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EXECUTIVE SUMMARY 

Lake Steilacoom has a long history of problems with blue-green algae blooms. A lake 
restoration study completed in 1996 identified soluble reactive phosphorus (SRP) as the most 
likely factor triggering the algae growth. The restoration study found that Ponce de Leon Creek 
was the most important pathway of excessive SRP during the summer growing season, and 
suggested that groundwater emanating from a buried marsh was the main source of phosphorus 
to Ponce de Leon Creek. However, the study did not include sampling to verify this hypothesis. 

To address this issue, the City of Lakewood applied for and received a grant from the 
Washington State Department of Ecology to identify the potential sources of phosphorus in the 
groundwater entering Lake Steilacoom. The City contracted with URS and Brown & Caldwell 
to conduct the study, which includes three basic components: 

• Evaluate the pathway(s) by which groundwater reaches Lake Steilacoom 

• Measure phosphorus concentrations in the groundwater and surface water along the 
key pathway(s) 

• Identify potential human and/or natural phosphorus sources affecting the groundwater 
along these flow paths 

SOURCES OF WATER TO LAKE STEILACOOM 

Ponce de Leon Creek 

There appears to be little direct groundwater inflow to Lake Steilacoom. However, groundwater 
is the primary source of water to Ponce de Leon Creek. A cluster of springs located 
approximately 150 feet west of the Lakewood Towne Center discharges groundwater to the 
creek on a year-round basis. During the winter and spring, when the water table is high, 
additional groundwater is captured by a dewatering system located beneath the Lakewood 
Towne Center. The dewatering system discharges to Ponce de Leon Creek. 

Clover Creek 

The other major surface water tributary to the lake, Clover Creek, does not appear to receive 
groundwater inflow within the study area. In fact, Clover Creek appears to lose water to the 
underlying aquifer during dry seasons of the year. There was no surface flow in Clover Creek in 
the fall months. 

Aquifers 

There are two primary aquifer zones in the study area. Aquifer Zone A is the shallowest aquifer 
system in the area. Aquifer Zone A consists of deposits of the Vashon Glaciation, with flow 
velocities on the order of 25 ft/day. Aquifer Zone C is comprised of a glacial sequence of 
stratified sand and gravel with discontinuous layers of silt and clay as well as intermittent layers 
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of till. Groundwater flow rates in this aquifer are on the order of about 7 ft/day. Regional and 
local groundwater flow in both the A and C aquifers is generally westerly to northwesterly. 

Near-surface glacial deposits with relatively low permeability or low hydraulic conductivity 
appear to influence the groundwater occurrence and flow direction in the study area. These low 
permeability deposits concentrate groundwater flow to the surface at Ponce de Leon springs. A 
marsh and peat deposit are buried beneath the Lakewood Towne Center and approximately 
1,000 feet east of Ponce de Leon Creek. Two stream channels, now filled with soil, approach the 
Towne Center, one from the east/northeast and one from the south. The southern channel may 
be an old overflow channel from Clover Creek. During the wet season, the southern channel 
may serve as an infiltration conduit for groundwater from Clover Creek. When the water table 
rises during the wet season, some of the groundwater is collected in the dewatering pipes beneath 
the Towne Center. Stormwater runoff from the Towne Center is also collected in the drainage 
system. The dewatering/drainage system ultimately discharges into Ponce de Leon Creek via a 
single 48-inch-diameter culvert located about 150 feet upstream of the Ponce de Leon springs. 

PHOSPHORUS CONCENTRATIONS 

Surface water and groundwater samples were collected at sources to Lake Steilacoom (Ponce de 
Leon Creek) and at various locations along the groundwater flow path upgradient of the creek. 
Flow rates were measured in the creek at the time of sampling. In addition, soil and peat samples 
were collected in and around the buried wetland and peat bog beneath the Lakewood Towne 
Center. Surface water samples also were collected from Clover Creek. The water samples were 
analyzed for various forms of phosphorus as well as pH, dissolved oxygen, and other parameters. 
The soil samples were analyzed for total phosphorus and other parameters relevant to 
phosphorus mobility. The key findings are: 

• Surface water in Ponce de Leon Creek and groundwater along the main flow path 
upgradient of the creek contained higher phosphorus concentrations than Clover 
Creek. 

• Phosphorus concentrations in groundwater near the eastern city limits were about the 
same or higher than those measured in Ponce de Leon Creek. Thus, phosphorus 
concentrations did not increase as groundwater flowed through the city en route to 
Ponce de Leon Creek. 

• Phosphorus concentrations in the groundwater were about the same upgradient and 
downgradient of the buried marsh and peat deposit beneath Lakewood Towne Center. 

• Phosphorus concentrations during the dry season appeared to be slightly higher than 
during the wet season. 

• The peat deposit did not contain higher phosphorus concentrations than the soil 
samples collected for this study. Moreover, the peat had very low permeability. 
Groundwater flows preferentially around in more permeable aquifer materials. 

W:\34600\0408.008\lake Steilacoom- Final.doc ES-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PHOSPHORUS SOURCES 

An initial screening identified potential phosphorus sources in the study area. Based on this 
initial review, point sources, agriculture, forest practices, recreation, and hydromodification were 
deemed unlike! y to be significant sources of phosphorus to the groundwater entering Lake 
Steilacoom. Urban runoff, on-site wastewater treatment (i.e., septic systems), loss of the Atwood 
Marsh, and natural organic (peat) deposits, and mineral deposits were judged to warrant more 
detailed evaluation. The results are summarized below. 

• Urban runoff does not appear to be the predominant source of phosphorus to the 
groundwater entering Lake Steilacoom because groundwater up gradient of the City 
and its numerous stormwater dry wells had similar or higher SRP than the 
downgradient groundwater entering the lake. There was no apparent relationship 
between dry wells, land use, and phosphorus concentrations in groundwater. 
Phosphorus concentrations in the groundwater entering the lake appeared to decrease, 
rather than increase, during the wet season when stormwater infiltration was 
occurring. However, it is possible that geochemical and/or soil conditions are 
masking phosphorus inputs from the dry wells. 

• Loss of the Atwood Marsh does not appear to have contributed phosphorus to the 
lake. The soluble phosphorus concentrations observed upgradient of the former 
marsh were less than the minimum achievable effluent concentrations ("irreducible 
concentrations") for wetlands designed specifically for water quality treatment. 
Moreover, the algal blooms in the lake reportedly began before the marsh was 
covered. 

• Septic systems are a potential source of phosphorus to the groundwater entering the 
lake. Septic systems were prevalent in the study area prior to sanitary sewer service 
in the earlyl980s. Geochemical modeling demonstrated that releases from these 
historic septic systems could account for phosphorus concentrations observed in the 
groundwater. In addition, active septic systems located in the eastern portion of the 
groundwater basin, upgradient of the City, could be contributing phosphorus. 

• Organic soils beneath the Lakewood Towne Center do not appear to be significant 
sources of phosphorus to the groundwater entering Lake Steilacoom. The 
investigation indicated that groundwater preferentially flows around the lower 
permeability peat near the Lakewood Towne Center and not through it. In addition, 
groundwater samples collected from these borings contained concentrations of 
phosphorus that were less than those observed in Ponce de Leon Creek. 

• Mineral dissolution is a potential source of phosphorus to the groundwater entering 
Lake Steilacoom. Geochemical modeling indicates that dissolution of phosphorus 
minerals in the basin rocks and soils could account for the phosphorus concentrations 
observed. 
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In summary, the results of this study suggest that loading of the groundwater by historic 
septic systems and/or soil minerals account for the predominate sources of phosphorus in 
Lake Steilacoom. 
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1.0 INTRODUCTION 

This report presents the results of a study to identify the sources of phosphorus in the 
groundwater entering Lake Steilacoom in Lakewood, Washington (Figure 1-1). A 1996 study 
determined that phosphorus is the main cause of the blue-green algal blooms that have beset the 
lake for many years. The 1996 study suggested that groundwater is potentially the primary 
source of phosphorus entering the lake, but did not evaluate the potential sources of phosphorus 
to groundwater. The Washington State Department of Ecology (Ecology) plans to issue a total 
maximum daily load (TMDL) for phosphorus in the lake. 

In 1999, the City of Lakewood received a Centennial Clean Water Fund Grant for a study to 
identify the sources of phosphorus in the groundwater entering Lake Steilacoom. The City 
contracted with URS and Brown and Caldwell to conduct the study. 

1.1 PROJECT OBJECTIVES AND SCOPE 

The objectives of the phosphorus sources study were to: 

• Evaluate potential pathways by which groundwater reaches Lake Steilacoom 
• Measure phosphorus concentrations in the water along those pathways 
• Identify potential human or natural phosphorus sources affecting the groundwater 

URS completed the following activities for the study: 

• Compiled historical data and prepared a technical memorandum describing the Lake' 
Steilacoom hydrogeology (URS 2001) 

• Identified potential phosphorus sources by evaluating current and historic land uses, 
numerous site visits, review of scientific literature, and interviews with long-time 
Lakewood residents 

• Evaluated the geology upgradient of the lake and the interaction of groundwater, 
surface water, and 

• Drilled soil borings, installed monitoring wells, and sampled soil in multiple areas 
with differing land uses and potential phosphorus sources 

• Completed four quarterly rounds of groundwater and surface water sampling 

• Performed geochemical modeling to assess potential phosphorus sources and mobility 
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2.0 STUDY AREA OVERVIEW 

The study area includes Lake Steilacoom and the Ponce de Leon Creek basin in Lakewood, 
Washington. Lake Steilacoom is an artificial impoundment formed when Andrew Byrd dammed 
Chambers Creek in 1853 to operate a grist mill (Morgan 1919). The lake is shallow, with an 
average depth of about 10 feet (KCM 1996). 

Clover Creek and Ponce de Leon Creek are the primary sources of inflow to the lake 
(Figure 1-1 ). Clover Creek drains portions of Pierce County, McChord Air Force Base, and parts 
of the city of Lakewood. The Clover Creek basin encompasses about 70 square miles. 

Ponce de Leon Creek is fed primarily by groundwater. It originates in an area of groundwater 
discharge near the Lakewood Towne Center shopping mall. Survey maps drawn prior to 
construction of the Towne Center describe the original creek's headwater area as "Ponce de Leon 
Lake" (White n.d.). During the dry season, nearly all of the flow in the creek comes from a 
series of springs located about 150 feet west of Lakewood Towne Center. These springs appear 
to be natural, as they are shown on a 1908 timber cruise survey maps from the Pierce County 
Archives (Pierce County 1908). During the wet season when the water table is relatively high, 
the creek also receives groundwater discharge from beneath Lakewood Towne Center, where it 
is collected in a system of perforated pipes that discharge into the creek at Gravelly Lake Road. 

The Ponce de Leon surface water drainage basin is relatively small (less than one square mile). 
However, based on the large volume of baseflow in the creek, the Ponce de Leon groundwater 
basin is inferred to be much larger. 

Land use in the study area is now mostly residential, with some commercial and a small amount 
of industrial development. Approximately 35 percent of the Clover Creek/Lake Steilacoom 
subwatershed is urbanized with residential, commercial, industrial, and transportation uses 
(KCM 1996). Agriculture use accounts for approximately three percent, 19 percent is forested, 
and 43 percent supports vegetative cover other than forests or agriculture (e.g., school grounds 
and golf courses). The 175-acre Lakewood Towne Center and its associated parking lots cover 
the headwaters of Ponce de Leon Creek. Approximately 200 residences and a small park occupy 
the shoreline of Lake Steilacoom. Prior to development, the study area was an open prairie with 
gent! y rolling hills and small, isolated groups of trees including fir, oak, and larch (Northwest 
Magazine, 1889). 

Lake Steilacoom has a long history of problems with dense algae blooms. An attendee at a July 
26, 2001 public meeting in Lakewood recalled that treatment of the lake first began in 1949. 
KCM reported that the Lake Steilacoom Improvement Club began treating the lake with copper 
sulfate in the late 1950s (KCM 1996). Application of copper sulfate was discontinued in 1992, 
due to concerns about potential adverse effects of copper on fish and other aquatic life in the 
lake. The algal blooms are caused by elevated phosphorus concentrations in the lake water 
(KCM 1996). 
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3.0 GEOLOGY AND GEOMORPHOLOGY 

URS evaluated the stratigraphy and geomorphology of the study area using soil boring and test 
pit logs obtained from Ecology, Pierce County, Robinson and Noble, and other sources. 
Numerous engineering consultants and well drilling companies produced the logs, and the level 
of detail varies significantly depending on their original intended use. Only those logs with 
entries approximating standard soil descriptions were used for this study. The elevation of the 
groundwater and stratigraphic units in many of the logs are uncertain, and the lithologic 
descriptions are often incomplete. 

3.1 REGIONAL GEOLOGY 

The study area is located in the elongated, glacially-formed Puget Sound Lowland bordered by 
the Cascade and Olympic Mountains. The area is underlain by a complex sequence of 
alternating glacial and interglacial Quaternary sediments (Jones 1999). The glacial sediments 
represent periods when the lowlands were invaded by the Cordilleran ice sheet and at least six 
advances of the ice sheet have been suggested (Borden and Troost 200 1). The nonglacial 
sediments represent periods when the glaciers retreated and the area was free of ice. Alpine 
glaciers and their associated streams emanating from the adjacent Cascade and Olympic 
Mountains also affected the area. These unconsolidated Pleistocene glacial and interglacial 
deposits underlie central Pierce County and contain extensive aquifers. From oldest to youngest, 
the four recognized major glaciations and their resulting deposits are commonly referred to as the 
Orting, Stuck, Salmon Springs, and Fraser (Jones 1999). Relatively thin discontinuous 
nonglacial sediments were deposited during interglacial periods, the most recent and uppermost 
being the Kitsap Formation (Olympia beds) during the Olympia interglacial period. The 
generalized stratigraphic sequence and nomenclature in the southern Puget Sound Lowland is 
depicted in Table 3-1. Figure 3-1 depicts geological cross-section lines A-A' and B-B'. Figure 
3-2 shows a northwest to southeast trending regional geologic cross-section. ,_) 

3.2 STUDY AREA GEOLOGY 

Limited boring logs and current and historical topographic maps were used to describe the 
stratigraphy and landforms of the study area. URS relied on its knowledge of the area, 
interpretation of topographical features, and in some cases, interpolation between existing data 
points. 

In general, the shallow surficial deposits that intersect Lake Steilacoom and Ponce de Leon 
Creek are composed of loose to medium dense gravel and sand, recessional glacial outwash 
deposits (Steilacoom Gravel), and compact till (Vashon Till). These unconsolidated units 
resulted from the advance, retreat, and wasting of ice during the Vashon Stade of the Fraser 
glaciation and have not been significantly altered by more recent events. Figure 3-3 shows a 
west to east trending geological cross-section within the study area. A surficial geologic map of 
the study area is provided on Figure 3-4. 
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3.2.1 Stratigraphy 

The surficial deposits between the surface and approximately 60 feet below the ground surface 
(bgs) are comprised of Vashon Drift dominated by advance and recessional outwash with 
discontinuous till and ice-contact deposits. Post-glacial stream deposits; relatively small, 
localized peat and/muck deposits; recently formed soils; and imported fill overlie the glacial 
deposits. The study area stratigraphic relationship from oldest to youngest deposits is 
summarized below. 

Advance Outwash Gravel and Ablation Till 

A deposit of less dense advance outwash gravel and ablation till overlies the dense ground 
moraine till in scattered locations and ranges from between a few inches to approximately 40 feet 
thick. Outwash gravel or proglacial outwash includes materials deposited by streams ahead of or 
underneath the advancing ice sheet; however, these types of deposits often are incorporated into 
the ground moraine as the ice advances. Ablation till includes a heterogeneous mixture of silt, 
sand, gravel, and cobbles that fall off of the melting ice and retreating glaciers. 

Boring logs in the study area indicate that these deposits contain medium dense to dense, gray or 
brown sandy gravel with silt and/or cobbles in varying proportions. The unit generally underlies 
the till as a horizontally oriented layer, but in some areas it appears to follow the slope of the per
Vashon topography. In scattered locations the unit subtly grades into the underlying Kitsap 
Formation and/or overlying till. A significant amount of water is present in this unit in the study 
area. 

Till 

Till is a general term for material transported, overridden, and deposited by moving glaciers. 
Where the till is deposited and then overridden by ice it is referred to as ground moraine. Ridges 
and elongated hills composed of till are called moraines and drumlins. In the study area, till is 
composed of very dense, gray, gravelly, sandy silt with cobbles and clay or various combinations 
of these components. Piezometers placed within and above the till during previous 
investigations suggested that it is generally not saturated but may contain occasional small, 
coarse-grained lenses with perched groundwater. Other discontinuities within the till, such as 
joints and/or bedding can increase the permeability of the till by several orders of magnitude 
(Troost et al., 2002). The till generally is the lowermost unit described in most of the boring logs. 

The upper surface of the dense till is gently undulating and ranges between 270 and 210 feet 
above mean sea level (msl). It ranges in depth between approximately 50 feet bgs to just a 
few feet bgs. Where present near the ground surface, till provides a relatively low permeability 
cover to the underlying aquifers. The gently undulating surface topography appears to reflect the 
upper surface of this unit in places that have not been filled and/or graded. The till rests both 
conformably and unconformably on the underlying advance outwash deposits and 
unconformably on the pre-Vashon topography. 
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Recessional Glacial Outwash Gravel 

As the ice sheet receded, ice-dammed lakes formed and outwash was deposited over an extensive 
area of Pierce County. Glacial Lake Puyallup formed in a subglacial trough that comprises the 
present day Puyallup River valley. Episodic discharges from this lake formed a series of 
channels and outwash plains that cut westerly across the upland portions of the study area 
(Troost et al., 2002). These glacial outwash deposits are referred to as the Steilacoom gravel unit. 
This unit is easily distinguished in the existing boring logs by the brown color, low density, and 
well-rounded nature of the gravel and cobbles. The Steilacoom gravel unit is very permeable 
and readily drains surface water runoff. In many areas a thin veneer of recent alluvium, topsoil, 
or imported fill overlies the gravel. 

Ice-contact deposits surround the kettle lakes in the study area including Lake Steilacoom 
(Troost et al., 2002). The deposit is similar to the recessional outwash deposit described above, 
except for a higher percentage of silt intermixed with granular sediments, and lenses and pods of 
till. This deposit is normally consolidated and associated with hummocks and kettles 

Peat and Muck 

An approximately 20-acre peat deposit ranging from a few inches to at least 20 feet thick 
underlies the central, east portion of the Lakewood Towne Center. Other peat deposits near the 
study area include one in Seeley Lake and a large deposit 2 miles to the east along the shore of 
Clover Creek (Walsh 1987, Rigg 1958). 

Muck, a combination of decomposed peat, organic matter, and silt, is present in the peat deposit 
that is located 2 miles east of the study area (Rigg 1958). Dupont Muck (classified by the Soil 
Conservation Service after the type section near Dupont, Washington) is present in scattered 
locations throughout Pierce County (SCS 1959). Based on its presence in nearby areas, muck is 
probably associated with the peats in Seeley Lake and at the former headwaters of Ponce de 
Leon Creek underneath. 

Recent Soils and Fill 

Soils formed on the Steilacoom gravel in the Ponce de Leon Basin are classified as the Spana 
and Spanaway Series soils after a type section located near Spanaway, Washington (SCS 1959). 
These series consist of gravelly sandy loam. Fill materials and native soil observed by URS at 
the nearby Lakewood Towne Center consists of sandy, gravelly cobbles, and silty sand with 
gravel. 

3.2.2 Geomorphology 

The glacial plain in the study area is characterized by gently rolling hills that roughly mimic the 
undulating upper surface of buried till. As the last Pleistocene ice sheet advanced, it deposited 
low-lying ridges of till and pro-glacial outwash in the form of moraines and drumlins. Low areas 
between these hummocky till deposits were then filled in with outwash gravel deposits as the ice 
melted and retreated. Just outside the study area, to the north, southwest, and south, small 
groups of drumlins that approach 400 feet in elevation extend above the surrounding flatter 
plains (Figure 3-3). 
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Kettle lakes are found around the City of Lakewood. American Lake and Gravelly Lake, just 
south of the study area, are examples of kettles that formed when large blocks of ice broke off of 
the retreating glaciers and persisted while post glacial outwash streams deposited gravel around 
them. After the blocks of ice melted, the resulting depressions became lakes. 

Smaller lakes such as Seeley Lake (also called Crawford Marsh), the former pond at the 
headwaters of Ponce de Leon Creek, and possibly a small portion of Lake Steilacoom, may have 
been formed by smaller pieces of buried ice or permafrost that eventually melted and left very 
shallow depressions. Peat deposits formed in the depressions at Seeley Lake and the small 
pond/bog at the former headwaters of Ponce de Leon Creek as a result of abundant water 
available for vegetation in these areas. At Ponce de Leon Springs the approximately oval-shaped 
peat deposit ranges from less than 1 foot to approximately 20 feet thick and pinches out laterally 
to the east (Earth Consultants 1987). Based on the thickness of the peat and peat accumulation 
rates in western Washington, the peat associated with the Ponce de Leon Spring was probably 
growing for about 10,000 years (Rigg 1958). Boring logs show that the peat is first encountered 
at depths ranging from eight to 15 feet bgs. The peat is underlain by sand and gravel with little 
or no fines. 

Immediately north of Steilacoom Boulevard, approximately l/2 mile north of Lakewood Towne 
Center, the land surface abruptly descends approximately 20 feet to the floodplain of Flett Creek. 
The Flett Creek Floodplain trends generally east to west and merges with the north end of Lake 
Steilacoom and the Chambers Creek basin. The presence of the creek and several wetlands on 
the floodplain suggests that till is close to the surface and covered with only a small amount of 
permeable soil or gravel. Borings drilled in this area, as well as the areas around the north and 
northwest sides of Lake Steilacoom, confirm that till and/or dense pro-glacial gravel deposits are 
close to the surface (Hart Crowser 1975 and 1982). The borings did not extend below 
200 feet msl; therefore, strata and occurrence of groundwater below this depth have not been 
characterized. A small group of till drumlins and small kettle lakes is present just southwest of 
Lake Steilacoom. 

3.2.3 Lake Steilacoom 

Lake Steilacoom was formed when Andrew Byrd built a dam on Chambers Creek in 1853. 
Records describing the characteristics of the lake basin prior to 1853 are not available; however, 
the lake's shape and depth suggest that its natural form was quite different from its present state. 
The alignment and bottom of the southern two-thirds of the lake suggest that it may have been a 
continuation of Clover Creek or Ponce de Leon Creek, or it may have been a channel just 
downstream of the two creeks' former confluence. A similar channel extending due south from 
the Chambers Creek dam indicates that Chambers Creek once began at the narrowest part of the 
lake adjacent to Lake Steilacoom County Park. The widest portion of the lake just north of the 
bridge is shaped like a wide, shallow bowl. The shallow bowl shape suggests that a small pond 
or wetland may have been present between or next to the former creeks. KCM et al. (1996) 
reported that the lake inundated a wetland. The presence of the ice-contact around Lake 
Steilacoom may also suggest the presence of a pond or wetland since the ice-contact deposit has 
been commonly associated with kettles (Troost et al. 2002). 
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3.2.4 Ponce de Leon Creek 

Ponce de Leon is the main source of flow to Lake Steilacoom during the dry season. The creek 
channel begins at Gravelly Lake Road about l/2 mile upstream of the lake. Old maps indicate 
that prior to development, the Ponce de Leon Creek channel extended east from Gravelly Lake 
Road about 114 mile to a wetland area called Atwood Marsh. However, the marsh and upper 
reach of Ponce de Leon Creek were covered with fill, buildings, and/or pavement when the Villa 
Plaza Shopping center was built in the late 1950s. 

A system of underground, perforated pipes was installed at Villa Plaza to collect groundwater 
during the wet season and convey it to Ponce de Leon Creek at Gravelly Lake Road. The system 
also collected stormwater runoff from the mall. In 2001, the mall was remodeled again, and 
renamed the Lakewood Towne Center. Recent additions to the drainage system include several 
subsurface sand filters designed to treat and infiltrate surface water into the ground. A review of 
as-built drawings for the new (200 1) drainage system indicates that a large portion of the 
stormwater runoff from the Lakewood Towne Center is directed to sand filters for infiltration. 

Ponce de Leon Creek is fed primarily by groundwater. The creek receives much of its flow from 
a series of perennial springs located about 150 feet west of Gravelly Lake Road. The springs are 
of natural origin. The springs are the sole source of base flow in Ponce de Leon Creek in the dry 
season. When the water table rises during the wet season, groundwater is collected in the 
Lakewood Towne Center dewatering system and discharged into Ponce de Leon Creek. The 
dewatering system captures groundwater when the water table rises above approximately 
245 feet msl. 

The approximate size of the groundwater recharge area was calculated based on an estimated 
recharge rate for outwash soils and the annual groundwater input to Ponce de Leon Creek that 
was reported by KCM (KCM 1996). The former was obtained from a USGS groundwater study 
for central Thurston County (PGG 1999) that reported an outwash soil recharge rate of 35 inches 
per year for a site with an average rainfall of 51 inches per year. Based on this precipitation
recharge relationship, the recharge rate for outwash soils in the study area (assuming an average 
rainfall of 42.5 inches per year) is approximately 29 inches per year. Based on the groundwater 
and Ponce de Leon Creek input noted above and a recharge rate of 29 inches per year, the 
groundwater recharge area was estimated to be approximate! y 9 square miles. This indicates a 
large groundwater contribution to Ponce de Leon Creek. 

Although groundwater comprises most of its flow, Ponce de Leon Creek does receive direct 
stormwater runoff from a relatively small area (about 200 acres) along Gravelly Lake Road and 
the western part of Lakewood Towne Center. Runoff from this area is collected in inlets and 
conveyed to the 48-inch-diameter culvert at Gravelly Lake Road, which also serves as the outfall 
for the Towne Center groundwater dewatering system (Figure 3-5). Dry wells also receive 
stormwater runoff in the Lakewood area. 

Phosphorus loads in stormwater discharges to drywells are related to the volume of flow and the 
phosphorus concentration in the flow. It should be noted that because of the highly permeable 
soils that underlie most of the city, areas that are not covered by impervious surfaces generate 
very little runoff; most precipitation infiltrates through the surficial soil into the aquifer. 

W:\34600\0408.008\Lak.e Steilacoom· Final.doc 3-5 



Moreover, runoff from impervious surfaces that flows onto pervious surfaces (e.g., roof 
downspouts draining onto lawn) likely produces very little runoff. Thus, most of the flow 
reaching drywells is from roofs and paved areas that are directly connected to the dry wells. 
Because of the very permeable soils noted above, the drywells probably receive relatively little 
runoff from fertilized areas (e.g., lawns, gardens). 

Because it is fed primarily by groundwater, flows in Ponce de Leon Creek do not show much 
increase during storm events (KCM 1996). Rather, the flow appears to rise and fall relatively 
slowly, in response to seasonal changes in the water table elevation. 

3.2.5 Clover Creek 

Clover Creek discharges water supplied by a large (approximately 64 square miles) drainage 
basin in the eastern portion of Pierce County. The current stream may be a remnant of what was 
once a much larger meltwater channel that drained Lake Puyallup during the late Pleistocene 
epoch. Abandoned natural channel scars just north of the lower reach of the creek indicate a 
recent (several hundred years) southward migration of the creek from a point where it may have 
once joined Ponce de Leon Creek. Upstream of the study area, the creek has been rerouted 
through McChord Air Force Base and along several stretches near the town of Parkland. 

Based on flow observations made by KCM (1996) and the present study, Clover Creek appears 
to be a losing stream along its lower reach (i.e., within the city of Lakewood). Groundwater 
elevation data recorded by Hart Crowser, Inc. in 1975 and Brown and Caldwell in 2002 suggest 
that seepage from Clover Creek recharges the shallow aquifer. Seepage from Clover Creek does 
not appear to migrate south because of the relatively impermeable till along the south shore of 
the creek. One boring drilled just south of the creek was dry (Hart Crowser 197 5). Historic 
discharge data suggest that the flow volume in lower Clover Creek increases appreciably after 
heavy precipitation and runoff distinguishing its flow from Ponce de Leon Creek, which is 
primarily groundwater. 

3.3 REGIONAL AND STUDY AREA HYDROGEOLOGY 

3.3.1 Regional Hydrogeology 

The aquifer systems in the Clover/Chambers Creek basin are recharged by local rainfall 
(Robinson & Noble 1997). Regional groundwater flow is generally westerly to northwesterly 
(Figure 3-6), and eventually emanates as springs that discharge to Puget Sound or to lakes and 
streams. The basin is underlain by two primary aquifer zones that are used for production 
(Aquifer Zones A and C) and two deeper aquifer zones (Aquifer Zone E and "deeper" 
undifferentiated systems) that are currently unused (Robinson & Noble 1997). The aquifer units 
are separated by aquitards. Aquifer Zones A and C, and confining layer B are described below. 

Aquifer Zone A 

Aquifer Zone A is the shallowest aquifer system in the area. It consists of deposits of the 
Vashon Glaciation (Vashon Recessional Outwash, Steilacoom Gravel, Vashon Till, and Vashon 
Advance Outwash). Groundwater in Aquifer Zone A in the Lakewood area is typically 
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encountered from approximately 25 feet to 50 feet below ground surface (bgs) (Robinson & 
Noble 1997). Because this aquifer zone consists of a variety of sediment types, local 
groundwater flow directions can be preferential. High permeability outwash sediments pennit 
water to move easily while the till deposits restrict and re-direct groundwater flow. However, 
the regional groundwater flow is consistently north to northwest (Figure 3-6). 

Water in Aquifer Zone A is often in direct hydraulic connection with local surface water bodies 
and it is the first to receive recharge from precipitation (Robinson & Noble 1997). Except for the 
low permeability Vashon Till, the units of Aquifer Zone A are generally permeable with average 
calculated transmissivities of approximately 150,000 gallons per day per foot (gpd/ft). Hydraulic 
conductivity values range from 1 to more than 4,000 feet per day (ft/day), with an average of 
1,650 ft/day (Robinson & Noble 1997). Coupled with an estimated effective porosity of 35 
percent and a hydraulic gradient of approximately 0.005 foot per foot (Robinson & Noble 1997), 
groundwater in Aquifer Zone A flows approximately 25 ft/day. 

Aquifer Zone C 

Aquifer Zone C is comprised of a glacial sequence of stratified sand and gravel with 
discontinuous layers of silt and clay as well as intennittent layers of till. This aquifer is 
approximately 200 feet thick and the elevation is typically between 200 feet msl and sea level 
(Robinson & Noble 1997). In the Lakewood area, it is generally encountered between 
100 feet msl to 100 feet below sea level. The regional groundwater flow is consistent! y west to 
northwest (Figure 3-7). 

Transmissivity values for the area range between 6,500 gpd/ft to 250,000 gpd/ft, with a mean 
value of 60,000 gpd/ft (Robinson & Noble 1997). Hydraulic conductivity values are typically 
between 1 and 2,000 ft/day, with a mean value of 300 ft/day. Coupled with an estimated 
effective porosity of 30 percent and a hydraulic gradient of approximately 0.007 foot per foot 
(Robinson & Noble 1997), groundwater in Aquifer Zone C flows approximately 7ft/day. 

Confining Layer B 

Layer B is a fine-grained, low permeability unit that separates the shallow Aquifer Zone A from 
Aquifer C, the next aquifer unit. Layer B consists predominantly of the Kitsap Formation, a non
glacial deposit of clay, silt, and fine sand, with occasional gravel lenses (Robinson & Noble 
1997). In the Lakewood area, confining layer B ranges in thickness from approximately 25 feet 
to 50 feet (Robinson & Noble 1997). Though regionally significant, layer B is absent in some 
areas. Most notably, the layer appears to be missing in parts of the McChord Air Force 
Base/Spanaway area and the South Tacoma Channel area (Figure 3-8). In these areas, there is 
increased potential for groundwater mixing between Aquifer Zones A and C. 

3.3.2 Study Area Hydrogeology 

Figures 3-9 through 3-12 illustrate the groundwater flow in Aquifer Zone A within the study area 
from groundwater measurements collected during the quarterly groundwater sampling. 
Although the groundwater elevations varied in different sampling events, the groundwater within 
Aquifer Zone A in the study area flowed consistently to the northwest, which is similar to the 
regional groundwater flow in Aquifer Zone A. Based on the potentiometric surfaces, the 
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horizontal hydraulic gradients within the study area appear to be similar to the regional gradients 
(Figures 3-6 and 3-9 through 3-12). 

The following bullets summarize our current understanding of the Lakewood area hydrogeology: 

• Lake Steilacoom is an artificial, shallow impoundment that appears to be supplied by 
water predominantly from Ponce de Leon Creek and Clover Creek. Ponce de Leon 
supplies nearly all of the inflow to the lake during the dry season. 

• There is little direct groundwater inflow to the lake. This is supported by the results 
of other studies as well as this study. KCM performed a water budget analysis for 
Lake Steilacoom that involved measurement of flows into and out of the lake over a 
one-year period, and measurement of head differentials in piezometers installed 
through the bottom of the lake. Based on these studies, they estimated that direct 
groundwater input to the lake was about 2% of the total annual inflow (KCM 1996). 
Streamflow measurements during the sampling rounds did not indicate increased 
water flow downstream of the springs at sampling stations SW-2 and SW-3 
(discussed in more detail in Section 6). Additional evidence for little direct 
groundwater flow into Lake Steilacoom is suggested by the lower portion of Clover 
Creek, which appears to be a losing reach, at least during portions of the year. Boring 
MS-7 was located south of Ponce de Leon Creek and west of the Lakewood Towne 
Center. The boring produced no groundwater even at depths below the elevation of 
water surface in Lake Steilacoom. 

• Ponce de Leon Creek flows to the lake year-round and is fed predominantly by 
groundwater. Ponce de Leon Creek receives groundwater from a relatively large area 
from Aquifer Zone A (Section 3.3.1), although the boundaries of the groundwater 
recharge zone are unknown. In addition, Aquifer Zone A may receive inflow from 
deeper aquifer(s) in areas where the underlying confining layer is missing, such as the 
area east of the Lakewood city limits. 

• Clover Creek begins several miles south and east of Lakewood. As noted above, the 
lower reach of Clover Creek, between the city limits and Lake Steilacoom, appears to 
be a losing stream. For example, in late fall 2002, water was flowing in the upper 
reaches of the stream, but was infiltrating into the ground within approximately 
200 feet downstream of Pacific Highway Southwest. 

• Groundwater generally flows west to northwest toward Lake Steilacoom from 
recharge areas in the eastern portion of Pierce County (Figures 3-6 and 3-7). 
Localized variations in shallow groundwater occurrence, flow direction, and gradient 
beneath Lakewood appear to be controlled by ridges and valleys in soils with low 
hydraulic conductivity and/or permeability (glacial till) that are present just below the 
ground surface. 

• The upper aquifer (Aquifer Zone A- including shallow glacial till) is present above a 
confining unit, which separates shallow groundwater from the underlying Aquifer 
Zone C. Data suggest that the confining unit directly underlies Lake Steilacoom and 
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extends eastward to a point where it pinches out just east of Lakewood (Brown and 
Caldwell 1985). 

• Groundwater discharges at a cluster of springs on the north bank of Ponce de Leon 
Creek just west of the Lakewood Towne Center. 

• A wetland area named Atwood Marsh and small lake were present until the late 1950s 
in the current location of the Lakewood Towne Center, approximately l/2 mile east of 
Lake Steilacoom. The wetland and underlying peat deposit are now buried beneath 
the mall buildings. A stream channel reportedly once extended between Lakeview 
and Atwood Marsh. Historical information indicates that this channel was filled in 
the first half of the 20th century (Pierce County 1900, USGS 1948). Another stream 
channel, which is now mostly filled with soil, formerly extended from Clover Creek 
and, to the south side of Atwood March in the current location of Lakewood City Hall 
(Pierce County 1900). This channel may have received overflows from Clover Creek 
during large flow events. 

• A complex system of drainage and dewatering pipes (Figure 3-5) is present beneath 
Lakewood Towne Center. The system was originally designed (during construction 
of the first mall in the late 1950s and early 1960s) to capture groundwater entering the 
mall site at the points where the former stream channels entered Atwood Marsh 
(Nastansky, personal communication). The system also collects surface water runoff 
from the mall parking areas and roof drains. Some of the groundwater and some 
surface water runoff (during storm events) is collected by the system and discharged 
to Ponce de Leon Creek via a 48-inch diameter culvert, underneath the west side of 
Gravelly Lake Drive, just west of the Lakewood Towne Center. The elevations of the 
dewatering system pipes are higher than the elevation of the peat deposit; therefore, 
the dewatering system would not have altered groundwater flow through the peat. 

• Recent additions to the stormwater collection system include several subsurface sand 
filters designed to treat and infiltrate surface water into the ground. A review of as
built drawings for the updated drainage system suggests that a large portion of the 
surface water from the mall now flows toward the sand filter infiltration basins. This 
will likely reduce the already small amount of surface water discharged directly to 
Ponce de Leon Creek via the outfall. The ratio of groundwater to surface water 
collected and discharged from the mall to the creek depends on precipitation and the 
depth of the groundwater table beneath the mall. However, the area served by the 
stormwater drainage system (-200 acres) is quite small compared to the estimated 
groundwater basin (roughly 9 to 18 square miles). The 1994-1995 lake restoration 
study found that Ponce de Leon Creek flows showed little response to storm events 
(KCM 1996). Thus, direct stormwater runoff (i.e., via storm sewers, ditches, or 
overland flow) probably comprises a fraction of the flow observed in Ponce de Leon 
Creek. 

In summary, the available data indicate there is little direct groundwater inflow to the 
lake. Based on the URS study and the results of previous investigations, Lake 
Steilacoom appears to be fed by water predominantly from Clover and Ponce de Leon 
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Creeks and rain falling directly on the lake. Groundwater is the primary source of flow in 
Ponce de Leon Creek. In contrast, Clover Creek loses flow to groundwater. During the 
dry season, nearly all of the discharge into Ponce de Leon Creek is from a series of 
springs located just west of the Towne Center. During the wet season when the water 
table is higher, flow from the springs is supplemented by groundwater collected in the 
Towne Center's dewatering system. The dewatering system discharges to Ponce de Leon 
Creek at a culvert approximately 150 feet upstream of the Ponce de Leon Creek springs. 
As noted above, the dewatering system also collects some stormwater runoff from the 
Towne Center; however, much of the surface water from the mall now drains to 
infiltration facilities. 
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DESCRIPTION OF MAP UNITS 

Qal Alluvium (Holocene) Sand, silt, gravel, and cobbles, deposited by 
streams and running water. May include slide 
debris, locally derived . Gradational with and 
locally including sediment equivalent to units Qf, 
Qb, Qvr, and Qvs. Normally consolidated . 

Qvr Recessional 
outwash deposits 

Stratified sand and gravel, moderately sorted to 
well sorted, and less common silty sand and silt. 
Present predominately as irregular upland 
bodies with no obvious channelized form. May 
include deposits of unit Qvs where separation 
not possible. Deposits less than about 1 m thick 
are commonly observed overlying till but are not 
mapped. Normally consolidated. 

Qvs Steilacoom Gravel Openwork sandy gravel and cobbles, deposited 
by episodic discharges from Glacial Lake 
Puyallup. Poorly to well sorted. Normally 
consolidated . Locally subdivided by channels 
and then by relative age - higher number 
denotes younger channel-scouring event based 
on elevations of remnant surfaces. Numbering 
system is contiguous with adjacent Tacoma 
South and Puyallup quadrangles (Troost, in 
review). 

Qvi Ice-contact deposits Deposits similar in texture to unit Qvr but locally 
containing a much higher percentage of silt 
intermixed with granular sediments, and lenses 
and pods of till . Commonly associated with 
kettles and hummocks. Normally consolidated . 

Qvt Till Compact diamict containing subrounded to well
rounded clasts, glacially transported and 
deposited under the ice. Commonly fractured 
and has intercalated sand lenses. Upper few 
feet of unit is generally weathered and only 
medium dense. Generally forms an undulating 
surface and is a few meters to a few tens of 
meters thick. Also found sporadically within 
areas mapped as unit Qvi. 

Reference: Troost et a/. (2002, draft) 
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deposited by streams and rivers issuing from 
the front of the advancing ice sheet. Some 
turbidite facies present in lower part. Generally 
unoxidized. May grade upward into till. Silt 
lenses locally present in upper part and are 
common in lower part. Equivalent to the 
Esperance Sand Member of the Vashon Drift of 
Mullineaux et al. (1965) and in part to the 
Colvos Sand of Noble and Wallace (1966). 
Locally over 60 m (200 ft) thick; dense to very 
dense). 

Stiff to hard, laminated to massive, silt, clayey 
silt, and silty clay deposited in proglacial or 
lowland lakes. May include deposits from the 
transition from nonglacial to glacial time; 
unequivocal evidence for glacial or nonglacial 
origin rarely present. Mapped deposits are 
assigned to this unit primarily on the basis of 
stratigraphic position, but only some localities 
have nearby absolute age control. Deposits of 
correlative age and texture may be included in 
unit Qpff, where evidence of age and/or 
depositional environment is absent. Locally may 
include fine-grained sediment of unit Qob or 
distal deposits of alpine glaciations where 
indistinguishable from Qvlc. Absent to over 
30 m (100ft) thick in map area, often present as 
channels in the subsurface. 

Weakly oxidized to moderately oxidized sand 
and gravel , lacustrine sediments containing 
local peat layers, and moderately oxidized to 
strongly oxidized diamict composed of silty 
matrix and rounded gravel clasts . Very dense 
and hard . 

Qpfn Nonglacial deposits Abundant organic debris or volcanic 
provenance indicates nonglacial origin . 
Encountered downstream of Garrison Springs 
above Chambers Bay. 

Figure 3-4 

Geologic Map of Study Area 

Lake Steilacoom 
Stei lacoom, Washington 



-------------------
00

:e\\a\S 
,~ \)}0 

a 'A"' 
1

1, 1/ll 

1 ' J 'I 
I ?>~') . :'\"' j 

I ~3 :?"' 1 

I I I 

I I 

II I II ! 
I I 'I I' II r ~,' · 1 
j t j j I ' 

r 

WAVERLY 
1 

:r 
;:::: ,.... I I I 

'>'\ ,\1~11 II I I . 
1n 

1 

1 ~~~ t
1 

~~ "-'-. ..I I _ I 

1 

~ Iff I I I f I .......... :--..... \ I 

).: j I 
&(015' . l 

IS'% I I \ 

'· 
II i 1rl J. 11 L ~;: 

PUs( ' 
I I /C" 

I r l . ' 
1. ' j ( 

I ~ T I, I 
I. 

~ , I 
J i 

j J l L I I 
DEKOVEN I I I 

,.. T , ' I 
J : jll. -4 t !i- I · <j, . 

II " o ( 1 
. ' j' I " • T H'l 

ft I ~~ jll ' '<!£\ d·. ·. . . L . J 'l I • ' I ~ . I ,oJ" ' I ' '· 

---.---.1-~ I ~ALLEY I 
I ' /1 r 1 1 ~1.[ 
- ., 

MEADOW 
-I 

'- I 
MAP bE 

r T ~ r 

T f 
L j 

r r ' 
I ' J I ~ t ~ II, o"" . I .. 1• \ T I II r I I ~ J ' el 1 ' r _ r ~ 1+

0 

,(· r , , 1 ' , 

I _, !. 't 'i \ -

1

- L l l I . 01'\K . .l l 1. lll f II I 
. 'JT -r ' I • r I I I I 

. I ' ~ i 1! I 1 r J w l r I I j ~~ I +T_~' ,-I ; I - . ~ I I ' ~ I j J I r - i ~ r .. ·-r t 1

1 

+ ~ . . I .I. j ~I ~ ,,~NGWNI! I r 1. I I T T I ~ 1 ~ I~ I I i q ~ :. I ~ ' i I - ' ' I I I I . . . I I I 
1 1 

1 

j;;l ll ___j ~ Ml g . . ~~- j I r ·' ',, -,. WHITMAN • , 

l 1 0 .-

j : ~ rr 1 ~A~ ~ ~11 1 
Iii 1 r 1 · 

I !i I '> 0 II ~ "'WHITMAN . I . 1 I 1

1 PA ER ~ ,.., T @ ~ . , .,....,. 'I rrn T.' 1 ~b i ·. 1--1 ~. 3 Rd.Ji i n~ I n-1 r 

I 
I 

Jl 

I ' I 

J 

j: 

s: 
-1 
-1 
)> 
() 

' 0 
s: 

1 · ! 1 
•. I r : h ... ,, • 'l;r""

1 

If , , 1 J J 1 11 ! :1 

I J ·. .l \J 1>- - . li I . . I 

1 ~I Q l L] E ··r . I 
- - r 1 r 

·- ~ I - - ' - ' =-- -~ 1 
- 1 .lr t ~' I _ _ I . ·j BRISHDL 

I I --'If- m . l .J . - ,, , ) ·~ I.T_, - , 'I - m , 'II I I 

II F. -H ll j ~~ I i . ~ ! : : I ~ t i § ' BRISTOL 
€ )~jl II ' ij_ ~ ~ -
jFf Ill I BRISWI .1- ~ --~! l- ~I 
r 1 '\ 

0 

_j l ~ ·I 
I 

\\\ - ~- 'l_ Jl 

I - - - \I\ ;:;;r_l J ~ I ~. -ll 

I, I 
I 

)> 

I 
I 
I 

II 
I 

f 
I;; -r· l lr I !;g I I . . : - - \ r I 

< I I '·I 
~- -.... T ~ - j . 0 I ,J' I [ 1 ' I . 0 1 •-, I, 0 

I ' ' J I '''"' I .' I I l ' ' ' -l Ji I T 
TT I I I I . '-:"; ' J ' I 0 I ;· f11\ ' 

I ·~<~• II I ' . ' I ~ J_ - ,, -T T l T 1 II~ 1 I I I .z I I . j JI; I46!H JawJo~ ~- I m 
udep M ' I r ' -, , I ~ 

. DAVISSQN r I 
1 

i Z 1

1/ Ill 'I lr ' ";;l j! I ' I' j I ' I ;o 

j 

T . 

1 l 

~I 

1 ! I 
I 

591'H 
T 

• L 

l 
I 

<D 

"' .; 
I 

s: 
-< 
-< 
)> 

c () 
- ~~ 0 .s s: 

o j'0'3T1v--'l> 

~ 
l "-1 I 

I 
I 
I 

r 

l I 
1 1 

~ 

'1o 
~ 
~ 

0 
~ ~ 
0 ~ 
~ ..L. 

'(;, LEXINGTON 

~ 

WHITMAN 

~ ;.;. 
~ 

PAPER 

<¢ 

&~ 
~C) 

o'b 
.jJ 

<0 

"' -1 "' 
11: "" -1 

I 

-·--MTH 

1~ ' ~ll · 1 I I '" ~ j ~ ~ I I I 

J v"~ I /I I _ 1 TT ~ L • ~ , ~~~~ :C '1 ;:::r --......._ 

1 II r: I .~. . .. .. 

I J ; 

I ' <1t l[l 

I 
56TH 

. . r I I Lr 'T I I . ' • ' ~ . ~., I TI1 f ~~It ~-\ \\ TI .1 ocluGLAs -T-ll ~ , I ff ' 
- 'L \ . \ '- T 1 r-r J I r 1' ·-

1 · 1, I , o" \ \ . \ \ l _\ I I : ili 1- I r ., r 1 0~ 1

1 

I ' + 1 'V I I 
I \ \ I -' ,>s>"' \ I ' -,'' f j 

'- l f II 090 I ~',II I 
I f 'I • i ' ; I s(\'rl i I r I I 

. , . . ·,, '· ' , . "~':, I' I ' II 
I \ 'I; 

1
' . 0 I L ' I I . . ' I 'il • 

[ . [i ' J' ' ' i. z I 5!1 

N • !
0 

: ·t· 
-no 
"' ~ 

. ' I ' ' ' I \ I I ~ T ·~ \ I , l I ~ 4' • l \ \ \ I, \ I 

U>O < -< (/) ;::: ., "' 
~~3.~- ~~ 
iD "'0 ., 0 =a; ( 
[ ., !il ::!. .5 ::!. . -' J..__ 

., ell " I _, L....L--
iii' !i ~ :E 2~ : ' \ ' I . 
en ~ ~ ~ ~~ 

§ ~ Ul g ~ 
~~- j 

g. 3 
rn- ~ 'OCCIDENT L J 

r 

r 

~ 
~· 0 I I) 

0 0 ., iil :E "' - · ~ ~ j " ~ 
c 8 "' "' ~ !;; ~ 3' 
en ~ ~ ~ 

r • 

• I I I i I I : ' ; I 
I 

L L "1J 

Lrtlll )'' I ~~ .11 

r I I r • I J J. ' ti 
tl 1' I ·'--1 

'"" ?. 
~ 

'?""" 

g. 
~ '<l"-'" 
~· 0 

H--r r T -I 1' 49TH I I' ' +I. l 1 _ )!} T ~\ 
1

' 

l i'Rt1DJ 1 1 I L 
1 

/ t 
4 1 

1 T ----~ r r 

1l' 
~r

' 
~I I :i;l! \. ~ 

PUBLI~ . 
II 

~ 1 
J If 

T-~ 
,1~ l il 

"1J c 
OJ 

B 

; I 
' f- l 
! It i 

l ~ -1 ~ 
j o 

I ' DAVID~ ~ 
j ' --. I 
I f- 1 

r ~ ~-J:~ 

I, j / ~ 1 
1 

~if 1
1

1 

I II~ 4 I 

- I r l ! ~ 1 : I 
I J I I: I 

~ I 

~Ai(E'lo/, 
ooo 

1 DEAN 

I 
I 

.<C, 
I I~ 
I It 

I 

(/) 
r-(b 

~~ 
<b"" 

~ 
ru -· r 
:::J ru 
CJ)"A ..-+(0 
0 ~ 
"""' 0 3 0 
~ o._ 
~..., 
(1) 0 
"""' ~ 
O:::J 
(1) (1) 

~ () 
~<D 
(1) :::J "'T1 
~ - co -· 
:::J"""'(Q 

- ~CO "1J C: 
lo CJ) """' ., 
~ 0 (1) 
:r (/) ""0 

..-+row 
(1) ;:::::\.. I 

3 '< (11 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gravelly Lake 

I 
I 
I 
I American Lake 

I 
I 

II 

,--------< 

Legend 
& Surface Water Sampling 

Locations 

-tf' Monitoring Wells 

- Street Centerlines 

Waterbodies 

Source: Robinson and Noble 1997 

W+E 
s 

0 1,000 2,000 

J 

270 . 
- Groundwater Elevation 

Contours 

- Watercourses 

~itylimits 

I 

BROWN \l'U 

CALDWELL 
----===::=:~ Feet 

P:\21 927\G ISIMXDs\Figure3-6.mxd 8/261200~ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gravelly Lake 

I 
I 
I 
I 
I 
I 

Legend 
~ Surface Water Sampling 

Locations 

~ Monitoring Wells 

- Street Centerlines 

Waterbodies 

Source: Robinson and Nobk! 1997 

~Groundwater Elevation 
Contours 

- Watercourses 

Qcity Limits 

J 

o---•1il,oco=o ===2~,o~et 
BR0\\':-.1 '' o 
C A L D \1' E L L 

P:I21927\GISIMXDs\Figure3-7.mxd 8/26/2004 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I American Lake 

I 
I 

Gravelly Lake 

~ 
ct 
CD 

,......_.,..-+li>rr -M W -3 

-$-
lakewood Towne Center 

,/'--l--.1( 

..........- -WE;&:r _____ _)_ 

.>. 

6 

PALM R ) 

u.. 
~ 
Q. 

Legend 
A Surface Water Sampling 

Locations 

+ Monitoring Wells 

- Street Centerlines 

Waterbodies 

Source Robinson and Noble 1997 

r 

~-

RAPER 

PAP.ER-

~D-
PAPE~~+H 

--

B Horizon Not Present 

- Watercourses 

acity Limits 

I 

0 1,000 2,000 
---IIIIC::=:=~ Feet 

B ROWN HD 

C ALDWELL 

P:\21927\G ISIMXOs1Figure3-8 .mxd 812612004 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gravelly Lake 

I 
I 
I 
I American Lake 

I 
I 

t----+--1 

Figure 3-9 
Groundwater Potentiometric Surface Map 

Notes: 
1. Herr-MW-3, G-1. AEF-250. and AEF-222 not 
sampled in August 2002 Sampling Event 

2. Springbrook Wells sampled in September 2002. 

M ld'I'ARY 

I 

Legend 
e Lakewood Towne Center 

Dewatering System Cleanout 

MW-2 ~ Monitoring Wells and 
(24 I .92) Groundwater Elevation 

- Street Centerlines 

Waterbodies 

0 1,000 2,000 
----.:===:=:JFeet 

August2002 

250 Groundwater Elevation 
- Contour 

rz2j Peat Deposit 

- Watercourses 

Ccity Limits 

BROWN .HD 

C A L D \\' E L L 
therefore groundwater elevations are not induded on th is map · 

P:\219271GIS\MXDs\Figure3-9.mxd 8126/2004 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gravelly Lake 

I 
I 
I 
I American Lake 

I 
I 

~+-~~--~--,L------~---1----~~----~~~--------~~~M--------~------y---.-~------~ 
~ ----I'RO~>I'IIT'-----..,-d 

ai ~ 
--------~~._~p~~~ 

Notes: 
1. G-1 , AEF-250, AEF-222 and CW-62 (not assessib!e). 
not sampled in December 2002 sampling event 

2. Herr-MW-3 not surveyed to same datum as URS wells 

3. Groundwater for Clover-3 is approximate only 

Figure 3-10. 
Potentiometric Surface Map 

December 2002-

---( 

Legend 
• Lakewood Towne Center 

Dewatering System Cleanout 

MW-2 ~ Monitoring Wells and 
(24' 92) Groundwater Elevation 

- Street Centerlines 

Waterbodies 

0 1,000 2,000 

----C::::====~ Feet 

260 Groundwater Elevation 
- Contour 

rz2j Peat Deposit 

- Watercourses 

Ccity Limits 

BROWN \ ~ o 

CALDWELL 

P·l2t927\GIS\MXDs\Fogure3-10.mxd 812612004 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I American Lake 

I 
I 

Gravelly Lake 

Notes 
1 Herr-MW-3 and G-1 not sampled 1n March 2003 
sampling event 

2 Groundwater levels in AEF-222 and AEF-250 
could not be measured 

3 Groundwater for Clover-3 is approximate only 

- ..L 

Figure 3-11 H 

Potentiometric Surface Ma 
March 2003 

Legend 
e Lakewood Towne Center 

Dewatenng System Cleanout 

MW-2+ Monnonng lf'lklls and 
(241 92) Groundwater Elevation 

-- Street Cente~1nes 

Waterbodies 

+ 
0 1,000 2,000 
........ c=====~ F~t 

260 Groundwater Elevation 
-- Contour 

Peat Deposit 

Watercourses 

O:itylim~s 

B R 0 \\. l\ ' \ ll 

C .\ L D \\ E L L 

P\21927'GISIMXDs1Figll"e3-1 1.mxd 8126/2004 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gravelly Lake 

---l>IOR 

American Lake 

Notes 
1. Herr-MW-3 and CW-59 (not acoess.ble) not sampled 
1n June 2003 sampling event 

2 Groundwater levels in AEF-222 and AEF-250 
could not be measured 

3 Groundwater for Clover-3 is approximate only 

Figure 3-1 
Potentiometric Surface Ma 

June 2003 

MIU AR¥-

Legend 
e Lakewood Towne Center 

Dewatering System Cleanout 

MW-2-4- Mon~onng V\ells and 
(241 92\ Groundwater Elevation 

--Street Cente~mes 

Waterbodies 

+ 
0 1,000 2,000 
----.::::===Feet 

P PeR
r 
~ 1 RD-

PAP&R-1-24'1'1>1-

260 Groundwater Elevation 
-- Contour 

Peat DepoSit 

Watercourses 

acity Limits 

B R 0 \\' 1\ _, ' 11 

C.\LD\\ E LL 

P:\21927GIS\MXDs\Figtre3-12Jnxd 812612004 



- - -
Period A<e (Ka) 

10 

i 
~ 20 

- - - - - - - -Table 3-1 
Geologic Framework 

Southern Puget Sound Lowland 

- -
Geo!OI'llc Framework1 

Geoloe:lc/Ciimate Unlt2 Stratleraohv 

Interglacial Alluvium, Electron Mudflow, Osceoloa Mudflow,lahars, marine deposits3 

Alluvium 
Vashon Stade Steilacoom Gravels 

Recessional Outwash 

Fraser Glaciation 
Vashon Drift 

Moraine Deposits 

Vashon Till 
Advance Outwash 
Colvos Sand Member/Esperance/Lawton Oa~ 

Evans Creek Slide Alluvium Evans Creek Drift 

- - -
Hvdrosr:eolo,dc Framework 

Name of Unit 

Nisqually River aquifer, Green 
River aquifer, Puyallup River 
aquifer, Snoqualmie River aquifer, 
Skokomish River aquifer, Chehalis 
River aquifer 

Fraser aquifer 

SkOkO~iSh'Oro~~·is~ ...................................... -~~--·· 

60 Olympia Interglacial 

Upper Stade 
lntentade 

80 Salmon Sorinlls Glaciation Lower Stade 
Puyallup Inte~J:Iacial 

>100 Srock Glaciation 
Alderton Glaciation 
Orting Glaciation 

~ 
I -Adapted from Jones (1999) and Borden and Troost (2001). 
2 - Drift sequences are generally separated by unconfonnities 

............................... ~·~~· .. · 
Kitsap Formation Confinim:: Unit 

Upper Salmon Springs Drift 
Sediments, Tephra 

Lower Salmon Springs Drift 
Puyallup Formation Puget Aquifer 

Stuck Drift 
Alderton Formation 

Orting Drift 
ore-Ouatemarv Rock Units Basement Confinin l)nh 

3 • Mudflows and lahars are part of alluvial valey aquifers where confined in channels and not principal unit in channel, otherwise, considered part of surficial semiconfining 
unit: marine deposits are considered part of aquifer system where saturated with freshwater. 

4 ·Vashon till makes up the surficial semiconfining unit where it outcrops at land surface or is covered by only a thin veneer of younger unsaturated deposits. 
5- From Borden and Troost (2001). 
6 ·From Robinson & Noble (1997). 
Geologic units above Fraser Glaciation not present in study area. 

- - -
Robinson & Noble 

Aquifer Units~ 

Aquifer Unit A 

Confining Unit B 

Aquifer Unit C 
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4.0 PREVIOUS INVESTIGATIONS 

The section summarizes historical phosphorus data for Lake Steilacoom, Ponce de Leon and 
Clover Creeks, stormwater, and groundwater. 

4.1 PHOSPHORUS DATA FOR LAKE STEILACOOM 

Surface water quality monitoring was performed monthly from May 1994 to April1995 for the 
19961ake restoration study (KCM 1996). Sample analytes included total phosphorus and soluble 
reactive phosphorus (SRP). Water samples were collected at five stations in Lake Steilacoom 
and composited to obtain a representative sample. SRP includes only dissolved organic 
orthophosphate derived from naturally occurring minerals or the breakdown of more complex 
phosphorus compounds. It is the most mobile form of phosphorus through groundwater and may 
be desorbed from or adsorbed onto soil particles and released to or removed from groundwater. 
SRP is also the form of phosphorus most easily used by aquatic plants and the most likely factor 
triggering algae growth in Lake Steilacoom. Alternatively, total dissolved phosphorus (TDP) is 
organic, derived primarily from biological processes, and not as readily available to aquatic 
plants as SRP. Total phosphorus includes SRP, TDP, and undissolved particulate phosphates. In 
surface water, algae is commonly attributable to total phosphorus. 

During the study period, the mean SRP concentration in the lake was 8 to 10 J.l.g/L. All but one 
value (38 J.tg/L) were less than or equal to 10 J.l.g/L. The total phosphorus concentrations in Lake 
Steilacoom ranged from 22 to 69 J..Lg/L with a mean value of 45 J.l.g/L. Using critical phosphorus 
loading models, it was concluded that total phosphorus concentrations at or below 20 J.l.g/L in 
Lake Steilacoom would maintain non-eutrophic conditions (i.e., not cause nuisance algae 
blooms) (KCM 1996). 

4.2 PHOSPHORUS DATA FOR PONCE DE LEON, CLOVER, AND CHAMBERS 
CREEKS 

Water quality for the tributaries and outlet of Lake Steilacoom were monitored for the 19961ake 
restoration study (KCM 1996). Grab samples were collected monthly from May 1994 to April 
1995 near the mouths of Clover Creek and Ponce de Leon Creek, and just below the outlet 
structure at Chambers Creek dam. Phosphorus levels in Ponce de Leon Creek were consistently 
the highest and exhibited the smallest temporal variability of the three creeks. Total phosphorus 
concentrations in Ponce de Leon Creek were between 40 and 80 J.l.g/L, with a mean of 51 1-1g/L, 
and SRP concentrations were between 36 and 52 J.l.g/L, with a mean of 45 J.l.g/L (Table 4-1). In 
Clover Creek, total phosphorus levels ranged from 22 to 32 J.l.g/L (mean of 26 J.tg/L), and SRP 
levels ranged from 3 to 22 1-1g!L (mean of 15 J.tg/L). Clover Creek was not sampled for four 
months in the late summer and early fall of 1994 because of insufficient flow. 

In addition to monthly monitoring, Clover and Ponce de Leon Creeks were sampled during storm 
events. Flow-integrated samples were collected over 3 hours to characterize nutrient loading 
during periods of high runoff. Clover Creek was monitored during two storm events. The 
phosphorus levels were not elevated during these events, but the storms were small in magnitude. 

W:\34600\0408.008\l..ake Steilacoom- Final.doc 4-1 



In Ponce de Leon Creek, phosphorus was measured during four storm events and found to be 
slightly elevated during storm conditions. The KCM report also provides total phosphorus data 
for Clover Creek just downstream of McChord Air Force Base. Of the ten samples collected 
between 1993 and 1995, seven samples were below the total phosphorus detection limit of 
100 Jl.g/L, two were at or near the detection limit (100 Jl.g/L and 120 Jl.g/L), and one sample 
exceeded the detection limit (330 Jl.g/L ). 

In addition to the data provided in the lake restoration study, water quality data for Clover Creek 
and its tributaries were collected over a 16-month USGS study conducted during 1991 and 1992 
(USGS 1996). Phosphorus concentrations at Station SW-5,1ocated at South Tacoma Way, 
which is approximately 1.5 miles upstream of the mouth of Clover Creek, ranged from less than 
10 to 120 Jl.g/L total phosphorus and less than 10 to 60 Jl.g/L SRP. The study compared early 
1990s data with historical data collected during the 1960s and 1970s and found that phosphorus 
concentrations in the Clover Creek basin have not changed substantially over the past few 
decades. 

Kuo (2004) collected samples from Ponce de Leon Creek on 14 occasions during 2001-2002 and 
reported an average soluble reactive phosphorus (SRP) concentration of 29 Jl.g/L (range 14 to 
47 JLg/L). The report noted that SRP concentrations appeared to increase between November 
2001 and early March 2002, reaching a peak of about 47 Jl.g/L, and then leveled off to 29 Jl.g/L. 
Kuo (2004) hypothesized that the initial increase in SRP was related to increased precipitation. 
However, weather data recorded at nearby McChord Air Force Base indicate a continued 
increase in cumulative precipitation from October 2001 through June 2002, which does not 
correspond with the SRP pattern. It should also be noted that the SRP concentrations reported 
for the first two rounds (November 2001) were considerably lower than any of the samples 
previously collected from Ponce de Leon Creek by KCM and other investigators, or 
subsequently measured during the present study. 

4.3 PHOSPHORUS DATA FOR STORMWATER 

Pierce County Surface Water Management collected four composite stormwater samples in 1994 
at Lakewood Mall, now Lakewood Towne Center (KCM 1996). Stormwater total phosphorus 
levels ranged from 50 to 140 Jl.g/L, and SRP levels ranged from non-detect (detection limit of 
50 JLg/L) to llO Jl.g/L. It is not clear whether the catch basins used for the stormwater sampling 
were isolated from the mall's dewatering system or if the samples were a mixture of storm and 
groundwater (KCM 1996). 

4.4 IDSTORICAL PHOSPHORUS DATA FOR GROUNDWATER 

Sampling conducted by the U.S. Geological Survey during the 1974-1975 period (EPA, 1975) 
indicated that the dissolved orthophosphate concentration at the springs varied between 100 to 
120 Jl.g/L in the area of Ponce de Leon Springs. However, considering the age of the data, it is 
unknown how comparable these historical results are to the data collected during more recent 
studies, including the present study. 
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Limited groundwater quality monitoring was performed during the 1996lake restoration study 
(KCM 1996). On two occasions, samples were collected from three land-based and three lake
based drive points. The total phosphorus concentrations ranged from 20 to 100 /-lg/L, with a 
mean of 50 /-lg/L. Generally, total phosphorus levels in groundwater increased from the south to 
the north end of the lake. 

KCM also measured total and soluble.phosphorus concentrations in water sampled from City of 
Lakewood production wells. Well I-1, 81 meters deep, had a total phosphorus concentration of 
25 /-lg/L, all in the form of SRP. The total phosphorus concentration in the deep well, D-2 
(153 meters deep), was 110 mg!L with 100 1-1g/L as SRP (KCM 1996). 

Kuo (2004) analyzed samples of soil water collected from lysimeters installed at four locations 
along the lake shore during 2001-2002. The report does not describe the soils at each site, nor 
how the four sites were selected. As noted in Section 3, the surficial geology of the lakeshore 
area appears to be quite different from most of the rest of the basin. The phosphorus 
concentrations were highly variable, with mean SRP concentrations at the four sites ranging from 
14 to 258 p,g!L. The soil water samples were collected at a depth of about 2 inches below the 
ground surface, so the samples do not represent groundwater. Thus, Kuo' s soil water results are 
not directly comparable to the groundwater or surface water results collected for the current 
study. 
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Ponce de Leon C•eek 

Table 4-1 
Historic Surface Water Quality Data 

Ponce de Leon and Clover Creeks 

Sample ~C•eek 
s~~iwe · sw~velly' )~~~·~. sou;;:::s~~ .s~) Location 

-100 f<et 

[nate ~~~:,;) 
Tota!P TDP (~:,;) r::, (uo/L) (uo/L) (uo/L) 

1104191 
101111191 64 40 

76 20 

~ 104 30 
II 30 
104 30 

~ 
97 <10 
106 <10 
141 10 

= 29 

13 <10 = 7.8 <10 
7.8 <10 
•.8 <10 

~ 7.8 

13 <10 

01115192 

~ 23 10 
46 30 

50 20 

~ 
67 20 

35 <10 

~ 40 10 

.~ 40 
12 36 45 10 3 
7 48 46 7 12 
6 51 45 0 

~ 3 49 50 0 0 
50 

80 

~ 2 52 ;] 0 0 
48 66 0 0 

11/08194 70 80 
2 49 43 6 14 

<10 50 
24 40 43 50 !2 

~ 
21 45 40 45 20 
23 43 48 90 21 
18 44 46 60 7 
2 37 44 45 10 

N-
S~ from 416194, 918194, 9fn/94, I 118194, and 12116194 cohU:d by Pi1=c Collllty (KCM 1996). 

Clover Creek daaa be1wem 119111Dd 4N.! were ooDected by the USGS (USGS 1996). 

~::~ (::) 
30 

30 

80 
20 
40 
30 
30 
30 

30 
20 
20 
20 

20 

80 
10 

50 

40 

<10 
10 

24 
24 
0 
0 

0 
0 

22 

32 
25 
29 
15 
24 

•: KCM colkdcd Clover Cleek Slllqlles a1 the slmllll mNth, l!lpproxiruuely 1,000 feet doWDStream of the: GllJVI:Dy Lake Drive Bridge. 

KCM flow ~s(eu:ep: SW-3) z= approximate (-+1- feetJ) becau.ole of clwmel variabiliry. 

ug/L - rnicrogrmm per li1u 

ft' IS • cubic fed per secoml 

~~::, 
SRP Total P 

(uo/L) (nolL) 
43 <10 20 
65 20 20 
92 30 30 
92 20 30 
68 10 20 
53 40 20 
87 30 70 
92 20 40 
8~ 30 30 
80 10 30 
88 <I' 30 
115 20 30 
120 <10 30 
109 20 60 
35 <10 20 
30 
9.6 10 30 
9.9 <10 40 
7.5 10 20 

.7 <10 20 
<10 20 

II 60 110 
8. <10 40 

18 <10 40 
42 30 100 
16 10 60 
26 20 40 
39 30 80 
27 20 40 
50 30 120 
56 30 60 
80 30 80 
70 20 30 
65 20 50 
84 10 50 
50 20 20 
32 10 <I 
45 20 30 

TDP 

(uo/L) 
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5.0 FIELD ACTIVITIES 

The scope of work for the phosphorus sources study included preparing a Quality Assurance 
Project Plan (QAPP) to describe the locations and rationale for sampling (sampling design) and 
data quality objectives. The City of Lakewood, URS, and Ecology worked together to develop 
the QAPP, which was submitted to the City of Lakewood on July 3, 2002 (URS 2002). The 
activities described in the QAPP were designed to be consistent with specific tasks outlined in 
the Centennial Clean Water Fund Grant issued to the City of Lakewood by Ecology. 
Specifically, URS was assigned Task 3, summarized in the grant as follows: 

The City will use existing water quality data and additional sampling, as needed, 
to fill data gaps: New test wells will be drilled at strategic locations in an attempt 
to identify the sources of the phosphorus entering the lake by way of groundwater. 

The 1996 lake restoration study completed by KCM concluded that direct groundwater inflow to 
the lake was relatively small, but groundwater appeared to comprise most of the flow in Ponce 
de Leon Creek. The study also concluded that the lower reach of Clover Creek is a losing stream 
and therefore is not a groundwater discharge pathway. Therefore, the QAPP outlined a sampling 
strategy that focused on the groundwater entering Ponce de Leon Creek and the interaction of 
groundwater and surface water in Clover Creek. The key objectives of the sampling were to 
evaluate the pathways by which groundwater enters Lake Steilacoom, measure phosphorus 
concentrations along the pathways, and identify potential sources of phosphorus that could 
account for the observed patterns. The following field activities were completed as described in 
theQAPP: 

• January 2002- Direct-push soil borings and groundwater sampling in and around the 
peat deposit beneath the Lakewood Towne Center 

• February 2002 - Preliminary surface water sampling at Ponce de Leon Creek 

• August 2002- Soil borings, soil sampling, and installation of groundwater 
monitoring wells 

• August/September and December 2002, and March and June 2003- Four quarterly 
surface water sampling in Ponce de Leon and Clover Creeks 

• August/September and December 2002, and March and June 2003- Four quarterly 
rounds of groundwater sampling and analysis 

Figure 5-1 shows the groundwater and surface water sampling locations. Groundwater 
monitoring wells sampled for this study include those installed by URS between Lake 
Steilacoom and the city of Lakeview, wells installed by McChord Air Force Base in the 
Springbrook neighborhood of Lakewood, and one well installed by Herrera Consultants on the 
Lakewood Towne Center property for a separate investigation (Figure 5-l). In addition, water 
from a Lakewood Water District supply well was sampled, as well as two Tacoma-Pierce County 
Health Department (TPCHD) monitoring wells. The TPCHD wells were added to serve as 
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upgradient sampling locations after data from Rounds 1 and 2 indicated elevated phosphorus 
concentrations in well MW-8, the easternmost sampling point originally identified. Well MW-8 
is located upgradient of the Lakewood Towne Center and the former Atwood Marsh. 

Descriptions of field procedures are provided in Appendix A. 

Laboratory analyses conducted by URS focused on the following forms of phosphorus: 

• Soluble reactive phosphorus includes only dissolved inorganic orthophosphate 
(P04), derived from naturally-occurring minerals or the breakdown of more complex 
phosphorus compounds. SRP may be desorbed from or adsorbed to soil particles and 
released to or removed from groundwater, depending on conditions in the aquifer 
(Lazoff, personal communication). SRP is the form of phosphorus that disperses 
throughout the water column in a lake and is most easily used by aquatic plants and 
algae. In the past, naturally-occurring orthophosphates (commonly called rock 
phosphate) were used as fertilizers, but, in too many cases, soil conditions were not 
correct for converting the rock phosphate to SRP (Vitosh 1997). Current fertilizers 
contain orthophosphates bonded with calcium, ammonia, or other elements to form 
what are commonly referred to as superphosphates. Once applied, different 
superphosphate formulations revert to orthophosphates (including SRP) in soil at 
different rates depending on environmental conditions (Vitosh 1997). 

• Total dissolved phosphorus includes SRP, dissolved organic phosphates, and 
dissolved polyphosphates (Lazoff, personal communication). Dissolved organic 
phosphates are derived primarily from biological processes. Although certain organic 
phosphates (e.g., manure) have been applied as fertilizers for centuries, the organic 
forms of phosphorus in the manure are not as readily available to plants as the 
inorganic forms that are also present (Rehm et al. 2002). Polyphosphates are very 
large molecules and are the type of phosphorus used in de greasers, detergents and 
liquid fertilizers. Polyphosphates from liquid fertilizers convert to orthophosphates 
by hydrolysis (taking on water) at various rates, depending on environmental 
conditions (Vitosh 1997). Other potential sources of phosphorus include wastewater 
from historic use of septic systems (Lakewood area served by sanitary sewer system 
by approximately 1980) and leakage from municipal sewer systems. 

• Total Phosphorus (Total P) includes all of the above dissolved forms in addition to 
particulate phosphates that have not dissolved prior to entering the system being 
sampled. Particulate phosphates are derived from many sources including dead 
vegetation, manure, and algae. In stream water, the concentration of total P, which is 
over and above the total dissolved phosphorus (TDP) concentration, is usually 
attributable to algae (Lazoff, personal communication). 

It should be noted that superphosphates are also sometimes called polyphosphates. However, the 
existing body of literature appears to limit superphosphates to fertilizers, whereas 
polyphosphates can be associated with fertilizers, detergents, and many other materials. 
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5.1 PEAT AND ASSOCIATED GROUNDWATER SAMPLING 

In January 2002, URS advanced soil borings and collected soil and groundwater samples from 
the former Atwood Marsh peat deposit. URS conducted the peat sampling in January 2002, 
between the time when the former Lakewood Mall was demolished and the beginning of 
construction activities for the current Lakewood Towne Center buildings. Within the short 
window of opportunity when mall buildings were not present, URS was able to drill and sample 
10 direct-push soil borings in and around the peat deposit in the locations shown on Figure 5-2. 
This sampling effort was conducted because reports from previous investigations suggested that 
muck and peat deposits beneath the Towne Center are a potentially important phosphorus source 
located just upgradient of Ponce de Leon Creek and Lake Steilacoom (KCM 1996). 

To the extent practicable, sampling locations were selected to be laterally and vertically 
representative of the peat deposit. Peat was collected from several different depths and 
groundwater was collected from directly above and below the deposit at five locations. Eight 
peat samples were analyzed for total phosphorus and five groundwater samples were analyzed 
for TDP, SRP, metals, and other nutrients. One of the peat samples was subjected to special 
extraction analyses, to measure specific forms of phosphorus, for potential use in geochemical 
modeling of the study area. 

The extractions performed on sample PD-4 included the following: ammonium chloride 
<NH!CI), which removes loosely bound phosphorus; a sodium hydroxide (NaOH) and citrate
bicarbonate-dithionate buffer (CBD), which extracts exchangeable phosphorus from soils 
containing iron and aluminum oxides and hydrates (Delgado and Torrent 2000); and 
hydrochloric acid (HCl), which removes mineral-bound phases such as apatite. The sequential 
extractions were primarily used to understand the amount of hydrous ferric oxide (HFO) that 
might be available to immobilize groundwater phosphorus. 

Peat encountered in the borings was mostly dry at the time of drilling and generally appeared to 
have a very low permeability. Because the peat samples did not drain water, it was not possible 
to collect groundwater samples from the internal part of the deposit. 

