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WELL- AND AREA-LOCATION NUMBERING SYSTEM

The well and area-location numbers used in this report give the location
according to the official rectangular public-land survey. For example, in well
number 30/4-10L2, the numbers preceding the hyphen indicate successively the
township and range (T.30 N., R.4 E.) north and east of the Willamette base line and
meridian, respectively. The first number following the hyphen indicates the section
(sec. 10), and the letter (L) indicates the 40-acre subdivision of the section as
shown in the sketch below. The last number is the sequence number of the well in
the particular 40-acre tract. Thus, well 30/4-10L2 is the second well listed in the
NE% of the SW4% of sec. 10, T.30 N., R.4 E. An "s" following the sequence number
indicates a spring.

R 4 W

D C B A
T.

E F G H
30

M " L K J
N. //
~1T N P Q R

30/4-10L2

Section 10

Area-location numbers include only the township, range, and section numbers.
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METRIC CONVERSIONS

Multiply By To obtain
Feet (ft)----==c-mmoun-- 0.3048 meters (m)
MileS--memmmmmmccceeeeee 1.609 kilometers (km)
ACreS-=-==-==memcemmaane 4047.0 square meters (m2)
Acre-feet (acre-ft)----- 1233.0 cubic meters (m3)
Cubic _feet per second--- 28.32 liters per second (L/s)
(Ft3/s)==mmmmmmmmmmmee 0.02832 cubic meters per second
(m3/s)
Gallons per minute----- 0.06309 liters per second (L/s)
(gal/min)
Gallons per day (gal/d)-- 0.000044375 liter per second (L/s)
Gallons per minute per-- 0.2096 liters per second per
foot (gal/min/ft) meter (L/s/m)
Degrees Fahrenheit (OF) 0.5556, degrees Celsius (°C)
- after
subtracting
32

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic
datum derived from a general adjustment of the first-order level
nets of both the United States and Canada, formerly called "Mean Sea
Level."” NGVD of 1929 is referred to as sea level in this report.
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WATER RESOURCES OF THE
TULALIP INDIAN RESERVATION, WASHINGTON

By B. W. Drost

ABSTRACT

Water will play a significant role in the future development of the Tulalip
Indian Reservation. Ground-water resources are sufficient to supply several times
the 1978 population. Potential problems associated with increased ground-water
development are saltwater encroachment in the coastal areas and septic-tank
contamination of shallow aquifers. There are sufficient good-quality
surface-water resources to allow for significant expansion of the tribe's fisheries
activities.

The tribal well field is the only place where the ground-water system has
been stressed, resulting in declining water levels (1.5 feet per year). The well
field has a useful life of at least 15-20 years. This can be increased by drilling
additional wells to expand the present well field.

Inflow of water to the reservation is in the form of precipitation (103 cubic
feet per second, ft3/s), surface-water inflow (13 £t3/s), and ground-water inflow (4
ft3/s). Outflow is as evapotranspiration (62 £t3/s), surface-water outflow (40
ft3/s), 3a/m)d ground-water outflow (18 ft3/s). Total inflow and outflow are equal
120 ft2/s).

Ground water is generally suitable for domestic use without treatment, but a
serious quality problem is the presence of coliform bacteria in some shallow
wells. High values of turbidity and color and large concentrations of iron and
manganese are common problems regarding the esthetic quality of the water. In a
few places, large concentrations of chloride and dissolved solids indicate the
possiblity of saltwater encroachment, but no ongoing trend has been identified.

Surface waters have been observed to contain undesirably high concentrations
of total phosphorus and total and fecal-coliform bacteria, and to have
temperatures too high for fish-rearing. The concentration of nutrients appears to
be related to flow conditions. Nitrate and total nitrogen are greater in
wet-season runoff than during low-flow periods, and total phosphorus shows an
inverse relationship. Total phosphorus and ammonia concentrations are greatest
in dry-season storm runoff. Generally, surface-water quality is adequate for
fish-rearing and (with treatment) for public supply.



All of the known geologic units produce usable quantities of water in at least
some areas. Only one unit is capable of supplying more than a single-household
(from one 6-inch diameter well) at most places on the reservation. Median well
depth in this unit is 130 feet and median specific capacity is 4.0 gallons per minute
per foot. The water-bearing properties of only the upper 300 feet of the 1,600 feet
of unconsolidated materials are well known.

In 1978, four major areas of ground-water development supplied about 3,700
people at an average rate of 122 gallons per day per person. Virtually all water
used on the reservation came from wells.

The two major surface-water basins, Tulalip and Mission Creeks, have
calculated median annual mean flows of 12.1 and 6.7 ft3/s, respectively, Estimated
7-day 5-percent low flows for the respective basins are 4.9 and 0.4 ft°/s,
Estimated flood discharges for the same basins at an exceedance probability of
l-percent are 260 and 155 ft3/s, respectively.



INTRODUCTION

Water will play a significant role in the future development of the Tulalip
Indian Reservation. The amount, character, and quality of development will
greatly depend upon wise use of the available water resources. Aware of the
importance of an ample supply of potable water, the Tulalip Tribal Board of
Directors entered into a cooperative agreement with the U.S. Geological Survey in
1974 to evaluate the reservation's water resources.

Purpose and Scope

The purpose of the investigation and report is to evaluate the water resources
of the reservation in order to provide the information required for current
management decisions, long-range planning, and development and protection of
vital water resources.

This is the final report of the investigation. Earlier reports presented
preliminary assessments of available ground- and surface-water data (Drost, 1977
and 1979) and of Ross Lake, one of ejght lakes in the reservation (Dion, 1979). This
report includes the data collected during the course of the study and an assessment
of the potential for further development of the reservation's water resources.

Description of the Area

The Tulalip Indian Reservation is in west-central Snohomish County, Wash.,
north of Everett and west of Maryswlle (pl. 1). The reservation, which is about
34.5 square miles (mi2) in area, is bordered on the west and south by Port Susan and
Possession Sound (fig. 1). The reservation's northern boundary is on the northern
limit of township 30 and its eastern boundary coincides with the eastern
right-of-way of Interstate Highway 5.

As of 1978, the total year-round population of the reservation was 3,987 (Gregg
Selby, Snohomish County Planning Department, oral commun., 1978; see fig. 2). In
addition, the reservation has an influx of about 1,600 residents each summer. Most
of the population resides along the shoreline or along the eastern margin of the
reservation. About 550 Indians live on the reservation, both tribal and non-tribal
members.

The land within the reservation is largely undeveloped. As estimated from
aerial photographs and topographic maps, 80 percent is forest, 10 percent is
residential, 4 percent is agricultural, 3 percent is swamps and lakes, and 3 percent
is tidal marsh.
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About 30 percent of the land within the reservation boundaries is owned by the
Tulalip Tribe, about 10 percent is owned by individual tribal members, and about 60
percent is controlled by non-tribal members, of which two large tracts are
controlled by industrial interests. The only existing industrial development is the
Boeing Test Center (fig. | and pl. 1), which is on tribal land. Potential industrial
sites on non-tribal land include the Glacier Park Co. property in the northeastern
part of the reservation, proposed for a railroad yard, and Union Oil Co. land in the
west-central part. The tribe-owned Ebey Slough area also is considered for
industrial development. Agricultural activities on the reservation are confined
basically to its eastern lowland margin and consist primarily of small herds (less
than 20 head) of beef and dairy cattle.

All but about the eastern 1% mi of the reservation is situated on a rolling plain
of glacial deposits (Tulalip Plateau). Most of this plain is at least 200 ft above
mean sea level, reaching altitudes of about 580 ft at the northern boundary of the
reservation. The eastern 1% mi of the reservation is part of an approximately
3-mi-wide trough that extends from Marysville on the south to the Stillaguamish
River (about 5 mi north of the reservation) on the north. The trough reaches an
altitude of about 100 ft in the northeastern corner of the reservation.

The principal streams draining the reservation are Tulalip Creek, Mission
Creek, and tributaries to Quilceda Creek. The headwaters of Tulalip Creek, north
of the reservation, are regulated to maintain the levels of Lakes Goodwin and
Shoecraft. The stream channel at the outlet of Lake Shoecraft is dry during part of
most summers. The approximate extents of perennial streams, based on data from
October 1974 to September 1977, are shown in plate 1. Eight lakes, ranging in area
from 1.3 to 20.4 acres, are on the reservation.

