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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Introduction

This document is the final project report for the city of Des Moines water quality monitoring
program. Methods and results are presented for the entire 5-year monitoring program, which
was conducted from October 1994 through November 1999. Monitoring has been conducted in
accordance with the Water Quality Monitoring and Quality Assurance Project Plan (Herrera
1994). Methods and results for the first three years of monitoring have been presented in annual
reports (Herrera 1995, 1996, 1998).

The primary objective of this 5-year monitoring program has been to collect a comprehensive set
of data for evaluating trends in water quality in three stream basins within the city of Des
Moines. Water quality and biological monitoring were conducted over a 5-year period at
upstream and downstream locations in each of the stream basins. Water quality data were
collected to assess the effects of a program of stormwater management and nonpoint source
pollution control being implemented under the City of Des Moines Comprehensive Stormwater
Management Plan (Parametrix 1991). Biological monitoring data were collected to evaluate the
ways in which water quality and stormwater management affect benthic invertebrates and
aquatic habitat. The data set from this monitoring program were also used to identify and
pnormze water quality problems, by comparing monitoring results to data for other streams in
the region and to Washington state surface water quality standards for Class AA streams (WAC
173-201A).

‘The purpose of this final project report is to describe methods of data collection and analysis,
present analytical results for the fourth and fifth years of the monitoring program, and provide a
comprehensive analysis of the results for the entire monitoring program.

This report begins with a brief site description, and then describes methods and results of the
following monitoring program components:

- Water quality monitoring

= Pollutant source tracking

. Benthic invertebrate monitoring
. Habitat surveys

]

Public involvement program.

Finally, conclusions from the monitoring program and recommendations for continued
monitoring are presented.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Site Description

The study area for the city of Des Moines water quality monitoring program comprises three
stream basins: Des Moines Creek, Massey Creek, and the north fork of McSorley Creek
(Figure 1). Each of these basins is described in the drainage area characterization and water
quality assessment sections of the City of Des Moines Comprehensive Stormwater Management
Plan (Parametrix 1991). The drainage area characterization describes physical characteristics
(i.e., topography, soil types, climate, land use, and drainage facilities), sensitive areas (.e.,
wetlands, stream corridors, erosion hazard areas, and flood hazard areas), and beneficial uses
(i.e., fisheries, wildlife, and recreation). The water quality assessment describes water quality,
habitat quality, and potential sources of pollution.

Basin characteristics and stormwater management facilities are summarized below for each of
the three basins along with historical observations of water and habitat quality. Additional
information will be provided in a current update of the city’s stormwater management plan (in
preparation by RW Beck).

In 1999, the city of Des Moines annexed additional property that includes residential areas
located in other stream basins that also discharge to Puget Sound (Figure 2). Annexed property
Jocated south of the previous city limits includes most of the land draining to the south fork of
McSorley Creek and Woodmont Creek, as well as the lower reaches of Redondo Creek and Cold
Creek. Annexed property located north of the previous city limits includes a portion of the
Normandy Creek basin. Monitoring was not conducted in these basins for this water quality
monitoring program.

Des Moines Creek Basin

Des Moines Creek is the largest stream flowing through the city of Des Moines. Des Moines
Creek originates on a plateau that has a fairly low gradient, until it descends steeply through a
ravine before entering Puget Sound. Des Moines Creek is approximately 3.5 miles long and
flows from an elevation of about 350 feet to its mouth within the Des Moines Beach Park on
Puget Sound, located just north of the Des Moines marina (see Figure 2). Only the lower portion
of the stream basin is located within the city limits, comprising approximately 500 acres (14
percent) of the entire 3,700-acre Des Moines Creek basin. Basin land use within the city of Des
Moines is primarily open space and single-family residences, with some commercial
development near Pacific Highway South (SR 99). Areas of the basin outside (upstream of) Des
Moines include Seattle-Tacoma International Airport, the Tyee Golf Course, and substantial
commercial and residential development.

In 1986, a multi-agency management team (including the Municipality of Metropolitan Seattle
[Metro], King County, Trout Unlimited, and the Washington Department of Ecology) began
discussing the restoration of Des Moines Creek. The Des Moines Creek Restoration Project ‘
(Herrera and Hall 1989) presents the outcome of those discussions and a plan for controlling and

wp3 /H)-00836-000 S-vear project report.doc
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Five-Year Project Report—Des Moines Water Quality Monitorihg Program

maintaining water quality in the creek and restoring salmon and trout populations. This
restoration report identifies problems and suggests solutions for restoring watér quality and
fisheries in Des Moines Creek.

In 1997, a multi-agency management team (including the city of SeaTac, city of Des Moines,
Port of Seattle, and King County) prepared the Des Moines Creek Basin Plan (Des Moines Creek
Basin Committee 1997). Primary goals of this plan include addressing interjurisdictional issues
regarding water quality and quantity, and recommending capital improvement projects. The
primary recommendation involves construction of a regional (in-stream) detention facility in
Tyee Golf Course, combined with the use of an abandoned sewer pipe as a bypass for excess
streamflow. Replacement of the culvert under Marine View Drive with a bridge is
recommended to improve fish passage. Additional recommendations include a low-flow
augmentation facility near South 200 Street, a series of habitat improvement projects in the city
of Des Moines, and initiation of a program to reduce fecal contamination from onsite wastewater
treatment (septic) systems.

Improvement projects completed since 1997 include stabilizing stream banks upstream of the
Des Moines Creek wastewater treatment plant, and planting riparian vegetation in Des Moines
Beach Park. It is anticipated that the recommended regional detention facility will be
constructed in 2002 and 2003, and the bridge will be constructed in 2001 or 2002.

Historical information on water and habitat quality in Des Moines Creek is provided in the water
quality monitoring plan (Herrera 1994) and is summarized below. More recent information, not
summarized here, was collected for the basin plan (Des Moines Creek Basin Committee 1997),
and current information is being collected by the Port of Seattle.

Water Quality

A comprehensive study of water quality was conducted for Des Moines Creek in 1973 and 1974
(Stevens, Thompson, and Runyan 1974; data reported by Herrera and Hall 1989). During this
study, several field parameters were measured (including temperature, turbidity, and dissolved
oxygen), and samples were submitted for analysis of nutrients, fecal coliform bacteria, metals,
pesticides, and herbicides. Samples were collected monthly at several sampling stations.

Biological characteristics and stream hydrology are described in the restoration report (Herrera
and Hall 1989). -

Numerous violations of Washington state water quality standards for Class AA streams (WAC
173-201A) were reported by Herrera and Hall (1989). Exceedances were observed for fecal
coliform bacteria, metals, and turbidity. Turbidity measurements and concentrations of lead,
copper, and zinc were particularly high in samples collected during storm events, indicating
surface runoff as the source of contamination. High temperature and low dissolved oxygen
concentrations were observed in measurements made during the summer months. Pesticides and
herbicides (including DDT; aldrin; dieldrin; 2,4-D; and 2,4,5-T) were also detected at elevated
concentrations in samples collected from the creek.

wp3 /00-D0836-000 S-wear project report.doc
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Between 1985 and 1986, there were two major spills of highly toxic jet fuel into the creek.
These spills eliminated nearly all aquatic life throughout most of the stream (RW Beck 1990).
The creek appeared to recover from the spills, and the Des Moines chapter of Trout Unlimited
has implemented projects to restore fishery resources in the creek (Stafford 1990 personal
communication).

Habitat Quality

Historical habitat surveys of Des Moines Creek suggest that the creek had suitable spawning and
rearing habitat for several salmon and trout species (Herrera and Hall 1989). However, physical
modifications to the creek had reduced the available fishery habitat. From the mouth of the
creek to Marine View Drive, the creek had been channelized and the banks had been stabilized
using large riprap. The remainder of the stream within Des Moines city limits was in a relatively
natural condition, except for fish passage weirs near the Des Moines Creek wastewater treatment
plant. The substrate was primarily gravel, and the vegetated canopy provided unbroken shade
for the creek. The pool/riffle ratio was nearly 1 to 1. This reach of the creek was considered
some of the best fish habitat in Des Moines Creek. However, high stormwater flow and lack of
refuge for small fish limited the suitability of this habitat for fish production (Johnson 1989
personal communication).

Examination of benthic invertebrate communities provides another measure of the biological
health of a creek. In Des Moines Creek, characteristics observed in these benthic communities
indicate that the creek had been moderately polluted (Herrera and Hall 1989). Many species
were observed in low abundances, including those sensitive species that are typically found in
clean waters. ‘ :

Massey Creek Basin

The Massey Creek basin is the largest drainage basin in the city of Des Moines, covering
approximately 1,700 acres. Massey Creek flows for 1.9 miles parallel to the Kent—Des Moines
Road (SR 516), and discharges to Puget Sound just south of the Des Moines marina (see Figure
2). Barnes Creek is a major tributary to Massey Creek, joining the main stem of Massey Creek
near 14™ Avenue South. Approximately 90 percent of the Massey Creek basin.is located within
the city limits; only the southeastern portion is located in the city of Kent. The Massey Creek
basin is primarily in residential use or undeveloped, with a small amount of commercial
development along SR 99 (Parametrix 1991). A flood control plan was prepared in 1990 (R.W.
Beck 1990).

The primary drainage network in the Massey Creek basin consists of storm sewer pipes (12 to 48
inches in diameter), open channels, and onsite detention systems. Roadside ditches and smaller
storm sewers form the secondary drainage system. The 25-acre City Park detention facility was
built in 1996 and the Highline Community College detention facility was built in 1999 (see
Figure 2). Construction of three detention facilities is planned for 2002 as part of the Pacific
Highway Improvement Project. Construction of the Barnes Creek detention facility is planned
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

for 2003. A stream the culvert was replaced at Marine View Drive in 1993. Stream culvert
replacements are planned at 16" Avenue in 2001, at 10™ Avenue in 2002, at 223 Street (Barnes
Creek) in 2003, at Kent-Des Moines Road (Barnes Creek) in 2005, and at 20™ Avenue in 2007
(see Figure 2).

Water Quality

Although water quality data were not previously collected in Massey Creek, RW Beck (1990)
observed high turbidity, channel scour, and bed erosion during high-flow periods, as well as
evidence of oil dumping and spills. Water quality in Barnes Creek was judged to be "moderately
good" and horse access to the upper reaches of Barnes Creek was identified as a possible source
of fecal coliform bacteria (RW Beck 1990).

Habitat Quality

Massey Creek once provided habitat for coho and possibly chum salmon (Washington
Department of Fisheries 1975). A spawning survey was conducted in 1988 that reported the

presence three adult coho salmon and three spawning redds in lower Massey Creek (RW Beck
1990).

A habitat survey of Massey Creek was also performed in 1988 (RW Beck 1990). Approximately
half of the stream channel had been altered by adjacent construction. Massey Creek provided
poor fish habitat near the mouth of the creek, where the gravel substrate was interspersed with
sand and silt and the vegetated canopy was sparse. However, upstream of 10™ Avenue South,
the creek passed through a forested ravine with a heavy canopy and good habitat characteristics,
including deep pools. This 0.3-mile reach had excellent spawning and rearing habitat for
salmonids. ‘

Channel erosion was evident in some sections of Massey Creek upstream of 16™ Avenue South.
These middle reaches of the creek were highly channelized in culverts or ditch-like channels, and
the stream banks included riprap and steep earthen banks. However, these channelized reaches
were interspersed with areas providing good resident trout habitat, where numerous trout were
caught by electrofishing (RW Beck 1990).

Barnes Creek provided relatively undisturbed habitat at the time of the 1988 survey. The tree
canopy was mature, and stream banks were stable and did not exhibit extensive high-flow
damage. The substrate was gravel interspersed with a few cobbles and boulders. This creek
provided good habitat for cuthroat trout, which were caught by electrofishing (RW Beck 1990).
No salmon (or bull trout) were observed in Barnes Creek, perhaps due to blockage by the trash
rack located near the mouth or due to insufficient flow during certain times of the year (RW
Beck 1990).

North Fork McSorley Creek Basin

The southern portion of the city of Des Moines (within the former city limits, prior to the 1999
annexation) drains to the north fork of McSorley Creek (which has also been called Smith
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Creek). The north fork of McSorley Creek originates in the Parkside Wetland, flowing west and
south to Saltwater State Park where it joins the south fork of McSorley Creek before discharging
to Puget Sound (see Figure 2). A portion of the 300-acre north fork basin also lies within the city
of Kent. In addition, stormwater runoff from the Midway landfill (located east of the basin
between SR 99 and Interstate 5) is discharged to the lower reaches of the north fork at South
250" Street. The north fork McSorley Creek basin is primarily zoned single-family residential,
with small areas of medium-density residential development and commercial property. A basin
plan was completed in 1987 (RW Beck 1987).

Stormwater management facilities in the north fork basin are limited to small onsite detention
systems. Detention of runoff from the Midway landfill is provided by a wetpond system. Some
in-stream detention may be provided by a private pond located upstream of where the landfill
detention system discharges to the north fork of McSorley Creek at South 250" Street.
Construction of the Parkside detention facility is planned for 2007(see Figure 2).

Water Quality

Because the north fork of McSorley Creek receives stormwater runoff from the Midway landfill,
several water quality studies have been conducted to investigate and monitor potential landfill
impacts on the creek and the Parkside Wetland (Parametrix 1988, 1989). Runoff from the
landfill is treated by a wetpond system before it is discharged to McSorley Creek from an outfall
located within South 250" Street, just east of 16" Avenue South. Parametrix (1988) reported on
the quality of stormwater runoff, standing water near the Parkside Wetland, and the north fork of
McSorley Creek. Parametrix (1989) presented results of monthly water quality sampling by
Green River Community College that included two stations on the north fork of McSorley Creek.
In addition, King County monitored water quality in McSorley Creek during both base and storm
flow conditions, and collected samples in the north fork of the creek (King County 1990).

During base flow conditions, water quality in the north fork of McSorley Creek was generally
good. However, during storm flow, high concentrations of suspended solids were observed, and
fecal coliform bacteria concentrations frequently exceeded state standards for Class AA streams
(WAC 173-201A) (Parametrix 1988, 1989; King County 1990). Low levels of dissolved oxygen
were occasionally recorded in late summer. Phosphorus concentrations also exceeded
recommended guidelines (King County 1990).

Measurable levels of several metals were detected in samples collected from the creek. Copper
and zinc were detected at concentrations exceeding acute toxicity criteria (Parametrix 1989; King
County 1990). Elevated metals concentrations were most frequently detected in samples
collected during the winter months (Parametrix 1989). Water samples collected from the north
fork of McSorley Creek were not analyzed for organic compounds.

Samples collected from the Parkside Wetland and from stormwater runoff had moderate to high
conductivity and fecal coliform bacteria levels (RW Beck 1987; Parametrix 1988). Metals
(copper, zinc, and lead) were also detected in both wetland and stormwater samples (RW Beck
1987; Parametrix 1988). Samples collected in a culvert receiving runoff from SR 99 and
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surrounding areas exceeded acute toxicity criteria for zinc. No pesticides or polychlorinated
biphenyls (PCBs) were detected in wetland or stormwater samples (Parametrix 1988).

Volatile organic compounds were detected in two water samples from the Parkside Wetland.
Toluene and styrene were detected in samples collected by the Washington Department of
Ecology (Ecology 1986). A single sample collected by Parametrix (1988) contained low levels
of trichlorethene, benzene, toluene, chlorobenzene, and 1,1,1-trichlorethane. These compounds
are ingredients in automotive products and household cleaners and are some of the most
frequently detected organic compounds in urban runoff (Metro 1982). However, it should be
noted that although organic compounds were detected at one wetland station, they were not
detected in stormwater runoff draining to the wetland or in samples collected from other areas of
the wetland. These results indicate that the Parkside Wetland was contaminated by an isolated
source, such as an illicit discharge, illegal dumping, or landfill seepage.

Habitat Quality

A habitat survey of the north fork of McSorley Creek was conducted by King County (1987). As
with Des Moines Creek and Massey Creek, McSorley Creek exhibited widely varying habitat
quality along various reaches. Channelization, loss of channel diversity, and sedimentation were
typical problems associated with the varying habitat quality. However, much of the stream still
provided good fish habitat, and many areas were suitable for restoration. Currently, South 250"
Street is a fish passage barrier due to the extreme elevation change below the culvert outfall.

Results of benthic invertebrate communities evaluated at two stations on the north fork of
McSorley Creek indicate that the water quality was degraded (Parametrix 1989). High numbers
of pollution-tolerant groups such as oligochaetes and chironomids (58 to 67 percent) were
present, although a few pollution-sensitive species were also present in low numbers. These
biological effects were likely the result of pollutants present in runoff from the surrounding
urban areas.
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. Five-Year Project Report—Des Moines Water Quality Monitoring Program

Water Quality Monitoring

Water quality monitoring was conducted within the three stream basins during storm and base
flow conditions in accordance with the monitoring plan established for this program (Herrera
1994). Hydrologic data were also collected from these streams to support the water quality
evaluation. Monitoring methods and results are summarized below. Hydrologic results are
discussed separately for data collected continuously at lower Des Moines Creek during the five
year study, and for measurements taken at all sites during each water quality sampling event.
Water quality results are discussed separately for each analytical parameter.