5.2 PRELIMINARY SURF ACE WATER SAMPLING IN PONCE DE LEON CREEK 

URS collected surface water samples and measured flow volumes at several locations in 
Ponce de Leon Creek in February 2002. The sample locations included the culvert beneath 
Gravelly Lake Drive (SW-1), a point just downstream of the springs (SW-2), and a small bridge 
approximately 100 feet east of the stream mouth (SW-3) (Figure 5-1). Historic surface water 
quality data are shown in Table 4-1. 

5.3 SOIL BORINGS AND MONITORING WELL INSTALLATION 

On August 28 and 29,2002, URS installed five monitoring wells (MW-2, MW-4, MW-5, MW-6, 
and MW-8) in the locations shown on Figure 5-1. In the QAPP, URS proposed installing eight 
monitoring wells and two screened drive points along Ponce de Leon Creek. However, as 
described below, not all of the wells could be installed as planned. 
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5.3.1 Deviations from QAPP 

The following deviations from the QAPP occurred because of conditions encountered in the 
field: 

• Proposed well MW -3 was not installed because the owners of the Lakewood Towne 
Center (MBK Northwest) requested that no wells be installed on their property until 
all construction activities for the new mall were complete. The well location was 
originally proposed to measure phosphorus concentrations downgradient of the buried 
peat deposit and upgradient of stormwater drainage collection piping beneath the mall 
parking areas. 

• Two proposed drive points (MW-9 and MW-10) could not be installed next to 
Ponce de Leon Creek because of refusal within the upper 2 to 3 inches of soil during 
the attempted installation. However, well points along the creek would be redundant 
because groundwater entering the creek can be sampled at the springs (SW -2). 

• Monitoring well MW -6 was moved approximately 200 feet northwest of the proposed 
location because of property access and buried utility issues. The different location 
chosen for MW -6 was still consistent with the goal for the well, which was to 
evaluate groundwater quality downgradient of Seeley Lake. 

• Monitoring well MW -7 was not installed because groundwater was not encountered 
in the boring prior to encountering drilling refusal. The soil boring at this location 
(MS-7) extended 40 feet below the ground surface (218 feet msl), which is below the 
elevation of the water surface in Lake Steilacoom. 

• A well was not installed at proposed location MW-1 because groundwater was not 
encountered prior to drilling refusal. Boring MS-1 was drilled to 30 feet bgs 
(234 feet msl), which is below the depth of groundwater that is just down gradient of 
MS-1, around the Atwood Marsh peat deposit. 

• The QAPP indicated that three soil samples from each boring would be submitted for 
laboratory analysis. However, the majority of samples retrieved from the borings 
consisted of cobbles and coarse gravel, which are not suitable for analysis. Thus, 
fewer soil samples were analyzed. One sample each was submitted for analysis from 
locations MW -5 and MW -6. Two samples were submitted from every other boring 
where a monitoring well was installed. URS attempted to retrieve split-spoon soil 
samples every 5 feet unless large cobbles or boulders were obviously present at the 
bottom of the boring. 

• The groundwater monitoring program was expanded to include two additional 
monitoring wells (i.e., locations not specified in the QAPP) during Rounds 3 and 4, 
when Rounds 1 and 2 indicated elevated phosphorus concentrations upgradient of 
MW-8. 

W:\34600\0408.008\Lak:e Steilacoom- Final.doc 5-4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• DW-3 (cleanout from the Lakewood Towne Center dewatering system) was sampled 
to measure phosphorus concentrations in the water discharged to Ponce de Leon 
Creek. 

5.4 GROUNDWATER SAMPLING 

URS completed four quarterly groundwater monitoring rounds conducted during August 2002, 
December 2002, March 2003 and June 2003. The locations sampled were selected to evaluate 
phosphorus concentrations along the pathways by which groundwater and surface water reach 
Lake Steilacoom. The sampling locations are shown on Figure 5-l and summarized below: 

• MW-2, MW-4, MW-5, MW-6, and MW-8 were installed by URS specifically for 
the phosphorus sources study. All of these wells were sampled during all four 
quarterly monitoring rounds. 

• Springbrook wells CW -45, CW -46, CW -59, CW -61 and CW -62 were installed by 
McChord Air Force Base as part of a chlorinated solvent investigation. They were 
included in the phosphorus sources investigation to monitor groundwater conditions 
near the eastern boundary of the city of Lakewood. The wells were sampled during 
the four quarterly monitoring rounds except for well CW-62, which was inaccessible 
During Round 2 because a car was parked above the well monument and the car 
owner could not be located. In addition, well CW -59 was not accessible during 
Round4. 

• WSl is a residential tap located in the neighborhood north of Ponce de Leon Creek. 
Groundwater from this tap is representative of a mixture of water from several 
different water supply wells that are screened in multiple aquifers. Given these 
conditions, groundwater analytical data from this location are not directly comparable 
to data from the other wells. The objective for sampling WSl was to obtain a general 
indication of phosphorus concentrations in the deeper aquifers. In the QAPP, URS 
proposed sampling this tap during one event only. 

• HERR-MW3 was installed by Herrera Consultants as part of an ongoing 
investigation in the northwest comer of the Lakewood Towne Center property. The 
purpose for groundwater sampling in this location was to measure potential 
phosphorus contributions from a strip mall area that formerly contained several septic 
systems. This well was sampled three times for TDP and SRP. In the QAPP, URS 
proposed sampling the well during all four quarterly monitoring rounds, but access to 
the well was limited by the need to coordinate monitoring with the ongoing 
investigation being conducted by Herrera Consultants. 

• Gl is a Lakewood Water District supply well, which was originally thought to be 
screened in the Aquifer Zone C. URS added this well to the phosphorus sources 
study during the second monitoring round to evaluate Aquifer Zone C as a potential 
phosphorus source to the shallow aquifer. Some evidence suggests that deep aquifer 
groundwater might be upwelling up gradient of Lakewood in locations where the 
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aquitard beneath the shallow Vashon Drift aquifer is absent. However, recently
obtained information suggests that this well is screened in the lower portion of 
Aquifer Zone A (Burt Clothier, personal communication). 

• AEF-250 and AEF-222 were installed in 1985 as part of the TPCHD 
Chambers/Clover Management Plan. The plan was initiated in 1994 in response to 
groundwater concerns related to population growth including resource consumption, 
public health and safety, and groundwater quality. URS added these wells during the 
monitoring Rounds 3 and 4. Based on review of the results for Rounds 1 and 2, AEF-
222 was added because it is upgradient of MW -8, which exhibited elevated 
phosphorus concentrations in Rounds 1 and 2. AEF-250 was added to help evaluate 
whether stormwater drainage from the Ward Lake area appeared to be contrib;;t;_ng to 
the elevated phosphorus concentrations observed at MW -6 and MW -8. The wells are 
screened in Aquifer Zone A at approximately 257-267 feet msl (AEF-222) and 233-
243 feet msl (AEF-250). 

• Clover 3 was installed by Brown and Caldwell as part of a separate groundwater 
investigation. It was added to the list of monitoring wells to fill in gaps for 
upgradient sampling locations. 

5.4.1 Purging and Sampling 

Purging was performed prior to sample collection to removed the stagnant water in the well and 
ensure that a representative groundwater sample was obtained from the surrounding formation. 
Most groundwater purging and sampling was conducted using a peristaltic pump fitted with 
polyethylene tubing. The mall dewatering system cleanout (DW-3) although sampled with a 
peristaltic pump in the same manner as monitoring wells, was not purged because it consists of 
48-inch diameter pipe designed to direct groundwater toward Ponce de Leon Creek. Purging 
would not affect the quality of the sample from this pipe. Sampling methods used for the 
Springbrook wells varied because of limitations due to the depth to groundwater. Whenever 
possible, a peristaltic pump was used to maintain consistency with the overall sampling design. 
However, where the depth to water was too great for peristalsis, either a bailer or impeller pump 
was used to purge and sample the well. At supply well G-1, water was retrieved from a spigot at 
the well-head, upstream of the chlorine treatment system. A detailed description of groundwater 
sampling techniques is provided in Appendix A. 

5.5 SURFACEWATERSAMPLING 

URS collected surface water samples and measured flow rates at five locations on Ponce de Leon 
and Clover Creeks. The sample locations on Ponce de Leon Creek included the culvert beneath 
Gravelly Lake Drive (SW-1), a point just downstream of the springs (SW-2), and a small bridge 
approximately 100 feet east of the stream mouth (SW-3) (Figure 5-1). The Clover Creek 
samples were from locations previously used by the USGS, including the crossings at Gravelly 
Lake Drive (SW-4) and Tacoma Way South/Bridgeport Way (SW-5) (USGS 1996). 
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Instantaneous flow measurements were made at the time of sample collection in Ponce de Leon 
Creek. Flows were measured using a Model FP101- FP201 Global Flow Probe at various 
points across the channel. Given the small size and uniformity of the channel, these 
measurement are expected to be reasonably accurate ( +1- 15 - 25% ). However, stream gauges 
were not installed. The Clover Creek channel at SW -4 contained substantial vegetation and 
debris that precluded flow measurement. Therefore, the only flow data for Clover Creek were 
obtained from flow measurements collected near the USGS gauge near SW-5 (+/- 15- 25%). 
The results of the flow measurements are discussed in Section 6. 

On February 19,2002, URS collected samples from locations SW-1 and SW-3 to compare the 
surface water in Ponce de Leon Creek to groundwater that had been collected from around the 
peat deposit one month earlier. On August 29 and September 3, 2002, the Ponce de Leon Creek 
and Clover Creek sample stations were included in the first quarterly monitoring round for the 
phosphorus sources study. On December 3 and 4, 2002, URS collected samples at three 
locations on Ponce de Leon Creek and one location on Clover Creek as part of the second 
quarterly monitoring event. Only upstream sample station SW-5 on Clover Creek was sampled 
in December, because the stream was dry at downstream location SW-4 near the lake. Surface 
water samples were collected from all five locations during the March 2003 and June 2003 
sampling efforts. 

The sampling locations are shown on Figure 5-1 and summarized below: 

• Lakewood Mall cleanouts (DW-1 and DW-3) in the mall dewatering system, were 
sampled to measure phosphorus concentrations in the water that is discharged to 
Ponce de Leon Creek. In the QAPP, URS proposed sampling three dewatering 
locations (DW-1, DW-2, and DW-3). Phosphorus concentrations in the pipe water 
were compared to phosphorus concentrations that were measured in groundwater 
from the peat. Due to ongoing construction at the Lakewood Towne Center, location 
DW-2 was never found. DW-3 was the only location sampled during August 2002. 
During the December 2002 sampling event, the entire dewatering system was dry. In 
March 2003, DW-1 and DW-3 were sampled. During the final sampling round in 
June 2003, onlyDW-3 was sampled. 

• SW-1, SW-2 and SW-3 were used to measure phosphorus concentrations over the 
length of the Ponce de Leon Creek channel. The was data was used to see if 
groundwater feeding the stream via the Lakewood Mall dewatering system or 
groundwater entering along the creek banks contributes significantly to the flow 
and/or phosphorus concentration. 

• SW-4 and SW-5 were used to measure the phosphorus concentrations downstream 
and upstream, respectively, in the Lakewood reach of Clover Creek. The data was 
compared to the data collected by McChord AFB for the Clover Creek reach 
upstream of Lakewood Towne Center. Because Clover Creek is a losing stream in its 
lower reach, with the lost water most likely flowing northwest toward Ponce de Leon 
Creek, leakage from Clover Creek could contribute phosphorus to the groundwater 
entering Ponce de Leon Creek. 
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6.0 SAMPLING RESULTS 

This section summarizes the field observations and laboratory analyses performed for this 
phosphorus source study. 

6.1 ANALYTICAL DESCRIPTION AND DATA QUALITY OBJECTIVES 

Groundwater, surface water, peat, and soil samples were submitted to Aquatic Research Inc., an 
Ecology accredited laboratory, located in Seattle, Washington for analysis as described in the 
QAPP. Samples were analyzed for one or more of the following: 

• Total Phosphorus, TDP, and SRP by EPA Method 365.1 or Standard Method (SM 18) 
4500-PF 

• Dissolved Metals (aluminum, iron, potassium, magnesium, manganese, sodium, and 
calcium) by EPA 200.7 

• Chloride by EPA Method 325.3 

• Fluoride by EPA Method 340.2 

• Bromide by Standard Method SM18 4500-PF 

• Nitrate or Nitrate+Nitrite by EPA 353.2 

• Nitrite by EPA Method 354.1 

• Sulfate by EPA Method 375.4 

• Alkalinity by EPA Method 310.1 

• Total Organic Carbon (TOC) and Dissolved Organic Carbon (DOC) by EPA Method 
415.2 

Analytical results are summarized in Tables 6-1 through 6-5. Aquatic Research Inc. provided 
summary analytical reports containing sample results and quality control results. URS reviewed 
the reports to assess whether: 

• The data were consistent and complete 
• Results for QC samples were included 
• Acceptance criteria for QC results were achieved 
• Methods and protocols specified in the QAPP were followed 

The summary data quality reviews were based on method performance criteria and QC criteria as 
documented in Table 5-1 of the QAPP (URS 2002). Sample holding times, method blanks, 
laboratory control sample results, laboratory duplicate results, matrix spike/matrix spike 
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duplicate results, and reporting limits were reviewed to assess compliance with applicable 
methods and the QAPP. Additionally, compliance with field procedures, like field filtering of 
TDP, SRP, and dissolved metals were also considered. Data qualifiers were assigned based on 
guidance in the EPA document USEPA Contract Laboratory Program (CLP) National 
Functional Guidelines for Inorganic Data Review, July 2002 as well as professional judgment of 
the reviewer. Data quality review reports and copies of the laboratory reports are provided in 
Appendix B. Assigned data qualifiers are included with numerical results in Tables 6-I to 6-5. 

The data review indicated that generally data were usable without qualification. The following 
exceptions were noted: 

• Results for nitrate, nitrite, and/or DOC for the push probe groundwater samples 
collected in January 2002 (PD2-G, PD4-G, PDS-G, PD8-G, and PD9-G) were 
qualified as estimated based on holding time exceedance. 

• The laboratory duplicate percent differences associated with specialized extracts 
NaOH and HCI for bound phosphorus on peat sample PD4-I4 were above the QAPP 
criteria. The relative percent difference for total phosphorus in the parent and field 
duplicate samples collected at PD2-I8 was above the QAPP limits. The associated 
sample results for PD4-I4 and PD2-I8 were qualified as estimated. 

• The surface water samples (SW-I and SW-3) collected in February 2002 were not 
field filtered for TDP and SRP. The samples were delivered to the laboratory on the 
day collected and filtration was performed at the laboratory. Since the surface water 
samples did not likely contain significant iron or manganese to bind phosphorus, the 
effect of the delayed filtration was performed at the laboratory. Since the surface 
water samples did not likely contain significant iron or manganese to bind 
phosphorus, the effect of the delayed filtration was considered minimal and the data 
were not qualified. KCM (1996) found that the iron to phosphorus ratio in Ponce de 
Leon Creek was about 0.9, and noted that the ratio should be greater than 3 for iron to 
effectively precipitate phosphorus under aerobic conditions. 

• The results for nitrate+nitrite, fluoride, and DOC performed for groundwater samples 
MW-2, MW-4, MW-5, MW-6, MW-8, and DW-3 collected in August 2002 were 
qualified as estimated based on holding time exceedance. 

• The SRP result for one groundwater sample (CW-61) collected in December 2002 
was qualified as an estimated value due to an out-of-range matrix spike recovery. 

• The result for nitrate+nitrite performed for groundwater sample WS-G I collected in 
January 2003 was qualified as estimated based on holding time exceedance. 

• The nitrate+nitrite result for groundwater sample WS-G I collected in March 2003 
was qualified as an estimated value due to an out-of-range matrix spike recovery. 

• One groundwater sample (Herr MW -3) collected in May 2003 and one collected 
(AEF-222) in June 2003 were not field filtered for TDP and SRP. The field 
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representative requested the samples be filtered at the laboratory. The results for TOP 
and SRP detected in these samples were qualified as estimated based on the potential 
that delayed filtration may have affected the sample results. 

The laboratory substituted method EPA 365.1 for methods 365.2 and SM 18-4500P-F for 
measurement of total phosphorus, TOP, and SRP in most samples. Dissolved metals analysis was 
performed by method EPA 200.7 rather than EPA 6010. Fluoride and TOC analyses were 
performed by methods EPA 340.2 and EPA 415.1 instead of EPA 340.1 and EPA 415.2. The 
methods substituted are comparable in analytical principles and considered minor adjustments to 
the methods listed in the QAPP. The project objectives are unaffected by the substitutions. 

Water samples for TOP, SRP, and dissolved metals were generally field-filtered at the time of 
sample collection. There were two exceptions as noted in the data review reports and briefly 
summarized above. Results for these samples were qualified based on reviewer judgment and 
the type of samples. 

Peat and soil samples submitted to the laboratory were prepared for analysis after removing 
rocks, gravel, and sticks. The samples were then extracted to collect an aqueous solution for 
phosphorus analysis. Samples submitted for analysis for total phosphorus were prepared using a 
Kjeldahl digestion. The resulting solution was diluted and analyzed for phosphorus by SM18-
4500PF. Due to the dilution of the extract, analytical interferences to phosphorus are likely 
minimal. 

The sequential analysis conducted on sample PD4-14 to assess the geochemical nature of 
phosphorus was performed as follows: the sample was extracted with laboratory water (target 
analyte free). The solid and water extract was centrifuged to separate the water for analysis. 
Total phosphorus was measured by SM18 4500-PF after each chemical addition. The order was 
ammonium chloride (measures total phosphorus), followed by CBD (measures iron-bound 
phosphorus only), followed by NaOH solution (measures soluble aluminum hydroxides and may 
have included some iron bound phosphorus), and HCL to measure calcium (mineral) bound 
phosphorus. Each analysis was performed at approximately a 100 to 1 dilution to minimize 
interferences from other matrix constituents. 

No data were rejected and all were considered usable for the project objectives, although some 
results are considered estimated. The analytical results are discussed in the following sections. 

6.2 PEAT SAMPLES 

The peat deposit is located below the groundwater table beneath the approximate center of the 
Lakewood Towne Center property. It ranges from a few inches to approximately 10 feet thick 
and is buried beneath approximately 10 feet of fill (in locations that were drilled). The peat 
varies from wet, dark brown/black organic clay on the deposit's outer surface, to a dry, brick-red 
or greenish sphagnum-like material from just below the outer surface to the deposit's inner core. 
The color variation from black on the outer part of the deposit to green and red on the inside 
indicates a gradation from oxidizing conditions around the deposit surface to reducing conditions 
from just below the deposit's outer surface to its core. All of the red and green peat samples 
turned black almost immediately upon exposure to air. The variation in moisture content of the 
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material suggests that groundwater flow is retarded by the peat. Thus, groundwater flow follows 
a less resistant path around the peat deposit. 

These characteristics indicate that the peat has little potential to release phosphorus to 
groundwater or influence the local geochemistry to promote phosphorus transport. First, 
groundwater appears to primarily contact only the outer surface of the deposit due to the peat's 
relatively low permeability. Therefore phosphorus released from the peat would come from the 
outer surface only, which is a relatively small area. Furthermore, dissolved oxygen 
concentrations and oxygen reduction potential (ORP) values in the groundwater around the peat, 
as well as the color of the deposit's outer surface, indicated oxidizing conditions. 

Total phosphorus concentrations in the eight peat samples ranged from 125 mglkg to 611 mglkg 
(Table 6-1). Another peat sample collected in August 2002, south of the main deposit (MS4-5), 
contained a total phosphorus concentration of 993 mglkg (Table 6-2). Laboratory Analytical 
Reports are presented in Appendix C. The average total phosphorus concentration was 
340 mglkg, which is lower than many other peat deposits in Western Washington, as reported by 
Riggin 1958, and similar to or lower than concentrations measured in surrounding soil (Rigg 
1958). The deposits measured by Rigg contained concentrations from 500 to 15,200 mglkg of 
phosphorus by dry mass (Rigg 1958). 

6.3 PEAT DEPOSIT GROUNDWATER SAMPLES 

Samples of groundwater from locations in direct contact with the peat (PD2-G, PD4-G, and PD5-
G) contained TDP concentrations ranging from 7 Jlg/L to 34 ~Lg/L, with a mean concentration of 
17 Jlg/L (Table 6-1). Soluble reactive phosphorus concentrations in these samples ranged from 
3 JLg/L to 11 JLg/L, with a mean concentration of 7 JLg/L (Table 6-1 ). When compared on a 
general level, SRP concentrations in the water that is in contact with the peat deposit are 
approximately half the concentration of TDP. 

Conversely, groundwater samples collected from the periphery of the peat deposit (PD8 and 
PD9) contained TDP at concentrations of 20 JLg/L and 24 Jlg/L, with SRP concentrations 
essentially equal to the TDP concentrations in both cases (Table 6-1). However, the groundwater 
samples in contact with and around the peat deposit contained less phosphorus than samples 
from Ponce de Leon Creek, suggesting that the peat deposit is not a significant phosphorus 
source to the creek. 

In addition, the lateral distribution of TDP/SRP concentrations in groundwater around the peat 
shows an increase away from the southernmost and central borings (PD2 and PD5), with the 
highest concentrations outside the east and west boundaries of the peat deposit. One possible 
explanation for this distribution is that SRP in groundwater underneath the Lakewood Towne 
Center is potentially being diluted from an influx of water with a lower SRP concentration from 
a point south of PD2 and PD5. 

Anions and cations were also analyzed from three of the peat deposit groundwater samples 
although the samples from PD8 and PD9 were not analyzed for cations and anions (Table 6-1). 
The results in Table 6-1 suggest that, except for the sulfate and calcium concentrations, cation 
and anion concentrations above and below the peat deposit are largely similar. The sulfate 
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concentration below the peat deposit was 6.38 mg/L while the concentration above the peat 
deposit was 49.5 mg/L. Additionally, the calcium concentration below the peat deposit was 11.2 
mg/L while the concentration above the peat deposit was 29.6 mg/L. 

The peat sample collected from PD4 at 14 feet bgs was analyzed after different extractions. The 
rationale for this analysis was that adsorbed phosphate on the surface of minerals can be a 
reservoir of phosphate even though phosphate minerals are not present. The concentration of 
adsorbed phosphate typically exceeds the dissolved phosphate concentration. Exchangeable 
phosphate is loosely bound on the surfaces of minerals, while extractable phosphate includes 
exchangeable phosphate plus phosphate that is more tightly bound on metal oxide minerals. The 
more tight! y bound phosphate would be released into the groundwater if the adsorbing minerals 
dissolve under reducing conditions. As shown on.Table 4-1, extractable phosphorus 
concentrations ranged from less than 10 mglkg (N~Cl extraction) to 148 mglkg (NaOH =CBD 
[iron +aluminum] extraction). Total phosphorus for this sample was 429 mglkg. 

6.4 PRELIMINARY SAMPLING OF PONCE DE LEON CREEK 

6.4.1 Discharge Volume 

In February 2002, water in Ponce de Leon Creek was flowing at a rate of approximately 12 cfs at 
the Gravelly Lake Drive culvert (SW-1) and 30 cfs at the stream mouth (SW-3) (Table 6-3). 
URS' observations of the entire length of the creek indicated that the majority of increase in flow 
was attributable to discharge from the springs, which are between 50 and 200 feet downstream of 
SW-1. 

6.4.2 Physical Water Quality Parameters 

URS measured physical water quality parameters (temperature, pH, conductivity, and dissolved 
oxygen) at each sample location. The parameters measured in February 2002 were essentially 
equal at locations SW-1 and SW-3 (Table 6-3). 

In February, URS compared the parameters measured at SW -1 to those measured in groundwater 
from peat deposit borings (Tables 6-1 and 6-3). The creek's water quality was similar to water at 
location PD8, which is east of the mall and the peat deposit. 

6.4.3 Analytical Results 

SRP concentrations in the February 2002 Ponce de Leon Creek samples were 30 p.g/L at the 
culvert beneath Gravelly Lake Drive, where the creek first "daylights" (SW -1), and were 
37 !Lg/L at the stream mouth (SW-3) (Table 6-3). The SRP values were essentially equal to the 
TDP values at both sample locations. Total phosphorus (dissolved and particulate) showed a 
slight increase between the outfall and the stream mouth. This increase was likely due to 
entrainment of particulate soil and/or plant detritus from the stream channel. 

URS compared the phosphorus concentrations in Ponce de Leon Creek in February 2002 to the 
concentrations measured in groundwater around the peat deposit in January. The concentrations 
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in the creek water were most similar to the concentrations at locations PD8 and PD9, which are 
east (upgradient) and west (downgradient) of the peat deposit, respectively. 

6.5 SOIL BORING/WELL INSTALLATION OBSERVATIONS 

Brief descriptions of the soil encountered at each drilling location are provided below. Soil 
samples consisting primarily of cobbles and course gravel were not analyzed. Soil boring and 
monitoring well construction logs are included in Appendix D. 

• Boring MS·l was drilled to evaluate the buried stream channel, which approaches 
the east/northeast boundary of the former Atwood Marsh. Soil from the ground 
surface to the maximum depth drilled (30 feet bgs or 234 feet msl) consists of very 
dry, dense, sandy, silty coarse gravel and cobbles. Although early maps suggest that 
the former channel approached the marsh in this location, the density and 
composition of the soil encountered are more similar to glacial till than imported 
materials that would have been used to fill a channel. Because groundwater was not 
encountered in boring MS-1, no soil samples were collected and no monitoring well 
was installed. 

• Boring MW-2 was drilled and well MW-2 was installed to evaluate groundwater 
quality up gradient of the Lakewood Towne Center. It is located in a residential 
neighborhood with numerous stormwater dry wells. In Lakewood, dry wells are 
widely used to infiltrate stormwater. Each dry well consists of an approximately 3-
foot-diameter by 10-foot-deep basin with an opening at the bottom where runoff 
infiltrates into the surrounding soil. There are approximately 14 dry wells located 
within 800 feet of Well MW-2. This location was selected to evaluate if dry wells 
may potentially impact the phosphorous concentrations in the groundwater. 

Soil in location MW -2 consists of medium-dense, silty, sandy coarse gravel. 
Groundwater is present at a depth of approximately 21 feet bgs (242 feet msl). 
However, unlike other drilling locations where groundwater was encountered, 
groundwater recharge to MW-2 was very slow. 

Two soil samples were collected at depths of 5 and 15 feet bgs with total phosphorus 
concentrations of 720 and 391 mglkg, respectively (Table 6-2). 

• Boring MS-4 was drilled and Well MW-4 was installed in the former Clover Creek 
high-flow channel, which approached Atwood Marsh from the south (Figure 5-1). 
Soils encountered from the ground surface to approximately 6 feet bgs included 
mostly sandy gravel mixed with small pieces of peat. Groundwater was encountered 
at approximately 6 feet bgs (239 feet msl). The presence of mixed gravel and peat 
indicates that the material used to fill the former channel may have been scraped from 
the nearby mall site prior to or during construction in the 1950s. A homeowner, who 
lived next to the mall site during the construction period, told URS staff that large 
volumes of soil were pushed toward the south side of the property at that time. 
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Two soil samples were collected at depths of 5 and 6 feet bgs with total phosphorus 
concentrations of 993 and 483 mglkg, respectively (Table 6-2). 

• Boring MS-5 was drilled and Well MW-5 was installed in the residential 
neighborhood just north of the springs along Ponce de Leon Creek to evaluate 
potential phosphorus input from dry wells. 

Soils encountered in the boring included silty, sandy, coarse gravel and gravelly sand. 
Unlike other drilling locations, the soil in this location does not appear to contain 
large cobbles. Groundwater was encountered at an elevation of 235 feet msl, 
approximately equal to the elevation of Ponce de Leon Creek at the springs (SW-2). 

One soil sample was collected at a depth of 10 feet bgs and the total phosphorus 
concentration was 532 mglkg (Table 6-2). 

• Boring MS-6 was drilled and well MW -6 was installed to evaluate the potential 
phosphorus input to groundwater from Seeley Lake. MW -6 is just down gradient of· 
the southern end of the lake, where lake water lost to the shallow aquifer would be 
expected to enter the main groundwater flow path. Soil encountered in the boring 
included sandy, fine to coarse gravel with cobbles. Groundwater was encountered at 
an elevation of 239 feet msl. 

One soil sample was collected at a depth of 28 feet bgs and the total phosphorus 
concentration was 270 mglkg (Table 6-2). 

• Boring MS-7 was drilled to evaluate groundwater flow direction and potential 
phosphorus sources in the residential neighborhood south of Ponce de Leon Creek. 
Residences in this neighborhood are surrounded by relatively large, heavily vegetated 
lots. MS-7 was advanced to 40 feet below the ground surface (218 feet msl) prior to 
encountering refusal due to either a large rock or dense till layer. Soil samples 
retrieved from the boring, from the ground surface to the final depth drilled, consisted 
of a very dense, dry, silty, sandy, gravelly cobbles. Although the boring extended 
below the surface water elevation of the lake, no groundwater was encountered, so a 
monitoring well was not installed. 

Although a well was not installed, the drilling data for MS-7 are important in 
understanding the study area hydrogeology. The dry boring (to an elevation below 
the elevation of Lake Steilacoom) is additional evidence for the presence of till and/or 
other soils with low permeability acting as aquitards, which influence groundwater 
flow in the vicinity of the Lakewood Towne Center. These units could also be 
responsible for the upwelling of springs at Ponce de Leon Creek, for separating the 
lower reach of Clover Creek from groundwater in the Ponce de Leon Creek drainage 
basin, and for preventing groundwater flow directly to the southeastern shore of Lake 
Steilacoom. 

No soil samples were collected from boring MS-7 and there was no groundwater 
present. 
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6.6 

• Boring MS-8 was drilled and well MW-8 was installed near the western boundary 
of the Lakeview Village Housing tract (also caJied the Southgate Addition), 
hydraulically upgradient of downtown Lakewood and the Lakewood Towne Center. 
Lakeview Village was constructed in the 1950s in a large, subtle depression that 
appears, in a 1941 aerial photograph, to be a former wetland. An existing small pond, 
which appears to be a remnant of the former wetland, is located approximately 
300 feet northwest of MW -8. MW -8 was drilled and installed in an apparent former 
stream channel, which flowed westward from the buried wetland in Lakeview to the 
Atwood Marsh, according to late nineteenth century maps. Based on the topography 
at the well location, the well may be located in the former stream channel at the 
discharge point of the former wetland. 

Soil encountered in the boring for MW-8 consisted predominantly of sandy gravel 
with some cobbles, but was different from other borings in that the gravel matrix 
contained a substantial quantity of white, clayey silt. The occurrence of the white 
material at depths up to 20 feet bgs suggests that it is natural and not imported filL 
The material was originally thought to be a diatomaceous deposit related to the 
former lake. However, observation of the soil using a petrographic microscope 
showed that it is a very fine, silica-rich silt, which does not appear to contain diatoms. 
In addition, laboratory analysis of the white clayey silt found phosphorus 
concentrations similar to those of other soils in the area. 

Two soil samples were collected at depths of I 0 and 20 feet bgs and total phosphorus 
concentration were 343 and 347 mglkg, respectively (Table 6-2). 

SOIL ANALYTICAL RESULTS 

Analytical results for soil samples collected from the well borings indicated total phosphorus 
concentrations ranging from 270 mglkg at MS6 to 720 mglkg at MS2, with a mean concentration 
of 445 mglkg. Peaty gravel from MS4, not included in this mean, contained total phosphorus at 
a concentration of 993 mglkg. The peaty gravel sample was not included in the peat mean 
because the soil at MS4 was moved from the peat deposit in the 1950s. The white silty soil at 
MS8 contained concentrations ranging from 343 mglkg to 374 mglkg. 

6.7 GROUNDWATER ANALYTICAL RESULTS 

Analytical data for the four rounds of groundwater sampling are presented in Tables 6-4 and 6-5. 
Figures 6-1 and 6-2 show SRP and IDP concentrations for each sampling location. 

6.7.1 Physical Water Quality Parameters 

URS measured pH, temperature, specific conductance, ORP, turbidity, and dissolved oxygen 
using an in-line flow-through cell during purging and sampling. Final sets of water quality 
parameters recorded after purging and just prior to sampling at each well are shown on Tables 6-
4 and 6-5. Groundwater and surface water sampling data sheets are provided in Appendix E. 
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Physical water quality parameters measured at monitoring well MW -8 indicate different 
localized groundwater conditions from those observed at the other monitoring locations. In 
August, the dissolved oxygen (0.1.34 mg/L) was much lower than at other wells, and the ORP 
was in the negative range (Table 6-4). This suggests the presence of organic material in the 
aquifer near MW-8. Specific conductance (210 r.ts/cm) was approximately twice that of other 
samples and the pH, although within a normal range, was the highest measured. Factors 
potentially affecting these parameters at MW -8 might include the former wetland environment in 
this location, and/or elevated concentrations of chloride sulfate, alkalinity, calcium, and 
potassium in the water. 

6.7.2 Analytical Laboratory Results 

Monitoring Round 1 -August 2002 

The first round of groundwater samples was collected in August 2002. Little rain had fallen in 
the study area since approximately the beginning of April 2002 (weather data from McChord Air 
Force Base rain gauge). Aquatic Research, Inc., of Seattle, Washington, analyzed all of the 
groundwater samples from MW -2 through MW -8 for dissolved metals (aluminum, iron, 
potassium, magnesium, manganese, sodium, and calcium), chlorine, fluorine, nitrate/nitrite, 
sulfate, alkalinity, TDP, SRP, total organic carbon, and dissolved organic carbon. Samples 
collected at the Springbrook wells, HERR-MW3, and the first water supply sample from the 
residential tap were analyzed for TDP and SRP only. 

The Round 1 analytical results showed that phosphorus concentrations at locations MW-5, MW-
6, MW -8 were similar to phosphorus concentrations in Ponce de Leon Creek, and were about 
twice as high as the concentrations measured in monitoring wells MW-2 and MW-4 and Clover 
Creek. Along the Ponce de Leon Creek flow path and the mall dewatering system, TDP 
concentrations ranged from 26 J.lg/L to 41 J.lg/L and SRP concentrations ranged from 31 J.lg/L to 
43 J.lg/L. At MW-2, MW-4 and Clover Creek, TDP concentrations ranged from 8 J.lg/L to 
18 J.lg/L and SRP concentrations ranged from 13 J.lg/L to 14 J.lg/L (Figures 6-1 and 6-2). 

At residential tap WS1-G, phosphorus concentrations were approximately twice as high as the 
concentrations measured in Ponce de Leon Creek. The TDP concentration was 73 J.lg/L and the 
SRP concentration was 76 J.lg/L. 

The highest phosphorus concentrations observed during Round 1 were in samples collected from 
monitoring wells CW-59, CW-61, and CW-62 in the Springbrook neighborhood, with SRP 
concentrations ranging from 84 J.lg/L to 390 J.lg/L, respectively. At well CW-59, the total 
phosphorus concentration was 1,930 J.lg/L. In contrast, phosphorus concentrations at the nearby 
wells CW -45 and CW -46 were similar to phosphorus concentrations observed along the main 
groundwater flow path leading to Ponce de Leon Creek. 

In addition to being relatively high in comparison to all other wells monitored, the Round 1 
phosphorus concentrations at CW -61 and CW -62 were significantly different from previous 
measurements at the same wells. 
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Monitoring Round 2- December 2002 and January 2003 

After an exceptionally dry summer and fall, the second round of groundwater samples was 
collected in December 2002 and January 2003. Groundwater elevations were similar to those 
measured during Round I. Phosphorus concentrations at MW-5, MW-6, and MW-8 were 
slightly higher than the concentrations observed in Round 1, but were still similar to 
concentrations in Ponce de Leon Creek. At monitoring well MW-2, the SRP concentration was 
similar to the Round 1 concentration, but the IDP concentration was approximately twice as 
high. Both the IDP and SRP concentrations in this location were Jess than half the 
concentrations in Ponce de Leon Creek. At MW -4, IDP and SRP were approximately three 
times as high as the Round 1 concentrations and were similar to concentrations observed at MW-
5, MW-6, and MW-8 and in Ponce de Leon Creek. MW-4 is located in the buried high-flow 
channel from Clover Creek. Clover Creek was dry during the Round 2 sampling. It is possible 
that the observed increase in phosphorus concentrations at MW-4 may be attributable to a 
decrease in dilution by flows from Clover Creek. IDP and SRP concentrations measured at 
HERR-MW3 were approximately equal to the concentrations measured at MW -6, MW -8 and in 
Ponce de Leon Creek. 

The results of sample analyses from the Springbrook wells during Round 2 were anomalous to 
Round 1. Groundwater from wells CW-45 and CW-46 contained phosphorus concentrations 
similar to concentrations measured at MW -2 through MW -8 and Ponce de Leon Creek. Samples 
from wells CW-59 and CW-61, however, showed significant changes from Round 1. For 
example, the SRP concentration at CW-59 decreased from 390 p.g!L to 166 p.g!L, while the 
concentration at CW -61 increased from 84 p.g!L to 331 p.g!L (Figure 6-1 ). 

In January 2003, URS sampled Lakewood Water District well G-1, which is screened at a depth 
of approximately 150 feet bgs. This well was added to the study to evaluate phosphorus 
concentrations in Aquifer Zone C based on a report indicating that the well was screened in 
Aquifer Zone C (Robinson & Noble 1997). However, more recent information indicates that 
well G-1 is screened in the lower section of Aquifer Zone A (Burt Clothier, personal 
communication). Similar to MW -8, nearly all of the phosphorus in the sample from G-1 was 
attributable to SRP. However, the SRP concentration (32 p.g!L) was lower than the Round 2 
measurement at MW-8. 

Monitoring Round 3 -March 2003 

Seasonal rainfall fell between January and March 2003, when Round 3 of the sampling was 
completed (weather data from McChord Air Force Base rain gauge). Groundwater elevations 
were approximately three feet higher during Round 3 than they were in Round 2. Phosphorus 
concentrations at MW-5, MW-6, and MW-8 were similar to the concentrations reported in 
December 2002 (Figures 6-1 and 6-2). At monitoring well location MW-2, the IDP and SRP 
concentrations were similar to the Round 2 concentrations. Both the IDP and SRP 
concentrations in this location remained less than half the concentrations in Ponce de Leon 
Creek. At MW -4, IDP and SRP were similar to the Round 2 concentrations and were similar to 
concentrations observed at MW-5, MW-6, and MW-8 and in Ponce de Leon Creek. 
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Groundwater from CW-45 and CW-46 contained phosphorus concentrations similar to 
concentrations measured at MW-4, MW-5, MW-6, MW-8, and HERR-MW-3. The samples 
from wells CW -59 and CW -62, however, indicated significant changes from previous sampling 
rounds. The SRP concentration at CW -59 decreased from 180 jlg/L in Round 2 to 54 p,g!L in 
Round 3, while the SRP at CW -62 decreased from 352 jlg/L in Round 2 to 23 jlg/L in Round 3. 
The SRP concentration at CW-61 increased from 331jlg/L to 350 jlg/L. 

Lakewood Water District well G-1 sample had a TDP concentration of30 !lg/L, while SRP was 
29 jlg/L (Figures 6-1 and 6-2). These results were similar those reported for Round 2. 

The TPCHD wells AEF-250 and AEF-222 were added to the sampling program for Round 3 
because they are further to the east and may provide data regarding potential sources of 
phosphorus upgradient of the City. Well AEF-222, the easternmost upgradient well sampled in 
this study, contained TDP and SRP concentrations that were considerably higher than in wells 
along the main groundwater flow path and in Ponce de Leon Creek. Phosphorus concentrations 
in AEF-250 were less than half those measured in well MW-5, MW-6, and MW-8 and in Ponce 
de Leon Creek. 

Monitoring Round 4- June 2003 

Weather conditions at the study site were relatively dry when the fourth round of groundwater 
sampling was completed in June 2003. No appreciable rain had fallen since approximately the 
end of April 2003 (weather data from McChord Air Force Base rain gauge). Groundwater 
elevations were approximately two feet lower in June 2003 compared to the elevations measured 
during Round 3 of groundwater sampling in March 2003. Phosphorus concentrations at MW-5, 
MW -6, and MW -8 were similar to the Round 3 concentrations and similar to concentrations in 
Ponce de Leon Creek (Figure 6-1). At monitoring well location MW-2, the TDP and SRP 
concentrations were similar to the Round 3 concentrations. Both the TDP and SRP 
concentrations in this location remained less than half the concentrations in Ponce de Leon 
Creek. At MW -4, TDP and SRP were similar to the concentrations reported in Round 3 and 
were similar to concentrations observed at MW-5, MW-6,and MW-8 and in Ponce de Leon 
Creek. 

Groundwater from wells CW-45 and CW-46 contained phosphorus concentrations similar to 
concentrations measured atMW-4,MW-5, MW-6, MW-8, andHERR-MW-3 and 
Ponce de Leon Creek. The samples from wells CW-61 and CW-62 contained similar 
concentrations ofTDP and SRP to the results from Round 3. Well CW-59 was inaccessible 
during Round 4. 

In Round 4, Lakewood Water District well G-1 contained a TDP concentration of 33 jlg/L while 
SRP was 35 jlg/L. These results were similar those reported in Round 3. 

The TPCHD well AEF-222 contained higher concentrations ofTDP and SRP than wells MW-5, 
MW -6, and MW -8 and in Ponce de Leon Creek. AEF-250 had lower concentrations. These 
results are similar to the Round 3 results. 
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6.8 SURFACE WATER SAMPLING AT PONCE DE LEON CREEK 

6.8.1 Physical Water Quality Parameters 

URS measured temperature, pH, conductivity, oxidation-reduction potential (ORP), and 
dissolved oxygen at each sample location. ORP measurements provide an indication of a 
reducing or oxidizing environment. These conditions are important because the solubility of 
phosphorus is related to the ORP. Furthermore, the ORP has a significant effect on the presence 
of iron and aluminum hydroxides, which adsorb phosphorus. Under reducing conditions, 
hydroxides are not present resulting in an absence of compounds to adsorb and bind phosphorus. 
The parameters measured in February 2002 were essentially equal at locations SW-1 and SW-3. 
In August, the measurements were similar at locations SW -2 and SW -3 (Table 6-3). Both pH 
and ORP at SW-1 were-slightly elevated above the measurements at the other two locations. 

Temperature measurements in December were slightly lower. Specific conductance and pH 
measurements were similar to previous measurements at most sample locations. Dissolved 
oxygen and ORP measurements were different, but this variation may have been due to 
instrument error. 

The results of the measurements collected in March and June 2003 were similar to those reported 
in earlier rounds of sampling and did not show appreciable differences except for the notable 
differences observed in the water quality parameters measured in SW -1 (Gravelly Lake Drive 
Outfall) in December 2002 compared with the data measured during the other sampling rounds. 
However, the December measurements were collected after a short storm event that may have 
influenced the field measurements. 

6.8.2 Flow Rates and Results of Laboratory Analysis 

Preliminary Sampling-February 2002 

In February 2002, Ponce de Leon Creek was flowing at a rate of approximately 12 cfs at the 
Gravelly Lake Drive culvert (SW-1) and 30 cfs at the stream mouth (SW-3) (Table 6-3 and 
Figure 6-3). URS' observations of the entire length of the creek indicated that the majority of the 
increase in flow was attributable to discharge from the springs, which are about 150 feet 
downstream of SW -1. 

SRP concentrations in the February 2002 Ponce de Leon Creek samples were 30 p.g/L at the 
culvert beneath Gravelly Lake Drive, where the creek first "daylights" (location SW-1), and 
were 37 p.g/L at the stream mouth (location SW-3). The SRP values were essentially equal to 
the TDP values at both sample locations. Total phosphorus (dissolved and particulate) showed a 
slight increase between the outfall and the stream mouth. 

Round 1 Sampling- August 2002 

On August 29, 2002, approximately 0.1 cfs of water was being discharged from the Gravelly 
Lake Drive culvert (SW-1), while 8 cfs was measured just downstream of the springs at SW-2 
and at the stream mouth at SW-3 (Table 6-3 and Figure 6-3). Considering that little appreciable 
precipitation events had occurred since August 5, 2002 (0.13 inches measured at the McChord 

W:\34600\0408.008\l..ake Steilacoom- Final.doc 6-12 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Air Force Base rain gauge), the water in the creek and the water discharging from the culvert can 
be attributed to groundwater. 

In August 2002, SRP concentrations in Ponce de Leon Creek ranged from 38 JLg/L at SW-1 to 
43 JLg/L at both SW -2 and SW -3, and were slightly higher than the concentrations measured in 
February (Table 6-3 and Figure 6-1). All three of the August 29, 2002 samples had similar 
phosphorus concentrations, nearly all in the form of SRP. Based on the similar flow volumes (8 
cfs at both locations) and phosphorus concentrations at SW-2 and SW-3, nearly all of the 
phosphorus in the creek was coming from the groundwater discharged by the springs. Also, the 
TDP and SRP concentrations observed in the SW-1 sample were similar to the concentrations 
observed in samples collected in February from the periphery of the peat deposit (URS 2003) 
and in samples from MW-5, MW-6, and MW-8 collected in August (Table 6-4). These data 
suggest that the water discharged at SW -1 in August originated north and east of the Lakewood 
Towne Center property, and not from the peat deposit or the former Clover Creek channel, which 
enters the mall from the south. 

Round 2 Sampling- December 2002-]anuary 2003 

The second quarterly monitoring round of the phosphorus sources study on December 3 and 4, 
2002 coincided with the first measurable precipitation events that had occurred in a relatively 
long dry period preceding the sampling event. On December 3, no water was present in the 
Lakewood Towne Center dewatering system pipes, and there was no visible discharge from the 
Gravelly Lake Drive culvert (SW-1). The flow volumes at locations SW-2 and SW-3 were 
approximately 6 cfs and 8 cfs respectively, indicating that all of the water in Ponce de Leon 
Creek was from the springs (Table 6-3 and Figure 6-3). 

On the morning of December 4, after intermittent rainfall throughout the previous evening, URS 
observed Ponce de Leon Creek to evaluate the effect of stormwater runoff on discharge volumes 
at the Gravelly Lake Drive culvert. The ground surface at the base of the SW -1 culvert was 
damp, but no water was flowing from the pipe. Between approximately 7:00am and 9:00am, 
continuous precipitation generated surface runoff along Gravelly Lake Drive. Approximately 15 
minutes after the rain began, runoff from drains along Gravelly Lake Drive began entering the 
culvert and continued until approximately 9:30 am. However, discharge from the outfall was too 
low to obtain an accurate flow measurement, and all of the water seeped into the ground before 
reaching the flowing portion of Ponce de Leon Creek near SW-2. Subsequent observations of 
the culvert and streambed throughout the day indicated similar conditions. 

December 2002 analytical results for samples from SW-2 and SW-3 were very similar to the 
August results (Table 6-3 and Figure 6-1). As observed during previous sampling rounds, the 
phosphorus concentrations in Ponce de Leon Creek were approximately equal to the 
concentrations measured at MW-5, MW-6,and MW-8leading to the Ponce de Leon Creek 
springs. 

URS measured phosphorus concentrations at SW -1 on December 4, 2002 during a short storm 
event. The SW -1 sample contained total phosphorus at a concentration of I 09 JLg/L and SRP at a 
concentration of 71 Jl.g/L. However, the flow rate at the time of sampling was very low (<0.1 
cfs) and the entire flow volume infiltrated into the creek bed within about 50 feet of SW-1, 
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before entering the flowing reach of the creek. Thus, the phosphorus load at SW -1 was very low, 
despite the relatively high phosphorus concentrations. 

Round 3 Sampling- March 2003 

In March 2003, water in Ponce de Leon Creek was flowing at a rate of approximately 6.3 cfs at 
the Gravelly Lake Drive culvert (SW-1), 23 cfs at SW-2, and 19 cfs at the stream mouth (SW-3) 
(Table 6-3 and Figure 6-3). URS' observations of the entire length of the creek indicated that 
most of the increase in flow observed at SW-2 was attributable to the springs. 

In March 2003, SRP concentrations in Ponce de Leon Creek ranged from 28 p.g!L at locations 
SW -1 and SW -2 to 33 p.g!L at location SW -3, and were slightly lower than the concentrations 
measured in December2002 (Table 6-3 and Figure 6-1). The March 2003 samples had 
phosphorus concentrations similar to the concentrations measured in August 2002. Based on the 
similar flow volumes (23 cfs and 19 cfs at SW-2 and SW-3, respectively) and phosphorus 
concentrations between SW -2 and SW-3, the majority of the phosphorus in Ponce de Leon Creek 
appeared to originate from the groundwater discharged by the springs. 

Round 4 Sampling- June 2003 

In June 2003 0.74 cfs was measured flowing at SW-1, 16 cfs at SW-2, and 17 cfs at SW-3. In 
June 2003, SRP concentrations in Ponce de Leon Creek ranged from 31 p.g!L at SW-2 to 33 p.g!L 
at locations SW-1 and SW-3, although the concentrations were similar at all three locations. In 
addition, the results were similar to those reported during the March 2003 sampling event 
(Table 6-3 and Figure 6-1). Based on the similar flow volumes (16 cfs and 17 cfs at SW-2 and 
SW-3, respectively) and phosphorus concentrations between SW-2 and SW-3, the majority of the 
phosphorus in Ponce de Leon Creek appeared to originate from the groundwater discharged by 
the springs (Table 6-3 and Figure 6-3). 

6.9 SURFACE WATER SAMPLING AT CLOVER CREEK 

6.9.1 Physical Water Quality Parameters 

The water quality parameters measured at SW -4 and SW -5 are shown on Table 6-3. The 
measurements at both locations were similar during all four quarterly sampling rounds. 

6.9.2 Flow Rates and Results of Laboratory Analysis 

Round I Sampling- August 2002-September 2002 

During the first quarterly monitoring round, in August 2002, URS attempted to measure 
discharge rates at the two Clover Creek sampling locations, SW -4 and SW -5. However, both 
channel locations were full of rocks, debris, and vegetation, making it difficult to obtain accurate 
flow measurements. In lieu of measuring each location, URS obtained flow data for Clover 
Creek from the USGS telemetric gauging station located next to SW -5. 
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On September 3, 2002, the discharge volume at location SW -5 was 2.3 cfs (USGS 2002). At 
both sample stations (SW-4 and SW-5) the water level appeared to be within a foot of the high 
water mark on nearby bridge supports, but the flow velocity was low (Table 6-3 and Figure 6-4). 

Total phosphorus and SRP concentrations at SW -4 and SW -5 were approximately equal in 
September 2002. Total phosphorus in the creek ranged from 25 p.g!L to 28 p.g/L and SRP was 
14 p.g/L. Overall, 1DP and SRP concentrations measured in Clover Creek in August 2002 were 
approximately half of the concentrations measured in Ponce de Leon Creek. SRP accounted for 
approximately half of the total phosphorus in Clover Creek, whereas nearly all of the phosphorus 
in Ponce de Leon Creek was SRP (Table 6-3 and Figure 6-1). 

Round 2 Sampling- December 2002-January 2003 

On December 3, 2002, the discharge volume in Clover Creek was low. At SW-5, the discharge 
rate was approximately 0.5 cfs with surface flow disappearing approximately 200 feet 
downstream of the sample station. At SW -4, the stream channel was completely dry (Table 6-3 
and Figure 6-4). These observations indicate that Clover Creek loses water in its lower reach 
and infiltrates the channel bed. 

In December 2002, the phosphorus concentrations at SW-5 were approximately the same as the 
concentrations measured in September (Table 6-3 and Figure 6-1). Observations of Clover 
Creek throughout December indicated that surface flow did not reappear in the lower reach of 
the creek until the end of the month. 

Round 3 Sampling- March 2003 

The stream flow for SW -4 and SW -5 during March 2003 was recorded by the USGS system as 
1.6 cfs (Table 6-3 and Figure 6-4). Phosphorus concentrations at SW-4 and SW-5 during the 
March 2003 sampling events were approximately the same as the concentrations reported for the 
two previous rounds of sampling. Overall, TDP and SRP concentrations measured in Clover 
Creek in March 2003 were approximately half of the concentrations measured in Ponce de Leon 
Creek. SRP accounted for approximately half of the total phosphorus in Clover Creek, whereas 
nearly all of the phosphorus in Ponce de Leon Creek was SRP (Table 6-3 and Figure 6-1). 

Round 4 Sampling- June 2003 

The stream flow for SW-4 and SW-5 during June 2003 was recorded by the USGS system as 
0.56 cfs (Table 6-3 and Figure 6-4). Phosphorus concentrations at SW-4 and SW-5 during the 
June 2003 sampling events were approximately the same as the concentrations reported for the 
three two previous rounds of sampling. Overall, TDP and SRP concentrations measured in 
Clover Creek in June 2003 were approximately half of the concentrations measured in 
Ponce de Leon Creek. SRP accounted for approximately half of the total phosphorus in Clover 
Creek, whereas nearly all of the phosphorus in Ponce de Leon Creek was SRP (Table 6-3 and 
Figure 6-1). 
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6.10 SUMMARYOFGROUNDWATERANDSURFACE WATER SAMPLING 

The following bullets summarize the key sampling results. 

• Surface water in Ponce de Leon Creek and groundwater at MW-5, MW-6, and MW-8 
up gradient of the creek contained higher SRP and TDP concentrations than Clover 
Creek. 

• TDP and SRP concentrations in groundwater near the eastern city limits (well AEF 
222 and the Springbrook area wells) were about the same or higher than those 
measured in Ponce de Leon Creek. Thus, phosphorus concentrations did not appear 
to increase as groundwater flowed beneath the city en route to Ponce de Leon Creek. 

• TDP and SRP concentrations in the groundwater were about the same upgradient and 
downgradient of the buried marsh and peat deposit beneath Lakewood Towne Center. 

• TDP and SRP concentrations during the dry season appeared to be slightly higher 
than during the wet season. 

• The peat deposit did not contain higher phosphorus concentrations than the soil 
samples collected for this study. Moreover, the peat had very low permeability, 
indicating that groundwater flows preferentially around the peat. 

• During Rounds 1, 2 and 4, nearly all of the flow observed in Ponce de Leon Creek 
discharged from the springs located just west of Gravelly Lake Road. During Round 
3 when the water table was high, the Lakewood Towne Center dewatering system 
accounted for about one-quarter of the discharge in the creek, while the springs 
accounted for three quarters. Thus, the springs were the primary source of flow to 
Ponce de Leon Creek. 

• Clover Creek flows were considerably lower than those measured in Ponce de Leon 
Creek during all four sampling rounds. Clover Creek appeared to lose flow to 
groundwater infiltration throughout the year. Lower Clover Creek was dry during the 
December 2003 sampling round. 

• The highest phosphorus concentrations observed during this study were in samples 
collected from several of the wells located in the Springbrook area near the eastern 
city limits. However, the phosphorus concentrations in these wells ranged 
significantly from round to round. 
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Figure 6-3 

Stream Flow in Ponce de Leon Creek 
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Figure 6-4 

Stream Flow in Clover Creek 
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Table 6-3 
Phosphorus Sources Study Surface Water Sampling Data 

Dewatering System 

DW-1 DW-3 SW-1 

NEMaU 
SW MaD Parking Lot Gravelly Lake Drive Outfall 

Parking Lot 

3/4/03 8129/02 12/3/02 3/4103 6/19/03 2/19/02 8/29/02 1214102' 3/4/03 

Analyte Round I Round I Round 2 Round 3 Round4 Initial Round 1 Round 2 Round 3 

Flow (cfs) trickle 0.1 est. 0 run run 12 0.1 est. 0 6.3 

TDP(ug!L) 34 38 run 28 15 31 36 94 27 

SRP (ug!L) 33 40 run 28 22 30 38 71 28 

Total P (ug!L) run nm run run run 34 4 109 30 

Temperature °C . 12.1 16.2 mn 11.7 run 10.9 14.9 8.8 11.2 

pH 6.61 6.09 run 6.51 run 5.49 7.20 7.55 6.68 

Sp. Cond. (us/em) 137 125 run 129 run 128 125 38 129 

OO(mg!L) 8.8 6.0 run 10.9 run 8.7 10.4 11.1 9.4 

ORP(mV) 265 145 run 245 run run 208 58 227 

Notes: 

a Sample location SW-4 also identified as USGS 602 and KCM Clover ct. during previous studies. 

b. Sample location SW-5 also Klentifled as USGS 500 during previous studies. 

c. link water discharging from culvert. Water infiltn.ted soil a short distance from the culvert. Therefore, sample probably does not represent flow in the creek. 

d. Assumed flow rate based on USGS data for upstream location. Visual observation suggests slightly higher flow. 

e. Measurement from USGS time series record 

run: not measured 

ugn.. · micrograms per lirer 

mgJL - milligrams per liter 

mV- millivolts 

uslcm - microsemiens per centimeter 

°C- degrees celsius 

cfs - cubic feet per second 

Ponce de Leon Creek 

SW-2 SW-3 

Springs "Stream Mouth 

6/23/03 8/29/02 12/3/02 3/4/03 6/23/03 2/19/02 8/29/02 12/3/02 3/4/03 

Round4 Round 1 Round 2 Roond 3 Round4 Initial Round 1 Round 2 Round3 

0.74 8 6 23 16 30 8 6 19 

20 41 37 29 32 38 41 45 34 

23 43 35 28 31 37 43 43 33 

22 40 37 30 35 49 43 47 35 

12.15 12.7 12.2 11.5 12.84 10.3 14.5 11.9 11.4 

6.69 6.73 6.05 6.70 6.58 6.02 6.88 6.99 6.81 

114 119 135 127 HJ8 137 119 129 130 

9.6 10.6 8.3 W.5 9.4 7.9 11.7 9.0 10.0 

107 170 216 244 143 nm 158 86 239 

Clover Creek 

SW-4' SW-s" 

Gravelly Lake Drive Crossing South Tacoma Way Crossing 

6/23/03 9/3/02 1213/02 3/S/03 6/23/03 9/3/02 12/3/02 3/5/03 6/23/03 

Round4 Round 1 Round 2 Round 3 Round4 Round 1 Round 2 Round3 Round4 

17 2' 0 1.6 0.56 2.3e 0.5 1.6 0.56 

35 18 run 13 19 17 9 17 13 

33 14 run 11 14 14 5 14 8 

36 28 mn 27 17 25 21 32 16 

12.40 15.1 run 8.6 14.2 15.0 6.3 8.5 14.2 

8.37 7.68 nm 6.77 7.07 7.56 6.49 6.79 7.33 

114 132 run 139 122 128 149 140 124 

10.9 10.7 run 11.1 10.7 10.2 9.7 11.6 10.2 

66 112 nm 283 131 146 59 288 115 
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MW-2 MW-4 

Neigbborlwocl just east of Lakeview Former high flow dwmel, south of 
Towne Ceater Lakeview Towue Qntcr 

8129/02 1214102 3/5/03 6/19/03 8129/02 1213/02 314103 6/19103 
Analvte Round I Round 2 Round 3 Round 4 Round I Round2 Round3 Round4 

TDP(ug/L) 8 17 17 16 9 34 33 35 
SRP(ug/L) 14 15 18 20 13 34 32 36 
TOC(m ) <0.250 nm nm nm 0.380 nm run nm 
DOC( ) 0.757J nm nm nm 0.536J nm run nm 
ND,INO,{mg/L) 1.571 nm nm nm 0.657J om run nm 

Chloride (mg/L) 5.9 nm nm nm 4.7 om run run 
Sulfote (mg/L) 6.71 nm run run 5.04 om om nm 
CaCo, (mg/L) 49.4 run nm nm 44.5 nm nm om 

Ruoride( ) . <ti.IOOUJ nm nm nm <ti.IOOUJ nm om nm 
Aluminium (mgiL) dUOO run nm nm <ti.IOO om run nm 
Calcium (mgll.) 12 nm nm run 10.9 nm nm nm 
lroo (mgll..) <0.020 nm run nm <().020 nm om nm 
Magnesium (mgll.) 4.40 nm nm· om 3.67 nm run run 
Manganese (mgiL) 0.074 om run· om 0.059 nm run nm 
Potassium (mg/L) 1.84 nm run nm 1.66 nm run run 
Sodium m ) 7.12 om nm om 5.78 run mn run 
Reference Elevation 263.22 263.22 263.22 263.22 239.22 239.22 239.22 239.22 

to Groundwarer 21.30 21.92 17.16· 19.91 6.30 6.42 4.12 5.48 
Groundwater Elevation 241.92 241.30 246.06 243.31 239.92 239.80 242.10 240.74 

T<mp<""""'("C) 12.46 11.71 11.5 12.5 14.12 12.39 11.71 12.4 
H 6.18 6.34 6.30 6.18 5.72 6.04 6.21 6.07 

S . Conduct. (us/em) 134 120 122 112 118 124 129 105 

OO<"""'-J 7.02 8.83 8.46 7.66 4.62 7.81c 7.03 8.11 

ORP(mV) 160.4 210 283 177.2 320.6 79.6c 256 173 
... 5. 

a. HerrrsaCouultaats -....1-..- quality .,..-a-. II HERR-MW-3. HERR-MW3 ...c Jlll"wyalk>oamedatum• wdls illstallcdby URS. 

b. W8--l -.hlp -Aaple R:pRICIIliafuplo 29 clribl:ina: - ... Npply .....us. 
c. R...JiDp iJodic:ak pauib'- iPsuuln=l onor . 

..., )Dsuflic:iml volume of wmt-locuapJde ....,. ... 

mn: 1101 mc.surrd. 

J: E&tiiJIM:ed~ 

U: ~- Ulllyz..t fo:.-buiiiOI dctcded ~ lbeftpJitl,.-limiL 

MW-5 

North of springs on PDL c.ftk 

8129/02 1213/02 314/03 6/19/03 

Round I Round 2 Round3 Round4 

26 35 34 26 

31 34 32 32 
0.235 nm nm nm 

1.691 nm nm nm 

1.641 nm nm run 
4.9 nm run mn 
537 om nm nm 

40.5 om nm om 

<tl.lOOUJ run om om 

<0.100 nm om om 
10.8 run run nm 

<0.020 run run nm 
4.06 nm om nm 

<().005 nm om ' om 

1.30 run run mn 
4.n nm run nm 

250.62 2.50.620 250.620 2.50.620 

15.42 1~48 14.76 14.76 
235.20 235.14 235.86 235.86 

13.31 12.00 11.91 12.43 

6.06 6.14 6.25 6.17 

119 127 124 109 

9.43 9.04 8.54 8.11 

180.4 "' 245 170 

Table 6-4 
Phosphorus Sources Study 

Groundwater Sampling Data 

Sample Loation 

Herr-MWJ• MW-<i 

Northwest corner of Lakewood 
Downgrndient of SeeleY Lake 

ToWMCeoter 

Il/20J02 212D/03 Sfll/03 8129/02 12/3/02 3/4103 6120/03 

Roood I Round 2 Round 3 Round I Round2 Round3 Roond4 

56 5I 441 "' 46 44 "' 5I 47 45J 42 43 42 39 
run nm nm 0.364 nm nm run 
run run run 0.8761 run mn nm 
run mn om ~98J om mn nm 
run nm nm 5.6 run om nm 
om nm nm 6.63 nm nm nm 

run mn om 38.3 nm nm nm 
om run run <O.IOOUJ nm run. nm 
run nm nm <0.100 run mn <0.100 
om nm nm 11.4 nm nm 10.3 
om nm nm <0.020 om run <0.020 
om nm nm 4.54 run nm 3.99 
nm nm om <0.005 run run <0.005 
nm run nm 1.49 nm nm 1.10 
run nm nm 5.92 nm nm 5.73 
run om run 263.67 263.67 263.67 263;67 
nm nm nm 24.59 2'5 . .51 22.30 23.86 
nm nm nm 239.08 238.16 241.37 239.81 
12.9 nm 12.3 13.84 13.01 13.01 12.4 
6.15 run 6.38 5.93 6.10 6.30 6.20 
146 nm 134.2 130 172 140 120 

5.74 mn 7.5 9.18 9.78 8.12 9.11 

run run om 230.2 67' 245 132 

MW-8 

Lakeview (shallow aquifer) 

8/29102 1214102 3/4103 6/19/03 
Round! Round 2 Round3 Round 4 

"' 50 48 43 

43 45 45 42 
0.239 nm nm nm 
136J mn run run 

l.I4J run 0.29 run 
10:5 run 3.4 om 
23.4 run 16.6 om 

65.7 nm 33.7 om 
0.14SJ nm nm om 
<ti.IOO nm <0.100 om 

19.0 nm 11.6 nm 
<0.020 nm <0.020 nm 

5.32 om 3.38 om 
0.032 run <{).005 om 
4.()7 nm 1.69 om 
12.3 run 4.63 run 

26933 26933 269.33 269.33 
17.39 17.42 14.22 1.5.70 

251.94 251.91 255.11 253.63 
1.5.2 13.91 12.63 13.15 
7.16 6.36 6.85 6.41 
210 93 138 138 

1.34 7.39 2.11 6.04 

-179.6 61.9 216 137.7 

G-1 AEF-250 AEF-m wst' 
Lakeview (Salmon Springs Upgradient of Lakeview I-S and SRS12 east of R£sldential tap water 

aquifer) Industrial Park Lakeview from deep aquifen; 

1127103 3/4103 6/19/03 3/4103 6119103 3/4103 6/19/03 913/02 
Round 2 Round3 Round4 Round 3 Round4 Rouod3 Round4 Round I 

33 30 33 20 19 82 81J 73 
32 29 35 19 21 89 76J 76 

0.028 nm nm nm nm nm nm run 

"' run run run nm nm nm run 
0.59 1.281 run 1.91 om 2.49 nm om 
4.70 530 run 3.10 nm 3.90 run nm 
8.66 10.7 run 10.4 om 10.1 run nm 
69.8 67.5 om 53.5 nm 48.6 nm nm 
0.12 om nm run run run om om 

<0.100 <0.100 nm <0.100 nm <0.100 nm om 
15.3 14.7 run 13.4 nm l~S nm nm 

<0.020 <0.020 mn <0.020 nm <0.020 nm nm 
934 8.32 run 6.25 nm 4.06 run . om 

<0.005 <{).005 nm <0.00.5 nm <0.005 run nm 
2.2 1.9 nm 2.2 nm 1.23 run run 

5.87 5.55 om 5.02 run 6.76 mn nm 
om om nm """· unk. unk. """· om 
om run nm 23.42 26.50 35.46 39.48 om 
run nm nm run nm nm nm nm 
run 12.37 11.80 IB6 13.18 11.51 12.63 21.70 
nm 6.85 6.8 6.87 7.38 6.04 6.58 6.88 
nm 191 159 175 142 175 127 147 

run 9.09 2.12 6.68 6.91 8.89 9.56 6.12 

run 383 81 215 131.6 214 156.9 166.6 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CW·37 CW-39 CW-45 CW-46 

1.200 ft. 900fL SE 400 ft. east of part 200 fL south of CW-45 
SEofpark of p>d 

6/19101 6119101 9f1.3102 12/5.()2 3/511)3 6/ISXI3 9/23.1}2 1215102 3/5..U3 6/18.{)3 

Table 6-5 
Phosphorus Sources Study 

Groundwater Sampling Data 
Springbrook Neighborhood WeUs 

CW-53 CW-54 Oover3 

lOOft_ S()()ft_ 
600 fL north of 

north of oonbof 
CW-45 CW-45 

CW-45 

6/19KH 6/19101 315KJ3 6120103 

CW-59' 

I SO ft. south of SW comer of 

""" 
9124102 1215102 3/5,()3 

Analvl< Historical Historical Round I Round 2 Round3 Round4 Round I Round 2 Round3 Round4 Historical HistoricaJ Ro.md3 Rouod4 Round I Round2 Round3 

TOP (ugll.) run run 41 47 42 42 48 53 47 40 run 

SRP(ug/L} 13 12 40 40 38 39 51 48 43 45 43 

Total P (ug/L) run run 45 run om . run 117 nm run run nm 

Reference Elevation 293.77 292.80 288.99 288.99 288.99 288.99 257.94 257.94 257.94 257.94 289.01 

Depth to Groundwater 27.34 28.97 30.22 31.00 27.19 29.92 30.50 30.25 26.49 28.90 30.05 

Groundwater Elevation 266.43 263.83 258.77 257.99 261.8 259.07 257.94 258.19 261.95 259.54 258.96 

T (C) 13.42 13.8 13.24 ll..t.7 10.7 13.61 13.24 10..51 10.77 13.46 12.53 

H 6.5 6.25 7.28 6.81 7 6.74 7.05 6.68 6.79 6.96 6.7.5 

Sp. Conduct. (micm) 203 109 212 879 228 192 178 203 188 192 185 

[)() (mg/L) 4.9 3.8 2.2 2.31 241 1.79 3.33 3.57 4.24 3 5.6 

ORP(mV) 465 473 386 207 293 115.9 387 195 289 119.7 389 

Netes: 

L Water removal liom wdl durinc bolh oampiillg rnuDd:s..,.. vay wrbid. -..bic:b may influ=<eiOlol PIIDd-qualily~ measuraDCIIb. Thio wdl- ~<biJittbcluno 2003 Allllpliaa. 

b. N:c:aolotbio -u ..... ob&trudcd by~ .mide. s~ teoomcoakiDCt Joc.tc .......... 

JIDI:nctiJW.JI$1IIld 

qll.-~pertiw 

IDI"L · millipum per lilcr 

"C- deena cdsim 

us/em - Dliaoocmims per ccmimder 

mV- milli>dto 

nm 35 44 390 180 54 

24 33 37 390 166 52 

om om run 1930 run run 

282.94 nm run 2851)1 285.01 285.01 

12.98 mn nm 27.80 28.21 2338 

258.96 -260 -260 257.21 256.8 261.63 

1334 9.39 12.37 1259 11.96 1036 

7.02 6.52 6.37 7.02 6.94 6.58 

156 160 123 204 208 132 

7.1 .t..03 5.19 3.5 3.82 6.46 

310 287 1.52.8 361 304 287 

CW-<il CW-<i2 

300 ft. DOrth of NW corner of park (bank of Clover Creek; 
30 ft. west of NW corner of part. 

creek bol:tom at -266 fi msl) 

6fl9J01 9124102 1215102 315JU3 6118103 6119101 91241{)2 12/5102b 315.-QJ 6/1811)3 

Historical Round I Round 2 Round3 Round4 Historical Round I Round2 Round 3 ROW>d4 

run 84 330 350 349 run 360 om 26 33 

279 84 331 350 348 8 352 om 23 35 

nm 75 nm run om om 388 om nm run 

286.24 286.24 286.24 286.24 286.24 273.50 273.50 273.50 273.50 273.50 

29.59 28.11 31.80 27.00 29.50 17.48 20.09 run 14.04 17.41 

256.65 258.13 254.44 259.24 256.74 25li02 253.4-1 run 259.6 256.09 

15.1-t. 13.18 12.78 11.39 12.5 14.3.5 13.48 run 8.96 11.14 

8.13 6.92 6.91 7.26 7.36 6.71 6.81 om 6.4 6.14 

189 202 182 173 146 194 194 om 137 118 

1.5 3.1 2.81 6.72 3.18 3.7 1.81 run 5.56 6.48 

84 374 389 289 119..5 203 100 run 291 160.8 
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7.0 POTENTIAL SOURCES OF PHOSPHORUS TO THE GROUNDWATER 
ENTERING LAKE STEILACOOM 

Potential phosphorus sources were evaluated through a three-step process: 

7.1 

• Delineate the key groundwater flow path(s) to Lake Steilacoom 

• Measure phosphorus concentrations at various locations along and adjacent to the 
groundwater flow path(s) 

• Identify potential phosphorus sources along the key groundwater flow paths, and 
evaluate each potential source in light of the observed spatial and temporal variations 
in groundwater phosphorus concentrations 

GROUNDWATER FLOW PATHS 

As discussed in Section 3.3, Lake Steilacoom is bounded by an aquitard. There appears to be 
little direct groundwater inflow to Lake Steilacoom. Groundwater is the primary source of flow 
in Ponce de Leon Creek, however, and Ponce de Leon is the main source of flow to the lake 
during the dry season . Much of Ponce de Leon Creek flow comes from springs located a short 
distance west of the Lakewood Towne Center up gradient of Lake Steilacoom. During the 
summer months, these springs supply virtually all of the flow to Ponce de Leon Creek. 

In contrast, Clover Creek loses flow via infiltration throughout the year, and often has no surface 
flow in the later summer and fall. The seepage occurs because the groundwater table elevation is 
consistently lower than the creek channel elevation. While there may be some subsurface 
contribution to Lake Steilacoom through the Clover Creek alluvium, this is expected to be minor. 
Ponce de Leon Creek appears to be the primary pathway by which groundwater enters Lake 
Steilacoom. No comparison to rainfall contribution has been made. 

The available groundwater elevation data indicates that groundwater flows into Ponce de Leon is 
from the Aquifer A areas east and southeast of the city (Figure 3-6). The main groundwater flow 
direction in Aquifer Zone A within the study area is from the east/southeast to the 
west/northwest. 

Aquifer A within Lakewood is recharged from numerous dry wells and direct infiltration through 
pervious areas. In addition, it is possible that the groundwater from the deeper Aquifers C and E 
aquifers may communicate with Aquifer A in locations where the low-permeability aquitards 
(i.e., the B and D layers) are thin or absent. One such area is located just east of the city limits 
(Figure 3-8). 

W:\34600\0408.008\Lake Steilacoom - Ftnal.doc 7-1 



7.2 PHOSPHORUS CONCENTRATIONS ALONG FLOW PATH 

Phosphorus concentrations were measured at various locations in the study area (Figures 6-land 
6-2). The key findings include: 

• SRP concentrations in the groundwater-fed Ponce de Leon Creek were about the 
same as those measured upgradient of the Lakewood Towne Center. There was no 
apparent increase in phosphorus concentrations between the farthest upgradient 
monitoring locations near the eastern city limits and the groundwater discharge into 
Ponce de Leon Creek. 

• Groundwater samples collected from Ponce de Leon Creek during the wet season 
(Rounds 3 and 4) had lower SRP concentrations than the dry season (Rounds I and 2, 
and preliminary (February 2002) samples. This suggests that phosphorus 
concentrations were diluted by recharge water containing relatively low phosphorus 
concentrations. 

• SRP concentrations in groundwater in the Springbrook area near the eastern City 
limits were highly variable. Very high concentrations were observed in some wells, 
while other nearby wells had concentrations similar to those observed in Ponce de 
Leon Creek. 

• Clover Creek had much lower SRP concentrations than did Ponce de Leon Creek or 
the groundwater upgradient of Ponce de Leon Creek. As noted above, Clover Creek 
"loses" flow via seepage to groundwater; thus, there is probably little groundwater 
discharge entering Lake Steilacoom via the Clover Creek channel. 

7.3 POTENTIAL PHOSPHORUS SOURCES 

Pollutant sources can generally be categorized as either point (emanating from a discrete 
location, such as a wastewater treatment plant outfall) or non-point (emanating for multiple small 
or diffuse sources, such as urban runoff). Review of Ecology's NPDES permit database and 
existing and historic land use information did not identify any potential point sources along the 
main groundwater flow path within the city. Thus, the observed phosphorus very likely comes 
from non-point sources. 

Ecology's non-point source management plan for the state defines the following general 
categories of non-point pollution sources: 

• Agriculture 
• Forest practices 
• Recreation 
• Hydromodification 
• Urban areas 
• Loss of aquatic ecosystems 
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In addition to these anthropogenic sources, natural organic and mineral soil deposits can be 
important sources of phosphorus in some situations (Woodward-Clyde 1998). 

URS and Brown and Caldwell reviewed the available information on existing and historic land 
uses, hydrology, wastewater treatment systems, and soils in order to identify which of these 
potential categories might be important sources of phosphorus to the groundwater entering Lake 
Steilacoom. The results of this initial screening are summarized as follows: 

• Agriculture and forest practices are minor land uses within the area upgradient of 
Lake Steilacoom. Agriculture and forest lands account for about 0.5% and 19%, 
respectively, of the entire Clover Creek-Lake Steilacoom watershed (Pierce County 
1997). There is little commercial forestry within the watershed. Moreover, the 
agricultural and forest land uses that do exist are concentrated in the eastern portion 
of the basin, far from the lake. As shown in Figure 7-1, neither of these land uses 
occurs along the main groundwater flow path within the City of Lakewood. 
Therefore, agricultural and forest practices are very unlikely to be significant sources 
of phosphorus to the groundwater flowing to Lake Steilacoom. 

