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Numbering System for Wells and Springs

Wells in Washington are assigned numbers that identify their location in a
township, range, and section. Well number 20/03E-12F01 indicates,
successively, the township (T.20 N.) and range (R.3 E.) north and east of the
Willamette base line and meridian; the letter indicating north is omitted
because all wells in the study area are north of the base line. The first
number following the hyphen indicates the section (12) within the township,
and the letter following the section gives the 40-acre subdivision of the
section, as shown below. The number following the letter is the serial number
of the well within the 40-acre subdivision. An "s" following the serial number
indicates that the site is a spring. ‘

Sites are additionally identified by one- or two-digit numbers for
brevity. These numbers are used in the text for references to specific wells.

20/03E-12F01 —L= .

20

Section 12

viii



CONVERSION FACTORS

For the convenience of readers who may prefer to use metric (International System)
units rather than the inch-pound units used in this report, values may be converted

by using the following factors:

Multi -pound its By

inch (In.)----~-ccmmmmmccccaeee - 25.4

foot (ft)--------cccmcmmic e 0.3048
mile (mi)-------ccmcmcmcmcanaa oo 1.609
8CYE-----=-~-m--sccsceeceoecemn- 4,047
BCr@-==-==m-=cozemeeceececaca——~ 0.4047
square mile (mi PR ettt 2.590
gallon (gal)--------------------- 3.785
gallon (gal)--§ ------------------ 0.003785
cubic foot (£t )-----cccccocananno 0.02832
foot per second (ft/s)---z------- 0.3048
cubic foot per second (ft™/s)---- 0.02832
ounce, avoirdupois (oz)---------- 28.35
pound, avoirdupois Slb) ---------- 453.6
degree Fahrenheit ( F)----------- C=5/9 ("F-32)
part per billion (ppb)----------- 1.000
part per billion (ppb)----------- 1.000
part per million (ppm)----------- 1.000
concentration, in percent-------- 10,000

National Geodetic Vertical Datum of 1929 (NGVD of 1929):

from a general adjustment of the first-order level nets of both the United States and
NGVD of 1929 is referred to as sea level in
Mean lower low water datum for Commencement Bay is 6.51 feet below

Canada, formerly called mean sea level.
this report.
NGVD.
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To obtain SI units

millimeter (mm)

meter (m)
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WATER QUALITY IN THE LOWER PUYALLUP RIVER VALLEY AND
ADJACENT UPLANDS, PIERCE COUNTY, WASHINGTON

By J. C. Ebbert, G. C. Bortleson, L. A. Fuste’, and E. A. Prych

ABSTRACT

The quality of most ground and surface water within and adjacent to the
lower Puyallup River valley is suitable for most typical uses; however, some
degradation of shallow ground-water quality has occurred, and the quality of
water in some of the small streams has been adversely affected by man’s
activities.

High concentrations of iron and manganese were found in ground water.
sampled at depths of less than 40 feet, from wells tapping alluvial aquifers
and in a few wells tapping deeper aquifers. Iron and manganese concentrations
were as high as 210,000 and 4,300 micrograms per liter, respectively, in
samples from shallow wells. Other trace elements were usually found in low
concentrations or below detection limits in both shallow and deep ground
water.

Volatile and acid- and base/neutral-extractable organic compounds were
not detected in either shallow or deep ground-water samples.

The quality of shallow ground water was generally poorer than that of deep
water, indicated in part by the relative concentrations of nitrogen compounds
in shallow and deep waters. Concentrations of ammonia nitrogen as high as 19
milligrams per liter were found in the shallow ground water.

The quality of deep ground water (wells set below 100 feet) appears
suitable as a supplementary water supply for fish-hatchery needs. The deep
ground water is typically low in or devoid of dissolved oxygen and would
require aeration before use in hatchery ponds.

Water quality in most of the lower Puyallup River has been only moderately
affected by the activities of man; however, some degradation of water quality,
as measured by increased concentrations of organic and inorganic compounds,
was observed downstream from river mile 1.7 where a municipal waste-water-
treatment plant discharges into the river. The reach of the river receiving
the discharge from the treatment plant is within the Puyallup River estuary
where the tides of Commencement Bay and the salinity of the bay water affect
the hydraulics and the water quality of the river. During most of the tidal
cycle, the river velocity is in the downstream direction and the effluent
Plume from the treatment plant is along the left bank.



Organic compounds, including halogenated aliphatic hydrocarbons, phthalate
esters, organic acids, ketones, and alcohols were found in water samples
collected in the Puyallup River downstream from the waste-water treatment
plant at river mile 1.7. At sampling sites upstream of the plant,
1,1,1-trichloroethane was the only organic compound found in the water. Some
organic compounds were detected also in waters from small streams, but data
indicate that much of the organic material was probably naturally occurring
degradation products of plant and animal materials. No organic compounds,
including priority pollutants, were found at a concentration known to be
acutely toxic.

Trace-element concentrations in bed sediments were used as indicators of
trace-element occurrence in streams. In the Puyallup River, the highest
concentrations of most trace elements were found in bed sediments collected
downstream from river mile 1.7. Median concentrations of arsenic, lead, and
zinc were higher in bed sediments from small streams compared with those from
the Puyallup River, possibly because the small stream drainages, which are
almost entirely within developed areas, receive more urban runoff as a
percentage of total flow. High concentrations of arsenic (up to 390
micrograms per gram) were found in bed sediments in lower Hylebos Creek.
Cadmium concentrations of 25 to 69 micrograms per gram in bed sediments from
Wapato Creek were an order of magnitude above typical concentrations in the
study area.

In most streams, dissolved trace elements were at low concentrations or
were below detectable limits. The highest concentrations were in some of the
small streams, including lower Hylebos Creek (12 ug/L, micrograms per liter,
arsenic), upper Swan Creek (48 and 2.8 ug/L, respectively, copper and
mercury), and Fife Ditch (12, 25, and 110 ug/L, respectively, arsenic, copper,
and zinc).

Total-recoverable trace-element concentrations exceeded water-quality
criteria for acute toxicity in the Puyallup River and in some of the small
streams. In most cases, high concentrations of total-recoverable trace
elements occurred when suspended-sediment concentrations were high.

Temperagures in all streams except Wapato Creek and Fife Ditch were within
limits (18 "Celsius) for Washington State class A waters. Minimum dissolved-
oxygen concentrations were relatively low at 5.6 and 2.0 milligrams per liter,
respectively, for Wapato Creek and Fife Ditch. The poorest surface-water
quality, which can be characterized as generally unsuitable for fish, was in
Fife Ditch, a manmade channel and therefore uncharacteristic of other small
streanms.



INTRODUCTION

Water resources within and adjacent to the lower Puyallup River valley are
of vital interest to the Puyallup Indian Tribe. Numerous streams cross
present and historical tribal lands that lie within the lower Puyallup River
valley and on adjacent uplands (pl. 1). Many of these streams are spawning
areas or migration routes to spawning areas for salmon and steelhead trout,
which have traditionally been a major part of the tribe’s economy and culture.
Ground-water resources are important to the tribe because they plan to
increase ground-water usage at their Diru fish hatchery and to use ground
water to supplement the surface-water supply at a proposed fish hatchery.
Because most of the land within the area has been developed for residential,
commercial, industrial, and agricultural uses, the tribe 1is concerned that the
quality of surface and ground waters may have become impaired to the extent
that fish propagation and human health and esthetics are adversely affected.
This concern has recently been intensified because the U.S. Environmental
Protection Agency has designated the nearshore and tideflat areas of
Commencement Bay, located at the mouth of the Puyallup River, as a top-
priority hazardous waste site targeted for remedial actionm.

In 1981, the U.S. Geological Survey, in cooperation with the Puyallup )
Indian Tribe, began a study of the water resources of the lower Puyallup River
valley and adjacent uplands. This report presents the results of the water-
quality investigation and is one of a series of three reports describing
surface- and ground-water quality, streamflow characteristics of small
streams, and the availability of ground water in the area.

Purpose and Scope

The purpose of this study was to assess the quality of ground and surface
waters in and adjacent to the lower Puyallup River valley. Ground-water
samples were collected from February through August 1984 and were analyzed for
trace elements, organic compounds, major anions and cations, nutrients, and
iIndicator bacteria. Samples were taken from one spring, 15 shallow wells, and
18 deep wells (pl. 1).

Most surface-water-quality data were collected from August 1983 through
September 1984. Water and bed-sediment samples were collected from the
Puyallup River, the White River, and most small streams in the lower Puyallup
River valley (pl. 1). The discharges from the Sumner, Puyallup, and Tacoma
No. 1 sewage-treatment plants also were sampled. Water and bed-sediment
samples were analyzed for trace elements and organic compounds. Water samples
also were analyzed for major anions and cations, nutrients, indicator
bacteria, dissolved oxygen, and biochemical oxygen demand. Supended-sediment
samples were analyzed for trace elements.

Additional sampling of the Puyallup River estuary, designated as the part
of the Puyallup River below river mile 2.2, was conducted in 1982 to determine
vertical and longitudinal distributions of salinity during periods of high and
low tide that occurred at average and low river discharges. Samples also were
collected in the estuary to examine lateral and longitudinal variations of
nutrient concentrations.



Because of the importance of surface water as a habitat for fish, water-
quality criteria for the protection of freshwater aquatic life are used in the
evaluation of surface-water quality. Drinking-water regulations are used for
comparative purposes to assess ground-water quality because ground water is
used for domestic supply. Drinking-water regulations and water-quality
criteria that have been established by Federal and Washington State agencies
are shown in table 1.

Description of the Study, Area

The 130-square-mile study area is located in the Puget lowland of western
Washington State. It includes the part of the lower Puyallup River valley
that extends from the city of Sumner to Commencement Bay, and areas of the
adjacent uplands on the northeast and southwest of the valley. The study area
is within the Puyallup River drainage basin except for parts of the Hylebos
and Wapato Creek drainages, which drain directly to Commencement Bay. The
Puyallup Indian Reservation is included in the study area (pl. 1).

More detailed descriptions of the study area pertaining to the
investigation of ground-water quality, surface-water quality, and the Puyallup
River estuary are presented in those sections of the report.

Physiography

The lower Puyallup River valley is a relatively flat flood plain ranging
in elevation from near sea level at Commencement Bay to approximately 50 feet
at the junction of the White and Puyallup Rivers. Elevations of the adjacent
uplands that lie within the study area reach a maximum of about 500 feet
(pl. 1).

The lowermost part of the Puyallup River valley, commonly referred to as
the Tacoma tideflats, once formed the Puyallup River delta. Since the 1920’s,
the area has been extensively dredged and filled for port and industrial use.
The streams within this area have been channelized.



TABLE 1.--Drinking-water regulations and water-quality criteria

[Value given is the maximum allowad or racommended, unless otherwise specified]

Vashington State Board of

U. S. Environmental Protection Health (1973) and
76a;19772:19775:1980 Department of Ecology (1977)
Maximum Criteria Maximum Criteria
contaminant for contaminant for

levels freshwatar levels freshwatar
Water-quality for aquatic for aquatic
characteristic drinking life drinking life
or constituent water water

che: t st

Temperature -- -- -- 1<18.0
(degrees Celsius) 1
pH (standard units) 6.5 - 8.5 6.5 - 9.0 -- 6.5 - 8.5
Dissolved oxygen -- 5.0 - g0

(milligrams per liter)

Chloride 5, 1250 -- 250 .-
Fluoride 1.4 - 2.4 -- 2.0 --
Nitrate (as N) 10 4.7 10 --
Ammonia (as NHS) 9" 0.02 -- --
Sulfata z250 -- 250 --
Total dissolved solids 500 -- 500 --
Maximum
at any
24 hr avg time
{chrouic) (acute)
Arsenic (trivalent) 50 57 55240 50 -
Cadmium 10 '“eqn ’“eqn 50 --
Chromium 50 -- 56 " 50 --
Chromium (trivalent) -- 57" '5eqn -- --
Chromium (hexavalent) 2 -- s0.29 5 621 -- --
Copper 12000 5.6 ' “eqn 1,000 --
Iron 300 578 5.6 300 -
Lead 250 *“eqn *“eqn 50 --
Manganese 50 5" 5" 50 --
Mercury 2 50600057 5.6 0.0017 2 --
Nickel .- " “eqn 5’6eqn -- --
Silver g 50 5 2" s'seqn 50 --
Zinc 5,000 47 *“eqn 5,000 .-
Bacteria (colonies per 100 milliliters)
1
Fecal coliform -- -- .- -- ‘median<l00

1
Criteria for the Puyallup River from river mile 1 to mile 31.6; class A water.

2
Secondary maximum contaminant level. These "*%kare not Federally enforceable and are
intended as guidelines for the Statesw " (U.S. Environmental Protection Agency, 1977a).