Methods

Water quality monitoring was conducted for a period of 5 years at eight stations to evaluate
temporal and spatial trends in water quality during both storm and base flow conditions.
Monitoring stations were positioned at upstream and downstream locations in the three stream
basins to evaluate impacts of stormwater runoff from the city of Des Moines (see Figure 1).
Water quality and streamflow were monitored at the following eight stations:

. DM-1: Des Moines Creek upstream, located near the city limits (accessed
via the Des Moines Creek wastewater treatment plant)

= DM-2: Des Moines Creek downstream, located at the King County stream
gauge uear the creek mouth in Des Moines Beach Park

= MA-1: Massey Creek upstream, located immediately downstream of 24"
Place South

= MA-2: Massey Creek midstream, located immediately downstream of
16" Avenue South

= MA-3: Massey Creek downstream, located near the creek mouth and
upstream of Marine View Drive

u BA-1: Bames Creek downstream, located near the creek mouth and
upstream of Kent-Des Moines Road ‘ '

. MC-1: McSorley Creek upstream, located immediately downstream of
Parkside Wetland

= MC-2: McSorley Creek downstream, located downstream of 16" Avenue

South (accessed via the Midway Sewer District pump station).

Monitoring was conducted during five storm events per year for a total of 25 storm events, and
during three base flow events per year for a total of 15 base flow events (Table 1). During each
storm event, three to four grab samples were collected at each station at an approximate rate of
one sample per hour. Storm sampling generally began during the rising limb of the stream
hydrograph of a storm event measuring at least 0.25 inches that occurred at least 48 hours after
the previous storm event. The grab samples from each station were flow-proportionately
composited into one sample by the laboratory prior to analysis.
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Table1l. Water quality monitoring events in the Des Moines five-year program.

Storm Flow Monitoring Base Flow Monitoring
Study  Water Event Sampling Storm Size Event Sampling
Year Year Number | Date (inches of rain) Number Date
1 94/95 1 11/23/94 0.22 1 : 12/6/94
2 12/8/94 0.21 2 3/29/95
3 3/8/95 0.67 3 7/19/95
4 7/9/95 0.93
5 10/20/95 0.34
2 95/96 6 11/7/95 2.63- 4 12/7/95
7 3/3/96 0.38 5 3/27/96
8 3/31/96 0.76 6 ' 7/8/96
9 4/22/96 2.89
10 - 9/3/96 0.46
3 96/97 11 11/30/96 0.28 : 7 12/19/96
(12 1/16/97 1.46 8 3/25/97
13 1/27/97 0.49 9 7/21/97
14 4/22/97 0.45
15 6/3/197 0.46
4 97/98 16 11/19/97 0.57 10 12/4/97
17 12/15/97 2.01 11 3/19/98
18 4/23/98 0.45 12 7/22/98
19 6/24/98 0.49
5 98/99 20 10/12/98 1.56 13 2/12/99
21 1/13/99 1.27 14 5/27/99
22 3/12/99 1.47 15 8/25/99
23 5/11/99 0.17
24 10/27/99 0.49
25 11/5/99 0.71

To evaluate the potential effects of nonpoint source pollution during low-flow periods
throughout each year, base flow monitoring was conducted by collecting a single grab sample at
each station following at least 3 days of dry weather in midwinter, late spring, and late summer.
During the first two years of the monitoring program, base flow monitoring was also conducted
at four upstream stations on Des Moines Creek located within the city of SeaTac for basin
planning purposes. Locations and results for these four stations are presented in the two previous
annual reports (Herrera 1995, 1996) and are not included in this report.

Samples of storm flow and base flow were analyzed in the field and laboratory for various
parameters (Table 2). These water quality parameters were used to assess relative impacts on the
instream aquatic ecosystems arising from various urban activities. Where appropriate,
Washington state surface water quality standards for Class AA freshwaters (i.e., tributaries to
Class AA marine waters in Puget Sound) were used for comparative purposes and are listed in
Table 3. Specific field and laboratory analytical methods are described in the quality assurance
report (Appendix A).
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Table 2. Water quality monitoring parameters used in the Des Moines five-year program.

Sample Type/Analysis Location

Parameter Storm Flow Base Flow
Temperature Grab/Field Grab/Field
pH Grab/Field Grab/Field
Dissolved oxygen Grab/Field Grab/Field
Conductivity Grab/Field Grab/Field
Hardness Composite/Lab Grab/Lab
Turbidity - Composite/Lab Grab/Lab
Total suspended solids Composite/Lab Grab/Lab
Total phosphorus Composite/Lab Grab/Lab
Ammonia nitrogen Composite/Lab Grab/Lab
Nitrate+nitrite nitrogen Composite/Lab Grab/Lab
Copper, dissolved Composite/Lab Grab/Lab
Lead, dissolved Composite/Lab Grab/Lab
Zinc, dissolved Composite/Lab Grab/Lab
Copper, total Composite/Lab None
Lead, total Composite/Lab None
Zinc, total Composite/Lab None
Total petroleum hydrocarbons Grab/Lab None
Fecal coliform bacteria Grab/Lab Grab/Lab

Table 3. Washington state surface water quality standards for Class AA freshwaters.

Parameter

Standard

Temperature

PH

Dissolved oxygen
Total dissolved gas
Turbidity

Fecal coliform bacteria

Toxic, radioactive, or deleterious
material concentrations

Aesthetic values

Characteristic uses

Shall not exceed 16.0°C due to human activities. When natural conditions exceed 16°C,
no temperature increase will be allowed that raises the receiving water temperature by
greater than 0.3°C. Incremental temperature increases from nonpoint source activities
shall not exceed 2.8°C.

Shall be within the range of 6.5 to 8.5 with a human-caused variation within a range of
less than 0.5 units.

Shall exceed 9.5 mg/L.
Shall not exceed 110 percent saturation at any point of sample collection.

Shall not exceed 5 NTU over background turbidity’whcn the background turbidity is 50
NTU or less, or have more than a 10 percent increase in turbidity when the background
turbidity is more than 50 NTU.

Shall not exceed a geometric mean value of 50 organisms/100 mL, with not more than 10
percent of samples exceeding 100 organisms/100 mL.

Shall be below concentrations that have the potential either singularly or cumulatively to
adversely affect characteristic water uses, cause acute or chronic conditions to the most
sensitive biota dependent on those waters, or adversely affect public health, as
determined by Ecology.

Shall not be impaired by the presence of materials or their effects, excluding those of
natural origin, which offend the senses of sight, smell, touch, or taste.

Shall include, but not be limited to, the following uses: domestic, industrial, and
agricultural water supply; stock watering; salmonid and other fish migration, rearing,
spawning, and harvesting; shellfish rearing, spawning, and harvesting; wildlife habitat;
general recreation and aesthetic enjoyment; and commerce and navigation.

Source: WAC 173-201A.
mL milliliters.
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Rainfall conditions were documented with two sets of hourly rainfall data from 1) the National
Weather Station at Seattle-Tacoma (Sea-Tac) International Airport, and 2) the King County rain
gauge 11U at Tyee Golf Course. Daily rainfall data were also compiled from the Midway Sewer
District rain gauge at the Des Moines Creek treatment plant.

Stream stage was measured following the collection of each grab sample. Staff and crest gauges
were installed at each station to measure water stage during sampling and peak water stage prior
to sampling. Discharge was estimated from water stage using Manning's equation or rating
curves developed from discharge measurements collected over a range of water stages. Local
citizen volunteers and Des Moines city staff also measured stream stage and crest gauge heights
(see Public Involvement Program section).

Continuous measurements of stream stage at station DM-2 on lower Des Moines Creek were
collected by King County (the county identifies this station as 11D). King County then
converted these stage measurements to discharge using a rating curve based on discharge
measurements collected over a range of water stages.

Hydrologic Results

Results are presented and discussed below for precipitation and stream discharge. These results
include a 5-year summary of continuous rainfall and discharge data collected by King County for
Des Moines Creek, and stream discharge data collected for each monitoring station during
sampling events.

Five-Year Summary

Continuous records of precipitation and discharge for the Des Moines Creek watershed were
collected by King County over the entire monitoring period, and these are presented in Figures
3a through 3f. Base and storm flow sampling events are identified in these figures for reference.

Precipitation

Summary statistics for precipitation measured at Sea-Tac Airport are presented by water year in
Table 4 for the 5-year period of study (i.e., beginning with water year 1995, which begins in
October 1994, and ending with water year 1999, which ends in September 1999). Monthly
statistics for the rain gauge at Sea-Tac Airport and two other gauges located in the Des Moines
vicinity are presented in Appendix D.

Annual precipitation at Sea-Tac Airport ranged from 32.3 inches in water year 1998 to 51.8
inches in water year 1997. Based on averages from a 30-year precipitation record at Sea-Tac
Airport, normal precipitation totals were exceeded by at least 32 percent in water years 1996,
1997, and 1999. Water year 1995 exhibited near-normal precipitation (+6 percent) and water
year 1998 exhibited below-normal precipitation (-13 percent).
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Comparisons of the rainfall totals presented among three rain gauges in the Des Moines Creek
basin indicate that the Midway Sewer District treatment plant receives approximately 16 percent
more precipitation than Sea-Tac Airport in any given month (see Appendix D). This difference
in precipitation totals likely results from a precipitation gradient between the airport and
surrounding locations, as evidenced by the results from other King County rain gauges (King
County 1995).

The higher than normal precipitation totals measured during the 5-year monitoring period may
have influenced the monitoring results presented in this report. Numerous large storms occurring
in rapid succession can stress stormwater and erosion control facilities. If these systems become
compromised or fail due to extreme climatic conditions, natural resources that are directly
influenced by stormwater runoff are adversely affected (e.g., surface water quality and
hydrology).

Discharge

Summary statistics for discharge measured in lower Des Moines Creek (station DM-2) are
presented in Table 4 by water year for the 5-year period of study (i.e., water years 1995 through
1999). Monthly flow statistics for lower Des Moines Creek are presented in Appendix D.
Discharge statistics are not available for the seven other monitoring stations because continuous
water level recorders were only installed at lower Des Moines Creek. Differences in discharge
rates among the eight monitoring stations are presented for sampled events in the following
section.

Table4. Hydrologic characteristics of Des Moines Creek at station DM-2 compared with
precipitation statistics measured at the Sea-Tac Airport rain gauge.

Water  Range of Monthly  Range of Monthly  Total Discharge Total Precipitation as

Year  Average Discharge® Peak Discharge Volume * Precipitation®  Percent of Normal ©
(cfs) (cfs) (acre-feet) (inches) (%)

1995 2.09-19.5 12.0-179 4,786 39.35 5.8

1996 1.71-28.3 22.0 - 26l 7,509 50.42 356

1997 2.20-26.1 34.0-222 8,047 51.84 394

1998 1.16 - 19.2 5.10- 119 4,430 32.29 -13.2

1999 1.64-25.9 6.30-216 7,966 49.16 322

2 Data collected by King County Department of Natural Resources.
® Data collected at Sea-Tac Airport by National Occanic and Atmospheric Administration (NOAA).
¢ Based on mean of 37.19 inches for a 30-year record {1961-1990) collected at Sea-Tac Airpqn by NOAA.

Monthly average discharge rates for Des Moines Creek ranged from 1.16 to 28.3 cubic feet per
second (cfs) during the 5-year study period. Monthly peak discharge rates ranged from 5.10 to '
222 cfs over the same period. Discharge volumes ranged from 4,430 acre-feet in the 1998 water
year to 8,047 acre-feet in the 1997 water year. Discharge rates and volumes for a given water
year were highly correlated with the amount total precipitation that fell over the same period.
For example, the peak discharge rate in the water year with the highest precipitation total (i.e.,
1997) was roughly twice as high as the peak discharge rate measured in the water year with the
lowest precipitation total (i.e., 1998). In general, relatively high discharge rates and volumes
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Five-Year Project Repori—Des Moines Water Quality Monitoring Program

occurred in the 1996, 1997, and 1999 water years in response to high precipitation totals.
Conversely, the 1995 and 1998 water years had lower discharge rates and volumes due to lower
measured precipitation totals.

Discharge rates in Des Moines Creek showed distinct differences during wet and dry seasons

(see Figures 3a through 3f). The dry season typically extended from April through August, with
average discharge rates ranging from 2.26 cfs in the 1998 water year to 5.89 cfs in the 1997

water year. As a result of increased ground water recharge, dry season discharge rates in water
years with high precipitation totals (e.g., 1996 and 1997) were nearly double those measured in
water years with relatively low precipitation totals (e.g., 1998). The wet season in Des Moines-
typically began in September, when daily mean flow rates increased to approximately 8 cfs, and -
continued through March. '

Hydrology of Sampled Events

Average stream discharge rates during sampled storm and base flow events are presented as box
and whisker plots in Figure 4 for comparison to similar presentations of water quality data.
Graphs of storm discharge rates present the minimum and maximum, the 25" and 75t
percentiles, and the median for each stream station. Graphs of base flow discharge rates present
only the minimum, maximum and median for each stream station, because the number of
samples is not sufficient to calculate 25™ and 75™ percentiles. Stream discharge rates measured
during each storm and base flow event are presented in Appendix B with the water quality
database. Continuous records of stream discharge and precipitation during each sampled storm |
event are presented in Appendix D for Des Moines Creek (King County stream gauge 11D and
rain gauge 11U).

Precipitation

Precipitation totals for sampled storm events are presented in Appendix B and summarized in
Table 1. Rainfall data are based on King County records from rain gauge 11U at the Tyee Golf
Course. Rainfall totals during all sampled storm events ranged from 0.17 inches for event 23
(May 11, 1999) to 2.89 inches for event 9 (April 22, 1996). The goal of 2 days (48 hours) of dry
weather preceding sampled storm events was met for all sampled storm events during the 5-year
monitoring program.

Antecedent dry periods for base flow sampling events were calculated as: the time elapsed since
the end of a precedinig 24-hour period in which 0.10 or more inches of precipitation had fallen.
Dry periods over the 5-year monitoring program ranged from approximately 54 hours for base
flow event 14 (May 27, 1999) to 488 hours for base flow event 15 (August 25, 1999). The goal
of at least 3 days (72 hours) of dry weather preceding base flow sampling was met for all base

~ flow events except events 1 and 14, which had antecedent dry periods of approximately 61 and
54 hours, respectively.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Discharge Rates

Mean discharge rates during storm sampling ranged from a minimum of 0.18 cfs at station MC-1
during storm event 10 (September 3, 1996) to a maximum of 39 cfs at station DM-2 during storm
event 13 (January 27, 1997). Discharge rates during sampled storm events were generally
highest in the second, third, and fourth years of monitoring and lowest in the fifth year (see
Figure 4). These differences do not appear to be related to the measured precipitation totals for
each of these monitoring years (see Table 4). The highest discharge rates during storm sampling
were consistently measured in Des Moines Creek (stations DM-1 and DM-2) and lower Massey
Creek (stations MA-2 and MA3), while the lowest discharge rates were measured in upper
McSorley Creek (station MC-1).

Discharge rates during base flow sampling ranged from less than 0.1 cfs at stations BA-1 and
MC-1 during summer base flow events to 9 cfs at station DM-2 during base flow event 8 (March
25, 1997). There were no substantial differences between monitoring years in discharge rates
during base flow sampling (see Figure 4).

Storm Flow Sampling Temporal Coverage

Storm flow sampling typically began within a few hours from the onset of rainfall and captured
both the ascending and descending limbs of the hydrograph (see Appendix D).

Water Quality Results

Appendix B presents water quality results separately for storm flow and base flow samples from
each stream station. These results are presented as a database that includes sample collection
data, hydrologic data, analyte values, and data flags (i.e., qualifiers) for the entire study. Values
qualified as estimates are used in the evaluation, and none of the analytical test result values
were rejected (see the quality assurance report in Appendix A). Laboratory results, chain-of-
custody records, and data quality assurance worksheets for the fourth and fifth monitoring years
are presented in Appendix E.

Water quality results for the eight stream monitoring stations shown in Figure 1 are discussed
below for each parameter measured or analyzed. Median parameter values are presented for
each station in Table 5 (storm flow) and Table 6 (base flow). These values are also compared to
water quality statistics for streams in other developed areas of King County (Table 7).

The water quality results are presented in a series of “box and whisker” plots for comparisons of
storm and base flows, comparisons of stations within and between basins, and comparisons of
monitoring years. Where applicable, these graphs also provide data for comparisons to streams
in other developed areas of King County (see Table 7), as well as Washington state surface water
quality standards (see Table 3).

Graphs of storm flow results present the minimum and maximum, the 25" and 75" percentiles,
and the median for each station. Graphs of base flow results present only the minimum,
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

maximum, and median for each station, because the number of samples is not sufficient to
calculate 25™ and 75™ percentiles for each year of study. In addition, graphs of fecal coliform
bacteria data present the minimum, maximum, and geometric mean, because the water quality
standard is based on geometric means (see Table 3).