• Recreational activities (boating, marinas) are very unlikely to contribute significant 
phosphorus to the groundwater entering the lake, as there is little water-based 
recreation in the basin, and none along the main groundwater flow path within the 
City of Lakewood. 

• Hydromodification has clearly affected Lake Steilacoom. The lake itself is an 
artificial impoundment, and its main tributaries (Clover and Ponce de Leon Creeks) 
have been subject to substantial channel alterations during the past 100 years. 
Streambank erosion (due to altered basin hydrology) could have affected some of the 
upper reaches of Clover Creek. However, these hydromodifications are unlikely to be 
significant sources of phosphorus for the groundwater entering the lake. Streambank 
erosion could be a source of suspended phosphorus in Clover Creek, but suspended 
phosphorus particles are quickly filtered out as water seeps through the ground; thus, 
suspended phosphorus in Clover Creek seepage is very unlikely to reach the lake via 
groundwater transport. Ponce de Leon Creek is fed primarily by groundwater 
discharges that are caused by local hydrogeologic conditions rather than 
hydromodification of surface water channels. Because it is fed primarily by 
groundwater, Ponce de Leon Creek does not show a rapid response to storm events 
(KCM 1996), and shows little evidence of channel erosion. 

• Urban areas could contribute phosphorus to the groundwater entering the lake via 
infiltration of stormwater runoff. There are numerous stormwater infiltration "dry 
wells" throughout the basin, including many along the main groundwater flow path. 
In addition, historic and active on-site septic systems are potential sources. 

• Loss of aquatic ecosystems-specifically, loss of the Atwood Marsh beneath the 
Lakewood Towne Center-has been mentioned as a potential cause of the elevated 
phosphorus concentrations found in the groundwater-fed Ponce de Leon Creek 
(Templeton 2003). Natural wetlands often function as pollutant traps or sinks, and 
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constructed wetlands are commonly used for stormwater quality treatment. Wetland 
filling can reduce or eliminate this water quality treatment function. 

• The Lake Steilacoom basin contains organic deposits that have the potential to 
contribute phosphorus to the groundwater entering the lake. KCM (1996) 
hypothesized that muck soils were the primary source of the phosphorus in the 
groundwater entering Ponce de Leon Creek. Phosphorus is also a constituent of 
several minerals commonly found in soils derived from volcanic deposits and igneous 
rocks. 

Based on this initial review, agriculture, forest practices, recreation, and hydromodification were 
deemed very unlikely to be significant sources of phosphorus to the groundwater entering Lake 
Steilacoom. Urban runOff, on-site wastewater treatment (septic systems), loss of the Atwood 
Marsh, and natural organic and mineral deposits were judged to warrant more detailed 
evaluation. These more detailed evaluations are described in Sections 7.3.1 through 7.3.4 below. 

7.3.1 Urban Stormwater Runoff 

Stormwater runoff from developed areas often contains elevated phosphorus concentrations. 
Typical sources include soil erosion, excessive fertilizer use, pet waste, urban wildlife 
(e.g., geese and ducks) waste, certain cleaning products, and decomposing leaves (Caraco and 
Brown 2001). In addition, precipitation itself can contain appreciable phosphorus 
concentrations. For example, precipitation samples collected for the American Lake Phase I 
Restoration Study had a mean phosphorus concentration of 37 J.Lg{L (KCM 1993). 

Urban runoff typically contains phosphorus in both suspended particulate and dissolved forms. 
Phosphorus in suspended or particulate form is not expected to move very far through the ground 
due to physical filtering and settling (W oodward-Ciyde 1998). Dissolved phosphorus is strongly 
retained in most soils due to a variety of attenuation processes including adsorption on iron and 
aluminum hydroxides and chemical precipitation reactions. Because of these removal 
mechanisms, infiltration can be an effective "Best Management Practice" for removing 
phosphorus from stormwater runoff (Caraco 2001). However, infiltration may be less effective 
for phosphorus removal in areas where the soils are excessively permeable and have low clay or 
organic matter content (Ecology 2001 ). 

Adolfson Associates Inc. conducted a preliminary evaluation of the potential impacts of dry 
wells on groundwater quality in the general vicinity of the Lake Steilacoom study area. Their 
report stated that "ortho-phosphorus levels in the groundwater were slightly higher than the 
drywell samples ... " (Adolfson 1989). Therefore, phosphorus was dropped as a parameter of 
concern for Adolfson's subsequent, more detailed study of drywell impacts, which was 
completed in 1995 (Personal communication with Lisa Adolfson, February 2002). 

A recent study in the American Lake basin just south of Lake Steilacoom involved sampling of 
several large stormwater outfalls. Total phosphorus concentrations in the stormwater samples 
ranged from 10 to 80 J.Lg/L (Woodward-Clyde 1998). Most of the American Lake basin is 
covered by very permeable soils similar to those of the Lake Steilacoom basin. 
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Much of the Clover Creek/Lake Steilacoom basin is covered with very permeable soils. In these 
areas, most stormwater runoff is infiltrated via "dry wells," which are basically open-bottom 
concrete catchbasins. There are approximately 800 dry wells located within the Clover Creek
Lake Steilacoom basin (KCM 1996). About half of these are located within the City of 
Lakewood on or near the main groundwater flow path to Ponce de Leon Creek (Figure 7-2). 

Phosphorus concentrations at the farthest upgradient monitoring locations near the eastern City 
limits were about the same or higher than those measured at the downgradient locations where 
groundwater discharges into Ponce de Leon Creek, despite the numerous dry wells in the area. 
Moreover, there was no apparent relationship between SRP concentrations and proximity to dry 
wells (Figure 7-3). 

Phosphorus concentrations in stormwater often vary depending on the local land use activities. 
For example, single-family residential areas may have more fertilizer use, and thus higher 
phosphorus concentrations, than commercial or industrial areas with little landscaping. SRP 
concentrations were similar along the groundwater flow path through the city, however. There 
was no apparent relationship between groundwater phosphorus concentrations and land uses near 
the monitoring locations (Figure 7-4). 

The lack of a clear relationship between land use and groundwater phosphorus concentrations 
could be attributable to soil permeability and/or geochemical conditions. As noted in Section 3.2 
above, because of the highly permeable soils, areas that are not covered by impervious surfaces 
generate little runoff; most precipitation infiltrates through the surficial soil into the aquifer. In 
areas where impervious surfaces discharge onto pervious surfaces (e.g., roof downspouts 
draining onto lawns), much of the runoff probably infiltrates before reaching the dry wells. 
Thus, the flow reaching drywells is predominantly from paved areas and roofs that are directly 
connected to the dry wells, with relatively little runoff from adjacent fertilized areas (e.g., lawns, 
gardens). W aschbusch et al. (I 997) found that geometric mean total phosphorus concentrations 
in lawn runoff were two to eight times the concentrations measured in runoff from residential 
feeder streets. They estimated that lawns contributed about 69-75% of the dissolved phosphorus 
loads in the basins studied, while streets, driveways, parking lots, and roofs contributed 15-21%, 
6-8%, 0-1%, and 1-4%, respectively. Moreover, they found that about 50% of the particulate 
phosphorus in "street dirt" samples was in the relatively coarse (>250 urn) size fraction. 

It is also possible that groundwater phosphorus concentrations are controlled primarily by 
geochemical conditions, such as adsorption on ferric hydroxides and mineral dissolution. 
Geochemical conditions are discussed in Section 7.4 below. 

If stormwater was a significant source, phosphorus concentrations might be expected to increase 
during the wet season when stormwater infiltration is occurring. This trend was not observed in 
the present study, however. Samples collected from Ponce de Leon Creek during the wet season 
(Round 3) had slightly lower SRP concentrations than the dry season (Rounds I and 2) samples 
(Figure 6-1 ). 

The results of the present study are consistent with those of a phosphorus source study in the 
American Lake basin (Woodward-Clyde 1998). American Lake is about two miles south of 
Lake Steilacoom. Most of the American Lake basin is covered by permeable outwash soils 
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similar to those of the Lake Steilacoom basin. The Tillicum area on the eastern shore of 
American Lake is densely developed with numerous dry wells and septic systems, while the area 
upgradient of Tillicum (Fort Lewis) is served by storm and sanitary sewers. Groundwater 
phosphorus concentrations were similar in monitoring wells upgradient and downgradient of 
Tillicum. Stormwater samples collected during the American Lake study contained 0.01 to 
80 f.tg/L total phosphorus. The report concluded that dry wells were not a key phosphorus source 
in the American Lake basin (Woodward-Clyde 1998). 

As noted above, it is possible that geochemical conditions are masking the effects of dry wells. 
Consequently, urban stormwater infiltration cannot be ruled out as a source for the phosphorus 
observed in the groundwater entering the city. 

A wetland known as Atwood Marsh was formerly present in the current location of the 
Lakewood Towne Center,just east of Ponce de Leon Creek (Figure 1-1). In the 1950s, the 
wetland was covered with fill and a shopping center was built over it. As noted above, natural 
wetlands often function as pollutant traps or sinks, and constructed wetlands are commonly used 
for stormwater quality treatment. 

A recent report hypothesized that Atwood Marsh functioned to reduce phosphorus loadings 
entering Lake Steilacoom. The report suggested that covering of the marsh (by the Villa Plaza 
Shopping Center, now the Lakewood Towne Center) eliminated this water quality treatment 
function and allowed more phosphorus to reach Ponce de Leon Creek and Lake Steilacoom 
(Templeton 2003). 

The results of this study and other available data do not support this hypothesis. Wetlands
even constructed wetlands designed specifically for water quality treatment-appear to have a 
finite capacity to remove dissolved phosphorus (Caraco 2001). According to the National BMP 
Database, the "irreducible" soluble phosphorus concentration for discharges from water quality 
wetlands ranges from 60 to 120 f.tg/L (Winer 2000). The "irreducible" concentration is the 
minimum achievable effluent concentration for a properly designed and constructed water 
quality wetland. The soluble phosphorus concentrations measured in the groundwater upgradient 
of the Atwood Marsh ranged from 42 to 45 f.tg/L- well below the "irreducible" phosphorus 
concentrations cited above. Thus, it is unlikely that Atwood Marsh would have reduced soluble 
phosphorus concentrations in the groundwater flowing into it. 

The Templeton report also suggested that the mall drainage system "eliminated biofiltration" and 
increased phosphorus delivery to the creek and the lake. However, the mall dewatering system is 
generally above the water table during the dry season, so it has no effect on groundwater flow 
during those months. During the summer and fall dry season, nearly all of the flow in Ponce de 
Leon Creek is from a series of natural springs located about 150 feet west of the Lakewood 
Towne Center. Moreover, soluble phosphorus concentrations in Ponce de Leon Creek decreased 
during the wet season. If the mall dewatering system was delivering high phosphorus loadings to 
the creek, wet season concentrations would increase, not decrease. 

Algal blooms in the lake began in the early 1950s (perhaps earlier), before the Atwood Marsh 
was covered or the mall dewatering system was installed. 
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7.3.2 On-Site Wastewater Treatment Systems 

Effluent from on-site wastewater treatment (septic) systems typically contains high phosphorus 
concentrations. A study conducted during 1991-1994 by TPCHD reported an average 
phosphorus concentration of 70 JLgfL in "typical" septic tank effluent, and an average 
concentration of 30 JLgfL at a depth of about three feet below the drainfields. The septic systems 
included in the TPCHD study were located in permeable soils similar to those found in the 
Clover Creek-Lake Steilacoom basin. It should be noted that typical phosphorus concentrations 
could have declined since the TPCHD study, because phosphorus was effectively eliminated 
from laundry detergents in 1994. 

Phosphorus from septic. systems is generally strongly retained in soils. Jones and Lee (1977) and 
Alhazar, Harkin, and Chesters (1989) reported that phosphorus concentrations are typically 
reduced by about 99% within 30 feet of a single, isolated septic system. Harmon et al. (1996) 
found greater than 98% removal of phosphorus within 300 feet downgradient of a 44-year 
commercial (elementary school) septic system in a shallow, very permeable sand aquifer. 
Stollenwerk (1996) reported that phosphate from an historic sewage plume was attenuated by 
aquifer sediment (after) 800 m. 

The surficial soils covering much of the Clover Creek/Lake Steilacoom basin are permeable and 
have relatively low organic matter and clay contents. Consequently, they could have less 
phosphorus removal capacity than other soils and more potential for phosphorus transport. 

The area surrounding Lake Steilacoom has been served by sanitary sewers since the early 1980s 
(KCM 1996). There are few active on-site septic systems within the City of Lakewood on or 
near the groundwater flow path to Lake Steilacoom. As noted in Section 7 .2, phosphorus 
concentrations in the upgradient wells (i.e., near the city limits) were high. There are 
approximately 13,000 septic systems located in the eastern portion of the Clover Creek surface 
water basin, about 4 to 12 miles east of the Lakewood city limits (Pierce County 1997). These 
active septic systems could potentially contribute phosphorus to the underlying aquifers, and 
some of the groundwater from these areas could eventually flow into Ponce de Leon Creek. In 
addition, residual phosphorus from historic septic systems in the Lakewood portion of the study 
area could still be influencing groundwater quality. 

Geochemical modeling was performed to assess whether historic septic systems formerly present 
in Lakewood or active systems in the eastern portion of the Clover Creek/ Lake Steilacoom basin 
could be sources of phosphorus to the groundwater entering the lake. Section 7.4 describes the 
modeling approach and results. 

In December 2003, TPCHD initiated a groundwater monitoring study that encompasses the area 
east and southeast of the City of Lakewood. Groundwater samples will be analyzed for 
phosphorus as well as major anions and cations (Ray Hanowell, personal communication). The 
results may help determine whether septic systems east of Lakewood are a significant contributor 
to the groundwater entering Lake Steilacoom. 
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7 .3.3 Organic Deposits 

The Phase I Lake Restoration Study for Lake Steilacoom (KCM 1996) suggested that the 
primary source of the phosphorus in Ponce de Leon Creek may be the organic deposits buried 
beneath the Lakewood Mall. Peat and muck (a combination of decomposed peat, organic matter, 
and silt) are known to be present at various depths and locations in the Clover Creek/Lake 
Steilacoom basin. 

Peat deposits in western Washington contain total phosphorus concentrations ranging from 500 
to 15,200 mglkg (Rigg 1958). Studies conducted in northern Europe found that the discharge 
from peat dewatering can contain high phosphorus levels. 

In January 2002, soil borings were drilled and soil and groundwater samples were collected from 
various locations within the Lakewood Towne Center. The samples were collected to evaluate 
the potential for the former Atwood Marsh and underlying peat deposit to contribute phosphorus 
to the groundwater entering Ponce de Leon Creek and Lake Steilacoom. The samples were 
collected during a brief period when many of the old mall buildings had been removed prior to 
construction of the Towne Center. 

Peat samples were collected from laterally and vertically representative areas of the deposit and 
analyzed for total phosphorus. The peat samples collected from the interior of the deposit were 
dry, indicated that the peat deposit has very low permeability. Oxidizing conditions were 
observed at the outer surface of the peat while reducing conditions were observed on the interior 
to the core of the peat. The low permeability suggests that groundwater flows preferentially 
around the deposit, through the more permeable soils. 

Groundwater samples were collected from saturated areas adjacent to the peat. The samples 
were analyzed for soluble phosphorus. Analyses of peat samples indicated a mean total 
phosphorus concentration of 340 mglkg, which is lower than many of the peat deposits in 
Western Washington (Rigg 1958) and similar to or lower than concentrations measured in the 
surrounding soil as part of this investigation. Samples from groundwater from locations in direct 
contact with the peat deposit contained a mean TDP concentration of 17 /lg/L. approximately 
half of which was represented by SRP (mean of 7 l!g/L). Conversely, groundwater samples 
collected from the periphery of the peat deposit contained TDP as high as 241!g/L with SRP 
concentrations essentially equal to the TDP. 

Overall, the groundwater samples in contact with and around the peat deposit contained less 
phosphorus than the samples from Ponce de Leon Creek, which suggests that the peat deposit is 
not a significant source of phosphorus to the groundwater. This is not surprising, since primary 
groundwater appears to flow around rather than through the peat due to its relatively low 
permeability. 

Deposits of muck and other organic materials are known to be present at various locations and 
depths in the study area. A recent phosphorus source study conducted for the neighboring 
American Lake watershed (characterized by similar geology and soils) found that elevated 
groundwater phosphorus concentrations had little apparent relationship to land use (Woodward
Clyde 1998). The study concluded that muck soils and other phosphorus-rich material in the 
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basin were the primary source of phosphorus in groundwater. However, the current study did 
not "bracket" any known organic deposits aside from the Atwood Marsh deposit noted above. 

In summary, the groundwater monitoring results suggest that the organic deposits around 
Atwood Marsh are not a source of phosphorus to the groundwater entering Lake Steilacoom. 
However, geochemical modeling indicates that phosphorus-bearing minerals could be an 
important phosphorus source, as discussed in Section 7.4 below. 

7.4 GEOCHEMICAL MODELING OF GROUNDWATER PHOSPHORUS SOURCES 

Geochemical modeling was performed to evaluate whether the phosphorus concentrations 
observed in the study area groundwater could be attributed to septic system drainfields or to 
natural processes such as the dissolution of phosphate-bearing minerals below the water table. 
The results of the modeling are discussed below. 

7.4.1 Model Setup 

The USGS-supported software PHREEQC (Parkhurst and Appelo 1999) was used to model a 
3-km flow path within the City of Lakewood. This flow path was selected to approximate the 
distance between the Springbrook area (where phosphorus concentrations as high as 400 p.g!L 
have been reported) and Lake Steilacoom. Because PHREEQC can only simulate 1-D transport, 
transverse dispersion is not included in model predictions. Assuming that the correct chemical 
and hydrologic properties of the saturated zone are used, this implies that predicted 
concentrations are upper estimates of actual, in situ values downgradient of a single, isolated 
septic system drainfield. 

Two numerical column experiments were set up as shown on Figure 7-5. The columns were 
discretized into thirty 100-meter grid cells and the initial chemical and hydrologic properties 
shown in Table 7-1 were applied. The initial chemical concentrations in the groundwater 
corresponded to average values reported in URS and Brown and Caldwell (2004). The exception 
was dissolved phosphorus, which was initially set to 1p.g/L (a value lower than measurements), 
so that the effects of different phosphorus sources could be examined. Also, the minerals 
ferrihydrite, gibbsite, and amorphous silica were used to buffer groundwater concentrations of 
iron, aluminum, and silicon, respectively. 

At the beginning of each experiment, groundwater was added to the top of each column to 
maintain a constant flow rate of 25 ftlday for 75 years (flow rate from URS and Brown and 
Caldwell 2004). The following scenarios were examined: 

1) In the first column (Scenario 1 ), a single, isolated septic source was assumed to be 
active for the period 1930-1980. This scenario was designed to simulate phosphorus 
plumes from decommissioned septic systems in the City of Lakewood 
(decommissioning occurred around 1980 [KCM 1996)). Phosphorus was added at the 
top of the column at a concentration of 5,000 p.g!L for the first 50 years of the 
simulation. This concentration approximates the upper limit of groundwater 
concentrations measured below active sewage drainfields (Robertson and Harman 
1999). For the remaining 25 years (1980-2004), a background concentration of 
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1 llg/L was used for the influent. Precipitation and dissolution of secondary phosphate 
minerals (in this case, strengite) were also allowed to occur near the discharge source 
(the presence of secondary minerals has been documented by Zanini et al. 1998). 
Precipitation and dissolution were modeled as kinetic (time-dependent) processes 
using the reaction rates reported by Parkhurst et al. (2003). 

2) In the second column (Scenario 2), background groundwater dissolved phosphorus 
concentrations were applied for the entire 75-year simulation period (1930-2004). 
This scenario was designed to simulate dissolved groundwater phosphorus 
concentrations in the presence of natural sources. In order to achieve this objective, 
hydroxyapatite was assumed to be present in the saturated soil. The model then 
allowed the mineral to dissolve or precipitate over time using the reaction rates 
reported in Palandri and Kharaki (2004). Although a calcium-bearing phosphate 
minerals were identified in sample PD-4 at a concentration of 10 mg/kg, the HCI 
sequential extraction can underestimate actual concentrations (Ruban et al. 1999). 
Consequently, an additional column experiment was run using 50 mglkg phosphorus 
as hydroxyapatite. 

The HFO concentration used in this study was 0.2%, a value derived from the numerical 
modeling of a sewage plume in other glacial deposits (Parkhurst et al. 2003). This concentration 
is similar to the measured concentration of HFO (0.4% by weight) for sample PD-4 (URS and 
Brown and Caldwell2004). Also, all of the column experiments were assumed to contain 
dissolved oxygen at a concentration of 4 mg/L. The relatively oxidizing conditions are consistent 
with field data from the study area and groundwater analyzed from the vicinity of other septic 
systems (Robertson et al. 1998). Oxidizing conditions can occur where organic carbon and 
reduced species are attenuated in the vadose zone (Robertson and Harman 1999). Finally, the 
effect of using a groundwater velocity of 5 ftfday was examined (results not shown). It was 
found that lower velocities caused the predicted distance traveled by the phosphorus plumes for 
Scenario 1 to be less. For Scenario 2, the distance to reach a steady-state concentration was 
similarly reduced. 

7.4.2 Results of Column Experiments 

Scenario 1: Septic System Loads (1930-1980) and Background (1980-2004) 

Figure 7-6 shows current (2004) predicted dissolved groundwater phosphorus concentrations 
downgradient of a single, isolated septic system drainfield after 50 years of operation and 25 
years of recovery. Dissolved phosphorus concentrations between 100 and 500 meters are 
approximately 100 11g/L, and are controlled by the relative rates of strengite dissolution and 
groundwater flow. At greater distances, concentrations are Jess, and are controlled by 
equilibrium partitioning of phosphorus between HFO and groundwater (the reason that strengite 
is not controlling concentrations at these distances is that dissolved phosphorus concentrations 
were never high enough to precipitate the mineral during active septic system use). 

As shown on Figure 7-6, the maximum downgradient extent of the phosphorus plume is 
approximately 1 km. This result is consistent with Stollenwerk (1996), which states, "Phosphate 
in the sewage plume is attenuated by aquifer sediment (after) 800 m." Although this result 
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implies that historical releases could affect current dissolved phosphorus concentrations even 
after 25 years, a single, isolated septic system located more than 1 km upgradient of Lake 
Steilacoom would likely be only an insignificant contributor to the current phosphorus mass 
loading of the lake. 

Considering that the total number of former septic systems in the City of Lakewood may have 
been as high as 2,000, it is possible that phosphorus plumes from multiple septic systems 
interacted along the same groundwater flow path. In this case, the effect on dissolved 
phosphorus concentrations in the aquifer would be additive. For example, if another system was 
located 500 meters downgradient of the modeled drainfield shown on Figure 7-6, then the 
distance that strengite was precipitated during active septic system use would extend to 1,000 
meters. This implies that after the septic system use was discontinued for 25 years, there would 
be a relatively uniform dissolved phosphorus plume with a concentration of 100 p.gfL for this 
distance. 

The primary uncertainty in this geochemical model analysis is the magnitude of the relatively 
uniform dissolved phosphorus concentration in the presence of strengite. Factors such as mineral 
dissolution rates and groundwater flow rates could cause dissolved phosphorus concentrations to 
lie either in the range of monitoring wells CW or monitoring wells MW, SW, and AEF. For 
example, if dissolution was a faster process, or groundwater flow rates were slower, then 
dissolved phosphorus concentrations would be less. Without mineralogical data confirming the 
presence of secondary phosphorus minerals, it is possible that septic systems could be 
responsible for observed concentrations using geochemical models 

Scenario 2: Aquifer Soil Mineral Dissolution (1930-2004) 

Figure 7-7 shows current (2004) predicted dissolved groundwater phosphorus concentrations 
within the modeled column of soil where the influent phosphorus concentration is 1 p.gfL and 
hydroxyapatite dissolution is allowed to occur within the aquifer. As shown on Figure 7-7, there 
is an initial increase in dissolved phosphorus concentration as the inflowing groundwater 
accumulates dissolving hydroxyapatite, but a uniform, steady-state phosphorus concentration of 
approximately 36 p.gfL is eventually reached. The relative magnitude and consistency of the 
phosphorus concentrations for the case where there is 10 mglkg phosphorus as hydroxyapatite is 
consistent with monitoring data from the MW, SW, and AEF wells. The relative magnitude and 
consistency of the phosphorus concentrations for the case where there is 50 mglkg of phosphorus 
as hydroxyapatite is consistent with monitoring data from the CW wells. 

7 .4.3 Conclusions of Geochemical Modeling 

The additional geochemical modeling presented in Figure 7-6 suggests that historical septic 
systems could have contributed to the current dissolved phosphorus groundwater concentrations. 
The modeling also shows that dissolution of phosphorus-bearing minerals in the aquifer could 
account for the observed magnitude and consistency of phosphorus concentrations in the 
monitoring well samples. 
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Figure 7-1 
Current Land Use in the Study Area 

90TH 

@ 83RD-
(") 0 

'? I ~ M 
-8-HH <"> 

I-

85TH~ 
o IE 
~ 86TH ~ 
"" 87TH 

0 

Current Use Code 

- AG 

- CB - COM 

- FISH 

- GOLF 

- IND 

rz::2l MCCHORD AFB 

- MFR 

OPEN 

- PARK 

- OUAR 

-Streets 

Watercourses 

N 

W+ E 
s 

1,000 

- - r 

2,000 
Feet 

f-
0 

I 

r ~om I 
(/) 
<( 

-~2NDj 
-93RD ;2 

--~ 
...J 

i75 __ , 
<( 

96TH i: 
f.-

97TH ~ 

98TH 

-SEW 

SFR 

- TRANS 

- UNK 

- UTIL 

VAC 

WATER 

- WELL 

f-::: .1 WET 

- WTP 
--Watercourses 

Ccity Limits 

~4TH 

95TH 

HR0\\'1 \~ll 

CALDWELL 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DALTON 

5-TH-~ 
;:;;: ----, 

~-MT TACOMA 

.__ 

American Lake 

Gravelly Lake 

:r 
1- l 

\ 
I 

a 
0 
G> 

~ ,., 
:li 
I 

\ 

TEILACOOM 

- FRONT 

--PERIMETER 

1-w 

" <I 

"' 2 

Legend 

0 

• DryWells 

- Street Cente~ines 

Waterbodies 
N 

+ 
1,000 

- Infiltration T rench 

~atercourses 

~itylimits 

2000 
Feet 

R R 0 V. \ "' ' ll 

CALD \\ E L L 



-------------------
Figure 7-3. Soluble Reactive Phosphorus Concentration vs. Number of Nearby Dry Wells 
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Figure 7-4. SRP Concentration vs. Dominant Land Use Near Monitoring Well 
( 90 deg., 800-foot triangle upgradient from well) 
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Conceptualized Dissolved Phosphorus Concentration (Scenario 1) 
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Table 7-1 
PHREEQC Initial Groundwater Composition 

Parameter Value Units 

Temperature 14 deg.C 
pH 6 to 6.5 
Eh 915 mV 

AI 1 mg/L 

c 7 mg/L 
Ca 11 mg/L 
Cl 6 mg/L 

DOC 3 mg/L 
K 1 mg/L 

Mg 5 mg/L 
N 1 mg/L 
Na 1 mg/L 
s 2 mg/L 

Si 18 mg/L 

Fe 20 ug/L 
Mn 5 ug/L 
p 1 ug/L 

Se 30 ug/L 

Notes: 
Eh - oxidation/reduction potential 
(am) -amorphous form 

Comments 

AI(OHb(am) buffered 

Charge-balanced 

As nitrate 

As su~ate 
Si02(am) buffered 

Ferrihydrite buffered 
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8.0 CONCLUSIONS 

This study was conducted to identify the likely sources of phosphorus to the groundwater 
entering Lake Steilacoom. No attempt was made to sample shoreline surface runoff directly into 
the lake. 

8.1 KEY FINDINGS 

The general direction of groundwater flow is from the east/southeast toward the west/northwest. 
There is little, if any, direct groundwater inflow to the lake is restricted geologically; however, 
upgradient groundwater is intercepted by upper Ponce de Leon Creek and is conveyed to the lake 
as surface flow. 

No potential point sources of phosphorus were identified along the groundwater flow path in the 
study area. Therefore, the phosphorus in the groundwater entering Lake Steilacoom is from non
point sources. 

Based on review of the monitoring, hydrogeology, and land use data, several potential non-point 
sources-urban stormwater, septic systems, soils, and loss of aquatic ecosystems (Atwood 
Marsh)-were deemed worthy of detailed evaluation. The results are summarized below. 

• Urban runoff into Ponce de Leon and Clover Creek does not appear to be a major 
source of phosphorus to the groundwater entering Lake Steilacoom. This conclusion 
is based on the following observations: 

- Groundwater upgradient of the city and its numerous stormwater dry wells had 
similar or higher SRP than the downgradient groundwater entering the lake. 

There was no apparent relationship between dry wells, land use, and phosphorus 
concentrations in groundwater. 

- Because of the highly permeable soils, most of the runoff entering the dry wells is 
from streets, driveways, parking lots and roofs, rather than lawns or other 
fertilized areas. Runoff from the paved areas is expected to have lower 
phosphorus concentrations than runoff from lawns and other fertilized areas 
(W aschbusch et al. 1997) 

Phosphorus concentrations in the groundwater entering the lake did not appear to 
increase during the wet season when stormwater infiltration was occurring. 

A recent study of the nearby American Lake basin, which has very similar soils to 
Lake Steilacoom, found that groundwater phosphorus concentrations in an area 
served by storm and sanitary sewers and with no known current or historic 
phosphorus sources, were similar to those in monitoring wells located 
downgradient of numerous dry wells. Stormwater samples collected for that 
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study contained 10 to 80 JLg/L total phosphorus. Therefore, the study concluded 
that dry wells were not a key phosphorus source (Woodward-Clyde 1998). 

- However, it is possible that geochemical and soil conditions may have masked the 
effects of storrnwater dry wells; thus, dry wells cannot be ruled out based on the 
existing data. 

• Historic septic systems within the city of Lakewood could be a potential source of 
phosphorus to the groundwater entering the lake. Geochemical modeling 
demonstrates that historical releases from septic systems could affect the current 
dissolved phosphorus concentrations observed in the groundwater, given that there 
may have been as many as 2,000 septic systems in the study area before the sanitary 
sewers were completed in the early 1980. It is also possible that the septic systems 
located in the eastern portion of the basin (south and east of the city) historically 
contributed phosphorus to the groundwater which is now entering the lake. 

• Loss of the Atwood Marsh does not appear to have contributed to the elevated 
phosphorus concentrations in the downgradient groundwater. Wetlands have limited 
capacity to remove dissolved phosphorus. The SRP concentrations observed 
upgradient of the former marsh were less than the minimum achievable effluent 
concentrations ("irreducible concentrations") for wetlands designed specifically for 
water quality treatment. It should also be noted that the algal blooms in the lake 
reportedly began before the marsh was covered. Thus, it is unlikely that the Atwood 
Marsh would have reduced dissolved phosphorus concentrations in the groundwater 
entering Lake Steilacoom. 

• Organic soils do not appear to be significant sources of phosphorus to the 
groundwater entering Lake Steilacoom. This conclusion is based on the following 
observations: 

Soil samples around Lakewood Towne Center near the underlying peat deposit 
indicated that preferential groundwater flowed around the peat. Groundwater 
samples collected from these borings contained concentrations of phosphorus that 
were less than those observed in Ponce de Leon Creek. 

Peat samples collected from the soil borings contained a mean phosphorus 
concentration of 340 mglkg, which is lower than many of the peat deposits in 
Western Washington and similar to or lower than concentrations measured in the 
surrounding soil as part of this investigation. 

• Mineral Dissolution is a potential source of phosphorus to the groundwater entering 
Lake Steilacoom. This conclusion is based on the following observations: 

- Phosphorus at appreciable concentrations in the subsurface soil samples collected 
during this study. 
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- Geochemical modeling indicated that the phosphorus minerals in the basin rocks 
and soils are unstable and dissolution could account for the phosphorus 
concentrations observed in the groundwater samples. 

- Geochemical modeling indicated that adsorption on iron hydroxides appears to be 
the primary mechanism controlling phosphorus transport in the groundwater. 

In summary, the results of this study suggest that either historic septic systems and/or naturally 
occurring minerals could account for phosphorus concentrations observed in the groundwater 
entering Lake Steilacoom. One source is historical and the other widely distributed. Neither 
source is amenable to source control. 

8.2 STUDY LIMITATIONS 

This study was limited in several respects. Sampling or characterization of the runoff from 
Steilacoom Lake shoreline land use was not included. Second, the project budget did not allow 
for groundwater monitoring throughout the entire groundwater basin upgradient of Ponce de 
Leon Creek and Lake Steilacoom. The monitoring effort focused on the lower portion of the 
basin between Lake Steilacoom to the Lakewood city limits. Aside from AEF 222, the study did 
not include any monitoring wells upgradient (east/southeast) of the city. Additional monitoring 
wells east and southeast of the city would provide more information on potential sources, such as 
septic systems, in the eastern portion of the basin. 

Fourth, the project budget provided for four rounds of sampling over a one-year period. Thus, 
the study results cannot be used to assess year-to-year variations or long-term trends. 

Third, the study did not include monitoring of phosphorus concentrations or potentiometric 
surface elevations in wells tapping the deeper aquifers. This would help determine if 
groundwater from the deeper aquifers is a potential source of phosphorus to Aquifer A and thus 
to Ponce de Leon Creek and Lake Steilacoom. Monitoring of the deeper layers might be 
especially useful in the area east and southeast of the city, where the aquitard layer B is missing. 

Fourth, the study did not include extensive sampling and analysis to assess mineralogy. Such 
information could help refine the assessment of potential phosphorus contributions from soil 
minerals and historic septic systems. 

Finally, because the basin is mostly developed, it was not possible to monitor true "background" 
areas (i.e., undeveloped, upgradient areas with hydrogeologic and geochemical conditions 
similar to those found within the City. 
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APPENDIX A 
DESCRIPTION OF FIELD ACTIVITIES 

A.l DIRECT PUSH DRILLING 

URS and Cascade used a direct-push drilling rig to collect peat and groundwater samples from in 
and around the Atwood Marsh peat deposit beneath Lakewood Mall. This "early action" 
sampling was done to take advantage of the one-week time period between demolition of 
existing structures and construction of new foundations, when it was possible to sample areas 
that were inaccessible at other times. The specific direct-push method that was used consisted of 
driving a polyethylene-lined, extrusion spoon sampler directly to the desired sample depths 
without rotational drilling. The polyethylene tubes were extruded from the sample spoon and 
set-aside for logging and sample collection. Sample jars for analysis were filled after the boring 
was complete. This method allowed for drilling a large number of borings very quickly without 
getting in the way of construction activities. 

To retrieve an adequate volume of soil for laboratory analysis, Cascade used a l-inch-diameter 
by 2-foot-long extrusion spoon. With full recovery, one spoonful of soil provided ample 
material for analysis of all parameters. While the driller drove the sampling device, the on-site 
geologist recorded the sampler descent rate on the boring log form as a qualitative means of 
comparing the density of the different soil types encountered. Hammer blow counts were not 
used to assign densities based on American Society for Testing and Materials (ASTM) Dl586-67 
for a standard penetration test. When the sample spoon was removed from the boring, the 
geologist described the soil on a log form, photographed the soil, and labeled the tube. After 
finishing all of the borings, the geologist transferred the necessary quantity to laboratory
provided sample jars. Selected samples were submitted to the laboratory for analysis based on 
depth, and the composition of material. URS attempted to analyze all of the different types of 
peat encountered and peat from different depths in the deposit. 

A.2 SOIL SAMPLING 

Soil samples were collected from an air rotary boring by retracting the drilling bit from the drill 
casing and driving a split-spoon sampler through the casing and to the desired depth. In these 
borings, unlike in the direct-push borings, the split spoon was attached to drilling rod and driven 
with a 140-pound downhole hammer with a 36-inch drop (or equivalent). The sampling tools 
met specifications for geotechnical sampling according to ASTM standards. While the sampler 
was driven, the on-site geologist recorded blow counts on the well drilling log. 

The onsite geologist logged each split spoon of sample material. The log for each sample 
included depth, estimated density based on blow-counts, color, soil type, and moisture content. 
In addition, any unusual features such as odor or unusual solid constituents were noted on the 
soil boring log form. 

After logging the sample, soil for laboratory analysis was transferred directly to clean, 
laboratory-provided, glass jars. Large pieces of gravel and non-native debris were removed from 
the sample material and noted on the boring log. 
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A.3 SURFACE WATER SAMPLING 

URS collected the surface water samples beginning at the downstream location in each creek and 
walking (or driving) to upstream stations for subsequent samples. This was done to prevent 
contamination of downstream samples by any sediment disturbed by the sampling crew. Water 
was withdrawn from the stream using a battery-operated peristaltic pump fitted with 
polyethylene tubing. The pump intake was suspended in the thalweg of the stream, 1 to 2 inches 
below the stream surface and/or well above the bottom substrate. Water was pumped directly 
from the stream to the sample bottles, except in the case of sample water for total dissolved 
phosphorus (TDP) and soluble reactive phosphorus (SRP), which was filtered through an in-line 
0.45-micron nitrocellulose filter. 

Water quality parameters were measured immediately after filling the bottles at each location. 
The water quality parameters were measured by placing the sonde of a YSI 600~ water 
quality meter directly into the stream (SW-1 through SW-3 and SW-5) or pumping the water 
through a flow through cell (SW-4). The parameters measured included temperature, pH, 
oxidation/reduction potential (ORP), specific conductance, dissolved oxygen, and turbidity. 

Stream discharge was measured after sampling by first measuring the cross section of the creek 
at each sample station and then measuring the flow rate throughout the cross section using a 
Model FP101- FP201 Global Flow Probe. The cross section in square feet times the average 
velocity in feet per second (measured at several points in the channel) resulted in a cubic feet per 
second flow measurement. At location SW -5, the stream discharge was extremely difficult to 
measure because the stream channel is full of boulders and debris, and blackberry bushes 
overhang the channel's banks. After reviewing the data, URS' flow measurement at SW-5 may 
be inaccurate and was, therefore, substituted with United States Geotechnical Survey (USGS) 
flow data from the nearby gauging station, if the USGS data were available for the sampling 
period. 

A.4 GROUNDWATER SAMPLING 

A.4.1 Measuring Static Water Levels 

URS field personnel measured static water levels in the monitoring wells using an electronic 
water level indicator. The measurements for all wells were collected in an approximately 1-
hour-long period prior to beginning sampling to obtain a "snapshot" of the whole study area. 
The well cap was removed, and approximately 5 minutes were allowed to elapse to allow time 
for the water level to stabilize. Measurements of the depth to groundwater were accurate to the 
nearest hundredth of a foot (0.01 foot). The groundwater depth, time, and ambient weather 
conditions were recorded on the same form used for water sampling. 

A.4.2 Physical Water Quality Parameters 

Water quality parameters, including pH, temperature, specific conductance, ORP, turbidity, and 
dissolved oxygen were measured during purging and sampling using a YSI 600~ Water 
Quality Monitoring System. The YSI meter is factory calibrated, but URS checked the 
calibration two times per sampling day using a standardized formazin solution. The meter probe 

W:\34600\0408.008\Lake Steilacoom . Final.doc A-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

assembly was fitted to an in-line flow-through cell attached to the pump discharge hose to 
minimize atmospheric influence on the measurements. 

A.4.3 Purging and Sampling 

Each well was purged and sampled using a peristaltic pump fitted with polyethylene tubing. The 
mall dewatering system clean out (DW -3) was not purged because it consists of 48-inch diameter 
pipe designed to direct groundwater toward Ponce de Leon Creek. The purpose of purging is to 
remove stagnant and/or stratified water and ensure that fresh formation water, representative of 
the surrounding groundwater, is sampled. Purging details, including time, purge volume, and 
water quality parameters, were recorded on a well sampling form. All equipment used for 
purging and sampling was decontaminated prior to use at each location. 

A low-flow purging technique was employed. This included placing the pump intake at the 
approximate center of the well screen and withdrawing groundwater at a rate of approximately 
200 to 300 milliliters per minute for approximately 20 minutes or until measured parameters of 
the discharge water stabilized. Groundwater quality parameters were measured continuously and 
recorded every 5 minutes during purging to ensure stabilization. Generally three or more 
consecutive measurements of pH within 0.2 pH units, conductivity within 10 percent, and 
temperature within 1 degree Celsius ("C) indicate adequate stability. A final set of water quality 
parameters was recorded after purging and just prior to sampling. 

A.4.4 Groundwater Sampling 

Immediately after purging, field personnel collected a sample directly from the pump discharge 
using the following procedures: 

• One sample bottle was filled at a time, taking care not to agitate or overfill the bottle. 

• Samples selected for analysis of TDP, SRP, and dissolved metals were filtered using 
an in-line, high-volume, 0.45-micron nitrocellulose filter. Each disposable filter was 
purged with the sample water for approximately 1 minute prior to filling the bottles. 
The purpose for filtering is to obtain representative measurements of the analytes that 
would be mobilized in the aquifer. Without filtering, fines from the aquifer matrix 
would bias the sample result to indicate higher levels of dissolved and soluble 
reactive phosphorus. 

• Filled bottles were labeled and immediately placed into a cooler with sufficient ice to 
maintain the temperature at or below 4 °C. URS hand-delivered all samples to 
Aquatic Research, Inc. in Seattle, Washington, within the required holding times for 
analysis. 
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To: 

From: 

RE: 

File Info: 

Crystal Neirby, Staff Scientist Date: 

Sununary Data Quality Review 
Steilacoom Lake- Springbrook Groundwater Samples 
June 2001: Case File Number FWCOOl-03 
33750346 

Final 

July 26, 2004 

Memo 

Century Square 
15014"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a sununary data quality review of six groundwater samples collected on June 19, 2001. The samples 
were submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) accredited 
laboratory, located in Seattle, Washington, for the following analyses: 

• Soluble reactive phosphorus (SRP) by Standard Methods SMJ8 4500-PF 

A chain-of-custody was not submitted with the laboratory report; therefore, it is not known whether the samples were 
filtered by the laboratory or in the field. It is unclear whether the samples were received at the appropriate 
temperature. In addition, the date sampled is based on the date presented in the laboratory report and cannot be 
verified against the chain-of-custody. The samples were analyzed in general accordance with method SM18 4500-
PF as referenced in Standard Methods for the Examination of Water and Wastewater, 18" Edition, 1992. 

The following samples are associated with AR case file number FWCOOl-03: 

Sample ID 
CW-62 
CW-54 
CW-61 
CW-53 
CW-37 
CW-39 

Requested Analyses 
SRP 
SRP 
SRP 
SRP 
SRP 
SRP 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes IJRS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 
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Summary Data Quality Review 
Lake Steilacoom- Springbrook Groundwater Samples 
June2001 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. Holding Times- Acceptable 

2. Blanks- Acceptable 

3. Laboratory Control Sample- Acceptable 

4. Laboratory Duplicates- Acceptable 

5. Matrix Spike (MS)- Acceptable 

6. Field Duplicates - Acceptable 

7. A field duplicate was not submitted with the samples. 

8. Reporting Limits- Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1). 

Overall Assessment of Data 

The completeness of AR case file number FWCOOl-03 is 100% for analytical results; however, documentation is 
incomplete due to the loss of the chain-of-custody. The usefulness of this data is based on USEPA guidance 
documents and the QAPP referenced in the introduction to this report. Upon consideration of the information 
presented above, the data are acceptable except where flagged with data qualifiers that modify the usefulness of the 
individual values. A summary of the data qualifiers applied to the results for all samples associated with this review 
is included below. 

Data Qualifier Definitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately aod precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample ID Qualified Analyte Qualified Result 

CW-62 None 
CW-54 None 
CW-61 None 
CW-53 None 
CW-37 None 
CW-39 None 
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To: Galen Davis, Project Manager Info: Final 

Memo 

Century Square 
1501 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

From: Crystal Neirby, Staff Scientist Date: 
September 30, 2002 
Revised July 26, 2004 

RE: 

Summary Data Quality Review 
Steilacoom Lake- Lakewood Mall Groundwater Samples 
January 2002: Case File Number URS002-01 
33750346 

This memo is a summary data quality review of six groundwater samples collected on January 14 and 15, 2002. The 
samples were submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) 
accredited laboratory, located in Seattle, Washington. Groundwater samples were analyzed for one or more of the 
following analyses: 

• Dissolved metals (aluminum, iron, potassium, magnesium, manganese, sodium, and calcium) by EPA 
SW846 Method 200.7 

• Conventionals (Chloride by EPA Method 325.3, Ruoride by EPA Method 340.2, Bromide by Standard 
Method SM18 4500-PF, Nitrate by EPA Method 353.2, Nitrite by EPA Method 354.1, Sulfate by EPA 
Method 375.4, Alkalinity by EPA Method 310.1) 

• Total organic carbon (TOC) and dissolved organic carbon (DOC) by EPA Method 415.2 
• Total dissolved phosphorus (TOP), and soluble reactive phosphorus (SRP) by EPA Method 365.1 

All samples submitted for dissolved metals, TOP, and SRP analyses were filtered in the field. The analyses were 
performed in general accordance with methods specified in EPA's Test Methods for Evaluating Solid Waste (SW-
846), January 1995 and associated revisions, Methods for Chemical Analysis of Water and Wastes, March 1983, and 
Standard Methods for the Examination of Water and Wastewater, 18'• Edition, 1992. 

The following samples are associated with AR case file number URS002-01: 

Sample ID 
PD2-G 
PD5-G 
PD4-G 
PD8-G 
PD9-G 

PDl9-G 

Matrix 
water 
water 
water 
water 
water 

water 

Requested Analyses 
TDP, SRP, conventionals, dissolved metals 
TDP, SRP, TOC, DOC, dissolved meta1s, conventionals 
TDP, SRP, TOC, DOC, dissolved metals 
TDP, SRP, TOC, DOC 
TDP, SRP, TOC, DOC 
TDP,SRP 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. Discrepancies were recorded 
by AR on COCs and addressed with URS personnel prior to sample analyses. The cooler temperatures were not 
recorded as part of the check-in procedure; therefore it is not known whether the coolers were received within the 
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Summary Data Quality Review 
Lake Steilacoom- Lakewood Mall Groundwater Samples 
January 2002 

acceptable temperature range of 4C +1- 2C. Samples were delivered to the laboratory the same day collected. No 
data were qualified. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Plwsplwrus Sources in the Groundwater Entering Ponce de Leon Creek and Lnke Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. The data review conducted on these data included a review 
of summarized results and QNQC data per the requirements set forth in the QAPP. Hold times, method blanks, 
laboratory control sample results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) 
results, and reporting limits were reviewed to assess compliance with applicable methods and the QAPP. If data 
qualification was required, data were qualified based on the definitions and use of qualifying flags outlined in the 
EPA document USEPA Contract Laboratory Program (CLP) National Functional Guidelines for Inorganic Data 
Review, July 2002. 

Inorganic Analyses 

Samples were analyzed for the parameters identified in the introduction to this report. 

I. Holding Times- Acceptable 

Nitrate by EPA 353.2- The holding time for analysis of nitrate by EPA Method 353.2 is 48 hours from 
collection to analysis. The samples were analyzed 8 days past the holding time. The nitrate/nitrite results in 
the associated samples were qualified as estimated and flagged with a "J". 

Nitrite by EPA 354.1 -The holding time for analysis of nitrite by EPA Method 354.1 is 48 hours from 
collection to analysis. The samples were analyzed 1 day past the holding time. The nitrite results in the 
associated samples were qualified as estimated and flagged with a "J". 

DOC by EPA 415.1- The holding time for analysis of DOC by EPA Method 415.1 is 48 hours from 
collection to analysis if unpreserved. The samples were analyzed 12 and 13 days past the holding time. 
There is no indication that the samples were preserved in the field upon filtration or upon receipt at the 
laboratory; therefore, DOC results in the associated samples were qualified as estimated and flagged with a 
"T'. 

2. Blanks - Acceptable 

3. 

4. 

5. 

6. 

Laboratory Control Samples - Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) -Acceptable 

Field Duplicates -Acceptable 

One field duplicate was collected during this sampling event. The relative percent differences (RPDs) are 
acceptable as indicated in the following table. 

PRIMARY 
SAMPLEID/ RESULT 

DUPLICATE ID ANALYTE (p.g/L) 

PD9-G/PD 19-G SRP 0.024 
IDP 0.024 
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Summary Data Quality Review 
Lake Steilacoom- Lakewood Mall Groundwater Samples 
January 2002 

7. Reporting Limits- Acceptable with the exceptions listed below 

The reporting limits meet those specified in the QAPP (Table 5-1) with the exception of the water reporting 
limits for dissolved aluminum and bromide. The dissolved aluminum reporting limit specified in the QAPP 
was 0.02 mg/L and the reporting limit obtained was 0.1 mg/L. The bromide reporting limit specified in the ~ 
QAPP was 0.05 mg/L and the reporting limit obtained was 0.1 mg/L. The elevated reporting limits do not_.........----- . 
affect data usability. ~ 

The laboratory performed total phosphorus and TDP/SRP by EPA 365.1, dissolved metals by EPA 200.7, and 
fluoride by EPA 340.2. The QAPP specified EPA 365.2/SMIS 4500 PF, EPA 6010, and EPA 340.1, respectively. 
The change in methods does not affect the validity of the results or their use for project objectives. 

Overall Assessment of Data 

The completeness of AR case file number URS002-01 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Definitions: 

U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

J 

UJ 

R 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quanlttalton limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample ID Qualified Qualified 
Analyte Result 

PD2-G nitrate 1.42 J 
nitrite 0.003 J 

PD5-G nitrate l.5!J 
nitrite O.Oll 1 
DOC 6.751 

PD4-G DOC 5.821 
PD8-G DOC 2.361 
PD9-G DOC 0.4211 

PD!9-G None 
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To: Galen Davis, Project Manager Info: Final 

Memo 

Century Square 
1501 4~ Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

From: Crystal Neirby, Staff Scientist Date: 
September 30, 2002 
Revised July 26, 2004 

RE: 

Summary Data Quality Review 
Steilacoom Lake- Lakewood Mall Peat Samples 
January 2002: Case File Number URS002-0IB 
33750346 

This memo is a summary data quality review of eight soil samples collected on January 14, 2002. The samples were 
submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) accredited 
laboratory, located in Seattle, Washington. Soil samples were analyzed for the following analysis: 

• Total phosphorus by Standard Methods SMI8 4500-PF 

The analyses were performed in general accordance with methods specified in Standard Methods for the 
Examination of Water and Wastewater, Jtfh Edition, 1992 and modified for a solid matrix. 

The following samples are associated with AR case file number URS002-0IB: 

SamgleJD Matrix R~uested Anal~ses 

PD2-18 soil total phosphorus 
PD2-20 soil total phosphorus 
PD2-24 soil total phosphorus 
PD4-14 soil total phosphorus 
PD4-20 soil total phosphorus 
PD3-16 soil total phosphorus 
PD3-20 soil total phosphorus 
PDS-14 soil total phosphorus 

FLD-DUP soil total phosphorus 

Sample PD4-14 was additionally analyzed for loosely bound phosphorus; Fe+ AI bound phosphorus, total Fe+ AI 
bound phosphorus, and Ca bound phosphorus using extraction methods described in Table 5-1 of the QAPP. 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. Discrepancies were recorded 
by AR on COCs and addressed with URS personnel prior to sample analyses. The cooler temperatures were not 
recorded as part of the check-in procedure, therefore it is not known whether the coolers were received within the 
acceptable temperature range of 4C +1- 2C. No data were qualified. 
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Sununary Data Quality Review 
Lake Steilacoom- Lakewood Mall Peat Samples 
January 2002 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan ( QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. The data review conducted on these data included a review 
of summarized results and QNQC data per the requirements set forth in the QAPP. Hold times, method blanks, 
laboratory control sample results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) 
results, and reporting limits were reviewed to assess compliance with applicable methods and the QAPP. If data 
qualification was required, data were qualified based on the definitions and use of qualifying flags outlined in the 
EPA document USEPA Contract Laboratory Program (CLP) National Functional Guidelines for Inorganic Data 
Review, July 2002. 

Inorganic Analyses 

Samples were analyzed for the parameters identified in the introduction to this report. 

I. Holding Times- Acceptable 

2. Blanks - Acceptable 

3. Laboratory Control Samples -Acceptable 

4. Laboratory Duplicates - Acceptable with the exceptions listed below 

The laboratory duplicate relative percent differences (RPDs) were greater than 20% during the analysis of 
Fe+ AI bound phosphorus (NAOH) at 28.29%, total Fe+ AI bound phosphorus at 21.28%, and Ca bound 
phosphorus at 22.95%. The sample results (PD4-14) were qualified as estimated and flagged with a "r'. 

5. 

6. 

Matrix Spike (MS) - Matrix spike samples were not performed 

Field Duplicates - Acceptable 

One field duplicate was collected during this sampling event. The relative percent difference (RPD) is 
greater than the control limit of 20%. The total phosphorus results in the primary and duplicate sample are 
qualified as estimated and flagged with a 'T'. 

PRIMARY DUPLICATE RELATIVE 
SAMPLEID/ RESULT RESULT PERCENT 

DUPLICATE ID ANALYTE (ug!L) (ul!/L) DIFFERENCE 
PD2-18/FLD-DUP total phosphorus 234 343 38 

7. Reporting Limits - Acceptable 

Overall Assessment of Data 

The completeness of AR case file number URS002-01B is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Def"rnitions: 

U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 
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Summary Data Quality Review 
Lake Steilacoom - Lakewood Mall Peat Samples 
January 2002 

J 

UJ 

R 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample Qualified Analyte Qualified 
ID Result 

PD2-18 total phosphorus 2341 
PD2-20 none 
PD2-24 none 
PD4-14 Fe+ AI bound P (NAOH) 121 I 

Tot. Fe+ AI bound P 148 I 
CaboundP 111 

PD4-20 none 
PD3-16 none 
PD3-20 none 
PDS-14 none 

FLD-DUP total phosphorus 343 I 
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To: Galen Davis, Project Manager Info: Final 

Memo 

Century Square 
1501 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

From: Crystal Neirby, Staff Scientist Date: 
September 30, 2002 
Revised July 27, 2004 

RE: 

Summary Data Quality Review 
Steilacoom Lake- Ponce de Leon Creek Surface Water Samples 
February 2002: Case File Number URS002-02 
33750346 

This memo is a summary data quality review of two surface water samples collected on February 19, 2002. The 
samples were submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) 
accredited laboratory, located in Seattle, Washington. Surface water samples were analyzed for following analyses: 

• Total phosphorus, total dissolved phosphorus (TDP), and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

All samples submitted for TDP and SRP were filtered by the laboratory. As these samples were surface water 
samples, it is unlikely that iron or manganese concentrations were high enough to result in binding of phosphorus 
prior to filtration. The results are judged unaffected by the delay in filtration. 

The analyses were performed in general accordance with methods specified in EPA's Methods for Chemical 
Analysis of Water and Wastes, March 1983. The following samples are associated with AR case file number 
URS002-02: 

Sample ID 
SW-1-21902 
SW-3-21902 

Requested Analyses 
total phosphorus, TOP, and SRP 
total phosphorus, TOP, and SRP 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. Discrepancies were recorded 
by AR on COCs and addressed with URS personnel prior to sample analyses. The cooler temperatures were not 
recorded as part of the check-in procedure; therefore it is not known whether the coolers were received within the 
acceptable temperature range of 4C +1- 2"C. Samples were delivered to the laboratory the same day collected. No 
data were qualified. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QA/QC data. The data review conducted on these data included a review 
of summarized results and QA/QC data per the requirements set forth in the QAPP. Hold times, method blanks, 
laboratory control sample results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) 
results, and reporting limits were reviewed to assess compliance with applicable methods and the QAPP. If data 
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Summary Data Quality Review 
Lake Steilacoom - Ponce de Leon Creek Surface Water Samples 
February 2002 

qualification was required, data were qualified based on the definitions and use of qualifying flags outlined in the 
EPA document USEPA Contract Laboratory Program (CLP) National Functional Guidelines for Inorganic Data 
Review, July 2002. 

Inorganic Analyses 

Samples were analyzed for the parameters identified in the introduction to this report. 

I. Holding Times - Acceptable 

2. 

3. 

4. 

5. 

6. 

7. 

Blanks- Acceptable 

Laboratory Control Samples- Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) -Acceptable 

Field Duplicates- A field duplicate was not submitted with these samples 

Reporting Limits -Acceptable 

The QAPP specifies method EPA 365.2 be used for analysis of total phosphorus and TDP, the laboratory analyzed 
these parameters using method EPA 365.1. The QAPP specifies method SM18 4500-PF be used for analysis of 
SRP, the laboratory analyzed this parameter using method EPA 365.1. 

OveraU Assessment of Data 

The completeness of AR case file number URS002-02 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Definitions: 

u 

I 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample ID Qualified Qualified 
Analyte Result 

SW-1-21902 none 
SW-3-21902 none 
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To: 

From: 

RE: 

Galen Davis, Project Manager Info: 

Crystal Neirby, Staff Scientist Date: 

Summary Data Quality Review 
Steilacoom Lake - Monitoring Well Soil Samples 
August 2002: Case File Number URS002-03 
33750346 

Final 

Memo 

Century Square 
1501 4'" Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

September 30, 2002 
Revised July 26, 2004 

This memo is a summary data quality review of eight soil samples collected on August 22 and 23, 2002. The 
samples were submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) 
accredited laboratory, located in Seattle, Washington. Soil samples were analyzed for the following analyses: 

• Total phosphorus by EPA Method 365.1 

The analyses were performed in general accordance with methods specified in EPA's Methods for Chemical 
Analysis of Water and Wastes, March 1983, modified for solid matrices. 

The following samples are associated with AR case file number URS002-03: 

Sample ID 
MS2-5 

MS2-15 
MS5-10 
MS4-5 
MS4-6 
MS6-28 
MSS-10 
MSS-20 

Requested Analyses 
total phosphorus 
total phosphorus 
total phosphorus 
total phosphorus 
total phosphorus 
total phosphorus 
total phosphorus 
total phosphorus 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. Discrepancies were recorded 
by AR on COCs and addressed with URS personnel prior to sample analyses. The cooler temperatures were not 
recorded as part of the check-in procedure, therefore it is not known whether the coolers were received within the 
acceptable temperature range of 4C +1- 2C. No data were qualified. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. The data review conducted on these data included a review 
of summarized results and QNQC data per the requirements set forth in the QAPP. Hold times, method blanks, 
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Summary Data Quality Review 
Lake Steilacoom- Monitoring Well Soil Samples 
August 2002 

laboratory control sample results, laboratory duplicate results, matrix spike/matrix spike duplicate (MSIMSD) 
results, and reporting limits were reviewed to assess compliance with applicable methods and the QAPP. If data 
qualification was required, data were qualified based on the definitions and use of qualifying flags outlined in the 
EPA document US EPA Contract Laboratory Program (CLP) National Functional Guidelines for Inorganic Data 
Review, July 2002. 

Inorganic Analyses 

Samples were analyzed for the parameters identified in the introduction to this report. 

1. Holding Times- Acceptable 

2. Blanks- Acceptable 

3. 

4. 

5. 

6. 

7. 

Laboratory Control Samples- Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) -Acceptable with the exceptions listed below 

Total Phosphorus by EPA 353.2 -The matrix spike percent recovery was flagged "OR" by the laboratory to 
indicate a "recovery not calculable due to spike sample out of range or spike too low relative to sample 
concentration". Steve Lazoff of AR stated that the sample required a dilution; therefore, the matrix spike 
was diluted out and was not calculated. The duplicate and laboratory control samples were within the 
control limits; therefore, no data were qualified. 

Field Duplicates- A field duplicate was not submitted with these sample 

Reporting Limits - Acceptable 

The QAPP specifies method EPA 365.2 be used for analysis of total phosphorus, the laboratory analyzed this 
parameter using method EPA 365 .1. The method variance does not affect data usability. 

Overall Assessment of Data 

The completeness of AR case file number URS002-03 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Definitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 
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Summary Data Quality Review 
Lake Steilacoom- Monitoring Well Soil Samples 
August 2002 

Sample ID 
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To: Galen Davis, Project Manager Info: Final 

Memo 

Century Square 
ISO! 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

From: Crystal Neirby, Staff Scientist Date: September 30, 2002 
Revised July 27, 2004 

RE: 

Summary Data Quality Review 
Steilacoom Lake- Groundwater and Surface Water Samples- Round One 
August and September 2002: Case File Number URS002-04,05 
33750346 

This memo is a summary data quality review of five groundwater samples, seven surface water samples, and one 
surface water field duplicate collected on August 28 through 29 and September 3, 2002. The samples were 
submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) accredited 
laboratory, located in Seattle, Washington, for the following analyses: 

• Dissolved metals (aluminum, iron, potassium, magnesium, manganese, sodium, and calcium) by EPA 
SW846 Method 200.7 

• Conventionals (chloride by EPA Method 325.3, fluoride by EPA Method 340.2, bromide by Standard 
Method SM18 4500-PF, nitrate+ nitrite by EPA Method 353.2, sulfate by EPA Method 375.4, and 
alkalinity by EPA Method 310.1) 

• Total organic carbon (TOC) and dissolved organic carbon (DOC) by EPA Method 415.2 
• Total phosphorus, total dissolved phosphorus (TOP), and soluble reactive phosphorus (SRP) by EPA 

Method 365.1 

AJI samples submitted for TOP, SRP, and DOC analyses were filtered in the field using a 0.045 micron, high
volume, nitrocellulose filter. Bromide was not analyzed due to lack of sample volume. The analyses were 
performed in general accordance with methods specified in EPA's Test Methods for Evaluating Solid Waste (SW-
846), January 1995 and associated revisions, Methods for Chemical Analysis of Water and Wastes, March 1983, and 
Standard Methods for the Examination of Water and Wastewater, I 8" Edition, 1992. 

The following samples are associated with AR case file numbers URS002-04,05: 

Sample ID 
MW2-Gl 
MW4-Gl 
MWS-Gl 
MW6-Gl 
MW8-Gl 
DW3-Gl 
SWI-G! 
SW2-Gl 
SW3-Gl 
SW13-Gl 
SW4-Gl 

Requested Analyses 
dissolved metals, conventionals, TDP/SRP, TOC/DOC 
dissolved metals, conventionals, TDPISRP, TOC/DOC 
dissolved metals, conventionals, IDP/SRP, TOCIDOC 
dissolved metals, conventionals, TDPISRP, TOC/DOC 
dissolved metals, conventionals, TDP/SRP, TOC/DOC 
dissolved metals, conventionals, TDPISRP, TOC/DOC 
TDP/SRP and total phosphorus 
TDP/SRP and total phosphorus 
TDP/SRP and total phosphorus 
TDP/SRP and total phosphorus 
TDP/SRP and total phosphorus 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round I 
August and September 2002 

Sample ID 
SW5-Gl 
WSI-Gl 

Reouested Analyses 
TDP/SRP and total phosphorus 
TDP/SRP and total phosphorus 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. Discrepancies were recorded 
by AR on COCs and addressed with URS prior to analyses. The cooler temperatures were not recorded as part of 
the check-in procedure, therefore it is not known whether the coolers were received within the acceptable 
temperature range of 4 ± 2 °C. Samples were submitted to the laboratory within 24 hours of collection. No data 
were qualified. 

This sururnary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Plwsplwrus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2()()2_ The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes URS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 

Inorganic Analyses 

Samples were analyzed for the parameters identified in the introduction to this report. 

I. 

2. 

3. 

4. 

Holding Times- Acceptable with the exceptions listed below 

Nitrate/Nitrite by EPA 353.2- The holding time for analysis of nitrate/nitrite by EPA Method 353.2 is 48 
hours from collection to analysis. The samples were analyzed 19 days past the holding time. The 
nitrate/nitrite results in the associated samples were qualified as estimated and flagged with a "I". 

Fluoride by EPA 340.2- The holding time for analysis of fluoride by EPA Method 340.2 is 28 days from 
collection to analysis. The samples were analyzed 6 days past the holding time. The fluoride results in the 
associated samples were qualified as estimated and flagged with a "J". 

DOC by EPA415.1- The holding time for analysis of DOC by EPA Method 415.1 is 48 hours from 
collection to analysis ifunpreserved. The samples were analyzed 12 and 13 days past the holding time. 
There is no indication that the samples were preserved in the field upon filtration or upon receipt at the 
laboratory; therefore, DOC results in the associated samples were qualified as estimated and flagged with a 
"T'. 

Blanks- Acceptable 

Laboratory Control Samples (LCS) - Acceptable 

Laboratory Duplicates -Acceptable 

5. Matrix Spike (MS) -Acceptable with the exceptions listed below 

Nitrate/Nitrite by EPA 353.2 -The matrix spike percent recovery was flagged "OR" by the laboratory to 
indicate a "recovery not calculable due to spike sample out of range or spike too low relative to sample 
concentration". It is not possible to tell from the sururnary page if the spike concentration was greater than 
the spike added. The samples analyzed for nitrate/nitrite were previously qualified based on holding times. 
No additional qualifiers were added due to the MS data. 

1:\Pmjccts\WCIA\99\53-07000103 Steilacoom lake\Fmal Repon Folder\Da1a Review Report51cw and sw ~round l.doc 

Page 2of4 
URS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 1 
August and September 2002 

6. 

7. 

Field Duplicates- Acceptable 

One field duplicate was collected during this sampling event. The relative percent differences (RPDs) are 
acceptable as indicated in the following table: 

PRIMARY DUPLICATE RELATIVE 
SAMPLEID/ RESULT RESULT PERCENT 

DUPLICATE ID ANALYTE (Jlg/L) (Jlg/L) DIFFERENCE 
SW3-GI/SWI3-GI Total Phosphorus 0.043 0.042 2 

TOP 0.043 0.043 0 
SRP 0.041 0.041 0 

Reporting Limits -Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1) with the exception of dissolved iron, 
dissolved manganese, and dissolved aluminum. The dissolved iron reporting limit specified in the QAPP 
was 0.08 mg!L and the reporting limit obtained was 0.1 mg/L. The dissolved manganese reporting limit 
specified in the QAPP was 0.0043 mg/L and the reporting limit obtained was 0.005 mg/L. The dissolved 
aluminum reporting limit specified in the QAPP was 0.02 mg!L and the reporting limit obtained was 0.100 
mg!L. The elevated reporting limits do not impact project objectives. 

The laboratory performed total phosphorus and TDP/SRP by EPA 365.1, dissolved metals by EPA 200.7, fluoride 
by EPA 340.2. The QAPP specified EPA 365.2/SMIS 4500 PF, EPA 6010, and EPA 340.1, respectively. The 
change in methods does not affect the validity of the results or their use for project objectives. 

Overall Assessment of Data 

The completeness of AR case file number URS002-04,05 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Definitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 1 
August and September 2002 

SampleiD Qualified Qualified 
Analyte Result 

MW2-GI nitrate/nitrite 1.571 
fluoride O.IOOUJ 

DOC 0.7571 
MW4-GI nitrate/nitrite 0.6571 

fluoride 0.100 U1 
DOC 0.5361 

MW5-GI nitrate/nitrite 1.641 
fluoride O.IOOU1 

DOC 1.691 
MW6-GI nitrate/nitrite 2.981 

fluoride O.IOOU1 
DOC 0.8761 

MW8-GI nitrate/nitrite 1.141 
fluoride 0.1451 

DOC 1.361 
DW3-GI nitrate/nitrite 1.271 

fluoride 0.100 UJ 
DOC 0.6631 

SWI-G! None 
SW2-GI None 
SW3-GI None 

SW13-GI None 
SW4-GI None 
SW5-GI None 
WSI-GI None 
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To: 

From: 

RE: 

File Info: Final 

Crystal Neirby, Staff Scientist Date: July 27, 2004 

Summary Data Quality Review 
Steilacoom Lake- Springbrook Groundwater Samples- Round One 
September 2002: Case File Number URSOOZ-06 
33750346 

Memo 

Century Square 
1501 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a summary data quality review of five groundwater samples and one field duplicate collected on 
September 23 and 24, 2002. The samples were submitted to Aquatic Research Inc. (AR), a Washington State 
Department of Ecology (Ecology) accredited laboratory,located in Seattle, Washington, for the following analyses: 

• Total phosphorus, total dissolved phosphorus (TOP), and soluble reactive phosphorus (SRP) by EPA 
Method 365 .! 

All samples submitted for TOP and SRP analyses were filtered in the field using a 0.045 micron, high-volume, 
nitrocellulose filter. The analyses were performed in general accordance with methods specified in EPA's Methods 
for Chemical Analysis of Water and Wastes, March !983. 

The following samples are associated with AR case file number URS002-06: 

Sample!D 
CW-45-1 
CW-46-1 
CW-59-1 
CW-62-1 

CW-162-1 
CW-61-1 

Requested Analyses 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. Samples were submitted to the laboratory the day of collection. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Pwn (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes URS' review of results and QAIQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
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Summary Data Quality Review 
Lake Steilacoom- Springbrook Groundwater Samples- Round 1 
September 2002 

reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
wboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. Holding Times -Acceptable 

2. 

3. 

4. 

5. 

6. 

Blanks- Acceptable 

Laboratory Control Samples- Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) -Acceptable 

Field Duplicates - Acceptable 

One field duplicate was collected during this sampling event. The relative percent differences (RPDs) are 
acceptable as indicated in the following table. 

PRIMARY DUPLICATE RELATIVE 
SAMPLEID/ RESULT RESULT PERCENT 

DUPLICATE ID ANALYTE {Jtg/L) {Jtg/L) DIFFERENCE 
CW-62-1/CW-162-1 Total Phosphorus 0.388 0.392 I 

TDP 0.360 0.357 I 
SRP 0.352 0.344 2 

7. Reporting Limits- Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1). 

The laboratory performed total phosphorus and TDP/SRP by EPA 365.1. The QAPP specified EPA 365.2/ SM18 
4500-PF. The change in methods does not affect the validity of the results or their use for project objectives. 

Overall Assessment of Data 

The completeness of AR case file number URS002-06 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Definitions: 

U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

J The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 
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Summary Data Quality Review 
Lake Steilacoom- Springbrook Groundwater Samples- Round 1 
September 2002 

UJ 

R 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

SampleiD Qualified Qualified 
Analyte Result 

CW-45-1 None 
CW-46-1 None 
CW-59-1 None 
CW-62-1 None 

CW-162-1 None 
CW-61-1 None 
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To: 

From: 

RE: 

File Info: 

Crystal Neirby, Staff Scientist Date: 

Summary Data Quality Review 
Steilacoom Lake- Herr MW-3- Round One 
November 2002: Case File Number URS002-07 
33750346 

Final 

July 27,2004 

Memo 

Century Square 
1501 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a summary data quality review of one groundwater sample collected on November 20, 2002. The 
sample was submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) 
accredited laboratory, located in Seattle, Washington, for the following analyses: 

• Total phosphorus, total dissolved phosphorus (TDP), and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

All samples submitted for TDP and SRP analyses were filtered in the field using a 0.045 micron, high-volume, 
nittocellulose filter. The analyses were performed in general accordance with methods specified in EPA's Methods 
for Chemical Analysis of Water and Wastes, March 1983. 

The following sample is associated with AR case file number URS002-07: 

Sample ID 
HERR-MW-3-G2 

Requested Analyses 
TDP/SRP/total phosphorus 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. Samples were submitted within 24 hours of collection. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes URS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document US EPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 
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Summary Data Quality Review 
Lake Steilacoom - Herr MW -3 - Round 1 
November 2002 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

1. Holding Times- Acceptable 

2. 

3. 

4. 

5. 

Blanks- Acceptable 

Laboratory Control Samples -Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) - Acceptable 

6. Field Duplicates -Field duplicates were not collected with this sampling event 

7. Reporting Limits- Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1). 

The QAPP specifies method EPA 365.2 be used for analysis of total phosphorus and TOP, the laboratory analyzed 
these parameters using method EPA 365 .I. The QAPP specifies method SM 18 4500 pf be used for analysis of SRP, 
the laboratory analyzed this parameter using method EPA 365.1. The change in methods does not affect the validity 
of the results or their use for project objectives. 

Overall Assessment of Data 

The completeness of AR case file number URS002-07 is 100%. The usefulneis of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Deimitions: 

U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

J 

UJ 

R 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample lD Qualified Qualified 
Analyte Result 

HERR-MW-3-02 None 
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To: 

From: 

RE: 

File Info: Final 

Crystal Neirby, Staff Scientist Date: July 27' 2004 

Summary Data Quality Review 
Steilacoom Lake- Groundwater and Surface Water Samples- Round Two 
December 2002: Case File Number URS002-08 
33750346 

Memo 

Century Square 
1501 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a summary data quality review of five groundwater samples, one groundwater field duplicate, four 
surface water samples, and one surface water field duplicate collected on December 3 and 4, 2002. The samples 
were submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) accredited 
laboratory, located in Seattle, Washington, for the following analyses: 

• Total phosphorus, total dissolved phosphorus (TOP), and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

All samples submitted for TOP and SRP analyses were filtered in the field using a 0.045 micron, high-volume, 
nitrocellulose filter. The analyses were performed in accordance with methods specified in EPA's Metlwdsfor 
Chemical Analysis of Water and Wastes, March 1983. 

The following samples are associated with AR case file number URS002-08: 

Sample ID 
SW5-G2 
SW2-G2 
SW3-G2 
SW13-02 
MW5-G2 
MW4-G2 
MW6-G2 
MW2-G2 
MWS-02 
SWI-02 

MWIS-02 

Requested Analyses 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 
TDP/SRP/total phosphorus 
TDP/SRP 
TDP/SRP 
TDP/SRP 
TDP/SRP 
TDP/SRP 
TDP/SRP/total phosphorus 
TDP/SRP 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. The samples were submitted within 24 hours of collection. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Plwsplwrus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 

1:\Projcas\WOA\99\53-07000103 Strilaooom lale\Final Repon Foldei\Data Revil:w Reportslf:w ao:l. sw Slllq)les rouOO 2.doc U RS 
Page I of3 



Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 2 
December 2002 

Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes URS' review of results and QAJQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
wboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. Holding Times- Acceptable 

2. Blanks- Acceptable 

3. Laboratory Control Samples -Acceptable 

4. 

5. 

6. 

Laboratory Duplicates -Acceptable 

Matrix Spike (MS) - Acceptable 

Field Duplicates- Acceptable 

Two field duplicates were collected during this sampling event. The relative percent differences (RPDs) are 
acceptable as indicated in the following table: 

PRIMARY DUPLICATE RELATIVE 
SAMPLEID/ RESULT RESULT PERCENT 

DUPLICATE ID ANALYTE (p.g!L) (p.g!L) DIFFERENCE 
SW3-G2/SW13-G2 Total Phosphorus 0.047 0.048 2 

TDP 0.045 0.045 0 
SRP 0.043 0.044 2 

MW8-G21MWI8-G2 TDP 0.050 0.051 2 
SRP 0.045 0.048 6 

7. Reporting Limits -Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1). 

The QAPP specifies method EPA 365.2 be used for analysis of total phosphorus and TOP, the laboratory analyzed 
these parameters using method EPA 365.1. The QAPP specifies method SMI8 4500-PF be used for analysis of 
SRP, the laboratory analyzed this parameter using method EPA 365.1. The change in methods does not affect the 
validity of the results or their use for project objectives. 