3
The exact maximum contaminant level is dependent on the maximum daily air temperature
(U.S. Environmental Protection Agency, 1976a).

4Un-ioniud ammonia.

5Total recoverable metal (dissolved plus suspended).

6

Criteria for some trace elements in freshwater are hardness-dependent and are given

by the following equations (eqn) where hardness is in milligrams per liter as calcium
carbonate.

Cadmium: chronic = e exp (1.05[1n(hardness)]-8.53)
acute = e exp (1.05[1n(hardness)]-3.73)
Chromium: acute = e exp (1.08[1ln(hardness)]+3.48)

(trivalent)

Copper: acute = e exp (0.94[1n(hardness)]-1.23)
Lead: chronic = e exp (2.35(1n(hardness)]-9.48)

acute = e exp (1.22[1ln(hardness)]-0.47)
Nickel: chronic = e exp (0.76[1n(hardness)]+1.06)

acute = e exp (0.76{1n(hardness)]+4.02)
Silver: acute = ¢ exp (1.72{1ln(hardness)]-6.52)
Zinc: acute = e exp (0.83[1n(hardness)})+1.95)



Land Use

The distribution of land-use categories within the study area is shown in
figure 1. The Tacoma tideflats is the location of a major port facility and
numerous types of industry, including oil storage and refining, pulp and paper
production, chemical production, alumina refining, and food processing
(pl. 1). The designation of the nearshore and tideflat areas of Commencement
Bay as a top-priority site for hazardous-waste cleanup was largely because of
the industrial activity. Additionally, slag from a nearby copper smelter,
which has been used as fill material on the tideflats, has caused concern
about potential trace-metal contamination of ground water. An inactive
landfill, once used by the city of Tacoma and private industry, is located on
the tideflats along the northeast bank of the Puyallup River about 1.5 miles
upstream from the mouth.

Historically, much of the lower Puyallup River valley above the tideflats
has been used for agriculture. The once-numerous small farms producing
vegetables, flower bulbs, and berries are declining in numbers due to the
encroachment of residential and commercial development. Most of the upland
areas are light- to medium-density residential areas. Gravel is mined
commercially at several locations along the northeast and southwest valley
walls.

Water Use

Water use can be classified as offstream use, which represents all water
withdrawn or diverted from a ground- or surface-water source; and instream
use, which is defined as water use taking place within the stream channel for
purposes such as fish propagation and recreation (Solley and others, 1983).
Both offstream and instream uses of water are important within the study area.

Almost all water withdrawn from within the study area for offstream use is
ground water. Offstream uses of ground water include municipal supply and
non-municipal withdrawals for domestic and irrigation purposes. Some
industries located on the Tacoma tideflats withdraw ground water, but many are
supplied by the City of Tacoma. Most water supplied by the City of Tacoma is
imported from surface- and ground-water sources outside the study area. A
small amount of surface water is withdrawn from within the study area and is
used for irrigation and fish rearing.

Instream water uses include fish migration and propagation, commercial
fishing, recreation, and dilution of waste water and urban runoff. Sport
fishing is one of the most important recreational uses.

Climate

The climate of the area is moderate due to the proximity of the Puget
Sound and the Pacific Ocean. Winter temperatures usually remain above
freezing and summer temperatures are seldom above 90 degrees Fahrenheit. Most
precipitation occurs as rainfall, and the mean annual precipitation at
Puyallup is about 40 inches. Approximately 75 ﬁercent of the rainfall occurs
from October through March.
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TABLE 5.--Selected determinations of major constituents and properties of waters tfrom

shallow and deep wells

[Data from sampling in spring 1984;
Values in milligrams per liter unless otherwise indicated;
A, alluvium; G, glacial drifc;
Asterisk indicates flowing artesian wells]

Water- Date of Depth of Specific pH, Temper- Dis- Hard-
Local bear- collec- well conduc¢t- in ature solved ness
Well identi- ing tion (feet ance (in units (degrees oxygen (as
No. fier geologic below micro+ C)- Cacoa)
unit land siemens
surface) at 251
degrees C)
|
Shallow wel;s

1 20/03E-01A01 A 84-05-31 24.5 1680 6.5 15.2 0.0 450
2 20/03E-02KO01 A 84-05-23 14.4 540 6.7 11.7 -- 180

3 20/03E-03F01 A 84-05-18 14.3 2350 6.9 11.3 .0 730

4 20/03E-12F01 A 84-05-21 14.6 320 6.8 11.3 .0 88

5 20/03E-14A02 A 84-05-16 24.4 256 7.1 10.7 2 110

6 20/03E-15K03 G 84-05-29 34.5 180 7.3 11.3 -- 59

7 20/03E-25P01 G 84-05-29 24.3 132 6.7 10.8 7.4 42
8 20/04E-06L01 A 84-05-16 14.6 675 6.6 10.8 .0 150

9 20/04E-07Q02 A 84-05-21 14.5 250 6.9 10.9 .5 85
10 20/04E-17Q01 A 84-05-23 14.4 160 6.3 10.3 4.3 53
11 20/04E-18M02 A 84-05-17 24.2 200 6.7 11.6 .0 52
12 20/04E-30H02 A 84-05-17 14.8 130 6.6 12.2 .8 49
13 21/03E-25C0L1 G 84-05-24 32.3 131 7.3 10.7 -- 40
14 21/03E-34J01 A 84-05-22 14.4 1080 6.8 11.2 3.0 410
15 21/03E-35D01 A 84-05-23 14.4 1500 6.8 11.1 .3 600

eep wells and sprin

16 20/03E-03L01 G 84-03-27 534 134 7.6 -- .1 32
17*  20/03E-11Q02 G 84-03-27 315 170 7.7 11.7 .0 47
18 20/03E-12J01 A 84-04-02 90 398 7.2 11.0 .0 130
19 20/03E-13C02 G 84-03-29 153 179 7.6 11.7 .1 53
20 20/03E-25C02 G 84-04-02 267 142 6.8 8.9 8.2 59
21 20/03E-36P0L G 84-04-02 597 151 6.5 9.3 8.7 60
22%  20/04E-07G01 A 84-03-29 350 302 7.8 11.9 .1 73
23  20/04E-08MO1 A 84-04-10 168 272 7.5 11.6 1.9 75
24 20/04E-10NO1 G 84-04-09 238 185 6.7 9.8 5.6 75
25 20/04E-16G01 G 84-04-09 419 155 7.2 10.7 .2 63
26%  20/04E-18LO1 A 84-03-29 237 275 7.2 11.3 .2 74
27%*  20/04E-20C01 G 84-04-10 801 260 7.9 12.6 .1 70
28*  20/04E-20C02 A 84-03-28 300 253 7.4 10.9 .4 86
29%  20/04E-30H01 G 84-03-27 332 138 7.6 11.3 .2 49
30 20/04E-32J01s G 84-05-29 spring 167 6.8 9.1 8.7 66
31 21/03E-25P01 G 84-03-29 417 140 7.6 10.1 .1 56
32 21/03E-26N01 G 84-03-28 785 350 8.1 15.3 .2 67
33 ' 21/03E-36Q0L G 84-03-28 901 270 7.9 13.4 .3 71
34 21/04E-32M0L G 84-03-28 1050 435 8.2 11.9 .0 100

16



Local Cal- Magnes- Sodium Potas- Alka- Sul- Clor- Fluor- Dis-
Well identi- cium ium (Na) sium linity fate ide ide solved
No. fier (Ca) (Mg) (K) (as (804) (Cl) (F) solids
CaCo0,)
3
Shallow wells
1 20/03E-01A01 53 78 180 25 520 150 170 0.6 1100
2 20/03E-02K01 28 27 30 24 152 110 8.0 2.0 370
3 20/03E-03F01 180 68 140 62 1030 25 38 .7 1400
4 20/03E-12F01 22 8.0 12 2.0 91 12 28 .3 240
5 20/03E-14A02 18 15 13 3.4 135 4.5 2.5 .2 190
6 20/03E-15K03 11 7.6 8.4 2.2 56 16 6.2 .1 120
7 20/03E-25P01 7. 5.5 7.0 0.9 45 4.4 4.5 .1 89
8 20/04E-06L01 37 15 48 3.2 249 5.9 31 .6 410
9 20/04E-07Q02 20 8.4 16 2.5 113 10 7.3 b 210
10 20/04E-17Q01 14 4.3 7.3 2.5 69 15 0.8 .2 140
11 20/04E-18M02 12 5.4 9.7 1.9 76 19 3.8 N 190
12 20/04E-30H02 10 5.8 6.9 2.0 63 2.8 2.1 .2 110
13 21/03E-25C01 11 3.1 6.1 1.0 21 20 4.7 .1 80
14 21/03E-34J01 110 34 67 21 470 84 31 .9 660
15 21/03E-35D01 130 68 87 27 507 330 14 1.2 1000
Deep wells and spring
16 20/03E-03L01 7. 3.3 5.0 2.3 69 .5 1.9 .2 120
17 20/03E-11Q02 11 4.7 7.9 1.5 65 2.7 1.9 .2 110
18 20/03E-12J01 24 18 24 6.5 211 2.3 4.5 .4 260
19 20/03E-13C02 11 6.3 16 2.7 94 2.0 2.2 .2 150
20 20/03E-25C02 13 6.5 5.7 1.4 58 4.9 5.6 .1 100
21 20/03E-36P01 14 6.1 6.3 1.1 54 7.4 6.3 .1 100
22 20/04E-07G01 11 11 38 4.1 161 1.8 7.4 .3 220
23 20/04E-08M01 18 7.3 24 4.4 129 1.0 8.8 .3 190
24 20/04E-10N01 16 8.5 6.5 1.8 65 8.8 6.4 .1 120
25 20/04E-16G01 15 5.9 6.7 1.9 74 2.7 2.3 .1 110
26 20/04E-18L01 13 10 20 3.4 137 3.4 3.6 .4 200
27 20/04E-20C01 20 4.9 25 5.6 127 1.0 7.5 .2 180
28 20/04E-20C02 21 8.2 17 4.8 131 .9 3.6 .2 180
29 20/04E-30H01 11 5.3 7.9 2.2 64 2.1 4.7 .1 110
30 20/04E-32J018 14 7.6 5.9 2.0 62 4.7 4.5 .1 110
31 21/03E-25P01 13 5.6 6.3 1.8 70 3.3 2.1 .1 110
32 21/03E-26N01 18 5.3 52 2.4 170 2.0 14 .1 240
33 21/03E-36Q01 19 5.7 27 4.6 132 1.2 9.2 .2 190
34 21/04E-32M01 27 8.7 47 2.9 136 .8 60 .1 250
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General Characteristics

Plots of the percentages of major dissolved constituents in the alluvial
and glacial-drift aquifers depict the chemical character of ground waters
sampled (figs. 4 and 5). In the most common type of ground water in alluvial
and glacial-drift sediments, calcium and magnesium make up more than half of
the cations and bicarbonate makes up more than 80 percent of the anions
(figs. 4 and 5). Four of the deep wells (numbers 16, 22, 32, 34) yielded
water that contained predominantly sodium and potassium (greater than 50
percentage equivalents), and three of these were in glacial-drift aquifers.
For comparison, the major ion composition of water from the surface-water
sampling site Puyallup River at Puyallup is shown in figure 4. The river water
was calcium and magnesium enriched and thus similar in ionic composition to
the shallow ground water.

|

Four of the shallow wells sampled (1, 3, 14, land 15) had high dissolved-
solids concentrations (greater than 500 mg/L; milligrams per liter). In
contrast, all of the sampled deep waters and 11 of the shallow waters were low
(less than 200 mg/L) to moderate (200 to 500 mg/L) in dissolved solids
(table 5). Ground waters with the highest dissolved-solids concentrations
were located in the lower valley northwest of Interstate Highway 5 in the
vicinity of industrial land use.