The water quality results were also analyzed for spatial and temporal trends using various
statistical procedures. Spatial trends in the water quality data were analyzed using one of two
approaches, depending on the number of monitoring stations in the stream basin. For basins with
only two monitoring stations (i.e., the Des Moines Creek and McSorley Creek basins), a signed-
rank test was used to determine whether one station had significantly higher pollutant
concentrations than the other (Helsel and Hirsch 1992). For basins with more than one
monitoring station (i.e., the Massey Creek basin), a Friedman test was used to determine whether
there were significant differences in pollutant concentrations among any of the basin’s
monitoring stations. If significant differences were detected using the Friedman test, a follow-up
nonparametric multiple comparison test was conducted to determine which stations were
significantly different from others in the basin (Zar 1984). All of the statistical tests described
above are paired or blocked analyses that eliminate the variability or noise associated with
temporal factors (e.g., the sampling of different sized storms over time), so that spatial trends can
be more readily detected.

A Kruskal-Wallis analysis of variance (ANOVA) was used to evaluate whether there were
significant differences in analyte concentrations between any of the monitoring years at a given
site. If significant differences were detected using the Kruskal-Wallis ANOVA, a follow-up
nonparametric multiple comparison test was conducted to determine which monitoring years
were significantly different from others (Zar 1984).

To determine whether analyte concentrations have generally increased or decreased over the
entire 5-year monitoring program, a temporal trend analysis was performed by computing the
Kendall’s tau (1) correlation coefficient for analyte concentrations versus sampling dates. The
resultant correlation coefficient was then evaluated to determine its statistical significance (i.e., ©
# 0; o= 0.05). Significant positive and negative correlation coefficients indicate a significant
increasing or decreasing trend, respectively, in analyte concentrations.

To increase the likelihood of detecting temporal trends, noise in the water quality data that stems
from sampling over a range of storm sizes was removed whenever possible using a method
described by Helsel and Hirsch (1992). The following provides a brief summary of this
procedure:

1. Linear regression was employed to determine whether there was a significant
relationship (i.e., B # 0, o = 0.05; 1* > 0.15) between mean discharge at the
time-of sample collection and the concentration of a given analyte.

2. Residuals from the regression analysis were then extracted for those
analytes showing a significant relationship with mean discharge. The
residuals represent analyte concentrations that have been flow-corrected
by removing noise stemming from variations in mean discharge.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

3. A temporal trend analysis was performed, as described above, using the
residuals or flow-corrected data in order to reveal temporal trends that
would otherwise be undetectable due to the confounding influence of
discharge on analyte concentrations. Significant positive and negative
correlation coefficients indicate a significant increasing or decreasing
trend, respectively, in analyte concentrations.

All of the statistical analyses described above were evaluated at a significance level of a = 0.05.
Results of spatial and temporal trend analyses are presented in Appendix C and summarized in
Tables 8 and 9, respectively.

Table8. Summary of significant (o = 0.05) of positive (+) and negative (=) downstream
trends * in storm (S) and base (B) flow water quality data for Des Moines
stream stations.

DM-1 to DM-2 MA-1 to MA-2 MA-2 to MA-3 MC-1 to MC-2

Temperature S- S+
pH S+, B+ S+, B+ S+, B+
Dissolved oxygen S+ S+ S+, B+
Conductivity S+, B+ S-, B- S+ S—
Hardness S+, B+ B- S+ S-
Turbidity S+, B- S+
Total suspended solids S+ S+, B- S+
Total phosphorus S+, B+ B-
Nitrate+nitrite nitrogen S+ S+
Ammonia nitrogen S- B- S- S+
Dissolved copper S— S+, B+
Dissolved lead S—

Dissolved zinc S- S—- S+
Total copper b S+
Total lead S- S+
Total zinc ° S- S- S+
Total petroleum hydrocarbons b S— 7 S+

Fecal coliform bacteria

® A plus sign (+) indicates an increasing trend downstream, whereas a minus sign (~) indicates a decreasing trend downstream.
Parameter analyzed in storm flow samples only.

DM-1  upper Des Moines Creek MA-3  lower Massey Creek
DM-2  lower Des Moines Creek MC-1  upper McSorley Creek
MA-1  upper Massey Creek MC-2  lower McSorley Creek

MA-1  middle Massey Creek

Temperature

The species composition and activity of aquatic organisms are regulated by temperature.

Because essentially all aquatic organisms are cold-blooded, water temperature regulates their
metabolism and ability to survive and reproduce effectively. Temperature also affects the natural
self-purification processes that occur in water bodies. Thus, increased temperatures accelerate
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

the biodegradation of organic matter present in waters and sediments, resulting in increased
demands on the dissolved oxygen resources of a system. In addition, increased water
temperatures decrease the solubility of oxygen, which exacerbates dissolved problems. For
example, surface waters that are saturated with dissolved oxygen at temperatures in excess of
18°C would not meet the minimum dissolved oxygen criterion (9.5 milligrams per liter) for Class
AA freshwaters (see Table 3).

Table9. Summary of significant (a = 0.05) positive (+) and negative () temporal trends in
storm (S) and base (B) flow water quality data for Des Moines stream stations.

DM-1 DM-2 MA-1 MA-2 MA-3 BA-1 MC-1 MC-2

Temperature .

pH S+
Dissolved oxygen :

Conductivity B+ S+ B+ B+ B+

Hardness S+ S+

Turbidity

Total suspended solids

Total phosphorus S+ »
Nitrate+nitrite nitrogen B- B- S—
Ammonia nitrogen B- B- B-

Dissolved copper B- B- B-
Dissolved lead
Dissolved zinc S B-

Total copper * ) S~ S—
Total lead *
Total zinc * S-

Total petroleum hydrocarbons * S+

Fecal coliform bacteria ' B+

* Parameter analyzed in storm flow samples only.

DM-1  upper Des Moines Creek MA-3  lower Massey Creek
DM-2  lower Des Moines Creek BA-1 lower Barnes Creek
MA-1  upper Massey Creek MC-1  upper McSorley Creek
MA-2  middle Massey Creek MC-2  lower McSorley Creek

Temperature measurements over the 5-year monitoring program ranged from 1.8 to 19.1°C
(Figure 5). The median temperature ranged from 8.2 to 9.8°C among the sampling stations
during storm flow and from 9.6 to 11.7°C among the stations during base flow. All three basins
in this study exhibited similar median temperatures in their downstream reaches relative to other
King County streams during base flow and storm flow (see Tables 5, 6, and 7).

The Washington state Class AA criterion for temperature (16°C) was exceeded at least once at
every monitoring station during-the 5-year monitoring period (Table 10). The percentage of
samples exceeding the state criterion during storm flow sampling ranged from zero percent
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

(station MC-1) to 16 percent (station MC-2). The percentage of samples exceeding the state
criterion during base flow sampling ranged from 7 percent (stations DM-1 and BA-1) to 33
percent (stations DM-2 and MA-3). Overall, 13 percent of the samples collected during the 5-
year monitoring program exceeded the state criterion for temperature. Samples collected during

summer base flow conditions consistently exceeded the state criterion for temperature at all
stations except DM-1 and BA-1.

The analysis for spatial trends showed that there were no significant differences in temperature
between monitoring stations in the Des Moines Creek basin during either storm flow or base
flow (see Table 8 and Appendix C). Temperatures were significantly lower in Barnes Creek
(station BA-1) relative to the other monitoring stations in the Massey Creek basin during storm
flow. Colder water entering Massey Creek from Barnes Creek most likely contributed to a
significant decrease in temperatures from station MA-2 to station MA-3 during storm flow. Base
flow temperatures in the Massey Creek basin were significantly different only at stations BA-1
and MA-2. Temperatures in McSorley Creek significantly increased downstream during storm
flow but not during base flow. This trend is most likely related to the presence of the Parkside
Wetland at the headwaters of McSorley Creek. Relatively cool water that enters the Parkside
Wetland from ground water may provide a buffer against temperature increases in the upper
reaches of McSorley Creek during storm events.

There were no significant differences in temperature between monitoring years at any of the
stations for storm flow or base flow (see Appendix C). Nor did the analysis for temporal trends
throughout the entire 5-year monitoring program show any significant increasing or decreasing
trends for temperature at any of the monitoring stations (see Table 9 and Appendix C).

pH

pH is a measure of the hydrogen ion activity in water, which can have a direct effect on aquatic
organisms, or an indirect effect by virtue of the fact that the toxicity of several common _
pollutants are markedly affected by changes in pH. Waters that exhibit a pH in the range of 0.0
to 7.0 are considered acidic, while waters with pH ranging from 7.0 to 14.0 are considered
alkaline. Washington state standards indicate that acceptable pH values range from 6.5 to 8.5 for
Class AA freshwater (see Table 3).

Measurements of pH over the 5-year monitoring program ranged from 5.90 to 8.98 (Figure 6).
The median pH ranged from 6.77 to 7.43 among the stream stations during storm flow and from
7.04 to 7.75 during base flow. All three basins in this study exhibited similar median pH levels
in their downstream reaches similar to median levels measured in other King County streams
during base and storm flow (see Tables 5, 6, and 7).

The Washington state Class AA criterion for pH was exceeded at least once at every monitoring
station during the 5-year monitoring period (Table 11). The percentage of storm flow samples
exceeding the state criterion for pH ranged from 4 percent (stations DM-1, DM-2, MA-2, BA-1,
and MC-2) to 16 percent (station MA-1). The percentage of base flow samples exceeding the state
criterion ranged from zero percent (stations DM-1, MA-1, MA-2, MA-3, MC-1, and MC-2) to 7
percent (stations DM-2 and BA-1). Overall, 5 percent of the samples collected during the 5-year
monitoring program exceeded the state criterion for pH. Instrument problems may have affected
the accuracy of monitoring results for pH during storm event 7 (March 3, 1996) because all eight
of the samples collected during this event exhibited pH levels below the state criterion.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program -

However, these pH results were not qualified as estimates because no problems with instrument
calibration or operation were noted by the technician.

The analysis for spatial trends showed that pH values generally increased downstream in all three
basins in the study. For example, pH values in both Des Moines Creek and McSorley Creek
increased significantly downstream during storm and base flow (see Table 8 and Appendix C).
Storm and base flow pH values were also significantly lower in the upper reaches of Massey
Creek (station MA-1) relative to all other monitoring stations in the basin (MA-2, MA-3, and
BA-1). Natural or human-induced nutrient enrichment in the downstream reaches of these
streams may be stimulating primary productivity by attached algae that increases pH levels.
There were no significant differences in pH values between monitoring years at any of the
stations for storm flow or base flow (see Appendix C). The analysis for temporal trends
throughout the entire 5-year monitoring program showed only a significant increasing trend for
storm flow pH levels in Barnes Creek (station BA-1) (see Table 9 and Appendix C).

Dissolved Oxygen

Dissolved oxygen is significant for the protection of aesthetic qualities of water as well as for the
maintenance of fish and other aquatic life (U.S. EPA 1976). To allow for differences among
requirements by affected species of fish and other aquatic organisms, dissolved oxygen standards
are based on concentrations that supports a well-rounded population of fish. The Washington
state standard for Class AA freshwaters requires that dissolved oxygen shall exceed 9.5
milligrams per liter (mg/L) (see Table 3).

Dissolved oxygen concentrations over the 5-year monitoring program ranged from 5.5 to 14.1
mg/L (Figure 7). The median dissolved oxygen concentration ranged from 7.8 to 10.9 mg/L
among the stream stations during storm flow and from 7.6 to 11.6 mg/L during base flow. All
three basins in this study exhibited median dissolved oxygen concentrations in their downstream
reaches similar to other streams in developed areas of K1ng County during base flow and storm
flow (see Tables 5, 6, and 7).

The Washington state Class AA criterion for dissolved oxygen was exceeded at least once at
every monitoring station during the 5-year monitoring period (Table 12). The percentage of
storm flow samples exceeding the state criterion for dissolved oxygen ranged from 12 percent
(stations DM-2 and BA-1) to 88 percent (station MC-1). The percentage of base flow samples
exceeding the state criterion ranged from 27 percent (station BA-1) to 100 percent (station MC-
1). Overall, 35 percent of the samples collected during the 5-year monitoring program exceeded
the state criterion. Dissolved oxygen concentrations in samples collected during summer base
flow conditions were in chronic violation of the state criterion for dissolved oxygen. Low
dissolved oxygen concentrations in these streams most likely result from a combination of
factors, including 1) water temperature increases resulting from the removal of shade providing
canopy cover in the riparian zone, and 2) high nutrient concentrations that stimulate excessive
microbial decomposition. :

The analysis for spatial trends showed that dissolved oxygen concentrations in Des Moines
Creek significantly increased downstream during storm flow but not during base flow (see
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Table 8 and Appendix C). There were no clear longitudinal (downstream) trends for storm flow
dissolved oxygen concentrations in the Massey Creek basin. Base flow dissolved oxygen
concentrations in the Massey Creek basin were significantly different only at stations MA-1 and
BA-1, with higher concentrations at station MA-1. Natural conditions that reduce dissolved
oxygen concentrations in drainage from the Parkside Wetland (e.g., low aeration and high levels
of oxygen-demanding substances) caused dissolved oxygen concentrations to be significantly
lower in upper McSorley Creek (station MC-1) during both storm and base flow.

There were no significant differences in dissolved oxygen concentrations between monitoring
years at any of the stations for storm and base flow (see Appendix C). Nor did the analysis for
temporal trends over the entire 5-year monitoring program show any significant increasing or
decreasing trends for dissolved oxygen at any of the monitoring stations (see Table 9 and
Appendix C).

Conductivity

Specific conductance or conductivity is a measure of the ability of a water to conduct an
electrical current, which is directly related to the content of dissolved ions (solids) in the water.
While there is no water quality standard established for conductivity, this measurement is useful
for identifying sources of dissolved pollutants and for determining relative contributions of
ground water, because conductivity is typically higher in ground water than in surface waters.

Conductivity levels over the 5-year monitoring program ranged from 27.0 to 425 micromhos per
centimeter (umhos/cm) (Figure 8). The median conductivity level ranged from 72.1 to 138
pumhos/cm among the stream stations during storm flow and from 155 to 249 umhos/cm during
base flow. Conductivity levels are generally lower during storm flow than base flow, because
surface runoff dilutes stream waters originating from seepage that typically has high dissolved
ion concentrations. During base flow, median conductivity levels were highest in the Massey
Creek basin and lowest in the McSorley Creek basin. Median conductivity levels in the
downstream reaches of all three basins were higher than the median levels for other streams

located in developed areas of King County during base flow, but not during storm flow (see
Tables 5, 6, and 7).

The analysis for spatial trends showed that conductivity levels in Des Moines Creek and
McSorley Creek significantly increased downstream during both storm flow and base flow (see
Table 8 and Appendix C). Conductivity levels were significantly lower in the middle reaches of
Massey Creek (station MA-2) during storm flow compared to all other monitoring stations in the
basin. During base flow, conductivity levels were significantly higher in the upper reaches of the
Massey Creek basin (station MA-1).

There were no significant differences in conductivity between monitoring years at any of the
stations for storm and base flow (Appendix C). The analysis for temporal trends over the entire
5-year monitoring program showed a significant increasing trend for storm flow conductivity
levels in lower Des Moines Creek (station DM-2). There were also significant increasing trends
for base flow conductivity levels in upper Des Moines Creek (station DM-1) and all of Massey
Creek (stations MA-1, MA-2, and MA-3) (see Table 9 and Appendix C). The trend of increasing
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

base flow conductivity at all three of the Massey Creek monitoring stations suggests that ground
water discharging to the stream contained increasing concentrations of major cations (i.e.,
calcium and magnesium) throughout the study period. Increasing cation concentrations in
ground water are not necessarily indicative of pollution, but have been associated with lower
amounts of rainfall infiltration during dry years (King County 1994). However, the cause for
increasing base flow conductivity in Massey Creek is unclear because rainfall amounts did not
consistently decrease, basin development (which reduces infiltration ) did not substantially

increase, and base flow hardness (cation) concentrations did not significantly decrease during the
study period (see below).

Hardness

Hardness measurements are based on the concentrations of calcium and magnesium, which
directly affect the toxicity of some heavy metals (i.e., metals are more toxic at lower levels of
hardness). Hardness measurements are necessary for determining compliance with state water
quality standards for dissolved copper, lead, and zinc.

Hardness measurements over the 5-year monitoring program ranged from 19.1 to 139 mg/L (as
calcium carbonate) (Figure 9). The median hardness concentration ranged from 33.3 to 53.8
mg/L among the stations during storm flow and from 67.2 to 109 mg/L during base flow.

The analysis for spatial trends showed that hardness in Des Moines Creek significantly increased
downstream during both storm flow and base flow (see Table 8 and Appendix C). Hardness
concentrations were significantly higher in Barnes Creek (station BA-1) than in upper and
middle Massey Creek (stations MA-1 and MA-2, respectively) during storm flow. Water
entering Massey Creek from Barnes Creek most likely contributed to a significant increase in
hardness from station MA-2 to station MA-3 during storm flow. There were no clear
longitudinal trends for hardness measurements in the Massey Creek basin during base flow.
Hardness in McSorley Creek increased significantly downstream during storm flow but not
during base flow.