OveraU Assessment of Data 

The completeness of AR case file number URS002-08 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 2 
December 2002 

Data Qualifier Definitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample ID Qualified Qualified 
Analyte Result 

SW5-G2 None 
SW2-G2 None 
SW3-G2 None 

SW13-G2 None 
MW5-G2 None 
MW4-G2 None 
MW6-G2 None 
MW2-G2 None 
MW8-G2 None 
SWI-G2 None 

MWI8-G2 None 
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To: 

From: 

RE: 

File Info: Final 

Crystal Neirby, Staff Scientist Date: July 27. 2004 

Summary Data Quality Review 
Steilacoom Lake- Springbrook Groundwater Samples -Round Two 
December 2002: Case File Number URS002-09 
33750346 

Memo 

Century Square 
150 I 4"' A venue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a summary data quality review of four groundwater samples collected on December 5, 2002. The 
samples were submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) 
accredited laboratory, located in Seattle, Washington, for the following analyses: 

• Total dissolved phosphorus (TOP) and soluble reactive phosphorus (SRP) by EPA Method 365.1 

All samples submitted for TOP and SRP analyses were filtered in the field using a 0.045 micron, high-volume, 
nitrocellulose filter. The analyses were performed in accordance with methods specified in Methods for Chemical 
Analysis of Water and Wastes, March 1983. 

The following samples are associated with AR case file number URS002-09: 

Sample ID 
CW45-G2 
CW46-G2 
CW59-G2 
CW61-G2 

Reauested Analyses 
TDP/SRP 
TDP/SRP 
TDP/SRP 
TDP/SRP 

Upon receipt by AR. the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. Samples were submitted to the laboratory within 24 hours of 
collection. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report sununarizes URS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MSIMSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 
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Summary Data Quality Review 
Lake Steilacoom- Springbrook Groundwater Samples- Round 2 
December 2002 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. Holding Times -Acceptable 

2. Blanks- Acceptable 

3. 

4. 

5. 

6. 

7. 

Laboratory Control Samples- Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) -Acceptable except as listed below 

SRP by EPA 365.1 -The matrix spike percent recovery was flagged "OR" by the laboratory to indicate a 
"recovery not calculable due to spike sample out of range or spike too low relative to sample 
concentration". The laboratory did not provide spike concentration information, so it is not possible to 
determine if the concentration of the sample was at least four times greater than the spike concentration. 
The SRP result in the parent sample (CW61-G2) was qualified as estimated and flagged with a "J". 

Field Duplicates -Field duplicates were not collected with this sampling event 

Reporting Limits - Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1). 

The QAPP specifies method EPA 365.2 be used for analysis ofTDP, the laboratory analyzed this parameter using 
method EPA 365.1. The QAPP specifies method SM18 4500-PF be used for analysis of SRP, the laboratory 
analyzed this parameter using method EPA 365.1. The sample results do not require qualification based on these 
discrepancies. 

Overall Assessment of Data 

The completeness of AR case file number URS002-09 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Definitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 
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Summary Data Quality Review 
Lake Steilacoom- Springbrook Groundwater Samples- Round 2 
December 2002 

SampleiD Qualified 
Analyte 

CW45-G2 None 
CW46-G2 None 
CW59-G2 None 
CW61-G2 SRP 

Qualified 
Result 

0.331 J 
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To: File Info: Rna I 

Memo 

Century Square 
1501 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

From: Crystal N eirby, Staff Scientist 

Summary Data Quality Review 
Steilacoom Lake- WS-G I 

Date: July 27, 2004 

RE: January 2003: Case File Number URS002-10 
33750346 

This memo is a summary data quality review of one groundwater sample collected on January 27, 2003. The sample 
was submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) accredited 
laboratory, located in Seattle, Washington, for the following analyses: 

• Dissolved metals (aluminum, iron, potassium, magnesium, manganese, sodium, and calcium) by EPA 
Method 200.7 

• Conventionals (Chloride by EPA Method 325.3, Fluoride by EPA Method 340.2, Bromide by Standard 
Methods SM18 4500, Nitrate + Nitrite by EPA Method 353.2, Sulfate by EPA Method 375.4, Alkalinity 
by EPA Method 310.1) 

• Total phosphorus, total dissolved phosphorus (TOP), and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

All samples submitted for dissolved metals, TOP, and SRP analyses were filtered in the field using a 0.045 micron, 
high-volume, nitrocellulose filter. The analyses were performed in general accordance with methods specified in 
EPA's Test Methods for Evaluating Solid Waste (SW-846), January 1995 and associated revisions, Methods for 
Chemical Analysis of Water and Wastes, March 1983, and Standard Methods for the Examination of Water and 
Wastewater, 18'' Edition, 1992. 

The following sample is associated with AR case file number URS002-IO: 

Sample ID 

WS-GI WELL 

Requested Analyses 

dissolved metals, conventionals, total phosphorus, TDP, SRP 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. Samples were delivered to the laboratory the same day they 
were collected. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
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Summary Data Quality Review 
Lake Steilacoom - WS-G 1 
January 2003 

sununarized sample results and associated QNQC data. This report summarizes URS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document US EPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. Holding Times - Acceptable 

Nitrate/Nitrite by EPA 353.2- The holding time for analysis of nitrate/nitrite by EPA Method 353.2 is 48 
hours from collection to analysis. The sample was analyzed I day past the holding time. The nitrate/nitrite 
result in the associated sample was qualified as estimated and flagged with a "r'. 

2. Blanks- Acceptable 

3. 

4. 

5. 

6. 

7. 

Laboratory Control Samples- Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) - Acceptable 

Field Duplicates -Field duplicates were not collected during this sampling event 

Reporting Limits - Acceptable with the exceptions listed below 

The reporting limits met those specified in the QAPP (Table 5-1) with the exception of bromide (QAPP 
limit 0.05mg!L, reporting limit 0.1 mg/L) and dissolved manganese (QAPP limit 0.0043 mg/L, reporting 
limit 0.005 mg!L). Elevated reporting limits do not affect data usability. 

The laboratory performed total phosphorus and TDP/SRP by EPA 365.1, dissolved metals by EPA 200.7, and 
fluoride by EPA 340.2. The QAPP specified EPA 365.2/SMIB 4500-PF, EPA 6010, and EPA 340.1, respectively. 
The change in methods does not affect the validity of the results or their use for project objectives. 

Overall Assessment oC Data 

The completeness of AR case file number URS002-10 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A sununary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Defmitions: 

U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

J 

UJ 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 
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Summary Data Quality Review 
Lake Steilacoom - WS-G 1 
January 2003 

R The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample ID Qualified Qualified 
Analyte Result 

WS-GI WELL nitrate+ nitrite 0.591 1 
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To: 

From: 

RE: 

File 

Crystal Neirby, Staff Scientist 

Summary Data Quality Review 
Steilacoom Lake - Herr MW-3 - Round Two 
February 2003: Case File Number URS002-ll 
33750346 

Info: Final 

Date: July 27,2004 

Memo 

Century Square 
1501 4"' Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a summary data quality review of one groundwater sample collected on February 20, 2003. The 
sample was submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) 
accredited laboratory, located in Seattle, Washington, for the following analyses: 

• Total phosphorus, total dissolved phosphorus (TOP), and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

The sample was filtered in the field using a 0.045 micron, high-volume, nitrocellulose filter for TOP and SRP 
analyses. The analyses were performed in accordance with methods specified in EPA's Methods for Chemical 
Analysis of Water and Wastes, March 1983. 

The following sample is associated with AR case file number URS002-ll: 

Sample ID 

HERRMW3-G3 

Reauested Analyses 

TDP/SRP/total phosphorus 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. The samples were submitted to the laboratory within 24 hours 
of collection. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes URS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document US EPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 
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Summary Data Quality Review 
Lake Steilacoom- Herr MW-3- Round 2 
February 2003 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. Holding Times- Acceptable 

2. Blanks- Acceptable 

3. 

4. 

5. 

6. 

7. 

Laboratory Control Samples - Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) - Acceptable 

Field Duplicates- Field duplicates were not collected with this sampling event 

Reporting Limits - Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1). 

The QAPP specifies method EPA 365.2 be used for analysis of total phosphorus and TOP, the laboratory analyzed 
these parameters using method EPA 365.1. The QAPP specifies method SM18 4500-PF be used for analysis of 
SRP, the laboratory analyzed this parameter using method EPA 365.1. The change in methods does not affect the 
validity of the results or their use for project objectives. 

Overall Assessment of Data 

The completeness of AR case file number URS002-ll is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Def'mitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quanutat10n limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample ID Qualified Qualified 
Analyte Result 

HERRMW3-G3 None 
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To: File Info: Final 

Memo 

Century Square 
1501 4th Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

From: Crystal Neirby, Staff Scientist Date: July 27,2004 

RE: 

Summary Data Quality Review 
Steilacoom Lake- Groundwater and Surface Water Samples- Round 3 
March 2003: Case File Number URS002-12 and 13 
33750346 

This memo is a summary data quality review of sixteen groundwater samples, two groundwater field duplicates, and 
five surface water samples collected on March 4 and 5, 2003. The samples were submitted to Aquatic Research Inc. 
(AR), a Washington State Department of Ecology (Ecology) accredited laboratory, located in Seattle, Washington, 
for the following analyses: 

• Dissolved metals (aluminum, iron, potassium, magnesium, manganese, sodium, and calcium) by EPA 
Method 200.7 

• Conventionals (Chloride by EPA Method 325.3, Fluoride by EPA Method 340.2, Bromide by Standard 
Method SM18 4500-PF, Nitrate+ Nitrite by EPA Method 353.2, Sulfate by EPA Method 375.4, Alkalinity 
by EPA Method 310.1) 

• Total phosphorus, total dissolved phosphorus (TDP), and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

All samples submitted for dissolved metals, TDP, and SRP analyses were filtered in the field using a 0.045 micron, 
high-volume, nitrocellulose filter. The analyses were performed in accordance with methods specified in EPA's Test 
Methods for Evaluating Solid Waste (SW-846), January 1995 and associated revisions, Methods for Chemical 
Analysis of Water and Wastes, March 1983, and Standard Methods for the Examination of Water and Wastewater, 
I If' Edition, 1992. 

The following samples are associated with AR case file number URS002-12: 

Sample ID 
MW-AEF250-G3 
MW-AEF222-G3 

MW8-G3 
DWI-G3 
DW3-G3 

WSGI-03 
SW3-G3 
SW2-G3 
SWI-G3 

Requested Analyses 
dissolved metals, conventionals, TDP, SRP 
dissolved metals, conventionals, TDP, SRP 
dissolved metals, conventional_s, IDP, SRP 
TDP,SRP 
TDP,SRP 
dissolved metals, conventionals, TDP, SRP 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 3 
March2003 

Sample ID 
MW6-G3 

MWl6-G3 
MW5-G3 
MW4-G3 

Requested Analyses 
dissolved metals, TDP, SRP 
dissolved metals, TDP, SRP 
TDP,SRP 
TDP,SRP 

The following samples are associated with AR case file number URS002-13: 

Sample ID 
MW-2-G3 
SW4-G3 
SW5-G3 

CW62-G3 
CW6l-G3 
CW59-G3 
CW70-G3 
CW45-G3 
CW46-G3 

CLOVERMW3-G3 

Requested Analyses 
TDP,SRP 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 
TDP,SRP 
TDP,SRP 
TDP, SRP 
TDP,SRP 
TDP,SRP 
TDP,SRP 
TDP,SRP 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. Samples were submitted to the laboratory within 24 hours of 
collection. 

Samples MW-AEF250-G3, MW-AEF222-G3, MW8-G3, and WSGI-G3 were not analyzed for fluoride and bromide 
due to lack of sample. The COC indicated that these analytes should be analyzed only if enough sample volume 
remained. No sample results require qualification. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QA/QC data This report summarizes URS' review of results and QA/QC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MSIMSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. 

2. 

Holding Times- Acceptable 

Blanks- Acceptable 

3. Laboratory Control Samples -Acceptable 

4. Laboratory Duplicates -Acceptable 

5. Matrix Spike (MS)- Acceptable with the exceptions listed below 

Nitrate + Nitrite by EPA Method 353.2- The matrix spike percent recovery was flagged "OR" by the 
laboratory to indicate a "recovery not calculable due to spike sample out of range or spike too low relative 
to sample concentration". The laboratory did not provide spike concentration information, so it is not 
possible to determine if the concentration of the sample was at least four times greater than the spike 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 3 
March2003 

6. 

3. 

concentration. The nitrate + nitrite result in the parent sample (WSG l-G3) was qualified as estimated and 
flagged with a "J". 

Field Duplicates- Acceptable 

Two field duplicates were collected during this sampling event. The relative percent differences (RPDs) are 
acceptable as indicated in the following table. 

PRIMARY DUPLICATE RELATIVE 
SAMPLEID/ RESULT RESULT PERCENT 

DUPLICATE ID ANALYTE (ILJ!!L) (ILJ!!L) DIFFERENCE 
MW6-G3/MWI6-G3 SRP 0.042 0.043 2 

TOP 0.044 0.044 0 
calcium 10.3 10.5 2 

magnesium 3.99 3.95 I 
potassium 1.10 1.18 7 
sodium 5.73 5.75 <I 

CW59-G3/CW70-GW TOP 0.054 0.055 2 
SRP 0.052 0.053 2 

Reporting Limits- Acceptable with the exceptions listed below 

The reporting limits met those specified in the QAPP (Table 5-1) with the exception of dissolved aluminum 
(QAPP limit 0.02 mg!L, reporting limit 0.1 mg!L), dissolved manganese (QAPP limit 0.0043 mg!L, 
reporting limit 0.005 mg!L), and dissolved potassium (QAPP limit 0.3 mg!L, reporting limit 1.0 mg!L). The 
elevated reporting limits do not affect data usability. 

The laboratory performed total phosphorus and TDP/SRP by EPA 365.1, dissolved metals by EPA 200.7, fluoride 
by EPA 340.2. The QAPP specified EPA 365.2/ SM18 4500-PF, EPA 6010, and EPA 340.1, respectively. The 
change in methods does not affect the validity of the results or their use for project objectives. 

Overall Assessment of Data 

The completeness of AR case file numbers URS002-12 and URS002-13 is 100%. The usefulness of this data is 
based on USEPA guidance documents and the QAPP referenced in the introduction to this report. Upon 
consideration of the information presented above, the data are acceptable except where flagged with data qualifiers 
that modify the usefulness of the individual values. A summary of the data qualifiers applied to the results for all 
samples associated with this review is included below. 

Data Qualifier Definitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 3 
March2003 

Sample ID Qualified Qualified 
Analyte Result 

MW-AEF250-G3 None 
MW-AEF222-G3 None 

MW8-G3 None 
DWI-G3 None 
DW3-G3 None 

WSGI-G3 Nitrate+ Nitrite 1.28 J 
SW3-G3 None 
SW2-G3 None 
SWI-G3 None 
MW6-G3 None 

MWI6-G3 None 
MW5-G3 None 
MW4-G3 None 
MW-2-G3 None 
SW4-G3 None 
SW5-G3 None 

CW62-G3 None 
CW61-G3 None 
CW59-G3 None 
CW70-G3 None 
CW45-G3 None 
CW46-G3 None 

CLOVERMW3-G3 None 
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To: 

From: 

RE: 

File 

Crystal Neirby, Staff Scientist 

Summary Data Quality Review 
Steilacoom Lake- Herr MW-3- Round Three 
May 2003: Case File Number URS002-14 
33750346 

Info: Final 

Date: July 27,2004 

Memo 

CentuJy Square 
1501 4'" Avenue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a sununary data quality review of one groundwater sample collected on May 21, 2003. The sample 
was submitted to Aquatic Research Inc. (AR), a Washington State Department of Ecology (Ecology) accredited 
laboratory, located in Seattle, Washington, for the following analyses: 

• Total phosphorus, total dissolved phosphorus (TOP), and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

It was not indicated on the COC that the sample was filtered in the field. There was a note indicating that the 
dissolved phosphorus analysis should be filtered by the laboratory; however, the laboratory did not indicate whether 
any of the samples were filtered in the laboratory. The TOP and SRP results were qualified as estimated and flagged 
with a "J" due to this discrepancy. The analyses were performed in general accordance with methods specified in 
EPA's Metlwds for Chemical Analysis of Water and Wastes, March 1983. 

The following sample is associated with AR case file number URS002-14: 

Sample ID 
HERRMW3-G4 

Requested Analyses 
TDP/SRP/total P 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperature was 
not recorded as part of the check-in procedure. Samples were delivered to the laboratory the day of collection. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Plwsphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes URS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 
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Summary Data Quality Review 
Lake Steilacoom- Herr MW -3- Round 3 
May2003 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. Holding Times -Acceptable 

2. Blanks- Acceptable 

3. 

4. 

5. 

6. 

7. 

Laboratory Control Samples- Acceptable 

Laboratory Duplicates- Acceptable 

Matrix Spike (MS) -Acceptable 

Field Duplicates -Field duplicates were not collected with this sampling event 

Reporting Limits- Acceptable 

The reporting limits meet those specified in the QAPP (Table 5-1). 

The laboratory performed total phosphorus and TDP/SRP by EPA 365.1. The QAPP specified EPA 365.2/SMIB 
4500-PF. The change in methods does not affect the validity of the results or their use for project objectives. 

Overall Assessment of Data 

The completeness of AR case file number URS002-14 is 100%. The usefulness of this data is based on USEPA 
guidance documents and the QAPP referenced in the introduction to this report. Upon consideration of the 
information presented above, the data are acceptable except where flagged with data qualifiers that modify the 
usefulness of the individual values. A summary of the data qualifiers applied to the results for all samples associated 
with this review is included below. 

Data Qualifier Definitions: 

u 

J 

UJ 

R 

The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

SampleiD Qualified Qualified 
Analyte Result 

HERRMW3-G4 TDP 0.0441 
SRP 0.0451 
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To: 

From: 

RE: 

File Info: Final 

Crystal Neirby, Staff Scientist Date: July 27, 2004 

Summary Data Quality Review 
Steilacoom Lake - Groundwater and Surface Water Samples - Round 4 
June 2003: Case File Number URS002-15 and 16 
33750346 

Memo 

Century Square 
150 I 4" A venue, Suite 1400 
Seattle, Washington 98101 
206.438.2700 Telephone 
206.438.2699 Fax 

This memo is a summary data quality review of fourteen groundwater samples, five surface water samples, and one 
surface water field duplicate collected on June 18-20 and 23, 2003. The samples were submitted to Aquatic 
Research Inc. (AR), a Washington State Department of Ecology (Ecology) accredited laboratory, located in Seattle, 
Washington, for the following analyses: 

• Total phosphorus, total dissolved phosphorus (TOP) and soluble reactive phosphorus (SRP) by EPA 
Method 365.1 

The COC for the surface water samples (case file number URS002-16) indicated that the samples were filtered in the 
field for TOP and SRP analyses. It was not indicated on the COC for URS002-15 that the samples were filtered in 
the field; however, there was a note for sample AEF222-G4 that the laboratory needed to filter this sample indicating 
that the other samples were field filtered. The laboratory did not indicate whether sample AEF222-G4 was filtered 
in the laboratory. The TOP and SRP results were qualified as estimated and flagged with a "J". The analyses were 
performed in accordance with methods specified in Methods for Chemical Analysis of Water and Wastes, March 
1983. 

The following samples are associated with AR case file number URS002-15: 

Sample ID 
CW45-G4 
CW46-G4 
CW59-G4 
CW62-G4 
WSGI-04 
MW8-G4 

AEF250-G4 
AEF222-G4 
MW2-G4 
MW4-G4 
DW3-G4 
MW5-G4 
MW6-G4 

CLOVERMW3-G4 

Requested Analyses 
TDP,SRP 
TDP,SRP 
TDP,SRP 
TDP,SRP 
TDP, SRP 
TDP,SRP 
TDP, SRP 
TDP,SRP 
TDP, SRP 
TDP, SRP 
TDP, SRP 
TDP, SRP 
TDP, SRP 
TDP,SRP 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 4 
June 2003 

The following samples are associated with AR case file number URS002-16: 

Sample ID 
SW3-G4 
SW13-G4 
SW!-G4 
SW2-G4 
SW4-G4 
SW5-G4 

Requested Analyses 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 
TDP, SRP, total phosphorus 

Upon receipt by AR, the sample jar information was compared to the chain-of-custody. The cooler temperatures 
were not recorded as part of the check-in procedure. Samples were delivered to the laboratory the day of collection. 

This summary data review is based on method performance criteria and QC criteria as documented in the Study of 
Natural Phosphorus Sources in the Groundwater Entering Ponce de Leon Creek and Lake Steilacoom, Quality 
Assurance Project Plan (QAPP), Section 5, July 2002. The laboratory provided a standard report containing 
summarized sample results and associated QNQC data. This report summarizes URS' review of results and QNQC 
data per the requirements set forth in the QAPP. Sample holding times, method blanks, laboratory control sample 
results, laboratory duplicate results, matrix spike/matrix spike duplicate (MS/MSD) results, and reporting limits were 
reviewed to assess compliance with applicable methods and the QAPP. If data qualification was required, data were 
qualified based on the definitions and use of qualifying flags outlined in the EPA document USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Inorganic Data Review, July 2002. 

Performance Criteria 

Analytical results were reviewed with respect to the following performance criteria: 

I. 

2. 

3. 

4. 

Holding Times- Acceptable 

Blanks- Acceptable 

Laboratory Control Samples - Acceptable 

Laboratory Duplicates- Acceptable 

5. Matrix Spike (MS)- Acceptable 

6. Field Duplicates- Acceptable 

One field duplicate was collected during this sampling event. The relative percent differences (RPDs) are 
acceptable as indicated in the following table. 

PRIMARY DUPLICATE RELATIVE 
SAMPLEID/ RESULT RESULT PERCENT 

DUPLICATE ID ANALYTE (}<giL) (p.g/L) DIFFERENCE 
SW3-G4/SW13-G4 total phosphorus 0.036 O.o38 5 

TDP O.Q35 O.Q35 0 
SRP 0.033 0.035 6 

7. Reporting Limits- Acceptable 

The laboratory performed total phosphorus and TDP/SRP by EPA 365.1. The QAPP specified EPA 365.2/ SMIS 
4500-PF. The change in methods does not affect the validity of the results or their use for project objectives. 
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Summary Data Quality Review 
Lake Steilacoom- Groundwater and Surface Water Samples- Round 4 
June 2003 

OveraU Assessment of Data 

The completeness of AR case file numbers URS002-15 and URS002-16 is 100%. The usefulness of this data is 
based on USEPA guidance documents and the QAPP referenced in the introduction to this report. Upon 
consideration of the information presented above, the data are acceptable except where flagged with data qualifiers 
that modify the usefulness of the individual values. A summary of the data qualifiers applied to the results for all 
samples associated with this review is included below. 

Data Qnalifier Definitions: 

U The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 

J 

UJ 

R 

The analyte was positively identified; the associated numerical value is the approximate concentration of 
the analyte in the sample. 

The analyte was not detected above the reported sample quantitation limit. However, the reported 
quantitation limit is approximate and may or may not represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the sample. 

The sample results are rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria. The presence or absence of the analyte cannot be verified. 

Sample ID Qualified Qualified 
Analyte Result 

CW45-G4 None 
CW46-G4 None 
CW59-G4 None 
CW62-G4 None 
WSGI-G4 None 
MW8-G4 None 

AEF250-G4 None 
AEF222-G4 TDP 0.081 I 

SRP 0.0161 
MW2-G4 None 
MW4-G4 None 
DW3-G4 None 
MW5-G4 None 
MW6-G4 None 

CLOVERMW3-G4 None 
SW3-G4 None 
SW13-G4 None 
SWI-G4 None 
SW2-G4 None 
SW4-G4 None 
SW5-G4 None 
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AQUATIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: FWCOOl-03 

REPORT DATE: 

DATE SAMPLED: 

06/25/01_ 

06119101_ 

PAGEl 

DATE RECEIVED: 06/19/01 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON W ATE~ 

SAMPLES FROM FOSTER WHEELER 

• 

•CASE NARRATIVE 

Six watersampleswere receivedby the laboratoryin good conditionand analyzedaccordingto the 
chain of custody .No difticultieswere encounteredn the preparationor analysisof these samples. 
Sampledata followswhileQAIQCdata is containedon the subsequenpage. 

SAMPLE DATA 
SRP 

SAMPLEID (mgll) 
CW-62 0.008 
CW-54 0.024 
CW-61 0.279 
CW-53 0.043 
CW-37 0.013 
CW-39 0.012 

AQUATIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: FWCOOl-03 

REPORT DATE: 

DATE SAMPLED: 

06/25/01_ 

06/19/01_ 

PAGE2 

DATE RECEIVED: 06/19/01_ 

!J?INAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATE [{ 

SAMPLES FROM FOSTER WHEELER 

QA/QCDATA 

' QC PARAMETER I SRP 



----------

METHOD 

!DATE ANALYZED 

!DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

(mg/1) 

SMI84500PF 

06121/UI_ 

0.001 

CW-39 

0.012 

0.012 
3.06% 

CW-39 

0.012 

0.033 
0.020 

108.88% 

0.027 
0.027 

98.58% 

<0.001 

RPD- RELATIVE PERCENT DIFFERENCE. 

NA =NOT APPLICABLE OR NOT AV All..ABLE. 

NC = NGr CALCULABLE DUE TO ONE OR MORE VALUES BErnG BELOW TilE DETECTION LIMIT. 

OR::: RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OlJT OF RANGE OR SPIKE TOO LOW RELATIVE TO SAMPLE CONCENlRATION. 

iSUBMITTED BY: 

;Steven Lazoff 

iLaboratory Director 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

FOR WATER RESOURCES 

February 18, 2002 

Galen Davis 
URS Corp 
1501 4111 Ave. Suite 1400 
Seattle, WA 98101 

· Dear Galen: 

Please find enclosed a data report and invoice for water and soil samples 
received for laboratory analysis on 01/15/02. Please submit the invoice for 
payment. 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

s~ 
Laboratory Director 

I AQUATIC RESEARCH, INC. 
3927 AURORA AVENUE, N. 

SEATTLE, WA 98103 

I 
PHONE' (206) 632-2715 

FAX, (206) 632-2417 

RECEIVED 

F£6 21 2002 
URS CORPORATION 

SEATTLE 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEAT'ILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER; 

REPORT DATE: 

URS002-01 

02/08/02 

PAGE 1 

DATE SAMPLED: 01/14,15/02 DATE RECEIVED: 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS I LAKE STEILACOOM 

01/15/02 

Six water samples were delJvered ta the labor"atory in good cond.Jtlon. The samples were analyzed according to the chain of custody. No dJfDcultles were 
encountered tn the preparatiOn or analysis of these samples. Sample data fonows whUe QA/QC data 1s contaJned on subsequent pages. 

SAMPLE DATA CONVENTIONALS 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY&: CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

ASE FILE NUMBER: URS002-01 
02/08/02 
01/14,15/02 

PAGE2 

DATE RECEIVED: 
INAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS I LAKE STEILACOOM 

LPLE DATA TOTAL METALS 

l ALUMINUM CALCIUM IRON MAGNESIUM MANGANESE 

SAMPLEIO (mg/ll !mglll lmglll (mg/1) (mg/l) 

PD2-G <0.100 11.2 0.184 3.48 0.141 

l 
PDS-G <0.100 29.6 1.60 4.53 0.827 

PD4-G <0.100 43.5 1.15 8.43 2.16 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

01/15/02 

POTASSRJM 

(mg/1) 

2.04 

2.53 
3.38 

SODIUM 

(mg/1) 

6.17 

14.0 

13.0 



AQUATIC RESEARCH INCORPORATED 
LABORATORY&: CONSULTING SERVICES 

3927 AURORA AVENUE NORTH. SEATTI,E, WA 98103 

PHONE: (206) 832-2716 FAX: (206) 832-2417 

CASE FILE NUMBER: URS002-01 

02/08/02 
01/14,15/02 

PAGE3 

REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QA/QC DATA 

0C PARAME1ER CHWRIDE 

(m•/1) 
EPA325.3 METHOD 

DATE ANALYZED 

DETECTION LIMIT 

01/16/02 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

lRUE 

%RECOVERY 

BLANK 

~ RE~TIVE PERCENT lllf'FEREHCE. 
~NOT APPLICABLE ORNOI' AVAIIJ.Bl.£. 

0.50 

BATCH 
2.3 

2.3 

NC 

BATCH 
2.3 

12.3 

10.0 

99.97% 

30.4 

30.0 

101.30% 

<0.50 

SULFATE 

(m•IIJ 
EPA375.4 

01/26/02 

1.00 

BATCH 
3.66 

3.70 

1.04% 

BATCH 
3.66 

14.4 

10.0 

107.01% 

19.6 

20.0 

97.76% 

I <1.00 

• HOT CALaJU.BL£ DUE TO ONE OR MORE VALUES BEING BELOW n!E DETECDON UMIT . 

ALKALINI1Y Fl..UORIDE 

(ml! CaCOO /1) (me:/lJ 

EPA 310.1 EPA340.2 

01/23/02 01/24/02 

1.00 0.100 

BATCH PDS-G 

42.0 <0.100 

41.9 <0.100 
0.24% NC 

PD5-G 

<0.100 

1.07 

1.00 

NA 106.74% 

0.915 

1.00 

NA 91.53% 

<1.00 I <0.100 

• RECOVERY NOT CIU.CUUoBU: DUE TOSPlK£ SAMPLE OUT Of' RANCE OR SPIKE TOO LOWREu.liVE TO SAMPLE CONCEN"IRATION. 

BROMIDE 

lm•IIJ 
SMI84500BRB 

02/07/02 

0.100 

PD2-G 

<0.100 

<0.100 

NC 

PD2-G 

<0.100 

0.223 

0.250 

69.20% 

NA 

<0.100 

01/15/02 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 

AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632·2715 FAX: (206) 632-2417 

I J;ASE FILE NUMBER: URS002..()1 PAGE4 

!REPORT DATE: 02/08/02 

I 
pATE SAMPLED: 01/14,15/02 DATE RECEIVED: 

i>INAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS I LAKE STEILACOOM 

tA/QCDATA 

QC PARAME1ER roc = NITRATE NITRITO SRP 

I METI-!00 

DATE ANALYZED 

(mg/1) (m~/1) (mg/ll (mg/IJ (m2/ll 

EPA415.2 EPA·tl5.2 EPA353.2 EPA354.l £PA,.,5.1 

01/29/02 01/29/02 Ol/24/02 Ol/l7/02 01/16/02 

DETECTION LIMIT 0.250 0.250 0.010 0.002 0.001 

I DUPLlCATE 

I 
SAMPLEID 

ORIGINAL 

DUPLICATE 

BATCH BATCH PD5·G PD19·G 

5.61 0.201 0.011 0.024 

5.48 0.204 0.011 0.025 

RPD NA 2.42% 1.55% 0.00% 2.26% 

I SPIKE SAMPLE 

SAMPLEID BATCH BATCH PD5·G PD19·G 

I ORIGlNAL 

SPIKED SAMPLE 

5.61 0.201 0.011 0.024 

10.2 0.423 0.051 0.043 

SPIKE ADDED 4.50 0.200 0.040 0.020 

I 
%RECOVERY 

QCCHECK 

NA 102.64% 111.07% 100.00% 93.47% 

I FOUND 

ffiUE 

1.88 1.88 0.461 0.040 0.028 

2.00 2.00 0.433 0.040 0.027 

%RECOVERY 94.00% 94.00% 106.47% 100.00% 102.20% 

I BlANK <0.250 <0.250 I <0.010 I <0.002 I <0.001 

• RE1Al1VE PERCEHt R£N~. 

• NOT APPUCABLE OR Not AVAILABLE 

• NOT CALCULJIBL£ DUE TO ONE OR M0R& VALUES BEING 6£LOWTH£ DETECTION UMil'. 

• R£00\!ERYNOT ~LE DUE TO SPIKE SAMPLE OUT OF RI\HGE OR SPIKE TOO LOW R£1Al1VE TO SAMPLE CONC'ENTRATION. 

I 
I 
I 
I 

01/15/02 

TOT DI$-P 

lmg/1) 
EPA MS.! 

01/22/02 

0.002 

PD19·G 
0.023 

0.023 
0.43% 

PD19·G 
0.023 
0.074 
0.050 

100.84% 

0.093 

0.091 

102.44% 

I <0.002 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTII, SEAT'ILE, WA 98103 

PHONE: {206) 632-2715 FAX: {206) 632-2417 

CASE FILE NUMBER! URS002-01 PAGES 
REPORT DATE: 02/18/02 

DATE SAMPLED: 01/14,15/02 DATE RECEIVED: 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS I LAKE STEILACOOM 

QA/QC DATA 

QC PARAMETER 

METIIOD 

DATE ANALYZED 

DETECTION LlMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEIO 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QC CHECK 

FOUND 

TRUE 

%RECOVERY 

BU\NK 

TOTAL METALS 

AWMINUM 

(m./IJ 
EPA200.7 

01/22/02 

0.100 

PD5-G 

<0.100 

<0.100 

NC 

PD5-G 

<0.100 

0.954 

1.00 

95.40% 

0.976 

1.00 

97.60% 

<0.100 I 

• HOT APPLICABLE OR NOT AVAI!JdiL£. 

CALCIUM 

(m./11 

F..PI\200.7 

01/22/02 

0.100 

PD5-G 

29.6 

29.7 
0.34% 

PD5-G 

29.6 

56.2 

25.0 

106.40% 

50.9 

50.0 

101.76% 

. <0.100 I 

• NOT CALcut.ABL£ 0U£ TO ONE OR MORE VIU.UES O[ING BELOW nt£ l.I£T£CTIOfrl UMIT . 

maN MAGNESIUM 

(m./11 (m•lll 
EPA200.7 EPA200.7 

01/22/02 Ol/22/02 

0.020 0.100 

PD5-G PD5·G 

1.60 4.53 

1.60 4.56 

0.00% 0.66% 

PD5-G PD5-G 

1.60 4.53 

2.68 29.6 

1.00 25.0 

108.00% 100.28% 

0.931 47.9 

1.00 50.0 

93.08% 95.82% 

<0.020 I <0.100 

• R£COVERY NOT c.o.LCUl..loBU: 0U£ TO SPIK£ 5.\MPLE OUT Qf' RANG£ OR SPIKE TOO LOWittlJ\TlVE TO SAMPLE CONC:EHTRATlON. 

SUBMITIED BY' 

Ste~ 
Laboratory Director 

MANGANESE 

(mg/11 

EPA 2f'FJ.7 

01/22/02 

0.005 

PD5-G 

0.827 

0.774 

6.62% 

PD5-G 

0.827 

1.76 

1.00 

93.30% 

0.927 

1.00 

92.65% 

J <0.005 

01/15/02 

POTASSPJM 

(mg/11 

EPA 200.7 

01/22/02 

1.00 

PD5-G 

2.53 

2.33 

8.23% 

PD5-G 

2.53 

27.6 

25.0 

100.28% 

46.1 

50.0 

92.20% 

<1.00 

I 
I 
I 
I 
I 
I 

SODIUM 

(mg/11 

EPA200.7 

01/22/02 I 
0.300 

I 
PD5-G 

14.0 

13.8 I 
1.44% 

I 
PD5-G 

14.0 

41.5 I 
25.0 

llO.OO% 

I 
53.0 

50.0 I 
106.00% 

<0.300 I 
I 
I 
I 
I 
I 
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CASE FILE NUMBER: 

REPORT DATE: 

DATE SAMPLED: 

AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

9927 AURORA AVENUE NORTII, SEATTLE, WA9810S 

PHONE• (206) 632-2715 

URS002-Q1B 

02/18/02 
01/15/02 

FAX• (206) 632-2417 

DATE RECEIVED: 

F1NAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAME'IERS ON 

SEDIMENT SAMPLES FROM URS I LAKE S11!:1LACOOM 

CASE NARRATIVE 

URS0020 I B :Urs060 l 

PAGE I 

01/15/02 

NIM aed.lmenl samples were recetved by the laboratcxy In good condition . Tbe sampks were and analyzed acamllng to tbe cbaio of custody. No dlfllculties were 
jencountered In the ~paratioo or- aoalyais d.tbts sample. Sample data follows, wblle QA/QC data ts coo.tatn~ on .subsequent pages. 

SAMPLE DATA- SEDIMENTS(DRY WT. BASIS) 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 
3927 AURORA AVENUE NORnl, SEATI'LE, WA 98103 

PHONE: (206) 632-2716 FAX: [206) 632-2417 

URS0020IB:Urs0601 

CASE FILE NUMBER: URS002-Q1B 

02/18/02 
01115/02 

PAGE2 

REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECUID PARAMETERS ON 

SEDIMENT SAMPLES FROM URS I LAKE S'IEILACOOM 

QA/QC DATA- SEDIMENTS 

QC PARAMETER 

METHOD 
DATE PREPARED 
DATE ANALYZED 

DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 
DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLE ID 
ORIGINAL 

SPIKED SAMPLE 
SPIKE ADDED 
%RECOVERY 

QCCHECK 
[mg/1) 

FOUND 

TRUE 
%RECOVERY 

BLANK 

~ RD.ATJV!! ~Ill' llrP"IT.REif1%. 
~ lf(Jr loPPUCABU: at Nor AVAJI.ABU. 

SUBMITTED BY: 

~ 
Laboratory Director 

-..SOLIDS 

Slll&254<8 

01/28/02 
1.00% 

~ 

29.96% 
33.54% 
11.28% 

NA 

NA 

NA 

l'OfAL·P 

fmg/kgl 

aMI& 4.SOCFt" 

02/04/02 
5.00 

=~ 

125 
123 

1.61'% 

NA 

0.903 
0.915 

98.69% 

I <5.00 

1.005L y !la.IKD p F'£-<l\1. BOIJfiiD p 

-~· 
.....,, 

fmglkg) fmglkg) 
_,. 4SOCFr 

sa~~ta4SIXM" 

02/08/02 02/08/02 
10.0 10.0 

_,. -.. 
<10.0 121 
<10.0 90.9 

NC 28.29% 

NA NA 

0.072 0.072 
0.070 0.070 

102.73% 102.73% 

I <10.0 I <10.0 

R-<AL ft(l{.IJCDP 

·=· (mg/kg) 

:ucta 4.SO:ft" 

02/08/02 
10.0 

-.. 
27.5 
28.9 

5.00% 

NA 

0.072 
0.070 

102.73% 

I <10.0 

01/15/02 

tor. R..U. II(){R(O P 
~"""'"" 

~~· <H<1o 

(mgt kg) fmg/kg) 
51111&~ Slll&«iiOO'f' 

02/08/02 02/08/02 
10.0 10.0 

·1'1>4-H _,. 
148 11.0 
120 13.8 

21.28% 22.95% 

NA NA 

0.072 0.072 
0.070 0.070 

102.73% 102.73% 

I <10.0 I <10.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I IJ\f\Soo'L-CJ 1 
· ,-,.~ ,_ Aquatic Research Incorporated 
~ 3927 Aurora Ave. N I Seattle, WA 98103/ (206) 632-2715 

I CHAIN-OF-CUSTODY RECORD SHEET I OF I 
CLIENT: LJ~S , PROJECTID: Lt:. sle,':{7q-ca-,...--,f ... 6o-vrces 

I SAMPLING ~ATE~ !M/oz. J);?/Oz. CASE FILE NO::,::·===-~----
SAMPLERS. ----l.ei"~· C, ~L_ DATA RECORDED B~Y~:c__ __ _ 

I SAMPLE INFORMATION 

I 
I SAMPLE 

ID 

pi)?- Z'l (Sci 

Pln -J/-, 7so;) 

I P!>JQ -G .,c,l.A 

(LL'IIlu H 

,J,q/oz Ci'i3<J >< Jl. 

dt'lfcz tJ'I<IO )( ) 

I;J,q}bt 1110 1J x 
• ''" 07. 11'>0 1 1 

I,IJ,_ Ol. 1035"1· ~ 
d,:,,cl. '-~?Oi> ~ 

PARAMETERS-

1 )/r, ',_ o I ' X i< X 
J lv Ol. H>,.- J( ~ ~ JC X )( 

Jq·, Ol. /HO X "'/. )< >< J( 

Ill,.-, cz n9~< -,. >< )C " 

.B 
0 
T 
T 
# NOTES 

l 

2 
z 
2-
.3 TPl<i!PIM..Ir.l~ 
J t1.iJ.-r; Jkr.d 
3 .vi o,nt<<: M "itr'o 
1 c.eii.Ao.se .-;H-e. 
;1.. ( 
II J-

1------+---~H+~+H~~HH-H+-----

1------+---~~++H+~+H~K+~---

1------+---H+~+H+H~M+H+~-----

I--------+---~~H4~~~H4++++-~HH4------

I 

I Miscellaneous Notes (Hazardous Materials, Quick !urn-around tirne, etc.):t It: A I c· !!..} Fe.. k .M.'j M 11) NCA. J c I Ft B r' 
} T) I. )j> 

It~ ).)0.,_ JJo,- J.l- .so.{ At&.J:ditt 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

FOR WATER RESOURCES 

June 17, 2002 

Galen Davis 
URS Corp 
1501 4th Ave. Suite 1400 
Seattle, WA 98101 

Dear Galen: 

RECEIVED 

JUN 2 0 2002 
URS CORPORATION 

SEATTLE 

Please find enclosed a data report for water samples received for 
laboratory analysis on 02/19/02. 

Please let me know if you have any questions regarding this data report. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

~~ 
laboratory Director 

AQUATlC RESEARCH, lNC. 
3927 AURORA AVENUE, N. 

SEATILE. WA 98103 
PHONE: {206) 632-2715 

FAX: (206) 632-2417 

:{;i.fra../ 5vrli_t.Q_ 

5afl'l.j? lr ~ e 
5w-l ~ >w.:. 3 

Z-(oz 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORAAVENUENORTH,SEATILE, WA98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-02 
03/07/02 

02/19/02 

PAGEl 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

CASE NARRATIVE 

Uml80 I URS00202 

02/19/02 

Two water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of custody. No 
difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is contained on subsequent 

pages. 

SAMPLE DATA 
TOT AL-P TOTDIS-P SRP 

SAMPLEID (mg/1) (mg/1) (mg/1) 

SW-1-21902 I 0.034 I 0.031 I 0.030 
SW-3-21902 I 0.049 I 0.038 I 0.037 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-02 

03/07/02 

PAGE2 

REPORT DATE: 

U..0801URS00202 

DATE SAMPLED: 02/19/02 DATE RECEIVED: 02/19/02 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

QNQCDATA 
QC PARAMETER TOT AL-P TOTDIS-P SRP 

(mW!) (mW!) (mW!) 
METHOD EPA36U EPA 36S.I Ef'AJ6!i.l 

DATE ANALYZED 02/20/02 . 02/20/02 02120/02 
DETECTION LIMIT 0.002 0.002 O.OOI 

DUPLICATE 

SAMPLEID SW-3-21902 SW-3-2I902 
ORIGINAL 0.049 0.037 

DUPLICATE 0.053 0.037 
RPD 6.99% NA 0.10% 

SPIKE SAMPLE 

SAMPLEID SW-3-21902 SW-3-2I902 
ORIGINAL 0.049 0.037 

SPIKED SAMPLE 0.095 0.058 
SPIKE ADDED 0.050 0.020 
%RECOVERY 91.33% NA I02.72% 

QCCHECK 

FOUND 0.093 0.093 0.029 
TRUE 0.092 0.092 0.027 

%RECOVERY 100.67% 100.67% 105.64% 

BLANK <0.002 I <0.002 I <0.001 

RPD • REU.TIVE PERCENT DIFFERENCE. 
NA • NOT APPUCABLE OR NOT AV AJLABLE.. 
NC • NOT CAL.CtJU.BLE DUE TO ONE OR MORE V ALOES BEING BELOW THE DETECTION UMIT. 
OR • RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TOO LOW Ra.ATIVE TO SAMPLE CONCENTRATION. 



Aquatic Research Incorporated 
3927 Aurora Ave. N I Seattle, WA 98103 I (206) 632-2715 

CHAIN-OF-CUSTODY RECORD 
CLIENT: 1/ !<., S 
SAMPLING DATE: z/lq)oz.. 
SAMPLERS: Ga\t:M ~.,JiS z.o(,-'137f~zo79 

SAMPLE INFORMATION 

PARAMETERS 

I~ l~ I~ 
::> 1\ 11 I~ -

I =I 
'.~ 1.,;( 

SAMPLE DATE/TIME 

10 COLLECTED I~ ~ I \i: 
sw l -/ I "(n"Z. zf,ql~z. /vJv I~ ~ X 

(IJ -3 ·7 Jq0£.. ,~ ... -;;;;;- ~ )< X 
7 

.. 

---··. 

' 

I SHEET I OF 
'-----

PROJECTID~=~P~D~k~~c-·~&4F~E~K 
CASE FILE NO.: 
DATA RECORDC::EC,D~B~Y-: ----

8 
0 
T 
T 
# NOTES 
z. 
z... 

/ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.I 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

FOR WATER RESOURCES 

September 23, 2002 

Galen Davis 
URS Corp 
1501 4th Ave. Suite 1400 
Seattle, WA 98101 

Dear Galen: 

Please find enclosed a revised data report and invoice for soil samples 
received for laboratory analysis on 08/27/02. Please submit the invoice for 
payment. 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

Steven Lazo 
Laboratory Director 

RECEIVED 

SEP 2 7 2002 

URS ACCOUNTING 

AQUATIC RESEARCH, U\C. 
3927 AURORA A VENUE, N. 

SEATILE, WA 98103 
PHOKE: {206) 632-2715 

FAX: (206) 632-2417 

:/ 

5oi I $L11f tuJ 
f;triYI ,M tO 

i~-t ~/D-!t~'lfrl 
(Par CtJct6fliJ 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-03 PAGE 1 
REPORT DATE: 09/19/02 
DATE SAMPLED: 08122,23/02 DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON SOIL 
SAMPLES FROM URS 

CASE NARRATIVE 

URS080 I URS00203 

08/27/02 

Eight soil samples were received by the laboratory in good condition . 1be samples were analyzed accocding to the chain of custody. No difficulties were 

encountered in the prqlai'Btion or analysis of these samples. Sample data follows, while QNQC data is contained on subsequmt pages. 

SAMPLE DATA -DRY WEIGHT BASIS 
lOT AL-P 

SAMPlEID (mg/kg) 
MS2-5 720 

MS2-15 391 
MS5-IO 532 
MS4-5 993 
MS4-6 483 

MS6-28 270 
MSS-10 343 
MSS-20 374 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

URS080llfftS00203 

CASE FILE NUMBER: URS002-03 
09/19/02 

PAGE2 
REPORT DATE: 
DATE SAMPLED: 08/27/02 DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON SOIL 

SAMPLES FROM URS 

QA/QCDATA 
QCPARAMElER TOTAL-P 

(mg/kg) 
METI-IOD 6'A36S.I 

DAlE ANALYZED 09/12102 
DElECTION LIMIT 5.00 

DUPLICAlE 

SAMPLEID 
ORlGINAL 

DUPLICAlE 
RPD 

SPIKE SAMPLE 

SAMPLEID 
ORlGINAL 

SPIKED SAMPLE 
SPIKE ADDED 
%RECOVERY 

QCCHECK 
(mg/1) 

FOUND 
TRUE 

%RECOVERY 

BlANK 

RPO • IW.A TIVE PERCENT DIFFERENCE 

MSH-20 
374 
423 

12.33% 

MS8-20 

OR 

0.917 
0.916 

100.11% 

<5.00 

NA • NOT AI"PUCABLE OR NOT AV AIL.ABl.E 

NC• NOTCALC1..L\Bl.E DLETO ONE OR MOREVAJ..l£S BaNG Bt=LOWTIIE DEnCTION UMI.T. 

OR • ROCOVFRY NOT CALClLUILE Dlll TO SPIKE SAM!' I.£ OUT Of RANGE OR SPIKE TOO LOW RELATIVE TO SAMPLE CONCENTilATION. 

S~~BY:_# 

&rver:--~ 
Laboratory Director 

08/27/02 



SAMPLE INFORMATION 

Aquatic Research Incorporated ~ S::::l:J?. 
3927 Aururn Avo. N I Sonlllo, WA 98103/12001 032·2716 

l(Jl'l 
1111111iT .-:-::::---+-:---or_-.:..1 
rnuJ,;c-.. llh 4t t-e . .,Jcatt ( ,~., 
CASE FILE NO.: 
DATA RECORDED BY: 

,.~ 0 

~ 0 
p T 

IIAMI'.E UA I E/IIMe I I T 

----'"'-''------F'":.::~::o.l·:::"'::."c::":c:"--1.81- -1-l--1--1-- _ -1-l--1-- -+++++-f--f---1--1'11!...1.--!!N~O~T!::ES~ 
M ~ 2 - 5' ~Jz,ln. 10 'o 1.>< 
M. ., 1 -1=> ~},~/oz toY> IJ< 

--------1----'-----1-- ·- - -·----------I----I-------
--------"---1-----11- ---- - -- ---- -1·--1--1-...J- -- -1- -1-----

--------'1-----1---------------- -I- -- -1·-1·-----
---------·1------1- -I------- -I- -1-1- -·---I- -1-'-1'-----
--------1-----1---------- -1- -I- -l--f-1-l-1·-t---J-·1-----
-~-----1----·1-11-1- -

--------1-----1·---------------------1-1-----

--------1-----1------ -I- --- _,_,_ -1--+-1--f-1-f-1-1·-1-----r-... 

~~~·· ""'"'r" . 'zpo ,n .. o~v .. r nr . . !""'"'''"'" :;;;::;:.~·m::•dc·.f~'f.M~<n~~-~~-~A·t·····~...:~~~;n~~-p-~u~..-<.u~,c.-.~.?~,~r:::~l====z=. =1::7'!::5::-:3::·=1:·:3hl:=··:i.:?~·~¢'~_~:\.£='='"'='=c==:t=a=/=z=7~,$~;;.~3~= 
AJnllcdluu A -,d~ . ~ _ 

:.:.::··=-ll"--_ollnqubl-_-_-_-__ 'od::_B-y:::::::::::::::::::::::::::li-Oa-l_"'_'"""--·-----l-"•_c_olv_od __ oy ________ .I.-Oa-lo/1-lr_ne ____ _ 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

. FOR WATER RESOURCES 

September 20, 2002 

Galen Davis 
URS Corp 
1501 4th Ave. Suite 1400 
Seattle, WA 98101 

Dear Galen: 

. <$oil 
Please find enclosed a data report and invoice for .. !Matersamples received 
for laboratory analysis on 08/27/02. Please submit the invoice for payment. 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

Steven Lazoff 
Laboratory Director 

RECEIVED 

SEP 2 7 2002 

URS ACCOUNTING 

AQUATIC RESEARCH, INC. 
3927 AURORA AVENUE, N. 

SEAITLE, WA 98103 
PHOKE: (206) 632-2715 

FAX: (206) 632-2417 

Soi I 5~/Vt~ 
f;f711'1 Soi / IA,n"":» 

w/..v&.l JvtU/ :> were 
I 1'1 ~ ft:t_f fLc/ • 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-03 PAGE 1 
REPORT DATE: 09/19/02 
DATE SAMPLED: 08/22,23/02 DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

CASE NARRATIVE 

URS080 I URS00203 

08/27/02 

Eight water" samples were received by the laboratory in good condition . The samples were analyzed according to the chain of custody. No difficulties 
wu-e encountered in the preparation or analysis of these samples. Sample data follows. while QNQC data is contained on subsequent pages. 

SAMPLE DATA 
TOT AL-P 

SAMPIEID (mg/1) 
MS2-5 3.14 

MS2-15 1.71 
MS5-IO 2.36 
MS4-5 3.97 
MS4-6 2.13 
MS6-28 1.43 
MSS-10 1.80 
MSS-20 1.75 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URSOOZ-03 
09/19/02 

PAGE 2 
REPORT DATE: 

URS080 I URS00203 

DATE SAMPLED: 08/27/02 DATE RECEIVED: 08127/02 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

QA/QCDATA 
QC PARAMElER 

METIIOD 

lDTAL-P 
(mgll) 
H'A365.1 

DATEANALYZED 09/12/02 
DElECllON LIMIT 0.002 

DUPUCATE 

SAMPLE ID MS8-20 
ORIGINAL 1.75 

DUPUCATE 1.93 
RPD 9.74% 

SPIKE SAMPLE 

SAMPLE ID MS8-20 
ORIGINAL 

SPIKED SAMPLE 
SPIKE ADDED 
%RECOVERY 

QCCHECK 

FOUND 
TRUE 

%RECOVERY 

BLANK 

OR 

0.099 
0.091 

108.31% 

<0.002 

RPD .. REl.A TIVE PBtCENT DIFFERENCE 

NA- NOT APM.JCABLE OR NOT AVAJUJJLE 
NC- NOT CALCli..ABtE lJlti TO ONE OR r.«>R.EVAI.U5 BEING BELOWTHfiDEI'OCTION UMIT. 

OR~ RECOVERY NOT CAJ..CULt.Bl.E OlE TO SPIKE SAMPLE our OF RANGE OR SPI.KE TOO WW Ra..A liVE TO SAMrtE aJNCeflllATION. 

Laboratory Director 



Aquatic Research Incorporated ~S:::t::Jc? 01 
3927 Aururn Avo. N I Sooltlo, WA 98103 I (2001 032-2716 • 

CIII\IN-OF-CUSTOIJY OECOOIJ 

c:u~Nrr of{', 'i_.j'C./!. ~!;tj'::t;I.-Gr}.u Dn"i~~,.t;)-<:w ZMl 
SAMPLING DATE: Ill 1 ve _ L"J. 
SAMPLERS: G.,.\cu 1 

{)0 ,;,1~ 

SAMPLE INFORMATION 

I'AIIAMn II;JIB ---- - -- - - - - - ·- -
~· 

!<: 
UAirE./IIMe I=! OAMPLF.. 

IIi cou.r:o lf!U ~.- 1- 1- - - 1-- - - - -
M~1-5 klzt!n. lOW 1.>< 

""., 1-15" flh~loz t035I/' 

M. ':J 5-/cJ '~ J,~, ~/,a~.: I '/J 
1- - - - - !- - - - - - --

M$'-1-S" In loz C$1'1'5 _25_ 

,M, ~'1-" Glahz Q!!K. ~- - - - - - -); 'Jt•z. .t>1C 
- - - - - - -

Mst, -215 I'll - -
M "2f,- 10 t}.njo-.. til'> 2.\__ - - - - - - - - - - -
t1~/J.- Zu :..L :r.l- 1m: J!:__ 

I ' 

- - - -- - - - - - - - - - -
- - - - - - - - - - - - - 1-

-- - - - - - - - - - - - - -
- 1- - - - - - - - - - 1- - 1-

- - - - - - - 1-

1- - - 1-

- - - - - - - - - - - - - 1-

- - - - - - - - - - - - -..•. 

:::-c:--J._,- or _ _.:l_~·· 
PIIUJI!I:T II II 4J. t<: ,;>lc,"/1 c <"'Cl _ 
CASE FILE NO.: 

Allmrr 

DATA RECORDED BY: 

0 
0 
T 
T 
# 

- - - 1"- -
1-

- - - - - -
• - - - - -

1- -
- - - - - -
- - - - - 1-

- - 1- - ,_ -
1- - - 1- - t-

1- 1-
. 

- - - - - -
1- 1-

. 
NOTED 

? 

•• 
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AQUATIC RESEARCH 
CONSULTING AND LAB ORA TORY SERVICES 

FOR WATER RESOURCES 

October 1, 2002 

Galen Davis 
URS Corp 
1501 41

h Ave. Suite 1400 
Seattle, WA 98101 

'Dear Galen: ~ 

Please find enclosed a data report and invoice for~mples received for 
laboratory analysis on 08/30,09/04/02. Please submit the invoice for 
payment. 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

even Lazoff 
Laboratory Director 

AQUATIC RESEARCH, lNC. 
3927 AURORA AVEI\UE, N. 

SEATILE, WA 98!03 
PHOKE: (206) 632-2715 

FAX: (206) 632-2417 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-04,05 PAGE 1 
REPORT DATE: 10/01102 
DATE SAMPLED: 08/28-09/03102 DATE RECEIVED: 08/30,09/04/02 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

lltirteen water samples were delivered to the laboratory in good condition. The samples were analyzed according to the chain of custody. OOC results were greater 

than TOC, possibly from contamination from filtration. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows while 
Q AJQC data is contained on subsequent pages. 

SAMPLE DATACONVENTIONALS 

CHLORIDE SULFATE ALKALINITY FLUORIDE BROMIDE 

SAMPLEID (mWf) (mgll) (mg CaC03~) (mgll) (mgll) 

MW2-GI 5.9 6.71 49.4 <0.100 NO SAMPLE 
MW4-GI 4.7 5.04 44.5 <0.100 NO SAMPLE 
MW5-GI 4.9 5.37 40.5 <0.100 NO SAMPLE 
MW6-GI 5.6 6.63 38.3 <0.100 NO SAMPLE 
MW8-GI 10.5 23.4 65.7 0.145 NO SAMPLE 
DW3-GI 4.5 4.99 45.9 <0.100 NO SAMPLE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

I CASE FILE NUMBER: URS002-04,05 PAGE 2 
REPORT DATE: 10/01/02 

I 
DATE SAMPLED: 08/28-09/03/02 DATE RECEIVED: 08/30,09/04/02 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

I SAMPLE DATA TOTAL METALS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ALUM:INUM 

SAMPLEID (mW!) 

MW2-Gl <0.100 
MW4-G1 <0.100 
MW5-Gl <0.100 
MW6-G1 <0.100 
MW8-G1 <0.100 
DW3-Gl <0.100 

CALCIUM 

(mW!) 

12.0 
10.9 
10.8 
11.4 
19.0 
11.9 

IRON MAGNESRJM MANGANESE POTASSIUM 

(mW!) (mg/1) (mW!) (mg/1) 

<0.020 4.40 0.074 1.84 
<0.020 3.67 0.059 1.66 
<0.020 4.06 <0.005 1.30 
<0.020 4.54 <0.005 1.49 
<0.020 5.32 0.032 4.07 
<0.020 4.34 <0.005 1.39 

SODlUM 

(mW!) 

7.12 
5.78 
4.77 
5.92 
12.3 
5.23 



AQUATIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-04,05 PAGE 3 
REPORT DATE: 10/01/02 
DATE SAMPLED: 08/28-09/03/02 DATE RECEIVED: 08/30,09/04/02 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QA/QC DATA 

QC PARAMETER 

METHOD 

DATE ANALYZED 

DETECflON LIMIT 

DUPLICATE 

SAMPLE!D 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLE!D 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

CHLORIDE 
(mg/[) 

EPA3253 

09111/02 
0.50 

BATCH 
1.6 
1.6 
NC 

BATCH 
1.6 
11.8 
10.0 

101.97% 

29.8 
30.0 

99.30% 

<0.50 

RPO ~ REL\ TIVfi PERCENT DIFFmENCE. 
!'{A • NOT APPUCABLE OR NOT AV AIL\BLE. 

SULFATE ALKALINITY 
(mg/[) . ( mg CaCO 3/l) 

EPA375.4 EPA310.1 

09/19/02 08/31/02 
1.00 1.00 

BATCH DW3-Gl 
6.57 45.9 
6.63 47.3 

0.88% 2.90% 

BATCH 
6.57 
17.6 
10.0 

109.82% NA 

9.38 
10.0 

93.81% NA 

<1.00 <1.00 

NC • NOT CALCli.ABLE OI.Ji TO ONE OR MOR6 VALlE> BEING BELOW THE DEnCriON UMIT. 

FLUORIDE BROMIDE 
(mg/[) (mg/[) 

EPA340.2 SMI84SOOBRB 

10/01/02 
0.100 0.100 

BATCH 
<0.100 
<0.100 

NC NA 

BATCH 
<0.100 
1.11 
1.00 

111.08% NA 

1.99 
2.00 

99.70% NA 

<0.100 I NA 

OR- RB::OVERY NOT CAI..ClL\Bl.E OlE 10 SI'IKESAMPl£ OUT OF RANGE OR SPlKETOO lDW IUL\ TlVE TO SAMPLE CO~ TION. 

I 
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AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

I CASE FILE NUMBER: URS002-04,05 
REPORT DATE: 10/01/02 

PAGE4 

I 
DATE SAMPLED: 08128-09/03102 DATE RECEIVED: 08130,09/04/02 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

I 
I 
I 
I 
I 
I 
I 
I 
I 

QNQCDATA 

QC PARAMETER 

METHOD 
DATE ANALYZED 

DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

roc 
(mgll) 

EPA415.2 

09/IJ/02 

0.250 

DW3-Gl 
0.411 
0.369 
10.57% 

DW3-Gl 
0.411 
10.1 
9.00 

107.89% 

4.07 
4.00 

101.75% 

<0.250 

NA - NOT APPUCABI...E OR NOT AV AII.ABlE. 

DOC N03+N02 

(mgll) (mglf) 
EPA415.2 EPA353.2 

09/13/02 09117/02 

0.250 0.010 

DW3-GI 
1.27 
1.25 

NA 1.60% 

DW3-Gl 

NA OR 

4.07 0.425 
4.00 0.433 

101.75% 98.24% 

I <0.250 <0.010 

NC- NOT CALCU.ABlE DtE TO ONE OR MORE V ALlE'i BEING BEl.OW TilE DETEriON UMIT. 

TOT AL-P SRP 

(mgll) (mgll) 
I'J>A36~.1 B'A36S.I 

09123102 08130,09/05/02 

0.002 0.001 

SW13-Gl MW2-G1 
0.042 0.014 
0.041 0.014 
1.44% 0.30% 

SW13-Gl MW2-G1 
0.042 0.014 
0.095 0.030 
0.050 0.020 

107.04% 79.89% 

0.089 0.027 
0.092 0.027 

96.74% 99.35% 

I <0.002 <0.001 

I 
Rf'D • RElATIVE PatCENT DIFFERENCE. 

OR •RECOVERY NOT CALClL\BUl DUE TO SJ'IK.ESAMPLEOUf OF RANGEORSPIKETOO LOW RElATIVE TO SAMPLECONCfNTRATION. 

I 
I 
I 
I 

TOTDIS·P 

(mg/1) 
fl'A 365.1 

09123/02 

0.002 

WS1-Gl 
0.073 
0.074 
1.35% 

WS1-G1 
0.073 
0.122 
0.050 

99.66% 

0.089 
0.092 

96.74% 

I <0.002 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEATTLE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-04,05 PAGE 5 
REPORT DATE: 10/01102 
DATE SAMPLED: 08/28-09/03/02 DATE RECEIVED: 08/30,09/04/02 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QA/QCDATA 

QC PARAMETER 

METHOD 

DATE ANALYZED 

DETECTION LIMIT 

DUPLICATE 

SAMPLE!D 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLE!D 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

TOTAL METALS 

ALUMINUM 

<mWI> 
EPA200.7 

091I7/Q2 

0.100 

MW8-GI 
<0.100 
<0.100 

NC 

MW8-GI 
<0.100 
1.03 
1.00 

102.90% 

0.986 
1.00 

98.60"/o 

<0.100 

RPD • RB..A TIVE PfR...u< 1 DifFERENCE. 
NA - NOT APPUCABLE OR NOT AV AILABIE. 

CALCIUM IRON 

(mW!) (mW!) 

EPA200.7 EPA200.7 

091I7/Q2 091I 7/Q2 

0.100 0.020 

MW8-G1 MW8-GI 
19.0 <0.020 
20.4 <0.020 

7.11% NC 

MW8-GI MW8-GI 
19.0 <0.020 
42.8 0.892 
20.0 1.00 

119.00% 89.20% 

49.1 0.911 
50.0 1.00 

98.20% 91.10% 

<0.100 <0.020 

NC - NOT CAl..ClLABlE OlE TO ONE OR MORE V A1.l£i BEING BfLOW THS IJETOCTION UMIT. 

MAGNESR.JM MANGANESE 

(mW!) (mW!) 

EPA200.7 EPA200.7 

091I7/Q2 091I7102 

0.100 0.005 

MW8-G1 MW8-G1 
5.32 0.032 
4.89 0.029 

8.42% 9.84% 

MW8-GI MW8-GI 
5.32 0.032 
23.0 0.98 
20.0 1.00 

88.40% 94.60"/o 

52.8 0.973 
50.0 1.00 

105.60% 97.30% 

I <0.100 I <0.005 

OR • ROCOVERY NOT CA1£UU.BL£ OlE TO SPliCE SAMPlE Our OF RANGE OR SPliCE TOO LOW RRA nVE TO SAMPlE CONCENTRA TfON. 

z 
Laboratory Director 

POTASSIUM 

(mW!) 

EPA200.7 

091I7102 

1.00 

MW8-G1 
4.07 
3.73 

8.72% 

MW8-GI 
4.07 
49.9 
40.0 

114.58% 

52.3 
50.0 

104.60% 

I <1.00 I 

SOD RIM 

<mWIJ 
EPA200.7 

091I 7102 

0.300 

MW8-G1 
12.3 
11.7 

5.00% 

MW8-GI 
12.3 
29.6 
20.0 

86.50% 

51.0 
50.0 

102.06% 

<0.300 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Aquatic Research Incorporated VI I<..~ 0 (j c- 6 Lf 
3927 Aurora Ave. N I Seattle, WA 99103/ (2061632-2715 
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AlfUatic Research Incorporated 
3927 Auroro Avo. N I Soolllo. WA 98103 /12001032-2716 

CIIAIN-OF-CUS 
CLIENT: 
SAMrUNO 11/\ TE: 

BII~GT or I 
rnoJECT 10: _...J... __ _ 

C/\8E riLE NO.:-:--------
SAMrLEnS: DATI\ neconoeo ov: 

8/\MI'LE INfOnMA TION .SivJy _I 

I 
I 

;S 1/J t/_ (j- I fl rku If 3 u .,. )( r I 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-06 PAGE 1 
REPORT DATE: 10/ll/02 
DATE SAMPLED: 09123,24/02 DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

CASE NARRATIVE 

URSOSO IURS00206 

09/24/02 

Six water samples were received by the laOOratol)' in good condition . The samples were analyzed according to the chain of custody. No difficulties were 
encountered in the preparation or analysis of these samples. Sample data fullows, while QA/QC data is contained on subsequent pages. 

SAMPLE DATA 
TOT AL-P TOTDIS-P SRP 

SAMPLEID (rng/1) (rng/1) (rng/1) 

CW-45-1 0.045 0.041 0.040 
CW-46-1 0.117 0.048 0.051 
CW-59-1 1.93 0.039 0.039 
CW-62-1 0.388 0.360 0.352 
CW-162-1 0.392 0.357 0.344 
CW-61-1 O.o75 0.084 0.084 



AQUATIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: PAGE2 
REPORT DATE: 

tntS080tLnRSOOl06 

DATE SAMPLED: 

URS002-06 
10/11/02 
09/24/02 DATE RECEIVED: 09/24/02 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

QAIQCDATA 
QC PARAMElER TOT AL-P TOTDIS-P SRP 

(mg/1) (mg/1) (mg/1) 
METIIOD EPAJ65.1 EPA36S.I El'A36.'i.l 

DAlE ANALYZED 10/04/02 10/04/02 09/25/02 
DEJECTION LIMIT 0.002 0.002 0.001 

DUPLICAlE 

SAMPLEID CW-61-1 CW-61-1 
ORIGINAL 0.075 0.084 

DUPLICAlE 0.073 0.083 
RPD 2.80% NA 1.74% 

SPIKE SAMPLE 

SAMPLEID CW-61-1 CW-61-1 
ORIGINAL 0.075 0.084 

SPIKED SAMPLE 0.127 0.102 
SPIKE ADDED 0.050 0.020 
%RECOVERY 104.38% NA 87.85% 

QCCHECK 

FOUND 0.092 0.092 0.027 
TRUE 0.092 0.092 0.027 

%RECOVERY 99.53% 99.53% 99.45% 

BLANK <0.002 I <0.002 I <0.001 

RPD • RELATIVE PERCfNT DIFFERENCE. 
NA., NOT APPUCABlEORNOT AVAJLADlE. 
NC • NOT CALCLL\BLE DC.£ TO ONE OR MORE V ALlE'i BEING Ba.OW lllli DEJECnON UMIT. 

OR • ROCOVERY NOT CA1..CU.ABl£ OlE TO SPIKE SAMPlE Our Of RANG£ Oil SPIKE TOO LOW Ra.ATIVE TO SAMPUi CONCENTRATION. 

SUBMITlED Br 
~ 
Laboratory Director 
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I~ Aquatic Research Incorporated 
3927 Aurorn Avo. N I Sonllln, WA 98103 /12001 632-2716 

I ' CHAIN-OF-CUSTODY RECORD {) 

CI.IENI"I ~ ~ sAM PUNa DATE: <tIn = 2 t,b -... 
SIIEET ) OF ( 
PROJECT"'I"'Il"':-l-,'J(:--5-:-k:-,.,...~C'! f ,5 hJ. Y: 
CASE FILE NO.: I SAMPLERS: '----

1 
____:_ DATA RECORDED DY: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SAMPLE INFORMATION 

SAMPLE 

ID 

Cu 1 -cllt::- I 
(' ,,; -1/0- I 
cw -59-I 
Cw-C.Z-1 
ClrJ -f{,z- 1 

cw-(.1-1 

DAlE/TIME 

COUECTEO 

lq Ia~ In. """ 
hJI~-z. 1100 

<t/7i/oz tJ(& 

<!lz(/dZ (J 7tXJ 

_ ~ fztfoz 011 

~"~"- r?5"5C 

. 

'£ lL 

~ .r. 
I~ I~ l::f 

1 II I~ 
lx lx h 
Ill '7< 'Y 
! X X )<. 

-
)< )< X 

E J( )<. 

7' X X 1-

- - -
1- -

- - -

- - -

PARAMETERS 

- - 1- - - - - - 1-1- - 1- -

- - -
1-

- - - - - - - - - 1- - - 1- 1-
1- - 1-

- 1- 1- - 1- 1- - 1- 1-

- - - -

- - - - - 1- - - 1- 1-

~~~~'lfll•hcutp.v ~- ,. ''"%''"~ 
ll•o .. N•d nv , ... - .,,;, ~ 'f/''7.. lf07 SAt... ..... ....__""-.}'"""'--'~ PtlutedNnf 

I 
Blgnahue 

AtflllrttiOII 

--=-r; C-~ 
,,/)~-;:::~ 

./ 
M,e£_ 

Relinquished By Oate!Timo Rocetvod By 

I Ptlntod Nan 
Signature 

Affiliation 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

FOR WATER RESOURCES 

December 17,2002 

Galen Davis 
URS Corp 
1501 4th Ave. Suite 1400 

. , :Seattle, WA .. 98101 

Please find enclosed two data reports and an invoice for water samples 
received for laboratory analysis on 12/04,06/02. Please submit the invoice 
for payment. 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

AQUATIC RESEARCII. INC. 
3927 AURORA AVENUE. N. 

SEATILE. WA 9tll03 
PHONE: (206) 632-2715 

FAX: (206) 632-2417 

2 JJ"D f{ov 1J'D 

~rv-3/-stJJ-r (!U/-h z_ 
;f/() T 5,>4111/'t.£/) 

tVo FlfJtJ/ 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-08 PAGE 1 
REPORT DATE: 12/13/02 
DATE SAMPLED: 12103,04/02 DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECfED PARAMETERS ON WATER 
SAMPLES FROM URS 

CASE NARRATIVE 

URSOSO I URS00208 

12/04/02 

Eleven water samples were received by the laboratory in good condition . The samples were analyzed according to the chain of custody. No difficulties 
were encountered in the preparation or analysis of these samples. Sample data follows, while QA!QC data is contained on subsequent pages. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-08 
12/13/02 

PAGE2 
REPORT DATE: 

URS080 I URS00208 

DATE SAMPLED: 12/04/02 DATE RECEIVED: 12104/02 
FINAL REPORT, LABORATORY ANALYSIS OF SELECfED PARAMETERS ON WATER 

SAMPLES FROM URS 

QA/QCDATA 
QC PARAMETER IDTAL-P IDTDIS-P SRP 

(mg/1) (mg/1) (mg/1) 
METHOD El'AJ6S.I fPA36S.I EPA 365.1 

DATE ANALYZED 12/09/02 12/09/02 12/04/02 
DETECTION LIMIT 0.002 0.002 0.001 

DUPLICATE 

SAMPLEID BATCH BATCH MWI8-G2 
ORIGINAL 0.057 0.330 0.048 

DUPLICATE 0.058 0.327 0.049 
RPD 1.79% 0.90% 2.08% 

SPIKE SAMPLE 

SAMPLEID BATCH BATCH MWI8-G2 
ORIGINAL 0.057 0.330 0.048 

SPIKED SAMPLE 0.112 0.375 0.067 
SPIKE ADDED 0.050 0.050 0.020 
%RECOVERY 110.50% 91.28% 93.03% 

QCCHECK 

FOUND 0.093 0.093 0.027 
TRUE 0.092 0.092 0.027 

%RECOVERY 100.75% 100.75% 99.45% 

BLANK <0.002 I <0.002 I <0.001 

Rf'D • REL\. TlVE PfRC'fNI" DIFFERWCE. 
NA•NOT APPUCABLEORNOT AVAILABlE 
NC • NOT CAI.a.lABl.E DUE TO ONE OR MORE V All8 BEING Bfi.OW Tim DETB:710N UMIT. 

OR • RECOVERY NOT CAl.CU..AB1£ DlE TO SFIKESAMPLEOUf Of RANGEORSPlKETOO WW RElATIVE TU SAMI'l.ECONCENTRATION. 

I Laboratory Director 

I 
I 



Aquatic Research Incorporated 
3927 Aurora Ave. N I Seattle, WA 98103/ (206)632-2715 

SHEET ;:-;;;:---'---OF __ ..;_/ ___ I 
PROJECT ID: 

CHAIN-OF-CUSTODY RECORD 

CLIENT: t//S ~ f!!:~ P . 
SAMPLING DATE: ?Z z. ~ 231"./o-z. CASE FILE NO.:-: --------

DATA RECORDED BY: I SAMPLERS: CT, C . L'h · 

SAMPLE INFORMATION 

.. 
PARAMETERS I 

.-
) 1\.ID.. 8 I 
J\ ~ 0 
~IJI- T 

DATE/TIME ...!! ./~ T I 
---~~o~---_,~cQ==~~c~~D-r~~~,I~~-T-r,_t-~-t-T-r,_t-~-t-T~~~#+--~N~OT~E~S~---

SAMPLE 

5W 5"- G 1... 1-z. 'J oz 11o0 )( X )< 12. T1J t /.st. p 

MWZ -G 2- zllltm .. o9~o X J< I 
M-. w 1r G- L z v/oz.. IO'{;;IX .> I I I 
SJAJ 1- G- <- 12/~/o-z- o7311 ~ xl~ lz. 

Printed Nam 

Signature 

Affiliation 

e 

Relinquished By Date/Time 

Miscellaneous Notes (Hazardous Materials, Quick tum-around time, etc.): 

Received By , Date/Time 

Received By Dateffime 

; I 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-09 
12/16/02 

PAGEl 
REPORT DATE: 
DATE SAMPLED: 12/05/02 DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

CASE NARRATIVE 

URS080IURS00209 

12/06/02 

Four water samples were received by the laboratory in good condition . 1lte samples were analyzed according to the chain of custody. No difficulties 
were t'nCOUlltered in the pi"eparation or analysis of these samples. Sample dala follows, while QA/QC data is contained on subsequent pages. 

SAMPLE DATA 
1DTDIS-P SRP 

SAMPLEID (mg/1) (mg/1) 
CW45-G2 0.047 0.040 
CW46-G2 0.053 0.048 
CW59-G2 0.180 0.166 
CW61-G2 0.330 0.331 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: PAGE2 
REPORT DATE: 

URS080 I URS00209 

DATE SAMPLED: 

URS002-09 
12/16/02 
12/06/02 DATE RECEIVED: 12/06/02 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

QA/QCDATA 
QC PARAMETER TOTDIS-P SRP 

(mg/1) (mg/1) 

MEIHOD fPA36S.I EPA 365.1 

DA1EANALYZED 12/09/02 12/06/02 
DEJECTION LIMIT 0.002 0.001 

DUPUCA1E 

SAMPIEID CW61-G2 CW61-G2 
ORIGINAL 0.330 0.331 

DUPUCA1E 0.327 0.335 
RPD 0.90% 1.25% 

SPIKE SAMPlE 

SAMPIEID CW61-G2 CW61-G2 
ORIGINAL 0.330 

SPIKED SAMPlE 0.375 
SPIKE ADDED 0.050 
%RECOVERY 91.28% OR 

QCCHECK 

FOUND 0.093 0.028 
TRUE 0.092 0.027 

%RECOVERY 100.75% 101.94% 

BLANK <0.002 I <0.001 

RPD • RElATIVE PERCENT D!FFFRENCE. 
NA -NOT APPI.JCABLE OR NOT AV AI lADLE. 

