creek hydrographs (Figure 2-16 through»2~21) show that flow
varied from about 5 cfs to 200 cfs from January 19@9 to September 1991
at the upstream Union Hill Road station and from 15 cf‘é”?e 1332 cfs during
the same penod at the downstream station near Avondale At the Bear

to 250 cfs from April 1889 through September 1991 as shown on the Bear
Creek hydrographs (Figures 2-22 to 2-24).

- 2.5 Water Le_vel Monitoring

water flow directions. In the winter of 1989, a water level monitoring .

network was developed, including 81 private and public water supply wells
and monitoring wells. Water levels were collected periodically, generally
M
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Table 2-5 Summary of Stream Discharge Gauging Data
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once a month, beginning in February 1989 and continuing through July
1991. Not all wells were monitored the entire period and monitoring of
some wells is still ongoing. Table 2-6 is a summary of the wells used in the

monitoring network. Well locations are shown on Figure 2-25. I
e At
— /\‘/@/ i (17

25.% Welt Selection -
w i e.;;;sﬁogs obtained from the Department of Ecologﬁ(ereviewed,

several wells were selected for possible monitoring, and each potentiai well
was field checked. Wells were selected for monitoring based on the
following criteria: (1) location of the well within the study area, (2) well
construction, (3) aquifer zone, and (4) usefulness of data on the well Iogs

uniform distributio aquifers throughout the study area. Finally, each
owner's permissi as“obtained before water levels were measured.
Driller’'s well logs for the wells selected for monitoring are presented in
Appendix F.

3.5.2 Water Level Measurement;
Water level measurements were obiain | by personnel from the City of
Redmond, Seattle-King County hfealth»—xlepartment (SKCHD), EMCON
Northwest, Union Hill, and Northeast Lake Sammamish Water Districts and
Volunteers from the Redmond Ground Water Advisory Comrmittee. Water
level data forms were used to record depth-to-water measurements. The
data were then entered into the SKCHD Data Base.,wceples of water level

measurements for each well are provided in Appe‘;ﬁj ix G

Water levels were measured with a Slope Indicator Model 51453 water level
indicator, an electronic measuring device which indicites the point at which
a probe lowered into the well makes contact with water. The distance from
the top of the well casing to the probe is then recorded to the nearest
0.01 foot. Before lowering the probe into each well, it was disinfected with
liquid chlorine bleach, then rinsed with distilled water. gwk‘f“f%

to-water from the elevation at the top of the well casing. Elevations.
obtained from survey data collected by Phillips and Associates, Engmeers
of Bellevue, Washington.
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Table 2-6

Ground Water Monitoring Sites

Well Monitoring
_Identification Well Name Use Type
I Doughty, Lee D WL/WQ

Wooadinville Water D WL/WQ
Paradise Park D WL/WQ
Bondo, Paul D WL/WQ
Odegard, David D WL/WQ
. Kloepfer, Ryan D WL/WQ
;‘;ey"' D WL/WQ
Fames D WL
Rigger-Assoc. D WL
10 Taiter, GBtdon D WL/WQ
11 Smith, Don D WL
12 Sharp, Grant D WL/WQ
13 Nelson, Gordon D WL/WQ
14 Thenos Dairy D WL/WQ
15 Thompson, Steve D WL
16 Ulrich Meats D WL/WQ
17 Heller, Charles D WL
18 Whyte, Myrna D wL
19 O’Leary, Chris
20 Weide, Mike
21 Stern, William
22 Fischer, Leo
23 Lien, Willlam D
24 Larson (Stetler) D
25 Tolifeldt, Harvey D
26 Bauman, John D
27 Webster, Walt D
28 Sorenson D
29 Goss, Gordon D
30 Hutchinson, Ron D
31 Macklin D
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Table 2-6

Ground Water Monitoring Sites
(Continued)

Well Manitoring
ﬁﬁmﬂ&:ﬁon Well Name Use Type
3 13 McGlothiin, Del D WL
a3 i Home Port Farm D WL/WQ
Patterson, Stan - D WL/WQ
Bowman, Carl D WL/WQ

a6 Loveless (Stensland) b WL
37 Badmggg Well #3 P WL/WQ
38 MeCla @oben D WL/WQ
39 Bairy D WL
40 it Precast | WL/WQ
41 King County Shops 1 WL/WQ
42 Eastside Masonary I WL
43 Barrett, Del " D WL/WQ
a4 Redmond GWMA Test g@i MW wL/WQ
45 Lacher g;mw ’ D WL
45 Science Park B-1 ,ﬁ’*;. . N MW WL
47 * Science Park B2 MW WL
48 Redmond Well #5 P WL/WQ
49 Redmond Test Well #5 WL
50 Redmond Cemstary WL
51 Cedar Lawns Cem. WL/WQ
52 Redmond Well #1 WL/WGQ
53 Redmond Well #2 WL/WQ
54 Redmond Oll Co. #1

55 Redmond Qil Co. #2

56 Town Center | ' |

57 Washington Vac-Tech |

58 Gateway Piezometer #1 MW

59 Gateway Piezometer #2/3

60 Redmoor Corporation | WL
61 Campton Community D waQ
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. Table 2-6

Ground Water Monitoring Sites

(Continued)
Monitoring ||
Well Name Use Type
Sportsman Park 1 WL/WQ "
Welcome D WL
Evans Creek Test Well 1 MW WL/WQ
65 Turpsmith D wL
66 ~Ingalls, Robert D WL
67 i n, Margret D WL
68 ) D WL
69 ‘%ﬁndscape D WL/WQ
70 Sargm #6 P WL
71 Varney D WL
72 Robretson, Richard D wL
73 Union Hill P WL/WQ
. 74 " Evans Creek Test Well 2 MW WL/WQ
75 NELS Test Well #1 £ Mw WL/WQ
76 NE L Samm #2 # P WL/WQ
76 NE L Sam #2R Mw WL
77 NE L. Sam #4 p WL/WQ
78 " NE L Sam #5 | WL
79 NE L. Sam #3 wQ |
80 Sahalee WL
81 Maryrmoor WL/WQ
82 Fiippen WL
NOTES: WL = Water Level Monitoring
WQ = Water Quality Monitoring
D = Domestic Water Supply (includes irrigation use)
P = Public Water Supply
MW = Dadicated Monitoring Wsll
| = Industrial as Commercial
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Figure 2-25 Locations of Monitoring Wells in GWMA
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2.6 Ground Water Quality Sampling Yy /é

Ground water samples were collected from each of 35 wells-inthe GWMA.
Sam were collected in December 19839 and May 1980. For the
Dec‘ 989 ground water sampling, samples were collected from all
well§§and gnalyzed for primary and secondary drinking water standard .
anafyles angf characteristic constituents (i ncludlng major and minor ions).

wells were also tested for total organic halogen (TOX). For the
F May 1990 ground water sampling, analysis of ground water from selected
wells was expanded to include volatile organic compounds (VOCs),
semivolatile organic compounds (BNAs), chlorinated pesticides and
polychiorinated blpt}é .mgs (PCBS), and the priority pollutant metals which

iy

TOX.

Analytical testing parameters were selected to allow characterization of
ground water quality and characteristics in the GWMA. All wells were tested
for primary and secondary drinking water standard constituents to
determine whether ground water in the GWMA generally meets national
drinking water standards. TOX analy’“é‘es were used to scan for potential
ground water contamination. VOC@B&&; and additional priority pollutant
metals testing were used to asse%potemngg ground water contamination.
The locations of wells sampled for this study are shown on Figure 2-25.
Constituents tested at each well are listed in Table 2-7.

All ground water samples were collected in,accord with standard
procedures described in the Redmond-Bear freeki Ground Water
Management Area Quality Assurance Project Plan {SE/E, March 2, 1930),
and the Redmond-Bear Creek Ground Water énag‘*ernent Area Data
Collection and Analysis Plan (SE/E, March 5, 1990}%&\" chemical data were
reviewed and are considered valid for the purposes and within the
limitations -of this report. Copies of the laboratory testing results for each
well are included in Appendix H.
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Table 2-7

Redmond-Bear Creek Ground Water Management Area
Ground Water Sampling Locations and Parameters

Well Identmcat:on

Analyses Performed

December 1989 Sampling

May 1990 Sampling

'Waradlse Park

Bondo, Paul
Odegard, David
K]oepfer,' Ryan
Hosey #1
Tainter, Gordon
Sharp, Grant
Nelson, Gordon
Thenos Dairy
Ulrich Meats
Weide, Mike
Stern, Willlam
Lein, Willlam
Webster, Walt
Goss, Gordon
Home Port Farm
Patterson, Stan
Bowman, Carl
McClan, Robert
Olymplan Precast
King County Shops
Barrett, Del
Redmond Well #5
Cedar Lawns
Redmond Well #2
Campton Community
Sportsman Park
Evans Creek Well #1

PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX

PDW, SDW, GWC, TOX

PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW{‘GWC TOX

PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX

PDW, SDW, GWC, TOX

PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX

PDW, SDW, GWC, TOX “ .

PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX

PDW, SDW, GWC, Others
PDW, SDW, GWC

PDW, SDW, GWC, Others
PDW, SDW, GWC, TOX
PDW, SDW, GWG, Others
PDW, SDW, GWG, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, Others
PDW, SDW, GWC, TOX
PDW, SDW, GWC, Others
PDW, SDW, GWC, TOX
PDW, SDW, GWG, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX

' R, SDW, GWC, TOX

PD /, SOW, GWC, TOX

POW, SDW, GWC, TOX, Others
PDW, SDW, GWC, Others
PDW. SDW, GWC, TOX

PDW, SDW, GWGC, Others
PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX
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Table 2-7

Redmond-Bear Creek Ground Water Management Area

(Continued)

December 1989 Sampling

Analyses Performed

May 1890 Sampling

PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX

PDW, SDW, GWC, TOX
PDW, SDW, GWC, TOX

74 Evans Creek Well #2 PDW, SDW, GWC, TOX PDW, SDW, GWC, TOX
76 NE Sammamish #2 PDW, SDW, GWC, TOX PDW, SDW, GWC, TOX
77 NE Sammamish #zmn, PDW, SDW, GWC, TOX PDW, SDW, GWC, TOX
i 79 NE Sammamish #1 PDW, SDW, GWC, TOX ~ PDW, SDW, GWC, TOX
NOTES: POW: Primary Dﬂnking%{ﬁa alytes {see Section 5.2.1)
: SDW: Secondary drinkigig watéPanalytes (see Section 5.2.2)
GWC: Ground water chardsteristiceonstituents (see Section 5.2.3)
TOX: Total organic halogen {see Section 5.2.4} :
Others: Cyanide, phenol, volatile and semivolatile organic compounds, chlorinated pesticides, PCVs, antimony,
berylliumn, nickel, and thalliurn {see Section §.2.4)
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3 GEOLOGY

3.1, _Géneral Description

The Redmond-Bear Creek study area contains three basic rock types:
Tertiary or older sedimentary and crystalline bedrocks, semi-consolidated
to unconsolidated.fluvial, A gIacaaI and marine Pleistocene sediments, and

The depth to bedro :ntthe study area ranges from O feet to 1,500+ feet
below ground surface: Bédrock may occur at the surface only in a small
outcrop near Peterson Pond in the southeast corner of the GWMA,

In most of the study area, Bedrock exists beneath 400 to 1,200 feet of
Pleistocene sediments (Hall & Othberg31974). These sediments appear to
be thickest near the City of Redmond ;atihe north end of Lake Sammamish.

Glacial deposits typically mcluda outWash deposits, glacial till, and
interglacial lacustrine deposits. Outwash deposnts are composed of sands
and gravels deposited as the glacial ice advanced (advance outwash) or
receded (recessional outwash) Glacial till, a compact mixture of gravel,
sand, silt, and clay, is formed by glaciers overndlng grinding, and
compacting outwash material. Lacustrine (lake) sedzments typically include
finer-grained materials such as ciay, silt, and fine sag diand often contain
organic debris. .