The weather stations nearest the reservation, which are in Everett (about 1%
mi south of the reservation) and Arlington (about 5 mi northeast of the
reservation), provide data representative of the climate of the reservation. The
average annual precipitation at the stations during 43 years of record (1935-77) was
about 40 in. Almost 70 percent of the precipitation occurs during the period
October-March. The average annual temperature is 50.5°F (10.3°C), and the
monthly average temperatures range from 38.2°F (3.4°C) in January to 62.8CF
(17.19C) in July. (All climatic data are from the U.S. Department of Commerce,
1960 and 1965, and the National Oceanic and Atmospheric Administration, 1977.)
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WATER RESOURCES

The Hydrologic Cycle

The hydrologic cycle describes the pattern of water movement as it circulates
through the natural system. Precipitation as rain and snow is the immediate source
of all freshwater. A part of this precipitation runs off rapidly to streams, and a
part is evaporated directly back to the atmosphere from the ground and from lakes,
streams, and plant surfaces. A part soaks into the soil where some is drawn up by
plants and returns to the atmosphere by transpiration from their leaves; the
remainder percolates downward to a zone of saturation to become ground water. In
turn, ground water returns to the surface-water system by seepage to springs,
lakes, streams, and marine waters.

Although most of the freshwater comes directly from rain or snow on the
Tulalip Indian Reservation, some water enters the reservation as surface runoff and
ground-water underflow from areas to the north. The hydrologic cycle on the
reservation is diagrammatically illustrated in figure 3.

Precipitation

Precipitation was determined from data collected at the weather stations
nearest the study area; Everett and Arlington. During the 1935-77 water years the
average annual precipitation at the station was about 40 in., with a minimum of
32.9 in. in 1963 and a maximum of 56.6 in. in 1948 (fig. 4).

The probability that a particular amount of precipitation will occur in any
single year can be estimated from figure 5. For example, the figure shows that
only about 10 percent of the time will annual precipitation exceed 48 in., and that
about 90 percent of the time it will exceed 32 in. These estimates of the
probability of future precipitation shown in figure 5 are accurate only if the
climatic factors in operation during the 43 years of record follow a similar pattern
in the future.

Average monthly precipitation at Everett and Arlington is shown in figure 11.
The figure shows a distinct wet season during October-March and a dry season
during April-September. The average monthly precipitation is about 3.4 in., and
monthly average precipitation ranges from 5.5 in. in December to 1.2 in. in July.
The greatest monthly precipitation on record was 11.6 in. at Arlington in January
1971, and the least was 0.00in. at Everett in July 1958.
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Evapotranspiration

Evapotranspiration refers to the transfer of water, in the form of vapor, from
land areas and bodies of water to the atmosphere. In the study area,
evapotranspiration occurs primarily as evaporation from vegetation and land
surfaces that have been wetted by precipitation and from surface-water bodies, and
as transpiration by vegetation of water derived from the unsaturated zone.
Evapotranspiration also occurs directly from the ground-water reservoir, where it
intersects or nearly intersects the land surface.

The amount of evapotranspiration from an area depends primarily on solar
radiation, air temperature, vegetation type, and the availability of water. No
direct measurements of evapotranspiration from the study area are available, but
reasonable estimates can be made using a modified Blaney-Criddle calculation (U.S.
Department of Agriculture, 1970). This method yields a value for potential
evapotranspiration—-the amount of water that would be evapotranspired if an
unlimited source of water were available. However, an unlimited source of water
does not exist in the study area.

In the study area, two different evapotranspiration regimes exist at different
times: (1) wet periods, when precipitation is greater than potential
evapotranspiration, during which the actual rate of evapotranspiration equals the
potential rate, and (2) dry periods, during which potential evapotranspiration is
greater than precipitation, and the actual rate of evapotranspiration is generally
less than the potential rate. The actual rate during dry periods is considered equal
to precipitation plus available soil moisture accumulated during previous wet
periods, assuming no direct runoff. Assuming an average soil thickness of 3 ft as
estimated by Anderson and others (1947), and assuming a water-holding capacity of
10 percent, the soil in the study area has the ability to store about 3.6 in. of water.
Figure 6 shows the position of evapotranspiration within the hydrologic system:
during wet periods (generally October-March), there is a surplus of water which is
either stored in the soil (soil-moisture recharge) to remain available for
evapotranspiration or is removed from the evapotranspiration environment as
surface runoff or as recharge to the ground-water reservoir (water surplus).

During dry periods (generally April-September) there is a shortage of water,
and most of the stored soil moisture is rapidly evapotranspired (soil-moisture
utilization), usually by the first of July. From this time until precipitation once
again exceeds potential evapotranspiration, the actual rate of evapotranspiration is
less than the potential rate (water deficit).

The average annual potential evapotranspiration in the study area is 34.1 in.
However, average calculated annual actual evapotranspiration is only about 22.3
in., because, as seen in figure 6, the periods of greatest potential
evapotranspiration coincide with the periods of least precipitation. During 1935-77
water years the calculated annual actual evapotranspiration ranged from a
maximum of 32.6in. in 1954 to a minimum of 17.1 in. in 1967 (fig. 7). Figure38
shows the probability, based on the data in figure 7, that a particular amount of
actual evapotranspiration will take place in any single year. Actual
evapotranspiration will probably exceed 18 in. in 9 of 10 years, but 26 in. in only
1 of 10 years.

10
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FIGURE 6.--Average annual water balance in the
study area, based on data from 1935-77.
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Direct Runoff Plus Ground-Water Recharge

That part of precipitation not lost as evapotranspiration or stored as soil
moisture leaves the study area as direct runoff (runoff entering stream channels
promptly after precipitation), or recharges the ground-water reservoir. Direct
runoff plus ground-water recharge 1is equal to precipitation minus actual
evapotranspiration. Neither direct runoff nor ground-water recharge could be
directly measured, therefore they are left as a sum. In the section on the water
budget, calculations will be made to separate these two items. Figure 9 shows
direct runoff plus ground-water recharge calculated for the 1935-77 water years.
During this period, it averaged about 18 in./yr, and ranged from a minimum of 6.6
in, in 1977 to a maximum of 31.1 in. in 1974. Figure 10 shows the probability of the
occurrence of a particular amount of direct runoff plus ground-water recharge in
any single year. It will probably exceed 11 in. 90 percent of the time and 25 in. 10
percent of the time.

A summary of the monthly disposition of precipitation is shown in figure 11.
The figure shows the long-term (1935-77 water years) average distribution of
precipitation between evapotranspiration and direct runoff plus ground-water
recharge. Not directly shown in the figure, but affecting the distribution, is the
amount of water stored as soil moisture at any particular time. (See fig. 6 for
soil-moisture distribution.)

Surface Water

To provide a basis for appraisal of streamflow in the reservation,
continuous-record gaging stations were installed and operated during the period
October 1974-September 1977 near the mouths of Tulalip and Mission Creeks (pl. 1).
The streamflow records obtained represent discharges from drainage areas of 15.4
and 7.92 mi2, respectively. Daily streamflows and water temperatures at these
two sites are given in tables 10 and 11 at end of report. In addition, monthly
streamflow measurements were made at 16 selected sites (pl. 1) to obtain
information on the amount and distribution of surface-water flow along the main
stream channels and their tributaries.

These periodic measurements are listed along with stream temperatures in
table 12 at end of report. One of the selected measuring sites, site 1 on Quilceda
Creek, was formerly operated as a continuous-record gage during 1946-69, and some
miscellaneous streamflow measurements had been made at sites 12, 18, and 20 prior
to this study. The drainage areas of the measuring sites are listed in
tables 10 and 12.

Streamflow characteristics needed in the planning and development of
surface-water resources include monthly and annual mean flows, and the frequencies
and durations of selected flood discharges and low flows. All of those streamflow
characteristics, except the flood-discharge characteristics, were obtained from the
flow records at six long-term stations in the Puget Sound lowland area, and then
transferred to selected sites in the study area through streamflow correlations. In
the correlations, monthly measurements at the selected sites were related to
same-day values at the long-term stations. Selection of the best relations depended
upon (1) the highest accuracy as indicated by the lowest standard error of estimate
(these ranged from 0.015 to 0.10 in base 10 logarithm units), and (2) the highest
degree of correlation between the data for the selected station and the long-term
station as indicated by the correlation coefficient nearest unity (these ranged from
0.77 to 0.92).

13
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FIGURE 9.--Annual direct runoff plus ground-water recharge,
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The "Log-Pearson Type III" method was used to obtain frequency distributions
for annual and monthly mean discharges and low flows for selected durations at the
six long-term stations. From the frequency distributions estimates were made of
monthly mean and annual mean discharges at a 50-percent probability of exceedence
and low flows at 5-, 10-, 20-, and 50-percent probability of exceedence. By
definition, median flows have a 50-percent exceedence probability. Median annual
mean flows (table 1) and median monthly mean flows for May-October (table 2) were
estimated for nine sites from the correlations. Median monthly mean flows were
not calculated for the wet season (November-April) because correlations with
long-term stations were not as reliable as for the dry season. Low flows for the
selected probabilities were estimated for intervals of 7, 30, and 90 consecutive days
by correlation for 10 sites (table 3).