There were no significant differences in hardness measurements between monitoring years at any
of the stations for storm or base flow (Appendix C). The analysis for temporal trends over the
entire 5-year monitoring program showed a significant increasing trend for storm flow hardness
in Des Moines Creek (stations DM-1 and DM-2) (see Table 9 and Appendix C). The cause of
this apparent trend is unclear because there was no concurrent trend of decreasing discharged
rates (and less dilution of high base flow hardness concentrations) during storm flow sampling of
Des Moines Creek.

Turbidity

Turbidity is a measure of particulate matter in water that reduces water transparency or clarity.
Measurements of turbidity in nephelometric turbidity units (NTU) are used to determine whether
state standards have been exceeded (see Table 3).
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Turbidity levels over the 5-year monitoring program ranged from 2.1 to 95 NTU (Figure 10).
The median turbidity level ranged from 6.1 to 32 NTU among the stream stations during storm
flow and from 1.6 to 4.9 NTU during base flow. Storm flow turbidity levels were generally
highest in Barnes Creek (station BA-1). Storm flow median turbidity levels in the downstream
reaches of all three basins were roughly twice as high as the median level for other streams
located in developed areas of King County (see Tables 5, 6, and 7).

During the 5-year monitoring period, the Washington state Class AA criterion for turbidity (i.e.,
shall not exceed a 5 NTU or 10 percent increase over background) was exceeded at least once at
‘every monitoring station having a suitable upstream station for assessing background turbidity
(Table 13). The percentage of samples exceeding the state criterion for turbidity during storm
flow sampling ranged from 20 percent (station DM-2) to 84 percent (station MC-2). The
percentage of samples exceeding the state criterion for turbidity during base flow sampling
ranged from zero percent (stations DM-2, MA-2, and MA-3) to 7 percent (station MC-2).
Overall, 36 percent of the samples collected during the 5-year monitoring program exceeded the
state criterion for turbidity. Potential sources of turbidity that contribute to these water quality
violations include 1) fine sediment entering the water via surface water runoff, 2) bank erosion,
and 3) resuspension of previously deposited particles in the streambed.

The analysis for spatial trends showed no significant longitudinal (downstream) trends in
turbidity within the Des Moines Creek basin during either storm flow or base flow (Table 8 and
Appendix C). Turbidity was significantly lower in the upper reaches of Massey Creek (station
MA-1) during storm flow and significantly higher in the upper reaches during base flow.
Turbidity in McSorley Creek increased significantly downstream during storm flow but not
during base flow.

There were no significant differences in turbidity between monitoring years at any of the stream
stations for storm or base flow (Appendix C). Nor did the analysis for temporal trends over the
entire 5-year monitoring program show any significant increasing or decreasing trends in
turbidity for any of the monitoring stations (Table 9 and Appendix C).

Total Suspended Solids

Total suspended solids in urban runofT arc the most widespread pollutant entering surface waters.
Solids, especially the finer fractions. reduce light penetration in water and can have a smothering
effect on fish spawning and benthic biota. Suspended solids are also closely associated with
other pollutants such as nutrients, bacteria. metals, and organic compounds. These pollutants
tend to adsorb onto the solids particles and are consequently transported in surface runoff to
receiving waters if no onsite controls are implemented for solids removal. Thus, the presence of
suspended solids is used to evaluate the overall pollutant loading within a basin. No state
standards have been established for suspended solids.

Total suspended solids concentrations over the 5-year monitoring program ranged from less than
0.5 to 490 mg/L (Figure 11). The median total suspended solids concentration ranged from 14 to
86 mg/L among the stations during storm flow and from 0.8 to 2.4 mg/L during base flow.

Storm flow total suspended solids concentrations were highest in Barnes Creek (station BA-1).
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Table 13. Percentages of samples from Des Moines streams exceeding the Washington
state Class AA water quality criterion for turbidity by monitoring station and
year.

DM-2 MA-2 MA-3 MC-2 All Stations

Base Flow Samples

94/95 0.0 0.0 0.0 333 83
95/96 0.0 0.0 0.0 0.0 0.0
96/97 0.0 0.0 0.0 0.0 0.0
97/98 0.0 0.0 0.0 0.0 0.0
98/99 0.0 0.0 0.0 0.0 0.0
All Years 0.0 0.0 0.0 6.7 1.7

Storm Flow Samples

94/95 20.0 40.0 40.0 80.0 45.0
95/96 20.0 100.0 80.0 80.0 70.0
96/97 0.0 80.0 60.0 80.0 55.0
97/98 50.0 50.0 75.0 75.0 62.5
98/99 16.7 333 66.7 100.0 54.2
All Years 20.0 60.0 64.0 84.0 57.0
All Samples
94/95 12.5 25.0 25.0 62.5 31.3
95/96 12.5 62.5 50.0 50.0 43.8
96/97 0.0 50.0 37.5 50.0 344
97/98 28.6 28.6 429 42.9 35.7
98/99 11.1 222 444 66.7 36.1
All Years 12.5 375 40.0 55.0 36.3

The turbidity criterion is based on an increase over background where an upstream location is used for background.
Therefore, the turbidity criterion applies only to the following downstream locations:

DM-2 lower Des Moines Creek

MA-2 middle Massey Creek

MA-3 lower Massey Creek

MC-2 lower McSorley Creek

Storm flow median total suspended solids concentrations in the downstream reaches of the Des
Moines and Massey Creek basins were 2.5 times higher than the median level for other King
County streams (see Tables 5, 6, and 7).

The analysis for spatial trends showed that total suspended solids concentrations in all three
study basins significantly increased downstream during storm flow (Table 8 and Appendix C).
Barnes Creek appeared to be the primary source of total suspended solids in the lower reaches of
the Massey Creek basin. There were no clear longitudinal trends for total suspended solids
during base flow in any of the study basins.

There were no significant differences in total suspended solids concentrations between monitoring
years at any of the stations for storm or base flow (Appendix C). Nor did the analysis for temporal
trends over the entire 5-year monitoring program show any significant increasing or decreasing
trends for total suspended solids at any of the monitoring stations (Table 9 and Appendix C).
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Nutrients

The nutrients of general concern in urban runoff are nitrogen and phosphorus. These elements
are primary nutrients for algae and other plants in freshwater ecosystems including wetlands,
streams, and lakes. Inputs of large quantities of nitrogen and phosphorus can cause excessive
algal growth and a general decline in the quality of receiving waters. Common sources of
nitrogen and phosphorus are fertilizers and nutrient-containing soils that have been eroded and
washed into the stream. No state standards have been established for nutrients in streams.

Total Phosphorus

Total phosphorus concentrations over the 5-year monitoring program ranged from 15.0 to 1,270
micrograms per liter (ug/L) (Figure 12). The median total phosphorus concentration ranged
from 74 to 233 pg/L among the stream stations during storm flow and from 21 to 82 pg/L during
base flow. Storm flow total phosphorus concentrations were highest in Barnes Creek (station
BA-1). Storm flow median total phosphorus concentrations in the downstream reaches of all
three basins were slightly higher than the median level for other King County streams (see
Tables 5, 6, and 7). ‘

The analysis for spatial trends showed no significant longitudinal (downstream) trends in total
phosphorus concentrations in the Des Moines Creek basin during either storm or base flow
(Table 8 and Appendix C). Significant increases in total phosphorus concentrations in the
downstream reaches of the Massey Creek basin during both storm and base flow appeared to be
related to high total phosphorus concentrations in Barnes Creek (station BA-1). Total
phosphorus concentrations in McSorley Creek decreased significantly downstream during base
flow.

There were no significant differences in total phosphorus concentrations between monitoring
years at any of the stations for storm or base flow (Appendix C). The analysis for temporal
trends over the entire 5-year monitoring program showed only a significant increasing trend for
storm flow total phosphorus concentrations in upper Massey Creek (station MA-1) (Table 9 and
Appendix C).

Ammonia Nitrogen

Ammonia nitrogen concentrations over the 5-year monitoring program ranged from less than 10
t0 592 pg/L (Figure 13). The median ammonia nitrogen concentration ranged from 36 to 70
pg/L among the stations during storm flow and from less than 10 to 61 pg/L during base flow.
Storm flow ammonia nitrogen concentrations were highest in upper Des Moines Creek (station
DM-1) and upper Massey Creek (station MA-1). Base flow ammonia nitrogen concentrations
were highest in upper Massey Creek (station MA-1). Storm flow median ammonia nitrogen
concentrations in the downstream reaches of the Des Moines and McSorley Creek basins were
approximately 50 percent higher than the median level for other King County streams (see
Tables 5, 6, and 7).
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Five-Year Project Repori—Des Moines Water Quality Monitoring Program

During the 5-year monitoring period, the Washington state criterion for ammonia toxicity was
never exceeded.

The analysis for spatial trends showed that ammonia nitrogen concentrations in Des Moines
Creek significantly decreased downstream during storm flow (Table 8 and Appendix C).
Similarly, ammonia nitrogen decreased significantly downstream in the Massey Creek basin
during both storm and base flow. In contrast to the other two basins in the study, ammonia
nitrogen concentrations in the McSorley Creek basin significantly increased downstream during
storm flow. This observation suggests that runoff from the Midway landfill may be a significant
source of ammonia nitrogen to McSorley Creek.

There were no significant differences in ammonia nitrogen concentrations between monitoring
years at any of the stations for storm or base flow (Appendix C). The analysis for temporal
trends over the entire 5-year monitoring program showed significant decreasing trends for base
flow ammonia nitrogen concentrations in middle and lower Massey Creek (stations MA-2 and
MA-3, respectively) and in lower McSorley Creek (station MC-2) (Table 9 and Appendix C).

Nitrate+Nitrite Nitrogen

Nitrate+nitrite nitrogen concentrations over the 5-year monitoring program ranged from 27 to
1,870 pg/L (Figure 14). The median nitrate+nitrite nitrogen concentration ranged from 279 to
803 pg/L among the stream stations during storm flow and from 333 to 1,630 pg/L during base
flow. Storm flow nitrate-+nitrite nitrogen concentrations were highest in Barnes Creek (station
BA-1). Base flow nitrate+nitrite nitrogen concentrations were highest in Massey Creek (stations
MA-1, MA-2, and MA-3) and Barnes Creek (station BA-1). Storm flow median nitrate-+nitrite
nitrogen concentrations in the downstream reaches of all three study basins were slightly lower
than the median level for other King County streams (see Tables 5, 6, and 7).

The analysis for spatial trends showed that nitrate-+nitrite nitrogen concentrations in Des Moines
Creek and McSorley Creek significantly increased downstream during storm flow (Table 8 and
Appendix C). Nitrate-+nitrite concentrations were significantly higher in Barnes Creek (station
BA-1) than in upper and middle Massey Creek (stations MA-1 and MA-2, respectively) during
storm flow. There were no clear longitudinal trends in nitrate-+nitrite nitrogen concentrations in
the Massey Creek basin during base flow. '

The statistical analysis for trends by monitoring year showed that nitrate+nitrogen concentrations
during base flow were significantly higher at upper and middle Massey Creek (stations MA-1
and MA-2, respectively) in the second and third years of monitoring (i.e., 1995/96 and 1996/97,
respectively) compared to the other three years. The analysis for temporal trends over the entire
5-year monitoring program showed significant decreasing trends for base flow nitrate+nitrite
nitrogen concentrations in upper Massey Creek (stations MA-1) and in upper McSorley Creek
(station MC-1) (Table 9 and Appendix C). There was also a significant decreasing trend for
storm flow nitrate+nitrite nitrogen concentrations in lower McSorley Creek (station MC-2).
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Metals

Metals are among the most common toxicants found in urban runoff. The form of metals that is
most toxic to aquatic biota is the free ionic or dissolved state. Water hardness directly influences
the toxic effects on aquatic biota of a given metal concentration. Washington state surface water
quality standards have been established for various dissolved metals based on water hardness
(WAC 173-201A). Total recoverable metals, which include both particulate and dissolved
fractions, are used by Ecology for calculating pollutant loads and effluent limits.

Dissolved and total metals results are discussed below for copper, lead, and zinc. The graphs of
the dissolved metals results during storm flow include acute toxicity criteria from the
Washington state surface water quality standards that are based on a hardness concentration of
50 mg/L (as calcium carbonate), which approximates an average hardness measurement among
all of the monitoring stations during storm flow. The graphs of dissolved metals results during
base flow include chronic toxicity criteria that are based on an approximate average hardness
measurement of 100 mg/L (as calcium carbonate). Measured hardness concentrations were used
for determining the exceedance of metals criteria for each sample, using acute criteria for storm
flow samples and chronic criteria for base flow samples.

Dissolved Copper

Dissolved copper concentrations over the 5-year monitoring program ranged from less than 1.0
to 52.4 pg/L (Figure 15). The median dissolved copper concentration ranged from 3.1 to 6.6
pg/L among the stations during storm flow and from less than 1.0 to 2.4 pg/L during base flow.
Storm and base flow dissolved copper concentrations were highest in upper Des Moines Creek
(station DM-1) and in lower McSorley Creek (station MC-2).

During the 5-year monitoring period, Washington state Class AA criteria for dissolved copper
were exceeded at least once at every monitoring station (Table. 14). The percentage of samples
exceeding the acute criterion for dissolved copper during storm flow sampling ranged from 4
percent (stations DM-2, MA-2, BA-1, and MC-1) to 40 percent (station DM-1). The percentage
of samples exceeding the chronic criterion for dissolved copper during base flow sampling
ranged from zero percent (stations DM-1, DM-2, MA-1, MA-2, MA-3, and MC-1) to 7 percent
(station MC-2). Overall, 9 percent of the samples collected during the 5-year monitoring
program exceeded dissolved copper criteria.

The analysis for spatial trends showed that dissolved copper concentrations in Des Moines Creek
significantly decreased downstream during storm flow (Table 8 and Appendix C). Dissolved
copper concentrations were significantly higher in Barnes Creek (station BA-1) than in upper
and middle Massey Creek (stations MA-1 and MA-2, respectively) during storm flow. There
were no clear longitudinal trends in dissolved copper concentrations in the Massey Creek basin
during base flow. Dissolved copper concentrations in McSorley Creek significantly increased
downstream during both storm and base flow. Runoff carrying pollutants from the Midway
landfill (which is located between the upper and lower McSorley Creek monitoring stations) may
be contributing to this trend. Similarly, runoff carrying pollutants from SeaTac airport (which is
located upstream of station DM-1) maybe responsible for higher dissolved copper concentrations
in upper Des Moines Creek.
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Figure 15. Dissolved copper concentrations during storm and base flow sampling
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

The statistical analysis for trends by monitoring year showed that storm flow dissolved copper
concentrations at station DM-2 were significantly higher in the second monitoring year and
lower in the fourth year compared to the other three years (Appendix C). The analysis for
temporal trends over the entire 5-year monitoring program showed significant decreasing trends
for base flow dissolved copper concentrations in upper Des Moines Creek (station DM-1) and
upper and lower McSorley Creek (stations MC-1 and MC-2) (Table 9 and Appendix C).

Total Copper

Total copper concentrations over the 5-year monitoring program ranged from 2.1 to 82.3 pg/L
(Figure 16). The median total copper concentration ranged from 5.5 to 13.7 pg/L among the
stream stations, with the highest total copper concentrations occurring in upper and lower Des
Moines Creek (stations DM-1 and DM-2). Storm flow median total copper concentrations in the
downstream reaches of all three study basins were three to four times higher than the median
level for other King County streams (see Tables 5, 6, and 7).

The andlysis for spatial trends showed that storm flow total copper concentrations increased |
significantly downstream in McSorley Creek (Table 8 and Appendix C). There were no clear
longitudinal trends for total copper in the Des Moines Creek and Massey Creek basins.

There were no significant differences in total copper concentrations between monitoring years at
any of the stations (Appendix C). The analysis for temporal trends over the entire 5-year
monitoring program showed a significant decreasing trend for storm flow total copper
concentrations in lower Des Moines Creek (station DM-2) and in upper McSorley Creek (station
MC-1) (Table 9 and Appendix C).

Dissolved Lead

Dissolved lead concentrations over the 5-year monitoring program ranged from less than 0.5 to
4.1 pg/L (Figure 17). The median dissolved lead concentration ranged from less than 0.5 to 1.3
ng/L among the stream stations during storm flow. The median dissolved lead concentration
during base flow was less than 0.5 pg/L at all stations. Storm flow dissolved lead concentrations
were highest in upper Massey Creek (station MA-1).

During the 5-year monitoring period, Washington state Class AA criteria for dissolved lead were
exceeded in only one collected sample (station MC-2 for base flow event 4) (Table 15).

The analysis for spatial trends showed that storm flow dissolved lead concentrations were
significantly higher in upper Massey Creek than at the other monitoring stations in the basin
(Table 8 and Appendix C). There were no significant longitudinal trends for dissolved lead in
the Des Moines Creek and McSorley Creek basins.

There were no significant differences in dissolved lead concentrations between monitoring years at
any of the stations for storm or base flow (Appendix C). Nor did the analysis for temporal trends
over the entire 5-year monitoring program show any significant increasing or decreasing trends in
dissolved lead concentrations for any of the monitoring stations (Table 9 and Appendix C).
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Total Lead

Total lead concentrations over the 5-year monitoring program ranged from less than 0.5 to 54.7
png/L (Figure 18). The median total lead concentration ranged from 2.3 to 10.5 pg/L among the
stream stations during storm flow, with the highest total lead concentrations occurring in upper
Massey Creek (station MA-1). Storm flow median total lead concentrations in the downstream
reaches of all three study basins were three to four times higher than the median level for other
King County streams (see Tables 5, 6, and 7).

