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1 INTRODUCTION

The Lummi Island groundwater study was developed through the
cooperative efforts of Whatcom County and Island residents in
1989. The study grew out of concerns with arsenic and saltwater
intrusion, identification of recharge areas, results of previous
studies, and recommendations in the Lummi Island Plan.

1.1 AUTHORIZATION AND FUNDING

Whatcom County was the lead agency in developing a grant proposal
under Ecology's Centennial Clean Water Fund program. The grant
was obtained in 1989 and work began in 1990. This report was
written by the Whatcom County Health Department (WCHD) and
Planning Department (WCPD) with assistance from the State
Department of Ecology (Ecolegy) and Department of Health (DOH).

1.2 BACKGROUND

Lummi Island supports a permanent population of 620 people (1990
Census). There are a total of 559 homes on the Island with 287
providing homes for the permanent residents and 249 providing
homes on a seasonal basis.

There are 19 public water systems on the Island. Sixteen of
these systems rely on groundwater and supply water to about 500
people. Three of these systems use surface water and supply
about 364 people with water. The Island has many permanent and
seasonal residents which rely on private water systems however it
is unclear what percentage comes from surface water and what
percentage comes from groundwater. Tables 1 and 2 provide
additional details on drinking water systems on Lummi Island.

Previous studies and reports have identified specific concerns
associated with the long-term use of groundwater for drinking
water purposes. These concerns include:

- Arsenic

Arsenic has been found in public and private water supply
wells on the Island. Concentrations found range between
undetectable and over 0.330 ppm. The current maximum
contaminant level established in the Safe Drinking Water Act
is 0.05 ppm. This level is currently under review by EPA
and may be lowered due to concerns carcinogenicity.
Inorganic arsenic is found in most ground water supplies in
the U.S. but concentrations typically average 0.001 ppm,
considerably lower than those found on Lummi Island. The
source of the arsenic on Lummi Island, whether natural or
associated with human activity, has not been determined
conclusively.



Saltwater Intrusion

Saltwater intrusion, as evidenced by chloride concentrations
exceeding 100 mg/liter, has been identified as a potential
problem in some shoreline areas on Lummi Island. A 1984
study identified one area of concern along the northeast
shoreline between Migley Point and the Community of Lummi
Island (Diou and Sumioka, 1984). Subsequent monitoring by
Ecology in 1988 and 1989 identified additional seawater
affected wells along the northeast shoreline and near
Village Point (Ecology, 1990). Although existing data did
not suggest a wide-spread chloride contamination, continual
study and evaluation is needed. In addition, proactive
steps to ensure that intrusion does not become widespread
may be necessary, if population growth accelerates on the
Island in the next 50 years.

Ecology Water Resources Program administers the water rights
of the State. Ecology is currently implementing a Seawater
Intrusion Policy (Appendix H) when reviewing water right
permit applications on Lummi Island. All ground water right
applications on Lummi Island are reviewed for the potential
to induce seawater intrusion.

In general, unless the applicant can show that the
withdrawal will not increase seawater intrusion , water
right applications are denied if:

* The chloride level within the proposed well is
greater the 99 mg/l.
or

* The proposed well is within a minimum of 1/2 mile of
an existing well with a chloride level greater than 99

mg/l.

If a water right permit is issued, further chloride testing

is required as a condition of the permit. Depending on the

results of this chloride testing, withdrawal of ground water
under the permit may be limited or other action required.

Facilitated by the State's Growth Management Act, Ecology
can notify the County when water is not available for
proposed building projects or subdivisions and this notice
would result in the County denying permits for the projects.
To date the County has not received notification from
Ecology that water is not available for a project on Lummi
Island. This Ecology notification that water is not
available applies to all wells, including those that are
exempt from the water right permit process.



- Other Kinds of Contamination

Individual incidents of contamination from old fuel tanks or
other non-point sources have been indicated by Island
residents, but not investigated in this study.

1.3 PURPOSE OF THE STUDY

The purpose of the study was twofold:

1) Groundwater Monitoring

To obtain data to assist in evaluating current groundwater
quality and contribute to the identification of any trends.

2) Public Information and Education

To work with Island residents providing them with hands-on
experience and educational materials about Lummi Island
groundwater: where it comes from, how it can become degraded
and what can be done to protect it.

2. GROUNDWATER MONITORING

The ground water monitoring portion of the Lummi Island study
included data collection and data analysis.

2.1 DATA COLLECTION

Data collection included locating and compiling historic data as
well as collection of new data. This new data was obtained by
volunteers under the direction of Whatcom County Health
Department (WCHD) and Ecology staff. A volunteer group of
individuals was selected and trained in preparation for the
monitoring work which began in 1991. The volunteers collected
the following types of information using the procedures detailed:

Water Levels

Static water levels were collected to gain information on ground
water flow direction and to establish a baseline for ranges and
trends in aquifer storage. Static water levels were measured
monthly by the volunteers in 35 wells in accordance with the Data
Collection Guidelines developed by Ecology. Water levels were
reported in tenths of feet from consistent points on the casing
and qualified if not static. Volunteers were assigned

groups of wells in order to increase consistency in data
collection. The study did not include surveying of the wellheads
and therefore accurate well head elevations are not available at
this time. One problem identified was the apparent lack of USGS
bench marks on the Island.



TABLE 1

Table 1. Provides a breakdown on the relative numbers of the population which relies on
surface water versus groundwater.

POPULATION:

620 Total Permanent Residents
238 are on Public Systems
382 are on Private Systems

? Total Seasonal Residents
628 are on Public Systems
? are on Private Systems

Note: It is difficult to determine how many seasonal residenis exist on Lummi Island, Census data
indicates that there are 249 seasonal homes with an average of 2.16 residents/home for a total
of 538. Public water system records indicate that there are 628 seasonal residenis using
public water systems alone. The public water system estimates were used to compile data
which follows.

PUBLIC WATER SUPPLY:

Total Number of Systerns - 19
16 (74 %) Rely on Groundwater
3 (16 %) Rely on Surface Water

Total Population Served - 866
502 (58 %) Rely on Groundwater
364 (42 %) Rely on Surface Water

Total Permanent Population Served - 238
184 (72 %) Rely on Groundwater
54 (18 %) Rely on Surface Water

Total Seasonal Population Served - 628
318 (51 %) Rely on Groundwater
310 (49 %) Rely on Surface Water

PRIVATE WATER SYSTEM,

Total Population Served - 328
Number relying on groundwater and surface water is unknown

HOMES:

559 Total Number of Homes
287 51 %) support a Permanent Population
249 (y4%) support a Seasonal Population

5
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TABLE 2
SYSTEM NAME NUMBER OF POPULATION | SOURCE
CONNECTIONS SERVED of
SUPPLY
Permanent | Seasonal Permanent | Seasonal

1. LISECC 163 25 300 Surface
2. Miller Water Association 4 10 Well

3. Bakers Water System 4 6 10 Spring
4. Beach Club Condominium 4 1% 4 30 Well

5. Beach Elementary School ! 40 Well

6. Georgia View Association 6 4 15 Well

7. Hilltop Water Owners 27 1 27 44 Well

Association ‘

8. Isle Aire Beach Inc. 33 20 80 Well

9. Loganita \L.edge 1 3 10 Well
10. Lummi Island Post Office | Well
11. Lummi Peint Water 15 15 45 50 Well

Association
12. Ridge Water Association 5 10 15 Well
13. Salvatipn Army - Camp 1 24 Well
Lummi
14. Sunny Hill Water System 1 3 Well
15. Sunrise Cove Water System | 9 23 Surface
16. Marine View Estates g 4 15 Well
17. Nettles Svrort Dot 2 6 Well
18. Sunset Beach 1 5 4 15 Well
19. Tuttle Lane Water 5 4 10 Well
TOTAL ----> 238 628




Arsenic and Chloride

Arsenic and chloride samples were taken from 18 wells on a bi-
monthly basis. Criteria used to select the wells were
availability of a well log, owner's permission and well
accessibility, geographic distribution and previous arsenic and
chloride sample results. The intent was to chose wells in areas
that had not been previously sampled and to continue sampling
other wells to examine seasonal variation or other trends in
sample results. Wells were chosen in clusters to allow
comparison of water level measurements to examine ground water
flow direction. Each well was given an identification number to
assist in ensuring that the results remained confidential.

Water samples for analysis were collected in accordance with the
Data Collection Guidelines drafted by Ecology. Stabilization of
conductivity and temperature readings was used to establish
adequate purging of the casing. Readings were reported on a
Water Sampling Record Form. Samples were transported by mail to
the laboratory and Chain of Custody records were kept.

Samples were analyzed at Laucks Laboratory in Seattle for arsenic
and chloride. Arsenic was analyzed using EPA method 7061 and
206.3 with a detection level of 0.005 milligrams per liter
(mg/l). Chloride was analyzed using EPA method 325.3 with a
detection level of 1.0 mg/l. Well owners were sent written
notice when an arsenic result exceeded the Maximum Contaminant
Level (MCL) for the first time.

Precipitation

Approximately daily precipitation measurements, with more
consistent monthly totals, were taken at 3 locations on the
Island . The stations are located on the north west coast, the
north east coast, and midland on the north end of the island.

Tidal Effects Study

A one day tidal effects sampling study was conducted in 3 Lummi
Island wells. June 30, 1992 was chosen for the sampling because
of its relatively extreme tidal range of 12.2 feet (from tide
tables). The purpose of the tidal study was to examine the
relationship between tidal stage and pumping on chloride and
arsenic results. A reconnaissance field trip to determine study
wells was conducted on 5/21/92.



2.2 DATA ANALYSIS

Sources of Ground Water Quality Data

There are three sources of ground water data considered in this
study: 1) Well samples collected in 1983 and 1984 by the Whatcon
County Health District/Department (WCHD) after they recognized
the occurrence of arsenic. 2) Health Department data also
includes arsenic data from private well owners applying for
building permits after approximately July 1990; 3) Ecology's
follow-up ground water sampling for arsenic, chloride, and
specific conductance in 1988-1989; 4) And finally, two years of
arsenic, chloride, and water level data contributed by this
citizen initiated Centennial study for selected wells from 1991~
1992. The compiled ground water data from these three sources is
contained in Appendix E. Chloride data from an earlier study
entitled " The Water Resources of Northern Lummi Island"®
(Robinson & Noble, 1978), was not included in this analysis.

Arsenic Data Analysis

Except for arsenic data collected during the one~day tidal
effects test done in connection with this study, the ground water
arsenic data collected during this study and an interpretive
report are contained in Appendix B. In summary the data show
that 8 of the 24 wells sampled exceeded the drinking water MCIL
for arsenic of 50 ug/l. Two of the 24 wells showed levels of
arsenic exceeding 25 ug/l, which is half the MCL for arsenic.
While the arsenic data collected to date clearly establish the
presence of arsenic contamination in ground water on Lummi
Island, the quantity, seasonal variation, and limited time span
of the data do not provide an adequate basis for trend analysis.

Chlofide Data Analysis

Chloride data for Lummi Island ground water was compiled by the
WCHD and is found in Appendix E. This compilation includes data
from this sampling , but not the data from Robinson and Noble
(1978) . The data includes sample results from a total of 75
Lummi Island wells and were collected by various parties as
described above under Sources of Data. The chloride results were
summarized by subdivision into categories based on Ecology's
Seawater Intrusion Policy contained in Appendix H. The highest
chloride reading measured for the well was used to determine its
category. Duration of pumping is not accounted for or documented
in this data compilation.



Chloride level Ecology Risk Level Number of wells
<25 mg/l background 50
25-100 mg/1 low risk 16
100-250 mg/1l medium risk 2
>250 mg/1l high risk 7

The above data indicate that 88% of the study wells have
background or low risk chloride levels and 12% were at medium or
high risk levels.

In a effort to identify possible trends, average annual chloride
readings were calculated for wells with 3 or more chloride
samples per year from 1991-1992. These annual chloride averages
are found in Table 3. Comparing 1991 to 1992, 9 wells showed an
increase in average annual chloride detected and 7 wells showed a
decrease or no change in average annual chloride level.

Average annual chloride data for a period of 4 years was
available for two of the study wells. Table 4 shows that chloride
levels in these wells remained below the background level of 25
mg/l over the four year period.

It has not been determined whether the degree of average annual
chloride change is significant. Annual averages of 3-5 samples
may not be representative of long term ground water guality.
There are many variables such as changes in pumping rate,
seasonal water level changes, or precipitation levels which could
effect the chloride level in individual wells. The value of this
data is the establishment of a baseline for future investigations
of chloride levels on the Island.

The previous single sampling in May 1978 by Robinson and Noble
was not adequate for comparison or use in trend analysis. Future
studies and perhaps monitoring wells would be necessary to
determine: the aquifers potentially affected by seawater
intrusion, the areal extent of medium and high risk areas, the
location of the zone of mixing of fresh and saline ground waters,
whether the mixing zone is moving inland due to increased water
demand, whether any of the chloride levels over 250 mg/l can be
attributed to localized upconing due to overpumping.

