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1 INTRODUCTION 

This report summarizes existing and new geologic, hydrogeologic, and 
ground water quq,!j!}:Jgformation for the Redmond-Bear. Creek Ground 
Water Management!JV"e%'¥GWMA) in northern King County, Washington. 
The purpose of this!~BPrt is to provide a framework for understanding the 
geologic and hydrgged!Qgic conditions in the GWMA and to provide 
information necesslil\dorshort- and long-term water resource planning and 
protection. Information contained 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 persgpnel who were not employees of 
EM CON Northwest. These included .P~JJ>Onnel of the Seattle-King County 
Health D?partment, . C~ of Redm2MA\tk!nion Hill, and Northeast Lake 
Sammamish water d1stncts, and me~rTilierS\Of the Redmond Ground Water 
Advisory Committee. ""' J% .• 

The scope of work performed to prepare this report included the following 
tasks: ~r::::J«-1' ~:K.f;!~~ 

g .. ·* 
• existing data collection and analysis !,i~t'*''"i 
• an electrical resistivity survey Jl* 
• design and implementation of a ground water monitoring network 
• water level monitoring 
• well installation and testing 
• water quality sampling and analysis r~ 1· , 
• stream flow gauging · it 
• precipitation monitoring fil~ 
• 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 . 

B/KIN/RBC/RBC-1-R.n 12fsna:3 
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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 
cov~s'"agproximately 50 square miles. It is bounded on the east by the 
Sanf(!namiSfii River and on the north by the Snohomish-King County line. 
The }~esterpj boundary follows the topographic divide between the Bear 
Cre~j an~hohomish River valleys. The southern boundary coincides with 
the""tBj50graphic 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 
southern tip east ttljT)f95l'\ 

i~·-·~dP 
Eleva~ions in the G'i~~t}~ge fro~ approximately 30 feet above mean sea 
level 1n downtowl},j~~dllJRnd 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 Creekt Daniels Creek, Seidel Creek, Bear 
Creek, and Evans Creek. The f~tt}!{lrgest lakes inside the GWMA 
boundary are Lake Leota, Cottag~ptak~~ Welcome Lake, and Peterson 
P k 2 q ar . :.:..-%.~ :.4~~ 
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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 lsohyetal Map (July 1990) 
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Figure 2-13 lsohyetal Map (October 1990) 
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Figure 2-15 Location of Stream Gauging Stations 
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2 DATA COLLECTION ACTIVITIES 

i~ ·-~~~$\ 

Ne~~atadJ,Iection activities were accomplished to expand and refine the 
understanding of geology, hydrogeology, and ground water quality in the 
Redmond-Bear Creek GWMA. The new data collection activities performed 
for this study consisted of: 

2 

geophysical investigation and collection of 
data at 37 locations in the study area 

to evaluate the geology, aquifer 
feT=Qi:JaiitY. in areas where data were lacking 

• pump testing of three test wells to obtain information on aquifer 
properties ., 

.... ::: 
l~~::t_ 

• collection and analysis of pribf~lation data from seven stations in 
the study area ik-4¥% 

!! WA 
~ ~ 

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

• collection of periodic water level data frO!il''ao'~ivate and public 
wells . t(~ 

fw ~ 
• sampling and chemical analysis of grouqg water samples from 

36 wells ..&i&... 

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

:::::w;:v...m~M 

2.1 Geophysical Investigations f llw, '\ 

ff1 
Geophysical resistivity is a tool used to aid in the interpretation of ti§gional 
stratigraphy. When used in conjunction with a well drilling progffitn, it is 
useful in providing stratigraphic correlation between known data points 
(wells) and in investigating deep subsurface geologic conditions where no 
data are available. The geophysical investigation program consisted of 

B/KIN/RBC/RBC.2·R.n12/sna:4 
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soundin s ompleted from November 7, 1988, to 
;;;:ru""'~r. -,-am:t-,-.ao.ni"Mfrironim~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 
onf\i .• &J.Ut~.,&-.1. _The soundings were performed within t~e existing road right- ~ 
of~~Y to 'aJt~vlate any legal access probl~ms. Locati?~f und_er~ou~ )11 
utlht~!f wer~ ~oted throu~hout the project are~ ~· ,$1d 
souQjjhng lgeatiOns were adjusted to decrease the 1mpact of Utiht1es on the ....... ·.· ......... « 
resclltS?'fttdescription of the electrical resistivity data collection methodology 
and general resistivity theory is presented in Appendix A 

2.1.1 Discussiotb91..,~~sults 
t1:~ 1fit} 

Five geophysical crcl~r~btions were developed through the study area and 
are shown in Figur~12il2.through 2-6. The assigned number of each VES 
is shown above th&ittterP'F.&ted solution on the gao-electrical sections. Each 
gee-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. 

At~._ 
The cross-sections were constructec;IY!l¥ using existing well logs, surficial 
geologic data, and geophysics to iq,(o!ifi:,apparent resistivity patterns and 
corresponding geologic conditions1f The~ cross-sections were expanded 
to other areas and depths lacking alrect gebtogic inforll}ation. The sections ~ 
show a mixture of fine to coarse-grain soil units, which range from clay t~ , 
gravels. Generally, these are nJJ.t discrete units of clay or gravel;4fut 5 ~ ~ 
mixtures of each material type with the resistivity indicating the predominant . 
grain-size present. Bedrock was also interpretedtl?}'eXf§Bat depth in three 
of the sections (Figures 2-2, 2-4, and 2-6). @1~~1 

"'" '1 t:~ ~ 
ill~ 

Section 1 (Figure 2-2) is oriented west-east along!l!lortheast 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 
resistivity marker units (32 ohm meters overlying much lower tesi§tiviti,es) 
may rise toward the surface. The low resistivities found *able the YU.~ 
interpreted rock surface may indicate interbedded sand, silts, and favels. :._:___ft 

Section 2 (Figure 2-3) is oriented in a west-east direction al~~·g the 
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.n12fsna:4 
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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 
Roa,~f.JfQJP Redmond to the roadway adjacent to approximately 236th 
Aveooe Ndrtheast. This section is similar to Sections 1 and 2 in that it is 
gen~1ally Uli)erlain by an approximate 30-ohm-meter to 66-ohm-meter unit. 
Uke~f!e ~pfprevious sections, this section may exhibit an apparent dip to 
thEYWest?"Additionally, soundings completed in March 1989 indicate there 
may be considerable variation in the electrical properties of the interpreted 
bedrock material. This may depend upon grain size, saturation, and depth 
of burial. VES-40 was completed near a bedrock outcrop. The resistivities 
interpreted for VES~"at:a shown in Table 2-2. Field observation indicates 
the probable occurlttc~j[bf bedrock, at the sounding location, to be near 

• ·.·.:-:-;~, .. :-::.:~;::.:;:Y ' ' 

40 feet 1n depth. [flrSj)jporresponds to an Interpreted electncal layer at 
36 feet where the rea(stivlty .. drops from 539 ohm meters to 246 ohm meters. 

M«o»;o.'~ .·:-»». 

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 nprth of Section 3, but unusually high 
influences from utilities and fencing dJc!:l]j[IOt permit completion. on north of 
Section 3. The data for VES-37 (weij!TW_-1) are also shown on Table 2-2. 

~~fmw«:ttt~>. 
Also, of considerab~e i ara&.the .extremely high resistivity values 
encountered west of·· ES-15 These values indicate very coarse-grained * 
alluvial deposits. 

Section 4 (Figure 2-5) is a north-south section alor;l~Avqndale Road from 
the Woodinville-Duvall Road to Northeast 85th Placj! !.!]e southern end of 
this section correlates well with Section 3 which en~~ east of Section 4. 
The central portion is indicative of interbedded sifjsand gravel de osits 
seen elsewhere in the Puget Sound area. From -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 
of these lateral changes. · . [i!W'it""%'1 

~J.ij 
Section 5 (Figure 2-6) is a north-south section along 208th !~venue 
Northeast from Northeast 100th Street to the Fall City Road. Basectfpn the 
previously established premise for identifying bedrock along Section 3, 
interpretation of the local bedrock projects north along this section. In t'le 
vicinity of VES-27 northward to VES-9, a thick section of 90- to tOO-ohm-
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Table 2-1 

Typical Resistivity Values of Materials 

Material Description 

l
a~~ure (full to partial saturation) 

dy sfitjl,;c nd clays and possible sandstone/shale 
AT ock,,. I to partial saturation) 

Silty sand and saturated sand/gravel 

Sand to gravel (fine to coarse) 
Dry sandstone/shale bedrock 

lil~ ~ 
Gravel (full to partla!~ta~jJon) 

ur· 'ijh 
Gravel (dry) li; '" 

B/KINfRBC/RBC-2-T.n12fch:3 
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Resistivity 

10 to 100 

50 to 150 shale 

100 to 500 

200 to 1,500 

1,000 to 2.000 

1 ,500 and above 

. 

F 
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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 Monitoring Well Installation and Pump Testing 
-'><-}$~%ttw... 

<:::::~ '».. 
As l.rt of\"e Redmond-Bear Creek GWMA study five test yvells were 
con'i~eted .10 collect stratigraphic and. hydrologic data for characterization 
of ~~&~te conditions and evaluation of ground water resource potential. 
Well location selections, shown on Figure 2-7, were based on two primary 
factors: 

1. areas where~.subsurface data were absent 
2. current djf!i]r potential ground water supply areas 

At each of the seJJI~al$ites, a 6-inch-diameter test well was drilled to a 
depth between 1sdl\md't5oo feet. Subsurface materials were collected 
every 5 feet to evaluate geologic conditions. During drilling, water bearing 
zones (aquifers) were noted, and (If significant in terms of water resource------;-~ 
potential) a 6-inch test well was installed. At two sites, no significant wat f;· 1.:: 
resource was identified so small diam~fB.!3r (2-inch) monitoring well(s) were · ~~ 
installed. In addition to well drillin~, ~qqY,~r testing was performed in thr7e ' f, · ..t.Q,_ 
of the_ test well~ to evaluat~ certaJ. ~fa~r.r parameters_ such ~ potential t ~ · 
pump1ng capacity and aquifer tr~[;!$,mls~mtY· The test1ng cons1sted of a i}tll " 
variable rate and a 24-hour constant rate pump test. A synopsis of drilling, 'V"''~~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 Append~"'~"~ 

®¥ i <a~ 

A brief description of the findings and interpreta,lipas{ derived from the 
drilling and testing at each of the five sites is giverilbelow. 

1Hl 

2.2.1 Woodinville Test Well 

The Woodinville te~t well site is located in ~~ extreme northwest%f.Rd?2g]on 
of the study area JUSt north of the WoodinVIlle-Duvall Road. Dnlhqg work 
was accomplished between February 26 and March 2, 1990. The ~thole 
was drilled to a depth of 490 feet below ground surface (bgs). The g~ologic 
material encountered consisted of unconsolidated glaciofluvial and la'BLstrian 
deposits of sand, gravel, silt, and clay . 

BfKIN/RBCfRBC-2-R.n12fsna:4 
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Test Well Site 

/ ~ Red 

l:Ower Evans Creek 

~ JrJIJer Evans Creek 

fl';:,a~moor c 
NOTE: NA 

B/KIN/RBCfRBC-2·T.n12/ch:3 
012Hl03.07 

Total Depth 
of Hole (ft) 

(.!Qn 

Go 
160 

237 

170 

Not applicable. 

• 
Table 2-3 

/ :;t-~ti%%~7:~~t-
Summary of Well Drilling and Aquifer Testing Data fS ; 

~ 

Depth of 
Well(s) {ft) 

·~ ') 
75 .) 

153 

160/200 

161 

~j· 'i 

Screened 
Intervals (ft) 

75-85 

65-75 

143-153 

140-160/ 
180-200 ~4 
151-161 

b1. 
tp· 

Well Casino/ 
Dl 

/(mho_V 

~ 

6 

2 

6 

2 

~, 

~ ~:;· w.·~·;''•. 
. 

/ 
/ PumpT ~gRe~s 

··:::" 
Specific 4tmfP' -Pumping Capacity Potential 

Rate (gpm/ft) Yield (gpm) 

K9PmL-.... 
~~·· ,,. 

18 1200 ; ·:.~. ;~. 

·'¥ •v 
"'' NA NA NA 

150 6 700 

NA NA NA 

100 4 100 

• 

Transmissivity 
(gpd/ft) 

80,000 

NA 
20,000 

NA 

5,000 
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Table 2-2 

VES Interpretation 

/ 

~==================~~~:>9~ Resistivity ~ 
Depth (feet) (in ohm meters) Geologic'interpretation 

vi': 31'")4, .,. :::; ... 

0 t ·.11 . 
11{ 17 ;; 
17t,, 24~ 
24 to 35 

35 to 78 

78 to 115 

115 to 111 

171 to 254 

254 to 366 

366 to 546 

546 to 600 + /· 

VES-40 

o to 4 
4 to 6 

6 to 8 

8 to 11 

11 to 14 

14 to 24 
24 to 36 

36 to 93 

93 to 142 

300+ 
173 

91 

75 

84 

65 

51 

84 

116 

69 

low 

A 

Silty sandy gravel 

Sandy silt and gravel layers 

Silty sand and gravel 

Fine to coarse sand 

Fine sand 

Silty sand and gravel and layers 
of silt 

Gray fine sand, silt and clay 

Gray water ,bearing silty fine 
sand 

Coarse dry sand and gravel 

Siltier material 

149 Water table 

33 Silty layer 

261 Coarse sand and gravel 
539 be~ater table 

250 lnte~~t~~op of rock at 36 

390 San~ 
6========================== ==========~ 
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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 
90.f§gt,,,,J]1E3 material was predominantly dense silt and clay deposits with 
occey$ionai\interbeds of sand and gravel. No significant aquifers were found .w* , ...... . 
below a dePth of 90 feet. 

f.J .At1~ 
Foll6wintf'arilling, 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 potehtl~~l yield of 700 to 1,200 gpm. Water quality testing 

::-:·:~( ::::·:·.·:. . 
showed relatively loW) (b~l¢w secondary drinking water standards) levels of 
iron and mangane~~(al!@ no elevated levels of primary standards. 