Hardness is not a standard adopted for drinking water supplies, but
because of its relation to taste and the formation of deposits in distribution
systems, hardness is of general concern. Following is a descriptive hardness
range (Hem, 1970) and the number of sampled wells that fell within each range.
Most of the waters were either soft or moderately hard. Waters that were hard
or very hard were generally from shallow wells with high dissolved-solids
concentrations.

Range in Number of
hardness sampled wells
as CaCo Degree of hardness within each
(milligrams range

per liter)

0-60 soft (suitable for most uses 13
without softening)
71-120 moderately hard (usable except 14
in some industrial uses)
121-180 hard (softening required by 3
some industries)
Greater than 180 very hard (softening desirable 4

for most uses)

The pH of the ground waters ranged from 6.2 to 8.3. The pH range that is
not directly lethal to fish is 5.0 to 9.0; however, the toxicity of many
compounds is affected by pH. An example is ammonia, which increases in
toxicity to fish as the pH increases.
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EXPLANATION

Shallow wells
Deep wells

A Surface-water

sampling site,
Puyallup River
at Puyallup

CATIONS ANIONS
PERCENT OF TOTAL, IN MILLIEQUIVALENTS PER LITER

FIGURE 4.-Major-ion percentages in water from wells in alluvial sediments.
Well numbers are from table 5.
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EXPLANATION
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16 @ Deep wells
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FIGURE 5.-Major-ion percentages in water from wells in glacial-drift sediments.
Well numbers are from table 5.

20



Chloride Concentrations and Saltwater Intrusion of Aquifers

Saltwater intrusion is usually detected by high chloride concentrations in
well waters, or by chloridé concentrations that increase over a period of
time. High concentrations can also result from contamination introduced by
disposal of manmade wastes. In well waters near the coast where ground-water
heads are at or below sea level, saltwater intrusion would be a probable cause
of high chloride concentratioms.

Chloride concentrations were generally less than 10 mg/L in upland areas
(fig. 6). The highest chloride concentrations were found in the lower part of
the Puyallup River valley, north of Interstate Highway 5. Shallow water from
well 20/03E-01A01 had a chloride concentration of 220 mg/L, the maximum value
observed. Samples from four other shallow wells in the lower valley had
chloride concentrations ranging from 28 to 51 mg/L. These slightly elevated
concentrations of chloride in shallow waters may be derived from urban and
industrial activities. The deeper pumping wells near Commencement Bay had
chloride concentrations of less than 10 mg/L.

Data from two previous saltwater-intrusion studies covering Washington
coastal areas (Walters, 1971; Dion and Sumioka, 1984) indicate that there is a
potential for saltwater to intrude in lower Puyallup River valley. Seven
sampled wells in the lower valley, ranging in depth from 67 to 1,210 feet, had
chloride concentrations exceeding 25 mg/L (fig. 6). Saltwater Intrusion was
suspected as the cause for the localized higher chloride concentrations from
these wells.

Dissolved Oxygen and Temperature

Below the earth’s surface, oxygen is consumed by chemical and biochemical
reactions. Oxygen depletion and reducing conditions are common in deep
aquifers where water is isolated from the earth'’s atmosphere for long periods
of time. Oxygen can also be depleted in shallow ground water by oxidation of
organic matter and dissolution of metals. Dissolved-oxygen concentrations
were low (less than 1 mg/L) in 13 of 18 deep wells and about half (8 of 15) of
the shallow wells (table 12). Low concentrations in shallow wells occurred
mostly in wells tapping alluvial aquifers, whereas in those tapping glacial-
drift aquifers, concentrations ranged from 1.9 to 7.4 mg/L. The water from
Maplewood Spring was well oxygenated at 8.7 mg/L (table 5).

Ground water used to supplement the proposed fish hatchery needs on
Hylebos Creek would probably be drawn from deep aquifers. Such water would
very likely require aeration to increase the dissolved-oxygen concentration
for fish survival and propagation. Water temperatures from wells tapping deep
aquifers ranged from 8.9 to 15.3 degrees Celsius (table 5). If waters at
these temperatures were aerated to 100-percent saturation for fish hatchery
use, the dissolved-oxygen concentrations would range from 7.8 to 8.9 mg/L.
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Nutrients

Nitrogen

Ground water containing high concentrations of nitrogen species is a
potential health hazard because of the presence of nitrate or the
convertibility of other nitrogen species such as ammonia and nitrite to
nitrate. Nitrate has received the most attention because water with
concentrations more than 10 mg/L as nitrogen 1is considered a healch risk for
consumption by infants. Analytically, nitrate and nitrite are determined
together. As shown in figure 7, most sampled waters had nitrite plus nitrate
concentrations of less than 0.10 mg/L, as nitrogen. The highest
concentrations of nitrite plus nitrate were found in waters with fairly high
concentrations of oxygen (table 12) and ranged from 1.5 to 2.7 mg/L. Nitrite
is unstable in nature and only rarely accumulates in significant amounts in
water; most of the sampled waters had nitrite concentrations below the
detection limits (table 12).

Ammonia dissolved in water is the most reduced inorganic form of nitrogen,
and includes un-ionized ammonia (NH,) and the ammonium ion (NH, ). In the pH
range of most natural waters, the largest fraction of ammonia in solution
would be in the ammonium form (NH, ). In concentrations normally found in
natural waters ammonia presents no physiological detriment to man or
livestock. However, fish cannot tolerate large amounts of un-ionized ammonia,
because it reduces the oxygen-carrying capacity of blood, and thus the fish
may suffocate. For protection of fish and aquatic life, a level of 0.02 mg/L
of un-ionized ammonia should not be exceeded (table 1).

Ammonia can result from the decomposition of nitrogenous organic matter or
from the microbial reduction of nitrates or nitrites under anaerobic
conditions. Concentrations of dissolved ammonia (NH, plus NH, ) varied
considerably, from values less than 0.01 to 19 mg/L as nitrogen (fig. 8). The
highest concentrations of ammonia were found in shallow alluvial aquifers
located in the lower valley northwest of Interstate Highway 5 in the
industrial area; glacial-drift and deep alluvial aquifers generally had lower
concentrations. The maximum observed concentration, 19 mg/L, was sampled from
a shallow well (No. 3) located on the inactive Tacoma landfill (pl. 1). Even
though the concentrations of ammonia were relatively high for some of the
shallow wells, the calculated values for the toxic, un-ionized form of ammonia
were less than 0.02 mg/L (calculated conversion not shown) for all samples.
This indicates that ammonia toxicity would not likely pose a risk if ground
waters were used for fish-hatchery purposes.
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Phosphorus

Although phosphorus is not a harmful constituent in drinking water, the
occurrence and mobility of phosphorus in ground water is important in
situations where large quantities of ground water discharge to surface-water
impoundments. Phosphorus concentrations, even in small amounts, can in some
circumstances produce accelerated growth of algae and aquatic vegetation. The
dominant control on phosphorus in the ground water is the solubility of
slightly soluble phosphate minerals. Potential manmade sources of phosphorus
are domestic sewage, industrial effluents, and agricultural drainage from
fertilized land.

No apparent patterns in dissolved phosphorusiconcentrations were Indicated
areally or with depth, and the magnitude of the dissolved phosphorus
concentrations ranged considerably (fig. 9). Minimum and maximum
concentrations, as phosphorus, were 0.01 and 0.95 mg/L (table 12),
respectively; the median concentration was 0.15 mg/L. Much of the phosphorus
in the ground water, if used in hatchery ponds, would be actively taken up by
algae and other plants.

Organic Compounds

Organic compounds, both volatile and non-volatile, can potentially leach
through soils into ground water. Transport of organic compounds through soils
depends on the rate of infiltration, which is affected by the type of
compound, the soil materials, and the hydrologic environment.

None of the 29 volatile organic compounds (table 2) was found above the
quantitation 1imit of 1 ug/L in shallow ground waters sampled in May 1984,
The consistently low concentrations suggest that, at the location of the
sampled wells, either a large source of these compounds was not present,
conditions did not prevail that would cause the compounds to become mobilized,
or natural processes of dilution, volatilization, and biodecomposition were
sufficiently active to prevent ground-water contamination.

Waters from one deep well (16) and shallow wells (3, 5, 8, and 13) were

analyzed for acid- and base/neutral-extractable organic compounds (table 3).
None of these organic compounds was found above the quantitation limits.
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Trace Elements

Ground-water samples were analyzed for the trace elements arsenic,
cadmium, chromium, copper, lead, mercury, nickel, silver, and zinc, as well as
aluminum, iron, and manganese (tables 6 and 12). Although sometimes
classified as major elements, aluminum, iron, and manganese are referred to
here as trace elements because they are often found at low concentrations.
Only iron and manganese were found in significant quantities, the highest
concentrations being in most wells tapping shallow alluvial aquifers and in a
few wells tapping deeper aquifers (figs. 10 and 11). These metals occur
naturally in soil and sediment minerals and as coatings on the sediment
deposits that make up the aquifers. Iron may also be leached from the slag
used as fill material and from ferrous metals in landfills or scrap-metal
piles located above ground. Moreover, reducing conditions, indicated by low
concentrations of dissolved oxygen, are effective in solubilizing iron and
manganese. These conditions, and a combination of other possible factors,
produced iron and manganese concentrations of 210,000 and 4,300 ug/L,
respectively, in samples from two separate wells in the Tacoma tideflats area,
one located at the inactive Tacoma landfill site (figs. 10 and 1ll).

Other dissolved trace elements were found below detection limits or at low
concentrations in both shallow and deep wells (table 6). Concentrations of all
trace elements were plotted areally on maps, but no spatial patterns were
observed (data not shown). Furthermore, none of the trace elements except
iron and manganese exceeded the maximum contaminant levels for drinking water
shown in table 1. However, the concentration of arsenic was 50 ug/L (the
maximum contaminant level for drinking water) in a single sample of ground
water from the inactive Tacoma landfill site. The source of arsenic is
unknown, but the landfill site contains a large variety of waste materials.

Bacteria

Fecal-coliform and fecal-streptococcal organisms have long been used as
indicators of probable pollution from such sources as septic systems,
landfills and runoff from farmlands, animal feedlots, and soils (Greeson and
others, 1977). Under proper conditions soils can filter out many bacteria;
however, there are conditions where the ground water may not be adequately
protected from bacteria. If a well is poorly sealed from the surface or is
poorly located such that the flow of contaminated water is greater than that
which the soil can assimilate, then bacteria can enter the ground water. Most
of the sampled wells showed an absence of indicator bacteria, and presumably
provide water of acceptable sanitary quality for domestic, municipal,
fisheries, and irrigation uses.
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TABLE 6.--Trace-element concentrations in samples from shallow and deep wells

[Values in micrograms per liter; A, alluvial; G, glacial drift; <, less than; numbers preceding

and following comma are values from sampling in the winter and summer of 1984, respectively.]