Individual geologic units in the GWMA are difficult to distinguish based only
on the descriptions provided on driller's well logs. Using data derived from
a combination of sources including well logs, field investigations, and
geophysical surveys, seven geologic units have been identified beneatn:the
GWMA. The units, from youngest to oldest, are as follows: *

Alluvium

Vashon Recessional Outwash
Vashon Glacial Till

Vashon Advance QOutwash
Transitional Beds
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Figure 3-1 Generalized Geologic Map
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¢ Olympia Gravel
¢ OQOlder Undifferentiated Deposits

A stratigraphic column indicating the estimated age relationships of these
units,,;;s&sﬁgpwn in Figure 3-2.

The Puget Sound basin has been in existence since Tertiary times when
sedimentary and volcanic basement rocks were folded downward between
the Olympic and Cascade ranges. The resulting basin provided an avenuse
for several eplsodesﬁgf__ﬁpledmont or |ce sheet-type g[ac:al ﬂow from

and deposition have een,minor, occurring primarily along river flioodplains.

i,

Two and perhaps four glacial episodes occurred during the Pleistocene
age. A maximum of 1,000 feet of glacial, river, lake, and marine sediments
was deposited in the study area during the first glacial episodes and
interglacial periods (Thorsen, 1983). T}:xe final episode of glaciation, termed
the Vashon stade, was the most slghxﬁcant geologic influence on the
development of ground water |nimme study area. Approximately
20,000 years ago, the ice sheet was in the vicinity of Vancouver, British

Columbia; ars ago, the ice sheet had reached the Port Townsend
_/areafaﬁ—e ectively isolated the Puget Sound Basin from the Strait of Juan
de Fuca. ‘

A large lake developed in front of the ice front, and 'Ehlck sequences of fine-
grained sediments were deposited in the basin. As jice advanced and
reached the maximum southern limits 14,000 yea,rs ago, lateral streams
from the Olympic and Cascade ranges were blocked»by ice, diverting flow
through temporary channels. Thick sequences of coarse sands and gravels
flowed from the ice front, spreading over the basin and mixing with river
sediments. The ice front overrode the coarse sediments and deposited a
veneer of till (a mixture of clay, silt, and fine gravel). The |ce§reached a
maximum thickness of 3,000 feet and an elevation of approx:mately
5,000 feet above mean sea level (AMSL) in King County. The weight of the
ice compressed the till and depressed the basin. Soon after the glacial
maximum, the ice front began to recede as the rate of accumilation of
snow and ice became iower than the rate of melting. By 12,500 years ago,
the ice had retreated from the study area. Isolated lenses of sand and
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gravel were deposited from the ice margins as the glacier retreated. After
the ice had retreated beyond the lateral streams and into the strait, rivers
returned to former channels and marine deposition continued (Thorsen,
1983). :

~sefion-glacial recent deposits
Frasier Glaciation
Olympia interglaciation
Possession Glaciation
Pre-Possesgidrdnterglaciation
Double Bluft ation
uvial and lacustrine deposition

deposition” of volcanic debris and sedimentary material into a
subsiding basin which covered most of western Washington during
the Tertiary Period

The surficial and subsurficial geo!ogicég'ffgposits form distinct layers exposed
at the surface and in deep borings iff the study area. These deposits are
presented in five geologic cross-segﬁdﬁ%%jﬁpown in Figures 3-3 to 3-7. Well
logs used to prepare these cross-sectionsiare presented in Appendix |.

3.3 Geologic Units

3.3.1 Alluvium

Post-glacial depositional and erosional processes lj“éve modified the glacial
" land forms and former stream and river valleys. Today, alluvial sediments
are found primarily in the Evans Creek and Bear Creek valleys and in the
downtown portion of the City of Redmond, north of Lake Sammamish. The
alluvial deposits are composed of organic-rich fine sand, silt and clay, Their
maximum thickness is approximately 40 feet. ; ga -

o

E:

Vashon Recessional Qutwash. The Recessional Outwash nsists

B

primarily of well-drained stratified sand and gravel with some silt-arid clay
deposited from meltwater flowing from the receding glacier. In the study
area, Recessional Outwash deposits range up to S0 feet in thickness. The
Recessional Qutwash deposits are generally discontinuous and occur as
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Figure 3-3 Geologic Cross-Section A-A’
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Figure 3-4 Geologic Cross-Section B-B’
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Figure 3-5 Geologic Cross-Section C-C’

B/KIN/RBC/RBC-3-R.n12/sna:4 Rev. 0, 11/17/92
0121-003.07 3-8



Figure 3-8  Geologic Cross-Section D-D’
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Figure 3-7 Geologic Cross-Section E-E’ and F-F'
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isolated surface deposits in the upper Bear Creek Valley, around Cottage
Lake, on the western edge of Union Hill, and in the Evans Creek Valley.

Vashon Till. Commonly known as “hardpan” due to its compacted nature,
the*Vashen Tll consists of non—sorted clay, silt, sand, gravel, and boulders
overy‘i’dlng glgcuer The Vashon Till is present at the surface over much of
the GWM %fncludlng Education Hill, Hollywood Hill, Novelty Hill, and Union

Hilf“THié till is typically only slowly permeable and causes water percolating
down from the surface to pond or perch on the top of the unit, forming a
perched water table and swampy areas. The till ranges up to 100 feet thick
in the study area and gﬁga}%;:pears to be thickest in the northern portion of the

GWMA,

Vashon Advance Gutwash Vashon Advance Qutwash deposits underlie
the Vashon Till and“éensidt-of stratified clean sand and gravel with some
thin clay beds. The thickness of this unit ranges up to 90 feet in King
County and comprises one of the thickest and most extensive aquifers in
the area.

Deposits of Advance Outwash are e’i': sbsed on the upper portions of the
steep slopes bordering the Snoquadmlﬁ;z iver, Evans Creek, Bear Creek,
and Cottage Lake Creek. In the rg&;dy ar‘ea Advance Outwash generally
underlies the Vashon Till except where it has been eroded away by creeks.

3.3.2 Pre-Vashon Deposits

Transitional Beds. The Transitional Beds are madg&i;,{gg of glacial and non-
glacial lacustrine deposits which consist mainly of Ia‘mln’gfed or thin-bedded
to thick-bedded blocky jointed clay, silt, and fing sand. This unit was
formed mainly from sediments deposited in a large lake which 14,000 years
ago, covered much of the Puget Sound region between the OClympia
Interglacial period and the early Frasier Glaciation. The Transitional Beds

range up to 180 feet thick in King County, wuth the thnckest.,ﬁm_

are also visible at the surface on the slopes along Evans Creek
small area of the Hollywood Hills.
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Olympia Gravel. The Olympia Gravel consists of stratified fine to very
coarse sand and gravel with minor thin silt and clay beds deposited by
streams. This unit ranges up to 135 feet in thickness and is visible in the
GWMA on the lower slopes bordering Lake Sammamish and the Evans
Cregk.Malley. Elsewhere, the Olympia Gravel underlies the transitional beds

atlon5, ranging from 200 feet amsl to 200 feet below mean sea level.
e ‘5;

é{,, :
OIdeg Ungiﬂerentiated Deposits. Older undifferentiated deposits include
both" glacnal and non-glacial sediments deposited by glacial events older
than the Vashon Glaciation 18,000 years ago. The materials consist of
stratified and unstratified silt, sand, gravel, and clay deposited as glacial drift
and interglacial lacustrine clay and silt. These deposits are generally not
visible at the surfac""‘"m%e GWMA, but underlie most of the region. These
deposits have been pens strated by several of the deep wells in the GWMA,
including the Woodiz quhWater District and Redmond test wells. Where
present in the GWMA,.thé deposits have a minimum thickness of 400 feet.

B/KIN/RBC/RBC-3-R.n12/sna:4 Rav. 0, 11/17/92
0121-003.07 3-1_2



4 HYDROGEOLOGY

of gr@unﬁ \water within the Redmond-Bear Creek GWMA. The GWMA is
underlain by at least four major water-bearing zones which, for the purpose
of this report, have been termed the Alluvial Aquifers, the Sea Level
Aquifers, the Local Upland Aquifers, and the Regional Aquifers.

ist of a number of different deposits including
recent and older &l deposited in and along stream channels in the
GWMA. The Sea Level*Aquifers consist of the Olympia Gravel and some
older undifferentiaféd ¢ depos:ts found at elevations near mean sealevel. The
Local Upland Aquifers are made up of discontinuous Advance Outwash
deposits and permeable zones within the Vashon Till. The upland aquifers
underlie the ridges on the eastern, western, and southern boundaries of the
GWMA. The Regional Aquifers are composed of the older undifferentiated
glacial and interglacial deposits whlcb* inderlie most of the GWMA (refer to
Figures 3-3 to 3-7). 5

4.1 Occurrence of Ground Water

Geologic materials able to store and transmit gro:.m water are considered
to be aquifers. In the Redmond-Bear Creek area, the“‘ma]or aquifer systems
can be divided into shallow, intermediate, and deep. g@u@d water systems.
Shallow ground water systems occur as alluvial dosrfs along the major
streams and the shallow portions of the uplandé&quﬁers Intermediate
ground water systems occur as Sea Level Aquifers and the deeper portions
of the Local Upland Aquifers. Below the intermediate and shallow aquifer
systems, the deeper Regional aquifers are contained in older
undifferentiated deposits of sand, gravel, and siltt deposited durmg»@ast
glacial, interglacial, and pre- -glacial periods.
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4.2 Major Hydrostratigraphic Units

The hydrostratigraphy of the Redmond-Bear Creek GWMA includes a
number of aquifers and aquitards. The major hydrostratigraphic units

ehneategp,ogased on field activity findings discussed in Section 2 of this
repcu't snclu e four aquifer zones (Alluvial, Local upland, sea level, and
Regicinal) and at least two major aquitards (Vashon Till and Transitional
Beds“f Eaah of the wells used to collect water level and water quality data
wers défifieated based on location and water intake elevation into one of the
four aquifer zones. Table 4-1 shows which aquifer zone each well was
assigned to and the corresponding water intake elevations. The distribution
of wells monitored for this study in each aquifer zone is shown on
Figure 4-1. Each ot #i&ingjor aquifer zones contains more than one water-
bearing zone which or may not be in hydraulic connection with other
water bearing zones ‘iy,the same unit. For example, the local upland
aquifers include disgontir neigus shallow perched water bearing zones which
are separated by an aquitard (a geologic material that retards the flow of
water) from underlying water bearing zones. Similarly, the regional aquifers
include all water bearing zones below approximately 100 feet below sea
level. In the future, as more, data become available, these
hydrostratigraphic units may be furtperg subdivided into additional, more
distinct units. The remainder of this Section provides a brief description of
the major hydrostrat:graphlc umts ll"f Hi& Study area.