NC • NOT CAl..CllA8lE DlE TO ONE OR M:IRE V ALI..6 BElNG Bfl.DW THil DETOCTION UMIT. 
OR • RBX)VERYNOTCAUU..ABI.£DlE TO SJ'IKESAMPLEOUT OF RANGE OR SPIKE TOO LOWREI.ATJVE TO SAMPLECONCENI'RATION. 

SUB~Y: /./ 

St~La~ 
Laboratory Director 
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Aquatic Research Incorporated 

: ~~OF~CUSTOOY R<CORD 

3927 Aurora Ave. N I Seattle, WA 98103 I (206} 632-2715 

1 ~~~~:~:~,DATE: _

1

_i_%1-L-;J,_,L._j .... ;;~:-:--~~l--.. .......,c"""_ -~-,------,=----------

I SAMPLE INFORMATION 

PARAMETERS 

I ~~Q 

SHEET OF I 
PROJECT ID: 1 !<.. 5k ;1. p 5-JvJ y 
CASE FILE NO.: 

DATA RECORDED BY: he Q 

.Vl ~ 
d., 

I ----S-AM~P~L-E-----f0~A~T8T~IM~E~-t·~~-t~~·t-f-f-f-f-f-f-f-f-f-f-f-f-f-f-f-f-f-f-~f--~~~---- 10 COLLECTED ~ V: 

c IN '-/ c;- r .. 1._ I•M. 7. OMo It' X I Cw '16- G-"2 .i,)o.,_ /o3> lxlx 
Cw 5'1- G z .},/o-z ~>o >< ?' 

1---------~---~~+rHH++rH~+rHH++~-----

1-----------+----++rHH++HH++HH++hH~~----

I Printed Nam 

Signature I Affiliation 

e 

Relinquished By Date/Time 

Miscellaneous Notes (Hazardous Materials, Quick tum~arouncl Orne, etc.): 

Received By Date/Time 

. 

1-------------------------------
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AQUATIC RESEARCH 
CONSULTTNG AND LABORATORY SERVTCES 

FOR WATER RESOURCES 

December 10, 2002 

Galen Davis 
URS Corp 
1501 4th Ave. Suite 1400 
Seattle, WA 98101 

Dear Galen: 

Please find enclosed a data report and invoice for water samples received 
for laboratory analysis on 11/20/02. Please submit the invoice for payment. 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

St~ 
Laboratory Director 

AQUATIC RESEARCH, INC. 
3927 AURORA AVENUE, N. 

SEATILE, WA 98lU:J 
PHONE: (206) 632-2715 

FAX: (206) 632-2417 

j-/etfl /It/)},. 3 
JJ:J1 ?~ptd 

J{ jto(o~ 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-07 
12/10/02 
ll/20/02 

PAGE 1 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECfED PARAMETERS ON WATER 
SAMPLES FROM URS 

CASE NARRATIVE 

URS080 I URS00207 

ll/20/02 

One water sample was received by the laboratory in good condition . The sample was analyzed according to the chain of custody. No difficulties were 
encoWitered in lhe preparation or analysis of this sample. Sa.rnple data follows, while QAJQC data is containafon subsequent pages. 

SAMPLE DATA 

SAMPlEID 
HERR-MW-3-G2 I 

IDTAL-P 
(mg!IJ 
o.os9 I 

IDTDIS-P 
(mg/1) 
o.o56 I 

SRP 
(mg/1) 
0.051 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: PAGE2 
REPORT DATE: 

URS080 I URS00207 

DATE SAMPLED: 

URS002-07 
12/10/02 
11/20/02 DATE RECEIVED: 11/20/02 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

QA/QCDATA 
QC P ARAMEIER TOT AL-P TOTDIS-P SRP 

(mg/l} (mg/l) (mgll) 
MElHOD B'A 365.1 B'A 365.1 EPA365.1 

DAlE ANALYZED 12/02/02 12/02/02 11/21/02 
DE'IECTION LIMIT 0.002 0.002 0.001 

DUPUCA1E 

SAMPLEID BATCH BATCH 
ORIGINAL 0.097 0.003 

DUPUCA1E 0.101 0.003 
RPD 4.72% NA 5.91% 

SPIKE SAMPLE 

SAMPLEID BATCH BATCH 
ORIGINAL 0.097 0.003 

SPIKED SAMPLE 0.149 0.025 
SPIKE ADDED 0.050 0.020 
%RECOVERY 104.53% NA 107.84% 

QCCHECK 

FOUND 0.096 0.096 0.027 
TRUE 0.092 0.092 0.027 

%RECOVERY 104.59% 104.59% 98.22% 

BLANK <0.002 I <0.002 I <0.001 

RI'D- REU. TIVE PERCENT DIFFERB>ICE. 
NA • NOT APPUCAB11i OR NOT AV AJ1.ABtE 
NC-NOT CAl.Ct.I...ABl. OlE TO ONE OR MORE VAL.lE> BElNO BaOWlliEDEilLilON UMrT. 

OR • RB:OVfRY NOT CALCli..ABlE DlE TO SPIKE SAMPLE OUT OF RANGE OR SPlKETOO WW RB.ATIVE TO SAMPLE CONCfNTRATION. 



Aquatic Research Incorporated 
3927 Aurora Ave. N I Seattle. WA 98103/ (206) 632-2715 

CHAIN-OF-CUSTODY RECORD 
CLIENT (/l<, S r 

SHEET_~~----OF _____ __ 
PROJECTID: 
CASE FILE N:7:0::-_-: -------

I 
SAMPLING DATE;;'£33'0?-; 
SAMPLERS: C __ _ 1 _fCY/2 DATA RECORDED B::_Y:..;.: ___ _ I 
SAMPLE INFORMATION 

•' 

PARAMETERS 

~ <l., B 

~ ~ 0 

<:1., '1 
T 

SAMPLE DATEillME 

~ 
T 

10 COLLECTED # 
IL,,..,.._ MW'?J-&2. Jl/zofO._ .), '>( 7 

,;,..:. -~ 

. 

NOTES 

' lf'lf I!?K.!' 
,__ 7 II 

I 
I 
I 
I 

IJ--i ~/d-J- Jt. wl 
I 

. I 
I 
I 
I 
I 
I 
I 
I 
I 

Miscellaneous Notes (Hazardous Materials, Quick tum-around tim:::•::.:.·.:::•t:::c.:L): ----------------- .I 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

FOR WATER RESOURCES 

February 19, 2003 

Galen Davis 
URS Corp 
1501 4th Ave. Suite 1400 
Seattle, WA 98101 

Dear Galen: 

Please find enclosed a data report and an invoice forwater samples 
received for laboratory analysis on 01/27/03. Please submit the invoice for 
payment. 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

AQUATIC RESEARCll. INC. 
3927 AURORA AVENUE, N. 

SEATTLE. WA 9UlU:J 
PHONE: (206) 632-2715 

FAX: (206) 632-2417 

!)) /3L-f.-. &-:1. 

~~'"'u 1/z, 7/o3 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-10 PAGE 1 
REPORT DATE: 02/17103 
DATE SAMPLED: 01/27103 DATE RECEIVED: 01/27/03 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

One water sample was delivered to the laboratocy in good condition. The sample was analyzed according to the chain of custody. No difficulties were encountered in 
the preparation or analysis of this sample. Sample data follows while QNQC data is contained on subsequent pages. 

SAMPLE DATA CONVENTIONALS 

SAMPLE!D 

WS-GI WElL I 

CHWRIDE 
(mWI) 

4.7 I 

SULFATE 
(mgll) 

8.66 I 

ALKALINITY 

(mgCaCOJn) 

69.8 I 

FLUORIDE 
(mWI) 

0.120 1 

BROMIDE 
(mgll) 

0.101 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

I CASE FILE NUMBER: 
REPORT DATE: 02/17/03 

URS002-10 PAGE 2 

DATE SAMPLED: 01/27103 DATE RECEIVED: 01/27/03 I FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SAMPLE!D 

WS-GI WELL I 

AUJMJNUM 

(mWJ) 

<O.too I 

CAI.CIUM IRON MAGNESIUM MANGANESE POTASSIUM SODIUM 

(mWJ) (mWJ) (mWJ) (mWJ) (mg/1) (mg/1) 

15.3 I <O.o2o I 9.34 I <0.005 I 2.20 I s.s7 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEATTLE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-10 PAGE 3 
REPORT DATE: 02/17/03 
DATE SAMPLED: 01/27103 DATE RECEIVED: 01/27/03 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QA/QCDATA 

QC PARAMETER 

METHOD 

DATEANALVZED 

DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

CHLORIDE 
(mWI) 

EPA325.3 

02/11/03 
0.50 

WS-GJ WEll. 
4.7 
4.8 

2.11% 

WS-G1 WEll. 
4.7 
14.6 
10.0 

98.97% 

27.9 
30.0 

92.97% 

<0.50 

Rf'D• RHATIVE PERCENT OlffE'RENCli 
NA "' NOT APPUCABIE OR NOT A Y Alu.BLE. 

SULFATE ALKALINITY 
(mWJ) (mgCaC03n) 

EPA375.4 EPA310.1 

02/10/03 02/06/03 
1.00 1.00 

BATCH WS-GJ WElL 
1.47 69.8 
1.49 69.6 

1.28% 0.29% 

BATCH 
1.47 
10.8 
10.0 

93.68% NA 

19.8 
20.0 

99.20% NA 

I <1.00 I <1.00 

NC • NOTCAiCl.I.ABtEDlE TOONE OR WRE VAl.l.ES BaNO eaDWTIIEDET'OCTION UMIT. 

FLUORIDE BROMIDE 

("'lVVl ("'lVV) 
EPA340.2 SMI84SOOBRB 

02/14/03 02/14/03 
0.100 0.100 

NA NA 

NA NA 

1.02 0.227 
1.00 0.250 

102.25% 90.80% 

I <0.100 I <0.100 

OR• RB:'OVEltY NOTCALCtL\BLEDI.ETO SPIKE SAMPlEOOfOf RANGEORSPIKETOO WW RELATIVE TO SAMPLECONCI'NTRATION. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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LABORATORY & CONSULTING SERVICES 
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PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URSOOZ-10 PAGE4 
REPORT DATE: 02/17/03 
DATE SAMPLED: 01/27/03 DATE RECEIVED: 01/27/03 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QA/QCDATA 

QC PARAMETER 

METHOD 
DATE ANALYZED 

DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

N03+N02 

(mg/1) 
EPA1S3.2 

01/30103 

0.010 

BATCH 
0.708 
0.731 
3.21% 

BATCH 
0.708 
0.922 
0.200 

107.18% 

0.433 
0.433 

99.97% 

<0.010 

RPD- REL\TIVEl'fR~~ DiffERENCE 
NA-NOT APPUCABI.BORNOT AVAllABUi. 

SRP TOT AL-P 

(mgll) (mgll) 
8'A36S.I fPAJ6S.I 

01/27103 02/03103 

0.001 0.002 

WS-G1 WElL BATCH 
0.028 0.054 
0.028 0.053 
0.19% 0.75% 

WS-Gl WELL BATCH 
0.028 0.054 
0.051 0.104 
0.020 0.050 

112.19% 100.48% 

0.028 0.093 
0.027 0.092 

105.49% 101.19% 

I <0.001 I <0.002 

NC- NOT CA1.CliAIIUl ot.eTO ONEORMOREVALI.E'i BBNG BfLOWTHE oorocTlON UMIT. 

TOTDIS-P 

(mg/1) 
EPAJ6S.I 

02/1)3/03 

0.002 

NA 

NA 

0.093 
0.092 

101.19% 

I <0.002 

OR - ROCOVERY NOT CAL.a.LABLE Dm TO SPIKE SAMPlE OUT OF RANGE OR SPlKE TOO LOW RElATIVE TO SAMPLE CONCENTRATION. 
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3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-10 PAGE 5 
REPORT DATE: 02/18/03 
DATE SAMPLED: 01/27/03 DATE RECEIVED: 01/27103 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QA/QCDATA DISSOLVED METALS 

QC PARAMETER 

METHOD 

DATE ANALYZED 

DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

ALLMINUM 

(mWI) 
EPA200.7 

02/17/03 

0.100 

WS-GI WElL 
<0.100 
<0.100 

NC 

WS-GI WElL 
<0.100 
0.917 
1.00 

91.70% 

0.992 
1.00 

99.20% 

<0.100 

RPD - REl.A liVE PERCENT DIFFBIENCE 
NA • NOT APPUCABlE OR NOT AV All.A8l£ 

CALCRJM 

(mWI) 
EPA200.7 

02/17/Q3 

0.100 

WS-GI WElL 
15.3 
16.1 

5.10% 

WS-GI WElL 
15.3 
24.8 
10.0 

95.00% 

24.5 
25.0 

98.00"/o 

I <0.100 . I 

IRON 

(mWI) 
EPA200.7 

02/1 7/Q3 

0.020 

WS-GI WElL 
<0.020 
<0.020 

NC 

WS-GI WElL 
<0.020 
0.993 
1.00 

99.30% 

1.07 
1.00 

107.00% 

<0.020 

NC • NOT CAI.Cli..ABLE DI.JE TO ONE OR f.«JRE VAUE'i BEING BELOW THE OEIB:110N UMIT. 

MAGNESlUM MANGANESE 

<mWIJ (mWIJ 
EPA200.7 EPA200.7 

02/17/03 02/17/Q3 

0.100 0.005 

WS-GI WEU WS-GI WElL 
9.34 <0.005 
9.57 <0.005 

2.43% NC 

fVS-GI WEU WS-GI WElL 
9.34 <0.005 
19.2 0.978 
10.0 1.00 

98.60% 97.80% 

25.7 0.976 
25.0 1.00 

102.80% 97.60% 

I <0.100 <0.005 

OR • ROCOVI'RY NOT CA.l..CU.AEII.E DUE TO SPIKE SAMPl£ OlJT OF RANGE OR SPIKE TOO LOW RELATIVE TO SAMPLE CONCFNTRA TION. 

SUB~Y:_// 

~Laz~ 
Laboratory Director 

POTASSRJM 

(mg/1) 

EPA200.7 

02117/Q3 

1.00 

WS-GI WElL 
2.20 
2.22 

0.90"/o 

WS-GI WElL 
2.20 
19.6 
20.0 

87.00% 

23.1 
25.0 

92.40"/o 

I <1.00 

SODIUM 

(mWI) 
EPA200.7 

02/17/Q3 

0.300 

WS-GI WElL 
5.87 
5.76 

1.89% 

WS-GI WElL 
5.87 
13.7 
10.0 

78.30% 

25.7 
25.0 

102.80% 

I <0.300 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

FOR WATER RESOURCES 

March 26, 2003 

Galen Davis 
URS Corp 
1501 4th Ave. Suite 1400 
Seattle, WA 98101 

'13eat'ealen: 

Please find enclosed two data reports for water samples received for 
laboratory analysis on 03/05,06/03. 

RECEIVED 

MAR 2 8 2003 
URS CORh. 

stAnLL 

Please let me know if you have any questions regarding this data report or 
invoice. 

Sincerely, 
AQUATIC RESEARCH INCORPORATED 

~ 
Laboratory Director 

AQUATIC RESEARCII, INC. 
3927 AURORA AVENUE, N. 

SEATTLE, WA 9!1103 
PHONE: (206) 632-2715 

FAX: (206) 632-2417 

·v· 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-12 PAGE 1 
REPORT DATE: 03/26/03 
DATE SAMPLED: 03/04/03 DATE RECEIVED: 03/05/03 
FINAL REPORT, LABORATORY ANALYSISOFSELECTEDPARAMETERSONWATER 
SAMPLES FROM URS I LAKE STEILACOOM 

1'hirtem water samples were delivered to the laboratory in good condition. The samples ~ere analyzed according to the chain of custody. DOC results were greater 
than TOC, possibly &om contamination from filtratiOIL No difficulties were enc:ountered in the prqmation or analysis of these samples. Sample data follows while 

QNQC data is contained on subsequent pages. 

SAMPLE DATA CONVENTIONALS 

CHWRIDE SULFATE ALKALINITY FLUORIDE BROMIDE 

SAMPLEID (mg/1) (moll) (mg CaCOJA) (mg/1) (mg/1) 

MW-AEF250-G3 3.10 10.4 53.5 NO SAMPLE NO SAMPLE 
MW-AEF222-G3 3.90 10.1 48.6 NO SAMPLE NO SAMPLE 

MW8-G3 3.40 16.6 33.7 NO SAMPLE NO SAMPLE 
WSG1-G3 5.30 10.7 67.5 NO SAMPLE NO SAMPLE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

I CASE FILE NUMBER: URS002-12 PAGE 2 
REPORT DATE: 03/26/03 
DATE SAMPLED: 03/04/03 DATE RECEIVED: 03/05/03 

I FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

I 
SAMPLE DATA DISSOLVED METALS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SAMPLEID 

MW-AEF250-G3 
MW-AEF222-G3 

MW8-G3 
WSGI-G3 
MW6-G3 
MWI6-G3 

ALUMlNUM CALCIUM 

(mg/1) (mg/1) 

<0.100 13.4 
<0.100 12.5 
<0.100 11.6 
<0.100 14.7 
<0.100 10.3 
<0.100 10.5 

IRON MAGNESIUM MANGANESE POTASSIUM 

(mg/1) (mg/1) (mg/1) (mg/1) 

<0.020 6.25 <0.005 2.20 
<0.020 4.06 <0.005 1.23 
<0.020 3.38 <0.005 1.69 

. 
<0.020 8.32 <0.005 1.90 

. <0.020 3.99 <0.005 1.10 
<0.020 3.95 <0.005 1.18 

SODIUM 

(mg/1) 

5.02 
6.76 
4.63 
5.55 
5.73 
5.75 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-l2 PAGE 3 
REPORT DATE: 03/26/03 
DATE SAMPLED: 03/04/03 DATE RECEIVED: 03/05/03 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QAIQCDATA 

QC PARAMETER 

METHOD 

DATE ANALYZED 

DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

o/e RECOVERY 

BLANK 

CHLORIDE 
(mg/1) 

EPA32S.3 

03/07/03 
0.50 

BATCH 
20.1 
20.3 

0.99% 

BATCH 
20.1 
29.5 
10.0 

93.97% 

29.5 
30.0 

98.30% 

<0.50 

RPD • RElATIVE PERCENT DIFFai.ENCE. 
NA • NOT APPUCABt£ OR NOT AVAIL\BL£. 

SULFATE ALKALINITY 
(mg/1) (mgCaCOJn) 

EPA37S.-t. EPAJIO.I 

03113/03 03/17/03 
1.00 1.00 

BATCH BATCH 
9.34 23.5 
9.70 23.6 

3.72% 0.42% 

BATCH 
9.34 
19.9 
10.0 

105.38% NA 

9.50 
10.0 

94.99% NA 

I <1.00 <1.00 

NC• NOTCAI..CUl.ABl£DlllTOONEOR MORE VAU.IES BEINO BELOW THE DEl'B:TI.ON UMIT. 

FLUORIDE BROMIDE 
(mg/1) (mw'll 

EPAJ-40.2 SMI84SOOBRB 

0.100 0.100 

I I 

OR • RB:OVERY NOT CAl.Cli..ABI.ll DUE TO SPIKE SAMPlE our Of RANGE OR SPIKE TOO LOW RElATIVE TO SAMPLE CONCENTRATION. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
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I AQUATIC RESEARCH INCORPORATED 

LABORATORY & CONSULTING SERVICES 

I 
3927 AURORA AVENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

I CASE FILE NUMBER: URS002-12 PAGE 4 
REPORT DATE: 03/26/03 
DATE SAMPLED: 03/04/03 DATE RECEIVED: 03/05/03 

I FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

IQNQCDATA 

QC PARAMETER N03+N02 TOT AL-P SRP TOTDIS-P 

I METHOD 
DATE ANALYZED 

(mgll) (mgll) (mgll) (mg/1) 
EPA353.2 El'A36S.I El'A36S.l El'A365.1 

03/05103 03/I9/03 03/05/03 03/I9/03 

DETECTION LIMIT 0.010 0.002 0.001 0.002 

I DUPLICATE 

SAMPLEID WSGI-G3 BATCH MW4-G3 MW4-G3 

I ORIGINAL 

DUPLICATE 

1.28 0.148 0.032 0.033 
1.30 0.142 0.033 0.036 

RPD 1.29% 4.42% 1.46% 10.27% 

I SPIKE SAMPLE 

I 
SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

WSGI-G3 BATCH MW4-G3 MW4-G3 
0.148 0.032 0.033 
0.198 0.050 0.083 

SPIKE ADDED 0.050 0.020 0.050 

I %RECOVERY OR 100.05% 88.67% 100.44% 

QCCHECK 

I FOUND 

TRUE 

0.439 0.092 0.026 0.092 
0.433 0.092 0.027 0.092 

%RECOVERY 101.45% 99.91% 96.88% 99.91% 

I BLANK <0.010 I <0.002 <0.001 <0.002 

I 
RPD-Ra.ATIVEPERCfNIDIFF~ 

~-NOT MJ>UCABI.JlORNOT AVAli..ABIE. rc- NOTCALCli.ABlE DI.JiTO ONE ORMJREVAI..l.lES BEING Ba.OWTiiE DE:IB:TION UM!T. 
bR m ROCOVERY NOT CAl.CU..ABlE DlE TU SPIKE SAMPlE OUT OF RANGE OR SPliCE TOO LOW RElATIVE TO SAMPlE CONCENTJtATION. 

I 
I 
I 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-12 PAGE 5 
REPORT DATE: 03/26/03 
DATE SAMPLED: 03/04/03 DATE RECEIVED: 03/05/03 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS I LAKE STEILACOOM 

QAJQCDATA TOTAL METALS 

QC PARAMETER 

METHOD 

DATE ANALyzED 

DETECTION LIMIT 

DUPLICATE 

SAMPLEID 

ORIGINAL 

DUPLICATE 

RPD 

SPIKE SAMPLE 

SAMPLEID 

ORIGINAL 

SPIKED SAMPLE 

SPIKE ADDED 

%RECOVERY 

QCCHECK 

FOUND 

TRUE 

%RECOVERY 

BLANK 

ALUMINUM 

(mg/1) 

EPA200.7 

03/12103 

0.100 

MW16-G3 
<0.100 
<0.100 

NC 

MW16-G3 
<0.100 
0.865 
1.00 

86.50% 

0.954 
1.00 

95.40% 

<0.100 

RPD - RE1.A TIVE PERCf.NT DlfffRf.NCE 

NA - NOT APPUCABLE OR NOT AV AILABL£ 

CALCHJM 

(mg/1) 

EPA200.7 

03/12/03 

0.100 

MW16-G3 
10.5 
9.44 

10.63% 

MW16-G3 
10.5 
37.9 
25.0 

109.60% 

50.2 
50.0 

100.40% 

I <0.100 

OWN 

(mg/1) 

EPA200.7 

03/12/03 

0.020 

MW16-G3 
<0.020 
<0.020 

NC 

MW8-Gl 
<0.020 
0.921 
1.00 

92.10% 

0.911 
1.00 

91.10% 

<0.020 

NC - NOT CAI..Cli.ABL£ OlE TO ONE OR MORE V AlJ.JES 8flNO aaow l1iE DETECTION UMlT. 

MAGNESRJM MANGANESE 

(mg/1) (mg/1) 

EPA200.7 EPA 200,7 

03112/03 03/12/03 

0.100 0.005 

MW16-G3 MW16-G3 
3.95 <0.005 
3.47 <0.005 

12.94% NC 

MW16-G3 MW8-Gl 
3.95 <0.005 
27.9 0.854 
25.0 1.00 

95.80% - 85.40% 

48.0 0.973 
50.0 1.00 

95.92% 97.30% 

<0.100 <0.005 

OR - RH:OVERY NOT CALCli.ABl.E DUE TO SPIKE SAMPlE OUT OF RANGE OR SPIKE TOO WW RB.A TIVE 1U SAMPLECONC&ITRA TION. 

SUBMITIED BY:_./ 

~-~ 
Laboratory Director 

POTASSIUM 

(mg/1) 

EPA200.7 

03/12/03 

1.00 

MW16-G3 
1.18 

<1.00 
NC 

MW16-G3 
1.18 
23.8 
25.0 

90.37% 

22.7 
25.0 

90.80% 

<1.00 

SODRJM 

(mg/1) 

EPA200.7 

03/12103 

0.300 

MW16-G3 
5.75 
5.36 

7.02% 

MW16-G3 
5.75 
51.4 
50.0 

91.30% 

25.0 
25.0 

99.96% 

I <0.300 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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f PLING DATE: -.'3"Jtjr..:'-/:o,f/.f:'0"'-"'3~---------------
PLERS: 61:<\,-,.. O{woS 

. ·~ ... - 3".;'1503'1( ~:J<:t:?6 . 
;AMPLE INFORMATION 

I PAM METERS 

I 
I~ I~ 
:~ ll.. ~ 

ll.. ~ 

·~ ~ SAMPLE DATE/TIME 
a Q( -~ \-. VI ~ ID COLLECTED 

'~-At;;F2.-:>V -r;. '3 3)'1}03 ,<,/~() ,. " " ')( 
J-.AE~zn. -G'3 o'l' ~<-? ,. )I )f 

,. 
J030 ltJ #- (f. '3 J' ,. )I )I 

J Wl-G-"J J l-OCI ;A' }< 

w3-G1 1?'1.0 )4 ')I 

I!£.&/ - 6-3 
( 

llt-'0 )I )" )I )t 

ws- G-3 • JtcJO Ji ., " 
,sJ,JZ-- G3 1'/Jtl )<1 )< "' 

wl -G> Fl'7't:' )I ){ ')l 

' .wb -~3 ,z;z.> I>' ;< )d 

le-'t.-&3 lfJOo ]I ")( '>' 

lw~-6-.i' ltJ5" ;i ){ 

tJL/ -u-3 ./. 17~ j )(' 

.. 

.. .:. 

~Nam 
Relinquished By Date/Time ReCeived By 

• 
gnature 

[

'on 

taneous Notes (Hazardous Materials, Quick tum·around time, etc.): 

~c>dvd f\eArc\<:. =~;,1 Fe. K M~, tA~ 1 ~ , • 

SHEET ::-=-...:1:...__ OF ___ 1 __ 

PROJECT ID: .::I.,K,..._.Sut;;.u• /...._.f'--'.5~-&~.~&z'!::L_ 
CASE FILE NO.: 

DATA RECORDED BY: .......,0='-'C...""-'0:..._ __ 

B 

0 
T 
T 
# NOTES 

\ { 

yt{)f st<P 
I'> j '>.S Jl.1e k I 

uret'e ~~·~Jd 
' !='/. I .1:> _,.,-' 

Date/Time 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-13 
03/25/03 
03/05/03 

PAGE 1 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

CASE NARRATIVE 

URS0801URS00213 

03/06/03 

Ten water samples were received by the laboratory in good condition. The samples were analyzed according to lhe chain of custody. No difficulties were 
encountered in the prqxuation or analysis of these samples. Sample data foDows, while QA/QC data is contained on subsequent pages. 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

URS0801URS00213 

CASE FILE NUMBER: URS002-l3 
03/25/03 
03/06/03 

PAGE2 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

QA/QCDATA 
QC P ARAMElER 1DTAL-P 1DTDIS-P SRP 

(mg/1) (mg/1) (mg/1) 
METIIOD EPA36.'5.1 EPA36S.I El'A36S.I 

DAlE ANALYZED 03/19/03 03/19/03 03/06/03 
DETECTION LIMIT 0.002 0.002 0.001 

DUPUCAlE 

SAMPLEID SW5-G3 BATCH CWVERMW3-G3 

ORIGINAL 0.032 0.033 0.033 
DUPUCAlE 0.031 0.036 0.033 

RPD 2.65% 10.27% 0.18% 

SPIKE SAMPLE 

SAMPLEID SW5-G3 BATCH CWVERMW3-G3 

ORIGINAL 0.032 0.033 0.033 
SPIKED SAMPLE 0.080 0.083 0.050 

SPIKE ADDED 0.050 0.050 0.020 
%RECOVERY 97.18% 100.44% 84.37% 

. 
QCCHECK 

FOUND 0.092 0.092 0.026 
TRUE 0.092 0.092 0.027 

%RECOVERY 99.91% 99.91% 97.63% 

BLANK <0.002 I <0.002 I <0.001 

RPD • RaA 11VE PERCENT DlfFERENCE. 
NA • NOT AFPUCABI.£ OR NOT AV AII.Am.E 

NC • NOT CALCli.ABI.E DUE TO ONE OR WRE V AlJ.JES BaNG BB.OW l1iE DErB::IlON UMJT. 

OR • ROCOVIRY NOT CALCI.LAIIUiDlE TO SPIKE SAMPLEOUfOF RANGEORSPlKETOO UJW RB.ATIVETO SAMPLE CONCENTRATION. 

s/~B2 
~~p 
Laboratory Director 

03/06/03 



Aquatic Research Incorporated ,. 
3927 Aurora Ave. N I Seattle, WA 98103 I (206) 632-2715 

:HAIN-OF-CUSTODY RECORD 

;LIENT: j)t._~ 
;AMP LING DATE: l:sz!: 3 , 
;AMPLERS: _ _I_ \;\i<h? 

;AMPLE INFORMATION 

SAMPLE 

10 

.w&l- C-3 

nted Nam 

10ature 

illation 

• 
Relinquished By 

I i 
I. I 

[)._~~ 
' DATEfTIME ~ ~ ~ 

COLLECTED I ,... I, ~ 

5: oS I)Z.O X X 

Date/Time 

;c:ellaneous Notes (Hazardous Materials, Quick turn-around time, etc.}: 

PARAMETERS 

ReCeived By 

SHEET ----'----oJ 
PROJECT 10: -----

CASE FILE NO.: 

DATA RECORDED BY: (>fia;<_ e:;;;J 

B 

0 
T 
T 
# NOTES 

F;,.LI 
r.,' I u~dJ/ 

Datell1me 

Daterrime 
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I . . 
Aquatic Research Incorporated i 3927 Aurora Ave. N I Seattle, WA 98103 I (206) 632-2715 

I CHAIN-OF-CUSTODY RECORD 
CLIENT: I ~R~ 

I SAMPLING DATE: -.'.J">Vr..:.'d:.,l}f;;_,o<L:::~'-,:;----------------
SAMPLERS: 0<\,-,., 0<wo'S 

:v;,~ 337503'/L o.·u:o(;, · 
SAMPLE INFORMATION 

I PARAMETERS 

I I~ I~ 
11 .\; 

ll... !~ i2 
ll... ~ 

I SAMPLE DATE/TIME 
Q Q( I~ -~ -~ \-. 

10 COL1.ECTED 
VI c. ~ 

IMJ- Ar::~z-:;o -(;. 3 :l)'l}o3 .ffJJo }o " 
;<)( 

11-\kl -AE~2Z1.. -G3 09~1.) ,. )I )4 " .. 

MvJ fl- 63 I MJO " J( )I )I 

I hW I- 6-"3 JZPO ;t )' 

bw3- G.1 JZ.10 }I )I 

I Wt;?r I - 6- 3 JIC/0 )i ,. )( )l 

.SiAJ'3 - G-3 .. 1700 Jl " "' 

.svJl- G3 Jl/;tJ )o.' ~- JC 

I .sw I- G3 Jllqt:' )1 X )l 

1/o.IJJ b -- G-- 3 ,~z> 11' ;< )d 

I MWJb-G-3 I iJ{X.>_ ]I ')( -,< 

Mw5-&3 lt.Ji' )i )( 

I MIV4 -u-3 I~ 1710 )i >c" 

.. ;.. 

I Printed Nam 

Relinquished By Datemme ReCeived By 

e 

Signature 

SHEET ~-~~~~OF~--'~-
PROJECT ID: t.l<.. Sb! p f>M_:.V., 
CASE FILE NO.: 

DATA RECORDED BY: _0..._,?-{)""' ........_---:-

8 

0 
T 
T 
# NOTES 

. 

-~ 
Y'l> f' s R. p 

biS> -"1e J.:. 
u.tete -\: if'.ld 

' r,' !.W Ao ... l 

Date/Time 

.Affiliation . 

Miscellaneous Notes (Hazardous Materials, Quick tum-around time, etc.): -..,---------------------

~E'~:,,,I!I~ f\C/t\~ -~t· (e K M: ~ U<L 
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AQUATIC RESEARCH 
CONSULTING AND LABORATORY SERVICES 

FOR WATER RESOURCES 

March 13, 2003 

. Galen Da~is ·. 
··. 

URS Corp 
1501 4th Ave. Suite 1400 
Seattle,WA 98101 

· ... .Dear Galen: 

Please find enclosed a data report for water samples received for laboratory 
analysis on 02/20/03. 

Please let me know if you have any questions regarding t1lis data report or 
invoice .. 

· Sincerely, 
AQUATIC RESEARCH INCORPORATED 

?" 

Laboratory Director 

' . 

·. AQUATIC RESEARCH. INC. 

I . 3927 AURORA AVENUE. N. 
SEATTLE, WA 98103 

PHONE: (206) 632-2715 
FAX: {206) 632-2417 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-ll 
03/12/03 
02120/03 

PAGE 1 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LADORA TORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

CASE NARRATIVE 

URS0801URS00211-

o2no1o3 

One water sample was received by the laboratory in good condition. The sample was analyzed according to the chain of custody. No difficulties wen: 
encowltered in the p-eparation or analysis of this sample. Sample data follows,. while QA/Q(; data is contained on subsequent pages. 

SAMPLE DATA 

SAMPI.EID 
HERRMWG3 I 

TOT AL-P 
(mg/1) 
o.o52 I 

TOTDIS-P 
(mg/1) 
o.o51 I 

SRP 
(mg/1) 
0.047 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, W A 98103 

PHONE: (206)632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-ll PAGE2 
REPORT DATE: 03/12103 

URS0801URS00211 

DATE SAMPLED: 02!20/03 DATE RECEIVED: 02120103 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

QA/QCDATA 
QC P ARAMEIER TOT AL-P TOTDIS-P SRP 

(mg/1) (mWJl (mg/1) 

MEIHOD EPA36S.I EPA 36SJ EPA365.\ 

DATE ANALYZED 03/06/03 03/06/03 02/20/03 
DEJECTION LIMIT 0.002 0.002 0.001 

DUPliCATE 

SAMPIEID BATCH BATCH 
ORIGINAL 0.032 0.048 

DUPliCATE 0.031 0.050 
RPD 2.44% NA 4.12% 

SPIKE SAMPlE 

SAMPLEID BATCH BATCH 
ORIGINAL 0.032 0.048 

SPIKED SAMPlE 0.084 0.068 
SPIKE ADDED 0.050 0.020 
%RECOVERY 104.61% NA 98.44% 

QCCHECK 

FOUND 0.094 0.094 0.026 
TRUE 0.092 0.092 0.027 

%RECOVERY 101.78% 101.78% 96.39% 

BLANK <0.002 I <0.002 <0.001 

RPD • REI..ATIVEPERCENT DIFFEII.FNC£. 
NA- NOT AIPUCA.Bl£01t NOT AVAIL\BLE. 
NC,. NOTCAI..Cl.LABl.E OlE TO ONE OR t.«JRE VAl.I.ES BEING BEU>WWE DIITOCTION UMIT. 
OR., RB:OVERY NOT CALCll.ABlE OlE TO SPIKE SAMPLE OUI Of RANGE OR SPIKE 100 lDW ltB.ATIVE TO SAMPLE CONCENillA TION. 



Aquatic Research Incorporated 
3927 Aurora Ave. N I Seattle, WA 98103/ (206) 632·2715 

CHAIN-OF-CUSTODY RECORD 

CLIENT: I)~ 'S 
. SAMPLING DATE:ijiZff1!~iz. 

SAMPLERS: ____ _ 

SAMPLE INFORMATION 

It~.. 
'1... 
J\ 

~ 
-~ 

!~ /.:1 
SAMPLE DATE/TIME ..; 

10 COllECTED I~ )1. 

Llo ~41.(}?,- G3 · zlzo /o3 IX )C )( . ' 

·" 

DatefTime 

PARAMETERS 

. 

. 

SHEET ::-=-L---__ OF_.:_/ ___ 1' 
PROJECT ID: 
CASE FILE NO.: 
DATA RECORDED BY: 

8 
0 
T 
T 
# 

12. 

• 

---1 

NOTES 

-rhPlsiP 
t.v...,~ , f;~TJ 

£:, _j ) !;'; j, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Printed Name Signature -l--{;.il:Ul~:-:;r~~~---l-"--------'--jf-c-4.~~~"""::_----l--...L{!£L _____ -jl 
Affiliation 

=-II-Relinq-uished-By---+10-te/T-ime ---+-1~-·eived-By ---'------f-1--'m_• ----II: 

Miscellaneous Notes (Hazardous Materials, Quick turrraround time, etc.): 
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AQUATIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEATTLE, W A 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-15 
07116/03 

06/18-20/03 

PAGE 1 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECfED PARAMETERS ON WATER 

SAMPLES FROM URS 

CASE NARRATIVE 

UrssendURS00215 

06/20/03 

Fourteen watec samples were received by the laboratory in good condition . The samples were analyzed according to the chain of C1lstody. No difficulties 
were encountered in the preparation or analysis of these samples. Sample data foUows. whileQA/QC data is contained on subsequent pages. 

SAMPLE DATA 

SAMPLEID 
CW45-G4 
CW46-G4 
CV/5!1-04 
CW62-G4 
WSG1-G4 
MW8-G4 

AEF250-G4 
AEF222-G4 

MW2-G4 
MW4-G4 
DW3-G4 
MW5-G4 
MW6-G4 

CLOVER MW3-G4 

TOTDIS-P 
(mg/1) 

0.042 
0.040 
0.349 
0.033 
0.033 
0.043 
0.019 
0.081 
0.016 
O.o35 
O.DI5 
0.026 
0.040 
0.044 

SRP 
(mg/1) 

0.039 
0.045 
0.348 
O.o35 
0.035 
0.042 
0.021 
0.076 
0.020 
0.036 
0.022 
0.032 
0.039 
0.037 

tf rH fZ_t; th1. d a~et 
JvM. 

1 
z_oo3 



AQUA TIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

UrsseadURS002I5 

CASE FILE NUMBER: URS002-15 
07/16/03 

06/20103 

PAGE2 

REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECfED PARAMETERS ON WATER 

SAMPLES FROM URS 

QA/QCDATA 
QC PARAMETER TOTDIS-P SRP 

(!IU!n} (!IU!Il) 
METIIOD EPA365.1 El'A36U 

DATEANALY2ED 07/12/03 06/20/03 
DEIECTION LIMIT 0.002 0.001 

DUPLICATE 

SAMPLEID CIDVER MW3-0< CWVER MWJ.Q4 

ORIGINAL 0.044 0.037 
DUPLICA1B 0.038 0.036 

RPD 14.95% 4.13% 

SPIKE SAMPLE 

SAMPLEID ClOVER"'""'-"' ClOVER MWl-04 

ORIGINAL 0.044 0.037 
SPIKED SAMPLE 0.094 0.056 

SPIKE ADDED 0.050 0.020 
%RECOVERY 101.37% 92.29% 

QCCHECK 

FOUND 0.096 0.027 
TRUE 0.092 0.027 

%RECOVERY 104.10% 100.28% 

BLANK <0.002 I <0.001 

Rl'D = REl.A TlVE PERCENT DIFFERENCE. 
NA"' NOT AJ>PUCABL£ OR NOT AVAIU.BLE.. 
NC ,.NOT CAl..CUU\BLE DUE TO ON!i ORMOREVALUES BEING BELOW THE DETECTION UMIT. 

OR - RECOVERY NOT CALCtllABLE DUE TO Sl'IK6 SAMf'LE our OF 11.ANGE OR SPIKE TOO LOW RElATIVE TO SAMPLE CONCENtRATION. 

SUBMIT1BD BY: 

Steven Lazoff 
Laboratory Director 

06/20/03 
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AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-16 
07/16/03 

06/23/03 

PAGE 1 

REPORT)}~, 

DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

CASE NARRATIVE 

UrssendURS00216 

06/24/03 

Six wata samples were received by the laboratory in good condition. 1be samples were analyzed according to the chain of custody. No difficulties were 
encountered in the preparation or analysis of these samples. Sample data follows. while QNQC data is contained on subsequent pages. 

SAMPLE DATA 
TOT AL-P TOTDIS-P SRP 

SAMPLEID (!Mil) (mg/l) (ITll!/l) 

SW3-G4 0.036 0.035 0.033 
SW13-G4 0.038 0.035 O.Q35 

SW1-G4 0.022 0.020 0.023 
SW2-G4 O.o35 0.032 0.031 
SW4-G4 0.017 0.019 0.014 
SW5-G4 0.016 0.013 0.008 



AQUATIC RESEARCH IN CORPORA TED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEA TILE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

UrssendURS002I6 

CASE FILE NUMBER: URS002-16 
07/16103 

06/24103 

PAGE2 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECI'ED PARAMETERS ON WATER 

SAMPLES FROM URS 

QA/QCDATA 
QC PARAMETER TOT AL-P TOTDIS-P SRP 

(mg/l) (mg/1) (mg/1) 

MElliOD EPA 36S.I EPA36S.l EPA36.'5.1 

DATEANALY7ED 07/l'l103 07/l'l103 06124103 
DEfECI10N UMIT 0.002 0.002 0.001 

DUPUCATE 

SAMPLEID SWS-GO BATCH SWS-0< 

ORIGINAL 0.016 0.044 0.008 
DUPUCATE 0.014 O.Q38 0.008 

RPD 9.47% 14.95% 1.47% 

SPIKE SAMPLE 

SAMPLEID SWS<G< BATOR SWS-0< 

ORIGINAL 0.016 0.044 0.008 
SPIKED SAMPLE 0.066 0.094 0.028 

SPIKE ADDED 0.050 0.050 0.020 
%RECOVERY 99.70% 101.37% 99.59% 

QCCHECK 

FOUND 0.096 0.096 0.027 
TRUE 0.092 0.092 0.027 

%RECOVERY 104.10% 104.10% 99.89% 

BLANK <0.002 I <0.002 I <0.001 

IU'D =RELATIVE FERCENT DIFFERENCE. 
NA =NOT Al'FUCABLEORNOT AVAJ.I.ABLE. 
!«:=NOT CAl.CUU.BLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION UMIT. 
OR = RECOVERY NOT CAl.C'liU.BLE DUE TO SF IKE SAMI'LE our OF RANGE OR SPIKE TOO trJW RELAl'IVE TO SAMPLE CONCENTRATION. 

SUBMITTED BY: 

Steven LHzoff 
Laboratory Director 

06/24103 
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£ 
AQUATIC RESEARCH INCORPORATED 

LABORATORY &CONSULTING SERVICES 

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: URS002-l4 
06/ll/03 
05121/03 

PAGEl 
REPORT DATE: 
DATE SAMPLED: DATE RECEIVED: 
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 
SAMPLES FROM URS 

CASE NARRATIVE 

URS080 I URS00214 

05/21/03 

One water sample was received by the laboratory in good condition . The sample was analyzed according to the chain of custody. No diflkulties were 

encountered in the preparation or analysis of this sample. Sample data follows, whileQA/QC data is contained on subsequent pages. 

SAMPLE DATA 
TOTAL-P TOTDIS-P SRP 

SAMPlE ID (mg/1) (mg/1) (mg/1) 

HERRMW3-G4 I 0.045 I 0.044 I 0.045 



AQUATIC RESEARCH INCORPORATED 
LABORATORY & CONSULTING SERVICES 

3927 AURORA A VENUE NORTH, SEATTLE, WA 98103 

PHONE: (206) 632-2715 FAX: (206) 632-2417 

CASE FILE NUMBER: PAGE2 

REPORT DATE: 

llltS0801UilS00214 

DATE SAMPLED: 

URS002-14 
06/11/03 
05121/03 DATE RECEIVED: 05/21/03 

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER 

SAMPLES FROM URS 

QA/QCDATA 
QC PARAME'IER IDTAL-P IDTDIS-P SRP 

lm!!lll lmg/1) (mg/1) 

METIIOD EPA36S.I EPA36.tl EPAJ65.1 

DATE ANALYZED 06/02/03 06/02/03 05121103 
DEJECTION LIMIT 0.002 0.002 0.001 

DUPLICATE 

SAMPlEID BATCH BATCH 
ORIGINAL 0.004 0.028 

DUPLICATE 0.004 0.029 
RPD 11.76% NA 6.20% 

SPIKE SAMPlE 

SAMPlEID BATCH BATCH 
ORIGINAL 0.004 0.028 

SPIKED SAMPlE 0.055 0.047 
SPIKE ADDED 0.050 0.020 
%RECOVERY 101.72% NA 96.85% 

QCCHECK 

FOUND 0.091 0.091 0.027 
TRUE 0.092 0.092 0.027 

%RECOVERY 99.18% 99.18% 100.24% . 

BLANK <0.002 I <0.002 l <0.001 

RJ'D- RB.A llVE PERCENT DIFFERENCE. 
NA .. NOT APPUCABLE OR NOT AV AILABI..E 
NC- NOTCAl.Cll.ABI.£Dl.ll TO ONE OR KIRE VAll.ES BElNG BELOWTIEDii'I'OCJlON UMJT. 
OR- ROCOVERY NOT CAl.CllABl..E Dl.ll TO SPIKE SAMPLE OUf OF lVaNGE OR SPIKE TOO LOW RB.A TlVE TO SAMPLE CONCEN'TRATION. 

SUBMITIED BY: 

~ 
Laboratory Director 
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Aquatic Research Incorporated 
3927 Aurora Ave. N I Seattle, WA 98103 /(206) 632-2715 

CHAIN-OF-CU))TODY RECORD 
CLIENT: (/~C., 

•

SAMPLING D!:'A':J:T"-E~-;;_, ~t:;,-----o7:-{.--_--:C"' .. -.Z,.,-------------------
SAMPLERS: ·q 17 AeP . Zz o0 HsB - -zz.f) I 

--7 L{ 36 ' 2&'1'1 

•

SAMPLE ~ORMATION FA-~ 

:J · \...-.~ \?."'If 0 

I 
01: 

' c 
-!.. 'J 

·~ 
~ 

---. 

;~ I SAMPLE DATE/riME -t 
10 COLLECTED \;_-' [' ll, . 

PARAMETERS 

;~lrPf'Mu..J3 -{~4 -~· / \'J; ~ ·; 
·. Ci ' lx y IX 

I 

' 
I 
I 

Dale/Time Received By 

SHEET _ ___!_{ ___ OF I 
PROJECT 10: ----'---

CASE FILE NO.: 

DATA RECOROED BY: 

B 

0 
T 
T 

u NOTES 

/Jt s <~v / ,_. c: c{ 
'r>..£&:1.. "::> l {-c. 

-h-!k.rc.d 

•

Tinted Nan 

ignature 

Affiliation 

,. Relinquished By...l) 

To fcV\ kc~lDO 5-L/-·o 3 si·, )\ r.., .. ' 
OatelTi?l ) /J 

;, 21 ;; 

I .... 
P1inted f>Jam 

Signature 

ltfiliatmn 

C· 

/~~/1 ./) ill<:; 
~- {/I? <._ C ot!.P 

Relinquished By Date/Time 

Miscellaneous Notes (Haza1dous Mate1ials. Quick turn-around time, etc.)" 

I 

~..- .. !/ 1115~ 

vflM 

Received By DatefTime 



... J 

Aquatic Research Incorporated 
3927 Aurora Ave N I Seattle. WA 981 03 I (206) 632-2715 

, I 

CHAIN-OF-CUSTODY RECORD 
CLIENT Uil.S 
~AMPLING~D4 f!.i~= &(iq/ 
;i.AMPLER::i . / /!' 

{.J]zo I z_oo 5 
r z. 

. ' 

SAMPLE INFORM.ATION 

PARA~1ETERS 

~I\\. 
SAMPLE DATE/TIME ~~~~ 

ID COLLECTED \,;,: 'II) 

Relinquished By 

SHEET I OF I 
PROJECT ld ::?2 7 ';?0 3</G 
CASE FILE NO~ 
DATA RECORDc-cEccD,--,-BY-. ----

B 
0 
T 
T 
# NOTES 
2 
z_ 
z. 
z 
z 

DatefTime 

Printed Nam::_e f'-'-'-"'?f'7---""Sf--'----;,--f'~'f""~'--+"7"'Jf-~:!;fSF£-~L_+___1"-,L.Lc~2-2----J 
Signature 
Affiliation'---+-7~"::;--;-#-Wi<?J'=F-+-----j--~~":-'~=--+----.!_L;;:£::!2:. ___ --J 

Miscellaneous Notes (Hazardous Materials, Quick turn-around ti~m:c.e·.:::el::::;c!:-): ----------------

I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I 
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I 
I 
I 
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I 

Aquatic Research Incorporated 
3927 Aurora Ave. N I Seattle. WA 98103 I (206) 632-2715 

~;;~ ~u~ODY RECORD 

SAMPLING D:ff? - 2- 3 -o 3 
SAMPLERS , ~tff 

SHEET I OF I 
PROJECTID 33t5054b 
CASE FILE NO. 
DATA R E COR o""Eo::D:-:Bo::-Y-c-: ----

SAMPLE INFORMATION 

PARAMETERS 

~ B 

~ I~ I~ 
0 
T 

SAMPLE DATE/TIME i(~ T 
ID COLLECTED I~ ~\I' # NOTES 

'lW5- G-<, 6/ z.3 lot'\ X IX ~ z_ 
<:;t...U/ 3-t~· I Wt.3 fo'l<: II 'X X ' z 
~<iijf- r~'-> W?3 I lao X X l( 2 
Swz-G- r.:>/z3 11 <~.n "' X 1\i ?_ 

Sw'-1- &4 ::Yu 17~ )( 'X 2 
Swa- &£1. '=>/z.~ 1 ::loo t .V " 

' . 2! 

---- ··-· --··- ---~· -- - . .. ---- ... ··- --- --- --- --· ·- ------ ~------·-----

·-.ii .· II :II' 
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Boring Logs 
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I 
Project: Lake Steilacoom Phosphorus Study Log of Boring MS-1 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet1 of 1 I 
I Date(s) Drilled 8122102 and Installed Logged By Galen Davis Checke<l By 

Drilling Hollow Stem Auger Drilling Cascade Drilling Total Depth 30 feet Method Contractor of Borehole 
Sampling Dames & Moore Hammer 150#/30" Top of Casing 

NA Method Data Elevation 
Size and Type NA Screen NA Surface 264.10 of Well Casing Perforation Elevation 

I 
Seal or Bentonite Chips Location Backfill I 

SAMPLES "o o._ 

"' 
~cc: 

c 
E .3 ~E 0 c 

~ ;:; ii iD 0. 0 MATERIAL DESCRIPTION =E~ REMARKS AND .e "'oo >- o.- .0 " :c (J) ;:o(J) WELL DETAILS <D<D "'"' <D E ~ ::;: 0. 0 iii~ OS! 0. ~ >- " > (J) 
f- z iii 0 (') :::J 

•• GW Coarse GRAVEL with cobbles and some fine to coarse sand and silt 

•.•:• (dense) (brown) (dry) 

•• 

I 
I 

•.•:• •• f-260 •.•:• 
5 

~ 
•• f- -•••• 1 i;.tQ. 

~-18 •••• •• •••• •• 

I 
I 

1D-
•••• 

~ •• f- -
Sampler refusal due 2 •••• •• to cobble 

•••• •• I 
•••• 

250 •• 
15- •••• 

~ •• f- Same as above, increasing cobbles 
-

No samples 3 0-10- •.•:• attempted below 15' 18 •• because of cobbles ...... 
•• •••• •• 

2D- •••• f- -•• 

I 
I ...... 

•• ...... 
•• •••• I 

f-240 •• 25- ...... f- Same as above 
-•• ...... 

•• ...... I 
•• ...... 
•• 

Boring was tenninated at 30' bgs due to refusal. 
Groundwater was not encountered. 

I 
Boring was backfilled with bentonite chips. 

' 1-230 
35- f-

I 
I 
I 

4(}- f-

' 
' 

I URS 



I 
Project: Lake Steilacoom Phosphorus Study Log of Boring MW-2 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 I 
Date(s) Drilled 8122102 Logged By Galen Davis Checked By and Installed 

Drilling Hollow Stem Auger Drilling Gascade Drilling Total Depth 
30 feet Method Contractor of Borehole I 

Sampling Dames & Moore Hammer 150#130" Top of Casing 
263.22 Method Data Elevation 

Size and Type NA Screen NA Surface 263.67 ofWeiiCasmg Perforation Elevation I 
Seal or Bentonite Chips Location 
Backfill 

SA !IIPL s I 
c "' E 0 
0 " ..J 

~ ~ :;; iD c. 0 MATERIAL DESCRIPTION REMARKS AND 
>- a.-

!i 
"iii .e :c (f) 

~. 
WELL DETAILS 

'"' "" ~ ::;; c. (J ~: -., O-S! E w- 0 > (f) 
m 0 (!) :::> 

I 
i~! GW ~-:>~·fine to coarse, well rounded with little sand/silt (loose) [:8 Ftush~_?-~nt tacking 

t~] 
(dry) 

~~ -Bentonite chips 
-260 

5-

~1 t~] f-- Grading more coarse 
-

4-5-5 
10 

~~j 
10-

~ 2 

~~~ 
4-6-7 ~~~ 

GW/ ~:;.~~) ~rse 1 little sand/silt, some cobbles (medium 

13 GP (slightly moist) 

~ -250 [~:: 
ill 15-

~ 3 

;"X. 
5 6·7·9 

II 
GW/ some coarse sand (medium dense) (moist) 

"' 16 GP '" < w 

"' "' a: 
=> 

" 20-~ 

~ 4 

f-- -

"' Same as above (wet) 
" 7-8·8 

21.30 ft! ~~~ .~o. ft on 8/29/02 ~ 16 

"' 

~~ 
ftATD 

"' a: -o.010-in screen 
~ -240 

"' 25-

~ 
~ w 

~ffi 
.oat due ... 5 "' w to cobble 

" ;l 
" -10-20 silica sand 0 f~~~ 0 
<.> s w ~oring was ' I to 30' t>gs. 1.

3
• bgs . ~~~~5 Well No. ... 

"' w Boring was completed as monitoring well. " s 

I 
I 
I 
I 
I 
I 
I 
I 
I 

~ -230 
~ 
~ 35- - -~ 

" " 
I 

~ 
a: 

~ 
'" z 
9 

"' I 
r 40- -

! 
~ 
~ URS 

I 
I 



I 
I 
I 
I 
I 
I 
I 

I 
~ 

I 
I 

: 
I ~ 

~. 

I ~ 

Project: Lake Steilacoom Phosphorus Study 

Project Location: Lakewood, Washington 
Log of Boring MW-4 

Project Number: 33750346 

Date(s) Drilled 8122102 and Installed 
Drilling 
Method Hollow Stem Auger 

Sampling Dames & Moore 
Method 

Size and Type NA 
of Well Cas.ng 

Seal or 
Backfill 

~210 

Bentonite Chips 

30-

35-

40-

"' 0 
--' 
0 
:2 
a. 
!" 
(9 

1-

f-

en 
u 
en 
:::> 

GW 

GM 

Sheet 1 of 1 

Logged By Galen Davis 

Drilling Cascade Drilling 
Contractor 

Hammer 
Data 150#130" 

Screen 
Perforation NA 

Location 

MATERIAL DESCRIPTION 

Checked By 

Total Depth 
of Borehole 

Top of Casing 
Elevation 

Surface 
Elevation 

Brown, coarse some fine sand and little silt (dry to moist) 

Grading more coarse 

Grading 1 

I 
matrix (wet) 

PEAT mixed with cobbles, peat is moderately 

. with fine to coarse sand and peat 

Boring was completed to 13' bgs. 
Groundwater was encountered at 6.3' bgs. 
Boring was completed as monitoring well. 

URS 

6.3 ft:f· 

-

-

-

-

-

13 feet 

246.22 

246.64 

REMARKS AND 
WELL DETAILS 

:si ~ .,usn mount locking 

4 

-Bentonite chips 

16.3ftATD 
-o.010-in screen 

1:::: -10-20 silica sand 

rWeiiNo. 



Project: Lake Steilacoom Phosphorus Study Log of Boring MW-5 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 

Date(s) Drilled 8122102 and Installed Logged By Galen Davis Checked By 

Drilling Hollow Stem Auger Drilling Cascade Drilling Total Depth 20 feet 
Method Contractor of Borehole 

Sampling Dames & Moore Hammer 150#130" Top of Casing 250.62 Method Data Elevation 

Size and TyPe NA Screen NA Surface 250.96 of Well Cas1ng Perforation Elevation 

Seal or Bentonite Chips Location Backfill 

I.ES 

" 
Cl 

E" 0 
0 c ...J 

MATERIAL DESCRIPTION ~ "' :;; ;;; c. 0 REMARKS AND 
>- c.-

!1 
;;; .e :c en ~j WELL DETAILS 

~m "" 3 :; c. (.) 
w- 0~ 0 > E en 

iii 0 (!) :::J 

~250 GM Brown. ~lty. sandy. fine . (loose) (moist to dry) ~!Flush mount locking 

-< 

-Bentonite chips 

5-
~ 1 

-
Same as above 2-4·2 

6 

~240 10~ ~ 2 2·2·3 Same as above 
5 

-10-20 silica sand 

~ / SP 

15~ 

~ 3 
Gray, fine, to coarse, gravelly SAND with little silt (medium dense) {wet) 'Sl-~ --o.010-in screen 

r 
S-

1
6,-s ~~~ffn~t time of >\l 

~ 
~ E 
~l230 ~~~~~cmater ~~ I to 2o:_~g~i 16. bgs No. 

Boring was completed as monitoring well. 

i 25~ 1- -

JO~ f- -

~~220 

J5~ 1-

• 40~ 1- ~ 

~ ~210 

~ 
~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
Project: Lake Steilacoom Phosphorus Study Log of Boring MW-6 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 I 
Date(s) Drilled 8122102 Logged By Galen Davis Checked By and Installed 
Drilling Hollow Stem Auger Drilling Cascade Drilling Total Depth 

30 feet Method Contractor of Borehole 

I 
Sampling Dames & Moore Hammer 150#130" Top of Casing 

263.67 Method Data Elevation 

Size and Type NA Screen NA Surface 264.03 of Well Cas1ng Pertoration Elevation 
I 

Seal or Bentonite Chips Location 
Backfill 

s I 
c: C> 

"E 0 
0 c ...J 

MATERIAL DESCRIPTION iii £ :;; iD c. 0 REMARKS AND 
>- c.-

!i 
;;; .e, :c (/} 

'~. WELL DETAILS 
"" "" ~ ::; c. {_) 
W.!! 0~ > ~ (/} 

iii 0 (!) ::::> 

I 

~; 
. Asohalt '.!!'.".".nt locking GW Brown. sandy. fine to coarse _with cobbles (loose) (dry) 

;;::; -< 

-Bentonite chips 

~260 
5- ~~ 1-

~ •j-3 1 

~~ 
~· 

10-

~ 2 6-~B1C 
r--~'Z' Brown, silty, sandy, fine to coarse GRAVEL with cobbles (dense) (dry) 

I 
I 
I 
I 

~ f-250 
15-

~ 
r--

3 0-~~-1 
Same as above 

1 I 
i 
~ 
~ 20-

~ 4 

- - ~a~~~{0refusaldue Same as above I 
-o.01 0-in screen 

'l.. 

i 
·~ 

~&~~~~gadrilling 25-

~ 5 

< -

!0-1891 
Same as above (wet) 

-10-20 silica sand 

I 
I 

i ' 

~ 
Boring was completed to 30' bgs. 

~~'lJ?ifs Well No. Groundwater was encountered at 24'-25' bgs. 
Boring was completed as monitoring well. 

~ 
;o; 

230 0 
~ 
~ 35- -M 
M 

I 
I 

§ 
"' \1 
w z 
9 I 
" 
~· 40-

~· I 
I ~ URS 



' 

:_:) 
w 

~ w 

' "' > z 
w 

Project: Lake Steilacoom Phosphorus Study Log of Boring MW-7 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheel1 of 1 

Date(s) Drilled 
and Installed 8123/02 Logged By Galen Davis Checked By 

Drilling Hollow Stem Auger Drilling Cascade Drilling Total Depth 40feet 
Method Contractor of Borehole 

Sampling Dames & Moore Hammer 150#/30" Top of Casing NA Method Data Elevation 

Size and Type NA Screen NA Surface 258.60 of Well Cascng Perforation Elevation 

Seal or Bentonite Chips Location Backfill 

SAMPLES §.Q 
Cl 

".;itj 
c 'E .3 ~E 0 c 

MATERIAL DESCRIPTION - E" ~ cE Q; lD a. 0 <Do..c REMARKS AND 
>- c.- .0 " "' :c en 5:obl WELL OET AILS 
"" "" " E ~ ::;; c. 0 W.! o.l!! c. !" ,., ::1 > en 

1- z iii 0 (') ::> 

~~ GW Brown, coarse GRAVEL with some cobbles, little sand and silt (loose) (d'1 

•••• •• •••• •• .. , 
-~WI 5-

~ 
.... 

Coarse GRAVEL with fine to coarse sand and cobbles (medium dense)-.. ~ GP 1 H(}.1 i,c•i 
20 ... ,. 

'"··· ··< 1-250 .. ~ 
1(}-

... ; 
~ ·~~· 1- Same as above 

-
2 1 ·15·1 0 ..... 

25 ... ~ .. ~ 
i,c•i 
·.~~~ 
•c•• 

15-

~ 
• . ..:. r- -•" · .. Same as above 3 1 ·11-11 ... , 

22 .~ ... · ..... , .. ~ 
i-240 .... ~ .. .. , 

2(}-

~ 
.......... r- -

4 
..... Same as above Sam~ler refusal due ..... :. to co ble 
••• No samples .... :~ attempted below 20' ....... bgs ...... 

25-
... :. ....... r- Same as above 

-..... .( -••• .... ; 
........ · 

i-230 ... ·. 
••• 1 

3Q- ··~· r- -•.••i .46 ... · ... ·. 
;,c;~ 
•.·t~ ···i ....... · 

35- ....... r- -•.•. ~ ....... ..... 
·~:. 

1-220 
•.•. ; 
···~~ ...... 

4 
. . 

Boring was completed to 40' bgs due to refusal. 
Groundwater was not encountered. 
Boring was backfilled with bentonite chips. 

URS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
Project: Lake Steilacoom Phosphorus Study Log of Boring MW-8 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 I 
Date(S) Drilled 8122/02 Logged By Galen Davis Checked By and Installed I 
Drilling 
Method Hollow Stem Auger Drilling 

Contractor Cascade Drilling Total Depth 
of Borehole 25 feet 

Sampling Dames & Moore Hammer 150#130" Top of Casing 269.33 Method Data Elevation 

Size and TyPe 2"Sch40 PVC Screen 0.10-inch Surface N/M of Well Casmg Perforation Elevation 
I 

Seal or Bentonite Chips Location Backfill 

SAMPLES I 
"' 6.~ 

c E" 0 ~ro ...J 
MATERIAL DESCRIPTION "*-E ~ ~ <0 c. u REMARKS AND 

c.- .0 "' 
.eo :c Ul =E~ WELL DETAILS 

"" " E ;: ::;; c. 0 "ou O.s! c. !" ;::oUJ >. " 0 > Ul 
1- z a; 0 C) ::> 

0 
Brown, coarse GRAVEL with litHe fine to coarse SAND (dense) (dry) ~ ~ Flush mount locking •• GW 

•••• monument ... -concrete 

I 
I 
I 

•••• -Bentonite chips •• •••• 
5-

~ 
... t- -•••• Same as above, grading more fine, increasing sand 1 5-8-9 ... 

17 •••• •• •••• •• •••• I 
10-

~ 
... t- -

2 -10-1 ...... Brown, sandy, fine to coarse GRAVEL with some cobbles (medium 

21 •• dense) (moist) 

•••• .... 
•••• I .... 
•••• 15-

~ 
.... t-

Same as above 
-

Sam~ler refusal due 3 •••• .... to co ble 

•••• .... 
•••• .... '= -o.010·in screen 

20-

~ 
•••• 

4 5-5-2 tl;l GM White, fine to coarse, silty, sandy GRAVEL (loose/soft) (wet) " 7 White/gray, coarse GRAVEL with white silt/fine to coarse sand matrix 
(medium dense) (wet) 

'- -10-20 silica sand 

25 

~ Boring completed to 25' bgs. 5 1 -10-11 Ecol~~ Well No. 
21 Groundwater was encountered between 15' and 20' bgs. AHG- 6 

Boring was completed as monitoring well. 

Nearby resident indicated white silty gravel is present at the surface in 
many areas around the drilling location. 

30- -

35- -

' 40- -

' 

I~ 
' 

URS 



~----------------~------------~~ 
Project: Lake Steilacoom Phosphorus Study 

Project Location: 

Project Number: 

Lakewood, Washington 

33750346 

Log of Boring PD1 

I Sheet1 of 1 

Logged By Galen Davis Checked By I 
~~~----------------------------~D~r~illi~ng--~------------------------~T~o~~D~e-p~~--------------------~ 

Contractor Cascade Drilling of Borehole 21 feet 

Date(s) 1/14102 Drilled 

Drilling 
Method Direct Push 

Drill Rig Direct Push Type 
Drill Bit Ground Surface 250.00 I 

~~------------------------------~S~iz~e~ff~y~p•~------------------------~E=Ie~va=ti=o"~--------------------~ 
Groundwater Leve! 6ft ~~~ng 1n x 2' Poly·Lined Push.Qut ~:~mer Auto 

Borehole Location 40' W of NW corner of Target Store 

rB:a:c:~:II::::~:J~~~i:~:::r::::i=::::::::::::::::::::::::::::::::::::::::::::::::r:::::::::::=lll 
~j c E" _3 

MATERIAL DESCRIPTION REMARKS AN[ I 
OTHER TESTS ~~I! i i i I ~ 

~~~~~W@"~·~s~P~~~~~~~~~w~~.,c~ob.~~ch~ert''fis~".•~!m~m.~'s~AN~>~~~)(~den~f.::-----~o7~45----~~ 

!til: 

~250 

Increasing silt 

j;;~ti:: 
5-

2 
Less dense {wet) 

3 

~240 to- 4 

5 

6 

15-
7 

Increasing fine gravel and fine to medium sand 

6 n£lwater color mn in 

liim~~~ 

-

-

I 
II 
I 
I 

8 

8~230 2Q-+---+-~--PI' ~.1t~-t1M~os~~~~~da~tb~ott~o~m~~~~----------------~~0~920l~no==~1~ 
~ ~oringwas I j In 20'bgs, 

Groundwater was at 6' bgs. I 
25- -

I 
~ ~220 ao-

j 
; 

35-

- I 
- I 

I 
[-210 4D- -

I 
URS--------------~1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Project: Lake Steilacoom Phosphorus Study Log of Boring PD2 
Project Location: 

Project Number: 

Date(s) 
Drilled 1/14102 

Drilling 
Method Direct Push 

Drill Rig 
Type Direct Push 

Groundwater Level 6H 

Borehole 
Backfill 

Lakewood, Washington 

33750346 

logged By 

Drilling 
Contractor 
Drill Bit 
Size/Type 
Sampling 
Method 

Location 

Galen Davis 

Cascade Drilling 

1" x 2' Poly-lined Push-out 

50' N of center of north Gottschalks 

Sheet 1 of 1 

Checked By 

Total Depth 
of Borehole 

Ground Surface 
Elevation 
Hammer 
Data Auto 

27feel 

250.00 

s, ~oS 
c .,;; 

-<I> c 0 o-
~ .c - ;;; co <:.C 
>- :<15. 

!~ ~ <DQ> 0<1> 
[iJ$ 00 0 

~250 
ffi 

5-

~240 1Q-

15--

Bag 

~ ~230 2Q-
18-20 

Bag 

t 20-22 

Bag 

~ 22-24 

' 25-- Bag 

m 25 
~ 

" ,; 
-< w 

"' "' "' => -220 3Q-

~ 
35--

E 
"-
.& 
::;: 
> 
0 

"' 3 
0 :c 
~ 
<!l 

SM 

.r-sM 

.::=· 
;;.>-

. : .. ' 
; ;: :::: 

MATERIAL DESCRIPTION 

'tiAND with slit (dense) (dry), .. 

. verv 
Hrown, "' .. , 'to coarse 1 dense)(wet at 6') 

6 
~-

-

-

6"' thick reddish layer like sawdust at 21' 

-

-

REMARKSANC 
OTHER TESTS 

0930 

No sample 

I ~ -210 4Q-
-

I I ~~~~~------------------~--~ 



Project: Lake Steilacoom Phosphorus Study Log of Boring PD3 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 

Date(s) 
Drilled 1/14102 Logged By Galen Davis Checked By 

Drilling Direct Push Drilling Cascade Drilling Total Depth 21 feet Method Contractor of Borehole 

Drill Rig Direct Push Drill Bit Ground Surface 250.00 Type Size/Type Elevation 

Groundwater Level 611 Sampling 1" x 2' Poly-Lined Push-out Hammer Auto Method Data 

Borehole location 1 00' SW of S comer of theater building Backfill 

~ES 
c .,1D 

E" "' -<D c .3 0 

Ii REMARKS AN[ ~ :;; (ij a. u MATERIAL DESCRIPTION 
ill<D 

I!~ ~ 
.e, :c en OTHER TESTS :::; a. 0 W..s! 0 > f! en 

f.-250 
Qj 0 (') ::> 

· .. SP Gray, gravelly, cobbely, fine to coarse SAND (dry) (very dense) (fill) 
. · .· .. 
:·.· .. 

·.· .. .. .. .. 

5- ~-·. ~l(;.;;,;;;,,,;w.;;-·.· SP .... 
• '.:! 

·.· 
• 

~240 1D-
., 

-

~J"~) PT grades to ligh~~:'.,~~~~~~:.'i~ ~'[';';~>"'='"'"stiff) 
r~~:: 

15- ~~:· f- -

~~=· 
~3-11 ~-'=· ~~f; ~-'=· 

~ f.-230 2G- 1',~~: [~"'=· 
~"-W Gray, fine to l with little silt (wet) (loose) sample 

~oring was r-wa~ Ho 21' bgs. 
~ at6' bgs. 

! 25- f- -

; 

i f.-220 3D- f- -

I 
35- f- -

f.-210 4G- f- -
J 
J 
w 

" Q 

" > z w 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Project: lake Steilacoom Phosphorus Study Log of Boring PD4 
Project location: lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 

Date(s) 1/14/02 Logged By Galen Davis Checked By Drilled 
Drilling Direct Push Drilling Cascade Drilling Total Depth 22 feet Method Contractor of Borehole 

Drill Rig Direct Push Drill Bit Ground Surface 250.00 Type Size/Type Elevation 

Groundwater Level 711 Sampling 1" x 2' Poly-Uned Push-Out Hammer Auto Method Data 
Borehole Location 30' S of center of S wall of theater building Backfill 

~~ 
c: .,;; 

E' "' -a> .3 0 o- c 
REMARKS ANI: ~ 

s::: - :;; u; c. 
0 MATERIAL DESCRIPTION cs::: s >- ~li 

!~ " :c (/) OTHER TESTS .... Oa> ~ ::;: a. 0 U::i.! 00 0 > I!! (/) 

~250 
iii (') :::> 

SP ~to coarse SAND(dry) (dense) (fill) 

5- e. 
Same as above (wet) -

7~ 

~240 1Q- e. -

1_1_130 

j12'·16' 
1<;.. 1Pn4-1• ~.;: .. : f- PT PEAT, fibrous auop w1m matted grasses, some fine twigs -r: .. : .. : 1110 

Some brick red, granular, sawdust-ike black. streaks (moist to dry) 

~":": r.; .. ~ 
~ ~230 2Q-

~":~ 
I on~. or fl sw Gray, fine • SAND (medium dense) (wet) j1150 

! ~oring was lto 22' bgs 

! 
Groundwater was encountered at 7' bgs. 

25- e. -

i ~220 30- f- -

35- e. -

~210 4Q- e. -

~ URS 



~----------------~------------~~ Project: Lake Steilacoom Phosphorus Study 

Project Location: Lakewood, Washington 

Project Number: 33750346 

Log of Boring PD5 
Sheet 1 of 1 I 

~~~----------------------------~~~---G_•_••_n_D_a_v_i•----------------~C~h~~~k~w~BY ____________________ ~.I 
cascade Drilling T?)!ll D"pr 18 feet 

8M1.~~) 1/14102 logged By 

Drilling 1 Qrilli.ng 
Method Direct Push 
¥;~Rig Direct Push 

Groundwater Level 511 

~~~~~pe 
I Melliod 1• x 2' Poty-Lined Push-Out 

Ground Surface 
Elevation 

Hammer 
Data Auto 

250.00 

Borehole Location Backfill ~======~==~~~~;~;:~:::;::::;:::::::::::N:~::r:in:sl:d:a:c:or:n:ar:o:f:T:a:~:e:l:an:d::s~::nd:i:ng::w:al:l::::::::;:::::::::::~'l 
"a; 
o-2! c: E" 
-§£ .... 

"li I! J!l O<l> E 
00 " z 

~250 

05 c. 
Eo 

" 3: ::;; 
0 > 
iii 0 

5-

l-240 1D-

15'- PD5-1 

C) 

.3 
0 :c rn c. 0 
~ rn 

(!) :::> 

... ·:·.·: 

:<I,_ 
···.: 
:· =·: 

MATERIAL DESCRIPTION 

Tan, gravelly, cobbley, fine to coarse It (dry) (dense) (hll) 

Same as above (wet) (native?) 
SHY. 

REMARKS AN[ I 
OTHER TESTS 

I 
I 
I 

~::::~::~~:~_:.i!~:r--~~~~~~~~~~~----------------------~;,~~. 
• :~""":.~, PT Dark brown PEAT {plastic clay like) I ~~~~u grading tan grasses with stems, litue brick-red layers of grainy sawdust material 
• 8 ".. (dry) 

:-:" .. ~-
""" 

Gray, fine to coarse SAND (wet) 1 

Boring was completed to 18' bgs. 
Groundwater was encountered at 5' bgs. 

- 1320 

I 
~ f-230 2D- - - I 

-220 3D-

35-

-210 4D
j 
w 
3: 
Q 

" > 

-

-

I 
-

I 
- I 
- I 

I 
-

I 
ffi~---------------URS----------------~1 



I 
I 

Project: Lake Steilacoom Phosphorus Study Log of Boring PD6 
Project Location: 

Project Number: 

I Date(s) 
Drilled 1/14/02 

Drilling 
Method Direct Push 

I Drill Rig 
Type Direct Push 

Groundwater Level 6ft 

I 
Borehole 
Backfill 

I~ 

I 
I 5-

I 
~240 to-

I 
I 15-

I ~ ~230 2(1-

1 
25~ 

3(1-

I 
35-

I 
I 

·l-210 4D-

Lakewood, Washington 

33750346 

Logged By 

Drilling 
Contractor 

Drill Bit 
Size!fype 
Sampling 
Method 

Location 

Sheet 1 of 1 

Galen Davis 

Cascade Drilling 

Checked By 

Total Depth 
of Borehole 
Ground Surface 
Elevation 

181eet 

250.00 

1" x 2' Poly·Lined Push-Out Hammer 
Data Auto 

Toward west end current construction trailer site 

MATERIAL DESCRIPTION 

stti: 

REMARKSANC 
OTHER TESTS 

I ~~:s refusal many 

Same as above (wet) (native?) 

~ 

- No samples sub,mitt<.:l 
for analysis 

~--t:~~onng~gw~Mr~was~l~ro·~18~'~3~s~·-7;'b~g:s.--------------~r--------j 
-

-

~ 

-

-

~ 

~~w~-------------URS------------~ 



:l 
w 
~ 

~ 
> z 

~------------------~------------~~ 
Project: Lake Steilacoom Phosphorus Study 

Project Location: Lakewood, Washington 

33750346 

Log of Boring PD7 
I Project Number: Sheet 1 of 1 

Date(s) 1/15/02 Logged By Galen Davis Checked By I 
~~~------~--------------------r,o'-rmilli~ng~---c-.-.-c-ad_e_D_r_il_lin-g-------------+~T~o~~o'-e=p~~-----20--f_ee_t __________ -i 

Contractor of Borehole 

Drilled 

Drilling Direct Push Method 

Drill Rig Direct Push Type 
Drill Bit Ground Surface 250_00 I 

~~----------------------------~~S~ireff~~yp~e~------------------------~E~Ie=va=ti~o~n---------------------i 
Groundwater Level 7 tt Sampling 1• x 2' Polyelined Push..Out Hammer Auto Method Data 

Borehole location West end of construction site 

rB:a:c:~:II::~~:J~~Ii~~===r====r===::::::::::::::::::::::::::::::::::::::::::::::y:::::::::::=ll 

{ 1i11:

1 ~ ~ ~ ~ ~a;CD ~- I~ ~ ~ ~ £. en 
MATERIAL DESCRIPTION REMARKS ANC I 

OTHER TESTS 
w_ I~ ~ a > e ~ 
~250 ~~~~z~~m~-0~b7Gd-~~;i~n,o.~~~~~ComSeSNW~~~~~~~~~---------i 

~--" ·~- ..... -- ·-.-~"'"" ,.,_, '""- -·- !':;: =· I 
5-

~240 1D--

1!>--

2!>--

~220 3D-

35-

-210 4D--

;:) ( Same as above (weQ 
7

ft!: I 

-

I 
-

I 
- ~~ sampl~s I 

'"' analySIS 

I 
-

I 
I 

- I 
I 

-

I 
w~---------------------------------------- I 



I 
Project: Lake Steilacoom Phosphorus Study Log of Boring PD8 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 I 
I Date(s) 

Drilled 1/15/02 Logged By Galen Davis Checked By 

Drilling 
Method Direct Push Drilling 

Contractor Cascade Drilling Total Depth 
of Borehole 20 feet 

Drill Rig Direct Push Drill Bit Ground Surface 250.00 
Type Size/Type Elevation 

Groundwater Level 4ft 
Sampling 1" x 2' Poly-Lined Push..Out Hammer Auto Method Data 

I 
Borehole Location 55' E of Target, approximate center of wall 
Backfill I 
c ii E 

0> 
c 0 

0 ..J 
REMARKS AN[ ~ <;; 

a; c. MATERIAL DESCRIPTION s 0 

>-

I!~ l E (jj OTHER TESTS (I) (I) ::;: c. 0 
[jJ~ 0 > ~ (jj 

~250 
iii 0 <!l ::::> 

' SM Asphalt 
.. fine to coarse SAND with little gravel (dry) (loose), 0820 .. more silt encountered than at other locations 

I 
I 

. . .. 
' 4Q;. 