Well Local Water-  Depth Alum- Arsen- Cad- Chro- Copper Lead Mercury Nick-  Sil- Zinc
No. - identi- bearing of well inum ic mium mium (as (as (as el ver (as
fier geo-~ (feet (as (as (as (as Cu) Pb) Hg) (as (as Zn)
logic below Al) As) Cd) Cr) Ni) Ag)
unit land
surface)
Shallow wells

1 20/03E-01A01 A 24.5 50,50 <1,3 <1,3 <1,7 <1,1 <1l,<1 <0.1,<0.1 <1,2 <1,<1 10,6
2 20/03E-02K01 A 14.4 20,40 <1,<1 <1<1 <1,<1 17,27 <1,<11 <.1,<.1 <15,7 2,<1 10,8

3 20/03E-03F01 A 14.3 40, - 50, - <1,- <1,- <1,- <1,- .1,- <1,- <1,- 10, -

4 20/03E-12F01 A 14.6 10,20 5,2 <1,<1 1,<1 «<1,<1 <1,4 <.1,<.1 8,5 <1,<1 <10,<3

5 20/03E-14A02 A 24,4 <10,10 <1,<1 <1,1 <1,4 <1,<1 <1,1 <.1,<.1 15,4 <1,<1 <10,<10

6 20/03E-15K03 G 34.5 10,10 <1,<1 <1,<1 <1,<1 2,16 <1,<1 <.1,<.1 8,40 <1,2 70,19

7 20/03E-25P01 G 24.3 10,20 <1,<1 <1,<1 <1,<1 <1,<1 2,<1 <.1,<.1 2,15 <1,<1 20,120

8 20/04E-06101 A 14,6 <10,20 1,1 <1,1 <1,1 <1,4 <1,<1 <.1,<.1 <1,4 <1,3 <10,<3

e] 20/04E-07Q02 A 14.5 20,30 2,<1 <1,1 <1,3 <1,1 <1,<1 <.1l,<.1 <1,2 <1,<1 10,20
10 20/04E-17Q01 A 14.4 <10,20 <1,<1 1,<1  <1,<1 4,7 <1,3 <.1,<.1 22,27 10,33 10,33
11 20/04E-18M02 A 24,2 20,10 3,<1  <1,2 1,<1 <1,32 <1,7 <.1,<.1 7,5 <1,<1 20,10
12 20/04E-30H02 A 14.8 10,10 <1,<1 <1,<1 <1,5 <1,1 <1,3 <.1l,<.1 10,15 <1,<1 <10,28
13 21/03E-25C01 G 32.3 <10,10 <1,<1 <1,<1 <1,<1 3,2 <1,1 <.1,<.1 8,15 <1,<1 30,17
14 21/03E-34J01 A 14.4 10,20 <1,<1 <1,<1 <1,<1 <l,<1 <l,<1 <.1, .3 2,6 <1,<1 <10,<3
15 21/03E-35D01 A 14.4 <10,20 <1,<1 <1,<1 <1,1 <1,<1 <1,<1 <.1,<.1 1,2 <1,<1 50,6

Deep wells and spring

16 20/03E-03L01 G 534 <10,<10 <1,<1 <1,<1 <1,<1 1,<1 <1l,<1 <.1,<.1 2,<1 <1,<1 <10,10
17 20/03E-11Q02 G 315 <10,<10 <1,<1 <1,<1 <1,8 2,<1 <1,<1 <.1,<.1 2,<1 <1,<1 10,9
18 20/03E-12J01 A 90 <10,10 <1,<1 «<1,<1 «<1,<1 <1,<1 <1,<1 <.1,<.1 2,<1 <1,<1 50,28
19 20/03E-13C02 G 153 <10, - <1,- <1,- <1,- <1,- <1,- <.1, 1,- <1,- 10,-
20 20/03E-25C02 G 267 <10,<10 <1,<1 <1,<1 <1,8 3,1 3,4 <.1,<.1 8,1 <1,1 40,6
21 20/03E-36P01 G 597 <10,10 <1,<1 <1,<1 <1,6 4,1 5,<1 <.1,<.1 5,<1 <1,<1 10,8
22 20/04E-07G01 A 350 <10,<10 1,2 <l,<1 <1,<1 <1,<1 <1,3 <.1,<.1 1,<1 <1,<1 20,11
23 20/04E-08M01 A 168 20,20 <1,<1 <1,<1 <1,<1 <1,<1 <1,<1 <.1,<;1 3,2 <1,<1 20,7
24 20/04E-10N01 G 238 20,<10 <1,<1 <1,<1 <1,<1 1,<1 2,<1 <.1,<.1 2,1 <1,<1 10,16
25 20/04E-16G01 G 419 <10,<10 3,2 <1,<1 <1,<1 <1,<1 <1,3 <.1,<.1 3,1 <1l,<1 10,15
26 20/04E-18L01 A 237 <10,<10 <1,<1 <1,<1 1,6 <1,<1 <1,3 <.1,<.1 1,1 <1,<1 310,520
27 20/04E-20C01 G 801 10,<10 18,18 <1,<1 <1,10 <1,<1 <1,4 <.1l,<.1 3,<1 <1,<1 <10,<3
28 20/04E-20C02 A 300 <10,20 <1,<1 <1,<1 <1l,<1 <1,25 3,1 <.1,<.1 2,8 <1,<1 10,12
29 20/04E-30H01 G 332 <10,<10 4,4 <1l,<1 <1,4 <1,1 2,4 <.1l,<.1 <1,<1 <1,<1 10,9
30 20/04E-32J01S G spring 10,<10 <1,1 <1,<1 <1,5 <1,<1 <1,2 <.1l,<.1 <1,4 <1,<1 30,9
31 21/03E-25P01 G 417 <10,<10 13,12 <1l,<1 <1l,<1 <1,<1 <1,5 <.1l,<.1 2,1 <1,<1 10,<3
32 21/03E-26N01 G 755 <10,<10 1,<1 <1,<1 <1,3 <1,<1 2,2 <.1,<.1 2,1 <1,<1 <10,<3
33 21/03E-36Q01 G 801 <10,20 12,12 <1,<1 1,<1 <1,<1 2,<1 <.1,<.1 2,2 <1,<1 <10,<3
34 21/04E-32M01 G 1,050 <10,10 8,8 <1,<1 1,5 <1l,4 2,5 <.1l,<.1 2,1 <1,<1 <10,<3
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Fecal-coliform bacteria were not detected in any of the shallow and deep
aquifers sampled (table 7). Fecal-streptococcal bacteria were found at low
densities in waters from eight shallow and three deep wells (table 7). The
positive tests for fecal-streptococcal bacteria in the shallow wells could be
explained by near-surface sources of bacteria and the lack of efficient
bacterial removal by soil filtration. The occurrence of fecal streptococci in
deep wells is difficult to explain. Even though the densities were low, fecal
bacteria generally do not multiply underground and eventually die. It is
possible that fecal streptococci may not actual}y be present despite the
positive membrane filter tests, because confi tion tests were not performed.
In some waters, using routine testing, fecal-::ieptococcal bacteria cannot be
distinguished from colonies of non-fecal streptococci (Greeson and others,
1977). !

Suitability of Ground Water for Fish Hatchery Use

The quality of deep ground water appears suitable as a supplementary water
supply for fish-hatchery needs. The presence of confining beds separating the
deeper aquifers, and in some cases the upward flow of water beneath the valley
floor, may act to retard downward movement of contaminants to deep aquifers.
Deep waters are typically low or devoid of dissolved oxygen and would require
aeration before use in hatchery ponds.

Shallow ground water analyzed in this study|also appears suitable for
fisheries use; however, the quality of the shallow ground water is generally
poorer than that of the deep ground water. This is indicated by higher
concentrations of inorganic constituents in water from some of the shallow
wells north of Interstate Highway 5. Additionally, site-specific studies of
known waste-disposal sites in the Tacoma tideflats have indicated that shallow
ground water can become contaminated by industrial-waste products. One such
study for the Pennwalt Corporation has indicated a migration of contaminants
from industrial waste ponds to the shallow ground water within a relatively
small area at the plant facility (Aware, Inc., 1981).
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TABLE 7.--Fecal-coliform and fecal-streptococcal bacteria densities in samples

from shallow and deep wells

[A, alluvium; G, glacial drift; numbers preceding and following the comma

are values from winter and summer sampling of 1984, respectively; <, less than;

K indicates nonideal colony counts.]

Well Local Water- Depth Coliform, Streptococci,
No. identi- bearing of well fecal, fecal, KF Agar
fier geo- (feet 0.7 UM-MF (colonies per
logic below (colonies 100 milliliters)
unit land per 100
surface) milliliters)
Shallow wells

1 20/03E-01A01 A 24.5 <1,<2 <1,<2

2 20/03E-02K01 A 14.4 <1,<2 <1,K2

3 20/03E-03F01 A 14.3 <2,<2 K12,<2

4 20/03E-12F01 A 14.6 <2,<2 <2,<3

5 20/03E-14A02 A 24 .4 <1,<1 <1,K15

6 20/03E-15K03 G 34.5 <1,<1 <1,K820

7 20/03E-25P01 G 24.3 <1,<1 K16,1

8 20/04E-06L01 A 14.6 <1,- <1,-

9 20/04E-07Q02 A 14.5 <1,<2 K3,<2
10 20/04E-17Q01 A 14.4 <2,<2 <2,<2
11 20/04E-18M02 A 24.2 <1,<1 <1,<1
12 20/04E-30H02 A 14.8 <1,<1 <1,<1
13 21/03E-25C01 G 32.3 <1,<1 <1,<1
14 21/03E-34J01 A 14.4 <1,<2 K11,<2
15 21/03E-35D01 A 14.4 <1,<1 <1,<1

Deep wells and spring
16 20/03E-03L01 G 534 <1,- <1,-
17 20/03E-11Q02 G 315 <1,- <1,-
18 20/03E-12J01 A 90 <1,<1 K3,<1
19 20/03E-13C02 G 153 <1,- <1,-
20 20/03E-25C02 G 267 <1,<1 <1,<1
21 20/03E-36P01 G 597 <1,<1 <1,<1
22 20/04E-07G01 A 350 <1,<1 K6,<1
23. 20/04E-08MO1 A 168 <1,<1 K2,<1
24 20/04E-10N01 G 238 <1,- <i,-
25 20/04E-16G01 G 419 <1,<1 <1,<1
26 20/04E-18L01 A 237 <1,- <1,-
27 20/04E-20C01 G 801 <1,- <1,-
28 20/04E-20C02 A 300 <1,<1 <1,<1
29 20/04E-30H01 G 332 <1,- <1,-
30 20/04E-32J01S G spring <1,<1 <1,<1
31 21/03E-25P01 G 417 <1,<1 <1,<1
32 21/03E-26N01 G 785 <1,<1 <1,<1
33 21/03E-36Q01 G 901 <1,<1 <1,<1
34 21/04E-32M01 G 1,050 <1,<1 <1,<1
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SURFACE WATER

Two important aspects of the surface-water-quality evaluation are the
documentation of water quality in streams during different hydrologic
conditions and the examination of spatial variations in stream quality. Water
samples were collected during different flow conditions, including base flow
and stormflow. Bed sediments were collected at base flow to serve as temporal
integrators of stream quality. Many organic and inorganic constituents
associate with suspended sediments, which in turn may be deposited on the
streambed during periods of base flow. Deposited bed sediments can also sorb
dissolved constituents from the water moving over them. Because of these
interactions, bed sediments can potentially be used to indicate spatial
variations in stream quality.

Surface-water quality data are given in tables 13 through 24 at the end of
the report. Subsets of these data are also presented in this section.

Sampling and Processing Techniques

Most samples were collected and processed according to standard
U.S. Geological Survey techniques. Guy and Norman (1970) describe methods
for the collection of fluvial sediments, and Greeson and others (1977) provide
methodology for collection of microbiological samples. Some additional
details regarding sample collection and processing follow.

At most sites on the Puyallup and White Rivers, bed-sediment samples were
collected using a US BM-54 bed-material sampler. At all sites on small
streams and at sites on the Puyallup and White Rivers where cobbles on the
riverbed precluded use of the US BM-54, bed-sediment samples were collected
with a stainless steel scoop. Where possible, bed-sediment samples were taken
at 5 to 10 places in the stream cross section and combined to form a lateral
composite sample representative of a sampling site. At some sites, samples
were not a lateral composite, but were collected to represent discrete
locations in the stream cross section. All bed-sediment samples were
collected to represent the upper layer (approximately 2 inches) of the bed
that is in contact with the water.

At the sampling site, bed-sediment samples were composited and sieved
using native water to remove particles larger thdan 2 mm (millimeters). Later,
the samples were separated into sand-, silt-, and clay-size fractions for
trace-element determinations. Sand-size particles (greater than 62
micrometers) were separated by wet sieving with distilled water. Silt- and
clay-size particles were separated by settling and centrifugation in distilled
water as described by Jackson (1969). The entire subsample less than 2 mm in
size was used for determination of organic compounds.