F >?-E

421 Alluvial Aquifers

The Alluvial Aquifers appear restricted to alluv:al,«deposjts along Cottage
Lake Creek, Bear Creek, and Evans Creek. Thege debosns consist of
sand, gravel, and silt deposited in and along strear ghdnnels as alluvium,
alluvial fan deposits, and older alluvium. The depos:ts rénge up to 40 fest
in thickness. ik

At least 36 wells used in this study are screened in the Alluvial Aquifers.
Depth to water ranges from less than 10 feet to about 100 feet bgs. Static
ground water elevations measured in wells screened in these aquersraﬂge
from approximately 140 feet amsl near Evans Creek at the oeastem
boundary of the GWMA and 100 feet amsl at the northern bound less
than 20 feet amsl at the discharge area near the northern edge of Lake
Sammamish. Monthly ground water elevations in the alluvial™aquifers
appear to vary by up to 6 feet with seasonal changes in precipitation
(Figure 4-2), however, seasonal variations are not large.
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Table 4-1

Delineation of Wells by Aquifer Zone

Alluvial Aquifers Local Upland Aquifers Sea Level Aquifers Regional Aquifers

Well Approximate Well Approximate Well Approximate Well Approximate
10} ntateElevgtion ID  Intake Elevation | ID Intake Elevation iD Intake Elevation
8 e ¢ 1 292 5 54 14 156
9 : 64 2 210 15 124 16 a75 "

23 e9 & 3 216 26 34 -278

24 i 4 219 27 35 - 224

33 -9 5 17 28 31 36 -224

37 22 7 17 29 75 631

40 £6 10 187 30 44 79 -205

M1 12 31 -15

42 -10 32 51

43 50 68

44 -10 74

45 4 77 -2

46 23 78

47 24 79

48 80 49

50 15

51 -37

52 -23

53 -23

54 10

55 10

56 8

57 2

58

59 23

60 10

62 1

63 6

64 -73

65 60

66 3

67 40

70 9

73 -54

76 8

81 -129

NOTE: 1 Elevation = feet above or below mean sea level.
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Figure 4-1  Distribution of Monitoring Wells in Area Aquifers
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4.2.2 Vashon Till

The Vashon till typically forms a low permeability barrier to downward water
percolation on the upland surfaces of the study area. Shallow ground water
ma}‘" ,c‘c‘u' at the base of the upper 8 feet of weathered till, perching on the
uppeg surfz : of the unweathered til. The presence of till close to the
surfage is manifested by swampy areas and poor drainage. Ground water
is same;nmes found within the unweathered portion of the Vashon till,
typlcally restricted to thin, discontinuous lenses of sand and gravel. These
sources of water are occasionally tapped by older private wells yielding up
to 25 gpm, but are subject to seasonal fluctuation and may completely dry

up during the summgg ;nonths

Recharge of rain w ar« Y the unweathered Vashon till is slow because of
low infiltration capagities;, and most water is lost through surface runoff.
Increased infiltration oectirs-in the locally higher permeable zones with the
ability to transmit and store ground water. Topographic depressions in the
upper surface of the unweathered till will trap ground water that slowly
infiltrates into underlying geologic units and aquifers.

423 Sea Level Aquifers

The Sea Level Aquifers underlieéthe emlice GWMA and appear to be
relatively independent of topography. These aquifers consist of the Olympia
Gravel and may include some of the older undifferentiated deposits. The
thickness of these aquifer units is not known, but appears to range from
50 to 135 feet. ROENEY

At least 13 wells in the GWMA are screened in "';’""‘&S’éa Level Aquifers.
Depth to water ranges from less than 50 feet to almaist 400 feet, depending
on surface topography. Ground water levels are““hn’i‘gher in the fall than in
the spring as shown on Figure 4-3. Seasonal variations in ground water
elevation of 10 to 20 feet may resuit from higher precipitation during the
autumn months and lower precipitation in the spring.

4.2.4 Local Upland Aquifers

The Local Upland Aquifers occur beneath the ridge of the GWMA-and may
be discontinuous. Their occurrence appears to be largely controlled by
topography. These aquifers are mainly comprised of Vashon Advance
Outwash which ranges up to 90 feet thick in the GWMA. The Local Upland
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Aquifers may also include the more permeable portions of the Vashon Till.

At least 18 wells in the GWMA are screened in the Local Upland Aquifers.
Depth to water ranges from less than 10 feet in perched water bearing

......

Ailuwal Ac fers along the valley walls. The typical response of ground
watag% level :o precipitation is shown in Figure 4-4. Ground water levels in

thesg aqu1fe“s show some seasonal variation (generally less than 5 feet).
vl =

4.2.5 Transitional Beds

This major hydrostratlgraphlc unit is an important aquitard separating the
Local Upland Aquifers frq"“ the Sea Level Aquifers. The unit consists of fifty
to hundreds of feet 8 winuous fine-grained lake-bed deposits that restrict
vertical ground w 1 n_';_pvement between aquifers. Scattered isolated
lenses of sand withifithe'transitional beds are locally capable of supplying
less than 100 gpm of water. The transitional beds are recharged from
above by advance outwash sediments and from below by Olympia gravels

and deeper units.

4.2.6 Regional Aquifers g’" ‘“’%

The Regional Aquifers underlie M£nUra.ﬁWMA and are independent of
topography. They are composed of the older undifferentiated deposits
more than 400 feet thick in the GWMA. In portions of the GWMA, the
Regional Aquifers occur below the Olympia gravel and Transitional Beds,
usually under confined conditions i 3

Only five wells used in this study are screened in trgese”“%qurfers Depth to
water in the regionat aquifer can range from about 1%30 feet to over 400 feet.
Static ground water elevations range from 31 to 12346t amsl. That ground
water levels in the Regional Aquifers respond to changes in precipitation is
evident from the graph of ground water elevation and precipitation over time
(Figure 4-5); however, the variations are less than 3 feet.

- 4.3 Ground Water Flow Conditions

Water level elevation data collected during this study were plétied and
contoured for the Alluvial, Local Upland and Sea Level aquifers. Because
of the paucity of wells in the Regional Aquifers, there were insufficient data
to contour. After review of the water level elevation data, maps were
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produced from the October 1989 and April 1990 data. These months were
selected as good representations of the average potentiometric surfaces
during generally low and high annual water table periods.

toward 'Iﬂecal dlscharge points along valley streams, the Sammamish River
and in Lake Sammamish. Ground water flow maps (Figures 4-6 and 4-7)
indicate that ground water flows south along Bear Creek and Cottage Lake
Creek and west along, | Evans Creek. Horizontal grad:ents range from

Because the sea level aquifers occur beneath one or more aquitards,
ground water in this zone is under confined conditions. Except for the
extreme southern part of the GWMA, ground water in the Sea Level Aquifers
generally flows west from high elevatiohs of 160 to 200 feet amsl near the
Redmond watershed to low elevationg ranging from 60 to 80 feet amsl near
the western boundary of the GWMA“”’ ..._gures 4-8 and 4-9). Horizontal

GWMA, ground water in these aqunfers ﬂows southwest toward Lake
Sammamish.

4.3.3 Local Upland Aquifers B

:
Ground water conditions in the local upland aqu1fers§f‘é;§ be unconfined or
confined depending on the depth and presence of oyerlying aquitards. In
the Local Upland Aquifers, ground water flows away from the highland area
north of the City of Redmiond toward the Alluvial Aquifer along the
Sammamish River and Bear Creek. At the eastern edge of the GWMA,
ground water in these aquifers flows west toward Bear Creek an%se_;,,ghwest
toward Evans Creek (Figures 4-10 and 4-11). In these aquifers, héj zortal
gradients range from 0.02 to 0.05 ft/ft.
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Figure 4-6  Ground Water elevation Contours - Alluvial Aquifers October
1989
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Figure 4-7  Ground Water Elevation Contours - Alluvial Aquifers April 1890
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Figure 4-8 Ground Water Elevation Contours - Sea Level Aquifers
October 1989
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Figure 4-9  Ground Water Elevation Contours - Sea Level Aquifers April
1890
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Figure 4-10 Ground Water Elevation Contours - Local Upland Aquifers
October 1989
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Figure 4-11 Ground Water elevation Contours - Local Upland Aquifers
April 1980
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4.3.4 Regional Aquifers

Ground water in the regional aquifer is under confined conditions. From the
limited data available on these aquifers, it appears that ground water
generally ows toward the west. In the deeper zones, the discharge area

Aquifer recharge areas are permeable geologic materials through which
water percolates down to the water table and into an aquifer system. Using
USGS surficial geo:a,qmaps (Minard, 1983; Minard, 1988) and USDA sail

441 Recharge Potential Mapping Criteria

Ground water systems are replenished (recharged) by the addition of water
to the zone of saturation (aquifer) ihrough precipitation, runoff, and
infiltration from surface water bodies. An area in which water reaches an
aquifer by surface infiltration, and wﬁera‘athere is a downward component
of hydraulic head (pressure head),;é’rs “Gonsidered a recharge area. The -
likelihood that water wiil infiltrate and@passﬁmrough the surface materials to
recharge the underlying aquifer system (recharge potential) depends on a
number of relatively static (non-changing) physncal conditions. These
include:

soil permeability

surficial geologic materials
depth to water
topography

|
/Q MFor this study only existing information was used to evaluate the occurrence
: " of these physical conditions in the Redmond area. In addition, 0ly the
recharge potential of the Uppermost aquifer system was evaluateﬁ “%he
presence of a downward component of hydraulic head carmot be
well location data. To provide a conservative estumate a downward
component of hydraulic head is assumed to be present in all areas.
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The specific approach used to evaluate the physical conditions is described
briefly below for each condition (criterion).

Soils. The recharge potential of the surface materia! (soils) will be mapped
by o1 apz(;g soil units (defined by the Soil Conservation Service [SCS] in the
Soal; urve".*’of the King County Area [SCS, 1973]) by recharge potential
class catiofls. These classifications are based on the permeabilities of
eac "'sorl unft as defined by the SCS. A summary of the soil units and their

ot

recharge potentral classification is provided in Table 4-2.

Geologic Materials. Information on the surficial geologic materials was
obtained from USG“ﬁgeologlc maps. The relative recharge potential of
;J

it in the study are 5 classified_using % 7
ity of each unit. For
recharge potential, even
though in some aréas-thé‘outwash materials are fine-grained and may-not
permit a significant amount of recharge. The relative recharge poten}tﬁ%f\—>z @/&c

geologic materials in the study area is provided in Table 4-3. Feg,’ s /;

stions. Perched or seasonal water_-
bearing zones were not used. Wategatabie evat:on maps generated during

“this study were used to derive tHe depth to water by subtracting the
elevation of the water table from the elevatlon of the land surface. In areas

of rapidly changing topography, an average value was used. The relative
recharge potential based on the depth to ground water ¥s shown on ' /z

ch ge potential was
The percent slope

of an area was determined both from mformatlon”f'h%tﬁe SCS soil survey of
King County and from topographic maps. The relative recharge potential

based on topographic slope is also shown on Table 4-4.

P
4.42 Recharge Mapping Rationale =

another area was then determined using a qualitative rating system. Each
criterion in a given area was subdivided into a number of potential
conditions present in the study area. Each condition was assigned a
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Table 4-2

. : Recharge Potential of SCS Soil Units
l‘ 8CS Map Recharge Potential
Symbol SCS Soil Unit Name Classification
Alderwood moderate
Alderwood " moderate
Alderwood moderate
Arents moderate
Bellingham low
Br Briscot moderate
EvB Everett . high
EvC e high
EvD high
Ea ik moderate
InA [ndianola : high
InC Indianola high
’ KpB Kitsap . moderate
'\“. KpD Kitsap moderate
No Norma moderate
Os Oridia moderate
Pu Puget s low
. Pc Pilchuck high
RdC Ragnar-Indianola high
Re Renton high “esemsassey
So Snohomish mode 2 |
Su Sultan mode

Sk Seattle muck modedite
“ Tu Tukwila muck moderate
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Table 4-3

Recharge Potential of USGS Geologic Units

Recharge Potential

Qob

B/KIN/RBC/RBC4-T.n12/ch:1
0121-003.05

Geologic Symbal Geologic Unit Name Classification
Alluvial fan deposits high
Younger aliuvium moderate
Older alluvium high
Swamp deposits low ‘
Colluvium moderate '
Qils Landslide deposits moderate
Qmw Mass wasting deposits modetrate
Qvr high
Qvry high
Qvrc @ay B, low '
Qvrb ﬁ-é-cessional outwash high
Qvrd Redmond delta high
Qvro Older recessional outwash high
Qvt Glaclal till low
Qva Advance outwash moderate
Qtb Transitional beds low
Olympia beds moderate

Rev. 0, 11/17/92



Table 4-4

. Recharge Potential for Slopes and Depth to Water Criteria
DEPTH TO WATER
Depth Below Ground Surface (feet) Recharge Potential Classification
0-25 high
25-75 moderate
>75 low
SLOPE
Percent Slope
0 - 40% - . high
40 - 80% : ' moderate
>80% low
B/KIN/RBC/RBC-4-T.n12/ch:1 Rav. 0, 11/17/92
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qualitative rating factor of low, moderate, or high to describe its relative
recharge potential. A combined rating “score* (e.q., high-high-moderate-
low) was assigned to each portion of the mapped area based on the rating
factor for each criterion in a given area. Table 4-5 shows the possible
combinegd rating scores and associated recharge classification. After the
combmed“‘?étmg scores were determined for each portion of the study area,
a ceg;ruposuig map was prepared showing the relative surface recharge
potertial fe::;the Redmond area. The resulting surficial recharge potential
map* feﬁfhe GWMA is shown on Figure 4-12.