:>~ Same as above (wet) 
5- - -

· .. ~~;rsample .. 
. :, .· 5'·9' .. ·. 

~ 
. :, ::-= 
·. :, ::-=· 

~240 1Q- . ·. ::-· - -
'• . ' 

-: •. :; . 
:; : 

I 
I 
I 

: ·" ., 

15-
-:. .; . 
-: . . , :- -
-:. < -:: Same as above 

-:; 
-:: 

-:; 
.; : 

1~~~0 
-:; 

.; : . ... 

~ 
f-230 

!-: 

!!,~~i.~p,was 1 
to ~o:_?ji~i 4' bgs. Groundwater was 

I 
I 
I 

25- - -

"' ~ Cl 
M I 
"' w 

'" '" a: 

~ -220 3D- r- -
Cl I 
"' t;; 
w 

I "' ;I 
• M 

35- r- -0 w 
~ 
M 

g 
~ a: 
0 

~ 
I 

z 

3-210 4o- r- -
~ 
~ 
w 
;, I 
~ 
> z 
w I 



I 
Project: Lake Steilacoom Phosphorus Study Log of Boring PD9 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 I 
Date(s) 1/15/02 Logged By Galen Davis Checked By Drilled 
Drilling Direct Push Drilling Cascade Drilling Total Depth 16 feet Method Contractor of Borehole 

I 
Drill Rig Direct Push Drill Bit Ground Surface 250.00 Type Sizeffype Elevation 

Groundwater Level 6ft Sampling 1" x 2' Poly-Uned Push-Out Hammer Auto Method Data 
I 

Borehole Location West end of construction site, -20' N of P07 Backfill 

~ 

" 
CD1i) 

E "' -CD c: 0 
0 o- ..J 

REMARKS AN[ ~ .<= - :;; w a. MATERIAL DESCRIPTION c:.C s 0 
>- 3:15. 

!~ "' E en OTHER TESTS CDCD 00> 3: ::;; a. 0 
iii~ 00 0 > 1!1 en 
~250 

ffi 0 (!) ::> 

SP • gravelly SAND (dry) (dense) (fill) 

I 
I 
I 

5-
stti Same as above (native?) 

~~~~.r Sample 

f.-240 1D- -

I .. 

15- -
x=~ 

Boring was ~:J!i 6" bgs. Groundwater 

I 
I 
I 
I 

~ f.-230 2D-
m 

f- I 
b 
" " -< w I 
"' 25-"' f- -a: 
" ' 

' 
I 

' i f.-220 3D- f- -

I 
35- f- -

I 
I 
I 

+210 4D- f- -

! I 
~ URS I 



I 
Project: Lake Steilacoom Phosphorus Study Log of Boring PD1 0 
Project Location: Lakewood, Washington 

Project Number: 33750346 Sheet 1 of 1 I 
I Date(s) 

Drilled 1/15/02 Logged By Galen Davis Checked By 

Drilling Direct Push 
Drilling Cascade Drilling Total Depth 18 feet Method Contractor of Borehole 

Drill Rig Direct Push Drill Bit Ground Surface 250.00 Type Size/Type Elevation 

Groundwater level 6ft Sampling 1" x 2' Poly~Lined Push-out Hammer Auto Method Data 

I 
Borehole Location Backfill 

s~:;s 
c .. a; 

"E 
C) 

-CD c: .3 0 o-
REMARKS AN[ ~ "' - "' c. MATERIAL DESCRIPTION c.<: :;; .e, 0 

>- ;:E. 

I!~ "' :c en OTHER TESTS <l>CD O<l> ;: ::; c. 0 
iii~ 00 0 > ~ en 
~250 

ill 0 .?rr ::> 

SP ~Tan~giavelly ~ cobbley. fine to coarse SAND with fiWe silt (dry) (dense) 

I 
I 
I 

5- f.- Same as above (more loose) (increasing moisture) 
6f!Y: 

I 
I 

f.-240 1D-- lti:~J- Same as above (wet) (medium dense) 
-

~~:.h: 
15-- ill 

~~ill~ 
-

!No samples ~;n. . 
Boring was 

j ~"!~:.~;i 6" bgs 
I'"' ~ ,~,,, 

2D-
rwas 

~ 
~ -

I 
I 
I 
I 

25- f.-

' I 
i ! 

3D-i l-220 ~ -

l 
35- f.-

I 
I 
I 

+210 4D- ~ -

~ I 
I ~ 1JRS 



Jul-03 -~1 OS:S4A 
__ , .... i.-9;?-01 ;?3: 37 

McChord AFB Environmenta 1 1 ~~~~~::t-\\~C!7 ___ _ 
Mark Jngersol I 

P.04 
P.UL 

.. 

l'(oj'"Ct Jllo; 2)31.0001.3202.06000 

~ McChofll AFII Silo SS-34/f RllfS 
Log of Borehole: cw-so 

Client: AI'CEE 

L~: sa. 5S-34N. ~ 

- ar appr.,.,.,atsly 4 1' bgs 

Oensoo. gf<)', 9"""" wl coarse sam.-· R>und4d. (Q<f) 

Dri\1 o .... 6/5X)1 

Holes~ 6.5· 

Qva? 

Foa1er Wheeler EnvirOnmental Corp . • 12100 
195th, STE ?.00· •· ·BotheH WA 981111 

Tolal O.ptiiSO 

o., .. , to .J'Jater 41" 

I!IIIJintoor: D s.a-

Dalulft (HG\10): 2D1.37 (f'VC) 

H<>IIIOng 665353 

Ea.oein11 1soJ9<l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



t ul-03-01 08:54A 

·' J:#l-p2-0l 23:37 

McChord AFB Env;ronmental 12539845113 
M"'rk Ing.,rso 11 1-406-494-_!_!Y.:_'---

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Pn>jec:t llo; 2331 0001.3202.06050 

PJDjKt McC~o'll ArBs .. SS·:l-'N R~TS 

CG.ntAFCEE 

l.og of Borehole: CW·51 

Localic>n: Sile SS.J.'N. On-bose 

!i- ,. 
.<:, to:'i "' ll _;i ~ 
0 w_ "' 

s~ .. 
~ .. 10j 
.., 

1~ 
-i 

20-

25 

•o-. 
-; 

~ 255-.., 
4'-=l .., ., 

250-

Hole Size: 6.5 .. 

MocldenSe. brown, -llogta4t>d gro.els ll'ld ~ wl minot 
amount at aand. dry. Well rounded to &l1b-lounded ~IR :;~na 
cobbloo.(Ovt) 

End olllorer1ole 

Foster Wh_ .. , Fnvilllnmenfal Corp. 12100 
195m. STE 200 Bothell WA 98011 · 

0.0 

c.o 

00 

0.0 

O,Q 

0.0 

Tal O.p1113:t 

Depth ta t'JaNr 28" 

-.. :;;: 

O..lum (NG\11)~ ~.10 (PVC) 

~605136 
e ... ng 1S0377o 

P.05 
....... tJ~~ 



Jul-03-q1 08:55A McChord AFB Env;ronmental 12539845113 
•JJl-Q2 -ol 23::'47 Mark Inger$oll 1-406-494-]1.97 __ 

..... joel NO' <Jll 000 I .)202.061150 

"""~*<" M<:Chatd AFB Sila Ss-34N illlfS 

C11Mt:AFCEE 

Log of Borehole: CW-52 

• ocalion: SM S$-34N Ooobue 

-5--
-10-

J -~ ., 
~ 

j 
l 
~ -

60-

Drll Dar.: 615J01 

Mod. do-. b._,, -.gnoded QtaV61G end eobbloos wl m
""''""" ar &and. dly. Wellroundei!IO tull-n>..mect graveiG and 
cobble& (Ch-I) 

Ccllod Sa"'f''oo Rl-01.()()2s@ 20 bgs 

Foster Wheeler Erwironrrwsnliil Corp':· ;1?100 
19Sth STE 200: Bottoell WA 98011 

O.D 

0.0 

0.0 

00 

0.0 

1 ol:ll Depth 30.!\' 

Ooptll'" W.tar (),y 

fntlncoer: D a"""'" 

Completion~ 

00 

265-

255-

250-

:::~ 
O.tvm (NG\10}: 297.79 (PVC) . 

~~187 

Easa;,g 15033n 

P.06 
P.04 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I Jul-03-01. oa:55A 

. JL 1 ~u:z-oi :z3: 3B 

McChord AFB Environmental 1.25398451.1.3 
Mark rngersoll l-406-4Q4-1.1.97 

P.07 
P.05 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

Proj•OI Ho: :?JJ1.000 I 32()2,0GQ50 

Proj.et McChord Af=B Sit.l SS-~N RIIF"S 

cn.ttt As=ca:: 

c 

}' 
iO: 0 
~:> .D 

~* 
·[ 

D "'' 
~ 

51 
1o-3 
1sj 
-

20~ 

"-=i 
J 

Dll~n. 

Log of Borehole: CW·53 

I 

I 

TG ... Deptll71' 

D•pth '0 Wattr31' 

enp.nr: D. Seaver 

:m.= 
3 W-.RS@ """rD'<imtloly 31'1>gs I 
~ 

JS-::_ 
;J 

..0.:: 
j 

OS.::: 
3 
~ 

:J 

s"'3 
J 
~ 

~2 
nl 

j 

'1 210~ 
ctry to moict Angl,llar to 

Enclol-

Onl! Melli""- liiS Auger 

O<ill001e:~1 

"o~es;..,·GO' 

I 
I 
I 
I 
l ~ 00 

0.0 
~~~ 

0.0 
2-."C~ -.. 
z•~ 

210-3 

Dotum (NG\10): 2811 01 f.PVC! 

Nor1toin9 666'-25 

EaSIIng 1!102805 



Jul-03-Q1 OB:55A McChord AFB Environmental 12539845113 
~a Ma~k Ingersoll 1-40~-494-1197 

•Jdl-82-01 23:-> 

P'O,i«t: lotcChord AfB Sile SS<WN RIIFS 

C......,AFCEE 

~-
8 

:; 
5-::1 

-
.~ 

=l 
~ 

'1 
~ 

~ 
;!!!-

l .. 
~ 

j 

35-j 
-
~ .. 

40-" . 
~ 

:1 
.. j 

J 
50-. 

~ 

~ _, .. 
eo-

215-, 

Log of Borehole: CW-54 

10 ~. Al~l.dar ID 

Tolal De...,. 54" 

~larl6' 

l!oJginnr. M. lng<H'SOJI 

!i c 
l!o 

~I !1§ 
iij'l!;_ 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

00 

0.0 

0.0 

0.0 

00 

p_oa 
.... ~ (Jb 

Oiaogt=-n 

... .. 
Cl 

~ 
~ 

Or" -· HI$ A"9"" 

Oral 01~: 6112/01 
Fosr"' Wlleeler Enviro"ll'lent"l Co'P I]IOO 
195Jh. biE 200· .Bothen WA 980lt .. 

Po-. (l~GVDJ. 270.V& (PVCJ 

Notthlng 1166.5211 

E">>ing 1502a36 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I McChord AFB Env; ronmenta 11 -1.420563~489~-\\ ~7 P-i:/ 09 
ul-_o3 -q1. OB:SSA ===:.-------

Mark Inge"""oll 
'Jbl-;02-0l 23:3f' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

f'rojocl No: 2331.0001.3202 061150 

Pr..;.et: lllcChQ«J Afll Siee SS-:WN RllfS 

Log of Borehole: CW-65a 

cu-t! AI'CEE 

-
1s-3 

~- I ;; ,' -g .0: 

!o 1 E . 
i:l~ I) I 

l 
I 
I 
I 
I 

Foster Whot~lar EnvironmentaJ Corp. t ·12100 
t9Sth. STE 200 .· ,EJolh"ll WA 98011 

0.0 

0.0 

Tollll Oepllo 4~' 

~30-

EIIg~ O. s......, 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

08lum !NQVO)· UB.]jj (PVCJ 

Nollhingii6S0-<6 

eas,;,g 1502616 



Jul-03-0~ OB:56A McChord AFB Environmental1 !:g::4~~~\\~7 
Mark I ng~~s.o l 1 · 23:39 

ProjKt No: ~331 0001 3202.06050 

l'roi-ct: loi<:ChonlAI'8 Sile SS-J•H RIIFS 

cu.nt: AFCEE 

Log of Borehole: CW-55b 

L~..aion: Springbrf>Ok. 127th St. 

Waler@ app<~ JO' ogs 

Less dense.IW'OWn lo grey, poOf!y g..cle<l Nlld wl !J(awlond no 

c<>l>bleo. -- --· (QoltJ_ 

O.D 

0.0 

0.0 

0.0 

00 

0.0 

0.0 

0.0 

0.0 

D.O 

0.0 

0.0 

0.0 

TataiOeptlt II()" 

Depll>-to..W- JC' 

Et111if11Hr: 0 S.:aver 

p- ].0 I ...-.ul::J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

foster Wl\ee141r Environmental Corp. ·? 2100 
195(11, STF ~00 Bothell WA !18011 

IW""' (NGVQ~ 268.26 (PVCJ 

Non1Mng~8 I 
e...ong 1 SO?.G22 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I· 
I 
I 

OB:56A 

23:39 

C h rd AFB Environmental 12539845113 P ci911 
Me o 1 _ 406_494~~1~1:..:9::.7~-----·--
Malr'k In_getrsoll 

Praj..,. No: 2331 .0001.)202.06050 

Prot-ct M<O>o'll AFB Sole SS.J4N RIIFS 

Cfteo\t: AFCEl: 

Log of Borehole: CW-56 

Tolal 00plll71' 

~ter29' 

l!ngilleer: 0 Seawr Locoda<l: Spnngb<o"'<. 127111 SL 

Or" Date. 6f7101 

Hole S~: 6.5"' 

E I 

I! 
:~ 

S:H>dy . 
Uod. denM.Iiglll biQWJ1. -• ~ gra- 8nd abvndanc
w1 Minor amount at sand, dry. WtH rour>dod 10 •utH"""'*i Q1tW1> 
ond tobbloc. {Qvr) · 

FoSU!< Wheeler Environmental Corp. . 12100 
t95rtt. sre 200. · AollleiiWA 9B011 

I 
I 
I 
I 

00 

00 

c.o 

0.0 

oo 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.lum (NGVD): 28&. •s i"11Cl 

l'lo"'""u 666058 
Ea•ttl'tQ 1!502.494 



Jul-03-q1 OB:56A 

:.Ju'l-02-01 ?.3:39 

Me Chord AFB Env i ronmenta \ _14~6~~~~~l~i~3='9:_:7 _____ ,..._._-'-_~_-_1_2 
Mark Ing~:~rsol 1 

Log of Borehole: CW-57 
Pr-" ~ A~B Soe S$4&11 RliFS 

Cllont: A~=Cee 

~; Springbroal<, 127th Sl 

51 
MOd. donS&. 'slltt-.. ~ f~/8"0~0 and ~OOI>blec 
""""- .,....,... ol....,_ d<y. - ro.nclod to sui>-roond<CI 9fW"'s •nd·- (Q\11 

'1 
'i 
:roj - a'ld bollldarl Cll211 

J 
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Mark Jngerso 

""'""'No: 2331 0001.3202.~ 

Pnl)«<: r.lc:Chafd AFB Si"' .sS.34N RIIFli 

Cllwol: AFCEE 

Log of Borehole: CW~58 

Locallon; Spr;ngt>rook. 127111 Sl and Addison Sl. 

S•ttdy 
Mad -· lgllt bt ...... well~~~~- and abundant col>blot 
w1 ,.,;..,..·"""""''of a;>nct dry Wo/11 rou- 10 a.b-I<>Undod gr-r. 
and cobl>ln. (Oirll 

DriD\IolhDIJ·HIS~ 

Or<! !late: 616101 
Foster Wheete< E11vironmen!ol Corp 1?100 
19Stn. STe zoo·. Bottu•ll WA 98011 

"""'"""'s.s• 

' I 
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0.0 
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Totol D.!!U18<t 
~:29· 

EpgiPC'Irr: D. Seaw• 

-
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~ 
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a 
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-~ 

~-3 
• 

o ..... (JIG\/Dt ;2&;.67 (I'Ve) 

Non>Wng 1566076 

e •• ~fl\l15021e9 



P.l4 

Jul-03-ql OB:57A 
, 1.~-i ...... oz-ol. 2'3:40 

McChord AFB Environmental 1 ~~:~:9~~\\~7 p. ~;;.-" 

Ma'l""'k J'ngQrsoll 

PYOjoc:tNo: 21lt.0001.3202.00050 

Projtct: McChO«< AF6 SiUo SS..:MN Rl/FS 
Log of Borehole: CW-59 

.. 
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::1 

'j 
~ 

15-

~ 
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2S:j 
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J 

•o.j , ., 
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~ .··i 
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.- .. · . 
.. I 
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~-:· ·-: 
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-~~T----------------------·--------------------siJiv CJi>Y"Y GRAIII!iL (GC} 

1 ... 
2'0~ 

Me<!. den._, 9"'Y. ~l'I'Y IIndy ~dry ro moiol Mgulor to 
~~ . h I 

Fo$tet Whaelef Environmental Cor1> .· 12100 
195th. STI' 200• . ·flolhell WA 98011 

0.0 

0.0 

00 

0.0 

r-• o..,~~o 36' 
Depdl tv ., w 27" 

Dollum (MGVDP85.o1 (1'\!CJ 

~611l18S2 
e .. \Wla 1502179 
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Project No: 2331 0001.'ll0206050 

l>,q.ct: McC!>«d 1\FB Sle SS-J.<N RIIFS 

Cli""" AFCEE 

Log of Borehole; CW-60 

LoeatioiC Spr;,.gbrock. hl<loson Sl 

~I 

i 
0 

.J .. 

., , 

Moo. denH, igblb<own. wel.-9f•ded gnaw!& and abi!Malll ~'" 
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ana 1;0bt>les. (Qvt) 

OQ 

Total O.JIIh 37 
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oobi>IN. -l W<111 ""'!lded. (OYT) 
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J 
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rou!lded 10 SW<o\lndod (OW) 

[)(iu ..... __ ~ AogOt 

Or-ill O.lc: 6/5101 
Foster WI\Wier F.nvironmenlal Co!p . 12100 
1951h. STE 200i • Bothell WA 98011 
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0.0 
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0.0 
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Jul~03-Q1 OB:5BA McChord AFB Environmental 12539845113 

23
,40 Mark Ingersnl., 1-4ub-4!;fC~o-..t..&.._, 

•Ju"J--07.-01 -

l'rojKt No; 2331 0001 .3202 06060 

Project: McChord 1\FB Sile SS~N RllfS 
Log of Borehole: CW~61 

Clltnt: AFCEE 

O<ift Melhoct. ~ Auger 

Ofil1 Date: 6/11101 

Hole Sae: 6.5· 

Foster Wheeler EnVJronme<>tal Corp . 12100 
t 951h STF 200 ... 8ol1'1ell WA 980f 1 

l 
I 

I 
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I 

I 
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08:5BA McChord AFB Env;ronmental 12539845113 P~17 
23,40 Mark Tng.arso ll l-406-494-1197 ____ __:..-_~:_:::..1;;;<> __ 

"'<>l-Cl No: 233Ul()OL3202.00050 

Pt<>je<t: McC/101<1 AF8 S... S.."-34N RWFS 
Log of Borehole: CW·62 

Cl;.nt: AFCt:.E 
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• ' ' 

ProjKtNo, 2331.0001 l202.1le050 

Projo<:t: 111<-<:h""' AfB SilO Ss.;:l4N Rill'S 

Crwnt:Ai'CEE 

L.og of Borehole: CW-65a 

l~: Si1@ ~. Ort-ba$e 

Dril D:ll:e: 618101 

l-lolo Sizo: tO" 

Mod.--.llght-.~~gra.ell-llbunomll
w/m;,or.....,.,. ol•-· dry._ Welra-Od ID.............., _.16 
Mel~- (Qw 10 Qv:oJ 

Endol~l>ole 

Faster W!Mefer Environmental COrp.· -' ·121 oo 
195th, !iTE 200' ·RO!Ilell WA 98011 
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VII-56 

~\Sweet, Edwards & Associates, Inc.) 

~ PROJECT CLOVER/CHAMBERS CREEK 

Location SEl,; NEl,; NEl,;, Sec 1 T19NR2E 

Surface El ev atl on __ AIIlPillP;llraaux""-..t.2.:t9.:~5_Ft..t~:....~M:~;suT-, 

.Total Depth _.,-:::38~f~t ______ _ 

Date Completed ---~~1_29_:.1_8_5 __ _ 

BORING LOG 

1 1 Page_ of_ 
Boring No. __ ec.:...-...;;2 _______ _ 

Dr II II ng Met hod -'A:!;i::..!r;....::R:::_ot!;:a;:!r;.J:y ____ _ 

Drilled By Johnson Drilling 

Logged By D.R. Dykes 

WELL DETAILS I 
1...--+11 

PENE
TRATION 

TIME/ 
RATE 

DEPTH SAMPLE PER ME
(FEET) 1--....,...---l ABILITY 

NO. TYPE TESTING 

SYMBOL UTHOLOGIC DESCRIPTION WATER 
OUAUTY 

.... 
" 

I~ u 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10 

15 

20 

25 

30 

35 

GW 

19.5' 

GW 

to 

GM 

" 

GW 

" 

" 

Q-24.0' Sand;t Gravel, gray 
brown, sand is coarse, ·· 
pebbles, cobbles, damp 
below 15 feet, some fine 
sand and silt. 

24.0-32.0' Sandy Silty 
Gravel, gray, sand is fine 
to coarse, silt tan 
water strike at 28.0 feet. 

32.0-38.0' Sand;t Gravel, 
gray, sand is fine to 
coarse, some silt, 
saturated. 

Botton of hole at 38 feet. 

gure VII-2-13. Boring Log, BC-2 



~
{ 4 \ Sweet. Edwards&. Associates, Inc.) 

Af:.f, lSO 
PROJECT CLOVER/CHAMBERS CREEK 

BORING LOG 

P 1 1 age __ of_ 

Location sHlz: swl,; SEI,;, sec 36, T20NR2E Boring No. ____ sc_-_1 ______ _ 

Surface Elevation Approx zn "r MST. 

Total Depth_~4~0~ft~------------

Date Completed __ 1_13_0_1_85 ________ _ 

WELL DETAILS 

PENE• 
TRATION 

nME/ 
RATE 

SAMPLE PERME• 
DEPTH '---.---1 ABILITY 
(FEET) r TESnNG 

NO. TYPE 

5 

10 10 .. 

15 15 .. 

20 20 .. 

22.95' 

25 25 .. 

30 30 .. 

35 35 .. 

40 40 .. 

Dr II II ng Met hod "'"A"'-i=-r ..:R.:.::oc::t.::.ar=..vL-____ _ 

Drilled By _J=-o::.:h;::n.:.:s;.;o;::nc..D::.:r::.:i::.:1::.:l;.;i;::n~g----

Logged By --'D'"'.~R"-.-'Dy:.L:.:.ke:::.:s=---------

SYMBOL 

sw 

GP 

Gl-1 

to 

GM 

GW 

UTHOLOGIC DESCRIPnON 

in upper part, organic 
rich, damp. (7-6' brown 
silt). 

7.0-16.0' Gravel,gray 
brown, very coarse, 
some sand and silt, damp • 

16.0-38.0' Silt;:[ Gravel, 
gray brown, variable 
proportions of sand and 
pebbles, cobbles, damp. 
Moist below 24.0'. 
Saturated below 32.0'. 

Bottom of hole at 40 feet. 