Discharge-weighted composite samples were collected to represent the cross
section of the water column at a site. Samples collected to represent a
discrete location in the stream cross section were depth integrated, except
for those collected for the determination of volatile organic compounds. They
were collected by submerging and capping a septum bottle below the water
surface. Samples for the determination of dissolved trace elements were
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filtered using filters with a pore size of 0.1 micrometer. Water filtered
through 0.45 micrometer pore-size filters was used for the determination of
other dissolved constituents.

Suspended sediments that were analyzed for trace elements were isolated by
allowing them to settle in the sample bottle, after which the supermatant
water was withdrawn. A small amount of ultrapure calcium chloride was used,
if necessary, to flocculate the clay-size fraction and increase settling
velocities. Suspended sediments were separated into size fractions with the
methods used to separate bed sediments.

Quality of the Puyallup and White Rivers

The Puyallup River, which drains an area of about 970 square miles,
originates as glacial meltwater on the southwestern slope of Mount Rainier
(fig. 12). Its principal tributaries, the White River with a drainage area of
494 square miles and the Carbon River with a drainage area of 230 square
miles, also originate on Mount Rainier. Within the study area the natural
channels of the Puyallup and White Rivers have been altered. Throughout much
of the reach the channel walls have been lined with concrete and riprap. The
lowermost part of the river is a salt-wedge estuary, and the maximum extent of
the tip of the wedge 1is about 2.2 miles upstream from the river mouth. The
composition of the river bottom throughout most of the study area is gravel
and cobbles. Sand, with some silt and clay, is found deposited on sand bars
and in areas near the riverbank. Below river mile 1.5 the river bottom is
mostly sand. Mean annual flows of the Puyallup River at Puyal}up and the
White River at Sumner (sites 3S and 2S) are 3,456 and 1,755 ft™/s.

Four sampling sites were located on the Puyallup River and one on the
White River (fig. 12). The Puyallup River at Lincoln Avenue (site 4S) and the
Puyallup River at the mouth (site 5S) were located in the Puyallup River
estuary. Samples were collected in the estuary at low tide to avoid sampling
saltwater. Discharges from the Sumner Sewage Treatment Plant (site 1M), which
discharges into the White River, the Puyallup Sewage Treatment Plant
(site 2M), which discharges into the Puyallup River, and the Tacoma Sewage
Treatment Plant No. 1 (site 3M), which discharges into the Puyallup River
estuary, were also sampled. The outfall pipe from the Tacoma Sewage Treatment
Plant is located on the left bank, upstream from both sampling sites in the
estuary. During most of the tidal cycle, the discharge plume from the plant
is not well mixed with the river water.

Water samples were collected twice during base flow, in August 1983 and in
April 1984, and twice during storm periods, in January and May 1984. In
August 1984, samples were collected over a 24-hour period at selected sites to
determine diel fluctuations of temperature, dissolved oxygen, and pH. Bed-
sediment samples were collected in August 1983 and again in April 1984. For
purposes of comparison, bed-sediment samples also were collected once outside
the study area in the headwaters of the Puyallup and White Rivers (fig. 12)
and were analyzed for trace elements.
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Distributions of salinity, temperature, nitrogen, and phosphorus in the
Puyallup River estuary during different phases of the tidal cycle are
presented in the section entitled The Puyallup River Estuary. These data were
collected in a separate study of the estuary conducted during 1982.

Major Ions, Dissolved Solids, and Hardness

The dissolved ions in waters from the White River and from the Puyallup
River above the estuary were predominantly calcium, magnesium, and
bicarbonate. The average ionic composition of water collected at the Puyallup
River at Puyallup (site 3S) is shown in figure 4. In the estuary, water often
becomes enriched in sodium and chloride after mixing with water from
Commencement Bay (table 13).

Dissolved-solids concentrations at sites above the estuary ranged from 48
to 53 mg/L during base flows, and from 31 to 59 mg/L during stormflows (table
13). The lowest dissolved-solids concentrations were observed during the
January storm, a time of maximum streamflow during the study. Some mixing of
saltwater with river water resulted in dissolved-solids concentrations as high
as 920 mg/L in samples collected in the estuary.

All the waters sampled upstream of the estuary were soft, with total
hardness ranging from 12 to 28 mg/L. Total hardness values ranging from 52 to
170 mg/L were observed at the mouth of the Puyallup River due to mixing with
water from Commencement Bay.

Dissolved Oxygen, Temperature, and pH

Dissolved oxygen, temperature, and pH measurements at surface-water
quality sites are given in table 14. The following are ranges of measurements
at all sampling sites on the Puyallup and White Rivers: 8.6 to 12.3 mg/L
dissolved oxygen; 5.5 to 17.0 C and 6.6 to 7.4 pH units. All values were
within limits for Washington State class A waters (table 1). Historical
measurements made by the U.S. Geological Survey and the State of Washington
Department of Ecology are available for the White River at Sumner and the
Puyallup River at Puyallup (U.S. Geological Survey, 1960-68, 1971-73,
1975-82). Almost all of the historical data were within limits for class A
waters.

In August 1984, 24-hour fluctuations of dissolved oxygen, temperature, and
pH were measured during summer base flow when high temperatures and low
dissolved-oxygen concentrations are most likely to be observed (fig. 13).
Specific-conductance and biochemical-oxygen-demand data were also collected,
to provide additional information on variations in stream quality (table 15).
At all sites dissolved-oxygen concentrations, temperatures, and pH values were
within limits for class A waters. Small variations in dissolved-oxygen
concentrations indicate little photosynthetic-respiratory activity in relation
to the volume of water in the river. Dissolved-oxygen concentrations remained
above 90 percent of the saturated value at all sites except for the Puyallup
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River at Lincoln Avenue, where dissolved-oxygen concentrations ranged from 83
to 99 percent saturation. Most biochemical-oxygen-demand concentrations were
less than 4 mg/L, a level found in reasonably unpolluted waters (McNeely and
others, 1979). No significant lateral variations of dissolved-oxygen
concentrations were observed in the Puyallup River at Lincoln Avenue; however,
biochemical oxygen demand concentrations were slightly higher in samples
collected nearest the left bank, downstream of the outfall of the waste-water
treatment plant.

Bacteria

Samples of river water and sewage-treatment-plant effluent were tested for
the presence of fecal-coliform and fecal-streptococcal bacteria (table 14).
The treatment plants were sampled because they are a potential source of
bacteria; however, the treatment-plant discharges caused no detectable
increases in bacterial densities in the river. In many instances, bacterial
densities in the treatment-plant effluents were less than those in the river.
Other potential sources of bacteria, such as urban runoff, were not
investigated, and their effects can only be evaluated indirectly from
measurements at river-quality sites.

In August 1983, fecal-coliform densities of 80 and 250 col./100 mL
(colonies per 100 milliliters) at the Puyallup River at Alderton and the White
River at Sumner were lower than those at most downstream sites, where the
median concentration was 900 col./100 mL. During the other sampling periods,
fecal-coliform densities in the Puyallup River did not increase in a
downstream direction. Except for the August 1983 sampling, fecal-coliform
densities at the White River at Sumner, ranging from 1,100 to greater than
4,200 col./100 mL, were higher than those at downstream sites. At all sites
the median fecal-coliform densities, which ranged from 300 col./100 mL at the
Puyallup River at Alderton to 1,100 col./100 mL at the White River at Summer,
exceeded the Washington State water-quality criteria for class A waters, which
is a median value of 100 col./100 mL.

Similar to fecal-coliform densities, fecal-streptococcal densities at the
White River at Sumner (median value of 6,450 col./100 mL) were usually higher
than those at downstream sites. Fecal-streptococcal densities at all sites,
which ranged from 110 to 6,500 col./100 mL during base-flow periods, increased
during stormflows, when densities greater than 10,000 col./100 mL were
observed. Increases in bacterial densities during storm periods are typical
because runoff from urban and agricultural areas is a source of bacteria in
receiving waters. Moreover, bacteria in streams tend to associate with
particulate matter, and because suspended-sediment concentrations often
increase during storm periods, bacterial densities may also increase.
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Nutrients

Nutrient concentrations in the Puyallup and White Rivers are given in
table 16. Multiple samples were collected across the river channel at the two
sampling sites (the Puyallup River at Lincoln Avenue and at the mouth) in the
Puyallup River estuary to determine lateral variations of nutrient
concentrations. A detailed description of lateral and longitudinal variations
in total nitrogen and phosphorus concentrations in the estuary is presented in
the estuary section to follow.

Nitrogen

Concentrations of nitrogen compounds (nitrate, ammonia, and organic
nitrogen) were low for all sites. None of the nitrogen forms exceeded 2.1
mg/L as nitrogen (table 16). The highest concentrations of nitrogen compounds
were usually found during stormflow, in the form of organic nitrogen. The
suspended fraction of organic nitrogen usually accounted for the largest part
of the increase in nitrogen during stormflow. The concentrations of nitrogen
compounds in water sampled at the Puyallup River at Puyallup during different
flow conditions (fig. 14) were typical of those observed at other sites.

At base flow the organic nitrogen and ammonia concentrations were higher
at the two sites in the estuary than at upstream sites. At the two sites in
the estuary, concentrations of nitrogen compounds were usually highest near
the left bank due to the incomplete mixing of the treatment-plant effluent.
One of the most noticeable effects of the treatment plant appears to be the
elevated ammonia and organic nitrogen concentrations on the left bank of the
river (table 16). However, concentrations of un-ionized ammonia did not
exceed the established water-quality criteria.

Phosphorus

Total phosphorus concentrations at all sites ranged from 0.02 to 1.1 mg/L
(table 16). The lowest concentrations of total phosphorus were found during
the April base flow when suspended-sediment concentrations were low compared
with other sampling periods (table 14). In contrast, during the January
storm, phosphorus associated with particulate matter was washed into the river
in amounts that were large relative to the volume of flow. The suspended
fraction of total phosphorus was usually higher than the dissolved fraction
because phosphorus is readily sorbed onto particulate matter in river water
(fig. 14). An exception occurs at the two sites in the estuary where samples
collected within the sewage plume contained a higher percentage of dissolved
phosphorus than did other samples (table 16). The two samples nearest the left
bank contained about 50-percent dissolved phosphorus.
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Organic Carbon and Organic Compounds

In most natural waters organic carbon is composed primarily of suspended
and dissolved, partly degraded, plant and animal materials. In urban or
agricultural areas, anthropogenic sources often contribute a significant part
of the organic carbon in a stream. Organic carbon concentrations, and the
ratio of suspended to dissolved organic carbon, usually vary with hydrologic
conditions. During storm periods, concentrations of suspended and dissolved
organic carbon in streams usually increase due to the organic carbon carried
in surface runoff. During base flow, the concentration of dissolved organic
carbon is often higher than suspended organic carbon because there is less
particulate matter in the stream.

The determination of organic carbon does not provide compound
identification, and it can be an unreliable indicator of the presence of
synthetic organic compounds when they are at low concentrations. For this
reason, both organic carbon and individual organic compound concentrations
were determined in this study.

Organic carbon

Suspended and dissolved organic carbon concentrations in the Puyallup and
White Rivers are shown in figure 15 and listed in table 14. The lowest
concentrations of total organic carbon (less than 2 mg/L) were observed during
base flow in August 1983, at sites upstream of the Puyallup River estuary.
During the same sampling period, concentrations of total organic carbon at the
Puyallup River at Lincoln Avenue and at the mouth ranged from 1.2 to 5.5 mg/L.
At these sites, the highest concentrations were from the left to center part
of the channel, an area within the discharge plume from the sewage-treatment
plant. The highest concentrations at all sites ranged from 9.0 to 12.8 mg/L
total organic carbon and were observed during stormflow in January 1984. At
that time, 37 to 53 percent of the organic carbon was in the dissolved phase.
In contrast, 56 to 83 percent of the organic carbon in waters collected during
the August 1983 base flow was in the dissolved phase. The April 1984 base
flow contained approximately twice as much dissolved organic carbon, .but not
significantly more suspended organic carbon than the August 1983 base flow.
All samples in April 1984 contained less than 5 mg/L total organic carbon.
Total organic carbon concentrations observed at all sites during a storm in
May 1984 ranged from 4.6 to 7.9 mg/L. In contrast to the January storm, most
of the organic carbon in May was in the dissolved phase. There are no water-
quality criteria for organic carbon concentrations; however, waters containing
less than 3.0 mg/L total organic carbon are considered relatively clean
(McNeely and others, 1979).
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Organic compounds

Organic compounds identified in water and bedksediment samples collected
at the Puyallup and White River study sites are listed in table 8. Except for
the volatile organic compounds, these data represent compounds identified in
selected water and bed-sediment samples (see the analytical methods section
for details). Therefore, the data in table 8 should not be interpreted as an
exhaustive representation of organic compounds in water and bed sediments at
all sampling sites. Tables 17 and 18 list compound concentrations, sampling
dates, and numbers of compounds that were identified only within a general
classification, such as a hydrocarbon or phthlate ester.