Jil~ ~t%~ . 
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 £!!Union Hill Road and 196 Avenue 
Northeast. Drilling work was acconlf31t~!Jed between February 8 and 14, 
1990. The test hole was drilled to ~td!i~ of 500 feet bgs. The geologic 
materials encountered were from d~positiQbal environments similar to those 

~;:;:;.m. ..:«=;~ 

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 <:;,f£Q,~pm) aquifer w~s 
present between 20 and 70 feet. Below a depth !Qf 75 feet, the matenal 
consisted predominately of silt and clay mixtures w!ih,gqpasional interbeds 
of sand and gravel. No significant aquifers were [fpund below the upper 
water bearing zone. .).;11. 

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 mo9itofifl9't'ell 
was installed at the base of the shallow aquifer. Water quality testin§jof this 
well did not indicate any parameters exceeding primary or seppndary 
drinking water standards. · ~,tJ 
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2.2.3 Lower Evans Creek Test Well 

The site for this test well is the lower Evans Creek Valley on the north side 
of State Route 202. Drilling work was accomplished between March 8 and 
Mar;Q!;t,$,~J990. The test hole was drilled to a depth of 160 feet bgs. The 
geoi:Jic "'f\1?terials encountered were predominantly sand and gravel 
gla~mfluvia!~eposits. 

I~~~ .·.'::t}W 
Th&borenole penetrated 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 s'Of~l'lid~odor. A more productive zone (>200 gpm) was 
found from 120 to i1j$6J~t. A slight hydrogen sulphide odor was also 
present in the lowe~~'f'oml A~ a; n ? 

JJJ ~1f}t · rclZ 1 

After drilling, a 6-lncn ' "inless steel ell 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 permeablex,aquifer with a potential well yield of 
400 to 700 gpm. Water quality testing[~howed elevated levels of iron and 
manganese. l "1, 

. l '1. 
2.2.4 Upper Evans Creek Te5t"Wen ' 

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 __ ?qcqmplished between 
March 6 and a, 1990. The test hole was drilled to[§loeP\h of 237 feet and 
encountered geologic materials with depositional tf~19IJ~s similar to those 
at the Lower Evans Creek site. Jt.. ' 
Drilling 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. · r"' I ~ . 
Potential yields in this interval appeared to be less than 50 gpm. At(J depth 
of 122 feet and continuing to 160 feet, the material became predog]jnantly 
gravelly sand. Potential yields appeared to increase slightly;'"Bbt are 
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/KlN/RBCJRBC.2·R.n12/st1a:4 
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Since no significant water bearing zones were encountered, pump testing 
was not pertormed 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 
weii§Jn~y,,provide information on hydrologic and geologic conditions within 
the e9ans''¢l;eek aquifer(s) if aquifer testing is pertormed on new or existing 

=-·=~·: -::~·=% 

proqgction ~ells in the valley. 

il ;;o~il 
2.2.5 Marymoor Park Test Well 

The well site is located in the southwestern portion of the study area just 
south o~ the Eas.,tr~~,..e Sammamish Parkway. Drilling work was 
accomplished betw~~n ~gust 30 and September 5, 1990. The test hole 
was drilled to a depf~4?~:f18o feet bgs. The geologic materials encountered 
reflect deltaic and l~u§Vj?n depositional environments. 

A&&.... --~4hv. 

The drilling encountered coarse sand and gravel, typical of deltaic deposits 
from ground surtace 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 feet;ia dense silt and clay unit was 
penetrated. Below this low permeabilttYil\/nit, a gravelly sand and sand unit 
was encountered from about 145 tQ.(J""§§r~Jeet. This confined aquifer also 
appears to have the potential for p{bdudpg significant quantities of water. 
From 165 to 180 feet, the materiaf~Hcou'Rtered consisted predominantly of 
fine to medium sand which appeared to be getting finer with depth. 

After drilling was completed, a 6-inch diameter Y!~U~_.£[.6,en was installed 
1 

? 1 
from 151 to 161 feet bgs. Due to budget constraii;l!ji a 24-hour pump test A/ o iJ. ~!e.. sf 
caul~ not be_ p~rtormed on thi~ well. ~wo short-tel,'lU,p~mp tests (40 and U 

60 m1nutes) 1nd1cated a potential well y1eld of at le$$t 100 gpm. 
A 

2.3 Precipitation 

Precipitation data were compiled from measurements at sev~Q,YY..~J~ther 
.·.-.·.-.•.,,,..:;.,.,•.•.v.·~.-~~ 

stations in the Redmond-Bear Creek watershed during 1989,T19$P, and 
1991. The location of each precipitation collection station is s~gY.,n on 
Figure 2-8. Monthly precipitation data are compiled in Table 2-4!ll Daily 
precipitation data are included in Appendix D. ,.Jfl\" 

The RBC watershed receives an average of 42 inches of rainfall annually, 
approximately 8 inches more than the Everett weather station to the north . 
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Figure 2-8 Location of New Test Wells 
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YEAR MONTH STAllON 

YVotXliOVIUG umon Nl oan.,ee ~~Redmond mmn nooge Hlaloely Hldge 
1989 Jan NO NO 5~65 2.72 3.97 5.81 NO 

Feb NO NO 3.07 1.11 3.3< 4.46 NO 
Mat 5.09 NO 6.65 3.04 5.56 6.79 NO 
Apr 1.47 2.00 2.45 0.97 1.32 2.30 NO 
May 3.33 3.78 3.95 3.81 3.54 4.28 NO 
June 1.58 1.36 1.72 1.20 1.21 1.45 NO 
July 0.19 NO 1.07 0.54 0.13 0.80 NO 
Aug NO 1.37 1.05 NO 0.67 1.21 NO 
Sept NO 0.37 0.35 0.13 0.36 0.42 NO 
Oct NO 4.17 4.40 3.51 4.19 4.48 4.46 
Nov NO 5.59 7.05 4.20 4.36 5.86 5.66 
Doc NO 5.73 5.60 4.28 4.60 5.97 5.97 
Ictal 11.66 24.37 43.41 25.60 34.07 43.63 16.31 

1990 Jan NO 9.02 9.70 7.66 6.02 9.99 9.99 
Feb 3.63 4,66 3.15 2.69 2.9i 3.88 3.66 
Mai 3.02 3.89 3.50 3.11 3.92 4.14 4.14 
Apr 3.40 3.66 2.75 2.32 3.56 3.91 3.91 
May 2.52 3.42 2.35 1.81 2.50 2.78 2.78 
June 3.3< 3,78 4,10 2.62 3.13 3.97 3.73 
July O.T7 0.96 1.20 0.74 0.74 1.09 0.86 

Aug 1.06 1.66 1.75 0.87 0.72 1.35 1.29 
Sept 0.06 0.04 NO 0.02 0.11 0.21 0.41 
OCI 7.03 6.36 7.65 5.80 6.87 6.30 8.76 
Nov 8.04 8.05 7.95 6.20 6.91 6.06 6.63 
Dec 4.66 4.39 5.35 4.02 5.10 4.3< 5.20 
IOta! 37.95 51.93 49.65 38.37 44.51 50.02 51.67 

1991 Jon 3.62 4.86 5.00 3.72 3.66 5.02 4.60 
Feb 5.96 5.06 5.15 4.38 5.51 5.26 5.86 

Mar 5.04 5.62 6.05 4.24 4.79 7.27 6.52 
Apt 5.63 6,57 6.40 5.35 5.46 6.41 5.87 

May NO 2.63 2.45 1.28 1.73 2.55 2.10 
June NO 2.79 2.75 1.58 2.16 2.76 2.54 
July NO 0.06 0.30 0.36 0.39 0.42 0.04 
Aug NO NO 1.80 1.41 1.62 1.75 1.63 
Sept NO NO 0.00 0.44 0.33 0.38 0.36 
Oct NO NO 1.70 1.64 NO NO NO 
Nov NO ND 2.38 NO NO NO NO 
Dec NO NO 0.00 NO NO NO NO 
IOtal 20.67 27.63 33.96 24.40 25.67 31.84 29.72 

NO· No Data Available 

DATI 10-92 Table 2-4 

@ emcon OWN. MLP REDMOND BEAR CREEK 
APPR. ___ GROUND WATER MANAGEMENT AREA 
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Total monthly precipitation for each weather station during the years 1989, 
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 
available for a few months at certain stations. For example the Union Hill 
Site.Jr,O!!LAugust through November 1990. Similarly, data were missing or 
abs~ot forthe Woodinville Station between September and December 1989. 

~~,:~ "='~~=::: 

The lanJprecipitation plots illustrate how precipitation vru=ies seasonally 
in tlie~Wiitershed with approximately 75 percent of the annual precipitation 
falling during 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 
January ranged frdft'i}ll'Pf9ximately 4.5 to 9.1 inches. The highest recorded 
monthly rainfall, 10 [gchJI\ occurred at the North Ridge Station in January 
of 1990. Precipitatiq(f'~iicreases sharply during the summer with the least 
precipitation typical!iL?dQYJ!ing during September. Average precipitation 
over the watershed during the month of September ranged from 0.15 to 
0.30 inches during the three years of study. 

To evaluate precipitation. patterns withj[l the GWMA, monthly precipitation 
totals for each station were plotted ~9\'hboth a high and low precipitation 
month. July and October of 1990 wete;'Selected because there are data at 
all of the precipitation stations foQf!ti'dt~},months. The isohyetal maps, 
Figures 2-12 and 2-13, show the distributi81\.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 
of the GWMA and lowest in the lower Bear Creek•M,alley~around the cities 
of Redmond and Woodinville. As shown graphic§lly or{ Figure 2-14, the 
Sahalee and north ridge stations consistently recor~fd'fl1e highest monthly 
precipitation totals. .Jil 

2.4 Streamflow 

The Redmond-Bear Creek GWMA is drained by four maj<y,.·,~~;e8!]1S: 
Cottage Lake Creek, Daniels Creek, Bear Creek, and Evans Creek. *Pan leis 
Creek, located in the northern part of the watershed, flows sotith into 
Cottage Lake which is drained by Cottage Lake Creek. Evan~lcreek 
originates in a marshland 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 
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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 
stat\Qns,,jQ the GWMA from 1989 through 1991 (Figure 2-15). Station 
NunJer';t'1f!?s located on Daniels Creek at the Woodinville-Duvall Road, 
Stat@r Nurf!~er 2 on Upper Bear Creek along the Woodinville-Duvall Road, 
Statiph N46lber 3 on Cottage Lake Creek at Avondale Road, and Station 
NumBer''4'on Lower Bear Creek at Northeast 132nd Street. Two stations 
(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"'~!(fi!"'~attle-King County Health Department, using a 
continuous recorde[{ 9,~ta from the Lower Bear Creek station Number 4 
were collected by t,Qe''l!J.SGS with a continuous recorder, and data from 
Evans Creek stati'1Q~,-~''~[!J! 6 were coll~cted by the King County Surface 
Water Management D1vis1on, using cont1nuous recorders. 

2.4.1 Gauging Methods 
& :::d~. 

At each site, an attempt was made tgTqpllect measurements from a reach 
of stream with a smooth shoreline, ry{i,b.h hanging in the water, no large 
rocks, and no back-eddies. Thes!l;;bptin1g{n conditions were found only in 
culverts beneath roads, so they "'were ffiij'location of choice for stream 
gauging. Stream sections exhibiting fair to good conditions were used 
where culverts were not available. 

~»;;_:;:.-..x.:;x-:;::::::;r:~ 

At the Daniels Creek, upper and lower Bear CreEiHl sites, stream velocity 
measurements were made with a Swoffer impe@§k_.type current meter, 
number M-1-01-K Velocity and water depth v{§re measured at 6 to 
24 equally spaced points along a tape stretched pefj5endicularly 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-tenth~ of the depth of the stream. At eapl:h@PinlJ at 
least three 20-second velocity measurements were collected and averaged. 

$;:::;:: 
~:::@ 

Discharge for each segment is the product of the average velocity[~d the 
area of the segment. Discharges for each segment were sumh1ed to 
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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 
stations"and for the Lower Bear Creek station for the years 1989 through 
19911. iii~~.e streams flow throughout the year .. Seas~~al ~ariations in 
stre~ flo~;fappear to correspond to changes 1n prec1p1tat1on and are 
gen~~ally ggaracterized by high flows in the winter and spring and low flows 
in thei'sliminer and fall. Hydrographs for Evans Creek at Union Hill Road 
(Station 5) are shown in Rgures 2-16, 2-17, and 2-18. Hydrographs for 
Evans Creek at Union Hill Road (Station 6) are shown in Rgures 2-19, 2-20, 
and 2-21, and hydrographs for Lower Bear Creek near Redmond (Station 4) 
are shown in Figut'$§''2'"~. 2-23, and 2-24. Stream discharge data for the 
Daniels Creek and lJpperiBear Creek stations are summarized in Table 2-5. 
Discharge data for lb~jige Creek are not included in this draft report due 

•••• '$- •••••• 

to data reduction ptQble~. 
;...v;.;.;.;.;.:-.. ·.;.:.;~ 

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 lowestprecipitation. Storm flows typically 
occur between November and April,t\,Jth the largest peak flow in each 
stream recorded in January 1990. Along\Evans Creek, baseflow increases 
greatly between the upstream and dOWnStteam gauging stations, indicating 

<~~ ·.:;:·:·:::. 

ground water discharge to Evans,iGreek.ltan 1990, baseflow 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 (Rgure 2-16 througp•2 .. 2;~) show that flow 
varied from about 5 cfs to 200 cfs from January 1SB9 to'September 1991 
at the upstream Union Hill Road station a~d from 1ll'tfStio 1332 cfs during 
the same period at the downstream stat1on near $-Vondale. At the Bear 
Creek gauging station near Redmond, streamflovf'Vfu.ied from about 5 cfs 
to 250 cfs from April1989 through September 1991 as shown on the Bear 
Creek hydrographs (Rgures 2-22 to 2-24). 