The low flows for specific periods of consecutive days and nonexceedence
probabilities are interpreted as follows: for example, at site 2 a 7-day low flow of
1.7 ft3/s at the 20-percent probability of being less than indicated means that
during any year the minimum mean flow for 7 consecutive days has a 20-percent
probability (chance of 1 in 5) of being less than 1.7 ft3/s.

Annual maximum peak discharges, or flood discharge characteristics, were
calculated for 18 sites in the study area for exceedence probabilities of 1, 2, 10, and
50 percent in any year. These discharges were calculated (table 4) from regression
equations defined by Cummans, Collings, and Nassar (1975). Flood discharges for
specific exceedence probabilities are interpreted as follows: for example, at site 1 a
flood discharge of 120 ft3/s at the 50-percent-probability level means that during
any ye;r the peak flow has a 50-percent probability (chance of 1 in 2) of exceeding
120 ft9/s.
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TABLE 1.--Annual mean flows at selected sites from correlations, with
a 50-percent probability of being less than indicated,
and from streamflow records and from a water budget

(cubic feet per second)

Median
annual
mean Measured annual mean Average annuall
Station  Station name flow from flow (water year) flow from
number and basin correlations 1975 1976 1977 water budget
Quilceda Cr
basin
12157020 site 2 13.2 -- -- -- -
12157030 site 3 3.0 -- -~ -- -
12157035 site 4 2.0 -- -- -- --
Mission Cr
basin
12157150 site 6 1.6 -- -- - --
12157210 site 9 1.0 -- -- -- -
12157250 site 12 6.7 6. 7.2 3.8 6.2
Tulalip Cr
basin
12158010 site 15 8.9 -- -- -- -
12158030 site 17 2.1 -- -- -- -
12158040 site 20 12.1 12. 14.2 8.8 12.1

1see section

on water budget.
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TABLE 2.--Monthly mean flows from correlations at selected sites, May-October,
with a 50-percent probability of being less than indicated

(cubic feet per second)

Station Station name
number and basin May June July August September October

Quilceda Cr

basin
12157020 site 2 2.6 2.4 2.1 2.0 2.1 2.2
12157030 site 3 1.3 1.1 .9 .8 .8 .9
12157035 site 4 1.4 1.1 .7 .6 .6 .8
Mission Cr
basin
12157150 site 6 .7 .7 .6 .6 .6 .6
12157210 site 9 4 .4 .3 .3 .3 .4
12157250 site 12 3.2 2.2 1.3 1.2 1.7 2.8
Tulalip Cr
basin
12158010 site 15 5.5 5.0 4.5 4.3 4.5 4.9
12158030 site 17 1.6 1.4 1.2 1.1 1.2 1.3
12158040 site 20 7.7 1.2 6.5 6.2 6.3 6.7
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TABLE 3.-Low flows at selected sites for selected periods of consecutive
days and probabilities of being less than indicated

Minimum
Number of Low flows (ft3/s), for measured
Station Station name consecu- the indicated probability flowst
number and basin tive days 50 20 10 5 7-day 1 day
Quilceda Cr
basin
12157000 site 1 7 4.1 3.5 3.2 3.0 2.8 2.2
30 4.6 3.8 3.5 3.2
90 5.4 4.6 4.3 4.0
12157020 site 2 7 1.8 1.7 1.6 1.6 -- --
30 1.8 1.7 1.6 1.6
90 2.0 1.8 1.8 1.7
12157035 site 3 7 .6 .5 .5 4 .- --
30 .6 .5 .5 4
90 .7 .6 .6 5
12157035 site 4 7 .4 .3 .3 .2 -- .-
30 4 .3 .3 .2
90 .6 .4 .4 .3
Mission Cr
basin
12157150 site 6 7 .5 5 .5 .4 -- --
30 .5 5 .5 .5
90 .6 5 .5 .5
12157210 site 9 7 .2 .2 .2 .2 -- --
30 .2 .2 .2 .2
90 .3 .2 .2 .2
12157250 site 12 7 7 .5 5 .4 3 1
30 .8 .6 5 .4
90 1.4 .9 8 .6
Tulalip Cr
basin
12158010 site 15 7 3.9 3.8 3.7 3.6 -- --
30 4.0 3.8 3.7 3.7
90 4.4 4.1 3.9 3.8
12158030 site 17 7 1.0 .9 .9 .9 -- -
30 1.0 1.0 .9 .9
90 1.1 1.0 1.0 1.0
12158040 site 20 7 5.5 5.2 5.0 4.9 4.2 3.7
30 5.6 5.2 5.1 4.9
90 6.1 5.7 5.5 5.3

Lears of record: site 1 (22 yrs), sites 12 and 20 (3 yrs).
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TABLE 4.--Flood discharges at selected sites for selected

probabilities of exceedence

Flood discharge (ft3/s) for

indicated probability ?f Max imum
Station Station name exceedence, in percent measured
number and basin 50 10 2 discharge?
Quilceda Cr
basin
(+42 pct)
(+42%) (+45% (+55% (+61%
pct) pct) pct) pct)
12157000 site 1 120 200 280 320 306
12157020 site 2 80 130 190 210 --
12157030 site 3 29 48 67 75 --
12157035 site 4 20 33 46 52 --
Mission Cr
basin
12157140 site 5 4 7 9 10 --
12157150 site 6 13 22 30 34 --
12157170 site 7 13 22 30 33 --
12157202 site 8 8 13 18 20 --
12157210 site 9 15 25 34 38 --
12157247 site 11 51 85 120 130 --
12157250 site 12 60 99 140 155 41
Tulalip Cr
basin
12158001 site 13 46 76 110 120 --
12158008 site 14 60 98 140 150 --
12158010 site 15 68 110 160 180 --
12158025 site 16 8 13 18 20 --
12158030 site 17 14 23 32 35 --
12158032 site 18 16 26 36 40 --
12158040 site 20 100 170 230 260 65

1F100d discharges calculated using repression equations defined by

Cummans, Collings, and Nassar (1975).

2Years of record: site 1 (22 yrs), sites 12 and 20 (3 yrs).
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Tulalip Creek Basin

Tulalip Creek drains an area of 15.4 mi2, 9.3 mi2 of which is on the
reservation. The remaining 6.1 mi2 lie north of the reservation and include Lakes
Goodwin and Shoecraft, which have a combined surface area of about 1.1 mi2.
The drainage basin has a surficial cover primarily of till. Some areas have a
surficial cover of sand and gravel with some silt and elay. A few small areas of silt,
clay, and peat exist, as well as very small outeroppings of sand and gravel. The
outflow from the large lakes north of the reservation is partly regulated by
manipulation of planks in a wooden flume at the outlet of Lake Shoecraft. There is
some natural regulation of flow by small lakes and beaver ponds. Prior to August
1975, the Tulalip Tribe diverted several tenths of a cubiec foot per second of flow
from the East Fork of Tulalip Creek for domestic use. After a ground-water supply
was put into service, the surface-water system was placed on a standby basis.
Present diversions (1978) are limited to fisheries operations near the ereek's mouth
and are nonconsumptive.

The calculated median annual mean flow from the basin (site 20) is 12.1 ft3/s,
which is an average rate of 0.79 ft3/s per mi2. The areas above sites 15 and 17
yield 0.91 and 1.4 ft3/s per mi2, respectively, and the remainder of the basin
yields only 0.26 ft3/s per mi2. Calculated median monthly mean flows for the
dry season at these three sites show a steady decrease in flow from May through
August followed by increases in September and October.

The calculated low flows from the basin indicate an extremely reliable source
of base flow. The 7-day 5-percent low flow (4.9 ft3/s) and the 7-day 50-percent
low flow (5.5 ft3/s) differ by only 12 percent. The same low flow intervals and
probabilities at sites 15 and 17 show similar reliability, with differences of 8 and 11
percent, respectively. The lowest 7-day low flow measured at site 20 (three years
of record) was 4.2 ft3/s, less than the calculated 7-day 5-percent probability low
flow. However, this measured low flow occurred in the 1977 water year, which was
the driest in 43-years of record (a 2.3-percent probability). This implies that the
calculated low flows are reasonably accurate.

Flood discharges at seven sites in the basin were calculated. The greatest
calculated discharge, 260 ft3/s, is at site 20 and at a probability of exceedance of
1 percent in any year. A flood discharge of 100 ft3/s with a 50-percent
probability was calculated at the site, but during the three years record at the site,
the greatest discharge was only 65 ft3/s. This implies that the calculated
discharges may be too large, but this can not be confirmed with the limited data
available.
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Mission Creek Basin

Mission Creek drains an area of 7.92 mi2, all of which is on the reservation.
The drainage basin has a surficial cover primarily of till. Some areas have a
surficial cover of sand and gravel and some silt and clay. A few very small areas of
silt, clay, and peat also exist. The only regulation of flow is natural, in lakes and
beaver ponds. There are no known diversions, although a few residents reportedly
pump small quantities of surface water on an infrequent basis.