Organic compounds were identified in bed sediments collected at the
Puyallup River at Alderton and at Lincoln Avenue (table 17). In August 1983,
methylphenol, bis(2-ethylhexyl) phthalate, and six polycyclic aromatic
hydrocarbons were identified in bed sediments collected at the Puyallup River
at Lincoln Avenue. Bed sediments collected in August 1983 at the Puyallup
River at Alderton contained no identifiable compounds, but six polycyclic
aromatic hydrocarbons, methylbenzene, and dimethylbenzene were found in the
sample collected in April 1984. Methylphenol was the only compound identified
in bed sediment collected at the Puyallup River at Lincoln Avenue, during the
April 1984 sampling.

Excluding the effluent from sewage-treatment plants, the compounds
identified in water samples were in those collected during base flow in August
1983 (table 8). Volatile organic compounds were not detected in river water
sampled during storm periods (January and May 1984), and samples for the
determination of organic compounds were not collected during base flow in
April 1984. Results of the semiquantitative chromatographic scans for acid-
and base/neutral-extractable compounds in samples collected during January and
May indicated that the samples contained few extractable compounds. Therefore,
these samples were not further analyzed to identify individual compounds.

More organic compounds were found in water sampled from the Puyallup River
estuary than in water collected at upstream sites. Types of compounds
identified in the estuary waters include halogenated aliphatic hydrocarbons,
phthalate esters, organic acids, ketones, and alcohols. The halogenated
aliphatic hydrocarbon 1,1,1-trichloroethane was the only compound identified
in waters above the estuary. Although no halogenated aromatic hydrocarbons
were observed in any samples, a previous study by the Washington Department of
Ecology (WDOE) found chlorinated phenolic compounds and dichlorobenzene in the
estuary during base flow (Art Johnson and Shirley Prescott, WDOE, written
commun., 1982),

The data indicate that the discharges from the sewage-treatment plants
within the study area contained organic compounds (table 17). The treatment-
plant discharges contained numerous organic compounds, including halogenated
aliphatic hydrocarbons, phthalate esters, organic acids, ketones, and
alcohols. Many of these compounds were found in the Puyallup River estuary.
Compound concentrations in the river were generally less than those in the
treatment-plant discharges, indicating dilution or volatilization.
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TABLE 8.--Organic compounds identified in water and bed-sediment samples
collected at Puyallup and White River study sites

[An ’*’ indicates priority pollutant; S, sediment sample; W, water sample]

Puyallup R. at Lincoln Ave.
1

Puyallup R. at Alderton
Puyallup R. at Puyallup

Puyallup R. at Mouth

Puyallup STP
Tacoma STP No

White River at Sumner
Sumner STP

Halogenated aliphatic hydrocarbons
[  *Methylene chloride
*Chloroform
*Bromodichloromethane
*Chlorodibromomethane
*1,1-Dichloroethane
Volatile *1,1,1-Trichloroethane v w
organic _| *Trichloroethene W
compounds *Tetrachloroethene w w

E 2]

5
L+

5

LN I~ 2R I o)

Monocyclic aromatic hydrocarbons

*Benzene
*Methylbenzene (toluene) S Vv W
*Ethylbenzene

Dimethylbenzene (xylene) S
Trimethylbenzene

Tetramethylbenzene

Methylethylbenzene

Dimethylethylbenzene

*Phenol

Methylphenol (cresol) S

P S R R ]

Polycyclic aromatic hydrocarbons

*Naphthalene

Methylnaphthalene
Dimethylnaphthalene
Trimethylnaphthalene

Alkyl substituted naphthalene
*Phenanthrene

Dimethylphenanthrene
Tetramethylphenanthrene
Dodecyltetradecahydrophenanthrene

nnnn wn
n nnn
=%

" n

Phthalate esters
*Diethyl phthalate W
*Bis(2-ethylhexyl) phthalate S
*Di-n-butyl phthalate

Lk i

Organic acids
Hexadecanoic acid w
Benzeneacetic acid ' w
Benzenepropanoic acid w
Benzenebutanoic acid w

Ketones
2-Cyclohexen-1l-one W

Alcohols
2-Butoxyethanol
1-(2-Butoxyethoxy) ethanol
2-(2-(2-Methoxyethoxy)ethoxy) ethanol
2-(2-(2-Ethoxyethoxy)ethoxy) ethanol
2-(2-(2-Butoxyethoxy)ethoxy) ethanol W
Benzenemethanol
2-Cyclohexen-l-o0l
(1,1’-Biphenyl)-2-o0l
Trans-1,2-cyclohexanediol

tEEHEg

LY
=

Ethers
Tetraoxadodecane w
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Other sources of organic compounds were not investigated; therefore, it
should not be assumed that the sewage-treatment plants were the only source of
organic compounds found in river water and bed sediments. The polycyclic
aromatic hydrocarbons in bed sediments at the Puyallup River at Alderton were
not traced to any particular source. Those identified were low-molecular-
weight polycyclic aromatic hydrocarbons (containing two or three rings), and
they are found in crude oil and its refined products.

There are no water-quality criteria for the organic compounds identified,
and many of the compounds, such as some of the alcohols and organic acids, are
relatively non-toxic. None of the priority pollutants was found at
concentrations known to be acutely toxic (U.S. Eqvironmental Protection
Agency, 1980); however, the long-term effects of most priority pollutants are
unknown.

Trace Elements
Bed-sediment, suspended-sediment, and water samples were analyzed for
arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, and zinc.

Concentrations of these, and other elements sometimes reported as a result of
using a particular analytical method, are given in tables 20 through 24.

Trace elements Iin bed sediments

Figure 16 depicts trace-element concentrations in Puyallup and White River
bed sediments as a function of particle size. Data collected in the study
area are plotted without reference to a specific site to show the relationship
between particle size and elemental concentrations. Concentrations in the size
fractions of each of the two samples collected outside the study area in the
headwaters of the Puyallup and White Rivers are connected with a line. These
samples are included for comparative purposes to represent relatively pristine
background conditions. The samples collected at the two headwater sites were
separated for trace-element determinations into three sand-size fractions
(1,000 to 2,000; 250 to 1,000; and 62 to 250 micrometers), four silt-size
fractions (31 to 62, 16 to 31, 8 to 16, and 2 to 8 micrometers), and one clay-
size fraction (less than 2 micrometers). Size fractions, for all but the
clay-size particles, are represented in figure 16 as the geometric mean of the
upper and lower limits of a size fraction; for example, the 8 to 16 micrometer
sample is represented as 11.3 micrometers. Samples collected in the study
area were separated into one sand-size fraction (62 to 250 micrometers), one
silt-size fraction (2 to 62 micrometers), and one clay-size fraction (less
than 2 micrometers) for trace-element determinations. Sand- and silt-size
fractions for these samples are represented in figure 16 as the geometric mean
of the upper and lower limits of a size fraction, or if the particle-size
distribution within a size fraction was known, as the mass-weighted mean of
the geometric means of the upper and lower limits of the intermediate size
intervals within a size fraction. For all samples, clay-sized particles are
plotted at 1 micrometer. These conventions also are used to represent size
fractions in tables 20 through 23.
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CONCENTRATION, IN MICROGRAMS PER GRAM
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FIGURE 16.-Trace-element concentrations in Puyallup and White River bed sediments as a
function of particle size. Values below detectable limits are not shown.
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CONCENTRATION, IN MICROGRAMS PER GRAM
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The highest concentrations of most elements were in the silt- and clay-
size fractions of samples collected in the study area. An increase in trace-
element concentrations with a decrease in particle size is typical because
fine-grained sediments provide a relatively large surface area for trace-
element adsorption (Horowitz, 1984). The variation of chromium, nickel, and
zinc concentrations in sand-size sediments is probably due, in part, to
mineralogical differences between sediments. Mineralogical differences are
indicated by the dissimilarities between concentrations of these elements in
the sand-size fractions of the two samples collected In the headwaters.

Trace-element concentrations in the silt- and clay-size fractions of bed
sediments are shown in figure 17, including longitudinal variations downstream
and lateral variations at sites with more than one sample in the stream cross
section. Concentrations for silt-size sediments of samples collected in the
Puyallup and White River headwaters are given in the figure as the geometric
means of concentrations in the silt-size fractions. The highest
concentrations of cadmium, copper, lead, mercury, silver, and zinc were often
observed in the estuary. At the Lincoln Avenue site, the highest
concentrations of these elements in either one or both of the size fractions
were Iin samples collected nearest the left bank. Concentrations of chromium
and nickel in clay-size sediments collected at the Lincoln Avenue site also
were higher in samples collected nearest the left bank. However, except for
chromium in August 1983, concentrations near the left bank at the Lincoln
Avenue site were not significantly higher than those elsewhere in the river.

The silt-size fraction of samples collected in April 1984 contained more
arsenic, chromium, mercury, nickel, and zinc than samples collected in August
1983. This may be due to mineralogical differences between sediments. 1In
August, when most of the fine sediment in the Puyallup River 1is derived from
glacial meltwater, concentrations of these elements in samples collected in
the study area more nearly corresponded to concentrations in samples collected
in the headwaters of the Puyallup and White Rivers. In April samples, it 1is
probable that a higher percentage of sediments would be from lowland sources
due to erosion during winter storms. A source of trace elements affecting
lowland sediments could also account for some of the differences between the
August and April concentrations. One example is the copper smelter located
within the northwest part of the city of Tacoma. Until closing in 1985, it
was a major source of airborne arsenic, and although the wind transported most
of the smelter’s airborne emissions to the northeast of the study area, some
local deposition has probably occurred.

Although trace-element concentrations in bed sediments provide useful
comparative data, the question of what represents a significant level of
enrichment or contamination is difficult to evaluate. There are no
established water-quality criteria for trace-element concentrations in bed
sediments, and the relation between trace-element concentrations in bed
sediments and the potential for aquatic organism toxicity is complex and not
fully understood. It is useful, however, to investigate whether enriched
trace-element concentrations in bed sediments result from the deposition of
enriched particulate matter, or from the adsorption of dissolved trace
elements. These relations are examined in the next section.
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Trace elements in water and suspended sediments

Water and suspended-sediment samples were analyzed for trace elements.
All water samples were analyzed for dissolved trace elements, which are
defined in this study as those passing through a 0.1 micrometer pore-size
filter. The dissolved phase includes hydrated (free) ions, complexed ions,
and ions associated with colloidal material. It is generally accepted that
the free ion is the form most readily toxic to aquatic life. Some unfiltered
water samples were also analyzed for total-recoverable trace elements.

Concentrations of most dissolved trace elements in the Puyallup and White
Rivers were often near or below detectable limits and showed little spatial or
temporal variability (table 24). All concentrations of arsenic, cadmium,
chromium, and silver were at or below 1 ug/L, and mercury was not found at
concentrations above 0.1 ug/L. Most concentrations of lead were below 1 ng/L,
although concentrations ranging from 1 to 4 ug/L were found. Concentrations
of lead were highest during the January storm. Copper and nickel were usually
found at concentrations above detectable limits, but still low, usually less
than 5 ug/L. Most zinc concentrations were at or below 10 ug/L. Low
dissolved trace-element concentrations are often typical in rivers due to the
adsorption of trace elements onto suspended sediments.