2.5 Water Level Monitoring 

Existing ground water data available prior to this study were too lim!t~d and 
too sporadic to use in determining long-term water level trends dfgfound 
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 
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Table 2-5 Summary of Stream Discharge Gauging Data 

1"'"'~4,\1 
JL . .stlr 
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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. ,j. , 

~"'''""'"'<' ~"'-\\It [J {; 
2.s.),f ~,~~Selection /_---/. ~ - ' / 

Well'ltriUerffhogs obtained from the Department of Ecologfwere reviewed, 
severat'w~lls were selected for possible monitoring, and each potential 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) aq~lf~J;\:_one, and (~) usefulness of data o~ the well logs. 
Each well was 1derwned pS producmg from a shallow aqu1fer zone or a 
lower deep aquifer ilnetVRepresentative wells were selected to provide a 
uniform distributionit'brl(\guifers throughout the study area. Finally, each 
owner's permissionMw~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 Measurements.&\\ 
!i '"''% 
·¥ "t:t:. 

Water level measurements were o.~tam~~' by personnel from the City of 
Redmond, Seattle-King County Health.Jflepartment (SKCHD), EMCON 
Northwest, Union Hill, and Northeast Lake Sammamish Water Districts and 
Volunteers from the Redmond Ground Water Advisory Committee. Water 
level data forms were used to record depth-to-water measurements. The 
data were then entered into the SKCHD Data Bas~;;pGopies of water level 
measurements for each well are provided in Appei!:\eix G: 

li« 1 
Water levels were measured with a Slope Indicator lqdel 51453 water level 
indicator, an electronic measuring device which indleirtes 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. FjJ-, 
The water level elevation for each well was calculated by subtractinlbepth
to-water from the elevation at the top of the well casing. Elevatiqp:§,were 
obtained from survey data collected by Phillips and Associates, Engineers 
of Bellevue, Washington . 
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Table 2-6 

Ground Water Monitoring Sites 

Monitoring 
Well Name Use Type 

Doughty, Lee D WLjWQ 

Woodinville Water D WLfWO 

Paradise Park D WLjWQ 

Bondo, Paul D WLjWQ 

Odegard, David D WLjWQ 

Kloepfer, Ryan D WLjWQ 

f!IW'~ D WLjWQ 

~~gal8ames D WL 

R~'~:oc. D WL 

't';;';riter, &\trdon D WLjWQ 

Smith, Don D WL 

Sharp, Grant D WLjWQ 

Nelson, Gordon A D WLjWQ 

Thenos Dairy If?& D WLjWQ J ~3h1 '<':<., 

Thompson, Steve rif\ D WL 

Ulrich Meats ,,:. W\h D WLjWQ 

Heller, Charles D WL 

Whyte, Myrna D WL 

O'Leary, Chris o..._ WL 
~::.s 1 

Weide, Mike Dl WLjWQ (;:: ~ 

Stern, William DJ=1 WLjWQ 

Ascher, Leo of WL 

Uen, William D WLjWQ 

Larson (Stetler) D WL 

Tollfeldt, Harvey D 
~r Bauman, John D WL ~'' "'I 

Webster, Walt D WLfWcl,i 

Sorenson D WL;J~t 
Goss, Gordon D WLjWQ 

Hutchinson, Ron D WL 

Macklin D WL 

Rev. a, 11/17/92 
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Well 

kftdaltifw.ation 

Si 1' 
I I 
JM -0:# 
""""' 
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Table 2-6 

Ground Water Monitoring Sites 
(Continued) 

Well Name 

McGlothlin, Del 

Home Port Farm 

Patterson, Stan 

Bowman, Car1 

Loveless (Stensland) 

~dWell#3 

J,l\Piarl)obert 

~etfiry 
.ii£recast 

King County Shops 

Eastside Masonary 

Barrett, Del 
"" .:-:·~ 

Redmond GWMA Test,:fl$11 

~~:::e Park B-1 i1 ~\{L 
Science Park B-2 

Redmond Well #5 

Redmond Test Well #5 

Redmond Cemetary 

Cedar Lawns Cern. 

Redmond Well #1 

Redmond Well #2 

Redmond Oil Co. #1 

Redmond Oil Co. #2 

Town Center I 

Washington Vee-Tech 

Gateway Piezometer #1 

Gateway Piezometer #2/3 

Redmoor Corporation 

Campton Community 

Use 

D 

D 

D 

D 

D 

p 

D 

D 

I 

I 

I 

D 

MW 

D 

MW 

MW 

p 

MW 
lfi''W"i ..... "!Q!, 

I il._..d 
. !!>:- 1 

Pfc 
:#i··;... 
p 

MW 

MW 

I 

I 

MW 

I 

D 

Monitoring 
Type 

WL 

WLjWQ 

WLjWQ 

WLjWQ 

WL 

WLjWQ 

WLjWQ 

WL 

WLjWQ 

WLjWQ 

WL 

WLjWQ 

WLjWQ 

WL 

WL 

WL 

WLjWQ 

WL 

WL 

WLjWQ 

WLjWQ 

WLjWQ 

WL 

WL 

WL 

WQ 
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Table 2-6 

Ground Water Monitoring Sites 
(Continued) 

Well 

1iifdentif(,£ation Well Name 

jj Sportsman Park 

l' I Welcome .I w . 
~~:=: .. 

Evans Creek Test Well 1 

65 Turpsmith 

66 Ingalls, Robert 

67 ~n,Margret 

68 Rii1n "1 "n!:,J 
69 !lii!R&landscape 

JL"'*' 70 S.#6 

71 Varney 

72 Robretson, Richard 

73 Union Hill 

74 . E~• C•ook T"' ~ 
75 NELS Test Well #1 / .,, 

76 NE L Samm #2 . L'\, 
t6 kx NE L Sam #2R 

77 NE L Sam #4 

78 NE L Sam #5 

79 NE L Sam #3 

80 Sahalee 

81 Marymoor 

82 Alppen 

NOTES: WL = Water Level Monitoring 
WQ = Water Quality Monitoring 
D = Domestic Water Supply (Includes Irrigation use) 
p = Public Water Supply 
MW = Dedicated Monitoring Well 
I • Industrial as Commercial 
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Use 

I 

D 

MW 

D 

D 

D 

D 

D 

p 

D 

D 

p 

MW 

MW 

p 

MW 

p 

p 

F M 

D 

Monitoring 
Type 

WLfWQ 

WL 

WLfWQ 

WL 

WL 

WL 

WL 

WLfWQ 

WL 

WL 

WL 

WLfWQ 

WLfWQ 

WLfWQ 

WLfWQ 

WL 

WLfWQ 

WL 

WQ 

WL 

WLfWQ 

WL 

~-f 
~. 
~:jJi 
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Figure 2-25 Locations of Monitoring Wells in GWMA 

R 
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2.6 Ground Water Quality Sampling 

Ground water samples were collected from each of 35 wells in the GWMA. 
Samples were collected in December 1989 and May 1990. For the 
Dec~!l!B9lt;;l989 ground water sampling, samples were collected from all 
well~land fiPalyzed for primary and secondary drinking water standard 

. 

analles ~~characteristic constituents Qnclud~ng major and minor ions) . 
.---- el!ld~lls were also tested for total organ1c halogen (TOX). For the 

, 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 biptJ~AY!,Th (~CB~), _and the priority p·ollutant _metals w~ich 
were not already 111§1ud§I:J 1n dnnk1ng water standard constituent testing. 
During the May 199lj"\(!\~Piing, a reduced number of wells were tested for 
TOX. ih '%;,. 

jt=~~~ "'~ 

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 
d~ter_mine whether ground water in * GWMA generally meets natio~al 
dnnk1ng water standards. TOX anal~ were used to scan for potential 
ground water contamination. voc#B~, and additional priority pollutant 
metals testing were used to asse~ipotei]tip,i 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~~gg;>J;,.d with standard 
procedures described in the Redmond-Bear. r~e~ Ground Water 

~n~a~=m~~~~;:d~~~~ ~:~~~~u~~oj:t:~an r~!~c~~a1~~~ 
Collection and Analysis Plan (SE/E, March 5, 1990)[$AII 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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Well 
Number 

1 

3 

4 

5 

6 

7 

10 

12 

13 

14 

16 

20 

21 

23 

27 

29 

33 

34 

35 

38 

40 

41 

43 

48 

51 

53 

61 

62 

64 

Table 2-7 

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

Well Identification Analyses Performed 

December 1989 Sampling 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

.POW, SOW, GWC, TOX 

Bonde, Paul 

Odegard, David 

Kloepfer, Ryan 

Hosey #1 

Tainter, Gordon 

Sharp, Grant 

Nelson, Gordon 

Thanos Dairy 

Ulrich Meats 

Weide, Mike 

Stem, William 

Leln, William 

Webster, Walt 

Goss, Gordon 

Home Port Farm 

Patterson, Stan 

Bowman, Carl 

McCian, Robert 

D POW, SOW, GWC, TOX 

K
il POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

Olympian Precast 

King County Shops 

Barrett, Del 

Redmond Well #5 

Cedar Lawns 

Redmond Well #2 

Campton Community 

Sports man Park 

Evans Creek Well #1 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW GWC, TOX 
y. 

POW, SD, ·~ WC, TOX 
POW, S . ':' C, TOX 

.· ":i:~?-:'1 

POW W, GifG. TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

May 1990 Sampling 

POW, SOW, GWC, Others 

POW, SOW, GWC 

POW, SOW, GWC, Others 

POW, SOW, GWC, TOX 

POW, SOW, GWC, Others 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, Others 

POW, SOW, GWC, TOX 

POW, SOW, GWC, Others 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 

SOW, GWC, TOX 

PO , SOW, GWC, TOX 

, SOW, GWC, TOX 

POW, SOW, GWC, TOX, Others 

POW, SOW, GWC, Others 

POW, SOW, GWC, TOX 

PDW,SD~X 
POW, SOW, Gvl, TOX 

POW, SOW, G~. TOX, Others 

POW, SOW, GWC, Others 

POW, SOW, GWC, TOX 

POW, SOW, GWC, TOX 
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Well 
Number 

89 

73 

74 

76 

n 
79 

NOTES: 

Table 2-7 

Redmond-Bear Creek Ground Water Management Area 
(Continued) 

Well Identification Analyses Performed 

11 W~ersName 
:::: --~~ 

December 1989 Sampling May 1990 Sampling 

~{fk~scape POW, SOW, GWC, TOX POW, SOW, GWC, TOX 

..a1m · "111 POW, SOW, GWC, TOX POW, SOW, GWC, TOX 

Evans Creek Well #2 POW, SOW, GWC, TOX POW, SOW, GWC, TOX 

NE Sammamish #2 POW, SOW, GWC, TOX POW, SOW, GWC, TOX 

NESammam~h~ POW, SOW, GWC, TOX POW, SOW, GWC, TOX 

NE Sammamish # fi, ;: POW, SOW, GWC, TOX POW, SOW, GWC, TOX 

POW: Primary DrlnkingiWli~§::es (see Section 5.2.1) 
SOW: 

.«::» ~~-
Secondary drlnkl!j\l wa · ,:, alytes (see Section 5.2.2) 

GWC: Ground water clliiaoleris ·.·.. nstituents (see Section 5.2.3) 
TOX: Total organic halogen (see Section 5.2.4) 
Others: Cyanide, phenol, volatile and semivoiatlle organic compounds, chlorinated pesticides, PCVs, antimony, 
beryllium, nickel, and thallium (see Section 5.2.4) 

A . . A 

T 
,.>~t 
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3 GEOLOGY 

The Redmond-Bear Creek study area contains three basic rock types: 
Tertiary or older sedimentary and crystalline bedrocks, semi-consolidated 
to unconsolidated...tl!,Mal •. glacial, and marine Pleistocene sediments, and 
Recent alluvium (Figore'S\1) 

ft Jj1 t:isz:tt 
The depth to bedro.!:if< lili}fle study area ranges from 0 feet to 1,500+ feet 
below ground surfae&:. Bedrock 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 & Othber~~%~974). These sediments appear to 
be thickest near the City of RedmondJit{tf!e north end of Lake Sammamish. 

Glacial deposits typically includ~fo~~h deposits, glacial till, and 
interglacial lacustrine deposits. oti'ttVasn"deposits 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 qyE)rridil1~· grinding, and 
compacting outwash material. Lacustrine Qake) segJfnents typically include 
finer-grained materials such as clay, silt, and fine ~'and often contain 
organic debris. I . 
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 ~tb;the 
GWMA. The units, from youngest to oldest, are as follows: 1 tf 1 

<·:·:·:; 

• Alluvium lM 
• Vashon Recessional Outwash "''Hh. 
• Vashon Glacial Till 
• Vashon Advance Outwash 
• Transitional Beds 
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Figure 3-1 Generalized Geologic Map _ 
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• Olympia Gravel 
• Older Undifferentiated Deposits 

A stratigraphic column indicating the estimated age relationships of these 
unit"js.._sbown in Figure 3-2 . ... ,!L~ .,,~,,, ~ 

""l \ fi '(,; 
~:ill ~X. 