The calculated median annual mean flow from the basin (site 12) is 6.7 ft3/s,
which is an average rate of 0.85 ft3/s per mi2, The areas above sites 6 and 9
yield 1.2 and 0.64 ft3/s per mi2, respectively, and the remainder of the basin
yields 0.82 ft3/s per mi2. Calculated median monthly mean flows for the dry
season at these three sites show a steady decrease in flow starting in May and
reaching lowest flows in August.

The calculated low flows indicate an extremely reliable source of base flow at
sites 6 and 9, but not quite so reliable for site 12. At site 12, the 7-day 5-percent
low flow (0.4 ft3/s) and the 7-day 50-percent low flow (0.7 ft3/s) differ by 75
percent. The same low-flow intervals and probabilities at sites 6 and 9 show less
variation, with differences of 25 and 0 percent, respectively. The lowest 7-day low
flow measured at site 12 (three years of record) was 0.3 ft3/s, less than the
calculated 7-day 5-percent probability low flow. However, this measured low flow
occurred in the 1977 water year, which was the driest in 43 years of record (a
2.3-percent probability). This implies that the calculated low flows are reasonably
accurate,

Flood discharges at seven sites in the basin were calculated. The greatest
calculated discharge, 155 ft3/s, is at site 12 and at a probability of exceedance of
1 percent. A flood discharge of 60 ft3/s with a 50-percent probability was
calculated at that site, but during the 3 years of gaging at the site, the greatest
recorded discharge was only 41 ft3/s. This implies that the calculated flood
discharges may be too large, but this can not be confirmed with the limited data
available.
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Quilceda Creek Basin

Quilceda Creek drains an area of about 42.2 mi2, about 9.9 mi2 of which is
on the reservation. The part of the drainage basin on the reservation has a surficial
cover almost entirely of sand with some till along its western edge and some clay,
silt, and peat along its southern edge. There is no known regulation of flow other
than natural regulation by beaver ponds. There are no known large diversions, but
some residents pump small quantities of surface water on an irregular basis.

The calculated median annual mean flows at sites 3 and 4, which have drainage
areas entirely within the reservation boundaries, are 3.0 and 2.0 ft3/s,
respectively. Site 2, which has 37 percent of its drainage area in the reservation,
has a calculated median annual mean flow of 13.2 ft3/s. The average rates of
yield for sites 2, 3, and 4 are 1.4, 1.0, and 1.1 ft3/s per mi2. Calculated median
monthly mean flows for the dry season at these three sites show a steady decrease
in flow starting in May and reaching lowest flows in August.

The calculated low flows indicate an extremely reliable source of base flow at
site 2 and less reliable sources at sites 3 and 4. At site 2, the 7-day 5-percent low
flow (1.6 ft3/s) and the 7-day 50-percent low flow (1.8 ft3/s) differ by only 12
percent. The same flow intervals and probabilities at sites 3 and 4 show differences
of 50 and 100 percent, respectively. The lowest 7-day low flow measured at site 1
(22 years of record) was 2.8 ft3/s, which agrees well with the calculated 7-day
5-percent probability low flow of 3.0 ft3/s.

Flood discharges at four sites in the basin were calculated. The greatest
calculated discharge, 320 ft3/s, is at site 1, off the reservation, and at a
probability of exceedence of 1 percent in any year. Flood discharges of 200 and 280
ft3/s with respective probabilities of 10 and 2 percent were calculated for the
site. During 22 years of gaging at the site the greatest recorded discharge was 306
ft3/s. This implies that the calculated flood discharges are reasonably accurate.
The largest calculated flood discharge in that part of the Quilceda Creek basin on
the reservation is at site 2, 210 ft3/s, at a 1-percent probability.
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Lakes

Eight lakes on the reservation range in area from 1.3 to 23 acres. Table 5 gives
the location, name, and some physical characteristics of each lake. Table 6 lists
lake levels and water-surface temperatures of the three largest lakes on the
reservation, and of Lake Shoecraft, in the headwaters of Tulalip Creek north of the
reservation. A reconnaissance study of Weallup Lake and an intensive water-quality
investigation of Ross Lake have been made. The results are contained in two
separate reports, Bortleson and others (1976) and Dion (1979).

Gages were installed on John Sam, Ross, and Weallup Lakes (all natural lakes) in
late September 1974 to allow observations of water-surface elevations and their
fluctuations during the study period. The gage heights were observed during the
period from September 17, 1974, to September 6, 1977.

The net changes in the level of John Sam Lake were +0.32 ft, +0.18 ft, and -0.30
ft, during the 1975, 1976, and 1977 water years, respectively. Changes of level in
Ross Lake were similar for the same period: +0.32 ft, +0.28 ft, -0.14 ft. Weallup
Lake, however, showed a somewhat different pattern: +0.72 ft, +0.32 ft, +0.12 ft.
The changes in Weallup Lake were at least partly caused by a beaver dam
constructed in February-Mareh 1975 which altered the elevation of the outlet of the
lake.

Surface drainage from Ross and Weallup Lakes is by overflow into natural
stream channels, whereas the outlet of John Sam Lake has been altered by a deposit
of fill and the installation of a 2-foot diameter, concrete culvert. Additional
regulation of the level of John Sam Lake is accomplished by partial blocking of the
culvert with a removable wooden plate.
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[ Data from Wolcott, 1973]

TABLE 5.--Some physical data on lakes

Elevation Area Max imum

Name Location (ft) (acres) depth (ft)
John Sam Lake----- 30/4-1M/N 506 15.3 40
Lake Agnes-------- 30/4-2B8/C 456 11.1 35
Fryberg Lake------ 30/4-2C 450 4.0 shallow
Mary Shelton Lake- 30/4-2L/M 368 12.4 --
Weallup Lake------ 30/4-4L/M 213 az3 12
Ross Lake--------- 30/4-13A 375 bo1 b73
Unnamed----=~w-=-- 30/4-24B/C 270 1.3 --
Unnamed----=~~=---- 30/5-29H 15 1.3 --

aData from Bortleson and others (1976).
bData from Dion (1979).
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TABLE 6.--Gage heights and water temperature of selected lakes

[ Gages installed at arbitrary datum and temperatures

measured within 1 foot of lake surface]

John Sam Lakel Ross Lake? Weallup Lake3 Lake Shoecraftd
Gage Water Gage Water Gage Water Gage
hejght tempera- height tempera- height tempera- height4
Date (ft)  ture (0C) (ft) ture OC) (ft) ture (OC) (ft)
1974
Sept. 17 14.5 -- -- -- -- -- 1.02
27 14.34 - 15.20 -- -- -- .94
30 -- -- -- -- 15.24 -- .92
Oct. 8 14.22 16.1 -- - -- -- .86
15 14.17 15.0 15.089 15.6 15.10 -- .84
Nov. 8 14,17 9.4 -- -- -- -- .92
14 14.17 11.1 15.16 10.6 15.12 11.1 .96
Dec. 5 14.44 6.7 15.40 7.8 15.33 8.9 1.22
12 14.49 5.6 -- -- -- -- 1.28
1975
Jan, 7 -- -- 16.00 5.1 15.79 4.6 1.64
15 15.35 2.8 -- -- -- -- 1.80
Feb. 4 - - 16.18 3.0 -- -- 1.60
5 15.71 3.3 -- - 16.82 1.0 1.60
11 15.84 -- -- -- -- - 1.66
Mar. 4 .- -- 16.60 5.9 17.29 7.0 1.78
14 15.84 -- -- -- -- -- 1.68
Apr. 9 15.76 -- 16.30 9.6 - -- 1.62
10 -- -- -- -- 16.66 9.0 1.62
16 15.72 11.1 -- -- - - 1.62
May 7 15.78 12.4 16.29 12.2 16.91 15.5 1.80
13 15.81 19.4 -- -- - -- 1.88
June 3 15,55 -- 16.05 -- 17.15 -- 1.70
16 15.44 21.5 -- -- -- -- 1.58
July 10 15.28 25.0 15.79 22.6 16.54 22.6 1.56
21 15.12 21.5 -- -- -- -- 1.46
Aug 5 14.89 21.5 15.48 -- -- -- 1.27
6 -- -- -- -- 16.02 16.0 1.25
19 14.78 19.5 -- -- -- -- 1.22
Sept. 2 14.82 18.1 15.52 19.6 15.96 19.6 1.26
Oct. 7 14,56 13.7 15.36 15.6 15.62 12.0 -
21 14.83 11.8 -- -- -- -- -
Nov. 4 -- -- 15.78 -- -- -- --
5 14.9 10.6 -- -- 15.80 11.8 --
18 15.27 5.5 -- -- - .- --
Dec. 11 15.45 5.4 16.58 6.5 17.50 5.4 --
16 15.31 3.0 -- -- -- -- -
1976
Jan. 7 15.26 4.0 16.47 3.8 -- -- .-
8 -- .- -- -- 17.52 4.5 --
13 -- -- -- -- 17.54 -- --
20 15.51 -- -- -- -- -- --
Feb. 3 15.17 6.4 16.37 3.8 17.60 5.6 --
17 15.23 -- -- -- -- -- --
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TABLE 6.--Gage heights and water temperature of selected lakes--Continued