Figure 18 depicts trace-element concentrations in suspended sediments as a
function of particle size and shows locations where samples had relatively
high concentrations. Although samples were collected during all four sampling
periods, the data are incomplete because sufficient material for analysis
could not be obtained when suspended-sediment concentrations were low. For
example, Iin April and May 1984, there was not enough clay in the suspended
sediments to obtain an analysis.

During August base flow, most suspended sediment in the Puyallup River is
derived from the headwaters due to glacial melting, and trace-element
concentrations in the silt-size fractions of suspended-sediment samples
collected in August 1983 were similar to concentrations measured in the silt-
size fractions of bed sediments collected in the headwaters (table 20).
Concentrations of copper, lead, mercury, silver, and zinc in the clay-size
fractions of some samples collected in August 1983 were higher than in samples
collected in the headwaters. Most of these samples were collected at the
Puyallup River at Lincoln Avenue or at the mouth (fig. 18 and table 22).

Compared with the August 1983 samples, the silt-size fractions of samples
collected during January, April, and May 1984 contained generally higher
concentrations of chromfum, lead, nickel, and zinc (fig. 18). Except for the
sample collected during April in the left half of the channel at the Lincoln
Avenue site, the higher concentrations may be due to mineralogical differences
between sediments or indicate a source affecting the entire study area. The
sample collected in the left half of the channel at the Lincoln Avenue site
was enriched in chromium, copper, lead, nickel, and silver. High
concentrations of zinc (fig. 18) were found in the silt-size fraction of
samples collected during April and May in the right half of the channel at the
Lincoln Avenue site. Because the right half of the channel is usually outside
of the plume from the sewage treatment plant, the source of the zinc is
unknown.
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There are no toxicity criteria for trace-element concentrations in
suspended sediments. Fine-particle ingestion by aquatic organisms may be
harmful; however, data are insufficient to evaludate this.

Selected samples were also analyzed for total-recoverable trace elements,
which includes those in the dissolved phase plus those desorbed and
solubilized from suspended sediments during an acid digestion. The water-
quality criteria in effect during this study weré given in terms of total-
recoverable concentrations (table 1).

The highest total-recoverable concentrations for all trace elements except
silver were measured during the January storm, when suspended-sediment
concentrations were highest (table 9). Concentrations of silver were below
the detection limit of 1 pg/L during all sampling periods. The relation
between suspended-sediment concentrations and total-recoverable trace-element
concentrations is illustrated by comparing concentrations of copper. During
the January storm, concentrations of 93 ug/L copper and 2,460 mg/L suspended
sediment were measured at the Puyallup River at Puyallup. The concentrations
of copper and suspended sediment in the May sample at the same site were 6
pg/L and 178 mg/L, respectively. Concentrations of dissolved copper were
similar in the two samples (table 24), and the concentration of copper in
suspended sediments was somewhat higher in the May sample (table 22).

The water-quality criteria for the protection of aquatic life usually
specify both 24-hour average total-recoverable trace-element concentrations
that should not be exceeded to provide protection from chronic toxicity and
concentrations that should not be exceeded at any time to provide protection
from acute toxicity. Because instantaneous samples were collected, the
chronic toxicity criteria cannot be applied to data collected in this study.
For purposes of illustration, concentrations that would have exceeded chronic
toxic concentrations had they been 24-hour averages are shown in table 9,
along with those that exceeded acutely toxic concentrations.

The criteria for arsenic and chromium specify toxic concentrations for
particular valence states, but because these were not determined, the criteria
are not applied to chromium. Arsenic concentrations did not exceed criteria
assuming any combination of valence states.

Total-recoverable cadmium, copper, lead, mercury, and zinc were measured
at concentrations above acute toxicity criteria at most sites during the
January storm. Some of the copper and mercury concentrations were above acute
toxicity criteria during other sampling periods (table 9).

The chronic and acute toxicity criteria cannot be regarded as inflexible.
In certain circumstances, the criteria may not accurately reflect the toxicity
of a pollutant because of the effect of local water-quality characteristics,
local hydrologic conditions, or varying sensitivities of local aquatic biota.
In many cases, ecosystem adaptation may enable a balanced aquatic population
to exist In waters with high natural background levels of certain pollutants.
For example, the North Fork Quinault River near Amanda Park, Wash., has long
been monitored as a hydrologic benchmark site. This water-quality sampling
station 1s representative of a relatively pristine water body considered to be

56



TABLE 9.--Total-recoverable trace-element concentrations in water samples from the Puyallup and White
Rivers, and concentrations that exceeded water-quality criteria

[C, concentration exceeds chronic toxicity criteria; A, concentration
exceeds acute toxicity criterial

Chro-
Stream- Sedi- Hard- Arsenic Cadmium mium, Copper, Lead, Mercury Nickel, Silver, Zinc,
flow, ment, ness total total total total total total total total total
instan- sus- (mg/L (ug/L recov- recov- recov- recov- TrecoOvV~ recov- recov- recov-
Date Time teaneous pended as as As) erable erable erable erable erable erable erable erable
(ft /s) (mg/L CaCoa) (us/L (ug/L (ug/L  (pg/L  (ug/L  (pug/L  (ug/L) (ug/L)

as Cd) as Cr) as Cu) as Pb) as Hg) as Ni) as Ag) as Zn)

12096500 - Puyallup River at Alderton, Washington

Jan. 1984 C,A C,A c C C,A
25 1220 14,700 3,990 12 5 3 11 110 12 <0.1 21 <1 120

12101110 - White River at Summer

Jan. 1984 C,A C,A C,A C,A C C,A
25 0900 20,500 2,640 12 10 4 11 110 20 .2 26 <1 100

12101500 - Puyallup River at Puyallup, Washington

Jan. 1984 C,A C,A C,A C,A
25 1530 32,400 2,460 12 7 4 13 a3 13 < .1 18 <1 80
May C C
02 0815 4,280 178 26 <1 <1 4 6 3 .1 10 <1 20
Sample Chro-
Stream location Sedi- Hard- Arsenic Cadmium mium Copper Lead Mercury Nickel, Silver Zinc,
Time width cross ment, ness total total total, total total total total total total
(ft) section sus- (mg/L (ug/L) recov- recov- recov- recov- recov- recov- recov- recov-
Date (ft fm pended as as As) erable erable erable erable erable erable erable erable
L bank)  (mg/L) (CaCOa) (ug/L (ug/L  (ug/L (ug/L (ug/L  (ug/L (ug/L  (ug/L

as Cd) as Cr) as Cu) as Pb) as Hg) as Ni) as Ag) as Zn)

12102400 - Puyallup River at Lincoln Avenue at Tacoma, Washington

1984

Jan. C,A C,A C,A C,A C,A

25 1530 -- ~-- 3,540 13 7 6 16 120 65 0.1 18 <1 140

May C,A C

02 1055 389 130 490 33 2 <1 8 13 2 <.1 11 <1 30
cC,A C

02 0855 389 260 132 36 <1 <1 7 9 2 <.1 11 <1 30
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TABLE 9.--Total-recoverable trace-element concentrations in water samples from the Puyallup and White
Rivers, and concentrations that exceeded water-quality criteria--Continued

Chro-

Cadmium mium Copper, Lead, Mercury Nickel, Silver, Zinc,
Sedi~ Hard- Arsenic total total total total total total total total

ment ness total recov- recov- recov- recov- recov- recov- recov- recov-
sus- (mg/L (ug/L erable erable erable erable erable erable erable erable

Date Time pended as as As)  (ug/L (ug/L  (ug/L (ug/L  (ug/L  (ug/L (ug/L (ug/L
(mg/L) CaCOs) as Cd) as Cr) as Cu) as Pb) as Hg) as Ni) as Ag) as Zn)

12102450 - Puyallup River at mouth at Tacoma, Washington
1984
Apr. . o) o) C,A
05 1230 194 70 1 <1 9 11 2 0.1 11 <1 20
May . C,A (o} C,A
02 1210 966 - 6 <1 10 29 12 .1 31 <1 60

¥
Based on the similarity of specific-conductance measurements made in April (650 mhos/cm) and May (695 mhos/cm)
a hardness concentration of 70 mg/L as CaCO3 was used to calculate toxicity criteria.
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generally unaffected by anthropogenic activities. Yet, when observed over a
period of 9 years (U.S. Geological Survey, 1973-1981), concentrations of
cadmium, chromium, copper, lead, mercury, silver, and zinc at times exceed the
established criteria for chronic toxicity and, in many instances, the acute
toxicity criteria.

Quality of Small Streams

One characteristic common to all of the small streams in the study area is
that their drainage areas lie entirely within the Puget lowland and contain a
high percentage of land that has been, or is being, developed for residential,
commercial, and agricultural purposes (fig. 1). Development within a drainage
basin usually results in an increase in the amount of inorganic and organic
matter washed into a stream, and small streams, with a limited capacity to
dilute constituents, are susceptible to degradation.

Water samples were collected at 14 sites on nine small streams including
tributaries, and bed-sediment samples were collected at nine sites (fig. 19).
Water samples were collected twice during base flow, in August 1983 and April
1984, and twice during storm periods, in November 1983 and February 1984. Bed-
sediment samples were collected in August 1983 and April 1984. Trace
elements, major ions, and organic compounds were not determined in water
samples at all sites or during all sampling periods, therefore a sampling
schedule for these constituents is given in table 10. Nutrient determinations
and field measurements were made during all sampling periods. Twenty-four-

hour measurements of temperature, dissolved oxygen, and pH were made in August
1984,

Description of the Streams

Diru Creek

Diru Creek originates on the upland area southwest of the city of Puyallup
and drains into Clarks Creek. With a drainage area less than 2 square miles,
it is one of the smaller streams in the study area. The stream supplies 50 to
75 percent of the water used by the Diru fish hatchery, and the water-quality
sampling site on the creek was located approximately 300 feet upstream from
the diversion for the hatchery. During the study, d1§charges measured at the
water-quality sampling site ranged from 0.2 to 0.6 ft”/s. The composition of
the riverbed at the sampling site was mostly boulders, cobbles, gravel, and
sand.
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TABLE 10.--Sampling schedule for trace elements, major ions,

[Aug, base flow, August 1983; Nov, sto

and organic compounds in small streams

Apr, base flow, April 19t2.]

, November 1983;

Site name Water-col Bed-sedimgnt
samples samples

Diru Cr at inflow to hatchery nr Puyallup Aug, Nov, Apr Aug, Apr
Clarks Cr tributary at Pioneer Way nr Puyallup -- --
Clarks Cr at reservation boundary at Puyallup Aug, Nov Aug
Clarks Cr at River Road nr Puyallup Aug, Nov, Apr Aug, Apr
East Fork Clear Cr at 72nd Street E. -- --
Clear Cr at 31st Avenue Court E. -- --
Swan Cr at Flume Line Road, Tacoma Nov --
Swan Cr at Pioneer Way, Tacoma Aug, Nov Aug
Wapato Cr at Union Pacific Railroad nr

north Puyallup Nov Aug
Wapato Cr at 12th Street E., in Fife Aug, Nov Aug
Hylebos Cr abv tributary at 5th Avenue,

in Milton -- --
West tributary to Hylebos Cr nr Milton Aug, Nov Aug
Hylebos Cr at 8th Avenue E., in Fife Aug, Nov, Apr Aug, Apr
Fife Ditch at 54th Street E., in Fife Nov, Apr Apr

1

luaior ions, suspended and dissolved organic carbon, acid- and base/neutral-
extractable organic compounds, volatile organic compounds, and dissolved trace

elements.
2

Acid- and base/neutral-extractdble organic compounds and trace elements.
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Clarks Creek

Clarks Creek originates at Maplewood Spring, which is located less than
1 mile south of the city of Puyallup. Two sampling sites were located on
Clarks Creek, and one was located on an ummamed tributary to Clarks Creek
(fig. 19). The sites on Clarks Creek are on the reach that lies on the
Puyallup valley floor where flow is sluggish and silt is deposited on the
creek bed. At the upper sampling site the bed is covered with benthic plant
growth. The unnamed tributary joins Clarks Creek below the upper sampling
site. The composition of the bed at the samplin‘ site on the tributary was
mostly cobbles, gravel, and sand. The drainage 3rea of Clarks Creek is
16.3 square miles, and gischarges measured at the mouth during the study
ranged from 56 to 83 ft'/s.