3.2 i1 G~logic History 
,~~1{.; ,.::.dl$> 

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 avenue 
for several episo~.!)I~L piedmont or ice sheet-type glacial flow from 
southwestern Cana\1a, vmn concurrent sedimentary deposition during the 
Pleistocene and ReiQ~post-glacial topographic modifications by erosion 
and deposition have!beln,minor, occurring primarily along river floodplains . 

. t{:%L ·v~ 

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). ~final episode of glaciation, termed 
the Vashon stade, was the most ~l§@Jicant geologic influence on the 
development of ground water itL,tlil, study area. Approximately 
20,000 years , the ice sheet ~s in lhJ: vicinity of Vancouver, British 
Col~ ,00 ears ago, the ice sheethad reached the Port Townsend 

--area ana e vely isolated the Puget Sound Basin from the Strait of Juan 
de Fuca. 

A large lake developed in front of the ice front, and tnick !fequences of fine
grained sedimen~ were deposited_ i~ the basin. A~J~ce advanced and 
reached the maxtmum southern hmitS 14,000 ye~s agb, lateral streams 
from the Olympic and Cascade ranges were blo~y 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 iceyrell!ched a 
maximum thickness of 3,000 feet and an elevation of approf111ately 
5,000 feet above mean sea level (AMSL) in King County. The weigi.1\t of the 
ice compressed the till and depressed the basin. Soon after th~fglacial 
maximum, the ice front began to recede as the rate of accumutatibn of 
snow and ice became lower 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). 

---.-.;:~:tf:~t«'*:t::::::::~::::..-. • • • 
The ~jjgeold9!P history throughout King County includes the following 
chrc!@ologyf0isted from youngest to oldest): 

.ii ~A' dil%;wftbh-glacial recent deposits 
• Frasier Glaciation 
• Olympia lnterglaciation 
• Possession Glaciation 
• Pre-PosseSSJOl"Htnterglaciation 

~:->:8; .;>:-=-~-

• Double BluffJ;Gia(l!ation 
• Pre-Doublelttlf!~fluvial and lacustrine deposition 
• compactiosl! s~ments into layers of shale, sandstone, and peat 
• 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 geologic .~posits form distinct layers exposed 
at the surface and in deep borings if tft, study area These deposits are 
presented in five geologic cross-seston~!~own in Figures 3-3 to 3-7. Well 
logs used to prepare these crosS<oSectiodstare presented in Appendix I. 

3.3 Geologic Units 

,~ 

3.3.1 Alluvium {1 ~ I -
Post-glacial depositional and erosional processes nave modified the glacial 
land forms and former stream and river valleys. f(J"aay, 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 ands;lgryJ ]Jeir 
maximum thickness is approximately 40 feet. iT. , 

. I 
Vashon Recessional Outwash. The Recessional Outwash consists 
primarily of well-drained stratified sand and gravel with some silt·Srtd clay 
deposited from meltwater flowing from the receding glacier. In the study 
area, Recessional Outwash deposits range up to 90 feet in thickness. The 
Recessional Outwash deposits are generally discontinuous and occur as 
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Figure 3-3 Geologic Cross-Section A-A' 

R 
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Figure 3-4 Geologic Cross-Section 8-8' 

R 
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Figure 3-5 Geologic Cross-Section C-C' 

R 
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Figure 3-6 Geologic Cross-Section D-D' 

R 
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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"Vashon Till consists of non-sorted clay, silt, sand, gravel, and boulders 
dep§l~ed'~te?tiy by glacial ice ~d compacted by the weight of the 
overfi[dtng Q!p.cter. The Vashon Till ts present at the surface over much of 
the ~WM&i~fncluding Education Hill, Hollywood Hill, Novelty Hill, and Union 

k····-~··w.~·w~"v 

HilL The 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 appears to be thickest in the northern portion of the 
GWMA ,&~fu . 

. !M llf 
~4 w:» 
K~ 

Vashon Advance <itUtWlSh. Vashon Advance Outwash deposits underlie 
the Vashon Till andiben~l§t- 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. 

1 
Deposits of Advanc~ Outwash are e,As~d on the upper portions of the 
steep slopes bordenng the Snoquf!!~.D.~£tltver, Evans Creek, Bear Creek, 
and Cottage Lake Creek. In the ,i;!dY ar@.a, Advance Outwash generally 
underlies the Vashon Till except where it "lias been eroded away by creeks . 
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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 
Cre@~VaJley. Elsewhere, the Olympia Gravel underlies the transitional beds 
at e~vatib~~ ranging from 200 feet amsl to 200 feet below mean sea level. 

I %'. ,.,,, 
"'" .~:}~ 

Old~f ~•Jglfferentlated Deposits. Older undifferentiated deposits include 
botl\"'glacial 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 lacy?trine clay and silt. These deposits are generally not 
visible. at the surfact,~li~!i GWMA, but underlie most of the r_egion. These 
depos1ts have beenmp,@Jt$ti"ated by several of the deep wells 1n the GWMA, 
including the Woodl!')vllfe Water District and Redmond test wells. Where 
present in the GWMl..ttie\deposits have a minimum thickness of 400 feet. 
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4 HYDROGEOLOGY 

,, ''¥i 
Thislectiqtf!llescribes the occurrence, movement, recharge, and discharge 
of ground'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. 

~i¥f~~'%fu 

The Alluvial Aquiferll cqi)~ist of a number of different deposits including 
recent and older ai!YV~Utf\ deposited in and along stream channels in the 
GWMA. The Sea ll!reli~uifers consist of the Olympia Gravel and some 
older undifferentiatl4a'aepa"sits found at elevations near mean sea level. The 
Local Upland Aquifers are made up of discontinuous Advance Outwash 
deposits and permeable zones within the Vashon lill. 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 whictt"llgperlie most of the GWMA (refer to 
Figures 3-3 to 3-7). if 1l 
4.1 Occurrence of Ground Water 

Geologic materials able to.store and transmit ground w~!er are considered 
'%:.·>..:.·~.;;:;;~ 

to be aq~if~rs. ~n the Redm~nd-Bear ~reek area, tl1~Jmajdr aquifer systems 
can be d1v1ded 1nto shallow, 1ntermed1ate, and deePJ:QLQ.tJJld water systems. 
Shallow ground water systems occur as alluvial dl>osifs along the major 
streams and the shallow portions of the uplanciliquifers. 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 silt deposited ?uri,QQ"fi!,ast 
glacial, interglacial, and pre-glacial periods. 1 I ' 
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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 
deHqeates.;l based on field activity findings discussed in Section 2 of this 
repf inClqge four aquifer zo~es (AII~ial, Local upland, sea leve~,. and 
Reg~qnal) !Jijd at least two maJor aquitards (Vashon Till and Transitional 
BedJit S~ of the wells used to collect water level and water quality data 
were''defiheated 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 o~!ffift))~jor aquifer zones contains more than one water
bearing zone whic~!lh?}§br may not be in hydraulic connection with other 
water bearing zon~$.-'iiJ:."the same unit. For example, the local upland 
aquifers include di§§@ntfnqqus 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 A data become available, these 
hydrostratigraphic units may be furtt¥t{1 subdivided into additional, more 
distinct units. The remainder of this ,~eaDon provides a brief description of 
the major hydrostratigraphic units ~O'tfiEf\,~dy area. 

; mf. : t»:~)::: 

4.2.1 Alluvial Aquifers 

The Alluvial Aquifers appear restricted to alluvialgt:IB.R~ts along Cottage 
Lake Creek, Bear Creek, and Evans Creek. TheSe deposits consist of 
sand, gravel, and silt deposited in and along streals.Gb~nels as alluvium, 
alluvial fan deposits, and older alluvium. The depc(~ts r~nge up to 40 feet 
in thickness. .JL 

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 aquifersrange 
from approximately 140 feet amsl near Evans Creek at the (;ast'bm 
boundary of the GWMA and 100 feet amsl at the northern boundarQ~o less 
than 20 feet amsl at the discharge area near the northern edge Ji Lake 
Sammamish. Monthly ground water elevations in the alluviat'«i:kjl.Jifers 
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 

Well Approximate Well Approximate Well Approximate 
ID :n~~a!ion ID Intake Elevation ID Intake Elevation 

8 fE68 ' 1 292 6 54 
9 I " 2 210 15 -124 $:.« 64 ·-. 

23 j!.'ftt59d)., 3 216 26 
24 4 219 27 
33 -9 5 171 28 -31 
37 22 7 171 29 
40 -66 10 187 30 44 
41 12 1 Fjtf""~h 161 31 -15 

·~~ " . 42 -10 12''''' 7''231 32 51 r, 
43 50 13~1riif' 186 68 
44 -10 <w ¥~ 74 17jf, \\', 172 
45 4 1~ .. ,,, 7 77 -2 
46 23 19 272 78 
47 24 20 251 79 
48 21 184 80 49 
50 15 22 if* 51 -37 69 424 f~:;. 

~i 
52 -23 71 ;. ~,[;_ 53 -23 72 388 if 
54 10 82 

ji, 

55 10 
56 -6 
57 2 
58 l[] 59 23 I . 60 10 .,=1 

~ 62 1 
63 6 

. 

64 -73 
65 60 
66 31 
67 40 
70 -9 
73 -54 
76 8 
81 -129 
NOTE: 1 Elevation ""' feet above or below mean sea level. 

B/KIN/RBC/RBC-4-T.n12/kk:2 
0121-003.05 

Regional Aquifers 

Well Approximate 
ID Intake Elevation 

14 -156 
16 -175 
34 -278 
35 -224 
36 -224 
75 ~1 

79 -205 
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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 
ma9(\'Q6ctltt§t the base of the upper 8 feet of weathered till, perching on the 
uppl surfi\9e of the unweathered till. The presence of till close to the 
surf~e is rjJnifested by swampy areas and poor drainage. Ground water 
is s,<!ID"'t:l1ilfies found within the unweathered portion of the Vashon till, 
typically 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 summ!~LPJ!Jnths. 

<;::!:· -:;.~:.;.').. 

Recharge of rain wiLLtll the unweathered Vashon till is slow because of 
low infiltration capaitf~~~ and most water is lost through surface runoff. 
Increased infiltratioobccilfs.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. 

fo 
.1\': 
f! Wk 'h 4\ 

4.2.3 Sea Level Aquifers 
. .;::~~~ 

The Sea Level Aquifers underlieAihe elire 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. ~.··. i 
.ll~-J 

At least 13 wells in the GWMA are screened in ff<s>S~a Level Aquif~rs. 
Depth to water ranges from less than 50 feet to alfl'l!l!st 400 feet, depend1ng 
on surface topography. Ground water levels are411bher 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 result from higher precipitation during the 
autumn months and lower precipitation in the spring. 

r~&J"'" 
4.2.4 Local Upland Aquifers " 

The Local Upland Aquifers occur beneath the ridge of the GWMkfth'd 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 1 0 feet in perched water bearing 
zones."to.,about 350 feet. The Local Upland Aquifers may recharge the 

'(<·:« . ···~,~·:·~.·. 

AIIWi$1 Aqyners along the valley walls. The typical response of ground 
wat{lleve!~lo precipitation is shown in ~~ure 4-4. Ground water levels in 
theS$1 aqu!ters show some seasonal vanation (generally less than 5 feet). 

> i'f:h. w.-.-¢~o/ . 

4.2.5 Transitional Beds 

This major hydrostratiQ[ePhic unit is an important aquitard separating. the 
Local Upland Aquiftf frq~ the Sea Level Aquifers. The unit consists of fifty 
to hundreds of feet otiPQritinuous fine-grained lake-bed deposits that restrict 
vertical ground waf~r "l'llPvement between aquifers. Scattered isolated 
lenses of sand withinLthe''ti'ansitional 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. 

1\ §\, 
4~~ 

4.2.6 Regional Aquifers l 1\ 
~'~··t 

The Regional Aquifers underlie trnlentirJ\awMA 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. J , 
Only five wells used in this study are screened in tJise1.quifers. Depth to 
water in the regional aquifer can range from about 1j) feet to over 400 feet. 
Static ground water elevations range from 31 to 12"1fellt 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 
(Rgure 4-5); however, the variations are less than 3 feet. 

4.3 Ground Water Flow Conditions 

-q: 
~;.;.· I; 
~!!!{ 

Water level elevation data collected during this study were pldff~'a 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. · 

4.3:1if""'AI\!!~ial Aquifers 

Gro(ld w~Jr in the alluvial aquifers is usually under unconfined or semi
CO[Li\fl!tl+¢5nditions. In general, ground water in the" Alluvial Aquifers flows 
toward local discharge 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 ~gqg,,,,Evans Creek. Horizontal gradients range from 
0.004 ft/ft from norl to~§puth to 0.01 ft/ft from east to west. . 

flf.~tztfw 
4.3.2 Sea Leve~.I\J~tt~J~ 
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, gr,pund water in the Sea Level Aquifers 
generally flows west from high el~vatiJnr ~f 160 to 200 feet amsl near the 
Redmond watershed to low elevation$ rang1ng from 60 to 80 feet amsl near 
the western boundary of the GW~A=~~ures 4-8 and 4-9). Horizontal 
gradients range from 0.002 to O.O:lift/ft. lntthe extreme southern part of the 
GWMA, ground water in these aquifers flows southwest toward Lake 
Sammamish. 