443 Recharge Potential

compaosite recharge "?f.)repared for the GWMA. The areas which show
the highest potentlag orﬂﬁecharge are the Cottage Lake Creek, Bear Creek,
and Evans Creek val!eys%‘i?he remainder of the GWMA appears to have a

medium recharge potential based on the criteria discussed above.

Although not evident from the map of recharge potential, the Redmond
watershed area also appears to be aiground water recharge area in the
GWMA. Vertical potential head gradients between wells in the Sea Level
Aquifers (82 and 10) and the Locgl lpland Aquifers (27, 28, and 30)
suggest the possibility of downwar& flow “%m the Sea Level Aquifers to the
Local Upland Aqulfers which may ifidicate'r recharging conditions in this area.
Along Bear Creek in the center of the GWMA, the Local Upland Aquifers
(weli 26) appear to recharge the Alluvial Aquifers (well 23). In the western
part of the GWMA, the Local Upland Aquifers (weII 15) seem to recharge
the Regional Aquifers (well 16). 4
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Table 4-5

Physical Conditions Rating Criteria

Criterion Classifications

Composite Classification

B/KIN/RBC/RBC-4-T.n12/ch:1
0121-003.05

H-H-H-H
H-H-H-M
H-H-M-M
H-H-H-L
H-M-M-L .
H-M-M-M

High
High
High
High
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Low
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Figure 4-12 Surficial Recharge Potential Map
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5 GROUND WATER QUALITY

The @'\emxca] quality of ground water in the Redmond-Bear Creek Ground

Watar"Management Area (GWMA) affects the potential development and

use of the area’s ground water resources. Ground water chemistry in the |
GWMA was evaluated using the results of samples collected from wells

throughout the area and analyzed for a variety of constituents. The

analyzed constntuentq were selected to provide information about the quality

of ground water in tf‘;e GWMA aquifers.

_____ eéi strlct standards before it can be developed or
used as a dnnkmg “Water suppiy These standards are defined in the
Washington Drinking Water Regulations (WAC 248-54), the Washington
Ground Water Quality Standards (WAC 173-200), the National Primary -
Drinking Water Regulations (40 CFR 141), and the National Secondary
Drinking Water Standards (40 CFR 14§), Ground water sampies from the
GWMA were collected and analyzectf" . selected primary and secondary
drinking water standard constituents;“and:the results were compared with
state and national primary and seeqndawﬁdnnkmg water standards. The
significance of each selected primary and secondary drinking water
standard analyte is discussed in Sections 5.1.1 and 5.1.2 respectively, and
the results of the analyses are presented and discussed in Section 5.2.

Ground water must:

Potential ground water resource development for
drinking water supply is determined by deciding whitig
the proposed application, and evaluating the cq@centratlons of those
constituents with respect to the specific resource“application. This report
does not address applications other than drinking water supply.

The concentrations of major and minor ions are evaluated to determine the
general characteristics and type(s) of ground water in the managfé”ﬁ“ﬁnﬁi‘rea
aquifer(s) and can sometimes be used as indicators of association d/or
connections between aquifers. The significance of the major and migor ions
evaluated for this study is discussed in Section 5.1.3, and the resuls of the

analyses are presented and discussed in Section 5.2. MW

Chemical analyses of priority pollutant metals, phenol, cyanide, and other
potential contaminants can be used as indicators of ground water
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contamination. The significance of each of these analytes is discussed in
Section 5.1.4., and the results of these analyses are summarized and
discussed in Section 5.2.

@5’5—‘

““"’"’Stgnificance of Analyzed Constituents

Sog@ 1,} se materials occur naturally in ground water, and some occur
only as introduced contaminants. The relative abundance of naturally
occurring dissolved solids analyzed for this study are listed in Table 5-1.
This section describes the analytes examined during this study and
discusses the occurrence of each analyte in natural (uncontaminated)
ground water and nples collected from wells within the GWMA.- The
analytes were sel by the Seattle-King County Department of Public
Health (SKCDPH) rd with Ecology guidelines.

i,

Sources used to develop the discussions presented in this section include
Callahan et al (1979a, 1979b)., Hem (1985), Davis and DeWiest (1966),
Driscoll (1986), Salomons and Forstner (1984), Stumm and Morgan (1981),
Todd (1980), and Tuerkian and Wed%g}}ghl (1961).

5.1.1 Primary Drinking Water stan d Analytes

Primary drinking water standard analytes are defined by the National
Primary Drinking Water Regulations (40 CFR 141), which have been
- adopted by the state of Washington in the Ground Water Quality Standards
(WAC 173-200). These regulations address constitt which potentially
affect public health if consumed in drinking water. @‘oun water must meet

drinking water supply. All public water supplies mu_" be regularly tested for
alt of the primary drinking water analytes. For this study, ground water
samples were collected and analyzed for the following selected primary
drinking water standard analytes: arsenic, barium, cadmium, chromium,
lead, mercury, selenium, silver, nitrate, and total and fecal oohforl;;qjgacte,ﬂa.
Each of the selected analytes is described in this section. ?

Arsenic. Arsenic is considered ubiquitous in rocks and soil, génerally
occurring at concentrations ranging from 1 to 13 parts per millioft“{ppm).
Higher concentrations of naturally occurring arsenic are associated with
some types of ore deposits. Concentrations of arsenic in ground water are
typically low (less than 0.010 ppm), but greater concentrations can occur
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Table 5-1

Normal Abundance of Inorganic Dissolved Solids in Ground Water

Concentration
Range* Analytes Examined for this Study

1.0 to 1000 mg/L Bicarbonate, calcium, chloride, magnesium, silica,
sodium, sulfate

Secondary constituents  0.01 to 10.0 mg/L Carbonate, iron, fluoride, nitrate, potassium

Normal “

Minor constituents 0.0001 to 0.1 mg/L  Antimony, arsenic, barium, cadmium, chromium,
copper, lead, manganese, nickel, phosphate,
selenium, zinc

Benyllium, silver, thaflium
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either naturally or due to contamination. The primary drinking water
standard for total arsenic is 0.05 ppm. In the GWMA, arsenic was not
detected above the primary drinking water standard except for one well (64)
completed in the alluvial aquifers, where it was detected at 0.43 ppm.

Barujim E%num is abundant in rocks and soils, ranging in concentration
fro 1ess tggyan 1 to greater than 2,000 ppm. The most common barium
mingral s parite (barium sulfate). Barium concentrations in natural waters
are genefally about 0.045 ppm, with greater concentrations found under
special conditions (such as in oil field brines). The primary drinking water
standard for total barium is 1.0 ppm. Barium concentrations in the ground
water samples from the GWMA were below the primary drinking water
standard in all but well 8% The sample from well 64 contained 5.4 ppm of
barium.

Cadmium. Cadmiiim is®a relatively rare, naturally occurring element
concentrated in zinc-bearing ores. As a result, low concentrations of
cadmium are found in all zinc products. Cadmium concentrations in natural
rocks and soils are generally less than 0.6 ppm. Many cadmium-bearing.“
minerals are soluble. The normal corrﬂ:entratlon of cadmium in sea water
is less than 0.0002 ppm, and the r;ﬁ" al concentration of cadmium in

surface waters is generally about 0. GQL

ppm.  Little information is available
about the normal concentrations otc:admn.u%r;l in ground water. The primary
drinking water standard for total cadmium is 0.01 ppm. Cadmium was not
detected above the laboratory method reporting limit (MRL) in any of the
ground water samples from the GWMA.

Chromium. Chromium occurs naturally in soﬂ *and rocks. Although
chromium concentrations of 1,600 ppm have bean%r?ported for some
ultrabasic igneous rocks, concentrations are generaify lower than 200 ppm.
Chromium-bearing minerals generally have lowSolubilities. Although
chromium concentrations in natural waters are usually very low (less than
0.01 ppm), naturally occurring chromium concentrations up tc 0.2 ppm have
been reported for ground water. The primary drinking water standard for
total chromium is 0.05 ppm. Chromium concentrations were»ﬁetsaw@he
laboratory MRL in all ground water samples from the GWMA.

Fluoride. Fluoride is an element that occurs naturally and commsinly in
soils and rocks. Fluoride is an essential nutrient and component of bones
and teeth. Excessive fluoride can, however, cause mottiing of tooth enamel
and cause teeth and bones to become brittle. Fluoride is a component of
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many minerals, the most common being fluorite (calcium fluoride). The
concentration of fluoride in soils and rocks is generally less than 1,500 ppm.
Although fluoride concentrations in natural water are generally less than
1 ppm, concentrations as high as 50 ppmM have been reported. Relatively
high, guende concentrations can occur in water with high (greater than 9)
pH g »thermal water, and water affected by volcanism. The primary
drlnrg g wat r standard for fluoride is 4.0 ppm. Fluoride was not detected
above the g;'tmary drinking water standard in any ground water sample from
the#GWMA Fluoride concentrations exceeded the laboratory MRL only in
well 16 which is completed in the Regional aquifers.

Lead. Lead occurs naturally in soils and rocks at concentrations up to
80 ppm, but may ra 3] f‘ta? percent levels in some ore deposits. The most
common lead-bearing. mMineral is galena (lead sulfide). Natural lead
compounds have s@lubllmes so lead concentrations in natural waters
are generally low: (essithan 0.01 ppm). However, synthetic lead
compounds (including the organic lead compounds added to leaded
gasoline), have much higher solubilities, and lead concentrations in urban
rainwater and snow can exceed 0.1 ppm. The primary drinking water
standard for total lead is 0.05 ppm. gg_ead was not detected above the
primary drinking water standard in gr. qu water samples from the GWMA
with the exception of one well in the w@glond aquifer (16), where it was
detected at 0.33 and 0.13 ppm, a%d one,,ggvell {64) in the Alluvial aquifers
where it was detected at 0.31 ppm:*

Mercury. Mercury is a trace element which usually occurs in trace (less
than 1 ppm) concentrations in rocks and soils, byt can Qg concentrated in
ore deposits. Mercury concentrations in water ate generally lower than
0.001 ppm, with the typical concentration in se_:_ff, tef of 0.0002 ppm.
Mercury concentrations up to 0.01 ppm can occur i} water associated with
thermal ground water or mercury ore deposits. Tl:x&pnmary drinking water
standard for total mercury is 0.002 ppm. Mercury concentrations were
below the laboratory MRL in all samples from the GWMA except well 64 in
which it was detected at 0.0028 ppm.

Selenium. Selenium is a trace element that occurs naturally in sgjls and
rocks, with concentrations in soils and fine-grained sediments generally
being 1 ppm or lower, and concentrations in other rocks generally. being
lower (0.1 ppm or lower). Although metal selenides have low SO|Ubl|ltleS
other selenium compounds are soluble. Although selenium concentrations
in surface and ground water are usually lower than 0.001 ppm,
concentrations up to 3 ppm have been reported for irrigation water draining

B/KIN/RBC/RBC-5-R.n12/sna:4 Rev. 0, 11/17/92
0121-003.05 5-5



through soils with naturally high selenium concentrations. The primary
drinking water standard for total selenium is 0.01 ppm. Reported selenium
~ concentrations in the GWMA were generally at or below the laboratory MRL.
There was no reported concentrations above the primary drinking water
standard.in any ground water samples from the GWMA.