The analysis for spatial trends showed that total lead concentrations were significantly lower
downstream in the Des Moines Creek basin and significantly higher downstream in the
McSorley Creek basin (Table 8 and Appendix C). There were no clear longitudinal trends for
total lead in the Massey Creek basin.The statistical analysis for trends by monitoring year
showed that storm flow total lead concentrations at station MC-1 were significantly lower in the
fifth year of monitoring than in the other four monitoring years (Appendix C). The analysis for
temporal trends over the entire 5-year monitoring program did not show any significant
increasing or decreasing trends in total lead concentrations at any of the stream monitoring
stations (Table 9 and Appendix C).

Dissolved Zinc

Dissolved zinc concentrations over the 5-year monitoring program ranged from less than 3 to
109 pg/L (Figure 19). The median dissolved zinc concentration ranged from 6 to 37pug/L among
the stream stations during storm flow and from less than 3 to 5 pg/L during base flow. Storm
flow dissolved zinc concentrations were highest in upper Massey Creek (station MA-1) and in
upper Des Moines Creek (station DM-1).

During the 5-year monitoring period, the Washington state Class AA criterion for dissolved zinc
was exceeded only in storm samples collected from upper Des Moines Creek (station DM-1) and
upper Massey Creek (station MA-1) (Table 16). Water quality violations for dissolved zinc in
the upper reaches of these basins may be related to runoff from high traffic areas (e.g., SeaTac
airport and parking areas in the Des Moines Creek basin and SR 99 in the Massey Creek basin).

The analysis for spatial trends showed that storm flow dissolved zinc concentrations were
significantly lower downstream in the Des Moines Creek and Massey Creek basins and
significantly higher downstream in the McSorley Creek basin (Table 8 and Appendix C). There
were no clear longitudinal trends for dissolved zinc during base flow in any of the study basins.

The statistical analysis for trends by monitoring year showed that storm flow dissolved zinc
concentrations at station DM-1 were highest in the first year of monitoring and lowest in the
fourth and fifth years (Appendix C). The analysis for temporal trends over the entire 5-year
monitoring program showed significant decreasing trends for storm flow dissolved zinc
concentrations in upper Des Moines Creek (station DM-1) and for base flow dissolved zinc
concentrations in lower McSorley Creek (station MC-2) (Table 9 and Appendix C).
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Figure 19. Dissolved zinc concentrations during storm and base flow sampling
events in Des Moines streams.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Total Zinc

Total zinc concentrations over the 5-year monitoring program ranged from less than 3 to 161
pg/L (Figure 20). The median total zinc concentration ranged from 12 to 61 pg/L among the
stream stations during storm flow, with the highest total zinc concentrations occurring in upper
Des Moines Creek (station DM-1) and in upper McSorley Creek (station MC-1). Storm flow
median total zinc concentrations in the downstream reaches of all three basins were two to three
times higher than the median level for other King County streams (see Tables 5, 6, and 7).

As with dissolved zinc, the analysis for spatial trends showed that storm flow total zinc
concentrations were significantly lower downstream in the Des Moines Creek and Massey Creek
basins and significantly higher downstream in the McSorley Creek basin (Table 8 and Appendix
C). The statistical analysis for trends by monitoring year showed no significant differences in
total zinc concentrations between monitoring years at any of the stations (Appendix C). The
analysis for temporal trends over the entire 5-year monitoring program showed a significant
decreasing trend for total zinc concentrations in upper Des Moines Creek (Table'9 and
Appendix C).

Total Petroleum Hydrocarbons

Measurements of total petroleum hydrocarbons (TPH) in water are used to assess the amount of
contamination present from petroleum-based products such as oil, grease, gasoline, and diesel
fuel, which are commonly present in urban runoff. No state surface water quality standard has
been established for total petroleum hydrocarbons. Base flow samples were not analyzed for
total petroleum hydrocarbons.

Total petroleum hydrocarbon concentrations over the S5-year monitoring program ranged from
less than 0.25 to 2.34 mg/L (Figure 21). The median total petroleum hydrocarbon concentration
ranged from less than 0.25 to 0.36 mg/L among the stream stations, with the highest total
petroleum hydrocarbon concentrations occurring in upper Des Moines Creek (station DM-1) and
in upper and middle Massey Creek (stations MA-1 and MA-2).

Total petroleum hydrocarbon concentrations were significantly lower downstream in the Des
Moines Creek basin and significantly higher downstream in the McSorley Creek basin (Table 8
and Appendix C).

The statistical analysis for trends by monitoring year showed no significant differences in total
petroleum hydrocarbon concentrations between monitoring years at any of the stations
(Appendix C). The analysis for temporal trends over the entire 5-year monitoring program
showed a significant decreasing trend for total petroleum hydrocarbon concentrations in upper
Massey Creek (station MA-1) (Table 9 and Appendix C).

Fecal Coliform Bacteria

Urban runoff characteristically contains high levels of fecal coliform bacteria. These organisms
are used as indicators of fecal contamination from humans and other warm-blooded animals.
Human sources include failing septic systems, municipal wastewater discharges, and cross-
connections with municipal wastewater systems. Animal sources include pets, livestock, and
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

wildlife (birds and mammals). The simple presence of these bacteria does not necessarily
indicate a threat to public health because only a small proportion, if any, are likely to be
pathogenic to humans. However their use as an “indicator” of potential fecal contamination is
considered important in the early detection of problems that could lead to public health
problems. Water quality standards established for fecal coliform bacteria in Class AA
freshwaters are identified in Table 3.

Fecal coliform bacteria concentrations over the 5-year monitoring program ranged from less than
2 t0 37,200 organisms per 100 milliliters (mL) (Figure 22). The fecal coliform bacteria
concentration ranged from 720 to 2,100 organisms/100 mL among the stream stations during
storm flow and from 16 to 200 organisms/100 mL during base flow. Storm flow fecal coliform
bacteria concentrations were highest in middle Massey Creek (station MA-2) and in lower
McSorley Creek (station MC-2). Storm flow median fecal coliform bacteria concentrations in
the downstream reaches of all three study basins were similar to the median level for other King
County streams (see Tables 5, 6, and 7).

During the 5-year monitoring period, the Washington state Class AA criterion for fecal coliform
bacteria was exceeded at least once at every monitoring station (Table 17), with exceedances
commonly occurring at all stations during storm flow. The percentage of samples exceeding the
state criterion for fecal coliform bacteria during storm flow sampling ranged from 88 percent
(stations BA-1 and MC-1) to 100 percent (stations MA-2, MA-3, and MC-2). The percentage of
samples exceeding the state criterion for fecal coliform bacteria during base flow sampling
ranged from 33 percent (station MA-1) to 67 percent (station MC-2). Overall, 82 percent of the
samples collected during the 5-year monitoring program exceeded the state criterion for fecal
coliform bacteria.

Due to high variability in the data, no significant spatial trends were detected for fecal coliform
bacteria concentrations in any of the monitoring basins during storm or base flow.

The statistical analysis for trends by monitoring year showed no significant differences in fecal
coliform bacteria concentrations between monitoring years at any of the stations (Appendix C).
The analysis for temporal trends over the entire 5-year monitoring program showed a significant
increasing trend for fecal coliform bacteria concentrations in Barnes Creek (station BA-1) (Table
9 and Appendix C).
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Pollutant Source Tracking

The city of Des Moines stormwater drainage system was inspected during dry weather on
October 12 and 24, 1994. A total of 40 storm drain outfalls were examined for obvious signs of
pollutant sources or cross-connections with the sanitary sewer system. Locations and results of
this inspection are presented in Appendix F.

Approximately two-thirds of the outfalls to Des Moines, Massey, and McSorley creeks were
flowing, while only one of seven outfalls to Barnes Creek was flowing. Unusually high
discharge rates were not observed at any of the outfalls, indicating that there were no major illicit
discharges of water into the stormwater drainage system during the inspection.

Of the 23 outfalls that were flowing, two outfalls exhibited odors indicating possible sewage
contamination. However, water samples collected from these two outfalls exhibited relatively
low fecal coliform bacteria concentrations (22 organisms/100 mL and 180 organisms/100 mL)
that are not indicative of sewage contamination. The absence of high turbidities and oily sheens
in any of the outfall flows further suggests that wastewaters were not being discharged into the
stormwater drainage system during the inspection. ‘
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Benthic Invertebrate Monitoring

Benthic invertebrate monitoring was conducted in the beginning of the first, third, and fifth years
of the Des Moines water quality monitoring program to provide data for a bioassessment of the
study streams. As described below, benthic invertebrate samples were collected and analyzed
according to procedures developed by Aquatic Biology Associates, Inc. The bioassessment
method used is based on a model of invertebrate taxa and community structure that are expected
to be present in an undisturbed, mid-order western montane (i.e., mountain) stream having high
water quality and habitat complexity.

This assessment uses fixed scoring criteria that are based on optimal stream conditions without
comparison to reference stations. It is important to recognize that even under optimal conditions,
. most Puget Sound lowland streams are not expected to exhibit high bioassessment scores (i.e.,
greater than 80 percent) because of the physical characteristics associated with their typlcally
lower gradients and warmer temperatures.

Methods

Benthic invertebrate samples were collected by Envirovison on the following three occasions:

October 23, 1994 at the beginning of the first year of study
November 2, 1996 at the beginning of the third year of study
= October 30 and 31, 1998 at the beginning of the fifth year of study.

Sampling was conducted at approximately the same time in each fall season for comparison
between years. The fall season was selected for sampling rather than the spring season because
the varied timing of insect emergence in the spring can affect bioassessment results. Late
October was selected for sampling because benthic invertebrates are typically most abundant and
diverse when streamflow is relatively high but has not been subjected to large storms.

Benthic invertebrate samples were collected in erosional habitats (i.e., riffles and runs) near each
of the eight water quality monitoring stations (see Figure 1). Benthic invertebrate monitoring
stations for upper Massey Creek (station MA-1) and upper McSorley Creek (station MC-1) were
located downstream of their respective water quality monitoring locations because erosional
habitats were not present at these water quality monitoring stations.

Five grab samples were collected at each station employing a kick net having a 500-micron
mesh. The five samples were combined (1.e.. composited) into one sample, preserved with
alcohol, processed to remove excess debris, and sent to the Aquatic Biology Associates
laboratory for analysis. Using this procedure, the total sample area at each station was equivalent
to 1 square meter.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

The composite samples were analyzed according to a method developed by Aquatic Biology
Associates (Appendix G). This method meets or exceeds U.S. Environmental Protection Agency
(U.S. EPA) guidelines for the analysis of benthic invertebrate samples. The analysis includes the
following information:

" Identification to class for oligochaetes and microcrustaceans, and to genus
- for other macroinvertebrates

. Abundance data

. Calculations of community metrics

" Bioassessment using key metrics and an index (single rating) of biological
integrity for each sample.

Metric scores calculated from the sample results were then used to characterize the level of
habitat impairment at each sampling location. The single rating of biological integrity (or total
erosional habitat bioassessment score) is reported as a percentage of a total possible score of 122.
The total score is based on 47 components, which include the abundance of taxa that are
sensitive or tolerant to stress, and community characteristics such as taxa richness.

Results

Benthic macroinvertebrate monitoring results for all three sampling years (autumn 1994, 1996,
and 1998) are presented in the bioassessment report (Appendix G). This report includes a
discussion of the methods and results, and a comparative summary of bioassessment scores and
selected metrics for all three sampling years. Also included are tabular summaries and statistics
_ of taxa encountered at each site in 1998. Data for 1994 and 1996 are presented in annual reports
- (Herrera 1995, 1998).

Data for the total erosional habitat indices and scores for its three main components (i.e., primary
metrics, positive indicators, and negative indicators) are presented graphically in Figures 23 and
24 for the benthic invertebrate samples in the Des Moines streams. These scoring results are
discussed below, followed by observations of selected taxa and a comparison to other streams in
King County. '

Total Erosional Habitat Index

The Aquatic Biology Associates bioassessment format is based on a model of undisturbed mid-
order, forested, higher-gradient, cool/cold montane streams with high water quality and habitat
complexity. The streams monitored in this study are low-gradient Puget Sound lowland streams.
These streams are not expected to exhibit the same macroinvertebrate assemblages as the streams
used to calibrate the index. The full potential of a Puget Sound lowland stream in a pristine
condition is estimated to be a score of 60 to 80 percent for the total erosional habitat index
(Appendix G).
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Five-Year Project Repori—Des Moines Water Quality Monitoring Program

Total erosional habitat indices were low for all stations and study years in the Des Moines
streams (see Figure 23). These indices ranged from 27.4 to 43.5 percent, indicating that there
have been moderate to severe water and habitat quality limitations for macroinvertebrate
communities in Des Moines streams.

Total erosional habitat indices varied less then 10 percent between monitoring stations and years.
Although the Aquatic Biology Associates bioassessment does not lend itself to statistical testing,
this level of variation indicates that there were no significant differences between monitoring
stations or years (Appendix G).

Primary Metrics

The primary metrics score is calculated from the following five measurements of
macroinvertebrate community composition:

Total abundance of individuals

Total taxa richness

Percentage dominance of the most abundant taxa
Emphemoptera, plecoptera, and trichoptera (EPT) taxa richness
Community tolerance.

The primary metrics scores for benthic invertebrate samples from the Des Moines streams were
extremely low, ranging from zero to 28 percent, indicating that severely stressed communities
were present at all sampling sites. Des Moines and Massey creeks exhibited the Jowest (zero)

primary metrics scores. The highest primary metrics score was observed at upper McSorley
Creek in 1996.

Total invertebrate abundance (i.e., density) ranged from very low (less than 500 individuals per
square meter) to low (between 500 and 1,000 individuals per square meter) at all stations in the
Des Moines streams. Total invertebrate densities ranged from a low of 23 individuals per square
meter at station MA-1 in 1998, to a high of 952 individuals per square meter at station MC-2 in
1994, Nineteen of the 24 samples exhibited less than 500 individuals per square meter, which is
considered very low or depauperate. Total invertebrate densities can be as high as 100,000 per
square meter in North American streams, and densities often exceed 10,000 per square meter in
streams that have slight to moderate levels of nutrient enrichment and are not totally shaded.

Total invertebrate densities in the Des Moines streams varied somewhat from year to year, but
were generally higher in 1994 (following a drought year), and lower in 1996 (following a normal
rainfall year) and 1998 (following a wet year). These results suggest that depauperate
invertebrate densities may be related to severe scour and resorting of substrate during large storm
events.

Total taxa richness was very low, ranging from six taxa at upper Massey Creek (station MA-1) in
1998 to 33 taxa at upper McSorley Creek (station MC-1) in 1996. A total richness of 40 to 50
taxa would be expected in a relatively undisturbed Puget Sound lowland stream.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Emphemoptera, plecoptera, and trichoptera (EPT) taxa richness was extremely low in the Des
Moines streams, ranging from one to eight EPT taxa. The lowest value occurred repeatedly at all
stations on Des Moines and Massey creeks. The highest value was observed at upper McSorley
Creek (station MC-1) in 1994. A similar undisturbed stream would be expected to have greater
than 20 EPT taxa.

The percentage of dominant taxa metric refers to the proportion of the total abundance of
individuals that comes from the most frequently occurring taxa. Extremely disturbed
invertebrate communities not only tend to have fewer taxa but also tend to be dominated by a
few tolerant weedy taxa. The percentage dominance of the most numerous taxa at each site was
typically high, ranging from 16 percent at upper McSorley Creek (station MC-1) in 1994 to 79
percent at middie Massey Creek (station MA-2) in 1996. Undisturbed streams would be
expected to have less than 20 percent dominant taxa.

Positive Indicators

The positive indicator score is based on particular taxa, taxa assemblages, or feeding groups
whose presence or increased abundance is a sign of low stress on invertebrate communities. A
high positive indicator score corresponds to high abundance of such taxa and a habitat exerting
low stress. The positive indicator score is an average of 21 metrics (see Appendix G).

Positive indicator scores for the Des Moines streams were extremely low, ranging from zero to
22.8 percent. Invertebrate taxa indicative of high water and habitat quality were virtually absent.
The lowest score (zero) occurred at least once at each of the Des Moines and Massey creek
sampling sites. The highest value of 22.8 percent was observed at Barnes Creek (station BA-1)
in 1998. '

Negative Indicators

The negative indicator score is based on taxa or feeding groups whose presence or increased
abundance is a sign of high stress on the invertebrate community. A high negative indicator
score corresponds to a low abundance of weedy and pollution-tolerant taxa, and suggests that the
habitat exerts low stress on the benthic invertebrate community. Negative indicator scores for
samples from the Des Moines streams were high, ranging from 56.3 to 89.8 percent.