4.3.3 Local Upland Aquifers · ~~1 ~1 
l't--1 

Ground water conditions in the local upland aquifer'~ be unconfined or 
confined depending on the depth and presence ofibMerlying aquitards. In 
the Local Upland Aquifers, ground water flows away from the highland area 
north of the City of Redmond 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 anl;kSQ~;~thwest 
toward Evans Creek (Figures 4-10 and 4-11). In these aquifer!, ho~zoMtal 
gradients range from 0.02 to 0.05 ft/ft. rli 
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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 April1990 
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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 
1990 
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Rgure 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 
April1990 
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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 
geng~all;:,Vows toward the west. In the deeper zones, the discharge area 
is p~qbabfYl~?uget Sound. 

~w.~ W* 
1<1.. gj 

4.4l "'Gilund Water Recharge 

Aquifer recharge areas are permeable geologic materials through which 
water percolates down to the water table and into an aquifer system. Using 
USGS surficial geolqgt«,maps (Minard, 1983; Minard, 1988) and USDA soil 
maps (Snyder, Gale'~1[~md;)Bringle, 1973), the locations of surficial permeable 
deposits in the GWMAJ~ere determined and mapped. 

J~L~,1~ 
4.4.1 · Recharge Potential Mapping Criteria 

Ground water systems are replenished (recharged) by the addition of water 
to the zone of saturation (aquifer) ,through precipitation, runoff, and 
infiltration from surface water bodies}\n area in which water reaches an 
aquifer by surface infiltration, and wl)'e(!l\there is a downward component 
of hydraulic head (pressure head),/IS""'d~:Usidered a recharge area. The . 
likelihood that water will infiltrate ariCJ,passtthrough the surface materials to 
recharge the underlying aquifer system (recharge potential) depends on a 
number of relatively static (non-changing) physical conditions. These 
include: 

D . 
< 

1"""'1 
• depth to water .Jl 
• soil permeability 
• surficial geologic materials 

J -JL • topography 

;J U c_ For this study only existing information was used to evaluate the occurrence, 
of these physical conditions in the Redmond area. In additig[;k.-.20]}kthe 
recharge potential of the uppermoSt aqUifer system was evallilat~. "the 
presence of a downward component of hydraulic head cadtlot be 
determined without extensive research on water levels, well comple~pn and 
well location data. To provide a conservative estimate, 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 material (soils) will be mapped 
by Q!lPUpiqg soil units (defined by the Soil Conservation Service [SCS] in the 
Soiljurv~~l?f the King Cou~ ~ea [SCS, 1973]) by recharge ~?~entia! 
clas§lficatiq_l[lp. These classifications are based on the permeabdities of 
eachfsoiiJ;tilt, as defined by the SCS. A summary of the soil units and their 
rech'lg'f"potential classification is provided in Table 4-2. 

Geologic Materials. Information on the surficial geologic materials was 
obtained from usq:?*'g_§plogic maps. The relative recharge potential of . ~ 

·"---each major geolog!f: l#'lit in the study--a:rea was classified ~-a * I 
con rvative approiw&rthat assumes Internal un1formi of each unit. For "' 

- xample, · : ,a·· tV!'' ave a re ativ · recharge potential, even ..... ·.~ ... , 

though in some ar.eas·thlfbutwash materials are fine-grained and m~t ~ / 
permit a significant amount of recharge. The relative recharge potential Of.--:?9 s:z-j C-G. 
geologic materials in the study area is provided in Table 4-3. t-:v.!/.JI 