Silvel Sllvef is a trace element which occurs naturally in rocks and soils,
norrnally aj:/‘gconcentratlons lower than 0.4 ppm. In ore deposits, silver
usuali;‘?'M occurs as a native metal (often in a mixture with native gold), as
argentite (silver sulfide), or associated with the sulfides of lead, copper, or
other metals. Although metallic silver and argentite are virtually insoluble in
natural waters, some silver compounds are slightly soluble. Silver
concentrations in see%v?é”t@{ and river water are generally about 0.0003_ppm.
Little is known about the normal concentrations of silver in ground water.
The primary dnnklng water standard for total silver is 0.05 ppm. Silver
concentrations were:all aor below the laboratory MRL in ground water
samples from the GWMA.

Nitrate. Nitrogen occurs naturally in rocks and soils, generally at
concentrations of 30 ppm or lower. Fhere are two nitrate minerals; niter
(potassium nitrate, or saltpeter), and? - da niter (sodium nitrate). These
minerals are easily dissolved in wate&aa@ are, therefore, only found in arid
climates. They are thought to be fQi'med’:E}y processes like evaporation or
come from the accumulation of matérials"stich as bat guano. Atmospheric
nitrogen combines with oxygen to form nitrate through common metabolic
processes of several types of bacteria and fungi found in soils.
Concentrations of nitrate in natural water are generaliyﬁggﬁxger than 1.0 ppm.
The concentration of nitrogen (which normally occurs as n#rate) in seawater
is generally !ower than 1 ppm. The natural congentsation of nitrate in
surface and ground water is not well understood, *since the nitrate
contributions from natural sources (human waste,,sbamyard waste, and
fertilizers) vary widely. The primary drinking water standard for nitrate is
10 ppm. Nitrate concentrations ranged from the laboratory MRL to 3.6 ppm
in ground water samples from the GWMA. In the alluvial aquifers, nitrate
concentrations ranged from the MRL to 3.1 ppm. In the luckwpland
aquifers, nitrate lands ranged from the MRL to 3.6 ppn‘l ;j\litrate
concentrations in the sea level aquifers ranged from the MRL to:{ ppm.
Nitrate samples from wells in the regional aquifers did not exceed e MRL.
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Total and Fecal Coliform Bacteria. Large popuiations of coliform bacteria
occur naturally in the intestinal tracts of all warm-blooded animals. Coliform
bacteria also occur naturally in both surface and (less commonly) ground
water. Coliform bacteria usually are not harmful in and of themselves, but
are»ysed as an index of fecal pollution since they are numerous, and the
test; gs easy’and inexpensive. Large counts of any fecal coliform bacteria,
: j pathogenlc organisms may be present. The tests for these

oth jmpath 3genic organisms, which include other bacteria, protozoans, and
viruSés:“are considerably more difficult and expensive to perform. The
primary drinking water standard for total coliforms is 1/100 ml. Total and
fecal coliform bacteria were detected in ground water samples from all four
aquifers. In the Alluvial aquifers coliform bacteria were detected in these
wells at concentratigis ranglng from 2 to 110 organisms per 100 ml. In the
local upland aquif coliform bacteria were detected in four wells at
concentrations fro %17 organisms per 100 ml, respectwely CO]IfO
bacteria were detectedat 11 org/100 ml in one well in the Sea Lev
aquifers, and at 2 org/ 100 ml in one well in the Regional aquifers. Fecal

coliform bacteria were not detected in any ground water samples submitted
for analysis.

5.1.2 Secondary Drinking Water é%gndard Analytes

Secondary drinking water standarg ané' '_ies are defined by the National
Secondary Drinking Water Regu atibns (40 CFR 143), which have been
adopted by the state of Washington in the Ground Water Quality Standards
(WAC 173-200). The federal regulations are not enforceable and were
prepared as guidelines for the states. These regylatlons address ground
water constituents primarily affecting the aesthetic "‘galifi”és (and, therefore,
public acceptance) of drinking water. For this study,,,g;ggnd water samples
were collected and analyzed for the following selecg d secondary drinking
water standard analytes: chloride, copper, fluorigde, iron, manganese,
sulfate, total dissolved solids, and zinc. The primary drinking water
standard analyte, fluoride, has been discussed in Section 5.2.1. Chloride,
copper, iron, manganese, sulfate, total dissolved solids, and zinc are
discussed in this section.

sea sediments and clays at concentrations around 21,000 ppm and:in) rocks
and soils at concentrations generally less than 600 ppm. More than three-
fourths of the chlorine on earth is found in the oceans, with concentration
of chlorine in seawater generally being about 19,000 ppm. Chlorine
normally occurs in water as the chloride ion (CI). Chloride is present in all
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natural water and is considered a major component of ground water.
Natural chloride concentrations in ground water vary widely and can range
from less than 10 ppm in some spring water up to 189,000 ppm in brines.
The concentration of chloride in drinking water is not regulated, but the -
nanogal@nd state secondary drinking water (aesthetic) standard for chloride
is 230 pplﬁ' Chloride concentrations ranged from 1.3 to 15 ppm in ground
wata’_ sampies from the GWMA, well below the secondary drinking water
stangard o 2250 ppm.

Copper. Copper is an essential nutrient and occurs naturally as a trace
metal in rocks and soils. Copper commonly occurs as a native metal as
chalcocite (copper _sulfide) and in sulfides in conjunction with other metals
(e.g., chalcopyrite drnite are important iron/copper sulfide minerals).

Average concentr ~of copper in natural rocks and socils range to
1,000 ppm in clay nﬂa.xto 100 ppm in other rocks and soils. Copper
concentrations in paturalakater are normally lower than 0.01 ppm, but can
exceed 300 ppm in water affected by acid mine drainage. The
concentration of copper in drinking water is not regulated, but the national
and state secondary drinking water (aesthetic) standard for total copper is
1.0 ppm. Copper was not detected abgve the laboratory MRL in any of the
ground water samples from the GWMA With the exception of well 64 where
it was detected at 1.5 ppm. -

Iron. Iron is an essential nutrigﬁ"’?. and is one of the most abundant
elements on earth. It occurs naturally at high concentrations (up to
7 percent in rocks and soils with higher concentrations in ore deposits). Iron
occurs in most natural water, usually as the ferrus iron ion (Fe*?). The
concentration of iron in natural water depends upe;p thesconcentration of
oxygen and oxygen-containing compounds. Wherg@xyden concentrations
are high (for example, in a flowing stream), iron conntr%tlons are typically
0.01 mg/I or less. Iron concentrations in groun ter often range from
1 to 10 ppm and can exceed 50 ppm. The concentration of iron in drinking
water is not regulated, but the national and state secondary drinking water
(aesthetic) standard for total iron is 0.30 ppm. Iron concentrations were
detected above the secondary drinking water standard in seveza#szweug in
each of the four principal aquifer systems in the GWMA. 1t was detacteé in
five wells in the Alluvial aquifers at concentrations ranging from {9 71 to
1,000 ppm and in six wells in the Local Upland aquifers at conce____fatlons
were above the standard in samples from three wells and ranged from
0.31 to 28 ppm. lron concentrations in the Regional aquifers were above
the standard in three wells and ranged from 0.31 to 11 ppm.
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Manganese. Manganese is an essential nutrient, and is an abundant
element. Manganese concentrations in rocks and soils generally range up
to 6,700 ppm. Manganese occurs commonly in silicate minerals and can
occur in other forms (for example, oxides and carbonates) Manganese
occugs*u q;mst natural water, usually as the ion Mn*?, Manganese
concentratic NS in seawater are generally about 0.002 ppm and are usually
zthan 1~ppm in surface and ground water. The concentration of
maniganesefln drinking water is not regulated, but the national and state
seéondary drinking water (aesthetic) standard for total manganese is
0.05 ppm. Manganese concentrations were detected above the secondary
drinking water standard in ground water samples from several wells in the
GWMA., In the Alluvial aqunfers manganese concentrations were above the
standard in seven we s d ranged from 0.055 to 0.111 ppm. In the Local
Upland aquifers, manga: 'se was detected above the standard in five wells
at concentrations i ranging from 0.055to 0.161 ppm. Manganese
concentrations in the Seakevel aquifers were above the standard in ground
water samples from one well at 0.056 and 0.07 ppm and in four wells in the
Regional aquifers at concentrations ranging from 0.06 to 0.21 ppm.

Sulfate. Sulfur is a common element which occurs at concentrations
ranging to 2,400 ppm in rocks and éel Sulfur often occurs as sulfide
minerals, such as pyrite (iron suiﬁde}-{‘ i galena (lead sulfide). Many of the

most important ore minerals are sutf Jifides.: Although some sulfate minerals
like calcium sulfate (gypsum) are easny dissolved, some (like barite, which
is barium sulfate) are virtually insoluble in water. Sulfate occurs naturally in
most water and is almost always present in ‘brackish or saline water.
Seawater generally contains about 2,700 ppm ~9f sulfate. The 'sulfate
concentration in ground water is generally expecteg*”‘to bg the same as the

microorganisms. The concentratlon of sulfate .in nnklng water is not
regulated, but the national and state secondary drinking water (aesthetic)
standard for suifate is 250 ppm. Sulfate concentrations in ground water
samples from the GWMA ranged from the MRL to 75 ppm, well below the
secondary drinking water standard. Y

determined by filtering the water sample into a weighed evaporatign dish,
evaporating the filtered water, and weighing the dish with the dried residue.
After correcting for the volume of sample filtered, the TDS of the sample is
calculated as the difference in weight between the unused dish and the
dish-plus-residue. The concentration of total dissolved solids in drinking
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water is not regulated, but the national and state secondary drinking water
(aesthetic) standard for total dissolved solids is 500 ppm.

Waters with high (greater than 500 ppm) TDS concentrations may have an
unpleasant flavor and may be difficult to digest for new consumers of the
’};ga total dissolved solids is a rough measure of the mineralization
of the sam 3le, waters with high dissolved solids concentrations may be
unsuﬁab!e Jor industrial applications. In these cases, the analyses of-
individuaf elements of concern (such as calcium and iron) should be
reviewed to determine whether further testing is necessary prior to.
approving the supply.. Total dissolved solids concentrations in ground water
“samples from the GWMA ranged from 6 to 530 ppm, with the highest

concentrations forf"'*"jfr-‘i‘fagge samples from the Regional aquifers.

Zinc. Zinc is an fal nutrient which occurs naturally and is fairly
common in rocks.and seils. Zinc concentrations in soils and rocks are
generally less than 200 ppm, but percent concentrations are found in ore
deposits. The most common zinc mineral is zinc sulfide (sphalerite). Zinc
concentrations in ground water are generally low (less than 1 ppm) under
most conditions. The concentratlon%of zinc in drinking water is not
regulated, but the national and state secondary drinking water (aesthetic)
standard for zinc is 5 ppm. Znc¢ was detected above the secondary
drinking water standard in any grourgd wat samples submitted for analysis.
Zinc concentrations ranged from tha MRt 1o 3.2 ppm.

5.1.3 Ground Water Characteristic Constituents

For the purposes of this study, ground water chaaderusg"- constituents are
those dissolved solids which are major and secon constituents of
potable water (see Table 5-1). These materials %eccur as both natural
constituents of and introduced contaminants in gret:nd water. The primary
drinking water standard analytes fluoride and nitrate have been discussed
in Section 5.1.1. The secondary drinking water standard analytes chloride,
iron, and sulfate have been discussed in Section 5.1.2. Bicarbonate,
carbonate, and hydroxide, calcium, magnesium, nitrite, potasSitirri“ﬁ‘éﬂica
sodium, and total hardness are discussed in this section. -

i
Alkalinity. Alkalinity measures the ability of a water sample to neutzalize an
acid. All ground water typically has measurable alkalinity. Alkalinity is
caused by carbon dioxide gas dissolved in the ground water. The main
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sources of dissolved carbon dioxide gas are carbon dioxide in the
atmosphere, soil gas, and carbonate minerals in the aquifer.