[ Gages installed at arbitrary datum and temperatures
measured within 1 foot of lake surface]

John Sam Lakel Ross Lake? Weallup Lake3 Lake Shoecraft?
Gage Water Gage Water Gage Water Gage
height tempera- height tempera- height tempera- height4
Date (ft)  ture (OC) (ft) ture OC) (ft)  ture (OC) (ft)
1976
Mar. 3 15.54 5.6 16.37 4,7 17.54 4.4 --
16 15.61 8.2 -- -- - -- .-
Apr. 7 15.81 -- 167.40  -- -- -- -
8 - -- -- -- 17.70 -- --
19 15.84 11.3 -- -- -- 10.3 -
May 3 15.77 16.7 16.39 11.1 17.46 16.9 --
17 15.67 18.2 -- -- 17.23 -- --
June 2 15.68 15.8 16.19 16.2 17.16 17.8 --
22 15.54 -- .- -- - - --
July 12 15.28 -- 15.92 -- 16.67 15.6 --
16 15.23 -- -- - -- -- --
Aug. 3 14.96 21.0 15.68 -- - -- 1.30
4 .- -- -- -- 16.30 15.0 -
31  15.06 00 -- -- -- - -
Sept. 8 15.00 -- -- -- 16.28 -- --
g - -- 15.80 -- -- -- 1.4
21 14.90 -- -- .- -- -- .-
Oct. 5 14,78 15.8 15.70 17.0 16.09 15.0 1.32
12 14.74 -- -- -- -~ -- --
29 - -- -- -- 16.04 -- --
Nov. 3 14.68 12.6 15.65 11.6 15.98 12.8 1.29
15  14.65 -- -- -- -- -- --
Dec. 6 14.60 00 15.65 -- 15.91 -- --
1977
Jan. 4 14,66 -- 15.78 -- 15.96 - 1.47
Feb. 15 14.69 9.2 15.88 5.6 16.04 9.6 1.64
Mar. 7 14.87 -- 16.09 -- 16.48 7.2 1.81
Apr. 4 15.16 -- 16.28 7.3 17.62 12.3 1.89
May 4 15.14 16.2 16.23 15.6 16.85 15.2 --
June 1 15.60 18.0 16.40 19.2 18.08 16.4 1.90
July 6 15.22 21.0 15.96 19.2 17.38 21.4 1.56
Aug. 3 14.86 26.0 15.70 24.6 16.78 26.6 1.34
Sept. 6 14.70 19.7 15.66 21.9 16.40 20.3 1.26

1John Sam Lake.--Enamel staff gage on Ralph Berring dock approximately 200 ft northeast of
the concrete outlet. Top of dock is at 17.60 ft and top of concrete culvert outlet is t 17.26 ft
gage height.

2Ross Lake.--Enamel staff gage on alder tree 150 ft north of access road at southeast side
of lake. Reference mark is top of a square spike in alder tree 30 ft east of the gage and at
19.28 ft gage height.

3Nea11ug Lake.--Enamel staff gage about 100 ft south of access road at east end of Tlake.
Reference mark is top of spike in cedar tree 10 ft east of gage and at 19.36 ft gage height.

4L ake Shoecraft.--Enamel staff gage on E. G. Gilbert's property at southwest side of lake.
Reference marks are: (1)head of bolt in cedar tree 36 ft shoreward of gage and at 5.364 ft gage
height, (2) head of bolt in maple tree 40 ft shoreward of gage and at 5.546 ft gage height, (3)
head of bolt in maple tree 60 ft shoreward of gage and at 7.626 ft gage height.
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Water Quality

In order to assess the quality of surface water on the reservation, 121 water
samples were collected from 14 stream sites during the period November
1974-March 1977. All 121 samples were analyzed for coliform-bacteria
concentrations, 71 were analyzed for nutrient! concentrations, and 24 were
analyzed for common constituents. Table 13 (at end of report) contains the data
from these analyses. Included in table 13 are data from two analyses of water
samples collected from Weallup Lake in 1973 (Bortleson and others, 1976) and eight
analyses of water collected from Ross Lake in 1975. The Ross Lake data are
discussed in detail in an earlier report (Dion, 1979).

The water-quality data indicate that the only potential water-quality problems
observed were high total and fecal-coliform bacteria concentrations, high
total-phosphorus concentrations, and high temperatures.

Minimum, median, and maximum coliform bacteria concentrations are shown in
table 7. The highest median concentrations were observed in water from the
Quilceda Creek basin. The basin includes large residential areas as well as grazing
areas for cattle and other domesticated animals. The basins of Tulalip and Mission
Creeks are much less developed. Most coliform bacteria in these two creeks are
probably associated with the abundant wildlife and natural vegetation in the basins.

High concentrations of total phosphorus can lead to the development of
nuisance aquatic plant growths. Suggested acceptable limits for total phosphorus
are (U.S. Environmental Protection Agency, 1974):

Maximum total

Water body phosphorus (P) concentration
Within lakes, ponds, and 0.025 mg/L
reservoirs
At points where streams .050 mg/L
enter lakes, ponds, or
reservoirs
Flowing streams 100 mg/L

Samples from Ross Lake were well below the suggested limit, but one of two
samples from Weallup Lake exceeded the limit. The area around Ross Lake is
completely undeveloped. To the north of Weallup Lake lie residential communities
surrounding Lakes Goodwin and Shoecraft. However, samples taken at the outlet of
Lake Shoecraft (site 13), just above Weallup Lake, show low concentrations of total
phosphorus, which implies that the high concentration observed in Weallup Lake may
be natural.

Water samples collected at site 17 (inflow to the reservoirs for the tribal standby
water-supply system) tended to have high concentrations of total phosphorus. One
of six samples exceeded the limit of 0.050 mg/L, and two others equaled the limit.

1A nutrient is any chemical element, ion, or compound that is required by an
organism for the continuation of growth, reproduction, and other life processes.
Nitrogen and phosphorus usually are considered the limiting nutrients for aquatic
plant growth—algae in particular—and as such received the most emphasis in this
study.
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TABLE 7.--Coliform-bacteria concentrations in selected streams,

November 1974-March 1977

Total coliform bacteria
(colonies/100 mL)

Fecal coliform
(colonies/100 mL)

Basin and Number of Mini- Median Maxi- Number of Mini- Maxi-
site number samples mum mum samples  mum mum
Quilceda Creek
2 7 220 930 4,400 1 --- 130 ---
3 ) 1,000 ------ 1 --- 84 -.--
4 ) N 1,600 -~---- 1 --- 340 ---
Mission Creek
6 8 69 500 1,600 2 1 120
7 6 31 140 TNTC - eemmees
9 8 38 175 1,800 2 1 8
11 6 44 265 610 - emeeeaa
12 26 10 120 1,600 4 1 294
Tulalip Creek
13 5 14 25 220 1 ~-- 3 ---
14 ) 100 ------- 1 --- 26 ---
15 2 69 204 340 2 3 11
17 22 7 89 370 -
18 2 130 320 510 2 11 11
20 26 36 2 4,100 4 11 1,500

TNTC = Too numerous to count.
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Samples from flowing streams exceeded the limit in three places (two from
Quilceda Creek basin, sites 2 and 4, and one from Tulalip Creek basin, site 20). The
high concentrations in Quileeda Creek basin may be associated with agricultural and
residential activities in the basin, but the high concentration in Tulalip Creek was
probably a natural occurrence.

Although only Ross and Weallup Lakes of the sampled waters listed in table 13
had temperatures that exceeded the recommended level for fish-rearing purposes,
650F (18.30C) (Washington Department of Ecology, 1973), the temperatures at
most sites probably exceeded the recommended level for at least brief periods each
summer. Table 11 (at end of report) shows that water temperatures at sites 12 and
20, obtained from continuous-temperature recorders, frequently exceeded 65°F
(18.39C) from May through August of 1975 and 1976. During the period October
16, 1974-September 30, 1976, the temperature of Mission Creek ranged from 700F
(21°C) on July 5, 6, 7, and 27, 1975, to 339F (0.50C) on November 29,
December 19 and 21, 1975, and February 6, 1976; during this period the temperature
of Tulalip Creek ranged from 71° (21.59C) on June 1 and July 26 and 27, 1975,
to 320F (0°C) on November 29, 1975, and February 5, 1976.