The high negative indicator scores observed are contradictory to the low positive indicator and
primary metrics scores. These observations indicate that water or habitat quality is so degraded
that colonization by negative indicator (weedy and pollution-tolerant) taxa is severely impaired.
If stream impacts were limited to moderate nutrient enrichment, loss of riparian vegetation, and
siltation, then the stream would be expected to have a greater abundance of weedy and pollution-
tolerant taxa (and a lower negative indicator score). The low abundance of both negative
indicator taxa and positive indicator taxa suggests that Des Moines streams are severely affected
by channelization and high flow or extreme toxicity.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Observations on Selected Taxa

Observations on the following selected taxa provide qualitative information on stream habitat
quality and can be used to supplement the quantitative results of the scoring system:

. Insect taxa richness was generally very low in Des Moines streams. Based
on comparison with other Puget Sound lowland streams, many more taxa
would be expected to occur (Plotnikoff 1992). Their absence may not be
explained solely by poor habitat quality, considering that these streams are
perennial, and the sampled substrates consist of cobble and coarse gravel,
which provide good insect habitat. The paucity of insect taxa indicates
exposure to toxins or extreme flow conditions.

. The dominant insect taxa observed in Des Moines streams are more
tolerant taxa that are capable of rapid colonization and have multiple
generations during the year (e.g., Baetis tricaudatus, blackflies, and
midges). High proportions of these taxa are often associated with
communities that are subjected to episodic disturbance, such as
intermittent pulses of toxins or high water velocities. These taxa are able
to recolonize and regenerate rapidly after such disturbances.

" Collector feeding group taxa dominated the benthic invertebrate
communities at all sites, comprising 24 to 100 percent of the taxa observed
in the samples. Although the collector feeding group taxa are normal
components of erosional habitat communities, dominance by this group in
excess of about 50 percent generally indicates moderate to severe stress.

. Non-insect taxa, such as worms, mollusks, crustaceans, and mites,
comprised between 6.8 and 95.7 percent of the taxa in the sampled benthic
invertebrate communities. The particular non-insect taxa present at the
Des Moines sites were all moderately to highly tolerant forms.

. Although the mollusk taxa that were encountered in the samples are
moderately to highly tolerant of nutrient enrichment, warmer
temperatures, fine sediments. low dissolved oxygen levels, and
filamentous algae, they arc sensitive to certain toxins, such as heavy
metals, and to frequent disturbance of stream substrates. Snails were low
in abundance or absent from the Barnes, Des Moines, and Massey creek
sites where they would be expected in greater abundance.

. Long-lived invertebrate taxa (i.e.. semi-voltine, or those requiring more
than 1 year to complete their life cycle) were absent at most sites and were
limited to several highly tolerant snails at other sites. Long-lived taxa
such as crayfish, mussels, some stoneflies, some caddis flies, and snails
other than those observed in samples would be expected in streams of the
type found in Des Moines. In 1998, more long-lived taxa were found at
some sites, including the caddis fly Parapsyche almota and the beetle
Lara avara.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Comparison to Other Indices

A protocol for interpreting macroinvertebrate data specifically from the Puget Sound lowland
region, known as the Puget lowland benthic index of biotic integrity (B-IBI), has recently been
developed (Kleindl 1995). The Des Moines invertebrate data are not directly comparable to the
B-IBI metrics because the sampling protocols differ (i.e., the B-IBI is based on three replicate
samples versus one composite sample). However, the B-IBI is based on a maximum score of 50
that can be compared to the total habitat erosional score, which is based on a maximum score of
100.

In developing the B-IBI, Des Moines Creek was sampled in 1995 at a location near station
DM-2. Des Moines Creek scored a 16 out of 50 (32 percent) on the B-IBI, which is interpreted
as having very poor habitat quality (Karr 1999 personal communication). Similarly low B-IBI
scores were reported for other King County streams located in developed basins having
approximately 50 percent impervious surfaces. In 1994 and 1996, the total erosional habitat
index score for station DM-2 was 35 percent, which is interpreted as being severely affected.
These results suggest that there is general agreement between the two indices and conclusions.
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Habitat Surveys

Two separate habitat surveys were conducted during the monitoring program by Envirovision.
These surveys occurred during low-flow periods in late September to early October of 1994 and
during similar low-flow periods in 1999. The habitat surveys were conducted along selected
riparian corridors within the three major stream basins in the city of Des Moines. The main
purpose of the surveys was to identify apparent impacts to the stream from urbanization.
Detailed results of the habitat surveys are presented in Appendix H. A summary of the survey
methods is presented below, followed by an overview of findings for each stream basin that
includes existing habitat quality, changes observed between the 1994 and 1998 habitat surveys,
and habitat rehabilitation opportunities.

Wherever the channel was accessible, streams were walked and notes were recorded on
vegetation, wildlife, sediments, presence of trash, stream condition, large woody debris or
potential for large woody debris, and evidence of stormwater inputs. Stream reaches chosen for
more detailed habitat surveys were selected based on their accessibility and representativeness of
overall stream conditions. Six sites were assessed on Massey Creek and three sites were
assessed on each of Des Moines, Barnes, and McSorley creeks (see Figure 1).

The habitat surveys were conducted according to the Washington Department of Ecology’s
Guidance for Conducting Water Quality Assessments (Ecology 1989). The following

information was documented for each survey reach using Ecology’s riparian corridor assessment
form:

Fish habitat

Channel capacity

Stream bank stability and erosion
Riparian vegetation

Substrate condition

Des Moines Creek Basin
Habitat Quality

Fish habitat was observed during both surveys to be moderately impaired in Des Moines Creek
due to low habitat diversity, dense periphyton growth, and possible barriers to fish migration
during low flow. Habitat diversity was particularly low downstream of the Des Moines Creek
wastewater treatment due to the predominance of riffles, which was also noted during a fish
habitat survey of Des Moines Creek that was conducted in the winter of 1994 by Resource
Planning Associates et al. (1994). The primary cause of dense periphyton growth observed in
the stream appeared to be nutrient inputs from sources upstream of the city limits. Possible
barriers to fish migration were present between the Des Moines Creek wastewater treatment
plant and Marine View Drive from an accumulation of debris at several locations in this stream
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

reach. Dense periphyton growth and fish migration barriers were not identified as habitat
problems by Resource Planning Associates et al. (1994).

Upstream of the Des Moines Creek wastewater treatment plant, the stream flows through a deep
ravine where steep banks prohibit development and provide a vegetated buffer. Vegetation in
the ravine varied throughout the stream course but generally consisted of an open overstory of
birch, alder, and maple, and an understory of mixed shrubs and herbaceous plants (e.g.,
salmonberry, Indian plum, Himalayan blackberry, and grasses). Stream banks were typically
stable throughout the stream course, but eroded banks and sediment deposition areas were
occasionally observed.

Changes Observed Between the 1994 and 1999 Habitat Surveys

Changes observed in the Des Moines Creek riparian corridor over the past 5 years have been
related to construction activities. The wastewater pipeline maintenance road, which extends
along the north bank of the stream between Marine View Drive and the city limits, had been
paved and sections upstream of the wastewater treatment plant were open for use as a pedestrian
- trail. A pedestrian access trail, a bridge across the stream, and a parking lot had been constructed
near the corner of 13™ Avenue South and South 211™ Street. Between Marine View Drive and
the Des Moines Creek wastewater treatment plant, the maintenance road was expanded and
riprap was used to stabilize the stream bank at road corners and stormwater outfalls.

Habitat Rehabilitation Opportunities

Des Moines Creek presents opportunities for both public education and fish habitat
rehabilitation. The paved pedestrian trail would be an excellent location to install information
boards that describe stream ecology, protection, and rehabilitation. Fish habitat could be
improved downstream of Marine View Drive (in Des Moines Beach Park) by placing structures
such as boulders and logs in the stream to create pools and increase habitat diversity.

Massey Creek Basin
Habitat Quality

Fish habitat in Massey Creek was observed during both surveys to be limited by impacts from
urbanization that included poor stream substrate quality, a lack of pools, and barriers to fish
migration. In many sections of the creek, stream substrates consisted primarily of sand and silt.
This predominance of fines affects macroinvertebrates, which are an important source of food for
fish rearing, and inhibits fish spawning. Little pool habitat was present and was typically limited
to exposed root, accumulated debris, stream bank vegetation, and a few undercut banks. There
was a severe lack of large woody debris present in the stream. Stream culverts at South 234"
Street and 16™ Avenue South were identified as potential barriers to fish migration.

Approximately 75 percent of the stream flows either through a steep, wooded ravine or along a
steep bank adjacent to Kent-Des Moines Road which restricts development and provides a
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vegetated buffer. The buffer areas within the ravine were well vegetated with trees and
understory shrubs. However, the dominant vegetation along the stream banks consisted of
Himalayan blackberry, which is an invasive, non-native plant with leaves that are a poor source
of food for macroinvertebrates and roots that do not form a fibrous mat to stabilize stream banks.
Channelization was also noted in Massey Creek and was particularly severe below 20" Avenue
South where a 5-foot deep channel was observed.

Changes Observed Between the 1994 and 1999 Habitat Surveys

Changes observed in the intervening years between surveys of Massey Creek include the spread
of invasive vegetation and some construction. Himalayan blackberries increased in dominance
throughout the survey areas, and were most prevalent in the reaches above 20" Avenue South
and below 10™ Avenue South. The downstream end of the stream culvert that extends
underneath 16™ Avenue South had collapsed since the 1994 survey, resulting in a mass wasting
of overlying material to the stream. Ecology blocks were used to temporarily stabilize the steep
embankment along 16™ Avenue South until the culvert is replaced.

Habitat Rehabilitation Opportunities

Massey Creek provides several opportunities for habitat rehabilitation, but would be most
effective in the reaches below 10™ Avenue South and 20" Avenue South. Himalayan
blackberries could be removed and replaced with native vegetation. Boulders, logs, and root
wads could be placed in the stream to create pools and enhance channel meandering. Reduction
of peak flows would reduce channelization problems.

Barnes Creek Basin
Habitat Quality

The majority of Barnes Creek flows though low-density development that consists primarily of
single-family residences. Throughout the upper stream reaches, Himalayan blackberries were
the dominant riparian vegetation. Habitat quality concerns associated with upper Barnes Creek
also included eroded stream banks and poor substrate quality. Substrates located below the
erosion areas consisted of fine silt and organic muck, potentially interfering with fish spawning
and rearing activities. Habitat characteristics improved downstream as the stream flows through
a ravine that was well vegetated with trees and shrubs, and contained relatively coarse substrates
and a variety of instream habitat structures.

Changes Observed Between the 1994 and 1999 Habitat Surveys

Between the 1994 and 1999 surveys, Himalayan blackberries had generally become more
dominant along the stream channel. Also, additional stormwater outfalls were observed in the
vicinity of 13™ Avenue South, and the largest outfall appeared to have caused more erosion and
sedimentation of the stream channel than was previously noted in 1994.
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Habitat Rehabilitation Opportunities

Himalayan blackberries could be removed from selected areas of upper Barnes Creek and
replaced with native vegetation. The extent of sedimentation and erosion impacts from the large
stormwater outfall located in the vicinity of 13" Avenue South could be further investigated, and
mitigation could be designed to rehabilitate this area of the stream.

McSorley Creek Basin
Habitat Quality

Habitat quality concerns observed during both surveys of the north fork of McSorley Creek
included stream bank erosion, sedimentation, and possible barriers to fish migration. Evidence
of erosion included the exposure of tree roots in the stream channel and the presence of eroded
banks where residential yards border the upper stream reaches. Erosion of trails entering the
stream near the Parkside Elementary School contributed to sedimentation problems. Lower
reaches of the stream exhibited a diverse habitat that included pools and riffles, logs and boulders
for fish cover, and riparian vegetation. This area provides good fish habitat, but the stream is
highly channelized and contains debris barriers near its confluence with the south fork of
McSorley Creek.

Changes Observed Between the 1994 and 1999 Habitat Surveys

In comparison to the 1994 survey, Himalayan blackberries became even more dominant in 1999
along all reaches of the stream.

Habitat Rehabilitation Opportunities

McSorely Creek presents various opportunities for both habitat rehabilitation and public
education projects. An inspection program could be put in place to periodically check the
lowermost reach for fish barriers and ensure their removal when they form, thus allowing fish
passage to the high-quality habitat upstream.

Because McSorley Creek flows through many residential yards, community involvement and
education could be beneficial for rehabilitating and protecting the stream. Educational efforts
could focus on implementing general lawn and garden best management practices (BMPs),
planting native vegetation along the stream banks, and maintaining a buffer of native grasses and
shrubs between lawns and the stream channel.
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Public Involvement Program

A public involvement program was initiated to educate local citizens and to gain advocates of the
water quality monitoring program. The public involvement program consisted of two water
quality workshops and the enlistment of citizen volunteers to record stream gauge readings.
Workshop activities and steam gauge monitoring procedures are summarize below.

Water Quality Workshops

A workshop to familiarize the public with benthic macroinvertebrate sampling and identification,
as well as to gain advocates of the Des Moines water quality monitoring program, was held on
October 22, 1994 at the Founders Lodge in Des Moines Beach Park. The agenda for the
workshop and a critique form completed by the participants were presented in the first annual
report (Herrera 1995). The workshop began with an introduction by Loren Reinhold (city of Des
Moines). Joy Michaud (Envirovision) then provided a slide presentation of stream ecology,
including information about habitat and feeding requirements of benthic invertebrates. Ms.
Michaud then guided participants in the collection and examination of benthic invertebrate
samples from Des Moines Creek. The workshop also included a presentation about stream
habitat improvements by John Muramatsu (Trout Unlimited) and a summary of the Des Moines
water quality monitoring program by Rob Zisette (Herrera Environmental Consultants).

Eight people attended the workshop, three of whom volunteered to take part in stream gauge
monitoring, described below. Their critiques of the workshop were generally positive, with all
eight participants responding that they enjoyed the workshop and learned something new. Six
participants thought that the level of information was about right, while one participant felt that
there was too much detail and another that there was not enough detail. Seven participants
thought that the ideas were presented clearly, the presenters were well prepared, and the
workshop was well organized. Comments from the participants indicated that the activity they
enjoyed most was the collection and examination of the invertebrates, and that they would have
preferred to spend more time with that activity and less time on presentations.

A second workshop to educate the public and gain advocates of the monitoring program was
held on September 10, 1997 at the Founders Lodge in Des Moines Beach Park. This workshop
was integrated with a Des Moines University class studying Des Moines Creek, and was
attended by approximately eight local citizens. The workshop began with an introduction by
Loren Reinhold (city of Des Moines). Joy Michaud (Envirovision) then provided a slide
presentation on stream ecology, including information about habitat and feeding requirements of
benthic invertebrates. The class was led on a walk along lower Des Moines Creek, where
participants were shown different types of stream habitat, monitoring station DM-2, and the
stream culvert under Marine View Drive.

Steve Worthy (Worthy and Associates) presented a summary of the Des Moines Creek trail
project, which is planned to improve hydrologic conditions in the stream by replacing the
existing culvert at Marine View Drive with a bridge. Rob Zisette (Herrera Environmental
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Consultants) concluded the workshop with a summary of the Des Moines water quality
monitoring program objectives, methods, and results.

Stream Gauge Monitoring

The public involvement program included monitoring of stream gauges by citizen volunteers.
Simple staff and crest gauges were installed at each monitoring station in October 1994 for the
water quality monitoring program. The primary objective of stream gauge monitoring was to
provide data for evaluating potential trends in stream discharge over the 5-year monitoring
period.

Three local citizens volunteered at the initial water quality workshop in October 1994 to
participate in stream gauge monitoring. These citizens were assigned to monitoring stations in
locations that were convenient for them to read the gauges at weekly intervals: station DM-1
(Peggy McCluskey), station MA-3 (Joe Dusenberry), and station BA-1 (Iva Hays). In addition,
Parkside Elementary School was contacted, and a third grade teacher (Sandy Klein) volunteered
her class to monitor the gauge at station MC-1. An employee of the Des Moines Stormwater
Management Utility (Wayne Matthews) monitored stations MA-1 and MC-2.

Each volunteer was instructed how to read the staff gauge and crest gauge, and how to reset the
crest gauge. Forms were provided to record observations. Completed forms and a summary of
gauge observations are presented in Appendix I.

During each of the first two monitoring years, the volunteers recorded between seven and 45
observations for each of the six gauges. Observations were few to none during subsequent years,
with the exception of station BA-1, which was monitored by Iva Hays on at least 18 occasions
during each of the 5 years. No concerted effort was made to gain new volunteers, primarily
because the data gathered had limited usefulness, due to inconsistencies in the frequency of
observations and inaccuracies of measured stage/discharge relationships. Stream channels
changed and stream gauges were replaced throughout the monitoring period, making it difficult
to develop rating curves that would consistently predict an accurate discharge from the crest
gauge readings. Therefore, the stream gauge data collected by the volunteers were not converted
into discharge rates and evaluated for hydrologic trends. :

Annual water level fluctuations were calculated for each stream station by subtracting the
minimum staff gauge height from the maximum crest gauge height (see Appendix H). Station
BA-1, located near the mouth of Barnes Creek, was the only station that exhibited an apparent
change in water level fluctuation during the monitoring period. Water levels fluctuated 3 feet
during the first two monitoring years and only 0.8 feet during subsequent years. According to
notes recorded by the volunteer, the high water levels were caused by an accumulation of debris
on the trash rack, which was located approximately 20 feet downstream of the staff gauge during
the first two years of monitoring. Because of this problem, the staff gauge was moved
approximately 35 feet upstream, where it remained for the last three years of monitoring. Thus,
the apparent reduction in water level fluctuation was likely due in part to the new staff gauge
location.
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Study Conclusions

The Des Moines water quality monitoring program collected a comprehensive set of data that
were successfully used to evaluate water quality and habitat conditions in the three stream basins
located within the city of Des Moines. Conclusions are presented below for the three primary
monitoring components: water quality monitoring, benthic invertebrate monitoring, and habitat
surveys.