~ 

Depth to Water. Depth to water beJftlN ground surface was determined 
from driller's logs and previous invesJi9i!ons. Perched or seas al water 
b~aring zones were not used. y-.'atesitabl~j~levation maps generate~ uring 
th1s udy were use o denve 1tte deJltll to water by subtracting the 
elevation of the water table from the elevation of the land surface. In areas 
of · I changing topography, an average value was The relative 

~~~pot''"'" ase on the opth to 9"'i ~·"\;""rJ.-r:u -'2 
Topography. The effect of topography on the fi3ct1.lf,.ge potential was 
determined by evaluating the slope of the land surt~~. The percent slope 
of an area was determined both from information Fn'ffie 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. · 

ti'"""'\Ar'¥ r ~w-:: 1 
4.4.2 Recharge Mapping Rationale !I 
An overlay map was prepared for each of · the physical par§fneters 
(criterion). The relative recharge potential of any one area compared to 
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 

SCS Map 
Symbol 

Recharge Potential 
SCS Soil Unit Name Classification 

Bh 

Br 

EvB 

EvC 

EvD 

Ea 

InA 

InC 

KpB 

KpD 

No 

Os 

Pu 

Pc 

RdC 

Re 

So 

Su 

Sk 

Tu 

B/KIN/RBC/RBC-4-T.n 12/ch: 1 
0121.003.05 

Alderwood moderate 

Alderwood moderate 

Alderwood moderate 

Arents moderate 

Bellingham low 

Brisco! 

Everett 

.. """'r.t"'J """"'\jgverett 

~~'«f.Jlverett 
W~ '1~arlmont 
-:-;:;:;:,~ -::;~~ 

Indianola 

Indianola 

Kitsap 

moderate 

high 

high 

high 

moderate 

high 

high 

moderate 

Kitsap 

Norma f
it,\ moderate 

z;. 
'[; moderate 

R"""""Wf% moderate Oridla 

Puget 
.Ji.. fA 

Pilchuck 

Ragnar-lndianola 

Renton 

Snohomish 

Sultan 

Seattle muck 

Tukwila muck 

low 

high 

high 

:1.; 
f· 

mod ··· 

moderate 
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Table 4-3 

Recharge Potential of USGS Geologic Units 

Geologic Symbol 

O!!L. 
Qy~r¥.,, ~-)""" 
au( 
Qs~,; -eft 
Qc 

Qls 

Qmw 

Qvr 

Qvry 

Qvrc 

Qvrb 

Qvrd 

Qvro 

Qvt 

Qva 

Qtb 

Qob 

B/KIN/RBC/RBC-4-T.n 12/ch:1 
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Geologic Unit Name 

Alluvial fan deposits 

Younger alluvium 

Older alluvium 

Swamp deposits 

Colluvium 

Landslide deposits 

Mass wasting deposits 

tR)al outwash 

F!$bastl6nal outwash 

<fA'\\.. ,,!Y "
Recessional outwash 

Redmond delta 

Older recessional outwash 

~~:~~c:
11

outwash t\ 
Transitional beds l! \n 
Olympia beds A .Ells.. 

Recharge Potential 
Classification 

high 

moderate 

high 

low 

moderate 

moderate 

moderate 

high 

high 

low 

high 

high. 

high 

low 

moderate 

low 

moderate 

. F 
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Table 4-4 

Recharge Potential for Slopes and Depth to Water Criteria 

DEPTH TO WATER 

Depth Below Ground Surface (feet) 

0-25 

25 -75 

>75 

SLOPE 

Percent Slope 

0-40% 

40-80% 

>80% 

B/KIN{RBC/RBC-4-T.n 12/ch: 1 
0121-003.05 

Recharge Potential Classification 

high 

moderate 

low 

high 

moderate 

low 
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qualitative rating factor of low, moderate, or high to describe its relative 
recharge potential. A combined rating 'score• (e.g., 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 
co!llpjnegJating scores and associated recharge classification. After the 
conit1Jnecflt)ting scores were determined for each portion of the study area, 
a cfmposi map was prepared showing the relative surface recharge 
pot~tial fofJthe Redmond area. The resulting surficial recharge potential -.-... ~ ,-.wr 

mapttor"ffie GWMA is shown on Figure 4-12. . 

4.4.3 Recharge Potential 

Areas of high andm~di{itn recharge potential were determined from the 
composite recharg~li~1prepared for the GWMA. The areas which show 
the highest potentia)j!of~~pharge are the Cottage Lake Creek, Bear Creek, 
and Evans Creek valleys':'&"'Rle remainder of the GWMA appears to have a 
me~ium 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 aJground water recharge area in the 
GWMA. Vertical potential head graq!ems between wells in the Sea Level 
Aquifers (82 and 10) and the LocLUP!and Aquifers (27, 28, and 30) 
suggest the possibility of downwar!!'Itow l[gm the Sea Level Aquifers to the 
Local Upland Aquifers which may indfcater3'charging conditions in this area 
Along Bear Creek in the center of the GWMA, the Local Upland Aquifers 
(well 26) appear to recharge the Alluvial Aquifers (well 23). In the western 
part of ~he GWMA, the Local Upland Aquifers (w.;_~, 1,5L~eem to recharge 
the Reg1onal Aquifers (well16). ffit=, 
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Table 4-5 

Physical Conditions Rating Criteria 

Criterion Classifications 

H-H-H-H 

H-H-H-M 

H-H-M-M 

H-H-H-L 

H-M-M-L 

H-M-M-M 

H-H-L-L 

M-M-L-L 

M-L-L-L 

L-L-L-L 

Composite Classification 

High 

High 

High 

High 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Low 

Low 

F ' 

H 
. 
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Figure 4-12 Surficial Recharge Potential Map 

R 
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5 GROUND WATER QUALITY 

~}17-"''""~t,~\ 
.. ~~t 

The t,em\~' quality of ground water in the Redmond-Bear Creek Ground 
Water""Maiiagement 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 constituef\lW~~ selected to provide information about the quality 
of ground water in ~~ <t,_\YMA aquifers. · · 

~if"i'~ 
Ground water mustl\(l;ne'1~,strict standards before it can be developed or 
used as a drinkingffWatef'"'"supply. These standards are defined in the 
Washington Drinking Water Regulations 0/'IAC 248-54), the Washington 
Ground Water Quality Standards 0/'IAC 173-200), the National Primary 
Drinking Water Regulations (40 CFR 141), and the National Secondary 
Drinking Water Standards (40 CFR 114), Ground water samples from the 
GWMA were collected and analyzeqffqtt11selected primary and secondary 
drinking water standard constituen~~the results were compared with 
state and national primary and setbndai9lorinking 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. 

Potential ground water resource development for (fj;pli;ttions other than 
drinking water supply is determined by deciding vtich'"i:onstituents affect 
the proposed application, and evaluating the concentrations of those 
constituents with respect to the specific resourcEM\~plication. 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 manaQt!ih\:lfiflltea 
aquifer(s) and can sometimes be used as indicators of association~1$ndior 
connections between aquifers. The significance of the major and mffipr ions 
evaluated for this study is discussed in Section 5.1.3, and the results of the 
analyses are presented and discussed in Section 5.2. ~"-

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. 

5.1'f""'Stgnificance of Analyzed Constituents 
lM ¥% 

I .., · 3L · ·a1 · d d' I d I'd norgamc ¥ju organ1c maten s occur 1n groun water as 1sso ve so 1 s. 
socrilotJthese 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 occur,re.oce of each analyte in natural (uncontaminated) 
ground water and ig,saflles collected from wells within the GWMA · The 
analytes were sele .. Q;;py the Seattle-King County Department of Public 
Health (SKCDPH) iiffi'j:lcCQ{d with Ecology guidelines . 

..... i&t::.:.... ».:;~ 

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~A£>hl (1961). 

• •• 
5.1.1 Primary Drinking Water ~J~nJl~~ Analytes 

i#: : $:~::;\ 
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 con~which potentially 
affe~ public h_eal~ if consumed in drinking wat~r .. t~2~ water must meet 
all pnmary dnnk1ng water standards to be suitabllfBf'''development as a 
drinking water supply. All public water supplies mu~Ee regularly tested for 
all of the primary drinking water analytes. For fffis 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 colifolJU .. P~P!eJia 

Each ~f the sele~e~ anal~es is des~rib~d in ~is section. 11"""1 
Arsemc. Arsenic IS cons1dered ub1qu1tous 1n rocks and so1l, g¢rlerally 
occurring at concentrations ranging from 1 to 13 parts per milliort'i(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 

Normal 
Concentration 

Range' Analytes Examined for this Study 

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

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

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

Trace constituents Beryllium, silver, thallium 

a Modified from Davis and 
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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. 

Ba~}n~~ium is abundant in rocks and soils, ranging in concentration 
fr~rrjJes.s t~~~ 1 to ~reater than 2,0CJ? ppm. The ~ost ~mmon barium 
man~f!l•~h!'Snte (baraum sulfate). Banum concentrations an natural waters 
are"""genifrally 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 Wlflr6:4a The sample from well 64 contained 5.4 ppm of 
barium. l;~iJ . 

1\' 
Cadmium. CadmlOm i~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 correentration of cadmium in sea water 
is less than 0.0002 ppm, and the gb"'a1 concentration of cadmium in 
surface waters is generally about O.gQ;bPJ1m. Uttle information is available 
about the normal concentrations o,X~admll!E in ground water. The primary 
drinking water standard for total caamium 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. 

~;~ 'i 
Chro~ium. Chromi~m occurs naturally in soilsft-nd /ocks. Although 
chromaum concentrataons of 1 ,600 ppm have b~.§"""'ported for some 
ultrabasic igneous rocks, concentrations are gener~jy lower than 200 ppm. 
Chromium-bearing minerals generally have lo~olubilities. Although 
chromium concentrations in natural waters are usually very low Oess than 
0.01 ppm), naturally occurring chromium concentrations up to 0.2 ppm have 
been reported for ground water. The primary drinking water standard for 
total chromium is 0.05 ppm. Chromium concentrations werqffi&Jw1he 
laboratory MRL in all ground water samples from the GWMA. lffi 

if~ 
Fluoride. Fluoride is an element that occurs naturally and commbnly in 
soils and rocks. Fluoride is an essential nutrient and component of bones 
and teeth. Excessive fluoride can, however, cause mottling 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 ppm have been reported. Relatively 
higq,J}U.Q{ifle concentrations can occur in water with high (greater than 9) 
pH y~lues~\Permal water, and water affected by volcanism. The primary 
drin'l!Jlg weir standard for fluoride is 4.0 ppm. Fluoride was not detected 
aboy, th~,,~mary drinking water standard in any ground water sample from 
the43WMA .. 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 ril9e~ percent levels in some ore deposits. The.most 
common lead-beaqtig,lneral is galena (lead sulfide). Natural lead 
compounds have loW SQ!ubilities, so lead concentrations in natural waters 
are generally low..l(les§\Jhan 0.01 ppm). However, synthetic lead 
compounds oncluding 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. ,!.ead was not detected above the 
primary drinking water standard in gr{tfred water samples from the GWMA 
with the exception of one well in tl)e !igional aquifer (16), where it was 
detected at 0.33 and 0.13 ppm, ~ on~%well (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 PP":~) concentrations in rock~ an~ soils, bl4,,2eQ~ concentrated in 
ore deposits. Mercury concentrations 1n water at~ generally lower than 
0.001 ppm, with the typical concentration in sept~{ of 0.0002 ppm. 
Mercury concentrations up to 0.01 ppm can. occur I ~ater ass?ci~ted with 
thermal ground water or mercury ore depos1ts. Thapnmary dnnk1ng 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 ~ Is and 
rocks, with concentrations in soils and fine-grained sediments .·.· .... erally 
being 1 ppm or lower, and concentrations in other rocks general~ being 
lower (0.1 ppm or lower). Although metal selenides have low soiubilities, 
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 
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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 
st,atd::"ny ground water samples from the GWMA. 

Silvl. Silvjf is a trace. element which occurs naturally in rocks ~d s?ils, 
nos.rp~lly~'concentrati~ns lower than ?.4 PP'!l· In ~re deposits, Silver 
usuatlyoccurs as a native metal (often 1n a mixture w1th nat1ve 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 s~r and river water are generally about 0.0003_ppm. 
Uttle is known abogJJR.t~Phormal concentrations of silver in ground water. 
The primary drinkir}g 'Wgter standard for total silver is 0.05 ppm. Silver 

'···> ···% 
concentrations wereltall 'itt,or 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. J;lere are two nitrate minerals; niter 
(potassium nitrate, or saltpeter), andf~da niter (sodium nitrate). These 
minerals are easily dissolved in wateLatittare, therefore, only found in arid 
climates. They are thought to be fglmecf;-ty processes like evaporation or 
come from the accumulation of maferials'Such 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 gener~UX loyver than 1.0 ppm. 
The concentration of nitrogen <which normally occUI a5rWtrate> in seawater 
is generally lower than 1 ppm. The natural co~tion of nitrate in 
surface and ground water is not well undersiJd, since the nitrate 
contributions from natural sources (human waste;tbarnyard 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 loeal,111p~d 
aquifers, nitrate lands ranged from the MRL to 3.6 pprfi. ~ff'Jitr\te 
concentrations in the sea level aquifers ranged from the MRL to\]~ ppm. 
Nitrate samples from wells in the regional aquifers did not exceed t5e MRL 

.,.;.:::~:;:}~.,.. 

B/KIN/RBC/RBC.5-R.n12/sna:4 
0121-()03.05 5-6 

Rev. o. 11/17/92 



• 

• 

• 

Total and Fecal Coliform Bacteria. large populations 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 
are4!§e04 ?S an index of fecal pollution since they are numerous, and the 
test :m easy~md inexpensive. Large counts of any fecal coliform bacteria, 
indi"te otiJ" pathogenic organisms may be present. The tests for these 
oth~pathJ;!9enic organisms, which include other bacteria, protozoans, and 
viru§gg;""'a:fe considerably more difficult and expensive to perform. The 
primary drinking water standard for total coliforms is 1/100 mi. 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 concentratieyj;ts'~ging from 2 to 110 organisms per 100 mi. In the · 
local upland aquif~r~. @tiform bacteria were detected in four wells at 
conce~trations from.h~7tt[n organisms per :oo ml, resp~ctively. Coliform / cJo Jj 
bactena were det~gt~d\~l11 org/100 ml 1n one well 1n the Sea Le~ -~ 
aquifers, and at 2 org/100 ml in one well in the Regional aquifers. Fecal I' ~ 
coliform bacteria were not detected in any ground water samples submitted ~ ~ Y 
for analysis. -

~ 
5.1.2 Secondary Drinking Wate~S,\dard Analytes 

Secondary drinking water standard ana~Ytes are defined by the National 
Secondary Drinking Water RegumUons w(4Cf CFR 143), which have been 
adopted by the state of Washington in the Ground Water Quality Standards 
0/'JAC 173-200). The federal regulations are not enforceable and were 
prepared a~ guidelin~s f~r the s~tes. These r~~5~~Q~ address ground 
wat~r constituents pnm~nl~ affecting the ae~thetic ~,~al1ti~ (and, therefore, 
public acceptance) of dnnk1ng water. For this study#-nd water samples 
were collected and analyzed for the following seleitid secondary drinking 
water standard analytes: chloride, copper, fluolile, 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. ,..., 

:!',!;~~ 

Chloride. Chlorine is a common element which occurs naturally \(6 deep 
sea sediments and clays at concentrations around 21,000 ppm and.ii~Jocks 
and soils at concentrations generally less than 600 ppm. More than'lhree
fourths of the chlorine on earth is found in the oceans, with concentration 
of chlorine in seawater generally being about 19,000 ppm. Chlorine 
normally occurs in water as the chloride ion (Cr). Chloride is present in all 
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natural water and is considered a major component of ground water. 
Natural chloride concentrations in ground water vary widely and can range 
from less than 10 ppm in some spring water up to 189,000 ppm in brines. 
The concentration of chloride in drinking water is not regulated, but the 
natiqgal~rtd state secondary drinking water (aesthetic) standard for chloride 
is 2fl PPil\)Chloride concentrations ranged from 1.3 to 15 pp.m i.n ground 
wat~~ samRl~s from the GWMA, well below the secondary dnnk1ng water 
stariard 9p25o ppm. 

: :·{$;:i:·:~y.-..:-r~> 

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 sy]fide) and in sulfides in conjunction with othe~ metals 
(e.g., chalcopyrite ~,a"~rnite are important iron/copper sulfide minerals). 
Average concentra»Q,o§@of copper in natural rocks and soils range to 
1,000 ppm. in ~lay~\1~n~&to 100 ppm in other rocks and soils. Copper 
concentrations 1n oatlJrai\Water 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 abQve the laboratory MAL in any of the 
ground water samples from the Gwfttith the exception of well 64 where 
it was detected at 1.5 ppm. "4 

. \\ 
d& A 

Iron. Iron is an essential nutrient, and 1s 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 ferrQ,l,!§ irqn ion (Fe+2

). The 
concentration of iron in natural water depends uppp th~concentration of 
oxygen and oxygen-containing compounds. Wher~)cxygen concentrations 
are high (for example, in a flowing stream), iron cori~ntrations are typically 
0.01 mg/1 or less. Iron concentrations in grouncLI.ater 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 severaltyeil§ in 
each of the four principal aquifer systems in the GWMA. It waldet~ptea in 
five wells in the Alluvial aquifers at concentrations ranging froml@.71 to 
1,000 ppm and in six wells in the Local Upland aquifers at concenttations 
ranging from 0.31 to 9.1 ppm. Iron concentrations in the Sea Levef'ii~·uifers 
were above the standard in samples from three wells and ranged from 
0.31 to 29 ppm. Iron 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 
occq,f*'4"+,post natural water, usually as the ion Mn+ 2

• Manganese 
coni< ntratfi!s in seawater are generally about 0.002 ppm and are ~sually 
less I, han 11Jppm in surface and ground water. The concentration of 
mary!ll?n~~~Yin drinking water is not regulated, but the national and state 
secon8ary 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 Allu,¥l~L~guifers, manganese concentrations were above the 
standard in seven v@lls'"iY:!d ranged from 0.055 to 0.111 ppm. In the. Local 
Upland aquifers, mcl!il~e'se was detected above the standard in five wells 
at concentrations i){afigjng from 0.055 to 0.161 ppm. Manganese 

i;... , .. - .. 

concentrations in thii.iS.ecHLevel 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 elem®t which occurs at concentrations 
ranging to 2,400 ppm iri rocks and ,€~!!;. Sulfur often occurs as sulfide 
minerals, such as pyrite (iron sulfide}~\galena (lead sulfide). Many of the 
most important ore minerals are ~ld!!!des{'t}though some sulfate minerals 
like calcium sulfate (gypsum) are easily dissolved, some Qike 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 ~en~rally contains ~bout 2, 700 ppm .Q,f,.&.Y.~i\te. The sulfate 
concentration 1n g~oun_d wa~er IS generally expecte9jto be the same as ~e 
sulfate concentration 1n ramwater, about 1 to 3 ~Pm.d Where sulfate 1s 
absent from ground water, it has generally been ~:!~~armed into sulfide by 
microorganisms. The concentration of sulfate · :·' rinking water is not 
regulated, but the national and state secondary drinking water (aesthetic) 
standard for sulfate 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. T 
Total Dissolved Solids. The total dissolved solids (TDS) in a sample is 
determined by filtering the water sample into a weighed evapora!jl,_ 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 
unp\§?.Sf!Il! flavor and may be difficult to digest for new consumers of the 
supifi'~· sl~~ total disso~ed ~olids .is a rough n:easure of the ~ineralization 
of tilt samme, waters With high diSSOlved SOlids concentrations may be 
unsqfiab1~-;;f6r industrial applications. In these cases, the analyses of · 
indiliidulif'"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 590 ppm, with the highest 
concentrations foll!W"ImtQ.e samples from the Regional aquifers. 

[tfi ~J~ 
Zinc. Zinc is an l'f'pal nutrient which occurs naturally and is fairly 
common in rocks_and ~Oils. 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. ~e concentratio'l\ of zinc in. d~inking water is ~ot 
regulated, but .the. nat1onal and state ;s~ondary dnnk1ng water (aesthetic) 
standard for Zinc 1s 5 ppm. Zinc wp~ 1'\Q~ detected above the secondary 
drinking water standard in any grou~cfwati: samples submitted for analysis. 
Zinc concentrations ranged from tftl9 MRti4o 3.2 ppm. 

5.1.3 Ground Water Characteristic Constituents 

For the purposes of this study, ground water char~~rist~ constituents are 
those dissolved solids which are major and se<tnda[y constituents of 
potable water (see Table 5-1). These materials}$1ccur as both natural 
constituents of and introduced contaminants in grouhd 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, potas~0!1J"SIIl¢a, 
sodium, and total hardness are discussed in this section. • I ' 

@!j@ 
"'"'} 

Alkalinity. Alkalinity measures the ability of a water sample to neutt~lize 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 g·as 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 
sart:IP!aaiM)d, for natural waters, is typically a function of the carbonate, 
bicafonaftJt and/or hydroxide concentrations in the sample. The 
measLremattt method assumes that carbonate, bicarbonate or hydroxide 
are le ori.y bases which occur in the sample. This is a reasonable 

-:~:::::: ,;;::;:~' . 
assurttptibh, as other naturally occurnng bases (such as berates, 
phosphates, and silicates) are generally minor and will not contribute much 
to the total. 

In practice, a laborato1111neasures alkalinity by titrating a sample using two 
different pH indical;; .{!J-19., methyl orange and phenolphthalein). The 
l~boratory calculapfe rela~~~ co~tribution(s) of the carbonate, 
bicarbonate, and hy!P'oxi&f;l alkahmties us1ng the ratio between the methyl
orange (''total") anapilenoi'Phthalein 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 we ground water samples from the 
GWMA ranged f~om 2 to 300 mg/L as$~~C~3. Alkalinity was gener~lly less 
than 100 m.g/L 1n most. Local ~Piarl._a~ifer sampl~s and appr?'?mately 
100 mg/L 1n the Alluvial aqu1fer ,~mP~?· The highest alkal1mty was 
measured in ground water sampleSJromlwells 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, 1l1,()'1fPfiilin some granites 
to over 312,000 ppm in so~e carbonates. Calciu.1lumajor constituent. 
of natural waters, where it occurs only as the 1<!111 ca+ 2

• The general 
concentration of calcium in seawater is aboLiti410 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 drinking water and ground water are not regulated. · 
Calcium concentrations in ground water samples from the G'«~WJjJed 
from 4.7 to 260, with the highest concentration occurring in fhetJroond 
water sample from well 64 in the Alluvial aquifers. eyj 
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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 
natl.!£aLV(?!ers, where normally it occurs only as the ion Mg+ 2

• The general 
conlntr~ of_ magnesium in sea water is about 1,350 ppm. Ma~nesium 
con99ntratigps 1n ground water range from less than 4 ppm 1n some 
lime_!ton~~lo ~reat~r ~an 12,000 ppm in an oil-field brine. Magnesium 
coneenttatlons 1n dnnk1ng water and ground water are not regulated. 
Magnesium concentrations in all but one of the wells sampled ranged from 
O.D1 ppm up to 19 ppm. Magnesium was detected at 400 ppm in well 64. 

Nitrite. Nitrogen ~'Bfl'Pn addressed in the discussion of nitrates (see 
Section 5.2.1 ). UnllH~,};!ltrate, nitrite does not occur as a mineral. Nitrite 
(N02

") is formed by(!eftJ2ving one oxygen atom from nitrate (N03-). This 
process is called ,J!lbitra&L 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. Uttle is known about the natural concentrations of nitrites in 
surface or ground water. Nitrite concentrations in drinking water and 
ground water are regulated as total .dij);pgen and must meet the primary 
drinking water standard of 1_0 mgftL!iiite was detected at or below the 
laboratory MRL of 0.5 ppm 1n all g$fund'l~ter samples from the GWMA 

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 PRm~ocks and soils. 
Potassium occurs in most natural waters and isJ:[pormally found as the 
potassium ion (K+). Potassium concentrations in~Je*ter are generally 
390 ppm. Concentrations of potassium in groum~}water generally range 
from 1 to 20 ppm, but can exceed 120 ppm in oifitield 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 
~n the Regional aquifers. Elevated potassium was also detected~Pfm 
1n well 64. . ~~ 

Jill 
Silica. Silicon is the second most abundant element in the earth!$ crust 