WATER 
OUALITY 

Fiqure VII-2-12. Borinq Loq, BC-1 

I 
I 
I 
I 
I 
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APPENDIXE 

Surface Water and Groundwater Sampling Data Sheets 
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I 
I URS ~SAMPLING DATA SHEET 

~~~ 
I Project Information Page I of _I 

Lake Steilacoom Phosphorus Stud)' Project Name: Location: Lakewood, Washington 

Projectffask No.: JJ750346.1l0006 Weather. 

I Date: Samplers: 

Gau2:in!!an dPu . D Un!ID2 ala 

Station Number: SW-1 Screen Interval: NA 

Station Type: PDL Creek Outfall 48-in culvert Well Diameter. NA Annulus Diameter. JJ~~ I 
Well Condition: NA Gallons per Casing Foot: NA 

0" weD: U6 pl{ft: 4" wdl: tU!i pl/ft) 

Reference Point: culvert bott01 Elevation Gallons per Annulus Foot: 
(r -'- widol" moiq .. u.s plll\;6" ....Iuwilll r _..," 1~ pW;J I 

Depth to Water: NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water. Final Purge Volume: . 

Depth to LNAPL: NA Thickness: NA Purge Method: ~ristaltic 1!!!!!1! at 200 mUmin I 
LNAPL Desaiption: NA Water Disposal/Qty: ~und surface 

I Containers 
MSIMSD 

Meter lnfonnation 

Analylds Typ< Priman Qtv Qtv Model & Calibration Date • 
Tot dis P/SRP 125 ml poly f';ef)... hi k...J. 
TotalP 200mlpolv I YSI 600 XLM SoDde and 610DM hand-held readout 

With flow-throu~ cell ~calibrated bX Hazco on eLZ7~ z... ) 

Conductivity: c..r;~;z. cW ~ t).z.~ 

I DOo 

pHo 

Temperature: 

I s ting Data amp 

ORP: 

Field Test Kit Results· QA/QCSampl es: 

Sample Name: SW1·Gl PID. NA Duplicate: None 

Sample Method: Peris. Low Dow (-200 mVmin) 

Sampling Device: Geotedt Peristaltic pump I Replicate: None . 
MS/MSD: None 

on NA 

Alkalinity: NA 

Tubing Depth: middle ofoioe .'fJS"l 1.-.lo ,, }; 0 

Pump Intake Deptho -2 inches I 
Blank: None 

Other. None 

Ferrous Iron: NA 

Other. NA 

Field Parameters ' 
Volume Temperatu~ pH Conductivity ORP DO Turbidity Timo WaterLevd Flow Rate 

(ml) 'C) (SU) (uS/em) (mY) (mg/L) (NTU) (24 hr) (Fo below TOC) (mllminl 

I dOO I n 7.Z3 /L<J Zo7,1 Jo.q<J p • .;-- I{, t?<" 
'l. oon I~ .'N 7.Z.Z. /1-0 1~$.1{ JfJ. <n .. I'?· C. /{,I 0 ~zoo~l 

I 
'1 9R{) 1'1 • ., (, 7./'1 /27.. Zt0.2. '"·'" O·'> "·I t; 
L( 0/}(} 1<1. 'tZ.. ?.lO I z., 'UJf> (, j(/, 3'{ fJ-5' lh1.D I 

I 
I Comments !':,-, • .ll~ bfnri-Y\ t".<..t r; h ;_; j) iJ u~f ~low (.;..r.. ~ 1/v Late. Orl tte. 
~ ;~ S~'"":J Itt p;fc:; ,., s• Oup "d-/t «<> "f/"-~t ~~- FIOW.,.J'J~~le'?511o- J &of ,,aw,-5/t~ 
o(.c,v/«<f·~ /3..~ &/I .5MA:fl C/taMe-} VeloW /JfC ~ 

Flov.J Ill~ .... .:::: /C:t/~c:, ""G oo 0 '!> V ::A~~k!H. 2"-3" 

Ave. ~/tXA.J ~~~~~~Fo"J.~~e€' k- 1 foof---7/ 

' 
J.rf;, lk.<d. it::,/' SAP h 0-~'7 4"<Jt\ troee..J/.;/ofe,.. ~. /1-L 

I 
I '/ Fe.i 

Field Forms, SW-1 915/2002 
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P D L- CJzEt: K. 

sw -I 
~lt'6"- 5k..J,_J 

~~--... R.cc.~<.. $ .:.. .J. !.I<. s ~ ,.,.t f? i 1 <!!. \ ~, . 

ftppro7- 2 , of~ 1 ~..,j~f 
visfl.le ~lo0. ~~~ = 1 ;tt~J, .. 

/V"o · ~· ~o·· L1 "t~ .... 1-'1.- ,J-,..-

v : 4~ .=: 0' 7 (;, 
i<J icl.~ ,... I r;.. t: 
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URS ~SAMPLING DATA SHEET 
{Jv~~ 

Project Infonnation Page I of~~--

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Project/Task No.: 33750346.00006 Weather: 

Date: 15/z.q}o<- Samplers: 

auvn2: a re:me: G ndPu ' D ala 

Station Number: SW-2 Screen Interval: NA 

Station Type: PDL Creek Sam(!le Well Diameter. NA Annulus Diameter. J.l/\ ~ 
Well Condition: NA Gallons per Casing Foot: NA 

(l"wdi:O.L6pUJI; 4"wdi:OAiSpl/ft) 

Reference Point: stream chann Elevation Gallons per Annulus Foot: (I"-- wido %" _.,. I.ISJ.ollfl;6" ........ willl2"..,..., • l.J..I ploft) 

Depth to Water: NA Elevation One Purge Volwne: 

Depth to Bottom: NA Feet of Water: Final Purge Volume: 

Deplh 1o LNAPL' NA Thickness: NA Purge Method: ~ristaltic J.!Ump at 200 mVmin 

LNAPL Description: NA Water Disposal/Qty: ground surface 

Containers Meter Information 
MS/MSD 

Analvsis Tvoe Primary Qty Qjy Model & Calibration Date 

Tot dis P/SRP 125 ml poly .C;dJ.- c; .It> ... ..I YSI 600 XLM Sonde and 6IODM hand-beld readout 

Total P 200m! poly With flow-lhrough cell !ca1ibrated b~ Hazco on tlizJQ .. ) 
Conductivity: 

DQ, 

pHo 

Temperature: 

ORPo 

Sampling Data Field Test Kit Results· QAJQC Samples· 

Sample Name: ft<M1r 5W2..-G-l PI(}, NA Duplicate: None 

Sample Method: Peris. Low Oow ( -200 mVmin) DQ, NA Replicate: None 

Sampling Device: Geotech Peristaltic pump Alkalinity: NA MSIMSDo None 

Tubing Depth: Thalweg_ Ferrous Iron: NA Blanlc None 

Pump ln!ako Doplh' -2 inches Other. NA Other: None 

Field Parameters 
Volume Temperature pH Conductivity ORP DO Turbidity Tune WaterLevd Flow Rate 

(ml) ro (SU) (uS/an) lmV) (mg/L) (NTU) (24hr) (Ft below roC) (mUmin) 

,...500 JZ.11 b.(, 'I 12.0 173.1 It>.~/ 0 l:fZ"{ 

I. 5"<>0 l'l./.1 t./..3 /2.0 J{,G,z. /0.7" 0 !5Z<i 
-,.,<;60 12-.61 t..b~ J/"P /56. 'I /0. t.(. 0-5 15 3'1 
?1'. 57ft/ I Z., 7'1-. t. /Z.O I /,o, z. //:7, 'I' <I 5' /.'i:?'T 
"( soo /Z. C.'l l !Z.O ft.'/¥ Jo. l.t. n l'i'¥11' 
s·5a0 1'7./.J '· 111 17/J.l- '" ,;;.¥ !? 1>-¥1 

I /'?fl 5«.,/Jiiit- 7i/«. , 

91512002 
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;,,> kr ~~~ 
. f )ow-- ~;I +t ~€<:. Ia ?. 3 ~f /'~ ~ 

~;:z:: . U3 •..• ,)- ·. 1• 1>6·~·~>,.._ ~:~l.-l~...,_:. · . ...,_ .. ~. ·:;-:7'-,· 

}Jofc : olfu_,_ S"""/( hick le S ""' Nv.:ti ,;,J..__, 
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URS SURFACE WATER SAMPLING DATA SHEET 

Project Infonnation Page I of _t __ _ 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewoodr Washington 

Projectffask No., 33750346.00006 Weather' <:;; ,_., .<, -'-' 7 >"'F 
co=~~'------~==~{~'l~•z=i'=·J·o~~============~~s~~~·=ffi~~==~~~ c ~ 
Gau~02andPun;o~Dam 

Station Number. SW-3 Screen Interval: NA 

Station Type: PDL Creek Saml!le Well Diameter: NA Annulus Diameter. 8 inches 

Well Condition: NA Gallons per Casing Foot NA 

Bz!l;;kcl< (1" well: G.16pL'ft: •• wcll: O.Upllft.) 

Reference Point: cbann Elevation Gallons per AnnuiU'i Foot: 
(I"_... wido l"~= 1.15 pWt: 6" ....... widol" casior• 1.3c'pL'n) 

Depth to Water. NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: peristaltic J.!UDll! at 200 mVmin 

LNAPL Description: NA Water Disposal/Qty: S!!!und surface 

on ner.s Meter lnfonnation 
MS/MSD 

Analysis Type Primacy Qty Qty Model & Calibration Date 

Tot dis P/SRP 125m! poly_ F;ei). -F rJ~ YSI 600 XLM Sonde and 610DM band-held readout 

Total P 200m! poly With flow-throu~ cell {!calibrated b;l Haz~o on ?J.n l~"Z-- ) 
Conductivity C rc.JJ <-u-d;_,./1 ~ l· 1-t. aJ- N z:m,... 

[)(), 

pH' 

Temperature: 

ORP: 

Sampling Data Fid.d Test Kit Results· 

Sample Name: SWJ-Gl PI!>. NA 

Sample Method: Peris. Lowflow(-200 m.Vmin) DO: NA 

Sampling Device: Geotech Peristaltic pump Alkalinity: NA 

Tubing Depth: Thalweg Ferrous Iron: NA 

!Pump Intake Depth: -2 inches Other. NA 

Field Parameters 
Volume Temperature pH Conductivity ORP DO Turbidity 

( .. ) ('C) (SU) (uS/em) (mV) (mg/L) (NTU) 

II'J"'"" u. <; ?J b-11 Ill !Sl-'> /(. 71 -:; 
z.ooo Jll. 'Iff ~-11 IZO Jt.o. 'I 

''· 10 3.t>?0 "'· ,;o l.'ifj /(~ lf-'1. 2- 11.&'1 
it noo 

tq, "' 
L-.g. I ''f ;<;£/_ 'f ·II. L? 

Comments 

Sample collected from center of bridge deck approximately 100 feet upstream of PDL stream mouth on lake. 
Pump inlake hung into stream thalweg at depth of approximately 4 inches. 

Field Forms., SW-3 

QAJQ<: Samples-

Duplicate: SW13-Gl 

Replicate: None 

MS/MSD: None 

Blank: None 

Othe~ None 

'""' Water Level Flow Rate 
(24 br) (Ft b<low TOC) (mllmml 
l'f'l () 
l'f'lt; 
,'{, 

I'IG· 
,-,.,, 'fL IM£. /57X7 

v 

.. 

\ 

(£0 

li 
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SURF ACE WATER SAMPLING DATA SHEET 

Project Infonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Project/Task No.: 33750340.00006 

Date: 

aur:mt!. an ur2:me G dPu . D ala 

Station Number: SW-4 

Station Type: Clove[" Creek SamJ!le 

Well Condition: NA 

Reference Point: Bridge Deck Elevation 

Depth to Water. NA Elevation 

Depth to Bottom: NA Feet of Water: 

Depth to LNAPL: NA lltickness: 

LNAPL Description: NA 

Containers 

Analym Tvoe Primary Qt:f 

Tot dis P/SRP 125 ml poly F-:ei.J~c; 
Total P 200ml POlY 

Sampling Data 

Sample Name: SW4-Gl 

Sample Method: Peris. Low Dow ( -200 mil min) 

Sampling Device: Geotedt Peristaltic pump 

Tubing Depth: Thalweg 

I Pump Intake Deptho - 2inches 

Fteld Parameters 
Volume Temperature pH Cooductivity 

(ml) ("C) (SIJ) (uSicm) 

focgO l<i. z.~ 7. IS' 1.35'" 
'z.&PO I-f I '1. I. If) J3"i 

13 ooo . tl?.l'f 7. ~., t30 
' '{;,p/!t) I~ IZ 7 't J30 
.~ ;..,,-u;J L5.17.- 7 t.f> t3Z-
' 

Comments 

NA 

MSIMSD 
Qty 

J.b __, .I 

ORP 

(mV) 

.rz. 7 
/13.1 

'19 (., 
ltJLI. z. 
112.0 

Page I of I 

Location: Lakewood, Washington 

Weather: 

Samplers: 

Screen InterVal: NA 

Well Diameter: NA Annulus Diameter: 

Gallons per Casing Foot: NA 
(l" wdl.:0.16 pVtt. (" wdl: 0.65 pllfl) 

Gallons per Annulus Foot: 
{t" __.. _.... l" .;aoiq • I .U pnt 6" .... o1u will Z' Qliol " 131 pllfl) 

One Purge Volume: 

FinaJ Purge Volume: 

Purge Method: peristaltic ~m~ at 200 mVmin 

Water Disposal/Qty: !!!!Und surface 

Meter Infonnation 

Modd & Calibration Date 

YSI600 XLM Sonde and 610DM hand-held readout 

With flow-througi! cell ~calibr.J.ted br Hazco on 

CondlJCtivity: 

on 
pHo 

Temperature: '· 
ORPo 

Field Test Kit Results· 

PIDo NA 

D<Jo NA 

Alkalinity: NA 

Ferrous Iron: NA 

Other. NA 

DO Turllidity rune 
(mg/1.) (NTIJ) (24hr) 

II. oC. t? //()~ 

JI!:J. 7'1 & lltC 
10. 1Z 0 1/l'i 
JP.1'2- & JJlO 
(7. 7"1 r? 1/7_~ 

l 

QAJQC Samples: 

Duplicate: r 

Replicate: 

MSIMSDo 

Blanlc 

Other: 

Water Level 

(Ft below TOO 

NA 

None 

None 

None 

None 

Flow Rate 

(ml/min) 

6. c!lh ~JH: B'o 

Sample collected from Bridge deck over Clover Creek on Gravelly Lake Drive, approximately t ,000 feet upstream of stream mouth. 

I 
Field Fonns, SW -4 91512002 
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I 
I GROUNDWATER SAMPLING DATA SHEET 

I Project Information Page 1 of I 

Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washin;ton 

Projectffask No.: 

Dale: 

33750346.00006 

I 
Weather: 

Samplers: 

au~:m~an ["£10!.. a G dPu . D ta 

Station Number: MW-2 Screen Interval: 22.91 to 27.41 btoc 

Station Type: Monitori~ Well Well Diameter. 2inch~ Annulus Diameter. 8 inches I 
Well Condition: f:!.i!-w Gallons pee Casing Foot: 0.16 

cr -a: o.16 pWt ~· .mt o.GspllftJ 

Reference Point TOC ElevationZ" '3. l7.. Gallons per Annulus Foot: 
(l"...,olalwidol'--,.,.(.Upl/11;1>"-widol"casa,~l.:Up~) I 

Depth to Water: 21. '30 Elevation Z q f.j 2. One Purge Volume: 

Depth to Bottom: 27.91 Feet of Water: '·"' Final Purge Volum!:: 

Depth to LNAPL: NA Titickness: NA Purge Method: ~ristaltic eume at 200 mllmin I 
LNAPL Description: NA Water DisposaVQty: 12:ound surface 

I c tai on ners 
MSIMSD 

Mtlf: ti e er norma on 

Analvsis Type Primary Qty Qty Model & Calibration Date 

Tot dis P/SRP 125m) poly 1\. . ~ I 

~.~;.,lv. Me-l« IS; 2o0"' I ovlv '/ r ""><A- '\--1 

Ill. fe }'.~. "'" JJa CA J< 
. I YSf 600 XLM Sonde and 610DM hand..beld readout 

With flow-through cell (calibrated bl Hazco on S/J- "I~OZ.. ) 

Conductivity' Ce,\j hlllh2d c.e~k 
L. ,; ! 

., , 
="''"''" b ( 1. f?t- JJ-rfJ .50LAJ(< 

I 

" I I I I 
' I ,. !J <('NllrTtetlf/ 7ht~ CUI 'Y 

CIOC ~Toe: lloc. '<-icl.l F,-I/C..4.J. 

I 
I Sampli~ Data 

[)(), all <.&J'N'jo~ t26~.c> 
pH' ~'!J.. ~led. i.alcJ!i~ 

Temperature: t1,.. 1{2 . 
ORP, tl. 0. .{k&-.X ;A Ja>% .kJAX! at 

Field Test Kit Results· QAJQC Samples· 

Sample Name: MW2- /iol 
Sample Method: Peris. Low flow ( -200 mVmin) 

Sampling Device: Geotech Peristaltic pumo I 
pm, NA 
[)(), NA 

Alkalinity: NA 

Duplicate: None 

Replicate: None 

MS/MSD' None 

Tubing Depth: 

I Pump mlake Depll< 24.5 feet btoc I 
Ferrous Iron: NA 

Other: NA 

Blanle None 

Other. None 

Fidd p et ...... ers 
Volume Temperature pH Conducti rity ORP DO Turbidity ..,.,., Water Level Flow Rate 

(ml) rq (SU) (uS/em) _(mV) (mg/1.) (NTIJ) (24 hr) (Ft below !Q9_ - (mllmml_ 

IJ O()o 11-'ilb ro.L? J){, /01. '( 1.l!'l S'-10 0~15 Zccl-~Co I 
'%. 0()() n.!Jt '.~ 1'1'1 17" .I "1. 31 0 071.<> 
1.ooo ..... ,, b./6 13'1 1£'d.'l "1. oz. 0 n7'L,I;; 
ti. 0(70 /1..1{'/ /, II. 13'1 ,q(,. l. 7 oO 0 n730 
.?aJO /Z. '{/, L I~ 1:11 1/.o. 'I 7. 01.. 0 n7;5' I 

I 
I 

Comments 

I 
Field l'urm$, MW-2 9!512002 



URS GROUNDWATER SAMPLING DATA SHEET 

Project Information Page 1 of _I __ 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: 

Date: Samplers: 

au~nl! an ICI!:IMI G dPn ' D ata 

Station Number: MW-4 Screen Interval: 7 A8 to 11.98 feel bloc 

Station TYJ>e: Monitoring Well Well Diameter: 2 inches Annulus Diameter: 8 inches 

Well Condition: /Je.-!!.}_ Gallons per Casing Foot: 0.16 
(l" well: 0.16 plll\; •. well: o.u pl/ft) 

Reference Point: TOC Elevation l 'lb.Z. 7.. Gallons per Annulus Foot: 

Depth to Water. b.30 Elevation2.J 't , 'I 1... 
(r _,....;a.r.....,.. us,.w; ,. -'uwiao 2" -••• 1.34 pllftl 

One Purge Volume: 

Depth to Bottom: 12.48 Feet of Water: ~./~ Fmal Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: l!!ristaltic:: (!!WI! at 200 mllmin 

LNAPL Desaip6om NA Water Disposal/Qty: S!Ound surface 

Containers Meter Information 
MSIMSD 

Modd & Calibration Date 

YSI 600 XLM Sonde and 610DM hand-held readout 

With flow-through cell ~calibrated b~ Hazco on V.~7!o-z. l 
Conductivity: c..a l; ~ rn.h 1:1z1 c:: he .. .d( .:. /1 

DOo ~J:z~Jo'l- 1100 k,... .~JJ, c:cMJ.O 
pHo ai; i:a ~oo el. ....!. ~ 

Temperature: ""'; th c.. Uir.J,. ~~~-
OR!' 

Sampling Data Field Test Kit Results· QAJQC Samples· 

Sample Name: MW4- pJD, NA Duplicate: None 

Sample Methodo Peris. Low flow (-200 mllmin) [)(), NA Replicate: None 

Sampling Device: Geotech Peristaltic pumo Alkalinity: NA MS/MSDo None 

Tubing Depth: Ferrous Iron: NA Blank.: None 

Pwnp Intake Deptho 10 feet btoc Qth..., NA Other. None 

I aram ers Field p et 
Vol'""" Temperature pH Conductivity ORP DO Turbidity '11me Water Level Flow Rate 

(ml) ("Q (SU) (uS/em) m\') (mg/L) (NTU) (24 hr) {Ft below TOC\ lmUminl. .I- 15. zo C.. /I llfl .z. S,Y<f 0 15:10 """" 4'.0 Do 
1- h!JI fr) 

.,_ ,, 0 J'f. 31 S".-61 111 1.(>1.5' ~?1. 0 JS35" 
1. ooo '"·'"' 5.11./ 117 1-l'f.'i If. t.o 0 15'10 
1.0rJ0 I 'f. II 1>.90 111 Z.f"Z.s' '1. •rR 0 IJS'Is' 
lj_ ooo I 'f. II .?.10 Ill. ~?'!.If If. !>5' e7 "5"~0 

c- '"Q 1'1. I Z. !L 0 117 31'!.~ '{, 5'S' 0 ,_,_<;5 
L oov '"· rz.. .li. t. llil ~zo,t, ~L'Z. /) IL.Oo 

Fteld Forms, MW-4 
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I 
I GROUNDWATER SAMPLING DATA SHEET 

I Project Information Page I of I 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

ProjectfTask No.: 

Date: 

Weather: 

I 
33750346.00006 

Samplers: 

Gautine and PurJ:i~ Data 

I Station Number: MW-5 Screen Interval: 14.84 to 19.34 feet btoc 

Station Type: Monitori!!!: Well Well Diameter: 2 indies Annulus Diameter: 8 inches 

Well Condition: #~ I todt:LJ. Gallons per Casing Foot: 0.16 
J (l"weii:O.K;&U'ft: •·-u:o.6~pliiiJ 

Reference Point: TOC EJevation zt;o. 62. Gallons per Annulus Foot 
(I"-IHY<idi1"~•1.1SpW\:6"-ala<willll".,.. ... j.Up.l(ft) I 

Depth to Water: I5J 'J.1. Elevation2.3 5, 2.0 One Purge Volume: 

Depth to Bottom: 19.84 Feet of Water. Ll, if Z. final Pw-ge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: ~ristaltic I!Uml! at 200 mVmin I 
LNAPL Description: NA Water Disposal/Qty: ~ound surface 

I Containers Meter! ~ ti norma on 

Anal sis Model & Calibration Date 

I YSI 600 XLM Sonde and 610DM hand-held readout 

With flow-through cell ~calibrated b;t Hazco on ilzf2"z.l 
Conductivity: 

I oo, 
pH' 

Temperature: 

I l)oc. ORP, 

Sampling Data Field Test Kit Results· QAJQC Samples· 

I 
Sample Name: MW5· G I 
Sample Method: Peris. Low Dow (-200 mVmin) 

Sampling Device: Geotedt Peristaltic pump 

PI!>. NA 

oo, NA 

Alkalinity: NA 

Duplicate: None 

Replicate: None 

MS/Mso, None 

Tubing Depth: 

Pump Intake Depth' 17 feet btoc 

Ferrous Iron: NA 

Other. NA 

Blank: None 

Other: None I 
FieldP eler.i I aram 

Volume Temperature pH Conductivity ORP DO Turbidity Tune Water Level Flow Rate 
(ml) ra (SU) (uS/em) (mVl (mg!L) (NTU) (24 hr) (Ft below TOC) (mllmio) 

t:oo Jlf.lf1 b-53 /31 n 'f, ?5' 0 Jl3'i I 
1/ ODD ~~.!it{ t...rz.. IW J'f'1, 'f 'I'"' 0 l/1(1/ 

I 
1-.onO 1"1.11 t..of ll.O 1/0. ~ 1. IJ b ll'f<l 
'"woo I~ 7_1 L.o"i I"Z.n 11'1.1 "-~ rz. () 

""~ If ,, 0 13.37 IL.o~ ,w ' 7"1. " 
..,, J'f tJ It oct 

r.- nnO 11.30 L.o?ld II"' • j '8!-1. "' 1.'17 /) 170~ 

I '" ()1)0 ~~-~~ l...IJ(. ,,., J<l.n. v ... '/1 0 17d7i 

I 
Comments 

I 
I 

F~eld Forms. MW-S 91512002 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Proje<:t Infonnation Page I of _I __ _ 

I Lakewood,Washington Lake Steilacoom Phosphorus Study Project Name: Location: 

Projectffask No.: 33750346.00006 Weather: 

Date: Samplers: I 
Gaulrin2 an d Pu . Data ....... 
Station Number. MW-6 Screen Interval: 23Al to 27.91 reet btoc 

Station Type: Monitori~ Well Well Diameter.: 2 inches Annu1us Diameter. 8 inches 

Well Condition: JJM/IocW Gallons per Casing Foot: 0.16 

• (1" -It 0.16,pV!t '"wdl0.6SP"ftl 

I 
Reference Point: TOC Elevation l£o ?J_{., 7 Gallons per Annulus Foot: 

(1:" _._ .....,r caoioa., 1.15 ,...rt6" --t-swil!o r .,..-.. 1.:u p.m.) 

Depth to Water. 1.'f_.5<f Elevation2..J. 'f • 0 6 One Purge Volwne: 
I 

Depth to Bottom: 28.41 Feet of Water. J., 1_Z.. Fmal Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: ~ristaltic 2um2 at 200 mllmin I 
LNAPL Description: NA Water DisposaUQty: ~ound surface 

Containers 
MS/MSD 

Meter [nfonnation I 
Analysis Tvoe Primary QIY QIY Model & Calibration Date 

Tot dis P/SRP 125m! poly 

o;~~·'· . JuJr. I'> Za? ... l "'~ 
'.UuHl e«t'!> ~o .. l 6.1<. 

YSI600 XLM Sonde and 6IODM hand4 held readout 

With flow·throu&l! cell ~calibrated b~ Hazco on 1J.7.:{je~ ) 
Conductivity: 

I 
• Do£:. I rn r_ lzs--~el [)(), 

pH' I 
Temperature: 

S lin,:: Data amp 

QRP, 

I Field Test Kit Results· QAJQC Samples· 

Sample Name: MW6- kl Pll7. NA Duplicate: None 

Sample Method: Pcris. Low Dow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

[)(), NA 

Alkalinity: NA 

Replicate: None 

MSIMSD, None I 
Tubing Depth: Ferrous Iron: NA Blanlc None 

I Pump Inoake Depolo' 26 feet btoc Other. NA Other. None I 
Fidd Parameters ' 

Volume TeiDpl!l"ature pH Conducti'fity ORP DO Turbidity Time Water Level Flow Rate 
(ml) ("C) (SU) (uS/em) (mV) (mg!L) (NTU) (24 hr) (Fo below roc) (mllmin) 

I (16(/ J'f. ~~ ,IIF /30 Z.O(. .q '1.1'1' 0 /'fU7 uo,..l 
-z.J10() }'/14 . 0 ,z.q Jql/,,) Y. 7. <; 0 11¥7-5 

I 
... : (Jilf7 l'i.IJ ., ·_q. ' l.'f J7'i. (, '1'.37 0 1/J/-:JrJ 
~ ..... o l"l. : q(J 12'f ~0 7.'1 q /1/, i) .-.s5 

MO '~. 
~ .,, r_so Z.2<i' " 9.1' 0 }J/1,/ tJ 

t OQO 11-11 ~: 9~- lZ.1 'LVo,l./ q I t? ,J'Iff 
I 

-..MQ r1. 'L !) ~'I t30 7 ~0 z.. 'f./~ II"/ 5o 

I 
Comments I 

I 

Field Forms, MW-6 9/512002 
I 
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URS GROUNDWATER SAMPLING DATA SHEET 

Project Infonnation Page I of I 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Projec!/Task No.: 33750346.00006 Weather: 

Date: Samplers: 

G D au2i112 and Pun!lll2 : ata 

Station Number. MW-8 Screen lnterval: 1~.33 to 23.83 feet btoc 

Station Type: Monitoring Well Well Diameter. 2 inches Annulus Diameter: 

Well Condition: /Jew /oc.kuJ Gallons per Casing Foot 0.16 
(1" ....0: 0.16 pill'!; (" ....U:0.6S pVfl) 

Reference Point: TOC Elevation Z!:,'l_.33 Gallons per Annulus Foot: 
Ill" _.,lflidol"easiotc• USp&lft;6"-oiuwidol"<*lilta;•l.l4pllft) 

Depth to Water: p.31 Elevation 2. S J .l'/ One Purge Volume: 

Depth to Bottom: 24.33 Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA lbickness: NA Purge Method: peristaltic (!WDI! at 200 mVmin 

LNAPL Description: NA Water Disposal/Qty: !!!u.nd surface 

Containers Meter Infonnation 
MSIMSD 

Analysis Tvue Primary QtT Qty Modd & Calibration Date 

Tot dis P/SRP 125 ml poly !"-. YSI 600 XLM Soode and 610DM hand-held readout 

0.5.$. A .... !r,\~ " ) ~·dJ.. c.,' Jlu..l 
Doc.. !"-. 1/ 

With flow-through cell !calibrated b~ Hazro on i{Z?lo2- ~ 
Conductivity: 

rnc.. \, II A<hl1 I <1n 1.,... [)(), 

,u C) ~-r; Ml t? / ' pHo 

Temperature: 

ORPo 

Sampling Data Field Test Kit Results· QA!QC Samples· 

Sample Name: ~ Llw9.>-G-t PIDo NA Duplicate: 

Sample Method: Peris. Low Dow (-200 ml/min) DOo NA Replicate: 

Sampling Device: Grotedt Peristaltic pump Alkalinily: NA MS/MSDo 

Tubing Depth: Ferrous Iron: NA Blank: 

Pump Intake Dep!ho 21 feet btoc Oth= NA Oth= 

F1dd Parameters 
Volume Temperature pH Condudhity ORP DO Turbidity Tune Water Level 

(ml) ("C) (SU) (uS/c:m) (mV) (mg/1.) (NI1l) (24hr) (Ft below TOC) 

I 800 
'" /,<; 

(,.11'! IU -1!7b,1 '[.5Z. 0 I'J(}O 
1.000 J'i.¥0 f., 1i WI -tf!'i.1 7./3 p I.Jp> 
~ onO }<;. 2'1- 7.0'! 1-11 _,_, .f /,t.7 0 J.J/0 
Lt f)()0 1 <; 1-7.- lh zof -1~7.5' 1 . 'II 0 )'JJ!i 

...- /JOO J>. ZL 7./l. '1..10 -176 I. I. <'I 0 n~o 

Comments 

Monitoring well .is located approximately 20 feet north of the intersection of Irene Street and Rainieo, on the east side of the street. 
Access by driving north on Rainier from l 08th in Lakeview. 

8 inches 

None 

None 

None 

None 

None 

Flow Rate 

(mllmm> 

f;)ocjrl>f)~f)~/7 f<e-U-~'!hL.d wj o.'/'5'A:crt?n ft1kv~¥v/o..h ,-'-t£~ r:,';k..{l'c~~ 2fo,x,;ks.) 

'WI'fl }(,.,_,,.c, ·"' c;,. '" & ..,-
f 

Field Forms, MW-8 915f2002 



URS GROUNDWATER SAMPLING DATA SHEET 

Project Information 

Project Name: Lake Steilacoom Phosphorus Study 

Projectffask No.: 33750346.00006 

Date: 

Gau~DJ!!t and P!fg:inp: Data 

Station Number. 

Station Type: 

Well Condition: 

Reference Point: 

Depth to water. 
Depth to Bottom: 

Depth to LNAPu 

LNAPL Description: 

C tai ers on n 

Analy,.;,; 

Tot dis P/SRP 

Total P 

Sampling Data 

Sample Name: 

Sample Method: 

Sampling Device: 

Tubing Depth: 

!Pump Intake Depth: 

Field Parame ers 
Volume 

(ml) 

l.oOO 
i.MO 

Comments 

Temperatu~ 

= 
~·- 5ff 

~· 71-

2.1. 70 

WS-1 

Faucet 

NA 

roc Elevation 

Deep Aguifer Elevation 

NA Feet of Water: 

NA 11tickness: 

NA 

Type Primary Qty 

125 ml poly ~: p, l.J-c: 
200mlpoly 

WSI-GI 

Peris. Low Row (-200 mVmin) 

GHtedt Peristaltic oump 

at faucet outlet 

pH 
(SU) 

?.z.b 

Conducti-rlty 
(uS/em) 

!5J 

I'll 
1'17 

NA 

MS/MSD 
Qty 

J.f.-~J. 

ORP 
(mV\ 

219. ~ 

I !12.. 

Page I of _I __ _ 

Location: Lakewood, Washington 

Weather: 

Samplers: 

Screen IntervaJ: NA 

Well Diameter: NA Annulus Diameter: 8 inC'hes 

Gallons per Casing Foot NA 
(2"wdi:O.Kpllft; 4"-:0.6Splltt) 

Gallons per Annulus Foot: 
(I"_ ... oridol" ~-us ,.vrt;'" _ ... w;& l" C:UioJ• 134 pl/ft) 

One Purge Volume: 

Final Purge Volume: 

Purge Method: ~ristaltic ~wne: at 200 mllmin 

Water DisposaliQty: t!,!und surface 

Meter Info ation nn 

Model & Calibration Date 

YSI600 XLM Sonde aod 610DM hand-held readout 

With flow-through cell (calibrated b~ Hazco on fi.z z lo ~ ~ 
Conductivity: ell.}; }z CI!. -h'az:~. c. I..~ I: Q.l1. rj_~kz.-

))(}, a.f OfJcO Q!;;. 
pHo 

Temperature: 

0~ 

Field Test Kit Results· QAJQC Samples· 

PIDo 

DOo 

Alkalinity: 

Ferrous lron: 

Other. 

DO 
(mg/L) 

C.,/(} 

C..n 

NA 

NA 

NA 

NA 

NA 

Turbidity 
(N11J) 

0 

..... 
(24 hr) 

oz'fo 

<>T!iO 

/()t)O 

Duplicate: 

Replicate: 

MSJMSDo 

Blank: 

Other. 

Water Level 

(Ft below 'f()C\ 

None 

None 

None 

None 

None 

Flow Rate 
(mJlmiol 

Faucet in parking lot planter behind Behind Bed and Roses Aorist on comer of Gravelly Lake Drive and Avondale Street. 
Purge faucet ~ with well. Ins~ f.ump intake into faucet head as far as possible. Twn faucet on low. Pump at approx. 200 mUmin. 

f;e(J.. c;, 1/<.eJ TofjSt.f .... ~ otll..~ 

Field Fonns, WJU:.r supply ws-1 91512002 • 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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URS GROUNDWATER SAMPLING DATA SHEET 

Project Infonnation 

Project Name: Lake Steilacoom P Study 

Project/Task No.: 

Date: 8/ /02 

Gau2iM and Pureine: Data 

Station Number: I/W3 
Station Type: Pt>.Ck,'"i !o! btC<.;LI I{~· ; ll _!) }It-t 

I 
Well Condition: -
Reference Point: ~'M~ Elevation 

Depth to Water: JZ.? 5' Elevation 

Depth to Bottom: 12.. '30 Feet of Water. 

Depth to LNAPL: - lltickness: 

LNAPL Desaiption: -
Container.; 

MS/MSD 

Analysis Type Primarv Otv Qty 

Sampling Data 

Sample Name: 

Sample Method: 

Sampling Device: 

Tubing Depth: 

Fteld Parameters 
Volume Temperature pH Conductivity ORP 
(gallons) (-q (SU) (uS/an) (mY) 

500.o.\ 17 ~0 " 0.111.. 1:!.0 1'1/,'if 
1.c~o .... I lt. .z" ki o./05' II.~. 'I ., ,_.,n ,\ II.-~" r._o< d./0'1 Jl<; /'1'5"-0 
' 

Comments 

Well sampling, Well Sampling 

ck. ovlf.c./1 
Pagel of __ _ 

Location: 

Weather: 

Samplers: Galen Davis 

Screen Interval: 

Well Diameter: Annulus Diameter: 

Gallons per Casing Foot 
(2" ...a: 0.1& pllft; f" wdl: 0.6S plfft) 

Gallons per Annulus Foot: 
(l"-.ndo2"_...,.1.U~··- ..... r ........ l.l4pll!t) 

One Purge Volume: 

Final Purge Volume: 

Pw-ge Method' 

Water DisposaUQty: 

Meter.Inronnation 

pH' 

lli 

Conductivity: 

DO Meter: 

Turbidity: 

Temperature: 

Other. 

Field Test Kit Results ' 
PID' 

oo, 
Allaliitity: 

Ferrous Iron: 

Other. 

DO Turbidity 
(mi:/L) (NTU) 

~b.oo (<;-

S,S'~ 
t. ,oo 

Model & Calibration Date 

Tune 
(24 br) 

I co 
H ~J 

·"' ~·· 

QAJQC Samples· 

Duplicate: 

Replicate: 

MSIMSD' 

Blanlc 

Other. 

Water Level 
(FI below TOC) 

Flow Rate 
<Umin) 

S/27!2002 



I 

URS SURFACE WATER SAMPLING DATA SHEET I 
Project Infonnation Page I of _I __ _ 

I Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington 

ProjecrJTask No.: 33750346.00006 Weather: 

Date: Samplers: I 
Gaudn£ and Pu~~ Data 

Station Number: SW-5 Screen Interval: NA 

Station Type: Clove[' Creek Saml!le Well Diameter. NA Annulus Diameter. NA I 
Well Condition: NA Gallons per Casing Foot: NA 

{2" -a: 0.16 ca"1\: 4" -no us pUtt) 0 

Reference Point: USGS station Elevation Gallons per Annulus Foot: 
{1" _... widr.T ~-US ,u'lt(;" .-... owido T <:asio1 = 1.34 pl/ft) I 

Depth to Water: NA Elevation One Purge Volume: 

· Depth to Bottom: NA Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: e!:ristaltic I;!UDl~ at 200 mllmin 

LNAPL Description: NA Water DisposaVQty: G!:ound surface 

c "" on ners M ter Inf< e orma on 
MSIMSD 

Analysis Type Primary Qty Qty Model & Calibration Date 

Tot dis P/SRP 125 ml ooiY _t:;;dl- ( : 11-<.d 
Total P 200ml poly 

YSI 600 XLM Sonde and 610DM hand-held readout 

With flow-through cell {calibrated bX Hazco on ~lo'Z- ) I 
Conductivity: 

[)(), 

pH' I 
Temperature: 

Sampling Data 

QRP, 

I Field Test Kit Results· QAIQC Samples· 

Sample Name: SWS-Gl PID: NA Duplicate: None 

Sample Method: Peris. Low flow (-200 mllmin) 

Sampling Device: G<olech Peristaltic pump 

[)(), NA 

Alkalinity: NA 

Replicate: None 

MSIMSD' None I 
Tubing Depth: 1balwe~ Ferrous (ron, NA Blank: None 

I Pomp Intake Deptlc -2 inches Othef' NA Othe,-, None I 
• aram <rS Jildd p et 

Volumo Temperature pH Conductivity ORP DO Turbidity Thne WattrLevel Flow Rate 
(ml) ~CI (SU) (uSfcm) <mV\ (mg/L) (NTU) (24 hr) <Ft below 1'QC.) (ml/mio) 

I ooo /5. '(/ 1.1{.. p,c;- II<LO lrJ 70 0-'F 1175" 
1-. ooo 1'5.15' -,.~I 12'5 ~~~- '1 11?- ]_{ &> lf'f"o 

I 
o"O I>. p(, 1.5'1 130 Jtfl. l-

J(;J. '"' 
0 /1'17 

'l.ootJ J!!i,OO 7. <>4 ll-"1 '"~-o }0. ,., 0 1/';j"f} 
s oeo IG:OZ. 7. ;){. 12<~~' !'{{., tf t/J, ZC/ cJ /f!i: 

!>"" '.!" rr~- I"Zc90 
I 

I 

I 
Comments I 
Sample location: mid stream at USGS station below bridge on South Tacoma Way. 

I 
Field funu, SW-5 9/5f2002 

I 



-------------------
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I 
URS GROUNDWATER SAMPLING DATA SHEET 

I 
Project Information \ Page I of _I __ _ 

Lake Steilacoom Pbospborus Study Project Name: 

Project/Task No.: 33750346.00006 I l...ocation: 

Weather: 

Lakewood. Washington (Springbr-ook) 

Date: qJnJo-z.. 

' 
Gau~llf! and Purfl'ill2 Data 

Samplers: 

I 
,JL .ler 

Station Number: CW45 Screen lnterval: ? To 50.84 

Station Type: Monitori!!!j Well Well Diameter: 2 inches Annulus Diameter: 8 inches 

WeU Condition: vk.o.'f Gallons per Casing Foot: 0.16 
(2" -:0 14pnt: -4. -a:: 0_({5 pllft) 

I 
Reference Point: TOC Elevation 2.i~Vrf Gallons per Annulus Foot 

(I" -widol" ...... l= I_Uplllt6"-widlol"casio&• I.M pill) 

Depth to Water. 30,1,1.. Elevation 2. sfi?.] l One Purge Volume: I 
Depth to Bottom: 50.84 Feet of Water: 2..0. bl Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: Im~UerPumJ! 

LNAPL Description: NA Water DisposaVQty: I 
c ... on mers 

MS/MSD 
Analysis Type Primary Qty Qty 

Meter ln(onnati 

I 
on 

Model & Calibr-ation Date 

Tot dis P/SRP 125 ml poly Hydro Lab 

Total P 250 ml Poly_ With flow-through cell !calibrated bx Foster- Wheeler on 1/nt.o z.. ) 

Conductivity: I 
[)(}. 

pHo 

Temperature: I 
OR!'o 

s r n ta ampmz a 

Sample Name: CW45-1 

Field Test Kit Results· I QAJQC Samples· 

PIDo NA Duplicate: None 

Sample Method: Impeller Pump Low Flow 

Sampling Device: Grundfos 

Tubing Depth: 

DOo NA 

AlkaJinity: NA 

Ferrous Iron: NA 

Replicate: None 

MS/MSDo None 

Blanko None 
I 

" a mee 
Volumt. Temperature pH Conductiflty ORP 00 Turbidity y..., WaterLevd Flow Rate 

Pomp Intake Deptho 

F"ldP ra t rs 

Other. NA Other. None 

I 
(ml) ('C) (SU) (uS/an) (mV) (mg/L) (NTU) (Z4 hi") (R below TOCl (mllminl 

FiMI 
MfliU<T- /3. 2'/ 7. 2.'1 z.n .. 3'f<C.. z. z. -z.. , 

/OotJ CJ,l--0. 5 
I 

h'A ,\ ~u . . t--; .tl.u, J'r. l~t!U. ~ I!) c.· Ill 
I / I I 

I 
Comments I Monitoring well is located on 47th Street. due east of Springbrook Parl:: 
Well is 45A, the shallow well of well pair. Deep well is labeled NHell Holen 

t)j(.V ', 'l'.i 8 i ~ 3 3.1..'-f I 
Field Fonns, CW-45 10115nooz I 



I 
I URS GROUNDWATER SAMPLING DATA SHEET 

I 
Project Information Page 1 of _I 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington (Springbrook) 

I 
Samplers: 

Projectffask No.: ~3~3!-'75~0~34:!6~·~00006~~---;----------

Date' <=t J.z 3} 0 Z-

Weather: 

G Da au2in2 and Pul"21D2 ta 

Station Number: CW-46 Screen lntervaJ: ?To SO 

Station Type: Monitori!!!l Wdl Well Diameter: 2incbes Annulus Diameter. 8 inches 

Well Condition: Q~'f. Gallons per Casing Foot: 0.16 

z. <J'J.<I'f {l" well: 0.16pW; 4"-'1: 0.6S pl/tl) 

Reference Point: TOC Elevation ---·-- Gallons per Annulus Foot 
(I" -•As ..;do 2" ....... • I.U sd'ft; 6" _.ololwidr.r a.iq • 1.}4 pi'ft) 

Depth to Water: ~0.50 Elevation_2S1!1!/ One Purge Volurre: 

I 
I 
I 

Depth to Bottom: 49.73 Feet of Water: l'i-23 final Purge Volurre: 

Depth to LNAPL: NA Thickness: NA Purge Method' Im~lerPum2 

LNAPL Description: NA Water Disp.lsal/Qty: 

I c M t I ~ f on tamers 
MS/MSD 

Analysis Type Primary Qty Qty 

e er n orma 100 

Model & Calibration Date 

Tot dis P/SRP 125 m1 poly 

Total P 250 m1 Poly 

Hydro Lab 

With flow-throug.l] cell (calibrated bl Foster Wheeler on '/)l::. slt L ) 
• 

Conductivity: 
I 

DO 

pH: 

Temperature: 
I 

ORP' 

I Sampling Data Field Test Kit Results· QAJQC Samples· 

Sample Nrure: CW-46-1 PID' NA Duplicate: None 

I Sample Method: Impeller Pump Low Flow 

Sampling Device: Grundros 

oo, NA 

Alkalinity: NA 

Replicate: None 

MS/MSD' None 

Tubing Depth: Ferrous Iron: NA Blank' None 

Pump Intake Depth' Other: NA Other. None 

I FiddP • arame ers 
Volume Temperature pH O:mducthity ORP DO Turbidity Tu..e Water Level Flow Rate 

I 
(ml) ("Ci (SU) (uSicm) lmVl (mg/L) (NTIJ) (Z4hr) <Abelow TOO (mVmio) 

fill" I 
M.MM}. J 3. 2.'1 1.05 17'if. 3 3717 3.33 of 1100 0-Z-0,3 

I 
I 
I Comments 

Monitoring well is located approximately 300 feet south of well 45 on 47th Street 

I 
I Field Forms, CW 46 1011512002 



I 
UBS GROUNDWATER SAMPLING DATA SHEET 

I 
Project Infonnation Page I of I 

Lake Steilacoom Phosphorus Study Project Name: 

Projeci/Task No.: 33750346.00006 

Location: 

Weather: 
I Lakewood, Washington (Springbrook) 

Date: 9/z'f/oz 

Ga112in2 and Pur-d.~ Data 

Sample•" 

I 
Station Number: CW-59 Screen Interval: ? 

Station Type: Monitori!!J; Well Well Diarreter: 2 inches Annulus Diameter. 8 inches 

Well Condition: Gallons per Casing Foot: 0.16 I 
'l.-"5-ol (l" wdl:ll.t6 pW,; .c· well: 0_65 pl/ll.} 

Reference Point: TOC Elevation )'l Gallons per Annulus Foot: 
~- -••wido r a.Oo,· •-•s pm; ,. -•lo• tritlo r a.oiq .. l.l4 pllft) 

Depth to Water. 27.10 Elevation 'i. 277.2-1 One Purge Volume: I 
Depth to Bottom: ~"-.o~ Feet of Water. a z. Fmal Purge Volum!: 

Deplh to LNAPL: NA Thickness: NA Purge Methcxl: Peristaltic Puml! 

LNAPL Description: NA Water Disposal/Qty: I 
c lai on ners 

MSIMSD 

Analvs;. Type Primary Qty Qty 

Meter Info ti 

I 
rma oo 

Model & Calibration Date 

Tot dis P/SRP 125 ml POlY Honl>a U·22 

TotaJ P 250 ml Poly With fl?w·through cell !calibrated b:z: Hazco on ) 

Conductivity: I 
[)(), 

pH' 

Temperature: I 
ORP' 

Sampli~ Data 

Sample Name: CW-59-1 

Field Test Kit Results· I QAJQC Samples-

PIT> NA Duplicate: None 

Sample Method: Peristaltic Pump (low flow) 

Sampling Device: 

Tubing Depth: 

oo, NA 

Alkalinity: NA 

Ferrous Iron: NA 

Replicate: None 

MSIMSD' None 

Blank' None 
I 

I arame 

Pump Intake Deplh' 

FieldP 

Other: NA Olh"" None 

I 
Volwne Temperatu~ pH Conductivity ORP 00 Turbklity Tbne Water Level Flow Rate 

(ml) 1-C> (SU) (uSicm) mVl (mg/L) (NTIJ) (24 hr) 1Ft below TOO (mlfmin) 

)O{)C) j 3 z.o {., '14 lo"i n '7: 7 {. 1lll 

zooo JJ./0 (,,<f"l- 2-0~ tJ'i ~ ;[) IJM > ~.""' ~ .~ 

:Jooo 1&5? 7,02- ZD'/ {.) :?, .V'I'f '""' Tnh "'· 1/L. ~ 
I 

-~ 
[, Ar,..,_, ~ 

I 
I 

Comments I 
I 

Field Forms, CW-59 10'1512002 I 



I 

IURS GROUNDWATER SAMPLING DATA SHEET 

I 
Projed Inronnation Page I of I 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington (Springbrook) 

Project/Task No.: 33750346.0()()G6 Weather: 

I Date: Samplers: 

Gaueine and Pu~inJ!! Data 

I 
Station Number: CW-61 Screen Interval: 40 to SO 

Station Type: Monitori~ Well Well Diameter: 2 inches Annulus Diameter: 8 inches 

Well Condition: Wq,{e,jtl.f(.tJAv/6.,.J{/.,/fteJ411) Gallon' per Casing Foo" 0.16 
a·wcll:o.l4plltl4"...0:o.6,pllft) 

Reference Point: TOC Elevation 286.24 Gallons per Annulus Foot: 
('I" ........ wido !" ..,.;,,,. I.IJJAllft:'" -mwido 2"euiqc I_J( plllU 

Depth to Water: l'P,/1 ElmtionZ5Q, I .3 One Purge Volume: 

Depth to Bottom: -~e.~~~ Feet of Water: "'2..1... Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Methcxl: Peristaltic Pum2 

LNAPL Description: NA Water Disposal/Qty: 

I 
I 
I c ,. Meter lnfi on a.IDei'S 

MSIMSD 
Analysis Type Primary Qty Qty 

orma on 

Model & Calibration Date 

Tot<lisP/SRP 125 ml poly 

Total P 250 ml Polv 

Horiba U-22 

With flow-throng!} cell !calibrated bl Hazco on l 
Conductivity: 

I 
on 
pH' 

Temperature: 
I 

ORP, 

I Sampling Data Field Test Kit Results· QAJQC Samplos· 

Sample Name: CW-61-1 pm, NA Duplicate: None 

I Sample Method: Peristaltic Pump (low Dow) 

Sampling Device: 

on NA 

Alkalinity: NA 

Replicate: None 

MS/MSO' None 

Tubing Depth: Ferrous Iron: NA Blank: None 

Pmnpintake Depth' Other. NA Other: None I F1 ld p •• anune ei"S 

Volume Temperature pH Conductivity ORP DO Turbidity Time Waterl.evd Flow Rate 

I 
(ml) rc (SU) (uS/em) mV) (mgiL) (NTU) (24 hr) fA below "f()C) fmVmio\ 

/_000 I' ' L,~f( Yt. 3 0 3.00 ( O,Z-0..3 
7. 000 I 7 /0 'ft. 7A '1 2. ... 4 ) 
3ooo /' ' 7,JO '1'6 q, ~ :J,41) ..L 
~000 J ,/~ {.,Cfl_ ZoZ- 37'1 3.13 -sll·Lf' "\. 

-r. frJ.,•; /c,....'t "h,l 
/. ; ,'<:.Jnl I 

I 
I Comments 

I 
I Field Fonus. CW-61 1011512002 



I 
URS GROUNDWATER SAMPLING DATA SHEET I 

Project Information Page l of I 

Lalre Steilacoom Phosphorus Study Project Name: 

Project/Task No.: 33750346.00006 
I Location: 

Weather: 

Lakewood, Washi~ton (Springbrook) 

Date: 

au21112 a """"'" Ia G ndPu . Da I 
Samplers: 

Station Number: CW-62 Screen lnterval: 30 to40 

Station Type: Monitori!!S Well Well Diarreter. 2 inches Annulus Diarreter: 8 inches 

Well Condition: Gallons per Casing Foot: 0.16 I 
(l" wdl: U6 pllft: ~- «dl. 0.65 pl'II.J 

Reference Point: TOC Elevation 273.5 Gallons per Annulus Foot: 
~--_.,.,-.....,,.I.ISpW;6"_..._.,....l."""'"'c•I.J4 ,pint) 

Depth to Water. zo.Ql Elevation Z:SJ 'II One Purge Volume: I 
Depth to Bottom: ? Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA 11tickness: NA Purge Method: Peristaltic Pump 

LNAPL Description: NA Water DisposaVQty: I 
c ontamers 

MS/MSD 

Analysis Type Primary Q!y Qty 

M I In~ ti I 
e er onna on 

Model & Calibration Date 

Tot dis P/SRP 125 ml poly Horiba U-22 

Total P 250 m1 PolY With flow-through cell !calibrated b~ Hazco on l 
Conductivity: I 

DOo 

pHo 

Temperature: I 
ORPo 

s rngData amp• Field Test Kit Results· QAIQC Samples· I 
Sample Name: CW-62-1 P!Do NA Duplicate: None 

Sample Method: Peristaltic Pumo (low Oow) 

Sampling Device: 

Replicate: None 

MS/MSD: None 

DOo NA 

Alkalinity: NA I 
Tubing Depth: Ferrous Iron: NA Blanko None 

' arame ers 

Pump Intake Deptho 

F1eldP 

Other: None Other: NA 

I 
Volume Temperatu~ pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 

(ml) ~C). (SU) (uS/em) lmVl (mg/1.) (NTU) (24 hr) IR below TOC"l (mllmin) 

J O&t:l llf. ~-z: -,,oz. ZPZ- //0 '3.#'iJ .SI ;,_Jet" 
z. 17<70 I fFh b.'f'l 11'<f /'if!, ·z.,,o { '\. h'5L.<> I I 
j(JIX) /: .1/h 6. '1'1 rilf ZJO ,, 'f'l \ I n.tlv 
q,wo ,, . •f'tl h 'S/ I q <{ tt7o /.:51 .6 

I 
I 

Comments I 
I 

Field Fonn~ CW -62 1()(1512002 I 
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I Round2 
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I 
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I 
I 
I 



I I 

I URS GROUNDWATER SAMPLING DATA SHEET 

( Dak \1~ 
I Project Information Page I of _I __ _ 

Lake Steilacoom Phosphorus Study Project Name: Location: 

Projectffask No.: 33750346JMl006 Weather: 

I Date: Round Two Samplers: 

Gaulrinr: an u ....... a dPu - D Ia 

Station Number: -I 111"" ~ Jlr.r,.. J'\W- 3 Screen Interval: - ·-: 
Station Type: Monilori!!£ Well Well Diameter: 2inches Annulus Diameter: 8inches 

Well Condition: Q 
c.J-~ lli<1ii<i 

Gallons per Casing Foot 0.16 
(T ....U.IU6 .,.urt; •• well: 0.65pllft) 

Reference Point: TOC Elevation Gallons per Annulus Foot: 
(C"_...>ridol".,....,.I.I.Spl/ft;6"-'"•••r--,.•.:u•mJ 

I 
I 

Depth to Water: Elevation One Purge Volume: 

Depth to Bottom: ? Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA 'Thickness: NA Purge Method: Peristaltic Pum2 

LNAPL Description: NA Water DisposaJJQtyo ? I 
I Containers 

MS/MSD 
Met I~ ti ... n onna on 

I 
Analysis Type PrimarvOtv Qtv 

Tot dis P/SRP 125 ml poly 

I 

IMNaP 11 

Modei~Date 

vc~kJ.tk ~r ~ 
Witl1 Re ~ g11@! ~;ell ~alibl:alal b~ lf.a:u;;e BA 

~~ Conductivity: llf>il!j- ~. 
oo, 
pHo 

Temperature: 

I Sampling: Data 

ORPo 

Fldd Test Kit Results· ' QA/QC Samples 

Sample Name: Pllr. NA Duplicate: None 

I Sample Method: 

Sampling Device: 

Peristaltic Pumo (low flow) Replicate: None 

MS/MSDo None 

oo, NA 

A1kalin.ity: NA 

Tubing Depth: Ferrous Iron: NA Blank: None 

I I Pump Intake Deptk 

Field Parameters 

Other. NA Other. None 

Volume Temperature pH Conducthity ORP DO Turbidit}' 11m< Water Level Flow Rate 
(ml) ("Q_ (SU) (uS/em) lmV\ (mg/L) (NTU) (24 br) lFt belowTOD lml/min) 

"' 21 <ltl.ll!o.~ 12·'1 l,./5" J'IS 7 J.JM s: 1 '-1 '2..1.-. "'O.'ZL J 
v .... I • lf'..'A, .\ M! /1'1 I 

1UllUA "v \:'\ ,~r, ,, e.r"......, 

I ' I 

I 
I Comments 

I 
I Ftcld Forms, clnrs well MW -4 1111212002 



KOt)j\l 0 
GROUNDWATER SAMPLING DATA SHEET 

Project Information 

Project Name: Lake Steilacoom Phosphorus Study 

Project/Task No.: 33750346.00006 

Date: Round Two 1 z 1<1/crz-. 

GaultiiU! and Pur'VIl!: Data 

Station Number: MW-2 

Station Type: Monitori!!G Well 

Well cOndition: ~ 
Reference Point: TOC Elevation 2(Q:; .z:z.. 
Depth lo Water. lt./5/oz.. "'if z \,~2.- Elevatioo 2'{ /, J 0 

Depth to Bottom: 27.91 Feet of Water: 5~q 
Depth to LNAPL' NA Th.ickness: NA 

LNAPL Des<ripli<m' NA 

C ntainers 0 

MSIMSD 

Analysis Type_ Primarv Qh' Q'L 
Tot dis P/SRP 12Smlpoly I 

s liD# Data amp 

Sample Name: MW2-

Sample Method: Peris. Low Oow (-200 mVmin) 

Sampling Device: Geotedt Peristaltic pmnp 

Tubing Dep<ho 

li'umP Intake Deplho 24.5 feet btoc 

Fteld Parameters 
Volwne Temperature pH Condudivity ORP 

(ml) rC> (SU) (uS/em) ( .. Yl 
,., Jl. &'6 b."' ILO 7.\"Z-
_:z,,..o 11."13 AC. 7 rz..o Zl~ 

-~ 
11. 7 I t. ~Ia ILl? 2.<90 
11. 71 t. .. 'll.f 12-d 2Jn 

Comments 

Page I of _I __ _ 

Location: Lakewood Washington 

Weather. 

Samplers: 

Screen Interval: 

Well Diameter: 2 inches 

Gallons per Casing Foot 
(2" wdl: 0.16plift; •• wdl: us pWI;) 

Gallons per Annulus Foot: 

, v 

22.91 to 27A1 btoc 

Annulus Diameter: 8 inches 

0.16 

{e,d2 ~.<1 
(I" -<rido2"c.sio~• '·" p11t1; ,. -•widor ....-.. '~--""> 

~ One Purge Volume: 

Final Purge Volume: 

Purge Methodo -peristaltic ~I! at 200 mVmln 

Water Disposai/Qtyo s;round surface 

Meter lnfonnation 

Model & Calibration Date 

~~ fiOO xm SOiim! mnl 51~U lualilll Ill a®11l- 'I t!(f: Sfi ~ 
With flow-throu~ cell {calibrated b;r II eo t!ln G£.,.() )~7-

Conductivity: / t2-io-O 
I)(} ( ~~'rvf ..... All "· 
pHo "' "' ~ '1\ $ck 

Temperature: ' 
. 

ORPo -v 
Fidd Test Kit Results· QAJQC Samples· 

PIIF. NA Duplicate: None 

DOo NA Replicate: None 

Alkalinity: NA MS/MSDo None ~ -~ ii . 
Ferrous Iron: NA Blanlc None 

Other. NA = None 

DO Turbidity Time Water Level Flow Rate 
•(mg/L) (NTU) (24hr) (Ft below TOe) (mllmin) 

'I z. 5" <~ Qqoo ""'1-<xJ < 
11. ~<a / (l <t /0 
< '6 '-1 '\ , "1'2.0 

.,. .$~ y h 9~o 

Field Forms, MW-2 1111112002 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2=1 

I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

URS GROUNDWATER SAMPLING DATA SHEET 

Project lnfonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Projectffask No.: 33750346.110006 

Date: Round Two 

Gau~n=andPu~in=Da~ 

Station Number: MW-4 

Station Type: Monitori~ Well 

Well Condition: Gr...J.. 
Reference Point: TOC Elevation Z'f~.zz 

Depth to Water. 1.J; > • 2>] (., 42- Elevation 2.7"1".$ Q 
Depth to Bottom: 12.48 Feet of Water. {,.06 
Depth to LNAPL' NA Thickness: NA 

LNAPL Description: NA 

Containers 
MSJMSD 

Analyru TvP< Primarv QIY QIY 

Tot dis P/SRP 125 ml poly I 

Sampling Data 

MW4-G-2 Sample Name: 

Sample Method: Peris.Lowftow(~n) &£If 
Sampling Device: 

Tubing Depth: 

Pump Intake Deptho 

Field Parameters 
Volume 

(ml) 

--z.oo 
...-J.h!TU 

-' 

Comments 

Temperatu~ 

rCJ 

I 1.. .<{fi 
I "l. • '\'I 
• 2. .3'{ 

Geotedt Peristaltic pump 

10 feet btoc 

pH 
(SU) 

.I "3 
.05" 
.o'l 

'n.O'f 

Conductivity 
(uS/em) 

/2 "3 
11.. ~ 
rz.~ 
/Z.'1 

ORP 

(mV) 

Page 1 of _I __ _ 

Location: Lakewood, Washington 

Weather: 

Samplers: 

Screen Interva1: 7.48 to 11.98 feet btoc 

well Diameter: 2 inches Annu1us Diameter. 8inches 

Gallons per Casing Foot 0.16 
(Z' wdt 0." pllft; ~·....a: 0.6Spllft) 

Gallons per Annulus Foot: &v~ 
(r-widtl"~·I.Uprrti" ....... widor~·l.l4pllftJ 

One Purge Volume: 

Final Purge Volume: 

Purge Method: peristaltic l!uml! at'Hio~l/~ 
Water DisposaiJQty: S!:ound surface 

Meter Information 

s,><;. Model & Catibration Date 

¥SI «tl Jr::l :.1 Sonde and 6lllll:.4 &l;u~ l:l•ld IIUihmt 

With flow-~gh cell (cal;;;; lk=.on :::;; ) '6 
Conducnv.ty' ~ l"Za::l "'"\ C/ 

oo, 
pHo 

Temperature: 

ORPo 

Fidd Test Kit Results· 

PIDo 

oo, 
Alkalinity: 

Ferrous Iron: 

Other. 

DO 
(mg/L) 

'i.t..n 

NA 

NA 

NA 

NA 

NA 

Turbidity 
(NTU) 

Time 
(24 hr) 

1.05 

l.'i3S 

~ 
QA/QC Samples· 

Duplicate: 

Replicate: 

MSIMSDo 

Blank: 

Othec 

Water Level 

(Ft below TOC) 

None 

None 

None 

None 

None 

Flow Rate 
(ml/min) 

Monitoring well is located approximately 150 feet South of the north end of 58th Coun. southeast of Lakewood City Hall. 

~ ~flit. ~le Cbf!J~ 

Field Font15. MW.4 11/1112002 



GROUNDWATER SAMPLING DATA SHEET 

Project lnfonnation 

Project Name: Lab Steilacoom Phosphorus Study 

Project/Task No., _,JJ,7c=50346==JJ=000,_6_,,-,---------

Dat"' Rouod Two I -v\ ~ I 0 ""l.-

dPu • Da Gausm12an """""· Ia 

Station Number. MW-S 

Station Type: Monito~WeU 

Well Condition: ~ 
Reference Point: TOC Elevation Z5o,hZ.. 

Depth to Water.t•/<ijn t:J'/10 JS,'J..~ Elevatioo "2.J 5",/ ~ 
Depth to Bottom: 19.84 Feet of Water: '/' J b 
Depth to LNAPL. NA Thickness: NA 

LNAPL I>ucription: NA 

Containus 
MSIMSD 

Analysis Type_ Prim~ <& 
Tot dis P/SRP 125 ml poly I 

Sampling Data \ 

Sample Name: MWS- G?.. 
Sample Method: 

,1:1.-#(C' 
Peris. Low ftow ( 180 inllmin 

Sampling Device: Geolech Peristaltic pump 

Tubing Depth: 

1 Pump Intake Depth' 17 feet btoc 

Field Parameters 
Volumo T._....,... pH Conducthlty ORP 

(ml) ("C) (SU) (uSI<m) (o»Yl_ 

I 000 11.~5" b-z..o ILl I£, 1 
- -r:noo ttL Of 1..1'1 I Z "1 I :'f"L 
~ ~ N>O iz.. 120 c. .Jf> JZ.t 1.">0 
- l.f rXH7 12.. oO r;. .["' I :L "') I!; 2. 

• 

Comments 

Field Fornu, MW-5 

Page 1 of _I __ _ 

Location: 

Weather. 

Samplers: 

Lakewood, WashiJl!;ton 

Screen Interval: 14.84 to 19.34 feet bloc 

Well Diameter. 2 indies Annulus Diameter. 

Gallons per Casing Foot: 0.16 
a- wdl:O.I6pm; .-....,uspm) 

Gallons per Annulus Foot: Le,_u PltXi) 
tr-- .... !. _, 21.15 P"ft;6" ..... widl2" --,.I~ pHI) 

~ One Purge Volume: 

Final Purge Volume: 

8 inches 

Purge Method: ~ticl!!!ml!:at~mVmin lDO-HIIJ 
Water Disposa11Qty: ~undsurfac::e 

Meter Infonnati.oo 

Model & Calibration Date 

YSI 60Q X1 ... eall 'I QQ. I h 1cl helcl1 • ' 
With flow-throogh eell (calibrated b}~~ J 

Conducbv11y: OIIQ!2 .... k--
oo, 

~ pH: 

Temperature: 

QRP, 

Field Test Kit Results· QAIQC Samples· 

PID' NA Duplicate: None 

[)(), NA Replicate: None 

Alkalinity: NA MSIMSD, None 

Ferrous Iron: NA Blanlc None 

Other. NA O!her. None 

DO TurlOOlty ... ..,. WaterLevd Flow Rate 
(mg/L) (N11J) (24 br) _(FI bdow TOC) (mYmin) 

11.1.5" ..,./0 ~~~I 
q_ot <s /Z" *'t-7bi!> 
cr." !f" <s- ,z. 'II !7n>C 

9.nt:; <~ Jl- I fe>l'} 

<: .11/. ;) IJZ- !> -·, ,...,-__ 

lllllflOOZ 
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I 
I URS GROUNDWATER SAMPLING DATA SHEET 

I 
Project Infonnation Page 1 of I 

Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: 

I Date.: Round Two Samplers: 

GauEin~ and Pu~_n~ pata 

Station Number. MW-6 Screen Interval: 23.41 to 27.91 feet btoc 

Station Type: Monitori!!j Well Well Diameter. 2 indies Ann.uJus Diameta: 8 inches 

Well Condition: ~d Gallons per Casini Foot: 0.16 
(l"wdl:0.16pl/'ft; <t"o.dl0.&5pllft) 

I 
Reference Point TOC Elevation Z&.3, (:, 7 Gallons per Annulus Foot: 

(I"_,_ ..... 2" ....... l.fl pllll; 6" __ ,.idr.l" ..... • 131 pWI) 

Depth to Warer. u)>ju. tYJLO Z£51 ElevationZ 3 i , / fo One Purge Volwne: 

Depth to Bottom: 28.41 Feet of Water: Z/l. 0 Final Purge Volume: 

Depth lo LNAPL: NA Thickness: NA Purge Method: ~!!;ristaltic 2uml! at 200 mlfmin 

I 
I 

LNAPL Description: NA w • .,. [);sposaiJQty: 12:ound surface 

I C tai ers on n 
MS/MSD 

Meter Information 

I 
Analysis Type_ Primary Qty QIJ 

Tot dis P/SRP 125mlpoly I ~ 
Model & Calibration Date 

YSI 699'ii.'i I Sande UIQQU lila li II hi .u h I 

With ti~J~gh ceU {calibrated b:z:: ~ Jor:E> hz.t;E> 
Conductivity: ( 

</ 
I 

DO: ~ 
pH: ) 

/' I Temperatw'e: 

I SampliD.J: Data 

ORP: ~ 
Fidd Test Kit Resulls· QA/QC Samples· 

Sample Name: MW6- (r 'l. PID: NA Duplicate: Nooe 

I Sample Method: Puis. Low Oow (-200 mllmin) 

Sampling Device: Geole<b Peristaltic pump 

DO: NA 

Alkalinity: NA 

Replicate: None 

MSIMSD' None 

Tubing Depth: t.-r .. , , .... r Ferrous Iron: NA Blank: Nooe 

· Pump Intake Depth: 
. 

I 1.-J Z.'J 'w/eJ<t. 26 feet btoc 

' I Other. NA Other. None 

FiddP eters aram 
Volume Temperature pH Conductivity ORP 00 Turl>Oilty Time Walft'Levd Flo"WRate 

(ml) (-q (SU) (uS/em) mV\ (mg/L) (NTU) (24 br) {Ft below TOe) (ml/min) 

.-7AO 1"7..11 rD.II 1"17 '1 • 1 b <s 13-/~ ZS:Sl <z.oo 
. \ oon n.a r;, .17 . l'ln ,.,; 14 <!> /I(~ 

I 
"' ., .c 1111 /l.<1 It) ITL :.,-., ·.,; <.5 141: 

I 

I Comments 
Monitoring well is located in the cui de sac of Seeley Lake Dr. (a1so called Crescent Circle. This location is just southwest of Seeley Lake. 

I 
I 

Ftcld Forms, MW -6 llfilf2002 



GROUNDWATER SAMPLING DATA SHEET 

Project Information Page I of _I 

Project Name: Lake Std.lacoom Phosphorus Study Location: Lakewood, Washington 

Project/Task No.: 33750346.00006 Weather: 

Da,te: Round Two Samplers: 

Gaueint: and Pur'li-111 Data 

Station Number: MW-8 Screen lntervalo 19.33 to 23.83 feet btoc 

Station Type: Monitori~ Well Well Diameter: 2inches Annulus Diameter. 8 ioches 

Well Condition: Galloo.s per Casing FoOt: 0.16 
(l"-ct0.16pW: 4"wdi:O-'Sp.Ltft) 

Reference Point: TOC Elevation ZG-1.3 3 Gallons per Annulus Foot: 
(l·-.-.r..-. .. t.Upllft;6"-widt.l"c:asiq,.I.J4p&ift) 

Depth to Warer.Jz/sfo-e. ri'(O 1]-~-z.. Elevation Ui I , 'J I One Purge Volume: 

Depth to Bottom: 24.33 Feet of Water: {, 'll F'tnal Purge Volume: 

Depdt ro LNAPL' NA lbickness: NA Pw-ge Method: P!ristaltic ~me: at 200 mllmin 

LNAPL Dcsaiption: NA Warer Disposai/Qty: ground surface 

Containers Meter Information 
MSIMSD 

Analysis Type Primary Qty Qty 

Tot dis P/SRP 12Smlpoly I s~ 
Model & Calibn.tion Date 

YSI 688 ~~ I Bonde md li~Q911 ba11d bcld a:adu111 

With flow-through cell (calibrated bv /_ ·/"\ 

-1$-
.r.,f. 

Conductivity: 

~ 
J)(l 

pH: 

Temperature: 

0~ 

Sampling Data Fidd Test Kit Results• QAIQC Samples· 

Sample Name: MW8- (1-1. PID: NA Duplicate: None 

Sample Method: Peris. Low flow (-200 ml/min) DOo NA Replicate: None 

Sampling Device: G<olecb Peristaltic pump Alkalinity: NA MSJMSD: None 

Tubing Depth: Ferrous Iron: NA Blank: N-

!Pump Intake Depth: 21 feet btoc Other: NA Other: None 

., ... 
v:; 

ra (~ [uS/em) ~~ (.:. ·~·1 (=) ,.,7""" ..... , 
fmll.:l 

l,-../2017 13.1: (.,.</ '1 c 'Cf .5"7·1 "ii'.o· ~ ~ 1-z.oo 
"JfJtKJ J3. I<! &.</C < ·z. GbJt , 7 .. 1. 

1. 1L~ 13 , fi 1 3~ c .5' .-,I,'- '"J.bS , .£) lb~'G 
:1eQ:: 1'3 .4 -~ "l z. b3 '"1.5 __,er 1m3 J 

r .... «cnn .~ 'l ' ? 
c 3 t.:-z 7 ...,, ~ lto:J: 

...,<; I I 6. -~· '13 "'I.~ 7.3 -<Zf iO 't :J 

Comments .•.: 

Monitoring well is located ~mately 20 feet north of the intersection of Irene Street and Rainier, on lhe east side of the street. 
Access by driving north on Rainier from 108th in Lakeview. 

•.· 

Field Forms, MW-8 11/1112002 
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I 
I URS GROUNDWATER SAMPLING DATA SHEET 

I Project lnfonnation 

Lake Steilacoom Phosphorus Study Project Name: 

Projectffask No.: 33750346.00006 

I Date: Round Two 

G augiJ!g and Pu~itll Data 

Station Number. DW-1 

Station Type: Manhole I 
Well Condition: 

I Reference Point Manhole to~ Elevation 

Depth to Water: Elevation 

Depth to Bottom: Feet of Water: 

Depth to LNAPL: NA Thickness: I 
LNAPL Description: NA 

I C tainers •• 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Analysis 

Tot dis P/SRP 

I 
/\., 

I 

SampURJ: Data 

Sample Name: 

Sample Method: 

Sampling Device: 

Tubing Depth: 

ll'omp Intake Depth, 

Field p ete aram rs 

/"\ v 
() 

Volume Temperature 

1-o (ml} 

Comments 

Type Primary Qty 

125 mlpoly 

,c ( 
('/(AlL 1\. IJ ).f' ~ 

DWI-G2 

Pea is. bJW rmw t !68 mtnnlu) 

pH Conductivity 
(SU) (uS/em) 

• 
li.<\.L 
I \I u v , 

NA 

MS/MSD 

Qty 

ORP 
(mV) 

c 
v 

Page I of _I __ _ 

Location: Lakewood Washi~ton 

Weather: 

Samplers: 

Screen Interval: 

Well Diameter: Annulus Diameter: 

Gallons per Casing Foot: 
(rvcll:O.I6plfft;•"well:O-C;SJd'll) 

Gallons per Annulus Foot: 
{1"-...n&.r.,..-,.LUpllfl;~·--widol"caiq•l.lolpllft) 

One Purge Volume: 

Final Purge Volume: 

Purge Method: ~ristaltic ~uml! at 200 mVmin 

Water Disposal/Qty: 2ound surface 

Meter lnfonnation 

Model & Calibration Date 

Y~I6687:;&U~ I dlii8Bfiii!Miiill ld ' • 
With ftt:J'101·12rlr:Jilg!I cell ~cmih1 I ~ lil~1 H<l;,;~g gg ) 

Conductivity: 

oo, 
pH' 

Temperatw"e: 

ORPo 

Fidd Test Kit Results· QA/QC Samples· 

pm, NA Duplicate: None 

oo, NA Replicate: None 

Alkalinity: NA MS/MSD' None 

Ferrous Iron: NA Blank None 

Other. NA Other: None 

DO T...-bOiily Time Water Level Flow Rate 
(mg/L) (NTUJ (24 hr) {ft below TOO <mllmml 

• , 1"'\ I I 
V1 07l YLJ5/0Z. 

I I , 
, 

I IEY:~l~:j\le'~j.j;;. -·-*•·--~M-·--.. ;..~ 
I 

Field Frons, DW-1 1111212002 



URS GROUNDWATER SAMPLING DATA SHEET 

Project lnfonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Projeclffask No.: 33750346JJ0006 

Date: Round Two I 'Z..J-3/ B't. 

au2in2 an ........ ... G dPu • Da 

Station Number: DW-2 

Station Type: Manhole 

Well Condition: 

Reference Point: Manhole to2 Elevation 

Depth to Water. Elevation 

Depth to Bottom: Feet of Water. 

Depth to LNAPL: NA Thickness: NA 

LNAPL Description: NA 

Containers 
MS/MSD 

Analysis Tvoe Primary Qty_ Qty 

mlpoly 

'L, /' I 
V(/f /NA.il ~A , 

Sampling Data 

Sample Name: 

Sample Method: J!a izJ ... 0 1 A ( 200 w!Jmjnl 

Sampling Device: 9eotedl I Ei Glilbc um 

Tubing Depth: 

Pump Intake Deptk 

Field Parameters 
Volume Temperature pH Conductivity ORP 

(mil ("CJ (SU) (uS/em} (mV) 

I 'I A 

/1 II' "-,. 

I 'V . 

Comments 

Field Forms, DW-2 

I ...... 

Page J of _I __ _ 

Location: 

Weather. 

Samplers: 

Screen lntervaJ: 

Well Diameter. 

Gallons per Casing Foot: 
(2" _u,,.m; 4"wdi:0.6Splflq 

Gallons per Annulus Foot: 

Annulus Diameter. 

(I" _..wido 1"......,,. 1.u pWt; ,. -•• ..,,.. r--..- J-34 ,.wt) 

One Purge Volume: 

Ftnal Purge Volume: 

Purge Method: J!!:ristaltic J!!!mp at 200 mVmin 

W.re. Disposai/Qty' £!Ound surface 

Meter lnfonnation 

Model & Calibration Date 

YSI 600 XLM Sonde and 610DM hand-beld readout 

With Oow-throu&b: cell ~calibrated b;r Hazco on ) 

Conductivity: 

oo, 
pH' 

Tempern1Ure: 

ORP, 

Field Test Kit Results· QAJQC Samples· 

pm, NA Duplicate: 

oo, NA Replicate: 

Alkalinity: NA MS/MSD' 

Ferrous Iron: NA Blank' 

Othe<c NA ~ 

DO Turbidity Tim< Water Level 
(mg/L) (NTU) (24 br) (Ft below TOC) 

LJ 
"' 

None 

Nooe 

None 

None 

None 

Flow Rate 
(mVmin) 

1111212002 
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I 
I URS GROUNDWATER SAMPLING DATA SHEET 

I Project Information Page I of ~•---

Lake Steilacoom Phosphorus Study Project Name: Location: Lake\fl)O(\, Washington 

Projecrffask No.: 33750346.1)0006 Weather: 

I Date: Round Two Ja.J'b J c7'z-. Samplers: 

Gaul!int: and Purgi~ Data 

Station Number: DW-3 Screen Interval: 

Station Type: Manhole Well Diameter: Annulus Diameter: I 
Well Condition: Gallons per Casing Foot: 

(2"wdi;O.I6pllll: ··.....a:OASpl/llJ 

Reference Point Manhole to!! Elevation Gallons per Annulus Foot: 
<I" -~u~r _.. .. U$ saWt •· -. ..... r .,...., • 134 pll!t) I 

Depth to Water: Elevation One Purge Volume: 

Depth to Bottom: Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: ~ristaltic ~I! at 200 mVmin I 
LNAPL Description: NA Water Disposal/Qty: uound surface 

I C tai rs on ne 
MS/MSD 

Meter Infonnation 

Analysis Type Primary Qty Qty 

m I ~fXI~. 
Modd & Calibration Date 

d t:ilCiliUion1d ll•ld a&hlt 

',\litb How-dnou:gu tea (adibJJt@ by nazco Ott - ) 

Conductivity: 

I 
oo, 

•"' 
Temperature: 

I Sampling Data 

QRP, 

Field Test Kit Results· QAJQC Samples> 

Sample Name: DWJ-G2 PJD, NA Duplicate: Noue 

I p, Sample Method: 

Sampling Device: 

m 

G 

oo, NA 

Alkalinity: NA 

Replicate: None 

MS/MSD' None 

Tubing Depth: FerroUs Iron: NA Blank: None I I Pump Intake Depth, Otl= NA Otl= None 

I arame F1ddP ..... 
Volume Temperature pH Conductivity ORP DO Turbidity Time WaterLevd Flow Rate 

(ml) ra (SU) (uS/em) (mV) (mg/L) (NTlJ) (24hr) (Ft below TOC) lmUmml I 
I ~ ..-> 1/ I 

1'J I J dl!VJ_JJ" "' 

I 
I r 

I Comments 

I 
I 

FteldForms,DW-3 1111212002 



URS SURFACE WATER SAMPLING DATA SHEET 

Project Infonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Projectffask No.: 33750346.00006 

Date: 

Gau2in~ and Purdn~t Data 

Station Number: SW-1 

Station Type: PDL Creek Outf'all48-in rulvert 

Well Condition: NA 

Reference Point: rulvert bottor Elevation 

Depth to Water. NA Elevation 

Depth to Bottom: NA Feet of Water: 

Deptb to LNAPL: NA Titickness: NA 

LNAPL Description: NA 

c tal on .... 
MS/MSD 

Analvsis Type Primary Qty Qty 

Tot dis P/SRP 125 ml poly 

Total P 200m! poly 

Sampling Data 

Sample Name: SWI-G2 

Sample Method: Peris. Low Oow(-200mVmiD) 

Sampling Device: G<otecb Peristaltic pump 

Tubing Depth: middle of pipe 

Pump Intake Depth' -2 inches 

Field Parameters 
Volume Temperature pH Cooductivity ORP 

(mil m (SU) (uS/em) (mV) 

I'Z. / ,/ I ' n t~ 
I I '--V Ill'- ·r I " rAI 1t /VU 

I 

JZ/1/IOZ. 11. fJ( 7, <; c; :>;~ SH 
I" I 

/ tJt /'r" •nA I'V1 
~ 

J. / 
r'l(;o. , I 7 )(-"(/ 

Field Fonns, SW -I 

Page I of _I __ _ 

Location: Lakewood, Washiu;-ton 

Weather. 

Samplers: 

Screen Interval: 

Well Diameter: NA 

Gallons per Casing Foot: 
(rwdi:G.16pltfl; 4"ordi:0.6S~ 

Gallons per Annulus Foot: 

NA 

Annulus Diameter. 

NA 

{I" _..willl.l" ....... ,.)_15 pllft;"" --oridol" _..,.., I.:Uplllk) 

One Purge Volume: 

Fina1 Purge Volume: 

Purge Method: ~ristaltic ~I! at 200 ml/min 

w""" Disposai/Qty' K!:!und surface 

Meter IOC. ti orma on 

Model & Calibration Date 

'/S:f:~ 
With flow-througl! cell 

Conductivity: 

DQ, 

pH' 

Temperature: 

ORP' 

Fleld Test Kit Results· QAJQC Samples· 

PIO, NA Duplicate: 

DQ, NA Replicate: 

Alkalinity: NA MSJMSD' 

Ferrous Iron: NA Blanlc 

Other. NA Other. 

DO Turbidity Time Water Level 
(mg/L) (NTU) (24 be) <Ft below TOC) 

..- /1/ 

/ 

11.1n -v/<; tJTJK)_ 

/< I(2T ~. ror.-J}/ ~ ;}0 

:&:r .I 
7. 

- 1-z" M 

8 indteoo 

None 

None 

None 

None 

None 

Flow Rate 

(mllminl 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I URS SURFACE WATER SAMPLING DATA SHEET 

I Project Infonnation Page 1 of _I __ _ 

Lake Steilacoom Phosphorus Study ProjectN~: Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: 

I Date: Round Two /Z../3/o"L Samplers: 

Gan1ti.D£ and Pu~in~ Data 

Station Number: SW-2 Screen Interval: NA 

Station Type: PDL Creek Sam21e Well Diameter: NA Annulus Diameter: 8 inches I 
Well Condition: NA Gallons per Casing Foot: NA 

(2" ...a: o.l6 p11rt 4" ...n o_u pll!t) 

Reference Point: stramdtann Elevation Gallons per Annulus Foot: 
{11·--r--. .. u5pllft;6" ... -willll:r-a, .. J.:Up~ I 

DepthtoWatec NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water. final Purge Volume: 

Depth to LNAPLo NA lbiclcness: NA Purge Method: peristaltic J!Uml! at 200 mL'min I 
LNAPL Description: NA Water Disposal/Qty: 12:ound surface 

I Containers 
MSIMSD 

Meter Infonnation 

Analy.;s Type Primary ()ty Qty Model & Calibration Date 

Tot dis P/SRP 125 ml poly 

oWP 
YSiiOIIJfl:lil!lwldeomi£Wm"~·""t:l"?f_" ',.T!JI; 
Wtthflow-throughcell~tbrat :v n ) t:;.lo~ 7 

Conducbvtty· _aJ_ ~~'OZ.. {j _/) 

DO. ~ 

Te._.:: itiiiei't:::t [/ rttV 

I Sampling Data 

QRP, 

Fidd Test Kit Results· QAJQC Samples· 

Sample Name: SWI·Gl PI£>, NA Duplicate: None 

I Sample Methodo Peris. Low flow (-200 mllmin) 

Sampling Device: Geok<h Peristoltic pump 

DOo NA 

Alkalinity: NA 

Replicate: None 

MSIMSDo None 

Tubing Depth: 1ba.lwee: Ferrous Iron: NA Blaolc None 

I Pump Intake Dep"" -2 inches Other: NA Other. None 

Fli!ldP aram ... .... 
·VollliM Temperature pH Conducthlty ORP DO Turbidity Thne WatuLevd Flow Rate 

(ml) ('C\ (SU) (uS/em) (mVl (mg/L) (NTU) (24 hr) CFt below TOCl (mllmin)_ 

Nfr IZ. z..::S (,OS. 1_35 zlk.J :i1...3.LJ .s dl--u:. I 
em. ~ .· :1/n "" (IJ/M , I I I 

I 
I Comments 

I ~-aJIJ41 
I 

Field Fonns. SW-l 1111112002 



~~&61,rJ4«.::1> (cr;,. ... P--~~)-;:'::' b ~t-z. !< CJ,9Z.'\:-I;)$e.c_f:.11vcfk,J) 

~ £ 5 f.tj.sec.. ~ 
Th,\'7 $~? s~ ~~ Gtc..eJ .. lool<S Slij4tly ~-er~ tN.u. 
J/1. ~vb~. 
.r. 
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URS SURFACE WATER SAMPLING DATA SHEET 

Project Infonnation Page l of I 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: 

Dare: Round Two 17../'3 /0 7.- Samplers: 

Gau~DJ!: and Pu__!g!_OJ: Data 

Station Number: SW-3 Screen Interval: NA 

Station Type: PDL Cretk Sam21e Well Diameter: NA Annulus Diameter: 8indles 

Well Condition: NA Gallons per Casing Foot: NA 
(2" -a: 0.16 p1ll't: ~· ..-dl:USplllt) 

Reference Point: stream chann Elevation Gallons per Annulus Foot: 
~ -"<iihl"...iq• IJISpllft;~·--widr.2"-;o,,. I.:Uplm) 

Depth to Water: NA E1evation One Purge Volume: 

Depth to Bottom: NA Feet of Water. Fina1 Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: ~ristaltic J!um(! at 200 mllmin 

LNAPL Description: NA Water DisposaUQty: S!!!!nd surface 

c w on ..... Meter Infonn tion a 
MS/MSD 

Analy!Os Type PrimaryQty Qty 

Tot dis P/SRP 125mlooly 
7j;: §5{.. Model & Cal;bration Date 

Y$~0/J ~Et:11t :lOIRit iiKI &:JOIJfa Jmm:t h hi ada at 

TotaiP 200mlpoly Vlid• Row dnoag;li ceil (adibmtcd: bJ H so on ) 

Conductivity: c..J:k. ~ tl "t So/.A. , 
[)(), 

pH: 

Temperature: 

ORP' 

Sampling Data Field Test Kit Results: QAIQC Samples· 

Sample Name: SWJ-Gt.. pm, NA Duplicate: SW13-G&. 

Sample Method: Peris. Low Dow (-200 mUmin) [)(), NA Replicate: None 

Sampling Device: Geotech Peristaltic oumo Alkalinity: NA MS/MSD' None 

Tubing Depth: ThaJweg Ferrous Iron: NA Blank: None 

I Pump totake Depth' -2 indies Other: NA Other: None 

' anun Fodd p eters 
Volume Temperature pH Conductivity ORP 00 TwiMdity Time Water Level Flow Rate 

(ml) ro (SU) (uS/em.) (mV) (mg/L) (NTU) (24 hr) (Ft b<low TOC) (ml/min) 

AlA-- li.Q3 1>.<!'1 12'1 '"·" "'1 0 I !7(..- .-5" / 
Fl. .L l. /)<H<f~ lAm 

• I I I I I' 

• 

Comments 
Sample collected from center of bridge deck approximately I 00 feet upstream of PDL stream mouth on lake. 
Pump intake hung into stream tha1weg at depth of approximately 4 inches. 

~ cv-lhekJ Fur \-)l:lUJ mk. Pu7~f. 

Field Forms, SW-3 1111112002 
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I 
1 URS SURFACE WATER SAMPLING DATA SHEET 

I Project Infonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Page I of I 

Location: Lakewood, Washington 

Project/Task No., Weathe" r"i,.,lr . .-c>:S: <'V <:?J" F 33750346.00006 

I rD:•:'·~'-----------=R=ou~n~d=T~w=•====~IL~-~JJJ~d·~~============~~s:~~~:"':' ____ ~==~ ;a_ ('. ~~ 
Gau~n~andPu~i02Da~ 

Station Number: SW-4 Screen Interval: NA 

Station Type: Clover Creek Srunl!le Well Diameter: NA Annulus Diameter. NA I 
Well Condition: NA Gallons per Casing Foot: NA 

a·....a:o.l6f"l'ft 4".dtOliJplfft) 

Reference Point: Bri!!;e Deck Elevation Gallons per Annulus Foot: 
(r_...,..jdo1"~•1.1SP"ft:6"--widol"~=I.J.olpllfi) I 

Depth to Water: NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: peristaltic J!UDll! at 200 mllmin I 
LNAPL Description: NA Water DisposaliQty: sround surface 

on ners Meter Information 
MS/MSD 

Analysis Type Primary Qty Qty 
~?b Model & Calibration Date 

I Tot dis P/SRP 125 ml POlY 

Total P 200ml poly 

¥1iliCiQ9*YIS clc mdtiiODM lm!R!-11!111 ~~armor 

'.~1 ftow-rtnwg;h eell (calib tej~; II ea on \., 

ft , Conductivity: 

"- J{] ~1 , 
I I I DQ 

pH' 

Temperature: 

I SampUnz: Data 

QRP, 

Field Test Kit Results· QAIQC Samples· 

Sample Name: SW4-Gl rm, NA Duplicate: SW13-Gl 

I Sample Method: Peris. Low Dow ( -200 mllmin) 
' 

Sampling Device: Geole<h Peristaltic p...,p_ 

IXl NA 

Alkalinit)': NA 

Replicate: None 

MS/MSD' None 

Tubing Depth: lbalwe~ Ferrous Iron: NA Blank: None 

I I Punu> lntalre I:>epth' - 2 indies Other. NA Other. None 

• ....... F1eld p ..... 
Volumo Tempecature pH Conducti Yity ORP DO Twl>ldlty Time Water Level Flow Rate 

(ml) m (SU) (uS/em) (mV) (mg/L) (NTU) (24br) (Ft below TOC) lmlfmin) I 
I I .,- l AI 

/' 1 I .!£Alt. 

I 
_I II 

I Comments 

Sample collected from Bridge deck over Clover Creek oo Gravelly Lake Drive. approx.imately 1.000 feet upslream of stream mouth. 

I Cruk r5 bv~ cky C\+ t-A.;5 J~h'VV\ 
(2. 3 OL. JO;/~ 0 

I 
Field Forms, SW 4 ll/1112001 



I 

URS SURFACE WATER SAMPLING DATA SHEET I 
Project lnfonnation Page 1 of _I __ _ 

I Project Name: Lake Steilacoom Pbosphocw Study Location: Lakewood, Washington 

Project/Task No.: 33750346.00006 Weather. ~Q / _, $2}0 ,C: 

I tDa:•:·'-------=R=ou=o=d=T::wo::::::=n.~JI:::I.~~: 1::: <CJ::"Z-:::::====:::....-=Samp:::::lcrs:.::_' --'~=::!! ; d. r AT_,.. _., 

GautdiH!: an onmu!l atll dPo . D 

Station Number. SW-5 Screen Interval: NA 

Station Type: Clover Creek S2m~e Well Diameter: NA Annulus Diameter: NA 

Well Condition: NA 
. 

Gallons per Casing Foot NA I 
(l"' wdi:O.I•,.M\; •• .,e40.6S~I't) 

Reference Point: USGS station Elevation Gallons per Annulus Foot: 
<r _...willll" cas;., .. USplllt •· _..,..•illr.r ~ .. 131 pllftJ 

Depth to Water. NA Elevation One Purge Volume: I 
Depth to Bouom: NA Feet of Water. Fmal Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: peristaltic J!uml! at 200 mllmin 

LNAPL Desaiption: NA Water Disposal!Qty' !!ound surface I 
Ctaiers on n 

MS/MSD 
Analysis Type Primary Qty Qty 

Tot dis P/SRP 125 ml poly 

TotalP 200ml oolv 

Meter Information I 
~ 

Model & Calibration Date 

YSUiQQ i!Q.U Sm ila agd 61CID~4 baud bcld a:ado1 & 

With flow·through cell ~calibrated b~ ~ t#"l!ln CKhD 

" Conductivity: I 
DQ, 

pH' 

Temperature, I 
Oru>, 

Sampli~t~ Data Fidd Test Kit Results· QAJQC Samples: I 
Sample Name: SWS-G'll 2.. pm, NA Duplicate: None 

Sample Method: Peris. Low Dow (-200 mVmin) 

Sampling Device: G<otedo Peristaltic oumo 

DQ, NA 

Alkalinity: NA 

Replicate: None 

MSIMSD' None I 
Tubing Depth' Tilalweg Ferrous Iron: NA Blank None 

' 

Pump lotake Depth' -2 inches 

Field Paramdcr's 

Other. NA Other. None 

I 
Volume Temperature pH Con:lucthity ORP DO Turbidity Tim< Water Level Flow Rate 

(ml) foCl (SU) (uS/em) (mV) (mo:/L) (NTU) (24 br) (Ft below TOCl (mllnlln) 

AlA-_ ( . • 1. '"11 ,'fq 11/'1 S"J, 0 T,t, '7 <:"7 J175h ~ I 
"' V4t nH.. /' 

I' I • 

I 
. 

I 
Comments I 

I 
1(,-- I I 1' _,.f 

11/1112002 I Field Foons, SW-5 
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URS GROUNDWATER SAMPLING DATA SHEET 

Project Information cr····: .. '· • j' 'J ,:·..- '·) \·; ,,.·; I• ._.1 I '~ ,. __ , '~ ......._ Page I of _I __ _ 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washinpon (Springbrook) 

Project/Task No.: 3375034<>.00006 Weather: 

Date: Round Two /'1.- }y }ot. Samplers: 

GauJ;in~ and Pu["lin~ Data 

Station Number: CW-45 Screen Interval: ?To50.84 

Station Twe: Monitori!!£ WeU Well Diameter: 2 inches Annulus Diameter: 8 inches 

Well Condition: oka'7 Gallons per Casing Foot: 0.16 
(l" wdl: O.lli pWI; ("welt 0.6S pVtl) 

Reference Point: TOC Elevation 288.99 Gallons pee Annulus Foot 
.... _......._r,..... .. t.ISpl/fl;6"--widtT_..,.,~pm) 

Depth to Water: :31.00 Elevation 2.'2_1. ~j One Purge Volume: . ':J. ZTQ.) =- 12. 12oo ~I 
Depth to Bottom: 50.84 Feet of Water: 19.. fl. 'f. Fmal Purge Volume: 

Depth to LNAPL' NA lbickness: NA Purge Method: Bailer 

LNAPL Description: NA Water DisposaVQty: 

c tai on ners Meterl ~ ti n onna on 
MSIMSD 

Analysis TYpe Primary Qty Qty Modd & Calibration Date 

Tot dis P/SRP 125 mJ oolv YSI556 ~.~:b. 'y;t: G-cD n}2j.'2.~ 0$0? 

£6~ f'. ~"''<If c::c.l ,$0/,., 
Conductivity: "'1 2 

DOc 

pHc 

Temperature: 

ORP: 

Sampling Data Fleld Test Kit Results· 

Sample Name: CW45-G2 P!Dc 

Sample Method: DOc 

Sampling Device: Bailer Alkalinity: 

Tubing Depth: Ferrous Iron: 

Pump Intake DepU. Other. 

Field Parameters 
Volume Temperature pH Conductivity ORP 00 

(ml) ra (SU) (uS/em) (mVl (mgll.) 

15-nrJO 11·53 &7.72 611 z.L)C. 2.:3• 

Comments 
Monitoring well is located on 47th Street, due east of Springbrook Park 
Well is 45A, the shallow well of well pair. Deep well is labeled "Hell Hole" 

Field Forms. CW-45 

NA 

NA 

NA 

NA 

NA 

Turbidity 
(NTU) 

/ 

J 

........ 
(24hr) 

QAJQC Samples· 

Duplicate: 

Replicate: 

MS/MSD: 

Blanlc 

Other. 

Water Level 

(Ft below TOC) 

None 

None 

None 

None 

None 

Flow Rate 
(mllntin) 



URS GROUNDWATER SAMPLING DATA SHEET 

Project Infonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Projectffask No., ~33~7t;5~0~346~.00006=~--,--..---------

Dat"' Round Two n /() o 2. 

Gau~~ and Pu~IU! . .. 
Station Number: CW-46 

Station Type: Monitori!Y!: Well 

Well Condition: 

Reference Point: TOC Elevation 288.44 

Depth to Water. 30. -z..f!J" Elevation Z~fl·l't 
Depth to Bottom: 49.73 FeetofWata: l'l.H'I.. 
Depth to LNAPL' NA Thickness: NA 

LNAPL Desaiptioo' NA 

c tai on ..... 
MS/MSD 

Analvs;s Type Primary Qty Qly 

Tot dis P/SRP !25 m1 polv 

Sampli111 Data 

Sample Name: CW46-G2 

Sample Method: Baller 

Sampling Device: 

Tubing Depth' 

Pump Intake Depth' 

FiddP aram 
Volumo Temperature pH CoDductivlty ORP 

(ml) (a (SU) (u.Sfcm) lmV\ 

..-n eeO _jy, 'SJ (,. I 2o3 J<r . 
~ N',.o /l.t !'} b. .4 ,~ .. 11:. 

:.1 't. OIJO I'"<[ "·~" ~o3 /'f 5 

Comments 

Monitoring well is located approximately 300 feet south ofwe1145 on 47th Street. 

Field Forms,CW·46 

Location: 

Weather. 

Samplers: 

Screen Imerval: 

Well Diameter. 2 inches 

Gallons per Casing Foot: 
(l" woll: 11.16 pnt; 4" ...JI: O.lS plnl) 

Gallons per Annulus Foot: 

Page 1 of 

'!To SO 

Annulus Diameter. 8 inches 

0.16 

(I"_., orido.l" c..-.: •IJlS.,uft;6" --wido2" _.,. l_,.pMI) 

One Purge Volume: 3./ Qn I 11; zec 81 
FmaJ Purge Volume: 

./ 

Purge Method' Baller 

Water DisposaiJQty: 

M I I t 6 e er norma on 

YSI556 c..[ 
Model & Calibra~n Dau 

kr GCI'l l c:,lf; oz. ~ 

Conductivity: 
Qkn¥ 

[)(} 

pH: 

Temperature: 

QRP, 

Fidd Test Kit Results· QA/QC Samples· 

Pllf. NA Duplicate: None 

oo, NA Replicate: None 

Alkalinity: NA MSIMSD' None 

Ferrous Iron: NA Blank' None 

Othetc NA Othetc None 

DO Turbidity Tlmo Water Level Flow Rate 
(mg/L) (NTU) (24hr) lFt below T()C) lml/mio\ 

. '>< I'J!i 
S'i 

• !')) 

/0~<> ;..JL TM..v 
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I URS GROUNDWATER SAMPLING DATA SHEET 

I Projed Infonnation Page 1 of _I __ _ 

Lake Steilacoom Pbospborus Study Project Name: Location: Lakewood, Washington (Springbrook) 

Projectffask No.: 33750346.110006 Wealher: 

I Date: Round Two Samplers: 

auem~an ....... , G dPu . Dala 

Station Number: CW-59 Screen Interval: ? 

Station Type: Monitori~ Well Well Diameter. 2 inches Annulus Diameter. 8 indies I 
Well Condition: """'; {_ Gallons per Casing Foot: 0.16 

(l" -a O.l6pllft: 4" -u:o.&s pJ/ftJ 

Reference Point TOC Elevation 285.01 Gallons per Annulus Foot: 
(I" -'--2" ~ "1.15 pllft;&" __ .,.idr.l" ....... 1_34pllft) 

Depth to Water: 2.5, -z I Elevation 2~0.. 'i One Purge Volume: /," 'ig, ) - "; 7/X? et J 
3b 

) 

Depth to Bottom: ~ Feet of Water. 7:1'J. Ftnal Purge Volume: 

Depth to LNAPL: NA 1bickness: NA Purge Metluxt Bailer 

I 
I 

LNAPL Description: NA Water DisposaUQty: 

on ..... Meta" I f< ti norma on 
MS/MSD 

Anaivs;s Type Primary Qty Qty Model & Calibration Date 

I Tot dis PJSRP 125 ml poly YSI556 C:c I; l:z[. l1v Gc.D ;- l2}4t= ~ 

Conductivity: 

I DO: 

pH: 

Temperature: 

I SamplirJ~ Data 

ORP: 

Field Test Kit Results· QAJQC Samples· 

I 
Sample Name: CW59-G2 

Sample Method: Bailer 

Sampling Device: 

PID: NA 

DO: NA 

Alkalinity: NA 

Duplicate: None 

Replicate: None 

MS/MSD: None 

Tubing Depth: 

Pump Intake Depth: I 
Ferrous Iron: NA 

Ott= NA 

Blank: None 

Other. None 

Field Parameters 
Volume Temperature pH Cooducti'rity ORP DO Turbidity y..,. Water Level Flow Rate 

(ml) ("C) (SU) (uS/em) lmV\ (mg/L) (NTU) (24 br) . (FtbelowTOC) lmllmU>\ 

1.1'1190 13.~0 1.10 ZIS" ?.Jb ·" "2./ 
? ;.~ I 

"?..aJO rz.. liZ 'Cf'l 21"2. z. "T J '{. '11 
J.j ·""~ 

.'txJO 12.././l .92. 7..10 ":!<90 4 ~I Jl !{{. 

.tJOO II ,q~ 83 -z.tO 'AJO 3-'F'f ' 
-z_,CJ(Jl) 1/. 'f~ ~-'f"Z. -z./0 :~o'>' 5.7"1 I 
Ito: on ll.'fC, .'71 z.o"' 3o~ .... ~z_ J 3;;-r? .~ 7 ~ 

I 
/ 

I 
Comments 

Monitoring well is located on east side of Addison Street, approximately 200 feet south of Springbrook. Park. 

Tvrh:J,'it vor-y ;...;1t..· /ki' ;~ cvt oiJ-er weJI c-Md.ot:-7 A<JfcleM U/ r.et"y ~-I 
I 

Field Forms, CW-59 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project lnfonnation Page I of _I __ _ 

Lake Steilacoom Phosphorus Study Project Name: 