Water Quality Monitoring

A summary of water quality observations and concerns is presented for each stream basin in
Table 18. This summary tables identifies the following observations for each parameter during
storm and base flow conditions:

1. Water quality criteria (where applicable) were exceeded in more than 20
percent of samples collected from stations located at stream mouths.

2. Median value for the steam mouth exceeds the 75™ percentile value for
other streams in developed areas of King County.

3. There is a significant temporal trend of increasing values at the stream
mouth during the 5-year study period.

4. There is a significant spatial trend of increasing values from the upstream
to the downstream stream station.

5. The stream mouth exhibits the highest median value among all Des
Moines streams.

Observations 1, 2, or 3 are considered to be a water quality concern and are presented as bold
values in Table 18. These concerns are summarized below for each stream basin.

Des Moines Creek:
. High temperatures and low dissolved oxygen concentrations during base
flow
. High turbidity and total suspended solids concentrations during storm flow
. High total metals concentrations during storm flow
. High fecal coliform bacteria concentrations during storm and base flow.
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Massey Creek:

. High temperatures during base flow, and low dissolved oxygen
concentrations during storm and base flow

= High turbidity and total suspended solids during storm flow

. High total metals concentrations during storm flow

- High fecal coliform bacteria concentrations during storm and base flow.
Barnes Creek:

- High pH during storm and base flow

. Low dissolved oxygen concentrations during base flow

. High turbidity and total suspended solids concentrations during storm flow
" High total phosphorus concentrations during storm flow

. High total metals concentrations during storm flow

= High fecal coliform bacteria concentrations during storm aﬁd base flow.

North Fork of McSorley Creek:

. High temperatures during base flow, and low dissolved oxygen
concentrations during storm and base flow

. High turbidity during storm flow

= High ammonia nitrogen concentrations during storm flow

. High total metals concentrations during storm flow

. High fecal coliform concentrations during storm and base flow.

High water temperatures and low dissolved oxygen concentrations were observed in each of the
study stream basins during summer months. Prolonged periods of high temperatures and low
dissolved oxygen can stress invertebrates and fish, and can eventually lead to a complete loss of
sensitive organisms from the streams. Increased water temperature decreases the solubility of
oxygen, which exacerbates dissolved oxygen problems. Water temperatures exceeded the state
criterion for Class AA waters (16.0°C) in 67 percent of the base flow samples collected from the
stream stations in July or August. Similarly, dissolved oxygen concentrations were below the
allowable limits established for Class AA waters (9.5 mg/L) in 95 percent of the base flow
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samples collected from the stream stations in July or August. These conditions could be
improved by increasing shading of the streams by planting trees, increasing ground water
contributions to summer base flow by infiltrating stormwater runoff, and decreasing nutrient
enrichment of the streams by treating stormwater runoff.

Fecal coliform bacteria contamination is a significant concern in each of the study stream basins,
particularly during storm flow. Pathogens associated with fecal coliform bacteria can potentially
affect the health of humans who come in contact with stream waters. Over the entire 5-year
monitoring period, fecal coliform bacteria concentrations exceeded the Washington state Class
AA criterion (50 organisms/100 mL) in 59 percent of collected base flow samples and in 95
percent of collected storm flow samples. However, median values of fecal coliform bacteria did
not exceed 75 percentile values for other King County streams which have not been closed to
public access due to health concerns for contact recreation. Sources of fecal coliform bacteria
likely include domestic animals, urban wildlife, and failing septic systems in the Des Moines
stream basins. '

Pollutant concentrations were much higher during storm flow than during base flow for all
measured parameters expect nitrate + nitrite nitrogen. Median storm flow turbidity and total
suspended solids concentrations solids concentrations were highest in Barnes Creek, increased
downstream in each of the three major study basins, and were typically twice those observed for
other developed stream basins in King County. Median nutrient concentrations were similar to
those observed for other developed stream basins in King County, with the exception of high
storm flow total phosphorus concentrations in Barnes Creek and high storm flow ammonia
nitrogen concentrations in McSorley Creek.

Median dissolved copper concentrations were highest at lower McSorely Creek, but the acute
criterion for dissolved copper was exceeded most often (40 percent) at upper Des Moines Creek
during storm flow. Criteria for dissolved lead and zinc were rarely exceeded at all stream
monitoring stations. Median storm flow concentrations of total copper, lead, and zinc were
typically three times higher than those observed for other developed stream basins in King
County. -

The analysis of spatial trends in water quality indicates several important sources of pollution in
the study basins. Metals concentrations often decreased significantly downstream in the Des
Moines Creek and Massey Creek basins during storm flow, suggesting that runoff from high
traffic areas (e.g., SeaTac airport and SR 99) is an important source of heavy metals in the upper
reaches of these basins. In contrast, metals concentrations in the McSorley Creek basin
frequently increased significantly downstream. suggesting that runoff from the Midway landfill
may be contaminating McSorley Creek with heavy metals. This analysis also showed that
Barnes Creek is an important source of turbidity, total suspended solids, and total phosphorus in
the Massey Creek basin.

Concentrations of some pollutants appear to have declined over the 5-year monitoring period.
For example, copper and zinc concentrations significantly decreased in the Des Moines Creek
and McSorley Creek basins during storm and base flow. Similarly, base flow concentrations of
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nitrate-+nitrite nitrogen and ammonia nitrogen significantly decreased at some of the Massey
Creek and McSorley Creek monitoring stations.

Conversely, concentrations of total phosphorus and total petroleum hydrocarbons increased
significantly over the 5-year monitoring period in upper Massey Creek (station MA-1), and fecal
coliform bacteria concentrations increased significantly in Barnes Creek. Significant increases in
conductivity were observed at every monitoring station in the Des Moines Creek and Massey
Creek basins, which is generally indicative of increasing basin development.

Benthic Invertebrate Monitoring

Benthic invertebrate monitoring results indicate that the benthic invertebrate communities were
severely stressed at all stream sampling stations throughout the 5-year monitoring program.
These communities may have been subjected to severe periodic disturbances as indicated by low
taxa richness, low densities, lack of long-lived taxa, and dominance by a few rapid-generation
weedy taxa. The community profiles suggest that these disturbances were caused by pulses of
toxins or severe scouring and resorting of stream substrates, which are common problems in
urban streams. The results further suggest that even if habitat and nutrient conditions were to
improve, other factors may still limit the biotic integrity of these urban streams.

Severe flood events during the first two years of monitoring appear to have affected benthic
invertebrate communities at many of the stream monitoring stations, as evidenced by the
following differences between the 1994 and 1996 results:

. Total invertebrate density decreased at seven of the eight stations, with a
substantial decrease in density (greater than 50 percent) at three of the
stream stations.

. Total taxa richness decreased at six of the eight stations, with a substantial
decrease in richness (greater than 40 percent) at five of the stream stations.

o Dominance by a single tolerant and rapidly recolonizing or regenerating
taxon increased at six of the eight stream stations, with a substantial
increase in percentage of dominant taxa (greater than 50 percent) at four of
the stream stations.

Comparison of the 1996 and 1998 results indicates that total invertebrate densities and
total taxa richness increased at five of the eight stream stations. However, total erosional
habitat indices did not vary substantially between monitoring years at any of the stream
stations.

The total erosional habitat index for lower Des Moines Creek compared well with an
independently determined benthic index of biotic integrity (B-IBI) for the same location.
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Agreement between the two indices provides further support for the conclusion that
benthic communities in all of Des Moines streams studied are severely disturbed.

Habitat Surveys

Steep ravines provide natural buffers throughout much of the length of the Des Moines streams.
These buffers deter direct access to the streams and provide overhead canopy, forest litter inputs,
and large woody debris where banks are properly vegetated. However, blackberry brambles that
enshroud large portions of the streams are increasingly encroaching upon many of these areas in
Massey and McSorley creeks. The blackberry brambles reduce the quality of litter inputs (and
macroinvertebrate diet), and have poor bank stabilization properties due to their low root mass.
A program to remove the brambles from potentially high-quality habitat and replace them with a
stratified community (i.e., herbs, shrubs, and trees) of native plants would benefit stream
ecology.

There is little habitat diversity and low abundance of pools in Massey and McSorley creeks.
Encouraging meander formation by placing rootwads and boulders in the streams would enhance
pool formation. Habitat in deeply cut and channelized areas of Massey and McSorley creeks
could also be improved by reducing peak flows, which would allow the streams to return to a
more natural morphology. \
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Monitoring Recommendations

Recommendations for future monitoring of Des Moines streams are provided below for routine
water quality and hydrologic monitoring, additional water quality studies, benthic invertebrate
monitoring, and public involvement. Based on initial observations from the 5-year water quality
monitoring program, pollutant source tracking is not recommended because isolated sources of
pollution in the stream basins do not appear to be the primary causes of water quality
impairment. Additional habitat surveys are not recommended unless stream rehabilitation
projects are initiated as recommended below for public involvement. Recommendations for
stormwater management will be provided in the update of the city’s stormwater management
program (RW Beck in preparation).

Water Quality and Hydrologic Monitoring

It is recommended that the city of Des Moines continue monitoring the water quality of streams
within the city to track long-term effects of basin development and stormwater management
measures. Due to annual variability, water quality changes should be assessed by comparing
results for an entire 5-year period (i.e., water years 2001 through 2005) to conditions presented in
this report (i.e., water years 1995 through 1999). Results for water years 1995 through 1999
indicate that the same sampling frequency would be sufficient to detect significant changes
during a future 5-year period. Therefore, sampling should be conducted during five storm events
and three base flow events each year for another period of 5 years.

Results for water years 1995 through 1999 are useful for detecting spatial trends within the
stream basins. To assess overall changes in each stream basin, it is recommended that future
monitoring be conducted only at the mouths of streams. An additional monitoring station should
be located near the mouth of the south fork of McSorley Creek, because most of its basin is now
located within the Des Moines city limits. Monitoring of Woodmont Creek is not recommended
due to its small size and limited fish habitat potential. Monitoring of Normandy, Redondo, and
Cold creeks is only recommended if monitoring costs are shared with adjacent jurisdictions,
because only a small portion of their basins are located within the city limits. Therefore, it is
recommended that water quality monitoring be performed at the following five stations:

= DM-2: existing station located in Des Moines Beach Park near the mouth
of Des Moines Creek

. MA-3: existing station located upstream of Marine View Drive near the
mouth of Massey Creek

" BA-1: existing station located upstream of Kent-Des Moines Road near

the mouth of Barnes Creek

u MC-2: existing station located downstream of 16" Avenue South near the
mouth of the north fork of McSorley Creek
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. MC-3: new station located at 16" Avenue South near the mouth of the
south fork of McSorley Creek.

Sample collection and analytical procedures should generally follow methods presented in this
report. However, a more cost-effective approach should be employed, eliminating some of the
monitoring parameters. Based on monitoring results from the first 5-year program, it is
recommended that collected water samples be analyzed for the following parameters:

= Temperature (grab samples of storm and base flow)

. pH (grab samplﬂes of storm and base flow)

. Dissolved oxygen (grab samples of storm and base flow)

" Conductivity (grab samples of storm and base flow)

" Hardness (composite samples of storm flow and grab samples of base
flow) ,

. Turbidity (composite samples of storm flow and grab samples of base
flow) '

. Total suspended solids (composite samples of storm flow and grab

samples of base flow)

. Total phosphorus (composite samples of storm flow and grab samples of
base flow)

- Dissolved copper (composite samples of storm flow and grab samples of
base flow) ’

. Total copper (composite samples of storm flow only)

. Fecal coliform bacteria (grab samples of storm and base flow).

Analysis for ammonia and nitrate-+nitrite nitrogen is not recommended, because total phosphorus
is considered an adequate measure of nutrient conditions in these streams for the purpose of
evaluating long-term trends. Lead and zinc analyses are not needed, because copper is
considered an adequate measure of heavy metal contamination for the purpose of evaluating
long-term trends, and because water quality criteria for lead and zinc were rarely exceeded at the
monitoring stations. Total petroleum hydrocarbon analyses are not recommended, because
effects of observed concentrations are not well known, and the water quality monitoring design
does not allow for assessment of the occurrence and extent of isolated petroleum spills.

Ecology (2000) has recently proposed new standards for the bacteriological quality of surface
waters that include criteria for Enterococci in freshwaters and marine waters. Ecology also
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recommends simultaneous analysis of fecal coliform bacteria and Enterococci for a 3-year
period. Therefore, future water quality monitoring of Des Moines streams should consider
analysis of Enterococci for comparison to the state’s revised bacteriological standards.

Hydrologic monitoring should be improved by collecting continuous discharge data at each of
the five monitoring stations. Continuous discharge data can be used with existing rainfall data to
better evaluate hydrologic conditions and impacts on the Des Moines streams, and to calculate
total maximum daily loads. Continuous discharge monitoring would require installation and
operation of equipment at only four stations, because discharge is being continuously monitored
now by King County at station DM-2 on Des Moines Creek. Staff gauges and water level meters
can be installed and operated at a relatively low cost. Costs for rating curve development would
be similar to the amount expended in water years 1995 through 1999. Additional costs would be
incurred for data management and evaluation.

Water Quality Studies

It is recommended that monitoring be conducted to evaluate the pollutant removal effectiveness
of existing and future stormwater detention facilities. Inflow and outflow samples should be
collected and analyzed concurrent with routine water quality monitoring. These results should
be compared to those expected for similar types of detention facilities and used to evaluate the
potential for enhancement of the pollutant removal effectiveness of the city’s facilities.

Ecology (2000) has recently proposed new temperature and dissolved oxygen criteria for surface
waters that require measurement of 7-day-average maximum temperature and minimum
dissolved oxygen values throughout the year for salmon-bearing streams. Therefore, a water
quality study is recommended to better assess water temperature and dissolved oxygen
conditions in the streams. Multiparameter meters that continuously record water temperature
and dissolved oxygen should be installed at each of the five stations and operated for a minimum
of one entire monitoring year. If funds are limited, temperature data loggers could be installed at
each station to record continuous water temperatures at a very low cost.

Another water quality study is recommended to better assess the sources of fecal coliform
bacteria contamination in Massey and McSorley creeks. This study should employ a genetic
fingerprinting technique recommended by Ecology (1999), which is presently being used by the
Port of Seattle for upper Des Moines Creek (Herrera 2000), and has been successfully used to
identify fecal sources in other urban watersheds (e.g., Herrera 1993, 1999; Des Moines Creek
Basin Committee 1997; and Samadpour and Chechowitz 1995). This study should be designed
to incorporate hydrologic data for determining the total maximum daily load of fecal coliform
bacteria. ‘
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Benthic Invertebrate Monitoring

Benthic invertebrate monitoring is recommended in order to continue the evaluation of water
quality and habitat conditions in the Des Moines streams. Benthic invertebrate samples should
be collected in late October of every second year (i.€., 2001, 2003, and 2005) at each of the five
monitoring stations. Sample collection and analysis procedures should follow the Aquatic
Biology Associates method used for the first 5-year monitoring program (see Appendix G). In
addition, a simple measure of substrate conditions (e.g., pebble counts) should be performed
during sample collection, to better assess potential changes in habitat conditions.

Public Involvement

It is recommended that future public involvement efforts be focused on the rehabilitation of
stream habitat in the Massey and McSorley creek basins. Organizing a “stream team” and
enlisting interested citizens for projects designed to improve habitat conditions has been
successful in other urban streams in the Puget Sound region. Stream rehabilitation projects
should be developed that include removal of trash and blackberry brambles, and planting and
maintenance of native vegetation at locations identified by the habitat surveys. If public
involvement continues to be successful, additional rehabilitation efforts should include
placement of structures such as rootwads and boulders in the streams to enhance pool formation
and channel meandering.

Funding for this type of public involvement activity is available from several county and state
programs, which recognize the benefits of promoting stream stewardship and improving stream
habitat. King County offers grants through the Public Works Grant Program, Watershed Action
Grants Program, and the Urban Reforestation and Habitat Restoration Grant Fund. The
Washington Department of Ecology offers grants or loans through the Centennial Clean Water
Fund, the State Revolving Loan Fund, and the Washington Conservation Corps Fund. The
Washington State Interagency Committee for Outdoor Recreation offers grants through the
Salmon Recovery Funding Board. The National Fish and Wildlife Foundation also funds a
variety of public education and habitat rehabilitation projects. \
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Five-Year Project Report—Des Moines Water Quality Monitoring Program

Quality Assurance Report

This report describes sampling, analytical, and quality control procedures used for the Des
Moines water quality monitoring program, as set forth in the Water Quality Monitoring and
Quality Assurance Project Plan (Herrera 1994). In addition, data validation results are presented
for the fourth and fifth year of monitoring from November 1997 through November 1999. Data
validation results for the first three years of monitoring were presented in annual reports (Herrera
1995, 1996, 1998).