(oxygen is the most abundant). Although the concentration o(s'ilicon 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) 4• By convention, dissolved silicon ions 
are represented as silica (the oxide, Si0 2). 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 
cone§Otr<;!~Jons are usually associated with elevated ground water 
tem~~ratTif.~ and silica-rich aquifer materials. Silica concentrations in 
drinfitpg w~1~r and ground water are not regulated. Silica concentrations 
generally ranged from 11 to 58 ppm in ground water samples. Silica was 
detetfte-cf"~t 300 ppm in the sample from well 64. 

Sodium. Sodium is an essential nutrient common in rocks and soils. 
Sodium occurs in a YJide variety of minerals, ranging from silicates like 
feldsp~s to evapor:;lfs'1l~~ halite (NaCI, or common table s~lt). ~odium is 
found tn most naturi,Y(a~rs and generally occurs as the sodtum ton (Na+). 
Sodium concentratff!ris\jfl sea water are generally about 10,500 ppm. 
Concentrations oLiOdiLiill..in ground water vary widely, from less than 
1 ppm in some limestones to over 1 0,000 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 ;~\egional aquifers. . 

Total Hardness. Total hardnesstA.Jill measure of the calctum and 
magnesium cations in water which;.fbrm ~"insoluble precipitate with soap. 
In practice, the calcium and ma9n'esium 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, ans;! J~EcJting their sum). 
Therefore, the total hardness of a sample is prQ'iortidhal to its relative 
concentrations of calcium and magnesium. fo&.4 actual hardness 
concentrations for the ABC GWMA samples ajl meaningful only in 
relationship to each other. The total hardness of driDking water and ground 
water is not regulated. Total hardness of the groundwater samples in the 
GWMA ranged from 31 to 128 mgfl as CaC03, indicating soft to 
moderately hard water in most areas. The sample from well 64 had a 
hardness of 2,300 mgfl as CaC03 and is considered very hap:b ~~ ""1 

!L 
5.2.4 Additional Potential Contaminants ilil 

,Jl 
All ground water samples collected during the December 1989 sampling 
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, Banda, Kloepfer, Sharp, Thenos Dairy, 
Olympian Precast, King County Shops, and Campton Community wells and 
Redmond Well 2 were sampled for cyanide, phenol, VOCs, BNAs, 
chlqrina.t§P pesticides, PCBs, and the additional priority pollutant metals 
(antil' ony~eryllium, nickel, and thallium) during the May 1990 sampling. 

" I 
GenHfallytfJ!e organic compounds detected using TOX, phenol, VOC, and 
BNA"arttlfYses 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 ~ater contamination. . 

~H~&. 
The primary drinkin~bp stan.dard anal~e~ arsenic, cadmium, ch~omium, 
lead, mercury, selemt.j,,,prq~d sliver are pnonty pollutant metals wh1ch have 
been discussed in ~.,9ti~.2.1. The secondary drinking water standard 
analytes copper ana 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 41ecessarily indicate ground water 
contamination .. The conc?ntrations o~se metals in ground water are not 
regulated by e1ther Washington Statf or.gf'e federal government. 

Total Organic Halogen. The to~rgJ~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 fluorinate"CI~cs. Compounds 
which contribute to the reported total include V;l~:&LQmethanes, some 
halogenated organic solvents, chlorinated and bro,l1nated pesticides and 
herbicides, PCBs, and several other halogenated ,Y;b,latile 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. How,!jY&f,.Jfjhe 
natural ground water concentrations of inorganic halogen& (~Ch'!as 
chloroform, which is commonly produced by microorganisms inJground 
water) are high, then some of the inorganic halogens may be inc[gded in 
the TOX result, giving a ''false positive" result, or an overestimated, TOX 
concentration . 
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Concentrations of TOX in ground water are not regulated 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 
dete}~Uoq4iq~t in eight samples at concentrations ranging from 7 to 23 ppb. 

?.1 \~:~ 
Antrtpony. &~ Antimony occurs naturally as a trace (0.2 to 0.5 ppm) 
conStituentfbf rocks and soils, but also as an ore mineral. Utile is known 

,....,;::::;:;::::=::;::.:.·~~--- . 0 0 • • 

about ffie normal concentrations of antimony 1n ground water. Antimony 
concentrations in drinking water and ground water are not regulated. 
Antimony was not detected above the laboratory MAL in any of the ground 
water samples froQk,t!le GWMA. · 

B"'YIDUm BaoyDQ """" "'" ~""'nt which OOCWS oolu<Ol>J " 
rocks and soils. ~ ' , st important source of beryllium is the mineral 
beryl, a silicate cornpourtd- which occurs in some igneous rocks. The 
solubility of beryllium is extremely low On the ppb range), and few data on 
normal concentrations of beryllium in ground water exist. Beryllium 
concentrations in drinking water and ground water are not regulated. 
Beryllium was not detected above the Jb,boratory MAL in any of the ground 
water samples. J\ · 
Chlorinated Pesticides. ChlorinCo_~ides 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, ct;}1J:>doated pesticides are 
usually considered potential human carcinogens.fut Although chlorinated 
pesticides usually have very low solubility inlwat~r, they tend to 
bioaccumulate. Because of the potential health coilberns, the Washington 
State water quality standards for chlorinated pe~e 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 pesticides were detected in any of the ground waJef'~mP.Ies 
collected during this study. ' I ' 

1*1 
Cyanide. Cyanides are a group of organic and inorganic coo:ijiounds 
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 
form§diQ!!J..ble complexes with many cations (such as sodium, iron, gold, 
nick(. co1Je~r. or zinc). This is why the cyanide "heap-leaching• process 
(wh%fp mirj!{d ore is washed with a cyanide solution) is so effective at 
dissQlvingJ\Ind recovering gold from ore. Cyanides do not occur naturally 
in ;gfbuntf'" 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~Y'Oftthe ground water samples from the GWMA. 

liJ . 
Nickel. Nickel is ~\Coroinon metal which occurs naturally in rocks and 
soils. Economicallyltinpo\ltant 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. 

. . ""& 
Phenol. Phenol, or carbolic acid,;fl~enzene ring with one attached 
hydroxyl (OH") group which dissqlves '~ily in water. Phenols occur 
naturally and are found in seawatef at low1less than 2 ppb) concentrations. 
Uttle 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 limj! in any of the ground 
water samples from the GWMA submitted for anaRl$is. '1 tiH 
Polychlorinated Biphenyls. Polychlorinated biphells (PCBs), are a family 
of compounds with widely varying physical, ctfemical, 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 phenyl groups are joined 
by a single bond and have varying numbers of chlorine atoms!§~~ in 
various positions. About 100 of the possible 209 PCB compounl have 
actually been synthesized. Because of the variety of possible PCB clilemical 
structures, PCBs have wide uses. PCBs are used as heat-transfettliquids 
in transformers, as insulators for electrical condensers, as additives'ln 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 
conS@Otr&SJ.ons in drinking water and ground water are 0.00001 mg/L (one 
hunledth\~ a part ~er ~illi~m). "J!lese .standards effectively .reflect the 
lowT pos~~le detection hmit for this family of compounds, which usually 
?an~t ~pchieved for natural water s~ples due to normal matrix 
1ntenerence effects. No PCBs were detected 1n selected samples tested for 
these constituents. 

Semivolatile Organic Compounds. Semivolatile organic compounds 
include a wide vari-Li:7"'0tf:e.ompounds with varying physical, chemical, and 
biological propertie!j", . gilcause they are extracted from a sample and 
analyzed as sepa~e\,:!(ase, neutral, and acid fractions, semivolatile 
compounds are often rete.ued 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 ooal, tar, and oil. BNAs are widely 
used, and occur in a wide variety of if~ucts including dyes, medications, 
mothballs, wood preservatives, and Q!!tf9~? urn derivatives. Some BNAs are 
.considered potential h~man carcin1§en" s Beca~se of the potential health 
concerns, the Washington State" wate 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 MAL in the 
selected samples tested. ~ 

Thallium. Thallium occurs naturally in the earth'slust at concentrations 
around 1 ppm. Although thallium is soluble in most!aquatic systems, there 
is little 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 laboratory MAL in any of 
the ground water samples from the GWMA · T 
Volatile Organic Compounds. Volatile organic compounds (woes) 
include a wide variety of compounds with widely varying physical, sfi.[llical, 
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 mgjL These 
staqS,ard,~,,~re set. on a compound-by-compound basis. Methyl en~ chloride, 
carb6n tettachlonde, and acetate were detected at very low levels 1n several 
sa11les. 1Je specific significance of this is discussed in Section 5.2.3. 

!
,. ,, 

_..;;;.% ':/tt" 
5.2 Results and Discussion of Analytical Testing 

This section presents the analytical testing results for ground water samples 
collected from well~dP>"'tb!3 GWMA in December 1989 and May 1990. The 
results of all chelicaii\tanalyses are presented in Table 5-2. The 
classification of eafl~t!,<'tnalyte and its maximum permissible suggested 
concentration in drifi~iri~j;YJater (If any) are listed in Table 5-3. 

"""'&.. ·&.. 

5.2.1 Primary and Secondary Drinking Water Standard Analytes 

Ground water must meet all primary dripking water standards to be suitable 
· for development as a drinking water ,~\1tpply. Ground water which meets 

primary, but does not meet second~rYtlfdrinking water standards can be 
.:·:;:,} .... .., .... ::=·~~::. 

developed as a drinking water supgf9;bil~},the supply may be aesthetically 
unappealing. For example, water With eleliated 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 ne~d not meet primary and . s.e'-~ drinki~g wat.er 
standards to be suitable for development as an 1rr1g~on, 'Stock, or 1ndustr1al 
water supply. The suitability of a ground water r~~rce 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 • .JJ§~bl§ as 
drinking water but has elevated silica concentrations may be ursuiiirbilias 
an industrial cooling supply, since the silica may foul the coolingj[$ystem 
•• • p1p1ng. ''"" 

v»Jl% 
At least one sample from each of eight wells (Wells 1, 5, 12, 16, 29, 62) 
failed to meet the primary drinking water total coliform standard, a most 
probable 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 well12. Total arsenic, barium, chromium, 
mercury, and lead exceeded the primary drinking water standards, and total 
copp§.r • ..,,).(On, and manganese exceeded secondary drinking water 
stanliards\fnr well 64. Ground water from all other sampled wells met 
prirr@y dri~Bing water standards. 

M\ ;, 
One'i§rotfn& 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 waf,,[~1JW standards for iron and/or manganese. 

,,,, $11 
hi '4ft"" 

5.2.2 Ground Watert£haracteristic Constituents 
<~Jt ~ 

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 Oons 
which are normally found at concent~~tions less than a few ppm). Piper 
diagram plots of major ions were u~q&to type the ground water and to 
group similar types of ground Yfmef.llh_ Major ions analyzed include 
bicarbonate, calcium, carbona~~f ch)J;Lde, hydroyjde, magnesium, 
potassium, sodium, and sulfate. Minor 16hs are used to confirm andjor 
subdivide ground water types. Minor ions which were analyzed include 
nitrite and silica. The major cation and anion concentrations as well as 
some com~on minerals were al~o graphs? accqrgtQ~ distri?~on and 
occurrence 1n each of the four pnmary aqUifer syst~?.ms. ·un add1t1on to the 
major and minor ions, arsenic, copper, lead, nitrat~l,iro~, and manganese 
were also evaluated and graphed. · I 
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, hay,e;df~latiyely 
elevated sodium concentrations (see Figure 5-2). These samples a(§p have 
relatively high total bicarbonate and total sodium concentratioi.[$ (see 
Figure 5-1 and 5-2). Typically, concentrations of arsenic, copper, leg~, iron, 
and manganese appear to be relatively uniform in all four aquifed~ystems 
(Rgures 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-CI + S04 field, then progressing to the Ca + Mg-HC03 field where 
most,ottbe data plot. The data trend then crosses into the HC03 + C03 
field)iinci''p(ogresses towards the sodium apex. The cause of the trend is 
unclf[~r, byt~ may represent the geochemical evolution from the Alluvial 
Aqu®rs ta;;ffie Regional Aquifers. The data are plotted as relative percents, 
so·4lffttetehces in absolute concentration will be overlooked with this 
diagram. 

5.2.3 Addltlonai._Rot~ntlal Contaminants 

~r::t* Total organic haloggj),,(ifClX) was reported at concentrations ranging from 
;:,~~ {·~:·:~ 

7 to 23 pg/1 for o~~~ Olt{:f:rore. ground water samples from the Kloepfer, 
Sharp, Thenos Da1ty}o-Gossl K1ng County Shops, Cedar Lawns, Campton 
Community wells, and Evans Creek Well1. TOX were reported at 8 pg/1 
in the December 1989 sample and were not detected at or exceeding 5 pg/1 
in the May 1990 sample from Redmond Well 5. 

Ai~ 
Methylene chloride was reported for ~f{~ral samples. Since the laboratory 
method blank(s) associated with eve_,r&$~fpple reported methylene chloride, 
and since the concentrations ofi{methYJene chloride reported for the 
laboratory method bianks are simi!*' to tfiEf"Concentrations 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/1 in the May 1990 sample, and carbon tetrachloride 

• 0 N~:r.::~~~X:~ 

was reported at 0.0016 mg/1 1n the duplicate from ;t~e King County Shops 
well. Since each compound was detected in onlt;j;qng{ of the duplicated 
samples, the detection of these compounds prol:j!;!ply reflects laboratory 
error or laboratory contamination of the sample (a'iber than ground water 
contaminatio!"l. Acetone 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/1, but exceeds the Washington State Drinking Water §taqstar,d of 
0.0003 mgjl. No other volatile organic compounds, pesticides, f'~Bs~ or 
semivolatile organic compoun'ds were detected in the analyzed samples. 
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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. 
Sev~rat..w.ells did not meet the primary water quality standards for coliform. 
!h~~~ _welf,pen~trate diffe~ent_ aquifers in different ~arts of ~e. ~tudy area, 
1nd1Q~ting njjprob1al contamination problems are restricted to 1nd1v1dual wells, 
and lpere 11\o general microbial contamination of ground water in the RBC 
GWt\IIA~e 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. D 
M~~ wells in the ~~~~WMA do _not meet s~ate _secondary (aesthetic) 
dnnk1ng water stary,q~,rds;4£_r total dissolved solids, 1ron, 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 · $~v'eral wells, no specific organic 
contaminants were confirmed by res~pling. It is possible acetone and 
carbon tetrachloride occur in grounqjw~t!3r samples from the King County 
Shops well. Since these coll)flouft~ were present only in low 
concentrations, however, and onlyiln onerbt two duplicated samples, their 
presence in ground water has not been confirmed. The methylene chloride 
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 w~lrf«S!flples. Although 
the King County Shops well should be resampled il copfirm the absence 
of organic contaminants, ground water in the RBC ypwr<JtA is generally free 
from the organic compounds tested. .¥l · 
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6 GLOSSARY OF COMMON HYDROGEOLOGIC AND 
W~TEll,.RESOURCE RELATED TERMS AND ACRONYMS 

~H :~%. 
"'i /..."" 
iJ. J:Y1 

Anulum,+;P Sediment such as clay, silt, sand, gravel, or other 
similar material deposited by running water. 

Ammonia 

Aquifer 

Aquitard 

Artesian 

Bedrock 

Chloride 

A gas composed of NH3 and commonly used as 
"'ff§ffil!zer. 

i~~~Y of rock ~~ sediment able to store and conduct 
_&§tgnff!s~nt quant1t1es of ground water. 

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

Refers t~ grouJ::~~ter u~der s~ci.ent. hydrostatic 
head to nse arve·tQ, aquifer contrumng it. 

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

A compound of chlorine wjtp=orw other positive 
element or radical. ,l4 

Coliform Bacteria Bacteria (E. coil) associated \'{~ human waste. 

Loose clastic material usually found at the base of a hill 
or cliff. 

Colluvium 

Confined 

Contaminant 

Cross-bedding 

A condition of an aquifer bounded above alcitl;~by 
lower permeability rock or sediment layers. 111 

t{~ 

A naturally occurring or man-made compoundi\that is 
undesirable or injurious and is found in ground water. 

Inclined laminations, deposited by currents. 
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Cross-section 

Discharge 

41£""")%;,, ~ W1 
DO : , 

. . ' 

Drin'kinlf\Vater 
Standards 

A schematic representation of geologic layers as seen 
in a side view. 

Ground water that flows out of an aquifer into an 
adjacent aquifer or to the surface into a spring or river. 

Washington Department of Health. 

Federal or state water quality regulations that limit the 
contaminant levels of certain compounds for drinking 
water. 

"WJ~jngton Department of Ecology. 

. ~l ~"' Effluent Stream t~~am or reach of a stream that receives water from 

Ecology 

Eolian 

Erosion 

Fluvial 

· Fossil 

Geology 

Glaciofluvial 

Glaciolacustrine 

gmp 

GMA 

.tile 'fz;pl)e 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 . 

Sediments trans ., a\ ed by wind action. 

The physical ar;,&eri';;, ical processes that remove and 
transport natufal marenals at the surface. 

Deposits produced by river action. 

The remains or traces of anim~~lants which have 
been preserved by natural prdqesses. · 

Th d f arth "al lf'4 d h" e stu yo e maten s, erpcesses, an 1story. 

Deposits created from streams or floods flowing from 
glaciers. 

Deposits created in lake environments frorrfQidtai'Hilts 
and clays. . ~J 

. I 
Gallons per m1nute. wdilk 

Ground Water Management Act. 
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Ground Water 

GWMA 

Hydraulic 
Conductivity 

Hydraulic 
Connection 

Hydrogeologic 

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. 

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

~ 
t~~~'l!ondition in which two water-bearing layers or 
]f8~.!3S may freely transmit water between them. 
.Itt~ 

Pertaining to subsurface water and water-bearing rock 
or sediment layers. 

Hydrostratigraphy The assemblage qt layers of aquifers and aquitards. . lit. . 
Igneous A type of rock ~lidifi.ed from molten material. 

j:k$>.-:a.~\tt~, 

Impermeable An adjective ~ t~cribe rock, soils, or sediments 
that impede the flow of water. 

Infiltration 

lnterflow Zone 

Lacustrine 

Laminated 

Leucocratic 

The downward movement of rain water or surface 
water into soil. 'I' , 

H . 
-j 

The zone between two basalt i[Qws where weathering, 
fracturing, and deposition "8F'sediments create a 
permeable zone in an otherwise primarily impermeable 
environment. 

.Lake environment. T 
The layering or thin bedding in sedimentary rc1,(iks. 

wdtL 
A term applied to light-colored rocks. 
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Mesozoic 

Metamorphic 

--=-::-twr-::~~t:~.:::~ 
·1" 

A broad period of earth's history estimated to be 225 
to 65 million years ago. 

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 organisms such as any of the bacteria, 
'1pfdtl;}~oans, or viruses. . 
f.tl i 

Nitrate J/~.,,~pound com~only associated with domestic and 
~gncy)nlral waste. 

Peat 

Permeable 

Pleistocene 

Potentiometric 
Surface 

ppm 

Recent 

Recharge 

SDWA 

Sedimentary 

A non-compacted deposit of organic material 
commonly developed from bogs or swamps. 

The condition unJ.~r which water may be transmitted 
through rock or ~~,§'ee'iiqL!tn ent. 

~~-
A period of eaL·s h'ltory estimated to be 2 million to 
10,000 years ago. 

The surface to which water will rise in an aquifer under 
hydrostatic pressure. 'gj -, 

. @"H. 
r.t 

Parts/per million. A unit of co~~ntration equivalent to 
0.0001 percent. 

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

The process of absorption and addition of'Wa~er;'to a 
layer of soil, rock, or sediment. I 

,<J 
~@ Safe Drinking Water Act. .&w""-

A rock type formed from fragments of weathered 
natural material. 
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Storage 
Coefficient 

Till 

Topographic 

Transmissivity 

Unconfined 

Water Table 

Weathering 

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. 

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

allier. 
J.! 

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

Ground water in ;\,aquifer that is not covered by an 
impermeable I~ 

The subsu~lev~\etween the zone of saturation · 
(ground water) and the zone of aeration. 

The destructive process(es) by which the atmosphere 
and surface water chemicaiiY"fsng~ the character of 

a rock. ~t~ 
~~9. 1 

I, 

~~i; :·:;; 
::=:;;:., 

v4J.1, 
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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. 

,._.%~:¥X~::-.-::... 

Of tt rriil19r ions reviewed (Figures 5-7 and 5-8) no trends in analyte 
distri~ution){~r aquifer association were apparent. Most of the waters 
sarrj)ed q$1\ be characterized as bicarbonate type waters. Figure 5-9, 
shoWS•a-1)ibt 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 dal§{S"'S'Q[fi!gated into aquifer groups; Alluvial Aquifers, Local 
Upland Aquifers, S~~ LEl)ifll Aquifers, and Regional Aquifers, respectively. 

!;k.,i,c·"" . 
. 
~@ .:-.;::::,. . 
~~--- ~<·" ... 

Data for the Alluvi~tl,qLiif~(Figure 5-10) plot in two groups. The Smaller 
group consist of data 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 HC03-S04-CI, mixed 
anion type, field. These anion data are the only data collected for the 
Redmond-Bear Creek study to plot oLJ/§(de the bicarbonate type field. The 
cation data plot in the Ca-Mg-Na+l~t'rrll{d cation type, field. 

Local Upland Aquifers data plot in,aQAmup (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 (Figure-5,ml2)~e smaller group 
consists of data for wells 20 and 29. Water from ttl~ smaller group can be 
characterized as sodium-bicarbonate type, wherea~jjWa*rs from the larger 
group can be characterized as calcium-mixed catioQ'types and bicarbonate 
type. The difference in the two groups is distingbl~hed 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 ,-r~r''ihe 
smaller group is composed of wells 14 and 16. Data from these tVlb wells 
plot in the sodium plus potassium apex of the cation triangle. Tt{el larger 
group of wells plot in the mixed cation-calcium fields. JHL 
Figure 5-9 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 
Summary of Ground Water Quality Testing Results 
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• 
Analyte 

Alkalinity 
Total 
Bicarbonate 
Carbonate 
Hydroxide 

Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chloride 
Chlorinated Pesticides and PCBs 
Chromium 
Coliforms 

Total 
Fecal 

Copper 
Cyanide 
Fluoride 
Iron 
Lead (at tap) 
Magnesium 

~it--1 Manganese 
Mercury 

~ Nickel 
Nttrate (as N) 
Nttrite (as N) 

B/KIN/RBCfRBC-5-T.n 12/ch: 1 
0121-()()3.05 

• 
Table 5-3· 

Analyte Classifications and Standards 

National Prlma[C National Seconda;r Ground Wate 
Drlnkinl Water M L' Drinkinl Water MC • Characteristi 

mg/1) · mg/i) Constttuent 

NR NR Yes 
NR NR Yes 
NR NR Yes 
NR NR ; . ., Yes 

0.05 NR ~" No 
1 NR No 

NR NR No 
0.010 NR No 

NR NR Yes 

NR tj 250 Yes 
' ~ NR Yes .4~·M~ 

0 05 ;r .. .f$.)>»·"' NR No · rtf~:--

1/100 ml NR No 

Tj 
1/100 ml NR No 

NR 1 No 
NR NR No 

. 

.. 4.0 2.o• Yes 
NR 0.3 Yes 
0.05 NR No 
NR NR Yes 
NR 0.05 No 

0.002 ·NR No 
NR NR No 
10 NR Yes 
NR NR No 

• 
A 

·;:::·--· . ~· Re~ulated 
PoiiUUflt Po lutant 

~ ~»n.~= . > No 
No No 
No No 
No No 
Yes Yes 

' 
No Yes 
Yes No 
Yes Yes 
No No 
No No 
No Yes 
Yes Yes 

No Yes 
No Yes 
Yes No 
Yes No 
No Yes 
No No 
Yes Yes 
No No 
No No 
Yes Yes 
Yes Yes 
No Yes 
No Yes 

Rev. 0, 11/17/92 



• 

Analyte 

Nitrate + Nitrite (as N) 
Phenol 
Potassium 
Selenium 
Semlvolatile Organic Compounds (BNAs) 

Silica 

Silver 
Sodium 

Sulfate 
Thallium 

Total Dissolved Solids 
Total Hardness 
Total Organic Halides (TOX) 
Volatile Organic Compounds {VOCs) 

Acetone 
Carbon Tetrachloride 
Others 

Zinc 

Table 5-3 

Analyte Classifications and Standards 
(Continued) 

National Prlma[t National Seconda~ 
Drlnkln~ Water M L • Drinkln~ Water MC • 

mg/1) mg/1) 

NR NR 

NR NR 

0.01 NR 
NR NR 
' NR 

NR NR 

0.05 NR 
NR NR 

NR 250 

NR :t NR 
NR ·. 500 

NR ~~"> NR 

NR' :?""'"" NR 

NR NR 
0.0051 NR 

' NR 
NR 5 

NOTES: MCL 

rl~/1 
Maximum Contaminant Level permitted under federal Jaw. · 
micrograms per liter (parta per mililani 
Not Regulated . 

• 