Water level and precipitation. data analysis

Precipitation was cobserved at 3 stations on the northern half of
the island and data is found in Appendix G. Without the benefit
of a formal statistical analysis, data from the 3 stations does
not seem to indicate a large difference in precipitation pattern
over the northern portion of the island as shown in Table 5.
Comparing this data with readings from the Bellingham
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AVERAGE ANNUAL CHLORIDE IN SELECTED LUMMI ISLAND WELLS 1988-1992

CHLORIDE N MG/L
WELL ID 1988 1989 1990 1991 1992
37/1-4F1 18.2 19
I7TNAG2 14 16
37/1-5A1" 25 20
37Nn-5C1"° 43.6 45
37/1-5R1* 20.4 21.3
3711-8A1" 13.2 135
I71-9G3F 10.2 10.3
37/1-901 456 393
37/1-10L2" 6.6 6.6
371-15E1" 16 14
37/1-15Gt 96 12.3
37/1-15H2* 9.2 9.3
368/1-32A1* 44.8 44.4
38/1-32B1" 18.5 173 18.8 145
|1-32J1° 16.4 19.8 20 16.1
3B/1-32P1° 2072 254

* DENOTES WELLS SAMPLED IN GRANT STUDY
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Average annual chloride 1988-1992 for two wells on

Lummi Island
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TABLE 5

Comparison of 1991-92 Precipitation Data at 3 Lummi Island

Stations
7.00 o

% —®&-—— West Shore
6.00 ) \

/ \\ 7 ——— S. Nugent Rd.

—*—— Centerview Rd.

0.00 -
Nov-90  Mar81  Jun-91  Sep-81  Dec-91  Apr-92  Jul-92 Oct92 Jan-93

Date

12



Airport during the same time period would be a first step in
determining whether historical records from the Bellingham
Airport would be useful or relevant to future water budget
calculations.

Water level data collected by the volunteers is found in Appendix
F. An analysis of water levels and precipitation was not made due
to staff time constraints. However, this water level data will be
useful in establishing a base line for future comparisons.
Selected water levels and arsenic levels are graphed and briefly
discussed in Appendix B.

Both the precipitation and water level data may be useful
additions to the water budget developed for the Island by
Robinson and Noble (1978). The Robinson and Noble (1978) study
also included a rough estimate of the permanent population and
housing density they thought was sustainable with no water
resources management plan. They suggested that a permanent
population of up to 2380 - 3333 was a preferred conservative
population figure supportable by the water resources on the
island without any resource management. The current permanent
population of Lummi Island is 620 based on 1990 census figures.

In addition to population figures, the number of new wells
drilled on the Island can be partial measure of increased water
demand on the Island. County Health Department records of
Ecology's water well reports show the following number of water
well reports on file for Lummi Island:

1988- 3
19389~ 2
1990~ 3
1991- 11
1992~ 13
1993- 4
No conclusions or projections on water availability can be made
from this study. Further studies are necessary to develop a more
precise water budget and to examine water level and precipitation
trends.

2.3 GENERAL COMMENTS

There were a number of tasks identified in the Groundwater
Monitoring section that were modified or deleted throughout the
course of the project after discussion with the Department of.
Ecology grant administrator. These tasks were determined to be
unfeasible or of little benefit to achieving the study purpose.
They included: determination of well elevations, development of
a questionnaire, locating runoff sites and recording
observations, and compilation of water use data from electrical
meter readings of well pumps.

13
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3 EDUCATION AND PUBLIC INVOLVEMENT

Information and educational materials were provided to Island
residents through the community newsletter, two community
meetings, and the development of an informational pamphlet.

3.1 COMMUNITY NEWSLETTER

The Lummi Island Community Club Newsletter is published on a
monthly basis with the exception of one month during the summer.
Informational articles were prepared by Whatcom County and
submitted to the newsletter for publication. A total of 9
articles were published covering the following topics:

1. The Lummi Island Groundwater Study
2. What is Groundwater?

3. Possible Health Effects of Arsenic in Lummi Island
Groundwater

4. How Groundwater Can Become Contaminated

5. On-site Septic Systems

6. Seawater Intrusion -What is it? Is it Happening on Lummi
Island?

7. Seawater Intrusion - Reducing the Risk of Seawater Intrusion

8. Groundwater Protection

9. Study Results

The articles are included in Appendix C.

3.2 COMMUNITY MEETINGS

Two community meetings were held to inform Island residents about
the study and study results. The first meeting was held at the
end of October 1991. The meeting was attended by 35 - 40 people.
Discussions centered on the study, upcoming drinking water
legislation, and general groundwater information. Presenters
were from the State Department of Health and Whatcom County
Health Department.

The second public meeting was held on July 21, 1993. The purpose
of this meeting was to inform Island residents about the study
results. Forty one people attended the meeting. Staff from the
WCHD, Ecology, and DOH presented the results. Nearly all
participants requested a copy of the final report.

3.3 PAMPHLETS
One pamphlet was prepared during the grant. It covered general
information about the study and general groundwater protection.

A copy of the pamphlet is included in Appendix D.

14
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Appendix A

Effect of Tidal Fluctuations
on
Ground Water Quality

Lummi Island Field Study

Introduction

This report describes and summarizes the tidal effects studies conducted in
selected Lummi Island water wells on May 21 and june 30, 1992.

The tidal effects tests at Lummi Island consisted of documenting tidal effects on
water levels in two wells on May 21, 1992, and all-day water-level monitoring and
sampling at tidal extremes in three wells on June 30, 1992. Well sampling involved
identifying the time of low tide effect as indicated by water levels in each well, then
pumping and frequent sampling of the well pumpage for a period of about one
hour. Following the low tide sampling interval, well pumps were shut off and water
levels observed in order to identify the high tide water level effect in each well.
The low tide pumping and sampling procedure was repeated at the high tide
extreme in the three study wells. Six to twelve samples were collected from each of
the three study wells during both low and high tide sampling intervals. A total of
67 water samples were collected from the three study wells during the tidal effects
sampling test. Five samples were eliminated due to expected redundancy based on
field conductivity results. The remaining 62 water samples were submitted to labs
for analysis of chloride and arsenic.



Background

Lummi Island is one of many places in coastal Washington where aquifers are
affected by seawater (Dion and Sumioka, 1384). As population increases in the
Puget Sound region, increased demand for ground water from coastal aquifers may
induce seawater to flow toward the pumping wells. This migration of saline water
into freshwater aquifers is known as seawater intrusion. Seawater intrusion has
been identified in many areas of coastal Washington and is expected to become
more severe in areas of anticipated high growth such as Puget Sound. County and
state agencies are currently developing testing requirements for regulation of new
wells and water systems in order to minimize this problem.

An increase in chloride concentration in a freshwater aquifer is a reliable indicator
of the first stages of seawater intrusion. Of all the major ions occurring in
seawater, chloride is least affected by the chemical processes seawater undergoes
as it passes through soil and sediments (Revelle, 1941). Seawater contains
approximately 35,000 mg/L dissolved solids including 19,000 mg/L chloride.
Uncontaminated ground waters in Washington coastal areas typically contain less
than 10 mg/L chloride. Wells in several shoreline areas of Lummi Island have
chloride concentrations exceeding 100 mg/L. Consequently, these areas are
considered to be affected by seawater intrusion.

In addition to areas of localized seawater intrusion, Lummi {sland has areas of
arsenic-contaminated ground water. The problem of arsenic in Lummi Island well
water was reported in 1983-84 sampling results obtained by the Bellingham-
Whatcom County Health Department. The Northwest Regional Office of the
Department of Ecology conducted a reconnaissance sampling of wells for arsenic in
well water at northern Lummi Island during 1988-1990 (Ecology, 1990). The
Ecology sampling results indicated that the arsenic problem was fairly widespread
and is focused near the northern and eastern shore areas of northern Lummi
Island. The source of the arsenic is not known with certainty, but it is believed to
be naturally derived from the geologic materials penetrated by well drilling.
Naturally occurring arsenic in ground water has been documented in other areas of
Puget Sound (Frost, 1991) and sulphide minerals typically associated with arsenic
are found at Migley Point.

To some extent, areas of arsenic-contaminated ground water on Lumimi Island
coincided with areas most affected by seawater intrusion. Proximity of these areas
to the Lummi Island shoreline and the fact that many of the contaminated wells
have tide-affected water levels suggested that an investigation of tidal effects and
ground water quality could better define the relationship between the chloride and
arsenic contamination.

In 1990, a Lummi Island citizen group, the Ground Water Committee of the Lummi
Island Community Club, obtained state Centennial Clean Water Grant funding to
perform a two-year ground water quality monitoring program. This short term field
study of tidal effects on ground water is one of the tasks included in the two-year
Lummi Island grant study.



Field Setting

Lummi Island is an elongate island located in the Strait of Georgia in western
Whatcom County. The southern portion of the island is mostly mountainous and
extremely steep bedrock with elevations from sea level to the 1,665 elevation
Lummi Peak. The northern portion of the island is predominantly made up of
unconsolidated sedimentary deposits with local exposures of the underlying
bedrock. The topography of northern Lummi Island is relatively low lying and
gently rolling, with elevations ranging from sea level to 362 feet (Robinson & Noble,
1978). The northern portion of Lummi Island constitutes the study area for this
tidal effects field study and the associated two-year ground water monitoring
program (Figure 1).

The lacations of the three wells monitored and sampled during the tidal effects test
on June 30, 1992 are shown in Figure 1. Two of the observation well sites, 38/1-
29Q2 (29Q2) and 37/1-15E1 (15E1)}, are located at the extreme north and south
ends of the northern Lummi study area. The third well, 37/1-4J4 (4]4), is located
on the east shore about 2 miles south of Point Migley and a quarter mile north of
the Lummi ferry dock (Figure 1).

Study Methods

Of the 35 wells measured during the two-year Lummi Island ground water
monitoring program, three wells provided advantageous characteristics for a
sampling study of tidal effects on local ground water quality. Three domestic wells
were selected for monitoring and sampling during the Lummi tidal effects test. The
wells were selected on the basis of accessibility, observed tidal influence, and
detectable arsenic and chloride in historical water samples. A well selection
reconnaissance was conducted on May 21, 1992, and the tidal effects sampling test
was conducted in three wells on June 30, 1992.

The three wells selected for the sampling study are known as wells 29Q2, 4J4, and
15E1. Well 29Q2 is located on Point Migiey at the very northern tip of Lummi
Island, and is about 250 feet from the beach at elevation 35 feet above sea level.
Well 29Q2 is accessible for water-level measurement through a removable well cap
and was sampled from a garden hose leading from the house. Since no well log was
available for well 29Q2, details of construction for the well are unknown, The well
29Q2 intake is believed to be completed in fractured bedrock and below sea level in
elevation. Well 4J4 is 6 inches in diameter, 94 feet deep, and open hole below 24
feet in sandstone. The well is accessible for water-level measurement through a
removable well cap and was sampled from an outdoor tap at the house. Static
water level in well 4J4 was 25.5 feet below top of casing at the time of construction
on August 14, 1989. Well 15El is 6 inches in diameter, 207 feet deep, and open
hole at the bottom one foot in a sand and coarse gravel aquifer zone. Static water
level in well 15E1 was 74 feet below top of casing at the time of construction on
June 1, 1977, Water well reports for wells 4j4 and 15E1 are shown in Appendix A-1.
No well report was available for well 29Q2.
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Figure 1.

Lummi Island tidal effects study well locations.




May 21, 1992 Tidal Effects Reconnaissance

On May 21, 1992, water levels were measured in 2 wells over a 7-hour period in
order to verify that water levels were tide affected and to determine well tidal
efficiencies and lag times. According to Port Townsend tide tables corrected for
Point Migley, a high tide of 6.4 feet occurred at 7:21 AM on May 21 followed by a -
0.8 foot low tide at 2:33 PM. The maximum high tide effects were not observable in
either well during the May 21 reconnaissance, so tidal efficiencies could not be
accurately determined for the wells. Low tide effects occurred in both wells at
approximately 3:40 PM which yielded an approximate 1 hour lag time for both wells
relative to the predicted time of low tide at Point Migley.
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Figure 2. Tide affected water levels in Lummi Island wells,
May 21, 1992.

Figure 2 shows tide affected water levels in two Lummi Island wells, 29Q2 and 4]4,
during a 7-hour reconnaissance on May 21, 1992. An additional third well, 15E1,
located at the southwestern corner of the study area, was selected for the tidal
effects sampling study to take place on June 30, 1992,



June 30, 1992 Tidal Effects Test

Water levels in all three observation wells were monitored throughout the day on
June 30th from about 9:50 AM to 10:00 PM. When water levels indicated low tidal
effect in the wells, the well pumps were turned on for approximately 1 hour and
well pumpage was frequently sampled during pumping. Low tide sampling was
followed by approximately 8 hours of water ievel observation until high tide effects
were observed in the wells. The same pumping and sampling procedure used at
the low tidal extreme was followed during the high tidal extreme for the three
Lummi observation wells.

Tidal range at Point Migley on June 30, 1992 was predicted by tide tables to be
about 12.2 feet. From a -3.2 foot low tide at 11:18 AM at Point Migley, a steadily
incoming tide was predicted to reach a 9.0 foot high tide at 7:41 PM in the evening,
Arrangements were made with two of the well owners to avoid using water during
the day of the test so that wells would not have to be pumped other than for the
pumping/sampling cycles of the tidal survey. Well 15E1 was pumped the morning
of the test and was still in water-level recovery at the beginning of the low tide
pumping.
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Figure 3. Water levels in Lummi Island wells, June 30, 1992.