Sampling Procedures

Sampling procedures generally followed Recommended Protocols for Measuring Selected
Environmental Variables in Puget Sound (U.S. EPA 1991) and National Pollutant Discharge
Elimination System (NPDES) Stormwater Sampling Guidance Document (U.S. EPA 1992).
Prior to each sampling event, the project field coordinator reviewed sampling procedures and
equipment needs with the field technicians. '

Water Sample Collection

Grab samples were collected from the center of the stream channel by submerging laboratory-
cleaned, pre-labeled sample containers below the water surface at mid-depth. When appropriate
(i.e., when collecting water for analyses other than oil and grease or fecal coliform bacteria), the
sample bottles were rinsed once with sample water prior to filling. Sample containers were
sealed and immediately placed on ice in a cooler.

Measurements of field parameters (e.g., pH, dissolved oxygen, temperature, and conductivity)
were performed by submerging the portable meter probes into the flowing water or a sample
withdrawn from the stream. Flow-proportioned composite samples for each of the eight stations
were prepared at the laboratory from separate grab samples of storm flow using clean technique.

Field Notes

At each sampling station, the following information was recorded in a waterproof field notebook:.

Sampling date

Name of sampler

Time of sample collection, measurement, or observation

Station location

Weather and flow conditions

Calibration results for field instruments

Field measurements

Number and type of samples collected

Unusual conditions (e.g., oily sheen, odor, color, turbidity, discharges and
land disturbances, fish kill, aquatic and riparian vegetation).
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Upon return to the office, field notes were copied and inspected by the project quality assurance
officer.

Sample Containers and Preservation

Pre-cleaned sample containers were obtained from the analytical laboratory for the required
analyses. Spare sample containers were carried by the sampling team in case of breakage or
possible contamination. Sample containers and preservation techniques were in accordance with
analytical methods and USEPA (1992) guidelines.

Sample Identification and Labeling

Each sampie was identified by a unique station number and the date of collection. Prior to
filling, sample containers were labeled with the following information using indelible ink:

Station number

Date of collection (day/month/year)
Time of collection (military format)
Project name (Des Moines)
Company/sampler initials.

Labels on glass containers were secured with clear adhesive tape.

Sample Transport and Custody

Samples were transported at 4°C in a cooler to the laboratory within 12 hours of collection. A
chain-of-custody record accompanied the samples. Upon return to the office, a signed copy of
the chain-of-custody record was inspected by the quality assurance officer.

Analytical Procedures

Field measurements of temperature, pH, dissolved oxygen, and conductivity were conducted
using portable meters operated according to the manufacturer’s directions and following standard
procedures (American Public Health Association [APHA] et al. 1992).

Laboratory analytical procedures followed U.S. EPA approved methods (APHA et al. 1992; U.S.
EPA 1983, 1984). These methods provide detection limits that are below the state and federal
regulatory criteria or guidelines, and enable direct comparison of analytical results with these
criteria. Detection limits and analytical methods are presented in Table Al.
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Table A1l. Methods and detection limits for water quality analyses.

Method Method Number *  Detection Limit/Unit
Temperature Electrode SM 2550B 0.1 degrees C
pH Electrometric SM4500-Hand B None
Dissolved oxygen Electrode or Winkler SM 4500-OGorC 0.1 mg/L
Conductivity Wheatstone bridge SM 2520B 1 pmhos/cm
Hardness Calculation or titrimetric SM 2340B or C 2 mg/L as CaCO3
Turbidity Nephelometric SM 2130B 0.1 NTU
Total suspended solids Gravimetric, 103 degrees C EPA 160.2 0.5 mg/L
Total phosphorus Automated ascorbic acid EPA 365.1 0.002 mg/L
Ammonia nitrogen Automated phenate EPA 350.1 0.010 mg/L
Nitrate+nitrite nitrogen Automated cadmium reduction EPA 353.2 0.010 mg/L
Copper, dissolved and total Graphite furnace atomic absorption EPA 220.2 0.001 mg/L
Lead, dissolved and total Graphite furnace atomic absorption EPA 239.2 0.0005 mg/L®
Zinc, dissolved and total "Inductively coupled plasma EPA'200.7 0.003 mg/L
Total petroleum hydrocarbons  Infrared spectrophotometric EPA 418.1 0.25 mg/L.
Fecal coliform bacteria Membrane filter SM 9222D 2 CFU/100 mL

a

SM method numbers are from APHA et al. (1992), EPA method numbers are from U.S. EPA (1983, 1984).
Because analytical interferences are common in urban stream samples, the lowest achievable detection limit for
lead may be 0.001 mg/L.

The laboratory reported the analytical results within 30 days of receipt of the samples. Sample
and quality control data were reported in a standard format. The reports also include a case
narrative summarizing any problems encountered in the analyses.

Quality Control Objectives and Procedures

The overall quality assurance objective was to ensure that data of known and acceptable quality
are provided. All measurements were performed to yield consistent results that are
representative of the media and conditions measured. Specific quality control objectives and
procedures for laboratory analyses and data management are described in the following sections.

Chain-of-Custody Record

A chain-of-custody record was maintained for each sample batch listing sampling date and time,
sample identification numbers, quantitics analyzed, number of containers, persons relinquishing
and receiving custody, and dates and times of custody transfer.

Holding Times

Immediately upon receipt of samples, the laboratory filtered, preserved, and refrigerated the
samples at 4°C. The samples were analyzed within the maximum holding time established by
the U.S. Environmental Protection Agency (U.S. EPA 1992). Analysis dates were reported with
the analytical results. Holding times were calculated in days from the sampling date to the
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analysis date. Results associated with holding times that exceed the U.S. EPA maximum were
qualified as estimates (J). Extended holding times were allowed for fecal coliform bacteria
analyses (one day allowed versus 6 hours allowed by U.S. EPA).

Standard Laboratory Procedures

In compliance with the state laboratory certification program, the Washington Department of
Ecology (Ecology) routinely evaluated the laboratory’s standard operating procedures. As part
of the program, performance evaluation samples were analyzed for at least once every 6 months.
Throughout the monitoring period, the laboratory (Aquatic Research, Inc.) has maintained its
certification and results of the performance evaluation sample analyses have met the acceptable
criteria.

Water used for preparation of reagents was equivalent to Type 1 water having a conductivity less
~ that 0.1 micromhos per centimeter (umhos/cm) (APHA et al. 1992). All reagents and solvents
used in analyses were analytical reagent grade.

Instrument Maintenance and Calibration

Records of maintenance of instruments used for the analyses were provided upon request.
Calibration was conducted each time an instrument is set up for an analytical run. Calibration
standards for the analyses were within the same concentration range as the samples, and a blank
was included. Following calibration, verification was conducted using an independent standard
(from a different source) in the same range; results must be within 10 percent of the true value.
Verification was repeated after every nine samples, or every 2 hours, and at the completion of the
analysis. A calibration blank was run after each verification standard. The absolute value of the
blank cannot exceed the specified detection limit. If any of the stated conditions were violated,
affected samples were reanalyzed. Verification standard results from quality control check
samples were reported with the analytical results. Results associated with quality control check
sample recoveries outside the range 90 to 110 percent were qualified as estimates (J).

Preparation Blanks

A preparation blank was processed through each sample preparation procedure after every
nineteenth sample or with each batch. The blank concentration must be either less than 2 times
the detection limit or less that 20 percent of the concentration of the least concentrated sample in
the batch. If the stated condition was violated, affected samples were reanalyzed. Preparation
blank results were reported with the analytical results. Results associated with preparation blank
concentrations in violation of the stated condition were qualified as estimates (J).

Field Transfer Blanks

For metals analyses, field transfer blanks were analyzed approximately twice per year to check
for contamination during the sampling procedure. Reagent water was poured into appropriate
laboratory sample bottles under normal sampling conditions in the field. Transfer blank samples
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were submitted to the laboratory as separate (blind) samples. Sampling procedures were revised
if analyte concentrations in the field transfer blank exceeded two times the detection limit.

Matrix Spikes

Matrix spikes were added to a randomly selected sample in each batch of samples. Spiking
levels were generally between 0.25 and 10 times the sample values. Results of spike recoveries
were reported with the analytical results. Results associated with spike recoveries outside the
range of 75 to 125 percent were qualified as estimates (J) by the quality assurance officer.

Laboratory Duplicates

A laboratory duplicate sample was analyzed for a randomly selected sample with every sample
batch. The results of duplicate analyses were reported with the analytical results. If the
duplicate sample concentrations differed more than 25 percent (for sample values greater than or
equal to five times the detection limit), or two times the detection limit (for sample values less
than five times the detection limit), all results associated with the duplicate analysis were
qualified as estimates (J) by the quality assurance officer.

Field Duplicates

Field duplicate samples were analyzed for randomly selected samples at a frequency of at least 5
percent of all project samples. Duplicate samples were submitted to the laboratory and labeled
as separate (blind) samples. If the duplicate sample concentrations differed more than 25 percent
(for sample values greater than or equal to five.times the detection limit), or two times the
detection limit (for sample values less than five times the detection limit), all results associated
with the duplicate analysis were qualified as estimates (J) at the discretion of the quality
assurance officer.

Data Management

Field notes and chain-of-custody records were inspected by the quality assurance officer
following collection of the water samples. Laboratory reports were received by the quality
assurance officer, usually within 30 days of sample collection, and inspected for completeness

- and severe quality control problems. Field and laboratory data were validated on a regular basis,
and all problems and actions (e.g., data qualifiers) were noted on worksheets. Water quality data
and associated qualifiers were entered in spreadsheets, and the spreadsheets were checked for
data entry errors.

Data Validation Results

There were no severe problems associated with the analysis of water quality samples collected
from November 1997 through November 1999 for the fourth and fifth monitoring years.
Therefore, none of the reported values were rejected. Minor quality control problems that
required qualification of data as estimates (J) include the following analyses:
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. Total copper values for samples of storm flow collected on December 15,
1997 and June 24 1998 were qualified as estimates (J) because the relative
percent difference between laboratory duplicates was high (43 and 27
percent, respectively).

. Dissolved lead values for samples of storm flow collected on November 5,
1999 were qualified as estimates (J) because the percent recovery of the
matrix spike was high (127 percent) and, therefore, only included values
reported at or above the detection limit.

. Total lead values for samples of storm flow collected on October 12, 1998
were qualified as estimates (J) because the percent recovery of the matrix
spike was low (70 percent).

. Fecal coliform bacteria values for samples of base and storm flow were
qualified as estimates by the laboratory because the number of colonies
per plate was less than 20. ’

Field duplicate samples were analyzed for all parameters on eight occasions (three base flow
events and five storm events) during the last two years of the monitoring program. Precision of
the field duplicate analyses exceeded the objective of 25 percent difference or + 2 times the
detection limit for some parameters. However, no data were qualified because the analytical
precision was acceptable (based on laboratory duplicate results) and the field duplicate results
were generally considered to be within the range of the natural variation. Precision objectives
were exceeded for the following field duplicate analyses:

. Total phosphorus for samples of base flow collected on July 22, 1998 (45
percent difference). ‘ o

= Dissolved zinc for samples of storm flow collected on October 12, 1998 (%
2.3 times the detection limit).

u Total zinc for samples of storm flow collected on October 12, 1998 (35
percent difference).

L Dissolved copper for samples of storm flow collected on March 12, 1999
(% 2.2 times the detection limit).

" Fecal coliform bacteria for samples of storm flow collected on March 12,
1999 (67 percent difference).

Transfer blank samples were analyzed for dissolved metals on seven occasions (three base flow
events and four storm events) during the last two years of the monitoring program. Only one of
the samples contained a detectable quantity of a dissolved metal. The transfer blank sample
collected during base flow on May 27, 1999 exhibited a dissolved zinc concentration of 0.010
mg/L, which is 3.3 times the detection limit of 0.003 mg/L.. However, zinc was only detected in
one of the stream water samples (0.004 mg/L in sample DM-2) and was not detected in the field
duplicate of the same sample. Therefore, the undetected zinc value for the field duplicate was
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used in the data analysis and contamination of the field transfer blank with zinc did not appear to
be associated with sample collection procedures.

Minor quality control problems were also noted for some analyses conducted during the first
three years of the monitoring program (see Herrera 1995, 1996, and 1998). All analyte values
that were qualified as estimates (J) were used in the data analysis. Detection limits for
undetected values (U or UJ) were also used in the data analysis. Relative frequencies of
estimated and undetected values are summarized in Table A2 for the 5-year water quality
monitoring program. \

Table A2. Percentages of analyte values that were qualified as estimates (J or UJ) and less
than the detection limit (U and UJ) for the Des Moines water quality monitoring

program.
Base Flow Samples Storm Flow Samples
Estimated Estimated Undetected Estimated Estimated Undetected
Detected  Undetected Values Detected  Undetected Values
Parameter Values (J) Values (UJ) (U+UJ) Values (J) Values (UJ) (U +UJ)

Temperature 0 0 0 0 0 0
pH 0 0 0 i 0 0
Dissolved oxygen 0 0 0 0 0 0
Conductivity 0 0 0 0 0 0
Hardness 0 0 0 0 0 0
Turbidity 0 0 0 4 0 0
Total suspended solids 0 0 5 0 0 0
Total phosphorus 0 0 0 5 0 0
Nitrate+nitrite nitrogen 0 0 0 0 0 0
Ammonia nitrogen 0 0 28 0 0 10
Dissolved copper 0 0 33 1 0 1
Dissolved lead 1 6 85 2 0 62
Dissolved zinc 1 0 48 4 0 9
Total copper NA NA NA 17 0 0
Total lead NA NA NA 11 1 8
Total zinc NA NA NA 0 0 2
Total petroleum hydrocarbons NA NA NA 3 1 57
Fecal coliform bacteria 57 0 1 37 0 1

NA = not analyzed

The frequency of estimated suspended solids, nutrient, and dissolved metals values was low (less
than 5 percent). The frequency of estimated storm flow total metals values was relatively high
for detected values of copper (17 percent) and lead (11 percent). The frequency of estimated
fecal coliform bacteria values was high (57 percent of base flow values and 37 percent of storm
flow values), primarily due to qualification by the laboratory for a low number (less than 20) of
enumerated colonies. Therefore, evaluation of the water quality data should consider the
reduced accuracy or precision of storm flow total copper and lead values, and base and storm
flow fecal coliform bacteria values.

wp3  00-00836-0005-yr project reportapx-a.doc

February 21, 2001 AT Herrera Environmental Consultants

AR 025400




Five-Year Project Report—Des Moines Water Quality Monitoring Program

References

APHA, AWWA, and WEF. 1992. Standard methods for the examination of water and wastewater.
18th edition. Edited by A.E. Greenberg, American Public Health Association; A.D. Eaton,
American Water Works Association; and L.S. Clesceri, Water Environment Federation

Herrera. 1994. City of Des Moines water quality monitoring program, water quality monitoring
and quality assurance project plan. Prepared for the Des Moines Surface Water Management Utility
by Herrera Environmental Consultants, Seattle, Washington.

Herrera. 1995. City of Des Moines water quality monitoring program, 1995 annual report.
Prepared for the Des Moines Surface Water Management Utility by Herrera Environmental
Consultants, Seattle, Washington.

- Herrera. 1996. City of Des Moines water quality monitoring prograrn; 1996 annual report.
Prepared for the Des Moines Surface Water Management Utility by Herrera Environmental
Consultants, Seattle, Washington.

Herrera. 1998. City of Des Moines water quality monitoring program, 1997 annual report.
Prepared for the Des Moines Surface Water Management Ultility by Herrera Environmental
Consultants, Seattle, Washington.

U.S. EPA. 1983. Methods for chemical analysis of water and wastes. EPA-600/4-79-020. U.S.
~ Environmental Protection Agency, Environmental Monitoring and Support Laboratory, Cincinnati,
OH.

U.S. EPA. 1984. Guidelines establishing test procedures for the analysis of pollutants under the
Clean Water Act; final rule and interim final rule. 40 CFR Part 136. Friday, October 26, 1984.

U.S. Environmental Protection Agency.

U.S. EPA. 1991. Recommended protocols for measuring selected environmental variables in Puget
Sound: Recommended protocols for measuring conventional water quality variables and metals in
freshwater of the Puget Sound region (February 1990). U.S. Environmental Protection Agency,
Office of Coastal Waters, Puget Sound Estuary Program, Seattle, Washington.

U.S. EPA. 1992. NPDES stormwater sampling guidance document. EPA 833-B-92-001. U.S.
Environmental Protection Agency, Office of Water, Washington, D.C.

wp3 00-00836-000final report/apx-a.doc
Herrera Environmental Consultants A-8 February 21, 2001

AR 025401



~ APPENDIXB

~ Water Quality Database

‘ | | N AR 025402




LIST OF DEFINITIONS
Data qualifiers included in the water quality database:
U analyte not detected at specified detection limit
J estimated value from quality assurance review
C exceeds water quality criteria for Class AA freshwaters

M mean of field duplicate values
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