At both sites, the daily fluctuation in water temperature during the colder
months (October-February) was about 20 to 40F (10 to 20C). During the
warmer months (April-July), Tulalip Creek had a daily temperature fluctuation of
about 160 to 180F (90 to 100C), and the fluctuation in Mission Creek was
about 120 to 140F (60 to 70C).

The available data indicate that relationships apparently exist between flow
conditions and concentrations of certain nutrients (table 8), although the number of
samples is not sufficient to establish reliable correlations.

Nitrate and total-nitrogen concentrations tended to be greater during
wet-season flows than during low flows at all sites sampled, whereas
total-phosphorus concentrations tended to show an opposite relationship with flow
conditions. The greatest total-phosphorus concentrations were generally observed in
the dry-season storm runoff. Concentrations of ammonia, total organie nitrogen,
and total Kjeldahl nitrogen in the Quilceda and Tulalip Creek basins were generally
substantially higher during wet-season flows than during low flows. In the Mission
Creek basin, higher concentrations of ammonia were recorded during low flows than
during wet-season flows, but the concentrations of total organic nitrogen and total
Kjeldahl nitrogen were similar during both wet-season flows and low flows. The
highest ammonia concentrations at most sites were observed during the dry-season
runoff. Nitrite, dissolved orthophosphate, and coliform-bacteria concentrations
showed no consistent relationships with flow.
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TABLE 8.--Average concentrations of nutrients under varying

streamflow conditions

Average concentrations,

in milligrams per liter

Nitrogen, Nitrogen, Nitrogen, Phosphorus,
Basin name Flow Number  Average Nitrate Nitrite ammonia total total Nitrogen, Phosphorus dissolved
and site conditionl of discharge (total, (total, (total, organic kjeldahl total total orthophos-
number samples  (ft3/s) as N) as N) as N) (as N) (as N) (as N) (as P) phate (as P)
Quilceda Cr Low flow 3 2.2 0.23 0.01 0.05 0.19 0.24 0.48 0.08 0.05
#2 Dry-season .
storm runoff 1 12 .40 .02 .25 .35 .60 1.0 .13 .05
Wet-season
flow 3 19 1.2 .01 .21 .40 .612 1.8 .07 .02
Mission Cr Low flow 2 .74 .35 .01 .09 .28 .38 .74 .04 .04
#6 Dry-season
storm runoff 1 .98 .65 .01 .22 1.1 1.3 2.0 .07 .02
Wet-season
flow 1.2 1.6 .01 .06 .26 .31 1.9 .02 .02
Low flow 2 .04 .03 .01 .08 .24 .32 .62 .02 .00
#7 Dry-season
storm runoff 1 .74 .23 .01 .10 .57 .67 .91 .03 .01
Wet-season
flow 3 1.3 1.7 .00 .05 .44 .49 2.1 .01 .01
Low flow 2 .36 .72 .01 .06 .28 .33 1.1 .03 .02
#9 Dry-seasaon
storm runoff ] .73 .73 .00 .07 .28 .28 1.0 .02 .01
Wet-season
flow 5 .98 1.7 .01 .05 .33 .38 2.1 .02 .01
Low flow 2 2.5 .02 .01 .18 .40 .58 .60 .03 .02
411 Dry-season
storm runoff 1 7.4 .02 .01 .13 .33 .46 .49 .03 .01
Wet-season
flow 3 7.9 .89 .01 .10 .35 .45 1.3 .02 .01
Low flow 3 2.2 .02 .01 .13 .43 .57 .60 .04 .03
#12 Dry-season
storm runoff 1 8.8 .04 .0 .15 .39 .54 .59 .04 .02
Wet-season
flow 5 6.6 .58 .01 11 .36 4 1.0 .03 .02
Tulalip Cr Low flow 1 3.8 .53 .01 .05 23 .28 82 .04 .03
15 Wet-season
flow 1 4.6 1.1 .01 .07 .34 .41 1.5 .04 .04
Low flow 2 1.2 .95 .00 .04 .14 .19 1.2 .06 .04
#17 Dry-season
storm runoff 1 1.8 1.1 .00 .03 .21 .24 1.3 .05 .04
Wet-season
flow 3 2.1 1.3 .00 .04 .23 .27 1.6 .04 .03
Low flow 1 2.3 .60 .01 .03 .19 .22 .83 .07 .06
#18 Wet-season
flow 1 2.8 1.0 .01 .06 .28 .34 1.3 .05 .05
Low flow 3 6.3 .16 .01 .10 .30 .40 .57 .07 .04
#20 Dry-season
storm runoff 1 10 .12 .01 .20 .39 .59 72 .07 .05
Wet-season
flow 5 15 .55 .01 .10 .37 .47 1.0 .06 .04
Tiow flow: Sites sampled on 11/6/74, 11/7/74, 9/18/75, and 9/9/76.

Dry-season storm runoff:
Wet-season flow:

Sites sampled on 6/3/76.

3/4/76, and 3/8/77
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Ground Water
Geology

The major part of the reservation is situated on remnants of a glacial drift plain
with most of its surface covered by till (or "hardpan™) (unit 4, on figs. 12-18). This
area is referred to as the Tulalip plateau. As noted by Newcomb (1952) and field
observations, this glacially deposited material is a gray, concretelike mixture of
clay- to gravel-size sediment and generally underlies the drift-plain surface to an
average depth of 30 to 50 ft. The upper 10 to 20 ft of the till is generally weathered
and does not exhibit the degree of cementation found at greater depths. The
thickness of soils developed on the till is generally from 24 to 48 in. (Anderson and
others, 1947). Below the soil zone the till is nearly impermeable, but inclusions of
sand and gravel occur in places, allowing movement of water downward through the
unit. Small areas of the drift plain are covered by thin patches of sand and gravel
(unit 2) or silt and clay (unit 1), which in turn are generally underlain by the till unit.

Locally exposed in the sea cliffs along the western margin of the reservation is
a sand unit (unit 5) as much as 200 ft thick. This unit is generally found beneath the
till unit and contains some gravel and discontinuous layers of silt and clay. The sand
unit is the most permeable of the known wide-spread units beneath the reservation.

A clay-and-silt unit (unit 6) that extends well below sea level generally
underlies the sand unit. The clay-and-silt unit has a very low permeability, but does
include some thin sand layers with much higher permeabilities.

In a few places, where wells extend more than 200 ft below sea level, a
permeable sand-and-gravel unit (unit 7) has been encountered. The thickness and
areal extent of this unit are not known.

What occurs at depths greater than several hundred feet below mean sea level
is not known. Well 30/4-17K1 extends about 317 ft below sea level and is the
deepest well in the reservation. The unconsolidated deposits beneath the
reservation are about 1,600 ft thick (Hall and Othberg, 1974) and extend about 1,200
ft below sea level.

The eastern s mi of the reservation is in the Quilceda Creek lowland, which is
part of the Marysville trough. In this area a unit (unit 3) composed predominantly of
sand and silt is exposed. The unit ranges in thickness from a few feet at its western
edge to several hundred feet near the eastern boundary of the reservation. To the
south, the sand-and-silt unit grades into a unit of clay, silt and peat (unit 1). The till
(unit 4), sand (unit 5), and clay-and-silt units (unit 6) that underlie the glacial drift
plain to the west apparently underlie the sand-and-silt unit at places along the
western margin of the lowland.

The surficial geology of the reservation is shown in figure 12. Schematic

geologic sections are shown in figures 13-18. Drillers' logs are contained in table 14
(end of report).
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1 Clay, silt, peat, sand and gravel.
Typically high in orgainc matter;
water table very near land surface.
Variable permeability.

20 2 Sand and gravel with some silt and
— clay, mostly less than 50 feet

thick. Variable permeability.
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gravel and clay. Usually more
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4 Mostly till ("hardpan").

Gray
concrete-like mixture of clay-to-
gravel-size sediment, 10 feet to
110 feet thick. Poorly permeable,
except for included streaks of
sand and gravel, and the weathered
surface zone (about 10 feet thick).

Sand and some gravel, about 200
feet thick. Contains discontinuous
layers of clay and silt. Highly
permeable.

FIGURE 12.--Generalized geology of the Tulalip Reservation.
Modified from Newcomb (1952) and Mackey Smith (State of

Washington Department of Natural Resources, written commun.,
1977).
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layers of clay and silt.