Results of water level measurements in the three domestic monitoring wells used
on June 30, 1992 are shown in Figure 3. Influences from pumping and tidal effects
on ground water levels are apparent in all three well hydrographs. Water level
recoveries were slow following the low tide pumping in all three wells such that
none of the wells had recovered significantly above the low tide pre-pumping level
by the 8:30 PM high tidal effect. Wells 29Q2 and 4J4 showed effects from pumping
in nearby wells but the interference was not significant enough to affect test
results. Minimum water levels due to pumping drawdown during sampling
intervals are not plotted in Figure 3.

Samples were collected in [-Chem liter 'cubitainers’ and 1 liter Nalgene bottles and
were analyzed for arsenic, chloride, and specific conductance. Sample containers
were numbered consecutively from 1 to 72. Even numbered samples from well
29Q2 and odd numbered samples from wells 4]J4 and 15E1 were analyzed at
Ecology's Environmental Laboratory in Manchester, Washington. To help recognize
and eliminate potential lab error, the alternate samples were delivered to Lauck's
Testing Laboratory in Seattle for analysis. Sample analysis results are summarized
by tables for each well and tidal stage in Appendix A-2. Complete lab analysis
reports are included in Appendix A-3.

Low Tide Sampling

As shown in Figure 3, measurements taken from 9:30 AM to 12:30 AM showed the
water levels in wells 29Q2 and 4)J4 were gradually declining and leveling off
corresponding to the earlier low tide in adjacent Hale Passage. The water level in
well 15E1 was still recovering from being pumped that morning. Pumping for the
low tide sampling in well 15E1 commenced at 11:49 AM. Low tide pumping began
at 12:40 PM in wells 29Q2 and 4J4. Low tide pumping was maintained for 70
minutes in wells 29Q2 and 4J4 and for 113 minutes in well 15E1. The low tide
pumping discharge rates in wells 29Q2 and 4J4 remained relatively constant at 6.4
and 12 gpm, respectively. Well discharge in 15E1 was increased from 6 gpm to 12
gpm when a hose was unkinked 28 minutes into low tide pumping at 12:17 PM.

Low tide sampling results for the northernmost well 29Q2 and duration of pumping
at each sample grab are shown in Table 1, and plotted in Figure 4.



Wwell 29Q2
Low Tide Sampling 6/30/92
Pumping Sample Chloride Arsenic
Time Duration Number mg/L ug/L
{min.) low tide low tide
12:42 PM 0 pump on
12:55 8 2 120 374
13:05 23 4 120 350
13:15 33 6 110 349
13:25 47 8 110 316
13:35 57 10 95 290
13:45 67 12 100 304
13:48 70 pump off

Table 1. Sample results from low tide pumping
well 29Q2, June 30, 1992.

Ground Water Quality during lowtide pumping in Well 20Q2, June 30, 1992
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Figure 4. Arsenic and chloride in water samples from well 29Q2,
low tide pumping, June 30, 1992.



A total of 12 samples were taken during the low tide pumping of well 29Q2. The six
odd-numbered sample results were rejected for the purpose of analysis, however,
because the arsenic values were anomalous with even-numbered samples and were
inconsistent with historical arsenic results from the well (Appendix A-2). Sample
results from the low tide pumping in well 29Q2 indicate that chloride decreased
slightly from 120 mg/L in the sample taken 8 minutes after pump start to 100 mg/L
in the last sample taken after 67 minutes of pumping. Arsenic in well 29Q2 also
decreased according to the same samples from 374 to 304 ug/L.

Low tide sampling results from 4J4 and 15E1 are shown in Figures 5 and 6,
respectively. ,

Ground Water Quality during low tide pumping in Well 4J4,

June 30, 1992 cl
250 —a— AS
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Figure 5. Arsenic and chloride in water samples from well
4]4, low tide pumping, June 30, 1992.

Low tide samples from well 4J4 showed relatively consistent results for arsenic and
chloride. Arsenic samples from well 4]J4 ranged from 56 to 75 ug/L and chloride
ranged from 190 to 220 mg/L during low tide sampling. Complete sample results
are listed in summary tables in Appendix A-2 and data are included in Appendix A-
3.



The most interesting low tide sampling results were from well 15E1, plotted below
in Figure 6.

Ground Water Quality during low tide pumping in Well 15E 1,
June 30, 1992
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Figure 6. Arsenic and chloride in water samples from well
15E1, low tide pumping, June 30, 1992.

Pumping for the low tide sampling in well 15E1 commenced at 11:49 AM and
pumping was maintained for 113 minutes. The pumping discharge rate in well
15E1 was increased from 6 gpm to 12 gpm when a hose was unkinked 28 minutes
into low tide pumping at 12:17 PM. As shown in Figure 6, the timing of the increase
in well discharge coincided with a dramatic increase in arsenic concentrations in
samples collected after 30 minutes of pumping. Arsenic in samples rose from 56
ug/L at 12:18 PM(at 29 minutes of pumping) to 250 ug/L at 12:25 PM(at 36 minutes
of pumping). Arsenic in low tide samples from well 15E1 reached a maximum of
280 ug/L at 12:39 PM (50 minutes pumping) and fell off to 69 ug/L in the last
sample collected at 13:42 PM (85 minutes pumping). These increases in well
discharge and arsenic concentrations were accompanied by a drop in pumping
water level in well 15E1 from 88.68 feet below top of well at 12:06 PM (17 minutes
of pumping) to 108.00 feet at 1.13 PM(84 minutes pumping).

Water level measurements in all three study wells showed slow recovery following
low tide pumping and water levels continued to gradually rise coinciding with the
incoming tide (Figure 3). At about 8:30 PM, the rate of recovery and tide-effected
water level rise in the wells was decreasing as water levels began to express the
earlier high tide in the saltwater surrounding Lummi Island.

10



High Tide Sampling

High tide pumping in all three wells commenced between 8:25 PM and 8:42 PM and
total pumping time ranged from 63 to 85 minutes. High tide sampling results for
well 29Q2 and duration of pumping at each sample grab are shown in Table 2 and
plotted in Figure 7.

Well 29Q2
High Tide Sampling 6/30/92
Pumping Sample Chloride Arsenic
Time Duration Number mg/L ug/L
min. high tide high tide
20:30 PM ' 0 pump
on
20:40 PM 10 14 140 452
20:50 PM 20 16 © 140 465
21:00 PM 30 18 130 410
21:10 PM 40 20 120 358
21:20 PM 50 22 110 334
21:30 PM 60 24 110 329
21:35 PM 65 pump
off

Table 2. Sample results from high tide pumping in well 29Q2,
June 30, 1992.
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Figure 7. Arsenic and chloride in water samples from well
29Q2, high tide pumping, June 30, 1992.
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mg/L CL, ug/L As

As in the low tide pumping cycle, a total of 12 samples were taken during the high
tide pumping cycle at well 29Q2. Again, the six odd-numbered sample resulits were
rejected because the arsenic values were anomalous with even-numbered samples
which were more consistent with historical results from well 29Q2(Appendix A-2).
Sample results from the high tide pumping indicate that chloride in discharge from
well 29Q2 steadily decreased from 140 mg/L in the sample taken 10 minutes after
pump start to 110 mg/L in the last sample taken after 1 hour of pumping. Arsenic
in the well 29Q2 high tide samples increased from 452 ug/L at 10 minutes of
pumping to 465 ug/L at 20 minutes of pumping. From this maximum arsenic value
of 465 ug/L, arsenic in high tide samples from well 29Q2 graduaily dropped to 329
ug/L in the last sample taken after 1 hour of pumping.

High tide sampling results from wells 4]J4 and 15E1 are shown in Figures 8 and 9,
respectively.

250
Chloride
.‘-’_’.\.—’_”l—s\
200 = .
150
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Aﬂ/{)\n’/”u
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0

0 10 20 30 40 50 60
Pumping Duratlion (minutes)

Figure 8. Arsenic and chloride in water samples from well
4}4, high tide pumping, June 30, 1992.
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Figure 9. Arsenic and chloride in water samples from well
15E1, high tide pumping, June 30, 1992.

Discussion

Chloride contamination in the three domestic wells used in this study was most
severe in well 4]J4. Water samples from well 4J4 for both low and high tide
pumping averaged 210 mg/L chloride. Low and high tide samples from well 29Q2
averaged 115 mg/L of chloride, and samples from well 15E]1 were least affected
with average chloride concentration of 15 mg/L.

The sample result curves in Figures 4 through 9 indicate that the salinity of
pumpage is not significantly affected by tidal stage and does not appear to be very
sensitive to the cumulative pumping duration. If anything, chloride went slighly
down in wells as pumping duration increased. This was the case in well 29Q2
during high tide pumping (Figure 7).

The small difference between chloride sample results from well 29Q2 at high and
low tide (Tables 1 & 2) may be due to tidal influence on the transition zone. If the
saline zone of transition between fresh ground water and seawater migrates
vertically and/or horizontally with tidal fluctuations, higher salinity ground water
would be expected around the well screen during high tide. However, chloride
concentratjons in all three study wells were not significantly different for the high
and low tide pumping cycles.
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Arsenic contamination was most severe in well 29Q2, averaging 360 ug/L and
reaching a maximum of 465 ug/L arsenic during high tide sampling. Most samples
from wells 4]J4 and 15E1 ranged from 28 to 75 ug/L arsenic. The exceptions to this
range were seven samples from well 15E1 collected during the low tide pumping,.
The seven samples from well 15E1 with elevated arsenic are associated with the
timing of an increase in well discharge from 6 to 12 gpm. The low tide sampling
results from well 15E1 suggest a relationship between arsenic concentration and
well discharge rate. Since the increase in discharge was accompanied by a drop in
pumping level in well 15E1, the elevated arsenic in well water may have resulted
from the removal of water level head at one or more arsenic contaminated fractures
or wet zones in the well bore. A drop in pumping leve! past the depth of such
zones or fractures would result in an increase in flow from these zones into the
well. According to established principles of well hydraulics, the increased
discharge rate in well 15E1 caused enlargement of the area of pumping influence
on water levels, or water pressures, around the well. The larger area of influence -
causes ground water at further distances from the welil to flow toward the well and
contribute to well discharge. The larger area of influence due to the discharge
increase may have intercepted an arsenic contaminated area which then
contaminated well 15E1. . A third possible explanation of the higher arsenic in well
15E1 pertains to pumping influence on the water in the well bore below the pump,
or on ground water directly below the bottom of the well. If higher density
contaminated water is present beneath the well pump, an increase in discharge
could cause the underlying contaminated water to flow toward and into the well
pump. This pumping influence on the area below wells is called "upconing'.

In summary, the Lummi tidal effects test documented water level conditions and
water quality characteristics in some detail for the three monitored domestic wells.
The following conclusions and recommendations are derived from consideration of
the test results.
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Conclusions

For the Lummi Island wells involved in tidal effects testing, chloride concentration
in well pumpage did not appear to be a function of tidal stage. A single sample
collected near the end of a pumping test is sufficient to estimate the short term
severity of seawater intrusion in Lummi Island wells.

Arsenic contaminated ground water which exceeds the State Drinking Water
Standard of 50 ug/L arsenic is fairly widespread throughout northern Lummi
Island. The source of arsenic contamination is still unknown but does not appear
to be related to tidal stage during pumping or chloride concentration in well
pumpage. The flare-up in arsenic concentration during the low tide sampling of
well 15E1 indicates a relationship between arsenic contamination and well pumping
rate. The severity of arsenic contamination may be a local phenomenon directly
related to site specific geology and ground water chemistry. A single sample
collected near the end of a constant rate pumping test is sufficient to indicate the
severity of arsenic contamination in Lummi Island wells. If pumping discharge rate
of a Lummi Island well is increased, additional sampling is necessary to
characterize the severity of arsenic contamination under the new rate,.

Single domestic well pumps such as those in the three wells used in this study have
limited capacity to impose pumping stress on aquifers. Only limited pumping
stress was possible during this tidal effects field study due to small capacity well
pumps in domestic wells. The water quality changes in well 15E1 associated with
changes in discharge rate suggests that future well testing should involve larger
capacity pumps with adjustable discharge rates.

Recommendations

More study is needed to determine whether Lummi Island ground water arsenic
contamination is related to chloride concentrations in well pumpage or is due to
other independent influences on ground water quality.

Additional pumping tests should be conducted to better define the relationship
between well discharge and arsenic contamination. These tests should be
performed on existing arsenic contaminated wells using large capacity (10 - 50
gpm) pumps with adjustable pumping rates.

A siudy similar to this one should be performed with the first sampling cycle run
during high tide followed by low tide pumping.

Special gelogic borings with concurrent rock and water sampling should be done in
order to identify the source of arsenic contamination. Better definition of the
source of arsenic may result in recommendations for future Lummi Island well
construction. These recommendations may include completing drinking water
wells at specified depths and/or casing wells across certain arsenic bearing
stratum.
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Water Well Reports
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I File Original and First Copy with
Dapartment of Ecoiogy

Sacond Copy—Owner's Copy A

l Third Copy—Driller's Copy

WATER WELL REPORT

STATE OF WASHINGTON

37/1~ f//v

Stant Card No.

022631

Water Right Permit No.

OWNER: name_ 37/1 - 4] 4

N Nugent Tumpmi , Ts.