The total alkalinity of a sample equals the sum of all titratable bases in that
sample.and, for natural waters, is typically a function of the carbonate,
blcar'léonatfmé and/or hydroxide concentrations in the sample. The
. measuremetit method assumes that carbonate, bicarbonate or hydroxide
/ bases which occur in the sample. This is a reasonable
assdimption, as other naturally occurring bases (such as borates,
phosphates, and silicates) are generally minor and will not contribute much
to the total.

In practice, a laboraffh"f‘yqtgeasures alkalinity by titrating a sample using two
different pH |nd|ca__"_:_ S {;,e methyl ocrange and phenolphthalein). The
laboratory calculats the relative contnbutlon(s) of the carbonate,
bicarbonate, and hydroxlgie alkalinities using the ratio between the methyl-
orange (“total") and pﬁenol‘mhthalem alkalinities. The laboratory reports the
total alkalinity and the calculated carbonate, bicarbonate, and hydroxide
alkalinities. Alkalinity concentrations in drinking water and ground water are
not regulated. The total alkalinity of t!;le ground water samples from the
GWMA ranged from 2 to 300 mg/L as€ gCOS Alkalinity was generally less
than 100 mg/L in most Local Uplargj aqytfer samples and approximately
100 mg/L in the Alluvial aquifer §ambtas The highest alkalinity was
measured in ground water sarnples«fronuwells in the Regional aquifer.

.Calcium. Calcium is an essential nutrient common in rocks and soils.
Calcium occurs in a wide variety of minerals. The general concentrations
of calcium in rocks and soils range from about 5, 103 Bpitiin some granites
to over 312,000 ppm in some carbonates. Calcnun%ﬁé @% major constituent -
of natural waters, where it occurs only as the ion Ca*2. The general
concentration of calcium in seawater is abogtguﬁo ppm Calcium
concentrations in ground water range from lower than 50 ppm in some
limestones, to greater than 93,500 ppm in an oil-field brine. Calcium
concentrations in dnnklng water and ground water are not regulated. *
Calcium concentrations in ground water samples from the GWM4 ,.ra*g@ged
from 4.7 to 260, with the highest concentration occurring in ihes_;‘ rotnd
water sample from well 64 in the Alluvial aquifers. L
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Magnesium. Magnesium is an essential nutrient common in rocks and
soils. Magnesium occurs in a wide variety of minerals, with concentrations
in rocks and soils ranging from 1,600 ppm in some granites, to over
200,000 ppm in ultrabasic rocks. Magnesium is a major constituent of
naturaLwaters where normally it occurs only as the ion Mg*2 The general

on of magnesium in sea water is about 1,350 ppm. Magnesium
conegntra t»:ls in ground water range from Iess than 4 ppm in some

concentrations in drinking water and ground water are not regulated.
Magnesium concentrations in all but one of the wells sampled ranged from
0.01 ppm up to 19 ppm. Magnesium was detected at 400 ppm in well 64.

Nitrite. Nitrogen has Be been
Section 5.2.1). U
(NO?) is formed by remig
process is called.:'nitrate.. reduction,” and generally results from the
metabolic processes of some microorganisms which occur naturally in soil
and ground water. Although nitrate is common in ground water, nitrite is
uncommon. Little is known about the natural concentrations of nitrites in
surface or ground water. Nitrite concentratuons in drinking water and -
ground water are regulated as total mtfogen and must meet the primary
drinking water standard of 10 mg/L.iNtEnte was detected at or below the
laboratory MRL of 0.5 ppm in ali grgﬁund‘fgwater samples from the GWMA.

addressed in the discussion of nitrates. (see
_zErate nitrite does not occur as a mineral. N|tr|te

Potassium. Potassium is an essential nutrient common in rocks and soils.
Although potassium concentrations are about 40 ppm in ultrabasic rocks,
they generally range from 2,700 to 48,000 pp@ in _!;ocks and soils.
Potassium occurs in most natural waters and isin

potassium ion (K*). Potassium concentrations in eapagater are generally
390 ppm. Concentrations of potassium in groundgwater generally range
from 1 to 20 ppm, but can exceed 120 ppm in ocikfield brine. Potassium
concentrations in drinking water and ground water are not regulated.
Potassium concentrations in ground water samples from the GWMA
generally ranged from 1 to 12 ppm with the highest concentrations in wells
in the Regional aquifers. Elevated potassium was also detected at@%&

in well 64.

Silica. Silicon is the second most abundant element in the earthis crust
(oxygen is the most abundant). Although the concentration of “silicon in
carbonates is usually low (less than 50,000 ppm) the general concentration
of silicon in rocks and soils usually exceeds 200,000 ppm. Many minerals
contain some silicon. Silicon occurs in most natural waters, usually as a
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form of dissolved silicic acid Si(OH),. By convention, dissolved silicon ions
are represented as silica (the oxide, SiO,). Concentrations of silica in
natural water generally range from 1 to 30 ppm, although concentrations of
100 ppm are not typical for some ground water systems. Elevated silica
COHGBHUEUOHS are usually associated with elevated ground water
températurﬁ and silica-rich aquifer materials. Silica concentrations in
dnn!gipg water and ground water are not regulated. Silica concentrations
geneif’ally ranged from 11 to 58 ppm in ground water samples. Silica was

detecte’d%t 300 ppm in the sample from well 64.

Sodium. Sodium is an essential nutrient common in rocks and soils.
Sodium occurs in _a wide variety of minerals, ranging from silicates like
feldspars to evaporttes Ilkg halite (NaCl, or common table salt). Sodium is
found in most natur'j_ waters and generally occurs as the sodiumion (Na*).
Sodium concentratian n sea water are generally about 10,£00 ppm.
Concentrations of.Sadium.in ground water vary widely, from less than
1 ppm in some limestones to over 10,000 ppm in some brines. Sodium
concentrations in drinking water and ground water are not regulated.
Sodium concentrations ranged from 0.02 ppm to 130 ppm with the highest
concentrations occurring in wells in t@g Regional aquifers.

Total Hardness. Total hardnessﬁsﬁa measure of the calcium and
magnesium cations in water which form %%’nsoluble precipitate with soap.
In practice, the calcium and magnesxum concentrations are measured,
combined, and expressed as the equivalent concentration of calcium
carbonate. (Note that this is not the same as simply adding the
concentrations of calcium and magnesium, and reporting their sum).
Therefore, the total hardness of a sample is proportloEtaI to its relative
concentrations of calcium and magnesium. ‘Thadactual hardness
concentrations for the RBC GWMA samples dft n:‘%eamngful only in
relationship to each other. The total hardness of dsinking water and ground
water is not regulated. Total hardness of the ground water samples in the
GWMA ranged from 31to 128 mg/L as CaCO3, indicating soft to
moderately hard water in most areas. The sample from well 64 had a
hardness of 2,300 mg/L as CaCC3 and is considered very haé;;dz

5.2.4 Additional Potential Contaminants

All ground water samples collected during the December 1989 samplmg
were analyzed for TOX. All ground water samples collected during the May
1990 sampling were analyzed for TOX except for the Doughty, Paradise
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Park, Kloepfer, Sharp, Thenos Dairy, King County Shops, and Campton -
Community wells. The Doughty, Bondo, Kloepfer, Sharp, Thenos Dairy,
Olympian Precast, King County Shops, and Campton Community wells and
Redmond Well 2 were sampled for cyanide, phenol, VOCs, BNAs,

chlcm

BNAeaﬁafyses do not occur naturally in ground water The compounds
detected using cyanide and chlorinated pesticide and PCB analyses do not
occur naturally in water. The detection of any of these compounds may be
indicative of ground water contamination.

lead, mercury, sele and silver are priority pollutant metals wh:ch have
been discussed in Se w 2.1. The secondary drinking water standard
analytes copper and zinc are priority pollutant metals which have been
discussed in Section 5.2.2. Antimony, beryllium, nickel, and thallium are
discussed in this section. These metals can occur naturally in ground
water, and their presence does not necessarily indicate ground water
contamination. The concentrations of fhese metals in ground water are not
regulated by either Washington State?orthe federal government.

"';‘"

Total Organic Halogen. The totdl rgaﬁ' halogen {TOX) analysis refers
to compounds which contain the halogens chlorine, bromine, and iodine.
The TOX method is used to estimate the total quantity of organic halogens
in a sample. This analysis returns a total concentration of organic chloride,
bromide, and iodide, but does not detect fluorinatéd 6rgarjcs. Compounds
which contribute to the reported total include trlh”glemethanes some
halogenated organic solvents, chlorinated and brojr ninated pesticides and
herbicides, PCBs, and several other halogenated ¥ sﬂa!atlle and semivolatile
organic compounds. Since no halogenated organic compounds occur
naturally in ground water, this analysis provides a relatively inexpensive
screening tool which can be used to determine whether more expensive
tests for specific organic contaminants are warranted. Howg gr,fd”%h
natural ground water concentrations of inorganic halogens (such
chloroform, which is commonly produced by microorganisms in: ground
water) are hlgh then some of the morgamc halogens may be mcfuded in

concentrat:on
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Concentrations of TOX in ground water are not reqgulated as such. If TOX
are detected in ground water, then the sample source must be retested to
determine which specific organic compounds are present and at what
concentrations. Total Organic Halides were detected above the analytical

detection limit in eight samples at concentrations ranging from 7 to 23 ppb.
Y

Antlmony @f‘é Antimony occurs naturally as a trace (0.2to 0.5 ppm)
: L{ent,of rocks and soils, but also as an ore mineral. Little is known
abdut the normal concentrations of antimony in ground water. Antimony
concentrations in drinking water and ground water are not regulated.
Antimony was not detected above the laboratory MRL in any of the ground
water samples from the GWMA.

Beryllium. Beryui hdS'a rather rare element which occurs naturally in
rocks and soils. lost important source of beryllium is the mineral
beryl, a silicate compoun& which occurs in some igneous rocks. The
solubility of beryllium is extremely low (in the ppb range)}, and few data on
normal concentrations of berylium in ground water exist. Beryllium
concentrations in drinking water and ground water are not regulated.
Beryllium was not detected above the Iﬁboratory MRL in any of the ground
water samples. 59

Chlorinated Pesticides. Chlorinated pesticides include a wide variety of
compounds with widely varying physical, chemical, and biological
properties. These compounds are created by chemical synthesis.
Examples of chlorinated pesticides include DDD, DDE, DDT, chlordane,
endrin, and toxaphene. Where data are available, chloriaated pesticides are
usually considered potential human carcinogens: ’gAItr;ough chlorinated
pesticides usually have very low solubility m%?matgr they tend to
bicaccumulate. Because of the potential health coficerns, the Washington
State water quality standards for chlorinated pestitide concentrations in
drinking water and ground water are generally less than 0.001 mg/L. These
standards are set on a compound-by-compound basis.

No chlorinated pestncmies were detected in any of the ground wa!ef“ﬁrﬁéles
collected during this study. o

Sl

Cyanide. Cyanides are a group of organic and inorganic comgounds
which contain the cyanide ion (CN’). Although cyanides are produced by
many natural metabolic processes in plants and animals (for instance, apple
seeds contain low concentrations), they do not normally occur in rocks or
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soils. The most common and toxic form of cyanide is hydrogen cyanide
gas, which can dissolve in water. When low concentrations of cyanide are
present in water, it tends to form insoluble metal compounds and, therefore,
be removed from the water. At higher concentrations, however, cyanide
forms,ﬁqluble complexes with many cations (such as sodium, iron, gold,
¢ iper, or zinc). This is why the cyanide *heap-leaching” process
2 ore is washed with a cyanide solution) is so effective at
dlssaian gnd recovering gold from ore. Cyanides do not occur naturally
in @retihd’ water. When present, cyanides generally occur as either
hydrogen cyanide gas, or as the cyanide ion complexed with some cation,
(such as sodium or a metal). Cyanide concentrations are not regulated in
drinking water and ground water. Cyanide was not detected above the
laboratory MRL in “&jiy* :%he ground water samples from the GWMA.