FIGURE 13.-~-Schematic geologic section along line A-A' of plate 1.
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Clay, silt, and sand, with discontinuous layers of sand
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FIGURE 14.--Schematic geologic section along line B-B' of plate 1.
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FIGURE 15.--Schematic geologic section along line C-C' of plate 1.
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FIGURE 16.--Schematic geologic section along line D-D' of plate 1.

37



E E'

30/4-6L1

600’ 30/4-6R2 7]

/— 30/4-7H1
30/4-17K1

400'
30/4-2232

g

30/4-17C1

N
200"
i PO
SEA
LEVEL
-200'L ” _ —
‘o 1 MILE -
}'lrJrg'l,l JI| “r——___?
400" 0 1 KILOMETER 7
VERTICAL EXAGGERATION X 10
EXPLANATION
4 Mostly till, with streaks of sand and gravel.
Surface usually weathered to a depth of 10 ft or more.
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7 Coarse sand and gravel with discontinuous layers of sand and gravel.

FIGURE 17.--Schematic geologic section along line E-E' of plate 1.
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FIGURE 18.--Schematic geologic section along line F-F' of plate 1.
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Aquifers

All the known geologic units beneath the reservation (fig.12-18) are capable,
at least in some places, of producing usable quantities of water. However, only the
sand unit (unit 5) can be depended upon to produce significant quantities of water
(greater than a single domestic supply) at most places in the reservation. Records
of wells and water levels are contained in tables 15 and 16 (at end of report).

Along the eastern 13 mi of the reservation, the sand-and-silt unit (unit 3) is a
dependable aquifer for single-domestic supplies. Wells are generally of large
diameter (usually 3 ft or more) and from 10 to 30 ft deep. Where this unit grades
into the unit of clay, silt and peat (unit 1) to the south, water supplies are
commonly inadequate for single-domestic use. Yields from unit 3 vary greatly
from place to place. Specific capacities! range from 0.1 to 26.0 gal/min/ft, with a
median value of 4.4 gal/min/ft (based on data from 13 wells). Median "safe yield"
(assuming maximum drawdown of one-half available drawdown) for a well in unit 3
is about 40 gal/min. No specific-capacity data are available from unit 1. Both of
these units have very shallow water tables and are open to contamination from
septic tanks.

The main surficial materials on the Tulalip plateau (units 2 and 4) yield small
quantities of water in some places. Large-diameter wells, mostly less than 40 ft
deep, generally are adequate for single-domestic use, but are insufficient in very
dry years. No specific-capacity data are available for unit 2. The till (unit 4)
ranges in specific capacity from 0.5 to 2.2 gal/min/ft, with a median value of 0.8
gal/min/ft (based on data from five wells). Median "safe yield" for a well in unit 4
is about 15 gal/min. Both units are open to contamination from septic tanks.

Of the known units beneath the reservation, the most widespread and
productive aquifer is the sand unit (unit 5). This unit is found beneath almost all
the Tulalip plateau and, in the northeast corner of the reservation, also extends a
short distance beneath the surficial materials of the Marysville trough where
flowing artesian conditions (water levels 21 to 50 ft above land surface) are found.
Measured specific capacities range from 0.5 to 20 gal/min/ft, with a median value
of 4.0 gal/min/ft (based on data from 43 wells). Median "safe yield" for a well in
unit 5 is about 55gal/min. Well depths range from a few feet (where they are dug
into the base of the sea cliff at Priest Point) to nearly 300 ft (in the north-central
part of the reservation), with a median depth of about 130 ft.

ISpecific capacity is the rate of discharge of water from a well divided by the
resulting drawdown of the water level in the well. Most data available are for
short-term (1-4 hours) bailer tests and, as such, probably result in values greater
than the true specific capacity of the well, which generally is determined by a
pumping test of 24-hours or more.
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The clay and silt unit (unit 6) beneath the sand unit has discontinuous layers of
sand or gravel, or both, that are moderately productive in some places. Specific
capacities range from 0.2 to 2.0 gal/min/ft, with a median value of 0.95 gal/min/ft
(based on data from 15 wells). Median "safe yield" for a well in unit 6 is about 45
gal/min. Well depths range from less than 100 ft (where they are drilled near sea
level along the western shoreline) to more than 400 ft, with a median depth of
about 180 ft.

Only two wells (30/4-17C1 and K1) have been drilled through the clay-and-silt
unit. Both encountered underlying sand and gravel (unit 7), and both are used for
public supply (20 homes or less). Wells 17C1 and 17K1 are 372 ft and 507 ft deep,
respectively, and 17Cl1 has a measured specific capacity of 6.0 gal/min/ft.
Specific-capacity data are not available for 17Kl, but available water-level data
and estimated pumping rates indicate a probable value of less than 1 gal/min/ft.
The possible extent of this aquifer beneath other parts of the reservation is not
known, nor is any information available regarding the possible existence of deeper
aquifers.
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Existing Ground-Water Development

As of 1978, four major parts of the reservation had significant ground-water
development (pl. 1). The easternmost area (including the Marysville trough and the
eastern edge of the Tulalip plateau) has the greatest number of wells, almost all of
which are used for single domestic supplies. A very small amount of water is used
for irrigation in the area. Most ground water obtained in this area comes from the
sand-and-silt unit (unit 3), with minor amounts from the till and sand units (units 4
and 5, respectively).

The southernmost area (Priest Point area) has the second largest number of
wells. Virtually all water use is for domestic purposes, either as single-domestic
supplies or small public-supply systems (less than 50 homes). The water is obtained
from units 2, 3, and 5, with all of the public-supply systems pumping from unit 5.

The westernmost area (the shoreline area from north of Sunny Shores to
Hermosa Point) has intensive development around Spee-Bi-Dah, consisting of
single-domestic and small public-supply systems (less than 20 homes). Development
in the remainder of the area consists primarily of scattered small publie-supply
systems (less than 50 homes). The water is obtained primarily from unit 6, but also
from units 4, 5, and 7. This is the only area where unit 7 has been encountered.
Although the sand unit (unit 5) is present along much of the western shoreline, the
unit is generally above the water table and therefore nonproductive in this area.

The final area (in the north-central part of the reservation) includes the tribal
well field, which supplies the area around Tulalip Bay and most of the Indian homes
in the southern and southeastern parts of the reservation. The rest of the area is a
mixture of single-domestic and small public-supply systems (less than 50 homes).
All the wells tap the sand unit (unit 5) except 30/4-1 M1, which taps the underlying
clay-and-silt unit (unit 6).

As of 1978, about 3,700 of the 3,987 year-round residents of the reservation
were supplied by ground water obtained within the reservation boundaries. The
remainder (primarily the "Marysville West" development) were supplied by the City
of Marysville. Approximately 1,900 people were supplied by the tribal well field,
950 by small publie-supply systems (more than 5 and fewer than 50 homes per well)
and 850 by single-domestic supply wells. An additional 1,600 summer residents
were supplied primarily by the tribal well field and the small public-supply systems
along the shoreline.

The average rate of water use on the reservation (based on metered-flow
records of the tribal well field for October 1977 through September 1978) is 122
gal/d per person. If an equal rate is assumed for the remainder of the reservation,
then the annual use is about 183 million galions (98 million from the tribal well
field), or 0.78 ft3/s. The water use is virtually all domestic, with insignificant
amounts used for stock and irrigation. Approximately 75 percent of the ground
water used comes from unit 5, 9 percent each from units 3 and 6, 3 percent from
unit 4, 2 percent from unit 7, and 1 percent each from units 1 and 2.
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Water Quality

On the basis of the available water—quality data, most of the ground water in
the study area is chemically suitable for drinking without treatment. Table 9 lists
the chemical standards for drinking water that went into effect in June 1977 in
accordance with the Federal Safe Drinking Water Act (Public Law 93-523) also
given are the number of sites and samples in the study area that have exceeded
these standards in the past.

The maximum contaminant levels listed are of primary importance because
they refer to concentrations of constituents that, if exceeded, may affect the
health of consumers. The secondary recommended limits do not refer to health
hazards, but to concentrations of constituents that may affect the esthetic quality
of the water.

The maximum contaminant level determined for turbidity has been exceeded in
the study area. Water with high turbidity values is hazardous primarily because it
may interfere with chlorination processes. However, all high turbidity values in
ground water in the study area are from deep wells in units 5, 6, and 7, which do
not require chlorination, and are probably related to oxidation of dissolved iron
after pumping and therefore do not indicate any significant health hazard.

One high lead concentration was observed in water from well 29/4-1A3.
However, a sample collected on the same day at well 29/4-1A2 (which is about 100
ft from 1A3 and open at the same depth in the same aquifer, unit 6) showed no lead
present. The source of the lead in 1A3 is unknown.