Address

l'(2)

LOCATION OF WELL: County hatcom

ME _4SE  (see 137 w.alE wm

LS NN
(23) STREET ADDDRESS OF WELL (or nearest adcress) 220+ 11 rfugent Rd.
(3) PROPOSED USE: 5}?::‘:;;:: Industrial (] Municipal [J (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
l C DeWater Test Wail O Other O Formation: Describe by color, character, size of matenal and structurs, and show
thickneas of aquifers and the kind and nature of the materia! in esch stratum penerarad,
(8) TYPE OF WORK: Cwnar's number of wel! with a1 laast one antry lor sach change of informastion.
{il more than one) MATERWAL FROM To
Abandoned T  New wail XX Method: Dug _[J Bored (O
Deapenad CableXX Driven .
Reconditioned {J Rotary O Jetted [0 Top soil 0 1
(5) DIMENSIONS: piameter of weil S inches. gang & giave i % hard 15- fl
. an p Er'ave narganan
Drilled teat. Depthofcompletedwell___~ = K. r
l Big boulders, four 7 14
Casing instalied: O _* Diam.trom f.to : n. | Sandstone 22 Q4
Welded 4 .
l. Li:u installed 8 ~————" ODiam.from f.te _water app 2 gpm 65
Threadsd * Diam, from ft to a. | NATER 10+ GPu 34
Perforations; chD Nuﬂ
l Type of perforator used
SIZE of perforaticns in. by in.
perforations fraom fi.to
pertorationa from ft.10
, e n—___ p&FiSIRtions from #.to .
Screens: YnD Nﬂ
Manufacturar's Name
' Type Modael No
Diam Sio! size from fi.to ft. !
Diam Slot size from. f.to f. 1‘
l Gravel packed: YesL]  NoAS Size of gravel
Gravel placad trom ft. to it |
Surtace seal: YeSeoX o[ Towhatdepth? 18+ . ]
Material uaed in aeal zent Onlte Clay = r-‘_) - l‘j
= Wil=!
Did any strata contain unusabie water? y"D ,}égj u(l T t=
Type of water? Depthol strate_____ -“\_E i
l Meathod ol asaling strata off - UC,— 3 a ]ng
(7) PUMP: panutacturers Name Fairbanks Morse . -
rypeobmergible ne 1/2 DEPARTMENT OF ECOLGGY
8) WATER LEVELS; oo uriece oo et b NORTHWEST RECION
Static !ovul;Lﬂ below top of wall Date 8/1“'/69
Artasian prassure Ibs. per aquare inch Date l
AResian waltat is controtiad by T TRTTIT T} .~ i . ) [
Work atarad Sf (/0T , 19. Completed _d_l 55 i | J—

2

WELL TESTS: Drawdown is amount water level is Iowor& bdolj:aticlav.l
Was a pump teat mada? Yos No \ ‘lf »8, by whom? er
gal./min. with

i
Yield: __J-j._— . drawdown after _3_.______ hes.

an

Recovery dats (1ims taken as zacd when pump turned off) (water iavel messured
from weH togp 1o watar level)

) N BN EE B ae

Time Water Level Time Water Levael YTime Water Lavel
Date of test 821 I; 39

Bailer tast Qal./min, with #. drawdown siter hre.

Airtaat ps&l. /min. with stam set at . tor hrs.

Artesian flow g.p.m.  Date

Was 2 chamical 2nalysis made? Yes I:l NoD

Tamperature of water

WELL CONSTRUCTOR CERTIFICATION:

t constructed and/or accept rasponaibility tor construction of this well,
and its compliance with ajl Waahington well construction standards.
Materials used and the information reported above are true to my best
knowledge and beliel,

namg_Livermore & Son,Inc.
(PERSON, FIRM, OR CORPORATION)

(TYPE QR PRINT)

6053 Portalway , Farndale

Addreas
(Signed) =t prﬁicenso No,_.___2_?2—
(WELL DRULER) -~
Rooiatanon
agl
Mo LAVers*1 991G  pae_R/1L/RQ 19

{USE ADDITIONAL SHEETS IF NECESSARY)



o
/495
File Originsl and First Copy with

Department of Ecology
Second Copy — Ovmner's Copy

S. /Vuaaxuf-

WATER WELL REPORT
STATE OF WASHINGTON

3Yo/-i5

Application No. .ccnomirmsiienenn.

Permit No. .... .

Third cgp}’y— Driller’s Copv -
37/1-15E 1 zg

l(l) OWNER: yam

v Y T S NG ENT LD

:mg and distance from section or subdivision corner

7 LOCATION OF WELL: county. W AT CDL Ao -ﬁﬁ&/w o see-d37 w3 7. 5/ Bwm

Sev

(10) WELE LOG:

(3) PROPOSED USE: Domestic }f Industrial 0 Municipal O 22/1 -ISE
frguion O Test Well O ouer 0| ormaon; Desenie by oo eheretey s of rhtenit e, ond
I , Owner's number of weil ftratum penetrated, with dt least one entry for each change of formation.
(4) TYPE OF WORK: tig %e than one). SR MATERIAL FROM
New well Method: Dug C] Bored a v 0
D::::ened o Cable Driven O EI’FD CL A ~O CA-S g [ é
Reconditioned [ Rotary ]  Jetted O %A_ﬂ.p__&ﬁﬁf‘_ﬁ_%_ NARVEY,
I - ARD EQA/V_B/‘ C LAy IS Y AWIIA
(5) DIMENSIONS Diameter of well ... & . inches. ’ ? & |y _(;_ -
‘ Drilled.... 7 Lt Depth of completed well .. ﬂ__,?_n. ; ,,?" A n_ - l_ ;4 },. / : 3_41
(6) CONSTRUCTION DETAILS: 352400 éﬁ'/ Ai‘é‘fr‘ 242l Do’
Casing installed: _____ ptam. trom ... £ 0 woerem R, & L% A/ /7Y L AS’ o
Threaded O ., Diam. £rom ... _ft.to £ % 2 7
Weld " Diam. trom ... fo S tog 87+

rd
Perforations: vesQ No}(
Type of perforator used

SIZE of perforations in. by in,
............. —.. perforations from ft. to f®t.
remmmarerr s perforations from ft. to ®.
e pErfprations from it. to n.
Screens: yes N.:X

Manufacturer's Nawe

Type : Model Nooooooo
Diam. —...cu.. Slot size from tt. to ..... SN . 3
Diam. ....c...... Slot size from 1t.

No [J Size of gravel P FAm_
ol {;,..._- T+ I, v Ay

Surface seal: Ye, To what dep,
Material used m seal.... ég A/?TE S

Gravel packed: yes
Gravel placed fro

Did any strata contain water‘! Yea [J Ne O
Type of water?. oo Depth of strata...ceeeeeeee
Method of sealing strata off.
l (7} PUMP: manutacturer's Name
Type: HP ey -
EVELS: Land-surface elevatlon < FDM /J /? 0 ’
(8) WATER LEV above mean sea level,.., ... _.__..tt D A) b’ 6_ D Azi

Static level ... f,r‘i“.’}“_‘“ below top of well Date
Artesian prestu.re e r square inch Date.....one.... —

Arted-mtwater is controlled by
i : fo o~
awdown Is amount water level is

LER AP
' (9) WELL"!:ESTS below static level

lowere
Was a pump test made? ‘!"fs Ij‘,-No If yes. by Whom?..oicrrene -
l Yield: gal./min. with {t. drawdown after hrs.

Recovery data (time taken as zero when pump turned off) (water level
measured from well top to water level)

l Water Level | Time Water Level

{Cap, valve, etc.)

Time Time Water Level

gal./min mm-J
g.pan. Date.. /
Was a chemnical analysis made? Yes J No%

Bailer test__{_.
Artesian ﬂow
Temperature of water..............

.tt drawd after.i..é.’.ﬁ.-:hn.
o=/

{USE ADDITIONAL SHEFTS IF NECESSARY)

~ AN AA

Work started.... s‘.-n,// ..... 19_27 Complel!dj“ [_._. 7_719..-......
WELL DRILLER’S STATEMENT

This well was drilled under my jurisdiction and this report is
true to the best of my knowledge and belief.

sausSTAR DRIL G SERY /CE

, O corporation) {Type or print)

Address ?5dC(/pF/? \5/ IE / ﬁ‘ﬁz/f/{/}’

e it

{Signed]..

m y
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Ground Water Sampling Summary



Lummi Island Tidal Effects Study

Ground Water Sample Summary Last Modification = 4/21/93
- 38/1-29Q2 6/30/92 38/1-29Q2 6/30/92
Low Tide High Tide

Pumping |Samp.}{ Cl As Pumping |Samp. Cl As
Time Time No. mg/L ug/L Time Time No. mg/L ug/L

(min.) ow tid| low tide (min.) high tid | high tide
12:42 0 pump on 20:30 0 pump on
12:47 5 1 130 5 20:35 5 13 140 5
12:55 8 2 120 374 20:40 10 14 140 452
13:00 18 3 110 7 20:45 15 15 130 5
13:05 23 4 120 350 20:50 20 16 140 465
13:10 28 5 100 310 20:55 25 17 130 5
13:15 33 6 110 349 21:00 30 18 130 410
13:20 42 7 110 18 21:05 35 19 120 5
13:25 47 8 110 316 21:10 40 20 120 358
13:30 52 9 100 27 21:15 45 21 100 5
13:35 57 10 a5 290 21:20 50 22 110 334
13:40 62 11 95 5 21:25 55 23 100 5
13:45 67 12 100 304 21:30 60 24 110 329
13:48 70 _pump off 21:35 65 pump off
. 37/1-4] 4 6/30/92 37/1-4) 4 6/30/92
Low Tide High Tide

Pumping [Samp.| ow tid| low tide Pumping | Samp. |high tid |high tide
Time time No. mg/L ug/L Time time No. mg/L ug/L

A{min.) Cl As (min.) Cl As
12:38 0 pump on 20:42 0 pump on
12:42 4 25 210 60 20:46 4 36 210 28
12:48 10 26 190 56 20:52 10 37 220 51
12:53 15 27 210 74 20:58 16 38 210 49
12:58 20 28 210 56 21:04 22 39 220 57
13:03 25 29 220 67 21:15 33 40 210 55
13:08 30 30 210 58 21:25 43 41 210 68
13:15 37 i1 220 68 21:37 55 42 210 58
13:25 47 32 210 58 21:45 63 43 200 71
13:35 57 33 220 69 21:45 63 pump off
13:40 62 34 210 59
13:50 72 35 210 75
13:50 72 pump off

Page 1
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Lummi Island Tidal Effects Study Page 2
Ground Water Sample Summary
37/1-15E1 6/30/92 37/1-15E1 6/30/92
Low Tide High Tide

Pumping [Samp.| Cl As Pumping | Samp. Cl As
Time Time No. mg/L ug/L Time Time No. mg/L ug/L

{(min.) ow tid} low tide (min.) high tid |high tide
11:49 0 pump on 20:25 0 pump on
11:57 9 49 16 57 20:32 7 61 16 60
12:04 15 50 15 49 20:46 21 63 16 61
12:11 22 51 16 48 21:00 35 65 15 56
12:18 29 52 12 56 21:14 49 67 16 56
12:25 36 53 16 250 21:28 63 69 16 57
12:32 43 54 15 240 21:42 77 71 16 61
12:39 50 55 16 280 21:49 84 72 14 59
12:46 57 56 14 180 21:50 85 pump off
12:53 64 57 16 180
13:00 71 58 15 120
13:07 78 59 16 130
13:14 85 60 15 69
13:42 113 pump off
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Lab Analysis Reports



WASHINGTON STATE DEPARTMENT OF ECOLOGY
ENVIRONMENTAL INVESTIGATIONS AND LABORATORY SERVICES
MANCHESTER LABORATORY

August 7, 1992

TO: Project Officer /////,

FROM: Despina Strong 'ﬁ:y

SUBJECT: Lummi Tidal Study

SAMPLE RECEIPT:

The samples from the Lummi Tidal Study project were received by the
Manchester Laboratory on 7/1/92 in good condition.

HOLDING TIMES:

All analyses were performed within the specified holding times for
chloride.

PROCEDURAL BLANKS:

The procedural blanks associated with these samples showed no
detectable levels of analytes.

SPIKED SAMPLE ANALYSIS:

Spiked sample analysis was performed on one sample per batch. All
spike recoveries were within the acceptable limits of +/- 25%.

PRECISION:

Duplicate sample analysis was performed on two samples in the

batch. The %RPD was within the acceptable windows for water
analysis (10%).



SUMMARY:

The data generated by the analysis of the above referenced samples
can be used without qualification.

If you have any questions about the results or the methods used to
obtain these results please call me at SCAN 744-4737.



Laucks 54

esting Laboratories, Inc.

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

Chemistry. Microbiology. and Technical Services

CLIENT  : WA State Dept. of Ecology Certificate of Analysis

Work Order # 92-07-625

TESTS PERFORMED AND RESULTS:

Analyte units 25 26 27

Chloride {Method 325.3) mg/L 16. 16. 16.

Analyte Units 29 30 n 32

Chioride (Method 325.3) mg/L 16. 16. 15. 16.

&7 7/ 72

Analyte . Units 33 34

Chtoride (Method 325.3)  ma/L 16. s 16.