Clear Creek

Clear Creek originates southeast of the city of Tacoma and flows into the
Puyallup River (fig. 19). The upper sampling site, one of two, was located on
the east fork of the creek and was dry during summer months. The bed at the
upper site consisted of mostly boulders, cobbles, gravel, and sand; at the
lower site, a silty bed was covered with aquatic plant growth. The drainage
area of Clear Creek is 12.1 square miles, and,discharges measured at the lower
site during the study ranged from 13 to 45 ft/s.

Swan Creek

Swan Creek originates on the upland south of the city of Tacoma and has a
drainage area of 3.16 square miles. Two sampling sites were located on Swan
Creek (fig. 19). During the summer months, there was no flow at the upstream
site. D}scharges measured at the lower site during the study ranged from 2.3
to 28 ft”/s. The composition of the bed at both sites was mostly cobbles,
gravel, and sand. Swan Creek joins Clear Creek before flowing into the
Puyallup River.

Wapato Creek

Most of the flow in Wapato Creek, which originates north of the city of
Puyallup, drains into Commencement Bay. Some of the flow from the creek is
diverted to the Puyallup River downstream from the city of Puyallup. The
drainage area of Wapato Creek is 3.5 square miles, and of all the small
streams, Wapato Creek drains the most agricultural land. Two sampling sites
were located on Wapato Creek (fig. 19). At the upstream site there was ponded
water with no measurable flow in August 1983. Dischgrges measured at the
lower site during the study ranged from 1.8 to 16 ft*/s. The riverbed at both
sites on Wapato Creek consisted of mostly silt.
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Hylebos Creek

The headwaters of Hylebos Creek and its west tributary are north of the
study area in southern King County, an area undergoing urban development (pl.
1). Two sampling sites were located on Hylebos Creek and one on the west
tributary. The site on the west tributary 1s upstream of the location where
the Puyallup Indians have tentative plans to construct a fish hatchery. The
lowermost site was located above the Hylebos Waterway, which is utilized as a
shipping lane to the industrial firms located along its banks. The waterway
was not included in this study. The drainage area of Hylebos Creek, excluding
the waterway, is 17.1 square miles, and the drainage area of the west
tributary 1is,8.8 square miles. Flows measured during the stgdy ranged from
8.4 to 66 ft*/s at the downstream site and from 5.0 to 47 ft /s at the site on
the west tributary. The bed at all sampling sites consisted mostly of
cobbles, gravel, and sand.

Fife Ditch

Fife Ditch is a manmade channel that drains the Puyallup Valley lowland
southeast of the Tacoma tideflats. Fife Ditch is not typical of the other
small streams in that it is essentially a drainage ditch that receives flow
from numerous smaller ditches that drain both developed and undeveloped areas.
A tide gate 1is located at the mouth of Fife Ditch where flow from the ditch
enters Hylebos Creek. Streamflow in Fife Ditch is sluggish, and the bed
consists of mostly silt and clay. The drainage area is 2.03 squage miles, and
discharges measured at the sampling site ranged from 0.3 to 16 ft7/s. A
nearby drainage ditch also named Fife Ditch (not shown in fig. 19) was not
sampled.

Major Ions, Dissolved Solids, and Hardness

The ionic composition of waters sampled during base flow from all small
streams except Fife Ditch was similar to the calcium-magnesium bicarbonate
water found in most of the shallow wells in the study area (table 13). Sodium
plus potassium concentrations in Fife Ditch were higher than those in the
other small streams, but did not exceed 50 percent of the total cation
milliequivalents. Sulfate, chloride, and nitrate comprised over 50 percent of
the total anion milliequivalents in samples from Fife Ditch (fig. 20). Ground
water from a shallow plezometer near Fife Ditch (well 1; pl. 1) had an ionic
composition similar to the water in Fife Ditch. However, this type of water
was not characteristic of other shallow ground water from the Tacoma tideflats
area. Possible sources of sodium and chloride in Fife Ditch are leachate from
fill material used in the area and saltwater leakage through the tide gate at
the mouth of Fife Ditch.

The ionic composition of base flow and stormflow samples is compared in
figure 20. In all streams, the sum of sulfate, chloride, and nitrate
milliequivalents--as a percentage of the total anions--increased during
storms. Increases greater than 20 percent were typical, and in Hylebos Creek
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the increase was greater than 30 percent. The change in anionic composition
from base flow to stormflow illustrates the effect that surface runoff has on
the composition of water in the small streams.

Dissolved-solids concentrations in the small streams except Fife Ditch
ranged from 59 to 130 mg/L and were generally higher than those measured in
the White River and in the Puyallup River above the estuary (table 13). Very
small changes in dissolved-solids concentrations caused by increasing runoff
during storms were observed at these sites (fig. 20). At Fife Ditch, the
decrease in dissolved-solids concentrations from base flow (640 mg/L) to
stormflow (160 mg/L) was greater than at any of the other streams.

Most of the waters in small streams were soft to moderately hard. Water
in Fife Ditch was moderately hard (70 mg/L total hardness) to very hard (260
mg/L total hardness).

Dissolved Oxygen, Temperature, and pH

Dissolved-oxygen concentrations, temperatures, and pH values measured at
surface-water quality sites on the small streams are shown in table 14. Most
of these values were within limits for class A waters (table l1); however,
dissolved-oxygen concentrations were consistently below 8 mg/L in Fife Ditch
and at the upstream site on Wapato Creek. At all other sites, measurements
rangeg as follows: dissolved oxygen, 7.1 to 12.0 mg/L; temperature, 7.0 to
17.5 "C; and pH, 6.3 to 8.0.

Measurements of dissolved oxygen, temperature, pH, specific conductance,
and biochemical oxygen demand were made over a 24-hour period during base flow
in August 1984 at 11 small stream sites and are listed in table 15. The
temperature and dissolved-oxygen data are shown also in figure 21. Dissolved-
oxygen concentrations in Diru Creek, Clarks Creek tributary, and Swan Creek
remained above 10 mg/L and at or near saturation throughout the study.
Variations in temperatures and dissolved-oxygen concentrations at these sites
were minimal. Little or no increase in dissolved-oxygen concentrations due to
photosynthesis during the daylight hours was observed at sites in the Hylebos
Creek system. At all of the Hylebos Creek sites, concentrations decreased
during the daylight hours in response to increasing temperature; however,
concentrations remained above 8 mg/L at all but the lowermost site, where the
minimum was 7.4 mg/L. Temperatures at all sites in the Hylebos Creek system
remained below 18 "C throughout the study. Photosynthesis and respiration
caused the greatest variations in dissolved-oxygen concentrations at both
sites on Clarks Creek, the lower site on Clear Creek, the lower site on Wapato
Creek, and the site on Fife Ditch. Concentrations measured in Clarks Creek
were usually above 8 mg/L, and the maximum temperature observed in Clarks
Creek was 13.5 "C. Dissolved-oxygen concentrations in Clear Creek ranged from
6.9 to 10.0 mg/L, and temperatures ranged from 11.0 to 14.0 °c. The greatest
variations in dissolved-oxygen concentrations and temperatures were observed
in Wapato Creek and Fife Ditch. In Wapato Creek, concentrations ranged from
5.6 to 12.4 mg/L reaching l46-percent saturation. Concentrations in Fife
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Ditch ranged from 2.0 to 8.0 mg/L. Water temperatures measured in Wapato
Creek and Fife Ditch remained above 18.0 °C. The ranges of dissolved-oxygen
concentrations and of temperatures in Fife Ditch were comparable to those in
Wapato Creek. However, there was a greater biochemical oxygen demand in the
overlying waters and possibly in the bed sediments in Fife Ditch. This
resulted in a decrease in the mean dissolved-oxygen concentration. Ultimate
biochemical-oxygen-demand concentrations were consistently greater than 4 mg/L
in waters from Fife Ditch.

During the sampling over the 24-hour cycle, pH values at all sites were
between 6.5 and 8.5, the limits for class A waters. In Wapato Creek pH
fluctuated in response to photosynthesis by aquatic organisms. The uptake of
dissolved carbon dioxide by these organisms during the daylight hours
decreased carbon dioxide concentrations in the stream. This in turn increased
the pH in the stream towards the latter part of the day. This was not
observed in Fife Ditch, where the water has more buffering capacity due to a
higher concentration of dissolved anionms.

Bacteria

Fecal-coliform and fecal-streptococcal densities varied between sampling
periods (table 14). Higher densities during storms indicate that storm runoff
is a source of fecal bacteria to the streams. During storms, surface runoff
and fluctuations in suspended-sediment concentrations can cause large temporal
variations of bacterial densities in streams. This suggests that densities in
base-flow samples are perhaps more suitable than| those in stormflow samples to
show spatial variation; therefore, bacterial densities measured during base
flow are shown in figure 22. Because there was no flow at three of the sites
in August 1983, the April 1984 data are shown in figure 22. Fecal-coliform
and fecal-streptococcal densities increased downstream in Hylebos and Wapato
Creeks and decreased downstream in Swan Creek. Fecal-bacterial densities were
similar at the two sites on Clarks Creek, and were higher than densities
measured in either Diru Creek or Clarks Creek tributary, both of which drain
into Clarks Creek.

Bacterial densities in samples collected in August 1983 were generally
higher than those in the April 1984 samples. For example, in April, fecal-
coliform and fecal-streptococcal densities of 77/ and 57 col./100 mL were
observed at Clarks Creek at River Road. 1In August, the corresponding
densities were 280 and 670 col./100 mL. At all sites fecal-coliform and
fecal-streptococcal densities measured during base flows were on the order of
1,000 col./100 mL or less.

Fecal-streptococcal densities greater than 10,000 col./100 mL were
observed during at least one storm at all sampling sites except the lower site
on Clear Creek, Clarks Creek tributary, and the west tributary to Hylebos
Creek. Maximum fecal-coliform densities observed during storms were less than
10,000 col./100 mL, except for a measurement of 19,000 col./100 mL in a sample
collected at the upper site on Swan Creek. Only in Diru Creek was maximum
fecal-coliform density less than 1,000 col./100 mL.
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Of all the small streams studied, Diru and Clear Creeks had the lowest
fecal-bacterial densities during most flow regimes. Only median fecal-
coliform densities measured in Diru Creek did not exceed Washington State
water-quality criteria (median value of 100 col./100 mL for class A waters).
Median densities in all other streams exceeded the criteria with values
ranging from 265 to 2,800 col./100 mL.

Nutrients

Water samples for nutrient analyses were collécted from the small streams
during base flows and stormflows (table 16). Some sampling sites were dry
during base-flow sampling periods.

Nitrogen

The concentrations of nitrogen compounds (nitrate, organic nitrogen, and
ammomia) and ratios of nitrogen to phosphorus were generally higher in the
small streams than in the Puyallup River. The nitrate concentrations, in
particular, were higher in small streams than in the Puyallup River.

The highest concentrations of dissolved and suspended nitrogen compounds
were found at many sites during the November storm sampling (fig. 23). At all
sites except Fife Ditch, nitrate and organic nitrogen were the predominant
nitrogen species. In Fife Ditch the dissolved ammonia concentrations (maximum
of 3.3 mg/L, as N) were several orders of magnitude higher than the other
small streams. Low dissolved-oxygen concentrations often present in the Fife
Ditch (fig. 21) may have slowed the rate of oxidation of organic nitrogen and
contributed to the higher ammonia concentrations. At Diru Creek, a tributary
to Clarks Creek, nitrate-nitrogen concentrations reached levels of 3.1 mg/L,
the highest of the small streams (fig. 23). The high level of nitrates in the
upper Clarks Creek drainage is probably caused by the nitrate in ground water
discharging to surface water. Well 21, located near the upper part of Diru
Creek, had nitrate concentrations of 2.4 to 2.7 mg/L. At Swan Creek, ammonia
and organic nitrogen concentrations were relatively high at the upstream site
at all flows. The ammonia and organic nitrogen may originate from animal
waste, as indicated by the high fecal-coliform densities (fig. 22).
Concentrations of un-ionized ammonia did not exceed water-quality criteria at
any of the sampling sites.
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