Nickel. Nickel is a common metal which occurs naturally in rocks and
soils. Economically:impoztant nickel deposits are generally associated with
igneous ores. Concentrations of nickel in ground water are generally low
(less than 50 ppb). Nickel concentrations in drinking water and ground
water are not regulated. Nickel was not detected above the laboratory MRL
in any of the ground water samples frgm the GWMA.

op

Phenol. Phenol, or carbolic ac:d,<l§‘a...:,+ enzene ring with one attached
hydroxyl (OH) group which dissgives a;asnly in water. Phenols occur
naturally and are found in seawater at Iowm(less than 2 ppb) concentrations.
Little is known about the natural concentrations of phenol in ground water.
Phenol concentrations are not regulated in drinking water and ground water.
Phenol was not detected above the detection lirpit_in any of the ground

water samples from the GWMA submitted for analysas

Polychlorinated Biphenyls. Polychlonnated blphegyls (PCBs), are a family
of compounds with widely varying physical, cHémical, and biological
properties. These compounds are created by chemical synthesis and do
not occur naturally. The name “polychlorinated biphenyls® refers to the
basic chemical structure of the family where two phenyi groups are joined
by a single bond and have varying numbers of chiorine atoms&ttgghed in
various positions. About 100 of the possible 209 PCB compoun d5 have
actually been synthesized. Because of the variety of possible PCB chiemical
structures, PCBs have wide uses. PCBs are used as heat-transfer liquids
in transformers, as insulators for electrical condensers, as additives in very
high pressure lubricants, and to synthesize a variety of other compounds
(such as epoxies and polyvinyl acetate). Normally, mixtures of PCBs (called
Aroclors) are used, rather than the individual PCB compounds.
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Where data are available, PCBs are considered potential human
carcinogens. Although PCBs (and, therefore, Aroclors) have very low
solubility in water, they tend to bioaccumulate. Because of the potential
health concerns, the Washington State water quality standards for total PCB
congentrations in drinking water and ground water are 0.00001 mg/L (one
hunj,j:edthaef a part per bilion). These standards effectively reflect the
- poss:ble detection limit for this family of compounds, which usually
canriat be_r*as?" chieved for natural water samples due to normal matrix
intefféretice effects. No PCBs were detected in selected samples tested for
these constituents.

Semivolatile Organlc Compounds. Semivolatile organic compounds
mc!ude a wide varl of”“compounds with varying physical, chemical, and

- analyzed as sepatg ‘é.:lgase neutral, and acid fractions, semivolatile
compounds are oftén. referred to as "BNAs." Although many of these
compounds are created by chemical synthesis and do not occur naturally,
some (such as the coal tar derivatives, including acenapthene, anthracene,
fluorene, naphthalene, and other polycyclic aromatic hydrocarbons) occur -
in natural organic deposits such as eoal tar, and cil. BNAs are widely
used, and occur in a wide variety of gucts including dyes, medications,
mothballs, wood preservatives, and getre_ um derivatives. Some BNAs are
considered potential human carcinggens : Because of the potential health
concerns, the Washington State™ water™ quality standards for BNA
concentrations in drinking water and ground water are generally less than

-0.001 mg/L. These standards are set on a compound by compound basis.
No semivolatile compounds were detected above the laboratory MRL in the
selected samples tested. o g

Thallium. Thallium occurs naturally in the earthsgk

around 1 ppm. Although thallium is soluble in mostaquatic systems, there
is litte known about natural concentrations of thallium in ground water.
Thallium concentrations in drinking water and ground water are not
regulated. Thallium was not detected above the Iaboratory MRL in any of
the ground water samples from the GWMA. R

Volatile Organic Compounds. Volatile organic compounds %ﬂ
include a wide variety of compounds with widely varying physical, cf me_mical,
and biological properties. Although many of these compounds are created
by chemical synthesis and do not occur naturally, some (such as benzene)
occur in natural organic (petroleum) deposits. VOCs are widely used and
occur in a wide variety of products including gasoline and other petroleum
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derivatives, medications, and solvents. Some VOCs are considered
potential human carcinogens. Because of the potential health concerns, the
Washington State water quality standards for VOC concentrations in
drinking water and ground water are generally less than 0.001 mg/L. These
standards are setona compound by-compound basis. Methylene chloride,

5.2'."" 'Results and Discussion of Analytical Testing

This section presents the analytical testing results for ground water samples
collected from wells;in.the GWMA in December 1889 and May 1890. The
nalyses are presented in Table 5-2. The
alyte and its maximum permissible suggested
: %eter (if any) are listed in Table 5-3.

5.2.1 Primary and Secondary Drinking Water Standard Analytes

. Ground water must meet all primary drigking water standards to be suitable

for development as a drinking water supply. Ground water which meets
primary, but does not meet secondaryE drinking water standards can be
developed as a drinking water supgly,” bu' the supply may be aesthetically
unappealing. For example, water with elevated iron concentrations may be
safe to drink, but can stain sinks and clothes and have an offensive flavor.
The maximum acceptable concentrations for primary and secondary ground
water standard constituents are presented in Table 5-3.

Ground water need not meet primary and see%ngv drinking water
standards to be suitable for development as an lrngaﬁon stock, or industrial
water supply. The suitability of a ground water reseurce for any purpose
other than drinking water supply depends on the nature and concentrations
of its constituents and the proposed use of the resource. For example,
ground water with elevated fluoride concentrations may be unfit for drinking,
but usable for industrial cooling purposes. Water which IS aple as
drinking water but has elevated silica concentrations may be us f&u _’j: bie as

an industrial cooling supply, since the silica may foul the coollng‘?"ystem
piping. .

At least one sample from each of eight wells (Wells 1, §, 12, 16, 29, 62)
failed to meet the primary drinking water total coliform standard, a most
probablie number (MPN) of 1 total coliform bacterium per 100 milliliters of
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ground water. Total lead concentrations exceeded the primary drinking
water standard, and total iron and manganese exceeded the secondary
drinking water standard in well 12. Total arsenic, barium, chromium,
mercury, and lead exceeded the primary drinking water standards, and total
COPPErs:. iron, and manganese exceeded secondary drinking water
r well 84. Ground water from all other sampled wells met
primgry dri klng water standards.

Onegmﬁ‘?‘i‘d water sample from well 14 did not meet the secondary drinking
water standards for total dissolved solids, total iron, or total manganese.
One or more ground water samples from wells 1, 3, 6, 10, 12, 14, 16, 20,
21, 27, 33, 35, 38, 40, 43, 51, 62, 64, 69, 73, 74 76, and 79, did not meet
the secondary watgfitiality standards for iron and/or manganese.

5.2.2 Ground WaterCharacteristic Constituents

All samples were analyzed for selected ground water characteristic
constituents. These constituents include major ions (i.e., ions which are
normally found at ppm to percent concentrations), and minor ions (jons
which are normally found at concentrgtions less than a few ppm). Piper
diagram plots of major ions were us"' gto type the ground water and to
group similar types of ground water: Major ions analyzed include
bicarbonate, calcium, carbonatef chigride, hydrexide, magnesium,
potassium, sodium, and sulfate. “Minor™ ioris are used to confirm and/or
subdivide ground water types. Minor ions which weré analyzed include
nitrite and silica. The major cation and anion concentrations as well as
some common minerals were also graphed according to distribution and
occurrence in each of the four primary aquifer systéms. 4n addition to the
major and minor ions, arsenic, copper, lead, nltratem;gqr’; and manganese
were also evaluated and graphed. :

In the GWMA, all sampled ground water is characterized as being a
bicarbonate type. Samples from wells 4, 5, 34, 61, and 62, have relatively
elevated sulfate concentrations (see Figure 5-1). Samples from wells 14
and 16, which are located in the Sammamish River valley, haveuelahvely
elevated sodium concentrations (see Figure 5-2). These samples a:"‘" have
relatively high total bicarbonate and total sodium concentrations (see
Figure 5-1 and 5-2). Typically, concentrations of arsenic, copper, lead, iron,
and manganese appear to be relatively uniform in all four aquifersystems
(Figures 5-3 through 5-6). Although elevated levels of iron and manganese
occur in well 74 in the sea level aquifers and well 16 in the deep aquifer,
other wells in these aquifers do not show significantly higher levels of those
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is the small group from the alluvial aquifers. Although the differences
between the aquifer groups are small, a general trend can be seen. The
trends starts with the small group of the alluvial aquifers in the
Ca+Mg-Cl+ S04 field, then progressing to the Ca+Mg-HCO3 field where
most.qf.ihe data plot. The data trend then crosses into the HGCO3+CO3

may represent the geochemical evolution from the Alluvial
e Regional Aquifers. The data are plotted as relative percents,
so~diffeténces in absolute concentration will be overlooked with this
diagram.

5.2.3 Additlonaggotggtlal Contaminants

Total organic halogen. fFOX) was reported at concentrations ranging from
7 to 23 pg/l for ong oramore ground water samples from the Kloepfer,
Sharp, Thenos Dalry%,«Gos*s King County Shops, Cedar Lawns, Campton
Community wells, and Evans Creek Well 1. TOX were reported at 8 g/l
in the December 1989 sample and were not detected at or exceedlng 5 g/l
in the May 1990 sample from Redmond Well 5.

i

yeral samples. Since the laboratory

Methylene chloride was reported for s
method blank(s) associated with every s\ ple reported methylene chloride,
and since the concentrations of; met lene chloride reported for the
laboratory method blanks are smlar to tfie Goncentrations reported for the
associated samples, all occurrences of methylene chloride in these samples
are considered to result from laboratory contamination. Acetone was
reported at 0.0207 mg/! in the May 1980 sample, .E'Jd carbon tetrachloride
was reported at 0.0016 mg/! in the duplicate from *the King County Shops
well. Since each compound was detected in on f ne of the duplicated
samples, the detection of these compounds pro ,ibly ‘?eﬂects laboratory
error or laboratory contamination of the sample cather than ground water
contamination. Acstone is not a regulated ground water contaminant. The
concentration of carbon tetrachloride reported for the duplicate King County
Shops sample is less than the national Drinking Water Standard of
0.005 mg/I, but exceeds the Washington State Drinking Water gtandard of
0.0003 mg/I. No other volatile organic compounds pesticides, Bsfé or
semivolatile organic compounds were detected in the analyzed sainples.
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5.2.4 Summary of Results

The ground water samples collected from the RBC GWMA generally meet
all primary and secondary state and federal drinking water standards.
Seuagat,,wells did not meet the primary water quality standards for coliform.
Thesg welfé‘-’ enetrate different aquifers in different parts of the study area,
undleatmg microblal contamination problems are restricted to individual wells,
and :tﬁere is o general microbial contamination of ground water in the RBC
. GWMAW&I’he Sharp well failed to meet the primary state drinking water
standards for coliform or lead and the secondary drinking water standards
for iron or manganese. The source of the metals in the Sharp water
samples may be the water supply piping system rather than the ground
water. PR

Many wells in the B ""'GWMA do not meet state secondary (aesthetic)
drinking water stané! Afor total dissolved solids, iron, and manganese.
Although this does not impact consumer health, these water supplies are
less desirable, and their industrial use may be restricted.