Tius report 1s submitted tor the exclusive use of the person. partnershup. or corporalion 1o wnom it 1s agaressed. Subsequent use of the name of This company or any
memtyer o ts Staf in connecton wilh the advertising or sale ol any product or procass wilk be granted only on contract. This company accepts no responsibility except
fer 1he due pertosmance of ingpedtion ana/cr analysis in good Faith ang according 10 the rules of Ing trage anda of science

* o
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Testing Laboratories, Inc.
940 South Hamey 5t., Seattle, WA 98108 (206} 767-5060 FAX 767-3063
Chemistry, Microbiology. and Technical Services
l CLIENT : WA State Dept. of Ecology
l TESTS PERFORMED AND RESULTS: ‘A‘ey
Sﬂ/y. hp.
I Analyte Units
Chloride (Method 325.3) mg/L
l Analyte Units
I Chloride (Method 325.3) mg/L
I Analyte Units
I Chtoride {Method 325.3) mg/L
. Analyte Units
l Chioride (Method 325.3) mg/L
l Analyte Units
l Chleoride (Method 325.3) mg/L
. l Anatyte Units
l Chloride (Method 325.3) mg/L

Certificate

Work Order # 92-07-42%

]
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100.

10

120.

1

210.

35

210.

200.

0

f
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u

15
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10.

220.

220.

16.

Analysis

4

110.

/6
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140.
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110.

31!

220.

220.

. This report 15 submmed for the exclusve use of the persen, partnership, Or COrpEralEN to whom d  addressed  Subsequent use of the name ol this cOmpany or any
member of ts sta# in connection with the advertising or sale of any product or process will be granted onty on contract. This campany accepls no responsmility except
for ihe dug perdomance ol inspection and/or 2nalysis In good faith and according to the rules of the trage and ol science.
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WASHINGTON STATE DEPARTMENT OF ECOLOGY
ENVIRONMENTAL INVESTIGATIONS AND LABORATORY SBERVICES
MANCHESTER LABORATORY

July 27, 1992

TO: Project Officer /i?’/

FROM: Despina Strong
i

SUBJECT: Lummi Arsenic Data

SAMPLE RECEIPT:

The samples from the Lummi project were received by the Manchester
Laboratory on 7/1/92 in good condition.

HOLDING TIMES:

All analyses were performed within the specified holding times for
metals analysis.

INSTRUMENT CALIBRATION:

Instrument calibration was performed before each analytical run and
checked by initial calibration verification standards and blanks.
Continuing calibration standards and blanks were analyzed at a
frequency of 10% during the run and again at the end of the
analytical run. All initial and «continuing calibration
verification standards were within the control limits of +/- 10%.

PROCEDURAL BLANKS:

The procedural blanks associated with these samples showed no
detectable levels of analytes.

SPIKED SAMPLE ANALYSIS:

Spiked sample and duplicate spiked sample analysis were performed
on one sample in the batch. All spike recoveries were within the
acceptable limits of +/- 25% for water sample analysis.



PRECISION DATA:
The duplicate results of the spiked and duplicate spiked sample
were used to calculate precision related to the analysis of these

samples. The % RPD for all parameters was well within the +/- 20%
window for duplicate analysis.

STANDARD REFERENCE MATERIAL:

Standard reference material or external verification standards were
all within the windows established for each parameter.

SUMMARY:

The data generated by the analysis of the above referenced samples
can be used without qualification.

If you have any questions about the results or the methods used to
obtain these results please call me at SCAN 744-4737.



24-JUL-82 Washington State Department of Ecology Page 1
*** Lab Analysis Report *#*+

==> Transaction #: 07241041 Laboratory: (WE) Ecology, Manchester Lab
Work Group: (38) Metals - ICP Scan
Instrument: (ICP ) ICP, Jarrell-Ash AtomComp 1100 (DOE)

Method: (EP1-200.7 ) Inductively Coupled Plasma Atomic Emissions Analysis

Chemist: (AGH) Hedley, Art DOE Hours Worked:
Project: DOE-381Y LUMMI TIDAL STUDY Prg Ele#: F2545
Prj Off: Garland, Dave DOE Analysis Due: 920701 Revised Due:

**+* Sample Records in Transaction *+»

Parameter Form File: ICP381002 Title: ICP Scan, Water Total

Seq# Sample # QA  Date/Time Description Alternate Keys
01 92278293 LBK1 920630 27
02 92278293 LBK2 920630 27
03 92278280 920630 2
04 92278281 920630 4
05 92278282 920630 6
06 92278283 920630 8
07 92278284 920630 10
08 92278285 920630 12
09 92278286 920630 14
10 92278287 920630 16
11 92278288 920630 18
12 92278289 920630 20
13 92278290 920630 22
14 52278291 920630 24
15 92278292 920630 25
16 92278293 920630 27
17 92278294 920630 29
18 92278295 920630 31
19 92278296 920630 33
20 92278297 920630 35
21 92278298 920630 37
22 92278299 920630 39
23 92278300 920630 41
24 92278301 920630 43
25 92278302 920630 49
26 92278303 920630 51
27 92278304 920630 53
28 92278305 920630 55
29 92278306 920630 57
30 92278307 920630 59
31 92278308 920630 61
32 92278309 920630 63
33 92278310 920630 65
34 92278311 920630 67
35 92278312 920630 69
36 92278313 920630 71

(Continued next page)



<4-JUL-92 Washington State Department of Ecology Page 3

Lab Analysis Report *==*

37 92278314 920630 72
38 92278293 LMX1 920630 27
39 92278293 LMX2 920630 27

Record Type: TRNIN1

Date Verified: 7/(,4 V/?,Z By: ‘//:ﬂ///’{Z;K“K

Transaction Status: New Transaction...Firgt Pginting...Unverified.
Processed: 24-JUL-92 10:50:35 Status: N Batch: (In CUR DB) -



24-JUL-92

Transaction #:
Proj Code : DOE-381Y LUMMI TIDAL STUDY

Blank ID:
Sample Number:
Sample Descriptien:
Matrix:
Units:

% Slds:
QA Code:
Date Extract:
Date Analyzd:

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel
Potssium
Selenium
Silicon
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Washington State Department of Ecology
W W

Al-Total
Sb-Total
As-Total
Ba-Total
Be-Total
B -Total
Cd-Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe-Total
Pb-Total
Mg-Total
Mn-Total
Mo-Total
Ni-Total
K -Total
Se-Total
Si-Total
Ag-Total
Na-Total
Sr-Total
T1-Total
Sn-Total
Ti-Total
W -Total
Vv =Total
Zn-Total
Zr-Total

07241041

ug/1
ug/1l
ug/1
ug/1
ug/1
ug/1
ug/1
mg/1l
ug/1l
ug/1
ug/1
ug/1l
ug/1
ug/1
mg/l
ug/1l
ug/1
ug/1
mg/l
ug/1l
ug/1
ug/1l
mg/l
ug/1l
ug/1
ug/1l
ug/1
ug/1
ug/1l
ug/1
ug/1l

P
Lab Analysis Report *+** age 3
(38) Metals - ICP Scan
PE # : F2545%5
EWPEB 28.09EWPB 28.10
92278293 92278293 92278280 92278281 92278282
27 2 4 §

Water-Tot Water-Tot Water-Tot Water-Tot Watef-Tot

LBK1 LBK2
920718 920718 920718 920718 920718
30U 30U 374 350 349



l 24=JUL-92

Washington State Department of Ecology
Ty

Transaction #: 07241041

Sample Number:
Sample Description:
Matrix:
Units:

% Slds:
QA Code:
Date Extract:
Date Analyzd:

VIO & WN -

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel
Potssium
Seleniunm
Silicoen
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Al-Total
Sb-Total
As-Total
Ba-Total
Be-Total
B -Total
Cd=Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe-Total
Pb-Total
Mg-Total
Mn-Total
Mo-Total
Ni-Total
K -Total
Se-Total
Si-Total
Ag-Total
Na-Total
Sr-Total
Tl-Total
Sn-Total
Ti=-Total
W -Total
V =Total
Zn-Total
Zr-Total

Proj Code : DOE-381Y LUMMI TIDAL STUDY

ug/1
ug/1
ug/1
ug/1l
ug/1
ug/1
ug/1l
mg/l
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1
mg/1l
ug/1
ug/1
ug/1
mg/1l
ug/1
ug/1
ug/1
mg/1l
ug/1
ug/1
ug/1l
ug/1
ug/1
ug/1
ug/1
ug/1

920718

3 Page 4
Lab Analysis Report ==
(38) Metals - ICP Scan
PE # : F2545
92278283 92278284 92278285 92278286 92278287
10 12 14 16

Water-Tot Water-Tot Water-Tot Water-Tot Water-Tot

920718 920718 920718 920718

316 290 304 452 465



I 24=-JUL-92

Transaction #:

Proj Code :

Washington State Department of Ecology

* %%

Sample Number:
Sample Description:
Matrix:
Units:

% Slds:
QA Code:
Date Extract:
Date Analyzd:

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel
Potssium
Selenium
Silicon
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Al-Total
Sb-Total
As-Total
Ba-Total
Be-Total
B -Total
Cd-Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe-Total
Pb-Total
Mg-Total
Mn-Total
Mo=Total
Ni-Total
K -Total
Se-Total
Si-Total
Ag-Total
Na=-Total
Sr-Total
Tl1-Total
Sn=-Total
Ti-Total
W -Total
V =-Total
Zn-Total
Zr-Total

07241041
DOE-38lY LUMMI TIDAL STUDY

ug/1l
ug/1l
ug/1
ug/1l
ug/1
ug/1
ug/1l
mg/l
ug/1
ug/1l
ug/1
ug/1
ug/1
ug/1
mg/1
ug/1l
ug/1
ug/1
mg/1
ug/1
ug/1
ug/1
mg/l
ug/l
ug/1
ug/1
ug/1
ug/1l
ug/1
ug/1
ug/1

920718

3 Page 5
Lab Analysis Report +#*»
(38) Metals - ICP Scan
PE # F2545
92278288 92278289 92278290 92278291 92278292
20 22 24 25

Water-Tot Water-Tot Water-Tot Water-Tot Water-Tot

920718 920718 920718 920718

410 358 334 329

60P



24-JUL-92

Transaction #:

Proj Code :

Sample Number:
Sample Description:

Matrix:
Units:
% Slds:
QA Code:
Date Extract:

Date Analyzd:

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel
Potssium
Selenium
Silicon
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Washington State Department of Ecology Page b
**+ [ab Analysis Report *««
07241041 (38) Metals - ICP Scan
DOE-381Y LUMMI TIDAL STUDY PE # : F2545
92278293 92278294 92278295 92278296 92278297
27 29 31 33 35

Water-Tot Water-Tot Water-Tot Water-Tot Water-Tot

920718 920718 920718 920718 320718

Al-Total
Sb-Total
As-Total
Ba-Total
Be=-Total
B -Total
Cd-Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe-Total
Pb-Total
Mg-Total
Mn-Total
Mo=-Total
Ni-Total
K -Total
Se-Total
Si-Total
Ag-Total
Na-Total
Sr-Total
Tl-Total
Sn-Total
Ti-Total
W -Total
V -Total
Zn-Total
Zr-Total

ug/1l
ug/1
ug/1l
ug/1
ug/1
ug/1
ug/1l
mg/1l
ug/1
ug/1
ug/1l
ug/1
ug/1
ug/1l
mg/1
ug/1
ug/1
ug/1l
mg/1
ug/1
ug/1
ug/1
mg/1
ug/1l
ug/1
ug/1
ug/1l
ug/1
ug/1
ug/1
ug/1

74P 67P 68P 69P 75P



24-JUL-92

Transaction #:

Proj Code :

washington State Department of Ecology
LE A

Sample Number:
Sample Description:
Matrix:
Units:

% Slds:
QA Code:
Date Extract:
Date Analyzd:

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel
Potssium
Selenium
Silicon
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Al-Total
Sb-Total
As-Total
Ba-Total
Be-Total
B -Total
Cd-Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe=Total
Pb-Total
Mg-Total
Mn-Total
Mo-Total
Ni-Total
K -Total
Se~Total
Si-Total
Ag-Total
Na-Total
Sr-Total
Tl-Total
Sn-Total
Ti-Total
W -Total
V -Total
Zn-Total
Zr-Total

07241041
DOE-381Y LUMMI TIDAL STUDY

ug/1l
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1
mg/1l
ug/1
ug/1
ug/1
ug/1
ug/1l
ug/1
mg/l
ug/1
ug/1
ug/1
mg/1l
ug/1
ug/1
ug/1
mg/l
ug/1
ug/1
ug/1
ug/1l
ug/1
ug/1
ug/1
ug/1

920718

Pa
Lab Analysis Report +w« ge !
{38) Metals - ICP Scan
PE # : F2545
92278298 92278299 92278300 92278301 92278302
39 41 43 49

Water-Tot Water-Tot Water-Tot Water-Tot Water-Tot

920718 920718 920718 920718

51P 57p 68P 71P 57P



z4-JUL-92

Transaction #:

Proj Code

Washingteon State Department of Ecology
Lab Analysis Report *»«

Sample Number:
Sample Description:
Matrix:
Units:

% Slds:
QA Code:
Date Extract:
Date Analyzd:

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel
Potssium
Selenium
Silicon
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Al-Total
Sh-Total
As-Total
Ba-Total
Be-Total
B -Total
Cd-Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe=-Total
Pb-Total
Mg-Total
Mn-Total
Mo-Total
Ni-Total
K -Total
Se-Total
Si-Total
Ag-Total
Na-Total
Sr-Total
Tl-Total
Sn-Toctal
Ti-Total
W -Total
Vv -Total
Zn-Total
Zr-Total