The unsanitary conditions of some wells, indicated by the presence of coliform
bacteria, is the most serious water-quality problem in the ground water of the
study area. Five of the 16 shallow wells (33 ft deep or less) tested showed the
presence of coliform bacteria in at least one sample. The available data show the
problem to be restricted to shallow wells in units 3 and 4; however, additional
sampling would probably show the presence of coliform bacteria in some wells
tapping units 1 and 2 also.

The secondary recommended limits of iron, manganese, chloride, dissolved
solids, pH, and color have been exceeded in the study area. At the sites tested,
iron and manganese were the most common problems, exceeding their
recommended limits at 28 and 33 percent, respectively, of the sites tested. Large
concentrations of either of these two constituents often create a bad taste, stain
plumbing fixtures and laundry, and cause clogging of pumps and pipes. Excessive
iron concentrations have been encountered in all the aquifers except units 1 and 2,
which were sampled only at two sites each. Excessive manganese concentrations
are apparently restricted to the deeper aquifers (units 5, 6, and 7). The
recommended limit of chloride was exceeded in water from two wells tapping unit
6. The bottom of one of these wells (29/4-1B6) is about 74 ft below sea level, and
the well has a static water level of about 5 ft above sea level. This well may be in
the freshwater-saltwater zone of diffusion. The source of the high concentration
of chloride in well 30/4-1M1 (which is 5 mi inland and only extends to a depth of
119 ft above sea level) is not known. A high value of 400 milligrams per liter
(mg/L) was obtained upon completion of the well, and subsequent samples
decreased to 100 mg/L and then to less than 10 mg/L. This is an indication that the
well was probably contaminated in some way during drilling.
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TABLE 9.~-Comparison of ground-water quality in the

study area with standards established by the Federal Safe Drinking Water Act

Chemical standards

£
Number Number Maximum Proposed :‘;m::es :‘;:bi;o
Constituent of of contamin-~ secondary ‘ poes Maximum Sites which have exceeded chemical standards
onstit 1 exceeding exceeding
sites samples ant level recommepded chemical chemical value
sampled tested limit standard standard observed
Iron 80 124 - 0.3 mg/L 22 35 9.4 mg/L 29/4-1A1, 1B2, 1B6, 1Cl1
30/4-1M1, 3C1, 10L1, 10L&, 17C1, 17K1, 21J1, 21J2,
35R1, 35R2, 36H1
30/5-5J1, 5K3, 8M7, 20F1, 20L1, 30G2, 30H1
Manganese 33 56 - 0.05 mg/L 11 15 0.23 mg/L 29/4-1C2
30/4-1M1, 10L1, 10L&, 17C1, 21Gl, 21J1, 28A1, 35R1,
36H1; 30/5-6H1
Sulfate 31 54 - 250 wg/L 0 0 54 mg/L -
Chloride 45 102 - 250 mg/L 2 7 820 mg/L 29/4~1B6; 30/4-1M1
Fluoride’ 31 55 1.4 to - 0 0 0.4 mg/L -
2.4 mg/L
Nitrate 30 53 10 mg/L - 0 0 9.0 mg/L -
Dissolved
solids 34 57 - 500 mg/L 2 8 1,440 mg/ . 29/4-1A1, 1B6
pH 40 70 -= <6.5 or >8.5 1 1 Range 29/4-1C2
6.3-8.9
Color 35 59 - 15 platinum- 5 7 40 units 29/4-1B6
cobalt units 30/4=-1M1, 10L&, 2131, 36Kl
Turbidityz‘ 29 51 1 JTU - 9 15 75 JTU 29/4-1B6; 30/4-1M1, 6P1, 10L4,17k], 21J1, 21J2, 35Rl, 36H1
Co;iform' 19 23 1 col/100 mL  -- 5 9 800 col/100 mL 30/5-5M3, 7G2, 20K1, 20L1, 29G6
acteria
Arsenic 2 2 0.05 mg/L - 0 0 <0.01 mg/L -
Barium 2 2 1.0 mg/L -- 0 0 <0.04 mg/L -
Cadmium 2 2 0.010 mg/L -- 0 0 <0.005 mg/L --
Chromium 2 2 0.05 mg/L - 0 0 <0.01 mg/L -
Copper 2 2 - 1 mg/L 0 0 None --
Lead 4 4 0.05 mg/L - 1 1 0.07 mg/L 29/4-1A3
Mercury 2 2 0.002 mg/L - 0 0 <0.001 mg/L -
Selenium 2 2 0.01 mg/L - 0 0 <0.005 mg/L --
Silver 2 2 0.05 mg/L - 0 0 <0.01 mg/L -
Zinc 2 2 - 5 mg/L 0 0 0.47 mg/L -

. 1U.S. Environmental Protection Agency, 1975, National interim primary drinking water regulations. Primary regulations are those which deal with
counstituents that may affect the health of consumers.

zU‘S. Environmental Protection Agency, 1977, National secondary drinking water regulations. Secondary regulations are those which deal with the
esthetic quality of drinking water, and are guidelines only.

3‘I.‘he maximum contaminant level for fluoride is dependent upon the annual average of the maximum daily air temperature at the location in which the water—
supply system is situated; the mean air temperature at the Everett weather station (1915-1977) was 50.6°F, and the average maximum daily air temperature

At temperatures of 58.4° to 63.8°F, the maximum contaminant level is 2.0 mg/L.

4 . . c . : : 33 .
Although the maximum contaminant level for turbidity applies only to surface water, the relatively high turbidities in ground-water samples
on the reservation warrant inclusion in this summary.

was ahout 600F,

5 . : . . . s
The maximum contaminant level depends upon the number of samples taken and the method of determination. The 1 col/100 mL level in the table is a
convenient value for evaluating the small public and private svstems in the studv area.
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The generally high (more than 100 mg/L) chloride concentrations in wells
29/4-1Al and 1B2, together with the concentrations in 29/4-1B6, are an indication
of potential saltwater intrusion in the Priest Point area. However, as of 1978, the
available data do not show any recognizable pattern of increased chloride
concentrations with time. The two high concentrations of dissolved solids in the
study area are associated with high chloride concentrations, one each from units 5
and 6.

One fairly low pH value (6.3) was measured in a sample from unit 5 in the
Priest Point area. Other wells in the same aquifer and area have not shown a
similar problem.

High values of color (platinum-cobalt units) have presented no significant
problems in the study area, although water from five sites in units 5 and 6 has
exceeded the recommended limit. These high values of color may be associated
with the oxidation of iron and the resulting turbidity problems. Values above the
recommended limit can be esthetically undesirable for domestic use and can be
economically undesirable for some industrial uses.

Table 17 (at end of report) contains all available ground-water water-quality
data.

Water Budget

Under natural conditions, the hydrologic system operating in the study area is
presumably in a state of dynamic equilibrium. On a long-term basis, inflow to the
system (precipitation, subsurface inflow, and surface-water inflow) is equal to
outflow (evapotransp1rat10n, subsurface outflow, and surface-water outﬂow), and
there is no change in the amount of water in storage (at land surface, in the
unsaturated zone, or in the ground-water reservoir).

Precipitation falling on the reservation follows three paths: (1) direct runoff
to surrounding saltwater bodies or adjacent land areas, (2) evapotranspiration at
land surface, and (3) infiltration to the unsaturated zone. Water in the unsaturated
zone percolates downward to recharge the ground-water reservoir or moves to the
land surface by capillary action and is evapotranspired.

Water that reaches the ground-water reservoir flows slowly toward the
margins of the study area. Some water flows deeply, moves beneath the margins of
the study area, and eventually discharges (below sea level) to saltwater bodies.
Where the water table is within reach of rooted plants, some water is
evapotranspired, and where it intersects the land surface, springflow (base runoff)
occurs. Together, base runoff and direct runoff constitute the surface-water
outflow from the hydrologic system.
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Using the 3 years of surface-water discharge records on Mission and Tulalip
Creeks (sites 12 and 20) it is possible to estimate annual net ground-water recharge
by subtracting the annual surface-water discharge from the calculated annual
direct runoff plus ground-water recharge values (fig. 9). Figure 19 shows a plot of
net ground-water recharge versus direct runoff plus ground-water recharge for the
3 years of record. Long-term average annual net ground-water recharge is
estimated by drawing a straight line through the data points and selecting the value
(7.4 in./yr) corresponding to average direct runoff plus ground-water recharge (18.1
in./yr). This calculated value of ground-water recharge does not include water that
recharges the ground-water reservoir, only to return as base runoff to
surface-water bodies, and therefore is referred to as net ground-water recharge.
However, the calculated value does include ground-water recharge that is
subsequently lost as ground-water evapotranspiration.
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