Although TOX were reported for ‘several wells, no specific organic
contaminants were confirmed by res,__" pling. It is possible acetone and
carbon tetrachloride occur in ground,} ter samples from the King County
‘Shops well.  Since these compo‘ffi were present only in low
concentrations, however, and onlyiin ona of two duplicated samples, their
presence in ground water has not been confirmed. The methylene chioride
detected in several samples is likely present due to laboratory contamination
and does not reflect contamination of the ground water supply. No other
organic contaminants were detected in ground waterwsagnples Although
the King County Shops well should be resampled copfirm the absence
of organic contaminants, ground water in the RBC € WWIA is generally free

i.«r
from the organic compounds tested. E?»i
e
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6 GLOSSARY OF COMMON HYDROGEOLOGIC AND
(TER-RESOURCE RELATED TERMS AND ACRONYMS

S

Alluviai™ Sediment such as clay, silt, sand, gravel, or other
similar material deposited by running water.

Ammonia A gas composed of NH, and commonly used as

“Hertiizer
Aquifer ‘A‘tindy of rock or sediment able to store and conduct
_:significant quantities of ground water.

Aquitard A layer of rock or sediment that retards the flow of
ground water to or from an adjacent layer of rock or
sediment.

Artesian Refers to grourgi water under sufficient hydrostatic
head to rise ﬁve”the aquifer containing it.

Bedrock A term for the solid rock that underlies soil or
uncompacted sediments.

Chloride A compound of chlorine with#«ong other positive

element or radical.

.

Coliform Bacteria Bacteria (E. coli) associated w human waste.

Colluvium Loose clastic material usually found at the base of a hill
or cliff. .
Confined A condition of an aquifer bounded above ar%%ggmby

lower permeability rock or sediment layers.

Contaminant A naturally occurring or man-made compoun:
undesirable or injurious and is found in ground water.

Cross-bedding Inclined laminations, deposited by currents.
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Cross-section. A schematic representation of geologic layers as seen

in a side view.
Discharge Ground water that flows out of an aquifer into an
g, adjacent aquifer or to the surface into a spring or river.

Washington Department of Health.

Drinking“Water  Federal or state water quality regulations that limit the

Standards contaminant levels of certain compounds for drinking
water.
Ecology “@ﬁ%mgton Department of Ecology.

A eam or reach of a stream that receives water from

M&Qg Zone of saturation and provides base flow; its
channel lies below the water table. Synonym: gaining
stream. A stream whose flow is increased due to
contributions from the zone of saturation or aquifer.

Effluent Stream

Eolian Sediments transpi _ed by wind action.
Erosion The physical m§& nical processes that remove and
transport natufal matefials at the surface.
Fluvial Deposits produced by river action.
" Fossil The remains or traces of anlmailants which have

been preserved by natural proeesses

Geology ~ The study of earth materials, % ‘ocesses, and history.
Glaclofluvial Deposits created from streams or floods flowing from
glaciers.

Glaciolacustrine Deposits created in lake environments fro ‘“gla@%ﬂts

and clays. ”j
gmp Gallons per minute.
GMA Ground Water Management Act.
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Ground Water All water that is located below the surface: more
specifically, subsurface water below the water table.

Ground Water Management Area.
Ground Water Management Program.

Federally regulated man-made waste that is ignitable,
corrosive, reactive, or toxic.

Hydraulic The rate of flow of water through an area of permeable
Conductivity material at a constant pressure.

Hydraulic :The.condition in which two water-bearing layers or
Connection %}ao@gs may freely transmit water between them.

Hydrogeologic  Pertaining to subsurface water and water-bearing rock
or sediment layers.
Hydrostratigraphy The assemblage o{ layers of aquifers and aqu_itards.‘

d from molten material.

Igneous A type of rock sglidi
Impermeable An adjective uéed to-déscribe rock, soils, or sediments
that impede the flow of water.

Infiltration The downward movement of rain water or surface

water into soil. W

B

5

X%

i

Interflow Zone  The zone between two basalt té%ws where weathering,

fracturing, and deposition of Sediments create a
permeable zone in an otherwise primarily impermeable

environment.
Lacustrine _Lake environment.
Laminated The layering or thin bedding in sedimentary rog
Leucocratic A term applied to light-colored rocks.
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Mesozoic A broad period of earth’s history estimated to be 225
to 65 million years ago.

Metamorphic A rock that has been physically and/or chemically
changed from an original texture and/or composition,
usually by very high temperatures or pressures below
the earth's surface.

Milligrams per liter; a unit of concentration in water
equivalent to a part per million or 0.0001 percent.

Microorganisms Microscopic orgamsms such as any of the bacteria,
%rotazoans or viruses.

Nitrate ”mpound commonly associated with domestic and
w.._,__gncultural waste.
Peat A non-compacted deposit of organic material
commonly developed from bogs or swamps.
Permeable The condition under which water may be transmitted
through rock or Sediment.
Pleistocene A period of ear'a's hiétery estimated to be 2 million to

10,000 years ago.

Potentiometric The surface to which water will rise in an aquifer under

Surface hydrostatic pressure.

ppm Parts/per million. A unit of corjﬂaentratlon equivalent to
0.0001 percent.

Recent Less than 10,000 yearé ago in earth's history.

Recharge The process of absorption and addition of wa,t_er toa

layer of soil, rock, or sediment.

SDWA Safe Drinking Water Act.
Sedimentary A rock type formed from fragments of weathered

natural material.
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Storage
Coefficient

St:agggzggpio

Till A complex non-layered mixture of clay, silt, sand, and
gravel deposited directly by and underneath an active

Topographic

Transmissivity The rate at which ground water flows through a certain
thickness of aquifer under a certain pressure.

Uncontined Ground water in ’% aquifer that is not covered by an
impermeable layer.:;

Water Table The subsurfaee-leveiéé%etween the zone of saturation
(ground water) and the zone of aeration.

Weathering The destructive process(es) by which the atmosphere
and surface water chemlcally*ehange the character of
a rock.
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The volume of water released from storage per unit-
volume of porous medium per unit change in head.

Pertaining to the composition and position of layers of
rock or sediment.

A period of earth’s history estimated to have occurred
between 65 and 2 million years ago.
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minerals. Nitrate concentrations (Figure 5-7) do appear to be higher in the
alluvial and upland aquifers. This is expected since these aquifers are
generally closer to the surface and at greater risk from land use activities
such as septic tank drainfields and agricultural practices.
MO

Of t:{{’e mindr ions reviewed (Figures 5-7 and 5-8) no trends in analyte
dlstnbutlon r aquifer association were apparent. Most of the waters
sam;zﬂed | can be characterized as bicarbonate type waters. Figure 5-9,
shoWwsalot of selected water quality data, presented in a trilinear diagram
developed by Piper (1944). The diagram is a plot of the normalized major
ion concentrations, in millequilivents per liter, expressed as percents of the
. total ion concentration. Figures 5-10 through 5-13 are plots of the ground
water chemistry data”’é“é’gregated into aquifer groups; Alluvial Aquifers, Local
Upland Aquifers, Sez L /el Aguifers, and Regional Aquifers, respectively.

Data for the Alluvial Aquifer (Figure 5- 10) plot in two groups. The Smaller
group consist of data ta for wells 51, 61, and 62. This group has anion levels
higher in percent sulfate and lower in percent alkalinity than the larger
group. Anion data for the smaller group plot in the HCO3-S04-Cl, mixed
anion type, field. These anion data are the only data collected for the
Redmond Bear Creek study to p!ot oufélde the bicarbonate type field. The
i "ed cation type, field.

Local Upland Aquifers data plot m&%smgleéégroup (Figure 5-11). The waters
can be characterized as mixed cation and magnesium type and bicarbonate
type.

Sea Level Aquifers data plot in two groups (F:gureas-_» 2)=fhe smaller group
consists of data for wells 20 and 29. Water from t "e smgller group can be
characterized as sodium-bicarbonate type, whereas Efers from the larger
group can be characterized as calcium-mixed catior: types and bicarbonate
type. The difference in the two groups is distifiglished by the level of
percent sodium. Waters from the smaller group are higher in percent
sodium and lower in percentage of other major cations.

Water from the regional aquifers plot in two groups (Figure 55158 “%he
smaller group is composed of wells 14 and 16. Data from these twp wells

group of wells plot in the mixed cation-calcium fields.

Figure 5-8 is an overlay of all the data on one trilinear diagram. Generally,
the anion data overlap the ranges in the bicarbonate field. The exception
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Redmond-Bear Creek GWMP

Table 5-2

. Summary of Ground Water Quallty Testing Results
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Table 5-3

Analyte Classifications and Standards

National Prima. National Seconda Ground Wateg,
Drinking Water MCL® Drinking Water MCL®  Characteristicy: st Regulated
Analyte mg/l) . mg/l) Constituent § iht Pollutant

Alkallnity '. ;

Total NR NR ~Yes SR No

Bicarbonate ) NR NR Yes No No

Carbonate NR NR’ Yes No No

Hydraxide NR NR i : Yes No No
Arsenic 0.05 : NR No Yes , Yes
Barlum 1 - NR No No Yes
Beryllium NR ' NR No Yes No
Cadmium 0.010 NR No Yes Yes
Calcium NR NR Yes No No
Chloride NR %, 250 Yes No No
Chlorinated Pesticides and PCBs _ M NR Yes No Yes
Chromium e NR No Yes Yes
Califorms -

Total 17100 ml " NR No No Yes

Fecal 1/100 ml NR No No Yes
Copper NR 1 No Yes No
Cyanide NR NR No Yes No
Fluoride 4.0 2.0° Yes No Yes
Iron NR 0.3 Yes No No
Lead (at tap) ) 0.05 NR No Yes Yes
Magnesium i NR NR Yes No No
Manganese NR 0.05 No No No
Mercury 0.002 ‘NR “No Yes Yes
Nickel NR NR No Yes Yes
Nitrate (as N) 10 NR Yes No Yes
Nitrite (as N) NR NR No No Yes

8/KIN/RBC/RBC-5-T.n12/ch:1 . Rev. 0, 11/17/02
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Table 5-3
Analyte Classifications and Standards
(Continued) '
- - — =
Natlonal Prima National Seconda Ground Wate m&%"iﬁ*%
Drinking Water MCL* Drinking Water MCL®  Characteristic; Prio Regulated
Analyte mg/l) mg/l) Constituent £  Pollutant Pollutant

Nitrate + Nitrite (as N) ' NR NR No § SE ] Yes
Phenal . NR NR No Yes Yes
Potassium - 0.01 NR No Yes Yes
Selenium NR NR Yes No No
Semlvolatile Organic Compounds (BNAs) NR No No Yes
Silica NR NR Yes No No
Silver 0.05 NR No Yes Yes
Sodium _ NR NR Yes No No
Sulfate NR 250 Yes No No
Thallium NR NR No Yes No
Total Dissolved Solids NR 500 No No No
Total Hardness NR NR Yes No No
Total Organic Halides (TOX) NR® B3 NR No No No*
Volatile Organic Compounds (VOCs) : .

Acetone NR NR No No Yes

Carbon Tetrachloride ' 0.005' NR No No Yes

]

Others NR No No Yes
Zinc . NR 5 No Yes No
NOTES: MCL Maximum Contaminant Level permitted ‘Under fedaral law, -

ma/l micrograms per liter (parts per million)
N Not Regulated .
; These values are exactly eqif] to the Washington Stats Prim Drlnklne Water Contaminant Criterla and Primary Ground Water Contaminant Criteria,

zm;::v ;.gu:gt ea exactly equ to the Washington State Secondary Drinking Water Contaminant Criteria and Secondary Ground Water Contaminant Criterfa unless
& MCL depends 61 §pasHiE Analyte.

o Washington State has no secfindary ground water contaminant criterion for fluoride.

Although concentrations of TEX are not regulated as TOX, the concentrations of some Individual organic halides which contribute to the total concentration are
¢ fegulated under National Iftéflm Primary Drinking Water Regulations.

The Washington State ground water quality standard for carbon tetrachlorlde Is 0,0003 mg/i. Jj

B/KIN/RBC/RBC-5-T.n12/ch:1
0121-003.05

Rev. 0, 11/17/92
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Concentration {(mg/L)
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