LA B

07241041 ,
DOE-38lY LUMMI TIDAL STUDY

ug/1l
ug/1l
ug/1
ug/1
ug/1
ug/l
ug/1
mg/l
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1
mg/1l
ug/1
ug/1l
ug/1
mg/1l
ug/1
ug/1
ug/1
mg/1
ug/1
ug/1
ug/1
ug/1
ug/1l
ug/1
ug/1
ug/1

92278303

920718

Page 8

{38) Metals - ICP Scan
PE # : F2545

92278304 92278305 92278306 92278307
53 35 57 39

Water-Tot Water-Tot Water-Tot Water-Tot Water-Tot

920718 920718 920718 920718

48P 250 280 180 130P



l 24-JCL-92

Transaction #:
Proj Code :

Washington State Department of Ecology
Lab Analysis Report =«

Sample Number:
Sample Description:
Matrix:
Units:

% Slds:
QA Code:
Date Extract:
Date Analyzd:

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel

" Potssium

Selenium
Silicon
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Al-Total
Sb-Total
As-Total
Ba-Total
Be-Total
B -Total
Cd-Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe-Total
Pb-Total
Mg-Total
Mn-Total
Mo=-Total
Ni-Total
K -Total
Se-Total
Si-Total
Ag-Total
Na-Total
Sr-Total
Tl-Total
Sn-Total
Ti-Total
W -Total
vV =Total
Zn-Total
Zr-Total

¥* ¥ %

07241041
DOE-381Y LUMMI TIDAL STUDY

92278308 92278309

ug/1l
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1
mg/l
ug/l
ug/1l
ug/1l
ug/1l
ug/1l
ug/1l
mg/1
ug/1
ug/1
ug/1
mg/1l
ug/1l
ug/1l
ug/1
mg/l
ug/1l
ug/1
ug/1l
ug/1l
ug/1
ug/1
ug/1l
ug/1l

920718

Page 9

{38) Metals - ICP Scan
PE # : F2545

92278310 92278311 92278312
63 65 67 63

Water-Tot Water-Tot Water-Tot Water-Tot Water-Tot

920718 920718 920718 920718

60P 61P 56P 56P 57P



24-JUL-92

Transaction #:

Proj Code

Washington State Department of Ecology

Sample Number:

Sample Description:
Matrix:
Units:
% Slds:
QA Code:
Date Extract:
Date Analyzd:

Aluminum
Antimony
Arsenic
Barium
Berylium
Boron
Cadmium
Calcium
Chromium
HexChrom
Cobalt
Copper
Iron
Lead
Mgnsium
Mangnese
Molybdnm
Nickel
Potssium
Selenium
Silicon
Silver
Sodium
Strntium
Thallium
Tin
Titanium
Tungsten
Vanadium
Zinc
Zircnium

Al-Total
Sb-Total
As=-Total
Ba-Total
Be-Total
B =-Total
Cd-Total
Ca-Total
Cr-Total
Cr6Total
Co-Total
Cu-Total
Fe-Total
Pb-Total
Mg-Total
Mn-Total
Mo=-Total
Ni-Total
K =-Total
Se-Total
Si-Total
Ag-Total
Na-Total
Sr-Total
Tl-Total
Sn-Total
Ti-Total
W -Total
V -Total
Zn-Total
Zr-Total

L2 & 4

07241041
DOE-381Y LUMMI TIDAL STUDY

ug/1
ug/1l
ug/1
ug/1
ug/1
ug/1
ug/1
mg/1
ug/1l
ug/1
ug/1
ug/1l
ug/1
ug/1l
mg/l
ug/1
ug/1
ug/1
mg/1l
ug/1
ug/1
ug/1
mg/1
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1

LR A

Lab Analysis Report

(38) Metals - ICP Scan
PE #

92278313 92278314 92278293 92278293

71 72 27 27
Water-Tot Water-Tot Water-Tot Water-Tot
% Recov % Recov

LMX1 LMX2

920718 920718 920718 920718

61P 59pP 95 95

Page 10

1 F2545



esting Laboratories, Inc.

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

CLIENT: Martin Lutz
4325 Graler Place

Taken By : Client

Type T Water

SAMPLE IDENTIFICATION:

Chemistry, Microbiology, and Technical Services

Lumi Island, WA 98262
ATTN : Martin Lutz
Work 1D i Lumi Is. Ground Water Study

Transported by: Hand Delivered

Certificate of Analysis
Work order# : 92-07-086
DATE RECEIVED : 07/01/92
DATE OF REPORT: 07/20/92

Sample Collection
Description Date
01 # 06/30/92
02 3] 06/30/92
03 #5 06/30/92
04 #7 06/30/92
05 # 06/30/92
06 #11 06/30/92
07 #13 06/30/92
03 #15 06/30/92
09 T 06/30/92
10 #19 06/30/92
11 #21 06/30/92
12 #23 06/30/92
13 #26 06/30/92
14 #28 06/30/92
15 #30 06/30/92
16 #32 06/30/92
17 #34 05/30/92
18 #36 06/30/92
19 #38 06/30/92
20 #40 06/30/92
21 #42 06/30/92
22 #50 06/30/92

This report 1 submitted for the axclusive uss of the person, partersing, or CoIPOFAtON to WNOM It 1S addressed. Subsaguent use of the name of this company or any
member of s S1af 10 Conneclon with e adverbaing or sale of any prOCUCt or PrOcAss will be granted only on contract  This COMOANY CCEPtS N MSpOnSIDItY excem
lor the due perfarMance of INSpeCcton ana/or Analysis in gooa farth ank acconging 10 the ruiss of the trace and of scence.

F .3



Lauclzs Q

esting Laboratories, Inc.

940 South Harnev St., Seattle, WA 98108  (206) 767-5060 FAX 767-5063
Chemisty. Microbiology. and Technical Services

CLIENT : Martin Lutz Certificate of Analysis

Work Order# : 92-07-085

SAMPLE IDENTIFICATION:

Sample Collection
Description Date
23 #52 06/30/92
26 #34 06/30/92
25 #36 06/30/92
26 #58 06/30/92
27 #60 06/30/92

cc: Dave Gariand
NW Regicnal Office Ecotogy
3190 160th Ave. S.E.
Bellevue, WA 98008-5452

FLAGGING:

The flag "U" indicates the analyte of interest was not detected, to the Limit of
detection indicated.

cc: N.W. Regional Office of Ecology
ATTN: Dave Garland
3190 160th Ave S.E.
Bellevue, WA 98008-5452

.y This re0OM 1S SUDITHTIEA 1or tNe xCiusve Use of the persen. PArtnarsiup, Of COrperatoN 1o whom it 18 agdressed. Subsaquant usa of the name of thrs comparny ar any
{ rmemoer ofits staf in connection with the aaverising or sale of any Droduct of procass will De granted onty on contract. This Company CCROS NG resDANSIDILY Bxcep!

iap smg A NEAAAMARES Af IEFACTIAR AR IAINCIHe 1 mamm faith aam qacarsmm ir iRn rolae Al Ve trasn Ynt ~ emannp




Lauclzs

esting Laboratories, Inc.

940 South Hamey St.. Seattle, WA 98108 {206} 767-5060 FAX 767-5063

Chemistry, Microbiology, and Technical Services
CLIENT  : Martin Lutz Certificate of Analysis

Work Qrder # 92-07-086

F él'p"&
TESTS PERFORMED AND RESULTS: § m«b
#| 43 43 #7
Analyte Units 0 02 93 04
Arsenic (Method 206.3)  mo/L 0.005 u 0.007 .31 0.018
Chloride (Method 325.3)  mg/L 130. 110. 100. 10.
#7 =/ 7/3 AL
Analyte Units 05 26 [1F4 [1]:]
Arsenic (Method 206.3)  mg/L 0.027 0.005 U 0.005 U 0.005 U
Chloride (Method 325.3) mg/L 100. 95. 140. 130.

47 A9 #2l #23
12

Analyte Units 09 i0 n

Arseni¢c (Method 206.3) mg/L 0.005 U 0.005 u 0.005 u 0.005 U
Chloride (Method 325.3) mg/L 130. 120. 100. 100,
#26 # #30 H#D7

Analyte Units 13 14 5 16
Arsenic (Method 206.3) mg/t 0.056 0,056 0.058 0.058
Chloride {Method 325.3) mg/L 190. 210. 210, 210.

A - -
- - -' - - - - -’ F-‘ - B

3. This report rs Submittaq fof the exctusive use of the Derson. Dartnership, or COMPOration to WNOM 1 13 addressed. Subsequent Usa of the 2ama of this company of any
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CLIERT : Martin Lutz

TESTS PERFORMED AND RESULTS:

Analyte

Argsenic (Method 2056.3)

Chioride (Method 325.3)

Analyte

Arsenic (Method 2056.3)

Chloride (Method 325.3)

Analyte

Arsenic (Method 206.3)

Chloride {Method 325.3)

Units

ma/L

my/L

Units

mg/L

my/L

Units

ma/L

mg/L

Certificate of Analysis

Work Qrder # 92-07-084

A #w A

17 18 1 2
0.059 0.028 0.049 0.055
210, 210. 210. 210.

#Y2 Aep #S 2 #sy

0.058 0.049 0.056 0.264

210. 15. 12. 15.

#56 5P #b0

& 26 27

0.18 0.12 0.059

14. 15. 15.
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Quality Control Repart

Method Blanks for Work Order 9207086

Blank Name Samples Verified Test Description Result Units
BOTO792_Hy_W02 1-12 Arsenic by gaseous hydride AA 0.0050 U ma/L
BO70792_Hy_w03 13-27 Arsenic by gaseous hydride AA 0.0050¢ U mg/L.
BO71492_CL_w01 1-20 Chioride by Hg(N03)2 titrimetry 1.0U mg/L
BO71492_CL_W02 21-27 Chloride by Hg(NO3)2 titrimetry 1.0y mg/L

A method btank can validate more than one analyte on more than one work order.
validate analytes not determined on this work order, but nonetheless determined in the associated blank.

The method bianks in this report may

Contro

{

Limit

0.01¢
2.01¢

2.

2

8ecause they validate more thanm one work order, method blank results are not always reported in the same concentration
units used for sample results.

= blank exceeds control limit
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APPENDIX B

LUMMI ISLAND GROUNDWATER QUALITY INVESTIGATION 1989 - 1993
ARSENIC CONTAMINATION OF GROUNDWATER SUPPLIES
Ginny Stearn, DOH

Executive Summary:

Twenty four wells on Lummi Island were monitored for arsenic,
other water quality parameters, and water level between March
1991 and January 1993. The wells were located on the northern
half of the island and were part of an on-going groundwater
investigation carried out by the island residents, Whatcom County
Health Department, and the Department of Ecology. Oof the 24
wells, 10 showed levels of arsenic > 25 ug/l (ppb). ©Of the 10
with elevated arsenic, 8 had concentrations in excess of the
federal Safe Drinking Water Act (SDWA) maximum contaminant level
(MCL) of 50 ug/l. Most of the wells showing the elevated arsenic
concentrations were located along the northeast side of the
island. Further analysis showed that all but one of the wells
exceeding the MCL were completed in bedrock (sandstone).

There 1is evidence to suggest that the pattern of arsenic
contamination is linked to the depth of well completion (bedrock
v.s. drift) and may be fault controlled. Four of the wells,
located along the central spine of the island, show an inverse
relationship between arsenic concentration and water level and
may trace a major water bearing fracture zone in the bedrock.

The arsenic contaminated wells are located in the northeastern
area of the island. In this area, wells completed in the
underlying bedrock may require periodic testing to insure a safe
potable supply of drinking water.

Intreoduction:

The purpose of this report is to describe the occurrence,
possible causes, and implications of arsenic contamination of
groundwater on the northern half of Lummi Island. The data used
in the preparation of this report was collected under the
auspices of the Lummi Island CCWF grant between 1989 to 1993.

Background information on the history and scope of the
investigation can be found in the grant report prepared by
Whatcom County for the Centennial Clean Water Fund. This report
does not attempt to reproduce that discussion. This report looks
solely at the issue of arsenic in groundwater and the potential
implications for drinking water supplies.

As a part of the ground water investigation, 24 wells were
selected across the northern half of the island. These were



monitored monthly for water levels and bi-monthly for a variety
of water quality parameters including arsenic. The sampling was
conducted by island residents under protocols developed by
Ecology and the County for the grant and the study.

Background:

Lummi Island has had a history of elevated arsenic levels in
wells located on the northern half of the island. This has been
documented in previous informal investigations by both the
Whatcom County Health Department (WCHD) (WCHD, 1993) and the
Department of Ecology's Northwest Regional Office (Ecology,
1990). The historical data shows an apparent trend of elevated
arsenic levels on the north-northeast side of the island. Early
data was sporadic. Repeat monitoring was generally limited to
confirmation samples and further limited to those wells with
elevated arsenic or chlorides. Goals of the current study
include the expansion of the existing database on arsenic,
identify patterns of seasonality and occurrence, as well provide
information on potential sources of the contamination. The
commonly suspected source of the contamination was naturally
occurring minerals in the bedrock. Hydrology of the northern
half of the island suggested a potential source in or along
fracture zones in bedrock or near contact zones with mafic base
rock. However, early data did not include details of well
construction, lithology, water levels, or depth. As a result
many duestions concerning the nature and extent of the
contamination remained.