~~~~~~~f ~-:!it Rpe~~~~? 
!r-------n 

No Yes 

No 
No 
Yes 
No 
Yes 
No 

Yes 
Yes 
No 

No 
Yes 
No 

No 
No 
No 
No 

Yes 
No 
No 
No 
Yes 

No 
No 
Yes 

No 
No 
No 

No 
No 

No 
Yes 

Yes 
Yes 
No 
Yes 
No 
Yes 
No 

No 
No 

No 

No 
No' 

Yes 
Yes 

Yes 
No 

• These values are exactly e · to tho Washington State Primary Drinking Water Contaminant Criteria and Primary Ground Water Contaminant Criteria. 
b ~he;~rs~u~~t:4.i~~,~~ ~~~ to the Washington State Secondary Drlnl(lng Water Contaminant Criteria and SecondaJY Ground Water Contaminant Criteria unless 

• MCL depends ~PM,_·· · · alyje. 
d Washington Sttfe has no se ndaiy ground water contaminant criterion for fluoride. 
0 Although concentrations of X are not regulated as TOX,.~. ~he concentrations of some lndMdual organic halides which contribute to the total concentration are 

regulated under National I m Primary Drinking Water twgulatlons. 
The Washington State ground water uar standard for carbon tetrachloride Is 0.0003 mg • 

B/KIN/RBC/RBC-5-T.n 12/ch: t 
012Hl03.05 

Rev. 0, 1 t/t7/92 
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