Naturally occurring arsenic contamination has been documented in
other areas of Washington (Goldstein, 1988) (Frost, 1991) (Ficklind
et al., 1989). However most of these areas have been linked with
igneous or metamorphic bedrock. Although Lummi Island does have
areas of both igneous and metamorphic outcrops, these have not
been typically associated with the 1island's ground water
resources. The aquifers on the island are generally considered
to be either unconsolidated glacial drift or the sandstone
bedrock that underlies most of the north half of the island
(Schmidt, 1978) (Easterbrook, 1973). The question of the arsenic
source is examined in this report.

Study Area:

A complete description of the study area and its drinking water
resources has been described in the project report as well as the
companion report, "Effects of Tidal Fluctuations on Ground Water
Quality, Lummi Island Field Study" (Garland, 1993). Earlier
reports such as the "Lummi Island Plan" (Whatcom County Planning,
1978), and "The Water Resources O0Of Northern Lummi Island"
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(Schmidt 1978) provide an excellent overview of the study area
physiography and hydrology. These reports identify the north
half of the island as the dominant groundwater production zone.
The southern half of the island is composed of shallow bedrock
with no significant useable groundwater resources.

The northern half of the island has two distinct aquifer
materials. The oldest and deepest aquifer is the Chuckanut
Sandstone. The fractured greywacke sandstone is overlain in many
areas of the island by a mantle of unconsolidated glacial drift.
Both aquifers are unconfined and exhibit a high degree of
continuity. All recharge to the aquifers is derived from
rainfall on the island. Water yield from the glacial material is
substantially higher than for the sandstone. However, the drift
material can be locally thin and shallow, and in some cases, not
provide sufficient quantity to meet year round domestic needs.

The Data:

A summary of study well characteristics can be found in Appendix
B-1. In addition to general location and field number, this
table provides an estimate of well depth, a qualitative
description of arsenic concentration (> MCL, > 1/2MCL, or <<
MCL), and an estimation of lithology at the completion depth
(bedrock y/n). The last column identifies whether or not water
level information was available. Wellhead elevations were not
collected for the study wells. As such, depth had to be measured
as "feet below the top of the well" as opposed to a referenced
elevation. In some cases, the depth of the well had to be
inferred from the water level measurements. The values in the
parentheses give an estimate of the minimum depth of the well.

Appendices B-1 and B-2, profile the water levels and arsenic
concentrations for the ten wells that showed elevated arsenic
levels. Appendix B-4 contains hydrographs for 7 of the wells
that have both arsenic and water level measurements. Not all of
the wells had complete arsenic and/or water level information.
The lack of elevation data for the wellhead makes quantitative
comparisons between the wells impossible without the standard
reference to sea level or some other datum. Comparison of the
shape and period found in the hydrographs is at the present time
the only way to identify linked wells.

The 1location of the study wells are plotted on the map in
Appendix B-5. Wells that showed arsenic concentrations > 50 ug/1l
are shown in red. Those with concentrations >25 ug/l but <50
ug/l are marked in yellow. The remaining wells had arsenic
concentrations < 25 ug/l. Previous water quality monitoring
within the study area, had identified a number of domestic wells
with elevated arsenic. These were primarily located along
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eastern shore (near the Beach Store, post office and school,) and
along the northern most tip of the island. Appendix B-6 shows
the location of these wells along with the CCWF wells that had
elevated arsenic concentrations. The historical data generally
corresponds with the new study findings.

Arsenic and Groundwater Quality:

Arsenic in groundwater on Lummi Island raises a number of
questions for the residents and the local and state health
departments. They include:

* Is the source of contamination natural or human caused?

* Is there a way to predict where the elevated arsenic
levels may occur?

* Are there health concerns associated with the levels of
arsenic being detected on Lummi? (Appendix B-7)

* What actions might be taken to reduce public risks?

These questions form the basis of this report. The nature of the
contaminant source leads to the identification of a conceptual
model that helps predict where the risk of contamination is
highest. 1In order to do that however, the contamination itself
needs to be characterized.

Based on the study results, it can be seen that the contaminated
wells are located in a zone that runs south from Point Migley,
though Richardson Mountain and diagonally towards the narrowest
portion of the island (near the ferry dock and post office). The
highest concentrations are found at the northern end of the
island. The maps in Appendix B-5 and B-6 show an area marked
with the shaded boundary. Cutside this area, arsenic
concentrations are generally at or near the detection level. It
should be noted even inside of the area, there are a number of
wells without high arsenic. Many of these appear to be finished
in the bedrock. This means that while all but one of the high
arsenic wells are completed in bedrock, not all bedrock wells
show high arsenic.

Arsenic was a common pesticide in the 40's and 50's. It was used
on orchards, poultry, row crops, and sheep. This could have been
a potential source of the arsenic on the island given its rural
character, mixed land-use, and semi-agricultural history.
However, two factors argue against a human or anthropogenic
source of the arsenic. These factors are that:

1) The incidents of contamination show no apparent
correlation with land use or land development, and
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2) None of the shallow glacial drift wells have shown
elevated levels of arsenic,.

If the arsenic had come from a surface activity, it would have to
migrate through the shallow agquifer to impact the deep bedrock
wells. This would be expected to leave some residual
concentrations in the upper aquifer. To date, this does not
appear to be the case. Furthermore, many of the contaminated
wells are located in relatively undisturbed portions of the
island. In fact, there is more developed land outside of the
northeastern area than inside. The fact that none of the wells
completed in the shallow aquifer have shown arsenic
contamination, suggests that the arsenic source is located within
the aquifer and not at land surface.

The arsenic in the aquifer could occur in a number of ways.
Arsenic is a common constituent of the igneocus and metamorphic
rocks that make up the Cascades. The most common mineral form is
as arsenopyrite. The Chuckanut sandstone is composed of
greywacke and conglomerates derived from the ancestral Cascades.
The sands that washed down from the Cascades and formed the
Chuckanut formation may have locally concentrated deposits of
arsenopyrite.

Arsenic and Drinking Water Wells

An evaluation of the water quality data for wells within the
northeastern area shows that arsenic levels between adjacent
wells can vary tremendously. Within the northeastern area, the
concentration ranges from near 50 ug/l to concentrations in
excess of 350 ug/l. Even within a well, the contaminant level
can vary significantly over time. At least two of the wells in
the northeastern area show arsenic levels varying by 10 to 20
times over their minimum concentration within a year. While some
wells show high degree of variation, other remain virtually
constant over the same period. This, coupled with the fact that
other wells located within the area show no contamination,
suggests a contaminant source that is localized by some
hydrologic or geologic factor.

Usually when groundwater is produced from an unconsolidated
bedrock, it generally flows through weathered zones and/or
fracture zones within the rock. These conditions can create
locally productive aquifers. However, unlike unconsolidated
aquifers, the productivity in the aquifer will vary from fracture
to fracture and produces a highly heterogeneous pattern of water
levels. Fracture patterns tend to be linear and reflect gross
surface geology in areas of large scale faulting. Wells linked
along a fracture zone will exhibit similar characteristics in
terms of hydraulic head and water levels. Where the groundwater
flow is primarily limited to a weathered zone in the bedrock,
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water levels tend to respond more like an unconsolidated aquifer
with smooth water table surfaces and area homogeneity.

The geologic structure of Lummi Island has been shaped by
episodes of large scale faulting. The southern half of the island
was faulted in place next to the northern half (Schmidt, 1978)
(Easterbrook, 1973) (Cheney, 1987). The geologic history of much
of the island suggests major fault activity under its northern
half. Cheney described a number of major fault lines surrounding
Lummi in his paper, "Major Cenoczoic Faults in The Norther Puget
Lowland of Washington". Of particular interest is a proposed
extension of the Skagit fault along the northeast shore of the
island. Whenever this type of activity occurs it is generally
accompanied by significant fracture zones. Such fracture zones
generally run parallel with the major faults.

Lummi Island appears to have both fractured flow and weathered
zone flow occurring within the sandstone aquifer. As a general
rule, the monitoring data for the bedrock aquifer indicates that
the greatest annual fluctuation in water levels is found in the
deepest wells. The intermediate wells also located in the
bedrock (weathered 2zone) have 1less pronounced water level
fluctuations. Water levels in the drift aquifer, generally shows
the lowest amount of variability. In fact, analysis of the
water level information for the study wells indicates that
stability of the water levels over the year is one of the best
indicators of the glacial drift aquifer.

Among the bedrock wells that showed high arsenic, water level
fluctuations were not homogeneous. However there are four wells
within the northeastern area that showed similar patterns of
water level change. These wells (4, 6, 22, & 24) not only showed
significant water level changes, but alsoc showed an inverse
relationship between arsenic and water level. When water levels
were high, arsenic was low. Conversely, when water levels were
low, arsenic levels tended to be high. Wells 4, 24, and 22 are
aligned along a northwest trend down the spine of the
northeastern area and parallels the northeast coast line. Well 6
(arsenic concentration >25 ug/l), although not on the same line,
could be plotted on a parallel line just outside the northeastern
area.

Arsenic Vulnerability:

When taken together the above factors suggest that the arsenic
contamination on Lummi is naturally occurring within the bedrock
aquifer, and is likely fault or fractured controlled. At the
present time, arsenic occurrence is defined by existing water
quality records. This empirical approach to vulnerability, is
conservative. Not all of the wells located in the area, show
arsenic contamination. However, out of all of the wells on the
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island, wells located within this area have the highest potential
to have elevated arsenic. This is especially true for wells that
are completed in the bedrock aquifer.

Lummi Island is not the first community to encounter arsenic
water quality problems. Snohomish County also has areas with
naturally occurring arsenic that has contaminated water supplies
{(Frost, 1991). A copy of the executive summary from the
Snohomish County investigation can be found in Appendix B-8. The
key points of its recommendations revolve around initial sampling
and repeat sampling when arsenic detected.

Looking at the water quality records for the contaminated wells
suggests that a single sample may not be able to identify a
contaminated source. Many of the wells that currently have
problems have had months, where the test result were considerably
below the MCL. There were other months in the same year when the
concentration could be considerably over the SDWA MCL. In the
Lummi Island study, wells 24 and 22 had recorded samples was
close to the detection limits, however within the same year other
samples were as high as 6 times the MCL {(range 10 - 300 ug/l).

This is a problem not only for public drinking water supplies but
also for individual supplies. Most individual water supplies or
very small public systems are required toc test for inorganic
contaminants only when the well is brought on line or at the time
a property transfer takes place. With no regular on-going
monitoring, an individual may never know if they are exposed to
high arsenic levels. Multiple or repeat testing is the most
effective prevention and public education tool available.

However, there additional methods that could be used to better
refine the area where arsenic is most likely to occur. One piece
of information that is missing from this investigation is
wellhead elevation. This could be very useful in pinning down
problem areas, or defining fault traces. With the wellhead
elevation, the existing water levels could be used to construct
water table maps and to correlate water level changes between
wells. This in turn could be used be used to link wells along
connected fracture zones.

Arsenic and Public Health:

Eight wells in the study detected arsenic at concentrations in
excess of the MCL of 50 ug/l. The contaminant level is based
primarily on the concern for chronic exposure. BAppendix B-7
contains the Washington State Department of Health Fact Sheet on
Arsenic in Drinking Water. It summarizes the general concerns
for arsenic, background information about health risks, and a
cursory discussion of treatment options.



At the present time EPA is considering reducing the MCL for
arsenic in public drinking water because of increased concerns
for its potential carcinogenicity. Estimates of the new MCL are
as low as 2 ug/l. There is still quite a bit of discussion on
the subject on the and until a federal change goes into effect
the 50 ug/l MCL still stands. The primary route of exposure for
arsenic in water 1is ingestion via drinking water, and food
preparation. Showering and inhalation are not considered
significant routes of exposure for most persons.

Public water supplies, those systems serving more than 2
residences or a business, must monitor for arsenic. When arsenic
concentrations below the MCL are detected in a public water
supply, the State Department of Health (DOH) recommends
additional quarterly or semi-annual monitoring with one sample to
be taken in August or September. Public water supplies that
exceed the MCL are required to do the following:

1) Collect 3 additional samples from the same sample point
within 30 days. If the average of all four samples
exceeds the MCL, a violation is confirmed. (WAC 246-
290-320 (3) (b).

2) Notify DOH and consumers served by the water system.
(WAC 246~-290-320 (1) (b).

3) Determine the cause of the contamination and take
corrective action as directed by the DOH. (WAC 246-290-
320 (1)(b). Such action may 1include increased
monitoring for arsenic, seeking another source of
water, blending with another source of supply, and/or
treatment of existing source.

There are five methods of arsenic removal listed on the fact
sheet. Of these, coagulation/filtration and lime softening
generally require a level of operational skills beyond most very
small water systems or individual well owners (Fox, 1989)
(Hathaway & Rubel, 1987) (AWWA, 1983). This type of treatment
generally requires a trained operator and regular maintenance of
the treatment system. Larger public systems may be required to
consider one of these treatment options. A third alternative
would be one that consider dilution. By blending the high
arsenic source with ‘a low arsenic source, a safe and potable
source can be produced that meets EPA and the State's standards.

In addition to the three methods described above there are three
small scale-technologies that can also be used to reduce arsenic
in the water an individual drinks. The three main methods
available to individuals and small systems vary in efficiency
based on the arsenic concentration in the source, the pH of the
water, and the desired rate of water treatment. These methods
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include:
1) Activated alumina ion exchange,
2) reverse osmosis, and
3) anion exchange.

All three of these treatment technologies lend themselves to
point-of-use treatment devices which treat water only as needed.
Generally speaking, these devices are used within a home to
provide treatment at the cooking and drinking water faucets only.
This type of treatment is not expected to provide complete
treatment of all in-house water use. By addressing the ingestion
pathway and reducing arsenic intake, the overall risk and arsenic
exposure can be reduced and controlled.

The design, construction, and operation of any treatment system
serving a public water system is subject to review and approval
by DOH. DOH generally does not approve pgoint-of-use type
treatment devices on public water systems and discourages such
devices on private water systems unless there is no feasible
alternative. This position is based on the difficulty and cost
for completing the necessary design studies and pilot studies;
difficulties encountered by homeowners to properly monitor,
operate, and maintain such devices; concerns for a false sense of
security by the homeowner or subsequent homeowner when a
residence is sold.

Conclusions:

The following summary can be made concerning the arsenic
contamination on Lummi Island.

* There is evidence of arsenic contamination in Lummi Island
groundwater.

* The arsenic source appears to be in the aquifer itself,
derived from naturally occurring accumulations of arsenic
(arsenopyrite) in the sandstone aguifer.

* Contamination seems to be linked to ground water movement
along major fault lines and fracture zones. Mapping these
and identifying the associated water table, will improve the
conceptual model for predicting arsenic vulnerability.

* Based on the water quality record, contamination appears to
be limited primarily to wells completed in the sandstone,
located along the northeast side of the north half of the
island. This area runs southeast from Point Migley through
Richardson Mountain diagonally towards the narrowest portion
of the island in the vicinity of the Post office and the
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ferry dock.

Deep wells within this area with a history of significant
water level variation should be considered a high risk and
subject to repeat monitoring over time (multiple samples in
first year repeat sampling every 1 to 3 years.

Contaminated wells within this area have significant
seasonal variation in arsenic levels over a year. Systens
under the MCL for part of the year may be well over the MCL
at other times of the year.

All water wells on the island that detect arsenic at or near
20 ug/l should be scheduled for a minimum of one follow-up
sample. .

Further investigation should include the identification of
wellhead levels, water table maps, and well correlations.
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APPENDIX B-1:

LUMMI ISLAND CCWF STUDY WELLS SUMMARY TABLE

LOCATION DOH# DEPTH ARSENIC | BEDRoCX | H20 LvL
37/1-401 1 122 >MEL YES

37/1-4E1 2 &9 <MLL NQ

I7/1-4F1 3 77 <<MCL NO YES
37/1-462 4 227 >MCL YES " YES
37/1-404 5 94 »HCL YES YES
37/1-541 8 ' >tameL | Yes YES
37/1-5¢€1 7 158 <<MCL YES YES
37/1-5R1 ] (>65) <aMCL N YES
37/1-8A1 9 <<MCL No YES
37/1-9C6 10 (265) >i72McL | No YES
37/1-963 1 94 <<MCL 2 YES
37/1-91 12 (>85) <<MCL ? YES
37/1-10L1 13 <<MCL No

37/1710L2 14 (>180) <<MCL YES YES
37/1-10K1 15 (>110) <<MCL YES YES
37/1-15E1 16 207 SHCL NO? YES
37/1-15G1 17 85 <<HCL 0 YES
37/1-15H2 18 45 <<MCL o]

38/1-2502 19 ¢>50) >HCL Ves YES
38/,1-32A1 20 101 <<MCL YES

38/1-3281 21 (>140) SHCL TES YES
38/1-3211 22 100 >MCL YES YES
38/1-3201 23 73 <eHCL 2

38/1-33N5 24 (>105) YHCL 1ES YES




APPENDIX B-2:

SELECTED WATER LEVELS FOR CCWF STUDY WELLS

DATE # L] #6 #10 Nné ny #21 w22 w24

3/91 11.5 30.5 23.8 &7.9 123 4.78 32.9
4/91 11.9 31.3 25.3 67.6 20.4 110 4.16 36.4
5/91 12.7 | '31.9 28.6 66.2 21.1 112 10.4 31.3
&6/91 14.9 32.6 33.8 70.% 23.6 15 17.4 43.1
/91 43.4 33.4 £6.3 43.5 28.2 138 26.5. | 31.3
8/ 32.1 35.0 36.8 58.5 86.1 27.3 110 37.9

9/91 19.5 34.3 44.0 4.5 67.2 26.8 82.6 69.2 106

10/91 38.7 34.5 42.6 59.3 6.8 28.4 57.8 76.6 >85

11/ 3.9 33.2 45.1% 63.5 68.6 26.1 57.4 &67.4 8s5.3
12/91 11.9 33.1 42.6 63.5 65.8 24.9 57.4 431 106

1/92 24.0 32.1 32.2 861.7 65.3 20.9 56.7 38.7

2/92 14.8 30.0 26.3 59.6 63.9 19.6 58.9 26.3

3/92 9.6 30.1 25.7 6.0 T4.7 19.4 55.9 4.12

4/92 10.3 31.3 37.9 60.1 68.3 20.9 56.2 11.8

5/92 29.3 31.2 27.9 62.2 67.2 21.3 73.8 14.2

6/92 19.9 33.9 38.1 59.9 67.0 2z2.3 138 22.3

7/92 38.9 37.2 1.7 67.0 69.3 32.9

B/92 40+ 37.7 9.0 1.4 39.1

9/92 42.0 34.8 40.8 39.4 65.4 59.9 76.1

10/92 22.5 37.9 39.5 59.1 65.6 60.3

11/92 17.5 3.5 38.8 62.7 65.7 59.5

12/92 11.1 30.7 62.5 57.8

1/93 10.4 3.1 32.7 69.9 &7.2 57.1 &9.7

DEPTH IS MEASURED IN FEET BELOW TOP OF WELL.




APPENDIX B-3: ARSENIC CONCENTRATIONS (ug/L) FOR SELECT CCWF WELLS

DATE # # #5 #5 110 #é e #21 22 #2%
3/ 76 59 105 44 140 15 26
5/91 &4 &6 14 A7 140 3y 32
7/N 61 77 84 37 53 130 140 27
2/91 &0 61 27 26 48 140 300 120
11/#1 35 78 48 33 23 48 300 43
1/92 62 71 39 16 26 57 160 200
3/92 58 80 9 21 45 63 15
5/92 63 11¢ 10 23 48 180 38
7/92 66 33 23 23 52 370 140 160
9/92 &7 42 27 23 59 320 150 280
11792 74 16 20 24 31 140 300

[’JI93 80 ar 18 22 49 170 280




COMPARSON OF WATER LEVELS & ARSENIC CONCENTRATIONS
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APPENDIX B-7

Department of Health
Environmental Health

Office of Toxic Substances Fact Sheet

Revised January 1993

ARSENIC IN DRINKING WATER

®-  Argenic i3 a minerat commonly found in the environment. It may be prwent in small amounts in
plants and animals, including humans.

m  Although arsenic may be found as the pure element, it is more commoniy found combined with
other elements as arsenic-ores. Ore deposits, mining activities, and industrial and manufacturing
processes can be sources of contamination of ground and surface waters, Infiltration of ocean
water, which contains arsenic, into fresh water aquifers can also be a source of arsenic in
drinking water. The Environmental Protection Agency (EPA) estimates that most ground and
surface waters contain less than 5 parts per billion (ppb) of arsenic. Arsenic-containing mineral

deposits have been reported to be the cause of well water contamination and human arsenic
toxicity in Washington State,

®m  Because of its highly toxic nature, arsenic was once used in p&ucnde products to control insects,
rodents, weeds, and wood decaying organisins.

®  Historically, Fowler s solution and other arsenic containing medicines were used for the treatment

of psoriasis, syphilis, and parasitic diseases. Arsenic is also found in some homeopathlc and folk
remedy preparations.

®m  Arsenic is used to increase hardening and heat resistance in glassware and ceramics.

Several studies have indicated that arsenic is an essential element in some animal speéies. However, there
is no evidence that arsenic is beneficial to humans,

Non-Cancer Health Effects - The immediate health effects expected from consuming drinking water with
arsenic levels over 10 parts per million (ppm) are primarily gastrointestinal. Symptoms can also include
abdominal pain, forceful vomiting, cramps in the legs, restlessness, and muscle spasms. Prolonged
exposure to such drinking water may result in cardiovascular, liver, kidney, and peripheral nerve damage.




At lower levels of water contamination (1-10 ppm) symptoms may include less severe gastrointestinal
problems. Short-term health effects are unlikely for people exposed to drinking water containing less than
1 ppm of arseaic.

Persons exposed to arsemic have also been observed to have papery nails with white transverse ridges.

Cancer Health Effects - It has been known for many years that chronic inhalation of arsenic causes lung
cancer in smelter and pesticide workers. Also, the use of Fowler’s solution for the treatment of psoriasis
and other diseases has been shown to be the cause of arsenic induced skin cancer. In 1968, a study in
Taiwan implicated skin cancer with the ingestion of drinking water containing high amounts of arsenic.
Population studies in Mexico, Chile, and India have also associated skin cancer with the consumption of
drinking water containing high amounts of arsenic.

Unlike most skin cancers, arsenic induced skin cancer often occurs on parts of the body not exposed to
the sun. The abnormal pigmentation consists of irregular bronze or slate-gray staining of the skin or pale
areas where the normal skin color is lost. The minimum arsenic level at which symptoms occur varies
-among the general population.

Recent published reports (1992), using the Taiwanese data and data from other countries, have shown
a strong association between liver, lung, bladder, and kidney cancer and the ingestion of drinking water

containing high amounts of arsenic. The lowest drinking water concentration of arsenic in the Taiwanese
study was 0.170 ppm.

Arsenic does cross the placenta, and has the potential to cause damage to the exposed fetus. Data is not
available for humans, but animals given amounts of arsenic much greater than those in the above drinking
water studies caused malformations and fetal death in hamsters.

There is no evidence that dermal exposure from bathing in arsenic-contaminated water is harmful.

The present maximum contaminant level for arsenic in public drinking water supplies is 50 ppb. In light
of the most recent studies, EPA is restudying the arsenic issue in drinking water and plans to submit a
regulatory proposal in late 1993. Although private wells are not regulated, it is recommended that they
be tested if they are located in areas of known naturally occurring high arsemic concentrations.
Significant seasonal variations in arsenic levels have been observed in some areas. For this reason, any
well water testing positive for arsenic should be retested according to the recommendations of the local

or state health department. Known mining sites that contain arsenic are generally in the Cascade corridor
and in the northern half of Washington State.

Depending upon the chemical form of arsenic, the following technologies are available for removing
arsenic from water.

8 Coagulation/filtration - This method uses conventional treatment processes to coagulate the

arsenic. The treated water is then filtered to remove the precipitate,

2
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Lime softening - Adding lime increases the alkalinity of the water and causes the arsenic to
precipitate.

Activated alumina ion exchange - This method removes arsenic from waters by adsorption onto
alumina.

.

Reverse osmosis - This technology utilizes pressure to force water through a membrane filter
leaving the arsenic behind.

Anion exchange - Arsenic is adsorbed onto a resin and then eluted with sodium chloride.

As with any treatment procéss, proper operational and maintenance of the system is essential for effective

treatment. In addition, the potentially hazardous waste produced by such a treatment system must be
disposed of properly.

About the health effects associated with arsenic in drinking water or other environmental, exposures to
arsenic please contact:

®  Your Local County Health Agency

®  Washington State Department of Health
Office of Toxic Substances - (206) 586-5403
Division of Drinking Water - (206) 753-9674
Northwest Drinking Water Operations - (206) 464-7670
Southwest Drinking Water Operations - (206) 7534152
Eastern Drinking Water Operations - (509) 456-3115

Additional copies of this fact sheet can be obtained from:

Washington State Department of Health
Office of Toxic Substances

P.O. Box 47825

Olympia, Washington 98504-7825
(206) 586-5403
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APPENDIX B-8

EXECUTIVE SUMMARY

A series of arsenic poisonings near Granite Falls in Snohomish County was reported to the Washington
State Department of Health in early 1987. Initial investigation revealed the source of arsenic exposure
to be contaminated well water. A coordinated investigation by the Snohomish Health District, the
Washington Department of Health, the Washington Department of Ecology and the U.S. Environmental
Protection Agency was begun to evaluate the extent of the contamination, human health effects, and
options for control. A large number of wells in eastern Snohomish County were tested, residents were
interviewed, and sources of contamination, both natural and man-made, were investigated.

Of particular interest was the issue of seasonality in groundwater arsenic concentration. A study in
Oregon found considerable seasonal variation in arsenic. If similar variation occurred near Granite Falls,
it was feared that one-time testing of well water would not identify all contaminated wells.

A 12-month study of groundwater was conducted in selected wells. The following recommendations for
ground water users in Snohomish County are based on the results of this seasonal study. The
recommendations may be revised with further investigations or analysis of data.

1) If an arsenic analysis of well water yields a concentration above the detection limit of 0.01 mg/l,
an additional sample should be coliected and analyzed to confirm that arsenic is detectable in the
water.

2) If either an initial or repeat analysis is between 0.02 mg/l and 0.05 mg/l, a seasonal set of
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