Projectffask. No.: 

Location: Lakewood, Wash.ill!!too (S:p;brook) 

33750346.oooo6 Weather: 

I 
Date: RoundTwo Jzlt;"/oz.. Samplers: I 
Gau~inl!! an dPu . D """"" ala 

Station Number. CW-61 Screen Interval: 40 to 50 

Station Type: Monitori!!£ Wdl Well Diameter: 2 inches Annulus Diameter: 8 indies 

Well Condition: o'f.aj Gallons per Casing Foot: 0.16 
(r....O:O.KpUI't; ··-a:o.liSco'1\l r 

Reference Point: TOC FJevation.& __ ~~~~~= .. u~~:=~ ......... tj'_l,t~l1\) .= 11;000 r'\] 
' 

Depth to Water. :b\-~ :J/-'60 Elevatipi " _,; <-~·}_~ l{ .Purge Volume: ll.=~l 
' ),o 5P• u L'D.. 2-Depth to Bottom: Feet of Water. Purge Volume: 

Depth 1o LNAPL' NA Thlckness: NA Purge Method: Peristaltic PumP: 

I 
I 
I 

LNAPL Description: NA Water Disposal/Qty: 

C.tai n ners 
MSIMSD I 

Aoalvsis Type Primary Qty Qty 

Tot dis P/SRP 125 m1 oolv 

I . 
--::;::; 

DOo ________________________________ _ 

pH: ________________________ __ I 
Temperntureo __________________________________ _ 

Sampling Data Faeld Test Kit Results· QAIQC Samples· I 
Sample Name: CW-614- (; Z. PIDo NA Duplica~ None 

Sample Method: Peristaltic Pump (low flow) DOo NA Replicate: None 

Sampling Device: Alkalinity: NA MS/MSDo None I 
Tubing Depth: Ferrous Iron: NA Blank: None 

I Pomp Intake Depth' Otherc NA Otherc None 

Field Parameters --~- I 
Volume Temperature pH Conductivity ORP 1)0""- Turbidity nm. Waterl.evd Flow Rate 

(mil ("C) (SU) (uS/em) (mV] (mg/L) (NTU) (24 hr) (Ft below TOC) (mUmin) 

3,000 1?AI 0."1'1 I 'il'/ 372- z /if 1-\17 "'"t fz 0 h.Nh 
c.;~ 11.-1"1 I, t:>O til2. '-'L-0 ~.10 """" ~ .,'n..; I 
·<rooo ll. 1L (,, 14<2. ';t,<b z.A'I J 

1"2.' tX/0 ]"1.·141 ( .. ~ ... 'l. (;.o ~.1!70 

Uf<J(jc7 /l. -11._ t..'l~ I 'Ill- "-,q'l· Z/IJ'f 
? P·H_ t..'l:l J-€:Z.. _2$1 7 <11 

I 
I L/' ~ ~·:·-ftl~--

• • -<. ~·./A'{f1}f;;::, 

' 'l"<' ·--·~ . ~L_,· 'iJ . I 
.;.·- .. 

,~. 

Comments I 
I 

Field Forms, CW-61 11112/2002 
I 
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URS GROUNDWATER SAMPLING DATA SHEET 

Projed: Infonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Project/Task No.: 33750346.00006 

Date: Round Two 

Gaurine and Puq~inJ!: Data 

Stalion Number. 

Station Type: 

Well Condition: 

Reference Point: 

Depth to Water: 

Depth to Bottom: 

Depth to LNAPL' 

LNAPL Desttiption: 

c "" on ners 

Analyru 

Tot dis P/SRP 

Sampling Data 

Sample Name: 

Sample Method: 

Sampling Device: 

Tubing Depth: 

Field Parameters 
Volume 

(ml) 
Temperature 

~C) 

CW-62 

Monitoring Well 

TOC 

? 

NA 

NA 

Type 

125 m1 ,.,, 

CW-62 

pH 
(SU) 

Elevation 

Elevation 

Feet of Water: 

Titickness: 

Primary Qty 

Cooductivtty 
(uS/em) 

273.5 

NA 

MSJMSD 
Otv 

ORP 
(mV) 

r 
I I 

/ Ill 
/ / Ill A 'I 1'/--' / 

l ./ 

Comments 

Monitoring well is in parking area at northern dead-end of Addison Street. 

WFXL JJol 5/IN/£/J. 
}? 6;11; h> 

Held Fonns,CW-62 

Page I of l 

Location: Lakewood, Washington (Springbrook) 

Weather: 

Samplers: 

Screen Interval: 30 to 40 

Well Diameter: 2 inches Annulus Diameter: 

Gallons per Casing Foot: 0.16 
(Z"....,J!: IH~ p¥ft; (" *<ii;0.6Spllft) 

Gallons per Annulus Foot: 
(r_..,.. ... l-~·U5plrft;'"-ohswidr.2"--,•1.34,.u!l) 
One Purge Volume: 

Final Purge Volume: 

Purge Method: Peristaltic Pum(! 

Water Disposal/Qty: 

M t« Info ti ' nna on 

~~ 
Model & Calibration Date 

Widl iiOW-triiOugn cell (Ca:l:ibhltai by HaaG on ) 

Conductivity: 

oo, 
pH' 

Temperature: 

ORP' 

Fidd Tost Kit R..Wts· 

PI!}. 

oo, 
Alkalinity: 

Ferrous Iron: 

Otb"" 

DO 
(mg/1.) 

/ 
2L 

NA 

NA 

NA 

NA 

NA 

Turbidity 
(N11J) 

r 
'/ l 

Tlmo 
(24 hr) 

QAJQC Samplos· 

Duplicate: 

Replicate: 

MS/MSD' 

Blanlc 

Othe., 

WaterLnd 

1Ft below TOCl 

A 

II 

Sinch~ 

Nono 

None 

None 

None 

None 

Flow Rate 

<mJJmm> 

1111212002 
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DRS GROUNDWATER SAMPLING DATA SHEET 

Project lnfonnation Page I of _I __ _ 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Projectffask No.: 33750346.0000<i Weather: 

Date: RoundThrtt Samplei5: 

Gawdnt!: and Pul1!m2 Data 

Station Number. MW-8 Screen Interval: 19.33 to 23.83 reet btoc 

Station Type: Monitori!!& Well Well Diameter: 2 inches Annulus Diameter: 8 inches 

Well Condition: G'vof:> Gallons per Casing Foot: 0.16 
(Z" .... 11: 0.1' pl/ft; •• -a: o.s pVft) 

Reference Point: TOC Elevation Gallons per Annulus Foot: 
(I" -Ia ..m. 2" ....U.,,. US put\6" ... o~u wirh 2" .,..;., •1.3' &d'fl:) 

Depth to Water: lj. 2. 1.- Elevation One Purge Volume: 

Depth to Bottom: 24.33 Feet of Water: l tJ .I I Final Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: ~ristaltic (!WD(! at 200 mllmio 

LNAPL Description: NA Water DisposaiJQty: ground surface 

c tai on ners Meter Information 
MS/MSD 

Analysis Type Primary Qty Qty 

Tot dis P/SRP IZ5 ml poly heJ.A- f ., k-..J 
.. .,1-niS. - J::e lei -.£ 'k-d 

t.o:>.JM Model & Calibration Date 

YSI~(;PO t 3.L*-u3 
With flow-through cell 

AN -ft 1<: .. I) Conductivity: vk~ 2<"<' 5kuJ 
DOc t{F Z~t2 
pHc 

Temperature: 

ORPc 

SampUng Data Field Test Kit Results· QAIQC Samples· 

Sample Name: MWs.f:.:J Pm NA Duplicate: None 

Sample Method: Peris. Low flow (-200 mllmin) DOc NA Replicate: None 

Sampling Device: Geottch Peristaltic pump Alkalinity: NA MS/MSDc None 

Tubing Depth: Ferrous Iron: NA Blank: None 

Pump Intake Dept!< 2lfeet bloc Other. NA Other. None 

Field Panuneters 
Volume T empernture pH Conductivity ORP DO Turbidity Tim< Water Level Flow Rate 

(ml) ('C) (SU) (uSic:m) (mV) (mg/L) (NTU) (241u-) (Ft below TOC) (mYmin) 

I 11- ~ b.~t; 1'3lS ~_),'), ., 1.'6 L> lcl:t'"" 
'l ,... 14. "3 (..1$'1 !31 "Lib, I Z.,b( 'at 10<?'5 
"'l ll. ~ I t...5§ 13 ~ '.Is. <j z., "3 I iz I i<:Jt. 
'I J"J..{.4 t. f:(, 16 0 Z. I I d IH·i~ 

" /1.. (, z. t: •. '{; t;" ·~ 'IS",cl 2 10 It' 02 
-L it. 17 . .:·~ t..W> ._; 'I l-.0 "1. ,J/ rfi 1nz.v 

Comments 

Monitoring well is located approximately 20 feet north of the intersection of Irene Street and Rainier, on the east side Of the street. 
Access by driving north on Rainier from 108th in Lakeview. 

Field Forms, MW -8 31312003 
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GROUNDWATER SAMPLING DATA SHEET I 
Project Information Pagel of _I 

I Lake Steilacoom Phosphorus Study Location: Project Name: 

Projectffask No.: 33750346Jl0006 Weather: 

Daleo Round Three Samplen.: I 
GaudDJ!: and Pumtu! D ata 

Station Number: - lA 1A1_- 4rEZZ2.. Screen Interval: NA 
v ' 

Station Type: Faucet Well Diameter: NA Annulus Diameter: 8 inches I 
Well Condition: NA Gallons per Casing Foot NA 

(2"....U:O.I6 pL'ft-. (' wdi:O.IiSpllft) 

Reference Point: TOC Elevation Gallons per Annulus Foot 

35>.1f.b (I"_.......,. 2· _.,. 1.1!1 ,.vtt; ,. -•·rl:lor __,__ J.J.I pl'tt.l 

Depth to Water: Elevation One Purge Volume: 
I 

Depth to Bottom: 9o.oo..-. Feet of Water: Final Ptrrge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: peristaltic 2um2 at 200 mVm.in I 
LNAPL Description: NA Water DisposaVQty: ~und surface 

c tai on ..... 
MSIMSD 

Meter Informati I on 

Analvsis Type Primary Qty Qty Model & Calibration Date 

Tot dis PISRP 125 ml pol:J YSI 600 XLM Sonde and 610DM hand~hcld ~adout 

With flow~through cell ~calibrated bX Hazco on l I 
Conductivity: 

DOo 

pHo I 
Temperature: 

Sampling Data 

ORPo 

I Fidd Test Kit'Resu.J.ts· QAIQC Samples· 

Sample Name: P!Do NA Duplicate: None 

Sample Method: 

Sampling Device: 

DOo NA 

Alkalinity: NA 

Replicate: None 

MSJMSDo None I 
Tubing Depth: Ferrous hon: NA Blank: None 

Other. NA 

Field Parameters 

Other. None I 
Volwn< Temperature pH Conduc!inty ORP DO Turbidity Tim< Water Level Flow Rate 

(ml) ("Q (SU) (uS/an) mV) (mg/L) (N11J) (24 br) (Ft below TOC\ <mllmm) 
I 1'7-..70 t'J /, u 1.1• • er 
b 12... '-- q .S/ n.i"l '7 71Ji . ~ .,. . .,.-, ~ 

I 
}(] i I "11;" I .C'll "'" ... .... ~ .r. il.act / 7 

'/ 

I 
I 

Comments I 
Faucet" in parking lot planter behind Behind Bed and Roses Aorist on comer of Gravelly Lake Drive and Avondale Street. 
Purge faucet as with well. Insert pump intake into faucet head as far as possible. Tum fa~t on low. Pump at approx. 200 mllmin. 

I 
F1dd Forms, Water supply ws-1 31312003 I 
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Project Information 

Project Name: 

Projectffask No.: 

Date' 

Gau21R£ and Pu~iDJ: Data 

Station Number. 

Station Type: 

Well Condition: 

Reference Point: 

Depth to Water. 

Depth to Bottom: 

Depth to LNAPL' 

LNAPL Description: 

!>c.-ol,-,'> 

n·r 
.5A p 

C·,~/A;\1 
J);)o I A}tJ.3 

Ll • Fl i3r 

Field Parame ers 
Volume 
(gallons) 

- <J L 

Comments 

Temperature 
('C)' 

I Z • .( 
17.'31. 

Field Forms. Well Develop 

3/c.Jio3 

Mw-An:zso 
~ll W'-. II 

(;roo, 

r-oc... Elevation 

Z3.4Z.. Elevation 

lf_l '5. Feet of Water. 

Thickness: 

pH 
(SU) 

.5 IK 
/;_L/"2.. 

Conductivity 
(uS/an) 

IJ I 6 
o. i?!> 

SltAfl,tLy 
WELL D~llSPMl<JN!f DATA SHEET 

Page I of 

ORP 
(mV] 

Zl</. (., 

Location: 

Weather: 

Screen Interval: 

Well Diameter: Annulus Diameter: 

Gallons per Casing Foot: 
(2" well: 0.16 pllft; 4" well: 0.6S pVfl) 

Gallons per Annulus Foot 
(r _...~do 2" cuUo,'" I.ISpl/1\6" .__ orilbl' ........ 1.34 plfft) 

One Purge Volume: 

Ftnal Purge Volume: 

Purge Method: 

Water DisposaUQty: 

Meter lnfonn ti a on 

ys·.x:: OoOM Model & Calibration Date 

~L"' pH' ,1, i"'f fo &/,00 So/11( 
Eh' 

Conductivity: 

DO Meter: 

Turbidity: 

Temperature: 

Other. 

DO 
(mg/L) 

I-ISO fO 'l.y<f. S,(l7 "l 
i.A !u.lt!l.i ,.J.. ~9i 9..73' 01!:1.. 

() #-<) 0 

1.~ (.::_, 
&//-'~ 

Turbidity 
(NTU) 

y 

Tune 
(24hr) 

Water Level 
(Ft below TOCl 

J 

K'/~12 

Flow Rate 
(Umin) 

31312003 
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URS GROUNDWATER SAMPLING DATA SHEET I 
Project Information Page I of _I 

I Project Name: Lake Steilacoom Phosphorus Study Location: 

Projectffask No.: 

Date: 

Weather: 

I 
33750346.oooo6 

Round Three 

Gauti~ and PurdM ata 

Station Number: ~ w~ca . Screen Interval: I' c. II A~, k.---
Station Type: 

,, ~etsvpfly wdl Well Diameter: Annulus Diameter 

Well Condition: Gallons per Casing Foot: 

D 

I 
(Z" -'!:O.klsd'ft; ("...ti:0.65...-rt) 

Reference Point: citf I tal! Elevation Gallons per Annulus Foot: 
(I" _...wido1".,...., • I.IS pllft;'" -widt.l" .,...., a I.:M pW) I 

Depth to Water. Elevation One Purge Volume: 

Depth to Bottom: Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: peristaltic 2um2 at 200 mVmin I 
LNAPL Description: NA Water Disposal!Qty: S!:Ound surface 

c tai Meter lnfonnatio I on nen 
MSIMSD 

n 

Analysis Type PrimacyQty Qt'l Modd & Calibration Date 

Tot dis P/SRP 125mlooiY YSI 556 

With flow-through cell I 
Conductivity: 

on 
pHo I 

Temperature: 

ORPo 

S pli Data Fidd Test Kit Results QAIQCS I am ng ' ampes: 

Sample Name: DWJ.G2 PIDo NA Duplicate: None 

Sample Method: Peris. Low flow (-200 mUmin) 

Sampling Device: Geotech Peristaltic pomp 

DOc NA 

Alkalinity: NA 

Replicate: None 

MSIMSDo None I 
Tubing Depth: Ferrous Iron: NA Blank: None 

IPump Intake Deptho Othero NA Other. None .I 
Field Parameters 

Volume Temperatun pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 
(ml) _e_q (SU) (uS/em) (mV) (mg/L) (NTU) (24 hr) eFt below~ fmVmjn) 

-v 12.::!7 tJ/(/fT . <t. I 3SZ, (:, "/,0'( a .. 
•• ~r. I 
~ 

'IIJ("" ' I 
I 

Comments I 
I 

Fteld Furnu., DW-3 31312003 
I 



I URS GROUNDWATER SAMPLING DATA SHEET 

I Project Information Page I of _I 

Lake Steilacoom Phosphorus Study ProjectN~: 
Location: Lakewood, Washington 

Project/Task No.: 

Date: 

33750346.00006 

I Round Three 

Weather: 

Samplers: 

Gau~n2andPur~in«Dab 

Station Number. MW-2 Screen Interval: 22.91 to 27.41 btoc 

Station Type: Monitori!Y;; Well Well Diameter: 2inches Annulus Diameter. 8 inchts I 
Well Condition: Gallons per Casing Foot 0.16 

(2"....0:0.16plltt 4"wdl::0.65pUI\) 

Reference Point: TOC Elevation Gallons per Annulus Foot: 
(1"-""' ...... l"caoiq~ 1.15Jd'ft;6"--'--.rido2" ........ 3(pL-11_) 

Depth to Water: 1].~ Elevation One Purge Volume: 
I 

Depth to Bottom: 27.91 Feet of Water: Fmal Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: P,!:ristaltic 2uml! at ZOO mllmin I 
LNAPL Description: NA Water Disposal!Qty' sround surface 

I c tai on ..... 
MS/MSD 

M terl r ti • n onna on 

Analvsis Type Primary Qty Qty 

Tot dis P/SRP 125 ml oolv 

. ' I YSI556 

eaM::X. Calibratio~. Date_ 

3/s/or ,., .. !/30 
With flow-through cell 

Conductivity: Lj, "_s- lo 4, '{q .s..J t1 

I DO' 

pH' J- '"t~ 1-r:: •/. 1¥} Sb.fJ.C 
Temperature: @. l z_ • !217"' C-

I Sampling Data 

ORP' 

Fidd Test Kit Results· QAIQC Samples· 

Sample Name: MW2- (;.. "3 pJD, NA Duplicate: None 

I Sample Method: Peris. Low Dow (-200 mUmin) 

Sampling Device: Geofech Peristaltic pump 

Replicate: None 

MSIMSD: None 

oo, NA 

Alkalinity: NA 

Tubing Depth: Ferrous Iron: NA - Blank' None 

I Pll>tlj>Intalre Depth' 24.5 feet bloc Other: NA Other. None 

Fldd p et aram .... 
Volume Temperatun pH Conductivity ORP DO Turbidity Tune Water Level Flow Rate 

(ml) ro (SU) (uS/an) (mV) (mg/L) (NTII) (24hr) <Ft below TOCl (ml/minl 

I t. JQ ->~ ·t:. Z'S r z~ 7<X>.3 /0, b 'l a J/ 'I 
? u II J I.e. L ~ /l.-C: .-• ..:3 q_,~ 41- "·'' 

I 
'l " "· 4• 

(, "rJ 120 ?«0 11. 'i ~ "()r ¥7(~ 

If -~ II ,<; 0 G.. '" J~O Z.!l"l- <ff.4 ;. e 
.<"" (/ uc; 'J 

"'· 30 i7. "1- ... 43 ~-~ (cf ·Jc•LJ.' I 
I 

Comments 
F,M7,o;:;n'r;ito;:n'f; .• ;:g7.w:e;;Ui:is:'tloca;:::ted;:;;::.,-;th::;e:;in::te::=c:::o~·o=n:7o7f;;"Rus~ei;,-I;;-Rd7.-an-d71~04~th~S=treet:::-;:-SW;i;"".n::e::xt:-:to:-::th::e-:n::orth:;::eas=-toom~=er=o7r""th-e7Lak=e=w=ood:-:-A:-co:":'·=ve-Par"""'k'"'F""eo-ce-. ------__,,, __ ~., 

I 
I Faeld Forms, MW-2 3!3f2003 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project Infonnation 

Project Name: Lake Steilacoom Phosphorus Study Location: 

Page I of _I___ I 
Project/Task No.: 

Date: 

33750346.00006 

Round Three 3/410.3 
Weather: 

Samplers: I 
Gaugin2: and Punm12 Data 

Station Number: MW-4 Screen Interval: 7.48 to 11.98 feet btoc 

Station Type: Monitori~ Well Well Diameter. 2inches Annulus Diameter. Sinches 

Well Condition: Go<>tl tf#·'bb/ Gallons per Casing Foot: 0.16 
(T ....U:O.I6 putt 4" YR11: O.fiS pWI) 

Reference Point TOC Elevation ·$11£. Gallons per Annulus Foot: 

El!v.~k''~ 
(I" -• witlo rca.;.,"' i.U pVft;6" ...s.s orido r--.: .J.l' fd'ftl 

Depth to Water: qyz.. One Purge Volwne: 

Depth to Bottom: 12.48 Feet of Water: f. 3 (;, Fmal Purge Volume: 

Depth to LNAPL• NA lbickness: NA Purge Method: ~ristaltic ~I! at 200 mUmin 

I 
I 
I 

LNAPL Description: NA Water Disposai/Qty' !!!Undsu~ 

c tai on ..... 
MS/MSD 

Meta' Information I 
Anatv,;s Tvpe PrimuyQty Qty Model &: Calibration Date 

Tot dis P/SRP 125ml poly YSI 556 

With flow-through cell ·~· t:l& rl ,-e,r 51-.R£t., I 
Conductivity: 

DO' 

pH' I 
Temperature: 

Sampling: Data 

OR!' 

I Fidd Test Kit Results· QA/QC Samples· 

Sample Name: MW4-G·3 pm, NA Duplicate: None 

Sample Method: Peris. Low flow ( -200 mVmin) 

Sampling Device: Geotedt Peristaltic pump 

oo, NA 

Alkalinity: NA 

Replicate: None 

MSIMSD' None I 
Tubing Depth: Ferrous Iron: NA Blank: None 

I 

Pump Intake DeptJt, 10 feet btoc 

Fidd Parameters 

Other. NA Other. None I 
Volume Temperatu~ pH Conductivity ORP DO Turbidity y,... Water Level Flow Rate 

(ml) ("C) (SU) (uSicm) (mV) (mg/L) (NTU) (24 h<) {Ft below TOC\ (mlJmin) 

I I 1;11 L 3'i I ._SO z::>o )'l,q(, 7100 nos 
7 II c,r., c. "'l. 5'" J z. 't ?.5'1 '1.z-:r .,. 100 1710 I 
~ n., l.. '--2.-l 1?. '& 25£ 1.01 '>100 j 71<0 .. il. 11 '· 21 IZ. I 'l 5""(. 1.03 7100 7Z.V 
<:-J I 

I 
Comments I 
Monitoring well is located approximately 150 feet south of the north end of 58th Court

1
southeast of l-akewood qty Hall._ 

M~~ i !> very ~,ct .J- C..'15t wj re.lla.J-It1/'I:>W11 ( pe..HJ CeJicn.. 

I 
fleld Forms.. MW -4 31312003 I 



I· 
I URS GROUNDWATER SAMPLING DATA SHEET 

I Project Information Page I of _t 

Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington 

Projectffask No.: 

Date: 

33750346Jl0006 

I Round Three 3/'ilo3 
Weather: 

Samplers: 

Gaulii112 an dPn . D umn• ala 

Station Number. MW-5 Screen Interval: 14.84 to 19.34 feet bloc 

Station Type: Mooitori!!G Wdl Well Diameter. 2 inches Annulus Diameter: 8 inches I 
Well Condition: Gallons per Casing Foot: 0.16 

{2" ....u: o.l6 Jd'l't; •• wdl: 0-'5plilt) 

Reference Point: TOC Elevation 'L 9/' (,-~Gallons per Annulus Footo 
cr _.... wido z·~ .. 1.U pllft;6" o-.luwilll r ....-..~ t.:Upllft) 

Depth to Water: LIL 7fo Elevatioo l.) '). 86 One Purge Volume: 

I 
Depth to Bottom: 19.84 Feet of Watcr: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: !!:!:ristaltic I!UIDP at 200 ml/min I 
LNAPL Description: NA Water DisJX)SaVQty: ~ound surfau 

I c ontainers 
MSIMSD 

ti • nonna on 

Analvsis Tvoe Primarv Qty Qty 

Tot dis P/SRP 12Smlpoly I YSI 556 

t;;tel & Calibration Date 

Cz lik.~: /.S'l/0 
With flow-through cell 

I 
Conductivity: ,<.r: ¥ fo 'i.· 1/¥ S:<> i .. 

DQ, IVk J d "'1'\-<-J. !E:., 
pHo 3.'!1 kJ 'I ,CJo S.o i, 

Temperature: 

I Sampling Data 

ORPo 
., 

Foeld Test Kit Results- QAJQC Samples : 

Sample Name: MWS- G--3 PIDo NA Duplicate: None 

I Sample Method: Peris. Low flow (-200 mllmin) 

Sampling Device: Geotedo Peristaltic pomp 

Replicate: None 

MSIMSDo None 

DOo NA 

Alkalinity: NA 

Tubing Depth: 

!Pump lnoake Dep"" 17 feet btoc I 
Blaolc None 

Oilier. None 

Ferrous Iron: NA 

Oilier. NA 

' aram ers Foeld p .. 
Volume Temperature pH Conductivity ORP DO Turbidity T""' WaterUvel Flow Rate 

(mil rq (SU) (uS/em) lmVl (mg/L) (NTIJJ (24lu-) 1Ft below TQC) lmlJmin) 

I ( :.. X/ C., I( z. 12. ., ,q 3 lf '1'1 JU /,l;'li> 
z_ II 3 C..Jq iZ- 'UIJ.J 'i/, tn.. /J-~ NSO 

I 
' I ' 1 ,JO lZ. l4Z "L q,O<f N •. ) iG.; 
4 I l . ·zo jJ 2.'1~ 0 <t . .,-q ... " :.r?r 
< I .. () ,2</ 11-~ 24'1. I &(. 5'5" "' iJ :..,;; 
(. j li . 'l J "'· , <; IZ.</ 2.'1 !r <,{.54 'd IJ "~ 

I 
I 
I Comments 

Monitoring well is located approximately 30 feet west of the intersection of Avondale Ave. and Lexington Ave. The well is on the northwest comer. 

I 
I 

Field fums, MW-5 )fJ/2003 



OKS GROUNDWATER SAMPLING DATA SHEET 

Project lnfonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Projectffask No.: 

Date: 

33750346.00006 

Round Three 3Nlo3 
GaUJ:iDJ: and Purgi~ Data 

Station Number. MW.O 

Station Type: Mooitori"! Well 

Well Condition: ~ 
Reference Point: TOC EJevation 

Depth to Water: 22.:?,0 Elevation 

Depth to Bottom: 28.41 Feet of Water: 

Depth to LNAPL: NA Thickness: 

LNAPL Description: NA 

c "" on ners 

Analysis Type Primary Qty 

Tot dis P/SRP 125 ml ooly 

Sampling Data 

Sample Name: MW6-f..~ 
Sample Method: Peris. Low Dow (-200 mVmin) 

Sampling Device: Geolech Peristaltic pump 

Tubing Depth: 

Pump lnUlke Depth: 26feet bloc 

Field Parameters I 

Volume Tompenture pH Conducti'rilJ 
(ml) ("Q (SIJ) (uS/em) 

I I ].II ~.s' I 0 
n.o1 ;,, ;\2. I 0 
1~. O<t 6.7.9 /~ 'd 
I L.'?'i LZ'l I 0 
13-0<:> Lzq 1'1 0 

' (L 
t:f.oJ '-··;a Jl./0 

Comments 

UlJf 
UM:t-

(z.l I 
NA 

MS/MSD 
Qty 

ORP 

(mV) 

l40 
2.'1'/ 
Z'f . ._ 
zl 
2 
7- ~: 

Page I of-~~~~ 

Location: Lakewood, Washington 

Weather. 

Samplers: 

Screen Interval: 

well Diameter. 2 inches 

Gallons per Casing Foot 
(2" ftlttlK pin\; of" •di:OJ!iJ pl/fl) 

Gallons per Annulus Foot: 

23.41 to 27.91 feet btoc 

Annulus Diameter. 

0.16 

{l"_...,...r_., .. ,_s.sp~~~t, . ....,. ... 2·...-, .. ,_,.p.tn:J 

One Purge Volwne: 

Fmal Purge Volume; 

Purge Method: (!:!ristaltic 1!!!!!.1:2 at 200 mlhnin 

Water Disposai!Qty: ~ound surface 

Meter Information 

Model & Calibration Date 

YSI556 

With flow-through cell 

Conductivity: 

DO: 

pH: 

Temperature: 

ORP: ---
Fteld Test Kit Results· QAJQC Samples: 

PID: NA Duplicate: 

DO: NA Replicate: 

Alkalinity' NA MSIMSD: 

Ferrous Iron: NA Blank: 

OtheJ": NA Other. 

00 Turbidity Tnn. Water Level 
(mg/L) (NTU) (24 hr) 1Ft below TOC) 

q (/j IJ'oU 
't/ ISO~ 

;r~ :- tJ IS'JO 
'l, 'I 'Z.. .. 15 1'5' 
q_ 10 <9 15ZO 
<f. z. d J'>l-'> 

>--· ·-'~t-~.,._., 

8 indtes 

None 

None 

None 

None 

None 

Flow Rate 

(mllmm) 

Monitoring well is located in the cui de sac of Seeley Lake Dr. (also called Crescent Circle. Tills location is just southwest of Seeley Lake. 

Field Forms, MW-6 3!312003 

I 
I 
I 
I' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

URS GROUNDWATER SAMPLING DATA SHEET 

Project lnfonnat.ion 

Project Name: Lake Steilacoom Phosphorus Study 

Project!Task No.: 33750346.00006 

Date: Round Three 

Gau2inl!! and Pur2in2 Data 

Station Number: CW-45 

Station Type: Monitori~ Well 

Well Condition: 

Reference Point: TOC Elevation 288.99 

Depth to Water. 27. ,, Elevation 

Depth to Bottom: 50.84 Feet of Water: 

Depth to LNAPL: NA Tilickness: NA 

LNAPL Description: NA 

c tai on ..... 
MS/MSD 

Analyods Type Primary Qtv Qly 

Tot dis P/SRP 125 ml poly 

,r'<.,_--i 

<'· ;;:•':' 'r. •-' :· "'f. 
' 

:~·-

Sampling Data 

Sample Name: CW45. l'f3 
Sample Method: 

Sampling Device: .~ 
Tubing Depth: 

Pump Intake Depth: 

Field Parameters • 
I 

Volum< Terwerature pH Conductivity ORP 
(ml) fC) (SU} (uS/em) (mVl 

10~0 t;.qq z.z.." "l_q i 
?_ JO,S'if '-·'l<t "2.-2$ 7.<1' "> 

JO, lD 1.03 L.~O Z.<i 
4\. /0, ·1 I ?.o~ LZ'f/ 7. 
'>L JO, 712 '7. DO 71<;/ 7 ... 

Comnients 

Monitoring well is located on 47lh Street, due east of·~pri.ngbrook Park 
Well is 45A, the shallow well of well pair. DeepwCII ~s labeled "Hell Hole• 

Gv'fS'B :.=. t) 1W =- 2~.1 o 
n = ~<&.r ··~" 

Ftcld Fonns, CW-45 

Page I of 

Location: Lakewood? Washington (Spri0$brook) 

Weather: 

Samplers: 

Screen Interval: ? ToS0.84 

Well Diameter: tJnches Annulus Diameter. Sinches 

Gallons per Casing Foot: 0.16 
(2" ...:11: Q.l' pUll; ~· wdl:Ob.Spl/11) 

Gallons per Annulus Foot 
(1'-wilbl"<:aAq•U'lpllft:'" ... du-..idll" ..... •l.l.fp.lffl) 

One Purge Volume: 

Fmal Purge Volume: .. 
Purge Method: Bailer 

Water DisposalJQty: 

Meter Infonn tion a 

YSI 556 

Model & Calibration Date I 
See ~d1o~·s_4. 

.• 

' 
• Conductivity: 
' •'· 

:~-
DO: 

pH: 

•:_Ttfmperature: 

ORP: 

Field Test Kit Results: QAJQC Samples· 

PID: NA Duplicate: None 

DO: NA Replicate: None 

Alkalinity: NA MS/MSD: None 

Ferrous Iron: NA Blank.: None 

Other. NA Other. None 

DO Turbidity ........ Water Level Flow Rate 
(mg!L) (NTU) (24 h[') 1Ft below TOCl Cmllmm> 

-:>.. X( .?f II '?7..0 . a, u_ /tl!f 1 ~z.<: 
Z. ~ I IF ll '.,3o 

2 "' 
0 """ j{,g.s;' 

:z..4 I 'i!f t~:,vo 

<- IV ·/ 
~ II ~ ' ""'v 

,,-

._ ..... 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project lnfonnation Page 1 of I 

I Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washinpon (Springbrook) 

Projectffask No.: 33750346.00006 Weather: 

Date: Round Three Samplers: I 
Gaud.n= and Pun!i.u: Data 

Station Number. CW-46 Screen Interval: ?To SO 

Station Type: Monito~ Well Well Diameter: 2 inches Annulus Diameter. 8 inches I 
Well Condition: Gallons per Casing Foot: 0.16 

{l" wdl: 0.16 pllfl: 4" wdl OJ!iS pVft) 

Reference Point: TOC Elevation 288.44 Gallons per Annulus Foot: 

2-t,i.(</ 
(IJ"- .... 2" ........ ,_15pllft;, ........... 1".,..., .. 1.34 pl/ft) 

Depth to Water: Elevation One Purge Volwne: 
I 

Depth to Bottom: 49.73 Feet of Water. F~ Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: Bailer I 
LNAPL Description: NA Water Disposai/Qty' 

c tai on ners 
MSIMSD 

M tel"l ~ I ti • n onna on 

Arudv,;,; Type 1'rimacy Qty Qty 

Tot dis PISRP 125 m1 poly YSI 556 

/ Model & Calibration Date!:... 
~-en-f"k.rs/-ee I 

Conductivity: 

[)(), 

pH' I 
Temperature: 

Sampling Data 

ORP, 

I Field Test Kit Results· QAJQC Samples· 

Sample Name: cw46-Al G3 p[D, NA Duplicate: None 

Sample Method: Bailer [){), NA Replicate: None 

Sampling Device: Alkalinity: NA MSIMSD' None 

Tubing Depth: Ferrous Iron: NA Blaolc None 

I anun .... 
Pump lnlalre Depth, 

Field p el 

Other. NA Other. None I 
Volume Temperature pH Conductivity ORP DO Turbidity Thne Water Level Flow Rate 

{ml) ro {SU) (uS/em) CmVl {mg/1.) {NTU) {24 hr) CFt below TOO cmllmml 
I ll7 ... " .ll..lfr. l'f'6 'l.«Gf • v '< ., III!J ·u I 'it 1} .., 4'1 "tJ t-"J I 

. •n . ""1.1 t..etU 1'6. 1 • fl d 1 :5 
·'l -.n. "J'\( b . .r,v d~ 7. ~ .2to 'II! I 1il 0 
'7 in 11 

"· '}C{ 
~ Z.'i ).4/ I l<i~ I 

I 
.. _~ . 

Comments I 
Monitoring well is located approximately 300 feet south ofwell45 on 47th Street. 

I 
Field Fonns, CW-46 I 



I 
I URS GROUNDWATER SAMPLING DATA SHEET 

I Project Information 

Lake Steilacoom Phosphorus Study Project Name: 

33750346.1)0006 

I 
Projectffask No.: 

Date: Round Three 3 Is Jo?. 

Gau2iiU! and Pu~ng Data 

Station Number: 

Station Type: I 
Well Condition: 

I Reference Point 

Depth to Water. 

Depth to Bottom: 

Depth to LNAPL' I 
LNAPL Description: 

I c tai on ners 

Analvs.is 

I Tot dis P/SRP 

I l c. .>- L-1 \), 

I Sampling Data 

_ Sample Name: 

~'·, Sample Method: 

·· .. { ~~ling Device: 

f~btng Depth: 1· ''\'. · · ~ "Intake Deptho 

•. ,eldP ete 
' ....... rs 

I 

I . Voluml! 
(ml) 

I 
7 

" ,, 
.t:: I 

I 
I 

Comments 

(').li"7() 

Temperature 
(-q 

Jo 1. "¥ 
10.31 
}(), ~ If 
/0 3 " JO, 1< "' 

CW-59 

Monitori!!S, Well 

"i<wr 
TOC E1evation 285.01 

23, 3<ii Elevation 

? Feet of Water. 

NA Thickness: NA 

NA 

MS/MSD 
Type Primau Qty Qty 

125 m1 poly I 

) O<:c~ r~.A 
.... ~~ 

pH Conductivity ORP 
(SU) (uS/em) lmV 
"}0 J.~4 7<;( 

-~ ;_Jq Z.il 
- ~<;<' J3 z.. 7.~ 
.f'>Cf J3L _,., 

c..~'$' f"7.7. z 1 

Page 1 of_l 

Location: 

Weather: 

Samplers: 

Screen Interval: ? 

Well Diameter: 2inches Arutulus Diameter: 8 inches 

Gallons per Casing Foot: 0.16 
(2"wdi.:O.I4pl'ft; 4"-a.:O.Upllft) 

Gallons per Annulus Foot: 
{r _.... willll" Qlsiq" l.IS pWI;6" -ua. vtillo. r .....,,. 1.34 p.llft) 

One Purge Volume: 

Fmal Purge Volume: 

Purge Method: Bailer 

Water DisposaVQtyo 

MterW e orma ti on 

Model & Calibration Date 

YSI 556 

Conductivity: 

[)(), 

pHo 

Temperature: 

ORPo 

Fidd Test Kit Results· QAJQC Samples· 

PIDo NA Duplicate: None 

[)(), NA Replicate: None 

Alkalimtyo NA MS/MSDo None 

Ferrous Iron: NA Blank: None 

Other. NA Other: None 

DO Turbidity Time WaterLevd Flow Rate 
(m&fl.) (NTU) (24 br) CH below TOO (ml/minl 

5 :'6 r:> . j.;-~ 

"' ''KI 'df '«-'- 0 
,_ 'il'• '"" s 

'i(• " QJ I~ ~ 

. *'' (jl( JS'..~¢ 

_,":, 

I 
~~itoring well is located on east side of Addison Slreet, approximately 200 feet south of Springbrook Park. 

I 
Field Fonll5, CW-59 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project Infonnation Page I of 

I Project Name: Lake Steilaroom Phosphorus Study Location: Lakewood, Washington (Springbrook) 

Project/Task No.: 33750346.00006 Weather: 

Date: Round Three Samplers: I 
andPu Gaufl02: l llrYi02:Data 

Station Number. CW-61 Screen Interval: 40 loSO 

Station Type: Monitori!!G Well Well Diameter: 2 inches Annulus Diameter. 8 inches I 
Well Condition: Gallons per Casing Foot: 0.16 

(l" ...U:O.I4pllft; 4"'fre8:U5pWJ 

Reference Point: TOC Elevation 286.24 Ga1Ions per Annulus Foot: 
(J"_......_r....,.U!ipllfl;6"....a..widtl"..,.iot;•I.Up~) 

Depth to Water. 27.00 Elevation One Purge Volume: 
I 

· Depth to Bottom: ? Feet of Water: Ftnal Purge Volume: 

Depth lo LNAPLo NA lbickness: NA Purge Method: Peristaltic: Pump . I 
LNAPL Desaiption: NA Water Disposal/Qty: 

Contal MterW ti I ners 
MS/MSD." 

Analv!ds Type Primary Qtv o..::~'li i 

e orma on 

. 
' t/-. Model & Calibration Date 

Tot dis P/SRP 125 ml oolv 

·' 

YSf;i.$6 

I 
Conductivity: 

oo, 
pH' I 

Temperature: 

ORPo 

S pli Dta F1eld Test Kit Results QAJQCS pi I am ng a ' am .. , 
Sample Name: CW61..._r .... ~ PIDo NA Duplicate: None 

Sample Method: ll.- -:-. fr _,J #-i7. Pv.M /) DOo -~NA Replicate: None 

Sampling Device: WO "" I J\<>r- 1_ .M i Y1 Alkalinity: . <·i-<1.; MSIMSDo None 

Tubing Depth: FZ,,cu.L ~-~ Ferrous Iron;;,, NA Blanlc None 

ll'uillt>_ Intake Dep~ c~\- Cv11' lbo !G. Other. ., .>.: ··~ ·NA Othe,-, None 

Field Parameters 
'\., ,_ 

I 
I 

Volume Temperature pH Condudlvlty ORP DO Turbidity T'nne Waier'l:tvel·; .'Flow Rate 
(ml) (-q (SU) (uS/em) (mV\ (mg/L) (N11J) (l4 hr) <Ft below TOC::\ - <mllmm' ,,,,. II Z.~'i I. 1."5'. ¢ 

:, J/.'3'f{ 7. Zll 11 - z. 'ii'G 'i.oo '" 1.5'0_5. I 
11,•11 .... l.~ ,.,. ;-:i.<J• .'r.'lq-~ 'd' JS/5 

u fl. 3 'i 7.7...ta -,, .... .. /;?-;.,< 'F ["'r'L_ b!l' I"' 'Z.O h' ~ 
.~.:'·" '' .. ·' 1:..ft .!.. II' ,-. -

"1 I 
/ ,., .. 

" 
,/ ·-./ 

I 
/ .. , ... o:: .. 

'' 
1,· Comments I 

Monitoring well is located on west side of Addison Street, due west of northwest comer of Springbrook Park. 

c~ 61-a~ll. t)o I 
Field Fomi.'I,CW-61 3f312003 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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GROUNDWATER SAMPLING DATA SHEET 

Project lnfonnatioo 

Project Name: Lake Steilacoom Phosphorus Study 

Projectfl'ask No.: 33750346.00006 

3/51o?J 13<to_ Round Three Date: 

Gautrinl! and , ...... ta 

Station Number: CW-62 

Station Type: Monitori!!S Well 

Well Condition: ~ }/1 1"1.:1/III;<U.&J. 

Reference Point: TOC Elevation 273.5,:? 

FJevation/t;'/, '/ b Depth to Water: ttJ.ot{ 
fo,t.c Depth to Bottom: Feet of Water. 

Depth to LNAPL' NA lhickness: NA 

LNAPL Df:scription: NA 

c tai on ..... 
MSIMSD 

Analysis Type Primary Qty Qty 

Tot dis P/SRP 125 m1 oolv 

S pl"ngData am ' 
Sample Name: CW62·-· U3 
Sample Method: Peristaltic Pwnp (low Dow) 

Sampling Device: 

Tubing Depth: -:2. I I 

Pomp Intake Deptho 
,, 

Field Parameters 
Volume Temperatul'e pH Conductivity ORP 

(ml) _\c (SU) (uS/em) (mVl 

£ -It ' ir2 , 3 13 :~ Z<fl "Z.. 
2.11.. . 'l 0 .G I ~~ zen 
Cl.i '!fa I ·~ V11 
-" :..- .'17 .. '""' 0 1 + z..q I 
.K 4!" .• R." (,.</..I J. ~7 Z.Ff I 
l, ~ q, "(. {., ''-/0 /. :7 2..."11 

~---~:-

Comments 

Page I of 

Location: Lakewood, Washington (Springbrook) 

Weather. 

Samplers: 

Screen lnteivalo 

Well Diameter: 2inches 

Gallons per Casing Foot: 
a·...a:o.J6plll't; 4"wdi:0.6!itd'ft) 

Gallons per Annulus Foot 

30 to40 

Annulus Diameter: 

0.16 

W --.,..;a, l" ....... us pMt;t;" _.,. willt2" ...q.;t3(:pnl) 

One Purge Volume: 
:....··.c·. '· .~ 

Final Putge VOlume: :;~ · 
v ~ 

Purge Method: .~ Peristaltic Pump 
~-

Water Disposal/Qty: 

" ''\ 
Meter Information 

Modd & Calibration Date 

8inches 

.. 
YSI 556 • ~ e.al1e i .5~ 1-

' I 

Conductivity: 

DOo . 
pHo 

Temperature: 

ORPo 

Field Test Kit Resulls· QAJQCS amp1es: 

PI!Jo NA Duplicate: None 

DOo NA Replicate: None 

Alkalinity: NA MS/MSDo None 

Ferrous Iron: NA Blank: None 

Ott=. NA Other. None 
. ' 

DO Turbidity ..... Water Level Flow Rate 
(mgll.) (NTU) (24 br) (Ft below TOC) (mllmin) 

b,5"Z. .¢" 13'15 
S: 11' I ,. 135"0 
s.S'-t :¢" JJs-5 
s:s-' Uf J¥00 
5 .s.:r "c-P J'i'nf> 
. ..-• .s-b c:.r· IJ•IJ o 

' 

Monitoring well is ln parking area at northern dead--end of Addison Street. 

4va- Cl< i 5 
blt.J ll:f?0"-1 

7 I l,eJow To) o;j wt.R1 cv..:..~:; 
6_o ,&:w i~ 7' h ~w crec.k. 

F~eld Forms, CW -62 313f2003 

. 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project Information Page I of _I 

I Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather.: 

Date: Round Three Samplers: I 
Ga~~ and Pun:mr . .. 
Station Number: - C/e,g_ ~W3 -&-'3 Screen Interval: 

Station Type: Well Diameter. Annulus Diameter: I 
Well Condition: Gallons per Casing Foot: 

(l"...O:IU6p.lnl; 4"wd::0.6Splift) 

Reference Point: Elevation Gallons per Annulus Foot: 
(I"-widi!l"asiq-a 1.15 plfft;~ ....tuw8 2" ..,.;.,. l.l4 pllfl) 

Depth to Water: JI,J'i Elevation One Purge Volume: 
I 

Depth to Bottom: 20.. 2.0 Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA 'Th.ickness: NA Purge Meth9'i: ~ristaltic J!UDll,! at 200 mVmin I 
LNAPL Description: NA Water DisposaVQty' li!ound surface 

c tai on .... 
MS/MSD 

Analvsis Type Primary Qty Qty 

Tot dis P/SRP 125ml uolv 

_, 
Meter information I 

MJciel & Calibration Date . ·' ., -.... ~, ~ . --

~----------------------
With flow~~ .. ~~U (calibrated by Hazco on ) 

YSI556 

I 
Conductivity:~------------------

DO,'_'_• ________________________ _ 

I P~'-----------------------------------
T~~'-----------------------------------

Sampling Data 

ORP, 

I Field Test Kit Results· QAJQC Samples· 

Sample Name: DW2-G2 Pllr. NA Doplicate' None 

Sample Method: Peris. Low Dow (-200 mllmin) 

Sampling Device: Geoted:t Peristaltic DWUD 

no, NA 

Alkalinity: NA 

Replicate: None 

MS/MSD, None I 
Tubing Depth: Ferrous Jroo, NA Blank: None 

arame en 

Pump Intake Deotbo 

FiddP 

Other. NA Other. None '. I 
VoiWIII! Temperature pH Conductivity ORP DO TUibidity "11m< WaterLevd Flow Rate 

(ml) (-c (SU) (uSk:m) (mVl (mg/L) (NTU) (24 hr) 1Ft below TOO <mllmml 
IV.. •. "7 c.. .; L '' 7<'il'> 41 .:; J' ;1.5 . ., L 'l 1 .. 5~ .Lo z.st.:- t. ~"{ -, t:. I( i· ""' ;· I 
·~ h. '&_' lr..o 74!'1 1'17 I~ = 
u q l..'i ;r...u·. ?47 . ' n'2- '.d ., ;lf/'%D 

{", 'I t,_e. ' Jl..:> 7fl? ' .c'3 J lff'3.< .. I 
\· 

., I 
Comments I 

il &... 

I 
Field Forms, DW-2 31312003 ..,- I 
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SURFACE WATER SAMPLING DATA SHEET 

Project lnfonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Projectffask No.: 33750346Jl0006 

Daleo Round Three 

Gaudnll' and Purei112 Data 

Station Number: SW-1 

Station Type: PDL Creek Outfal148-in culvert 

Well Condition: NA 

Reference Point: culvert bottot Elevation 

Depth to Water: NA Elevation 

Depth to Bottom: NA Feet of Water. 

Depth to LNAPL• NA lbickness: NA 

LNAPL Description: NA 

C tai ers on n 
MS/MSD 

Analysis Tvoe Primarv Qty Otv 

Tot dis P/SRP 125 mlpoly 

Total P 200m! oolv 

Samplirq:: Data 

Sample Name: SW1-G2 

Sample Method: Peris. Low flow (-200 mllmin) 

Sampling Device: Geote<h Peristaltic pump 

Tubing Depth: middle of pipe 

Pump Intake Deptho -2 inches 

Field p ete • aram rs 
Volume Temperature pH Conductivity ORP 

(mil ro {SU) (uSkm) CmVl 

I f 2 -'t.- (,,(.q 11..'1 'l. 't. .., 

Comments 

Field Forms. SW -I 

Page I of _I 

Location: Lakewood, Washington 

Weather. 

Samplers: 

Screen Interval: 

Well Diameter: NA 

Gallons per Casing Foot: 
(1" wdl:O.I'pl/fl; 4" W<il: USpVfl) 

Gallons per Annulus Foot: 

NA 

Annu1us Diameter. 

NA 

(I'"-"'" ..;dtl" oaiq- US pWt; 6" .. u..widtl"......., ,.J_}( pllft) 

One Purge Volume: 

F'mal Purge Volume: 

Purge Method: peristaltic 20m2 at 200 mllmin 

Water Disposal/Qty: K!!und surface 

Mterlt: e n onnation 

Model & Calibration Date 

With flow-through cell 

Conductivity: 

00. 

pHo 

Temperature: 

ORP, 

Field Test Kit Results· QAJQC Samples. 

PI!>. NA Duplicate: 

DOo NA Replicate: 

Alkalinity: NA MS/MSD' 

Ferrous Iron: NA Blanlc 

Otl=' NA = 
DO Turbidity Timo Water Level 

(mg/L) (NTIJ) (24 lu-) 1Ft below TOO 

'f. >'1 , 

8 indu.~s 

None 

None 

None 

None 

None 

Flow Rate 
CmYmin) 



SURFACE WATER SAMPLING DATA SHEET 

Project Information 

Project Name: Lake Std.lacoom Phosphorus Study 

Projectfl'ask No.: 

Date: 

33750346.00006 

Round Three .~/'/ /03 

Gautti~ and Pu.V~ Data 

Station Number. SW·2 

Station Type: PDL Creek Sample 

Well Condition: NA 

Reference Point: st['eam chann Elevation 

Depth to Water: NA Elevation 

Depth to Bottom: NA FeetofWatJ::r: 

Depth to LNAPL' NA Thickness: 

LNAPL Description: NA 

c tal on ners 

Analysis Type Primary Qty 

Tot dis P/SRP 125 ml poly 

Total P 200m! poly 

Samplint:: Data 

Sample Name: .5W2-G'3 
Sample Method: Peris. Low flow (-200 ml/min) 

Sampling Device: Geotedl Peristaltic pomp 

Tubing Depth: Thai we~ 

Pump Intake Deptho -2 inches 

FiddP e1<rs I aram 
Volume Temperature pH Conductivity 

(mil ro (SU) (uS/em) 

IL:>l c;.., I J.. -, 

Comments 

Field Forms, SW-2 

NA 

MS/MSD 
Qty 

ORP 
(mV) 

'l 1-l'l 

Location: 

w"""""' 
Samplers: 

Screen Interval: 

Well Diameter: NA 

Gallons per Casing Foot: 
(1" wdL U6 Jd'h; ~· wt1t O.&S plllt) 

Gallons per Annulus Foot: 

Pagel of_l __ _ 

NA 

Annulus Diameter. 8 ind:tes 

NA 

(l"--.wiclol"_...,,_upm6"UM~u.....,r-q-u4pllft.J 

One Purge Volwne: 

Ftnal Purge Volume: 

Purge Method: peristaltic I!!!!!!P at 200 ml/min 

Water Disposal/Qty: S!ound surface 

Meter Information 

YSI 556 

Modd &Calib~ 
~ r:-;{.-;_f __ ~ 

With flow-through cell 'll'f/P2 
Conductivity: 

on 
pHo 

Temperature: 

ORPo 

Fidd Test Kit Results· QAJQC Samples· 

PI !f. NA Duplicate: None 

DOo NA Replicate: None 

Alkalinity: NA MSIMSD' None 

Ferrous Iron: NA Blanlc None 

Other. NA Other. None 

DO Turbidity ,....., Water Level Flow Rate 
(mo/L) (NTU) (24 hr) (Ft below TOCl (ml!min\ 

/C.l't 

31312003 

I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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URS SURFACE WATER SAMPLING DATA SHEET 

Projed Information Page 1 of _I __ _ 

Project Name: Lake Sleilacoom Phosphorus Study Location: 

Projectffask No.: 

Date: 

33750346.00006 Weather: 

Round Three .3/V/tJ:J Samplers: 

G dPu • D aue-n2 an :rr:mr: ata 

Station Number: SW-3 Screen Interval: NA 

Station Type: PDL Creek Sam21e Well Diameter. NA Annulus Diameter. 8 indies 

Well Condition: NA Gallons per Casing Foot: NA 
o· we~~: o.1' putt; ,. -a: o.6s pWJ 

Reference Point: stream dtaon Elevation Gallons per Annulus Foot: 
{J" -- widol"......,., i.l5,.uft;6" -- wido 2" ...-,.I.:UpYII) 

Depth to Water. NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA lhickness: NA Purge Method: 

LNAPL Description: NA Water Disposal/Qty: 

c tai on ners Meterl fi ti norma on 
MS/MSD 

Analyl>is Tvoe PrimarvOtv Otv 

Tot dis P/SRP 125 ml poly YSI 556 

Total P 200mloolv With flow-through cell 

Conductivity: 

DQ, 

pH' 

Temperature: 

QRP, 

- Sampling Data Field Test Kit Results ' 
Sample Name: SW3-Gl pm, NA 

Sample Method: Peris. Low flow (-200 mllmin) DQ, NA 

Sampling Device: Geotedt Peristaltic pump Alkalinity: NA 

Tubing Depth: Thai we~ Ferrous Iron: NA 

Pump lotake Depth, -2 inches Othec NA 

Fidd P am t I ac e ers 
Vol""" Temperature pH Conductivity ORP DO Turbidity 

(ml) t-a (SIJ) (uS/em) lmV> (mg/L) (NTU) 

I I, 3(., C:, ~I I ~(_J '7 :t"l q 9 t, A 

Comments 

Sample collected from center of bridge deck approximately 100 feet upstream of POL stream mouth on lake. 
Pwnp intake hung into strean thalweg at depth of approximately 4 inches 1 

\) ::0 'I 1 0 -=0, <( 
I 1 l>•l r I •-•'b : . · ' -'4 2..1( 1,0 
,.-... 1.1 -z.J. Z.f 

/.1 1.'1 /,!. 1.~ 

l l z' z' 
Field Forms, SW -3 

~ristaltic 1!!:!!!!1! at 200 mllmin 

J2:ound surface 

Modd & Calibration Date 

StZG F,t:i_[ $_j..-J 

Time 
(24 br) 

0; 1.0 

2.,'-1 
2.?> 
/, 4 I 

QAJQC Samples· 

Duplicate: 

Replicate: 

MS/MSn-

Blank: 

0-

W.alerLevel 

(Fa bdowTOC) 

SW13-Gl 

None 

None 

None 

None 

Flow Rate 

(mil min) 

313/2003 



I 

URS SURFACE WATER SAMPLING DATA SHEET I 
Project Information Page I of I __ _ 

I Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washin;ton 

Projectffask No.: 33750346.00006 Weather: 

Date: Round Three 3/J"/o3 Samplers: I 
Gauci02andPun;n~DaP 

Station Number: SW-4 Screen Interval: NA 

Station Type: Clover Creek Samele Well Diameter: NA Annulus Diameter. NA I 
Well Condition: NA Gallons per Casing Foot: NA 

(l" wdl: 0.16plllt 4"...0:0.6Splltt) 

Reference Point: Bridge Deck Elevation Gallons per Annulus Foot: 
(I" -Ia riltl" caoiq • l.ll5pllft;6" -.,...._2. asac-" l.l4,.rii\J 

Depth to Water: NA Elevation One Purge Volume: 
I 

Depth to Bottom: NA Feet of Water. Final Purge Volwne: 

Depth to LNAPL: NA Thickness: NA Purge Method: (!!:ristaltic 2ume at 200 mllmin I 
LNAPL Description: NA Water Disposal/Qty: !!:OUnd surface 

c "" on ..... 
MS/MSD 

Analy,;s Type PrimaryQty Qty 

Meter I fonnati n I n 0 

·' 
Model & Calibra~o,- Date 

Tot dis P/SRP 125 ml .... 

Total P ZOOml poly 

YSI556 

With flow-through cell 

Conductivity: 
i . I 

oo, 
pH' I 

Temperature: 

Sampling Data 

QRP, 

I Fldd Test Kit Results· QAJQC Samples· 

Sample Name: SW44J G-3 PI~ NA Duplicate: SW13-Gl 

Sample Method: Peris. Low flow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

oo, NA 

Alkalinity: NA 

Replicate: Noae 

MS/MSD' None I 
Tubing Depth: Tilalweg Ferrous Iron: NA Blank: None 

I Pump Intake nep"" -2 inches 

Field Parameters 

Othetc NA Other. None I 
Volume Temperature pH Coodudi'rity ORP DO Turbidity Time WaterLevd Flow Rate 

(ml) tCl (SU) (uS/em) (mV) (mg/L) (NTU) (24 br) (ft below TCX:l (mllmin) 

<:{,..-~ L11 1'3 '1 Z-<'3 II. in C·-~ I 
I 
I 

Comments I 
Sample collected from Bridge deck over Clover Creek on Gravelly Lake Drive, approximately t,OOO feet upstream of stream mouth. 

"~' ;;r· ~_.;';: 
L---~---M-.-----.. -,-W-4--------------------------------------------------------------------------------------------_J II 

~..... 31312003 



I 
I SURFACE WATER SAMPLING DATA SHEET 

I Project Information Page 1 of I 

Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 

I Round Three Date: 

Weather: 

Samplers: 

Gauti112 and Pull!:i~ Data 

Station Number: SW-5 Screen Interval: NA 

Station Type: Clover Creek Sam~,!le Well Diameter. NA Annu1us Diameter. NA I 
Well Condition: NA Gallons per Casing Foot: NA 

(2" wdl: 0, 16 p&l1l; ,. wdl: 0.6!1 plfft) 

Reference Point: USGS station Elevation Gallons per Annulus Foot: 
('f" _ ..... ...ut.2• ca<iq: .. us pWt;··-oJ-•oridl r,..-.., I.Mpllft) I 

Depth to water: NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water. Frnal Purge Volume: 

Deplh 1o LNAPL' NA llrickness: NA Purge Method: ~!!:ristaltic eume at 200 mVmin I 
LNAPL Description: NA Water Disposal/Qty: £!OUnd surface 

I c ontainers 
MS/MSD 

M t Ioo ti e er orma on 

Analvsis Tvoe PrimaryQiy Qcy Model & Calibration Date 

Tot dis PJSRP 125 ml poly 

Total P 200ml poly I YSI 556 

With flow-through cell 

Conductivity: 

I OOo 

pHo 

Temperature: 

I Sampling Data 

OR!'". 

Field Test Kit Results· QAJQC Samples· 

I 
Sample Name: sws-11. (r3 
Sample Method: Peris. Low flow (-200 mVmio) 

Sampling Device: Geotech. Peristaltic pump 

PI Do NA 

OOo NA 

Alkalinityo NA 

Duplicate: None 

Replicate: None 

MS!MSDo None 

Tubing Depth: 1balweg 

l'umJ!..IntakeDeptho -2 inches I 
Ferrous Iron: NA 

Othe<o NA 

Blank: None 

Other: None 

Fldd p ... aram " 

I 
Volume Temperatun pH Conductivity ORP DO Turbidity Thne Water Level Flow Rate 

(ml) rCJ (SU) (uS/em) (mVl (mg/L) (NTU) (24 hr) fFt below TOO (ml/min) 

l!, ~ ... b, 1'1 /110 Z- 'I<X JJ,Sh ""\/?" l73"6 

I 
I 
I Comments 

Sample location: mid stream at USGS station below bridge on South Tacoma Way. 

I 
I 

F~eld Forms, SW-5 31312003 
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I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project Infonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Project/Task No.: 33750346.()0(106 

Date: Round Three 

Gaultifl!: and Puntinr: Data 

Station Number: DW-1 

Station Trpe: Manhole 

Well Condition: 

Reference Point: Manhole toP: Elevation 

Depth to Water. Elevation 

Depth to Bottom: Feet of Water: 

Deptb to LNAPL' NA lbickness: NA 

LNAPL Description: NA 

c t:U on ners 
MS/MSD 

Analysis Type Primarv Otv Qtv 

Tot dis P/SRP 125 ml poly (-,'prJ Fr' 1!~ 
~tiM~ r7t':i,O - ~=-, · ·k-1 

s fi~Data amp 

Sample Name: DWJ-0 (',.. 3 
Sample Method: Peris. Low Dow (-200 mllmin) 

Sampling Device: Geote<h Peristaltic pump 

Tubing Depth; 

Pump Intake Deptbo 

FoetdP ar.unete.-s ' 
Volume Temperature pH Conductivity ORP 

(ml) _ffi (SU) (uS/em) tmVl 

iL 10 C. • 6 I I :0, I u. l.f.C, 

Location: Lakewood, Washington 

--v~r;-"'e (~ 

Page 1 of _l___ I 
Weather: 

Samplers: I 
Screen Interval: 

Well Diameter. Annulus Diameter: 

Gallons per Casing Foot 
I 

{T wdl: 0.11i pi/It 4" ""'<~!: 0-'5 pVII) 

Gallons per Annulus Foot: 
(r-a....idor .......... t.lSpllft;6"...U..widol"cario.c'"t.J4plll\.) 

One Purge Volume: I 
Final Purge Volume: 

Purge Method: peristaltic I,!WDI!, at 200 mllmin 

Water DisposaJJQty: &!ound surface 
I 

ormation I 
Modd & Calibr-ation Date 

YSI 556 

With flow-throu@ cell 

Conductivity: sec F,'~t s~Z I 
oo, cr}= thL--R~ 
pH' 1:11!!. A6F z.50 I 

Temperature: 

ORPo 

I Field Test Kit Results· QAJQC Samples· 

P!Do NA Duplicate: None 

Replicate: None 

MS/MSDo None 

oo, NA 

Alkalinity: NA I 
Ferrous Iron: NA Blanko None 

Otbe<o NA Other. None I 
DO TurbMiity ,......, WaterLevd Flow Rate 

(mg/L) (NTU) (24 br) tFo below TOC\ lml/minl 

<(.{L. 0 " <;"<; I 
I 
I 

~~i;;onuu~en~ls~ed!iJiiii~:;;-;;;;;;·.44884ute~h::iN;;;,.;;;Ei;;;,;e1.;;;.,;;i,d;.,.::;;~;;:lallii;;p;i~"'~frp;:n;;;l;::;:ii~i;,;"';;;_ :;;';;:;;(~\'~clol;e o;;jp::fr,;;;o5;;;"ftce.~'";;;if[;;imt:::-;;;P,;;;J<;;;t};;; .• ;;;g;il~2~9f:h.u.A.,i&eftfe:;;et:;;n;;;m<i~;;~;t;f?!iiiiiii"''ij;iet.-i;;&};-. ------~~ 
}Jf? pefft~ 5<(5k.,...,e. J\JSt "' hc.k !c. {Ut-tftllj ~ltvg k ~o. St",j I 

Field Fonns, DW-1 313/2003 I 
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I 
IURS SURFACE WATER SAMPLING DATA SHEET 

I 
Project Information 

Project Name: Lake Steilacoom Phosphorus Study 

Page I of _I __ _ 

Location: Lakewood, Washington 

Weather: Projectffask No.: 33750346.00006 Sunny, 65F 

I (D~at:e~c-------------"~R~o~u=nd==F=o=u=r~&~2~3=/=03~~~~~~~~~~~~=-~S=a~mp!:le:~:c ____ _:J=·=R=a~pp~~~~~~~~~~~~~~~~~~;J 

Pu • D Gau~in2 and ~re:me i ata 

Station Number: SW-1 Screen Interval: NA 

Station Type: POL Creek Outfall48-in culvert Well Diameter: NA Annulus Diameter: 8 inches 

Well Condition: NA Gallons per Casing Foot: NA I 
a· .... n: o 16 pllft: 4" wdl: o_6s pllft) 

Reference Point: culvert bott01 Elevation Gallons per Annulus Foot: 
(8"uuluo wilbl" asioog~ 1.8S plllt 6" uaut.. widl 2" cat~iAS- 1.34 pUll) 

Depth to Water: NA Elevation One Purge Volume: I 
Depth to Bottom: NA Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: J!edstaltic J!UffiJ! at 200 mVmin 

LNAPL Description: NA Water Disposal/Qty: ground su.-face I 
I Containers 

MS/MSD 
Analysis Type Primary Qty Qty 

Meter Information 

Model & Calibration Date 

Tot dis P/SRP 125 ml poly 

Total P loolv I 
6/23nooJ 

With flow-through cell 

Conductivity: 4.48 uS/em 4.49 

I 
DOc mg/L NA 

pRo 3.98 su 400 

Temperature: Celsius NA 

ORPc mY 

I Sampling Data Field Test Kit Results· QA/QC Samples· 

Sample Name: SW1-G4 PIDc NA Duplicate: None 

Sample Method: Peris. Low flow (-200 mUmin) 

Sampling Device: Geotech Peristaltic pump I 
DOc NA 

Alkalinity: NA 

Replicate: None 

MSiMSDc None 

Tubing Depth: middle of pipe Ferrous Iron: NA Blank: None 

Pump Intake Depth: -2 inches I F" ldP 

Other: NA Other: None 

oe arame rs 

I 
Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 

(ml) 1-c> (SU) (uSJcm) CmV) (mg/L) (NTU) (24 hr) (Ft below TQC) (mUmin) 

12.15 6.96 0.114 106.8 9.64 clear 1100 NA 200 

I 
I 
I Comments 

•I II L----Fi_d_d_F_oono __ md __ 4 ___ s_w--o------------------------------------------------------------------------------------------------_J 



I 
SURF ACE WATER SAMPLING DATA SHEET I 

Project Infonnation Page l of _I __ _ 

I Project N arne: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: Sunny,65F 

Date: Round Four 6123/03 Samplers: J.Raoo I 
Gau,;n~ and Punri02 Data 

Station Number: SW-2 Screen Interval: NA 

Station Type: PDL Creek Sample Well Diameter: NA Annulus Diameter: 8 inches I 
Well Condition: NA Gallons per Casing Foot: NA 

(2" wdl: 0.16 pltft; 4" wtll: 0.6S pllft) 

Reference Point: stream dtann Elevation Gallons per Annulus Foot: 
(S" .... ,.,. wil:ll. r c:asiag = u~ pllll6" ..... tu widt 1" caoU11 • L34 pUtt) 

Depth to Water: NA Elevation One Purge Volume: 
I 

Depth to Bottom: NA Feet of Water. Final Purge Volume: 

O.pth to LNAPL' NA Thickness: NA Purge Method: l!!;ristaltic J!Dml! at 200 mllmin I 
LNAPL Description: NA Water DisposaVQty: ground surface 

Containers M t I f ti I MSIMSD 

e er norma on 

Analysis Tyoe Primarv Qtv Qtv Model & Calibration Date 

Tot dis P/SRP 125 ml poly 

Total P Polv 

YSI556 6/23/2003 

With flow-through cell I 
Conductivity: 4.48 uS/em 4.49 

I)(} m.JL NA 

pH: 3.98 su 4.00 I 
Temperature: Celsius NA 

ORP: mV 

Sampling Data Field Test Kit Results· QAIQCS I amp es: 

Sample Name: SW2-G4 PIDo NA Duplicate: None 

Sample Method: Peris. Low flow (-200 mVmin) 

Sampling Device: Geotech Peristaltic oumo 
= NA 

Alkalinity: NA 

Replicate: None 

MS/MSDo None I 
Tubing Depth: Thalweg Ferrous Iron: NA Blank: None 

Pumo Intake Deptho -2 inches Other: NA Other: None I 
F"ldP arame •• 

Volume Temperature pH Conductivity ORP DO Turbidity T""' Water Level Flow Rate 
(ml) 1-o (SU) (uS/em) fmV) (mg/L) (NTU) (24 hr) (Ft below TOO {mVminl 

12.84 6.58 0.108 142.6 9.42 clea.- 1130 NA 200 I 
I 
I 

Comments I 
I 
I 

Field Forms md 4, SW -2 91312003 



I 
IURS SURFACE WATER SAMPLING DATA SHEET 

I 
Project Information 

Project Name: Lake Steilacoom Phosphorus Study 

Page 1 of _I __ _ 

Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: Sunny, 65F 

Round Four 6123/03 Samplers: J, Rapp 

au~m~an dPu . lfEIDE D ata 

Station Number: SW-3 Screen Interval NA 

Station Type: PDL Creek Sample Well Diameter: NA Annulus Diameter: 8 inches 

Well Condition: NA Gallons per Casing Foot: NA I 
(2" wll: o 16 plffl; 4" wdl: 06S gal/Ill 

I Reference Point: stream chann Elevation Gallons per Annulus Foot: 
(8• 111nlu with2" <a<iag~ US p.l/1'1:6" OlUiuhos w;~~oz·c:uiq" I.J.4 pUft) 

Depth to Water: NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: 2eristaltic pump at 200 mllmin 

LNAPL Description: NA Water Disposai/Qty: ground surface I 
I Containers M I I I .. 

MSJMSD 

Analvsis Type Primary Qly Qty 

e er n onna ton 

Model & Calibration Date 

Tot dis P/SRP 125 ml poly 

Total P 200 ml poly 

YSI 556 612312003 

With flow-through cell 

Conductivity: 4.48 uS/em 4.49 
I 

DQ,mg/L NA 

pH' 3.98 SU 4.00 

Temperature: Celsius NA 
I 

ORP: mY 

I Sampling Data Field Test Kit Results· QAJQC Samples· 

Sample Name: SW3-G4 PID: NA Duplicate: SWI3-G4 

I Sample Method: Peris. Low flow (-200 ml/min) 

Sampling Device: Geotech Peristaltic pump 

on NA 

Alkalinity: NA 

Replicate: None 

MSIMSD' None 

Tubing Depth: Thalweg Ferrous lron: NA Blank: None 

Pump Intake Depth: -2 inches Other: NA Other: None I F" ldP I r.; •• arame e 
Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 

I 
(ml) ("Cl (SU) (uS/em) (mV) (mg/L) (NTU) (24 br) (R below TOC) (mllmin) 

12.45 8.37 0.114 66.1 10.86 clear 1015 NA 200 

I 
I 

II f,C~o:m~m~e:n~~~~;:~~:=~~~~~~::::::~~~::::::::~~~====~::~:7~------------------------------------------, Sample collected from center of bridge deck approximately 100 feet upstream of POL stream mouth on lake. 

I 
Pump intake hung into stream thalweg at depth of approximately 4 inches. 

I Field Forms md 4. SW·3 7f231100J 



I 
SURF ACE WATER SAMPLING DATA SHEET 

I 
Project Information Page I of _I __ _ 

Lake Steilacoom Phosphorus Study 

Sunny,65F 

Project Name: 

Project!Task No.: 33750346.00006 

Location: Lakewood, Washington I Weather: 

Date: Round Four 6/18/03 Samplers: j. Rapp 

Gaue:iM and Pureine Data I 
Station Number: SW-4 Screen Interval: NA 

Station Type: Clover Creek Saml,!le Well Diameter: NA Annulus Diameter: NA 

Well Condition: NA Gallons per Casing Foot: NA 
a- ....dl: 0 l6pllfl: 4" -a_ 0.65 pl/11.) 

I 
Reference Point Brids;e Deck Elevation Gallons per Annulus Foot: 

(S" .,..•la.s with 2" """"-1 ~ U5 p\llt; 6" ua•hu with 2" ~,. l.:W pl/fl) 

Depth to Water: NA Elevation One Purge Volume: I 
Depth to Bottom: NA Feet of Water: Fmal Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: l!eristaltic puml?: at 200 mllmin 

LNAPL Description: NA Water Disposal!Qty: ground surface I 
Containers 

MS/MSD 

Analysis Type PrimaryQty Qty 

Meter Infonnation 

I Model & Calibration Date 

Tot dis PfSRP 125 ml poly YSI556 612312003 

Total P 200 ml poly With flow-through cell 

Conductivity: 4.48 uSfcm 4.49 I 
on mg/L NA 

pHo 3.98 SU 4.00 

Temperature: Celsius NA I 
ORPo mY 

Sampling Data 

Sample Name: SW4·G4 

Field Test Kit Results· I QA/QC Samples· 

PID: NA Duplicate: None 

Sample Method: Peris. Low flow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

Tubing Depth: Thalweg 

on NA 

Alkalinity: NA 

Ferrous Iron: NA 

Replicate: None 

MSIMSDo None 

Blank: None I 
•• arame rs 

Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 
(ml) tCl (SU) (uS/em) (mVl (mg!L) (NTU) (24 hr) {ft below TOC) (mUmin) 

Pump Intake Depth: -2 inches 

Fi ld p te 

Other: NA Other: None 

I 
14.25 7.07 0.122 131.2 10.69 clear 1200 200 I 

I 
I 

Comments I Sample collected from Bridge deck ovec Clover Creek on Gravelly Lake Drive, approx.imately 1,000 feet upstream of stream mouth. 

I 
Field Forms md 4. SW-4 7123!2003 I 



I 
1 uas SURFACE WATER SAMPLING DATA SHEET 

I Project Information 

Project Narre: 

I 
Projectffask No.: 

Date: 

Lake Steilacoom Phosphorus Study 

33750346.00006 

Round Four 6/23/03 

Gaul!:me: an dPu . D Urt!IDI! ata 

Station Number: SW-5 

Station Type: Clover Creek Sam(!:le I 
Well Condition: NA 

I Reference Point: USGS station Elevation 

Depth to Water: NA Elevation 

Depth to Bottom NA Feet of Water: 

Depth to LNAPL: NA Thickness: I 
LNAPL Description: NA 

on ners 

Analysis Type Primary Qty 

I Tot dis P/SRP 125 ml oo1v 

Total P 200 m1 oo1y 

I 
I Sampling Data 

I 
Sample Name: SW5-G4 

Sample Method: Peris. Low flow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

Tubing Depth: Thalweg 

Pump Intake Depthc -2 inches I 
Field Parameters 

I 
Volume Temperature pH Conductivity 

(ml) ('C) (SU) (uS/em) 

14.22 7.33 0.124 

I 
I 
I 

Comments 

NA 

MS/MSD 
Qty 

ORP 

(rnV) 

115.1 

I 
Sample location: mid stream at USGS station below bridge on South Tacoma. Way. 

I 
Field Foons rnd4, SW-5 

Page I of _I __ _ 

Location: Lakewood, Washington 

Weather: Sunny, 65F 

Samplers: J.Rapp 

Screen Interval: NA 

Well Diameter: NA Annulus Diameter: NA 

Gallons per Casing Foot: NA 
(l" wdl: 0.16 plllt •• well: 065 pllft) 

Gallons per Annulus Foot: 
(8" """•""' wido 2" casia1• 1.85 plllt 6" auahuwilb l"casia( • U4 p.IIA) 

One Purge Volume: 

Final Purge Volum::: 

Purge Method: ~ristaltic J!UIDI,! at 200 mVmin 

Water DisposaVQty: ground surface 

Meter Information 

Model & Calibration Date 

YSI 556 6nl/2003 

With flow-through cell 

Conductivity: 4.48 uS/em 4.49 

DOc rng/L NA 

pHo 3.98 su 4.00 

Temperature: Celsius NA 

ORP: mY 

Field Test Kit Results· QAIQC Samples· 

PIDc NA Duplicate: None 

DOc NA Replicate: None 

Alkalinity: NA MS/MSDc None 

Ferrous Iron: NA Blank: None 

Other: NA Other: None 

DO Turbidity Tbne Water Level Flow Rate 
(mg/L) (NTU) (24 hr) (Ft below TOC) (mVmin) 

!0.19 clear 1300 200 

913nQ03 



I 
GROUNDWATER SAMPLING DATA SHEET I 

Project Information Page 1 of _I __ _ 

I Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington (Springbrook) 

Projectffask No.: 33750346.00006 Weather: cloudy, calm, SOF 

Date: Round Four S/2U03 Samplers: j. Rapp w/ Diana Phelan (Herrera) I 
awrilll! an ....... G dPu . D ata 

Station Number: Herr-MW3-G2 Screen InteJVal: 25.5-28' 

Station Type: Monitori!!f~ Well Well Diameter: 2 inches Annulus Diameter: 8 inches I 
Well Condition: Gallons per Casing Foot: 0.16 

{l"...0:0.16pl'ft; .f"wdi:0.6Spl/ft) 

Reference Point: TOC Elevation Gallons per Annulus Foot: 
ca· __,.,, widtl" c:asiaa:~ us pl/fl; 6" ... llbu .. db r casiaa= 1.34 pllft) I 

Depth to Water: 16' Elevation One Purge Volume: 

Depth to Bottom: 28' Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: Peristaltic Puml,! I 
LNAPL Description: NA Water DisposaJ/Qty: 

Containers 
MS/MSD 

M te I ~ I ti e r n onna on 

Analvsis Type Primary Qty Qty Model & Calibration Date 

Tot dis P/SRP 125 ml poly Multiple meters o~rated by Hert"era 

With flow-through cell I 
Conductivity: 

DO, 

pH' I 
Temperature: 

.-

Sampling Data 

ORP' I Field Test Kit Results· QAJQC Samples· 

Sample Name: Herr- MW-3-G4 pm, NA Duplicate: None 

Sample Method: Peristaltic Pump (low Oow) 

Sampling Device: Geotech oerislaltic pump 

DO, NA 

Alkalinity: NA 

Replicate: None 

MS/MSD' None I 
Tubing Depth: 20' Ferrous Iron: NA Blanlc None 

Pump httake Depth' Other: NA Other: None I 
Fi ld P ameters •• ar 

Volume Temperature pH Conductivity ORP DO Turbidity TUne Water Level Flow Rate 
(gal) ~C) (SU) (uS/em) (mV) (mg!L) (NfU) (24 hr) {Ft below TOO (mVmin) 

1.7 12.3 6.38 134.2 NR 7.5 0.45 935 16.7 0.22 I 
I 
I 

Comments I 
Monitoring well sampled by Herrera Consultants. URS collected a sample and recorded final Herrera measured parameters. 

I 
I 

Field Forms md 4, Herr-MW-3 91312003 



I 
1 uas GROUNDWATER SAMPLING DATA SHEET 

I Project Infonnation Page 1 of _l __ _ 

Lake Steilacoom Phosphorus Study Project Narre: Location: Lakewood, Washington 

parity cloudy, 70 F 

I Round Four 6/19/03 

33750346.00006 Project/Task No.: 

Date: 

Weather: 

Samplers: J.Rapp 

GaueineandPu~ineDam 

Station Number. MW-2 Screen Interval: 22.91 to 27.41 btoc 

Station Type: Monitori!!8 Well Well Diameter: 2 indies Annulus Diameter: 8 inches I 
Well Condition: good Gallons per Casing Foot: 0.16 

(!"wdi:O.I6p1111; 4"woll:0.65plllt) 

Reference Point TOC Elevation 263.22 Gallons per Annulus Foot: 
(1' _Oll ... widr.2" cuing .. us plffl; ,. _ .... willl" euiaj = 1.34 pL!It) I 

Depth to Water: 19.91" Elevation 243.31 One Purge Volume: 

Depth to Bottom: 27.91 Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: J!!:ristaltic puml! at 200 mVmin I 
LNAPL Description: NA Water Disposai!Qty:. ground surface 

I Containers 
MSIMSD 

Meter Infonnation 

Analysis Type Pdmary Qtv Qty Model & Calibration Date 

Tot dis P/SRP 125 ml poly I YSI 556 6119/2003 

With flow-through cell 

Conductivity: 4.48 uS/em 4.49 

I on m,;L NA 

pR 3.98 SU 4.00 

Temperature: Celsius NA 

I 
Sampling Data 

QRP, mV 

Field Test Kit Results· QAJQC Samples· 

I 
Sample Name: MW2-G4 

Sample Method: Peris. Low flow (-200 mllmin) 

pJD, NA 

oo, NA 

Duplicate: None 

Replicate: None 

Sampling Device: Geotech Peristaltic pump Alkalinity: NA MS/MSD' None 

Tubing Depth: 

Pump Intake Depth: 24.5 feet btoc I 
Ferrous Iron: NA 

Other: NA 

Blank: None 

Other: None 

Fi ld p •• arame ers 
Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 

(mil I"CI (SUI (uS/em) lmVI (mg/Lj (NTU! (24hr) fFt below TOO fmUmin) 

200 13.47 6.67 0.119 154.5 8.71 dear 1300 200 I 
400 12.51 6.24 0.113 158.2 7.76 dear 1305 200 
600 12.47 6.18 0.112 165.3 7.69 dea>" 1310 200 
800 12.48 6.18 0.112 168.9 7.64 dea>" 1315 200 
1000 12.52 6.18 0.112 172.7 7.6 dear 1320 200 I 
1200 12.5 6.18 0.112 177.2 7.66 dea>" 1325 200 

I 
I 

Comments 

I 
Monitoring well is located at the intersection of Ruse II Rd. and I 04th Street SW, next to the northeast comer of the Lakewood Active Park Fence. 

I 
Field Forms md 4, MW -2 9!3f2003 



I 
GROUNDWATER SAMPLING DATA SHEET I 

Project lnfonnation Page 1 of I 

I Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

ProjecVTask No.: 33750346.00006 Weather: parity cloudy, 70 F 

Date: Round Four 6119/03 Samplers: j.Raoo I 
GaWne and Pur2i112 Data 

Station Number: MW-4 Screen lntetval: 7 AS to 11.98 feet btoc 

Station Type: Monitoring Well Well Dirureter: 2 inches Annulus Diameter: 8 inches I 
Well Condition: good Gallons per Casing Foot: 0.16 

(2" wdl: OJ6 pi/It .f" wdt 0.6S pllft) 

Reference Point TOC Elevation 246.22 Gallons per Annulus Foot: 
cs· _ .... Mdt r asia.!: .. us pllfl; , ......... willl2" ......, .. 1-34 p.l/1\) I 

Depth to water: 5.48' Elevation 240.74 One Purge Volum:: 

Depth to Bottom: 12.48' Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA lltickness·. NA Purge Method: 2!:ristaltic }!UJD:2 at 200 mVmin I 
LNAPL Description: NA Water Disposai/Qty: ground surface 

Contai ers Meter Infonnatio I n 
MS/MSD 

n 

AnalysU; Type Primary Qty Qty Model & Calibration Date 

Tot dis P/SRP 125 ml oolv YSI 556 6/19/2003 

With flow-throug!l cell I 
Conductivity: 4.48 uS/em 4.49 

on mgiL NA 

pH' 3.98 SU 4.00 I 
Temperature: Celsius NA 

ORP: mY 

Sampling Data Field Test Kit Results· QAJQC Samples· I 
Sample Name: MW4-G4 PJD, NA Duplicate: None 

Sample Method: Peris. Low Dow (-200 mllmin) 

Sampling Device: Gootech Peristaltic pump 

oo, NA 

Alkalinity: NA 

Replicate: None 

MS/MSD' None I 
Tubing Depth: Ferrous Iron: NA Blank: None 

Pump httake Depth' 10 feet btoc Other. NA Other: None I 
F. eld Parameters ' 

Volume Temperature pH Conductivity ORP DO Turbidity Timo Water Level Flow Rate 
(mil \C) (SU) (uS/em) (mV) (mg/L) (NTU) (24 hr) (R below TOC) (ml/min) 

200 13.91 6.44 0.113 150.9 9.35 clear 1404 200 

400 12.5 6.09 0.106 165.2 6.61 clear 1409 200 
I 

600 12.4 6.07 0.105 171.2 6.46 clear 1414 200 

800 12.4 6.07 0.105 173.2 6.42 clear 1419 200 I 
I 

Comments I 
Monitoring well is located approximately ISO feet south of the north end of 58th Coull, southeast of Lakewood City HalL 

I 
I 

Field Forms md4. MW-4 91312003 



I 
1 uas GROUNDWATER SAMPLING DATA SHEET 

I Project lnfonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Page 1 of 

Location: Lakewood, Washington 

Project/Task No.: 

Date: 

33750346.00006 Weather: 

I 
partly cloudy, 70 F 

Round Four 6119/03 Samplers: J.Raoo 

Gau~neaodPu~ingDab 

I Station Number: MW·S Screen Interval: 14.84 to 19.34 feet btoc 

Station Type: Monitoring; Well Well Diameter: 2 inches Annulus Diameter: Sinches 

Well Condition: ~ood Gallons per Casing Foot: 0.16 
(2"wdi:O.I6pVft; 4"10dl:0.6SpVft) 

Reference Point: TOC Elevation 250.62 GaUons per Annulus Foot: 
(8" ....,....,. ..;lb2" ~"\.IS taJitl; 6" .....,. • ..., wid. 2" cuiq m \.:U pl/ft) I 

Depth to Water: 14.76' Elevation 235.86 One Purge Volume: 

Depth to Bottom: 19.84' Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: ~ristaltic ~ump at 200 mllmin I 
LNAPL Description: NA Water Disposai!Qty: ground surface 

I c ta' M t I ~ f on mers 
MSJMSD 

e er n onna 100 

Analvsis Type Primary Qty Qty Model & Calibration Date 

I Tot dis P/SRP 125 ml poly YSI556 611912003 

With flow-through cell 

Conductivity: 4.48 uS/em 4.49 

oo,m<!L NA 

pH' 3.98 SU 4.00 I 
Temperature: Celsius NA 

ORP: mV I 
Sampling Data Field Test Kit Results· QA/QC Samples· 

I 
Sample Name: MWS·G4 

Sample Method: Peris. Low flow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

PID' NA 

on NA 

Alkalinity: NA 

Duplicate: MW15-G4 

Replicate: None 

MS/MSDo None 

Tubing Depth: 

Pump Intake Depth' 17 feet bloc 

Ferrous Iron: NA 

Other: NA 

Blank: None 

Other: None I 
Fi ld p •• arame ers 

I 
Volume Temperature pH Conductivity ORP DO Turbidity Tbn< Water Level Flow Rate 

(ml) 1-o (SU) (ustcm) (mVl (mg/L) (NTU) (24 hr) {R below TOO (mVmin) 

200 12.79 6.32 0.112 150 8.35 clear 1502 200 

400 12.47 6.17 0.11 161.1 8.15 clea;- 1507 200 
600 12.44 6.17 0.11 167.8 8.11 clea;- 1511 200 
800 12.43 6.17 0.109 169.6 8.11 clear 1515 200 I 

I 
I 

Comments 

I 
Monitoring well is located approximately 30 feet west of the intersection of Avondale Ave. and Lexington Ave. The well is on the northwest comer. 

I 
Field Forms md 4, MW-5 91312003 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project Infonnation Paget of 

I Lake Steilacoom Phosphorw; Study Project Name: Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: parity doudy, 65 F 

Date: Round Four 6120/03 Samplers: J.Rapp I 
GaueineandPuntineDab 

Station Number: MW-6 Screen Interval: 23Al to 27.91 feet btoc 

Station Type: Monitori!!S; Well Well Diameter: 2 inches Annulus Diameter: 8 inches I 
Well Condition: Gallons per Casing Foot: 0.16 

(1"-tl:O.J6pltft; •·wdlo.Upl/11.) 

Reference Point: TOC Elevation 263.67 Gallons per Annulus Foot: 
1'" .... ~uw;!h r-;.,: ~us p.l/(1: , ...... a~as willtr asiq-1.34 pllfl) I 

Depth to Water: 23.86' Elevation 239.81 One Purge Volume: 

Depth to Bottom: 28.41 Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: ~ristaltic I!WDI! at 200 ml/min I 
LNAPL Description: NA Water Disposai/Qty: s:round surface 

c ... on mers 
MS/MSD 

M t Jnf I r e er orma 1on 

Anolysis Type Primary Qty Qty Model & Calibration Date 

Tot dis P/SRP 125 ml poly YSI 556 6/20/2003 

With flow-through cell I 
Conductivity: 4.48 uS/em 4.49 

DOo mg/1. NA 

pHo 3.98 SU 4.00 I 
Temperature: Celsius NA 

Sampling Data 

ORP:mV I Field Test Kit Results· QA/QC Samples· 

Sample Name: MW6·G4 P!Do NA Duplicate: None 

Sample MethOO: Peris. Low Oow (-200 mllmin) 

Sampling Device: Geotech Peristaltic pump 

DOo NA 

Alkalinity: NA 

Replicate: None 

MS/MSDo None I 
Tubing Depth: Ferrous Iron: NA Blank: None 

Pump Intake Deptho 26 feet bloc Other: NA Other: None I 
Field Parameters 

Volume Temperature pH Conductivity ORP DO Turbidity TUne Water Level Flow Rate 
(ml) ('C) (SU) (uS/em) (mV) (mg/L) (NTIJ) (24 br) (Ft below TOC) (mVmin) 

200 13.62 6.96 0.12 95.2 8.49 cl<= 919 200 I 
400 12.72 6.25 0.119 100.1 8.06 cl<= 924 200 
600 12.8 6.17 0.12 112.6 8.04 cl= 929 200 
800 12.54 6.15 0.12 124.4 8.08 cl<= 934 200 
1000 12.42 6.29 0.12 131.1 9.07 cieM 939 200 I 
1200 12.4 6.2 0.12 132.6 9.11 cl<= 944 200 

I 
Comments 

I 
Monitoring well is located in the cui de sac of Seeley Lake Dr. (also called Crescent Circle. This location is just soulh.west of Seeley Lake. 

I 
I 

Field Forms md 4, MW-6 91312003 



I 
1 uas GROUNDWATER SAMPLING DATA SHEET 

I Project Information Page l of _l __ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Project Name: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Projectrrask No.: 33750346.00006 Weather: parity cloudy, 65F 

Date: Round Four 6/19/03 Samplers: j.Rapp 

au~r~ne. an f21D2 G dPu . D ata 

Station Number: MW-8 Screen Interval: 19.33 to 23.83 feet btoc 

Station Type: Monitori~ Well Well Diameter: 2 inches Annulus Diameter: 

Well Condition: Gallons per Casing Foot: 0.16 
(2"..di:O.I6pllft; 4"weii:06Spll!l) 

Reference Point: TOC Elevation 269.33 Gallons per Annulus Foot: 
(I" ...,""''"'i<h!"o:asings USpllft:6"oudoswidl2"casiq= 1.34gol/tt) 

Depth to Water: 15.70' Elevation 253.63 One Purge Volume: 

Depth to Bottom: 24.33' Feet of Water: final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: ~ristaltic (!UDip at 200 mllmin 

LNAPL Description: NA Water DisposaiJQty: ground surface 

Containers Meter lnfonnation 
MS/MSD 

Analysis Type Primai')'_Qty Qty Model & Calibration Date 

Tot dis P/SRP 125 ml poly YSI 556 6/19/2003 

With flow-through cell 

Conductivity: 4.48 uS/em 

[){} mgfL 

pHo 3.98SU 

Temperature: Celsius 

ORPo mY 

Sampling Data Field Test Kit Results· QAJQC Samples· 

Sample Name: MW8-G4 PIDo NA Duplicate: 

Sample Method: Peris. Low flow (-200 mllmin) on NA Replicate: 

Sampling Device: Geotech Peristaltic pump Alkalinity: NA MS/MSDo 

Tubing Depth: Ferrous Iron: NA Blank: 

Pump Intake Depth: 21 feet btoc Other: NA Oilier. 

Field Parameters 
Volume Temperature pH Condudivity ORP DO Turbidity TUno Water Level 

(ml) -("C) (SU) (uS/em) (mY) (mg!L) (NTU) (24hr) (FI below 1DC) 

200 13.83 6.87 0.143 114 8.23 clea>" 1005 

400 13.14 6.43 0.138 129.1 6.1 clea>" 1010 

600 13.12 6.4 0.139 132.7 6.07 clea>" 1015 
800 13.18 6.41 0.139 135.2 6.05 clear 1020 
1000 13.15 6.41 0.138 137.7 6.04 clear 1025 

Comments 
Monitoring well is located approximately 20 feet north of the intersection of Irene Street and Rainier, on tlte east side of tlte street. 
Access by driving north on Rainier from 108th in Lakeview. 

Field Fonns md 4, MW -& 

Sinches 

4.49 

NA 

4.00 

NA 

None 

None 

None 

None 

None 

Flow Rate 
(mUmin) 

200 

200 

200 
200 

200 

913nQ03 



I 
URS GROUNDWATER SAMPLING DATA SHEET 

I 
Project Information Page I of _I __ _ 

Lake Steilacoom Phosphorus Study 

Weather: partly doudy, 65F 

Project Name: 

Projectffask No.: 33750346.00006 

Location: Lakewood, Washington I 
Round Four 6119/03 

Gau~inr! and unmu! ata 

Date: 

p D I 
Samplers: J.Rapp 

Station Number: DW-3 Screen Interval: NA 

Station Type: Manhole Well Diameter. Annulus Diameter: 

Well Condition: Gallons per Casing Poot: I 
(2"...U.016gaUft: , • .,.11:06Spllll) 

Reference Point: Manhole tGJ! Elevation Gallons per Annulus Foot: 
W uo•las ..Oth r .,..,.,,. 1-~S plllt; 6" au•t-s wilh 2" <:&Sit!t= l.l4 pllll) 

Depth to Water: Elevation One Purge Volume: I 
Depth to Bonom: Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: peristaltic puml! at 200 mVmin 

LNAPL Description: NA Water Disposal/Qty: ground surface I 
C tainers on 

MS/MSD 

Analysis Type Primary Qty Qty 

Meter Information 

I Model & Calibration Date 

Tot dis P/SRP 125 m1 poly YSI 556 

With flow-through cell 

Conductivity: I 
on 
pHo 

Temperature: I 
OR!' 

Sampling Data 

Sample Name: DW3-G4 

Field Test Kit Results· I QAJQC Samples· 

PID: NA Duplicate: None 

Sample Method: Peris. Low Dow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

Tubing Depth: 

DQ, NA 

Alkalinity: NA 

Ferrous Iron: NA 

Replicate: None 

MS/MSDo None 

Blank: None 
I 

Pump Intake Depth: 

Field Parameters 

Other: NA Other: None 

I 
Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 

(ml) f'C) (SU) (uS/em) (mV) (mg!L) (NTU) (14 hr) (Ft below TOC) (mVmin) 

NR NR NR NR NR NR I 
I 
I 

Comments I 
I 

Field Forms md4, DW-3 7123t2003 I 



I 
1 URS GROUNDWATER SAMPLING DATA SHEET 

I Proj,.,tlnfonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Page I of _I __ _ 

Location: Lakewood, Washington 

I 
partly cloudy, 6SF Project/Task No.: 

Date: 

33750346.00006 Weather: 

Round Four 6/19/03 Samplers: J. Raoo 

GaueinEandPu~in~Darn 

I Station Number: G-1 S<.:reen Interval: NA 

Station Type: Water Suppli Well Well Diameter: Annulus Diameter: 

Well Condition: Gallons per Casing Foot: 
IZ" wdl: 0.1~ pllft; 4" wdl: 0.65 pllft) 

Reference Point: NA Elevation Gallons per Annulus Foot: 
(I" u .. t•• wi1b. 2" .,...., ~ 1.15 plllt; 6" ...... olu with 2" asiq~ U4 pllfl) I 

Depth to Water. NA Elevation One Purge Volume: 

Depth to Bottom: NA Feet of Water: Fina1 Purge Volume: 

Depth to LNAPL' NA Thickness: NA Purge Method: ~ristaltic pump at 200 mVmin I 
LNAPL Description: NA Water DisposaVQty: ground surface 

on ners M I I ~ ti e er n onna on 
MSIMSD 

Analvru Type Primary Qty Qty Model & Calibration Date 

Tot dis P/SRP 125 ml poly YSI556 611912003 

With flow-through cell I 
Conductivity: 4.48 uS/em 4.49 

DOonWL NA 

pHo 3.98 SU 4.00 I 
Temperature: Celsius NA 

I ORPo mV 

Sampling Data Field Test Kit Results· QAJQC Samples· 

I 
Sample Name: Gi-G4 

Sample Method: Peris. Low flow (-200 mVmin) 

Sampling Device: Geotech Peristaltic owno 

P!Do NA 
oo, NA 

Alkalinity: NA 

Duplicate: None 

Replicate: None 

MSIMSDo None 

Tubing Depth: 

Pump Intake Deptho 
Ferrous Iron: NA 

Other: NA 

Blank: None 

Other: None I 
Fi ldPa a e r meers 

I 
Volume Temperature pH Conductivity ORP DO Turbidity Tbno Water Level Flow Rate 

(ml) tCl (SU) (uS/em) (mVI (mg!L) (NTU) (24 hr) (Ft below TOCl (mUmin) 

11.8 6.8 159 81 2.12 925 200 

I 
I 
I 

Comments 

:IL----------------~ 
Field Forms md 4, G-1 9f312003 



I 
URS GROUNDWATER SAMPLING DATA SHEET I 

Project lnfonnation Page I of 1 

I Project Narre: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington 

Project!Task No.: 33750346.00006 Weather: partly cloudy, 6SF 

Date: 

I 
Samplers: Round Four 6/19/03 J.Rann 

Gaud~ and Puntin2 J ata D 

Station Number: AEF222 Screen Interval: NA 

Station Type: Monitoring Well Well Diameter. Annulus Diameter: 

Well Condition: Gallons per Casing Foot: I 
(2" well: 0.16 gallft; 4n well: 0.65 gallft) 

Reference Point: NA Elevation 219.5 Gallons per Annulus Foot: 
(Sn annulus with 2" casing= 1.85 gallft; 6n annuh: I 

Depth to Water. 39.48 Elevation 180.0 One Purge Volume: 

Depth to Bouom: NA Feet of Water: Final Purge Volume: 
~ 

Depth to LNAPL' NA lbickness: NA Purge Method: J!!:ristaltic pump at 200 mVmin I 
LNAPL Description: NA Water DisposaVQty: K!:!!und surface 

Containers Meter lnformatio n I 
Analysis Type Priman Qtv MSJMSDQ" Model & Calibration Date 

Tot dis P/SRP 125 ml poly YSI 556 6/1912003 

With flow-through cell I 
Conductivity: 4.48 uSfcm 4.49 

on m2IL NA 

pHo 3.98 SU 4.00 I 
Temperatwe: Celsius NA 

ORP:mV 

Sampling Data Field Test Kit Results· QAJQC Samples I 
' 

Sample Name: AEF222-G4 

Sample Method: Peris. Low Oow (-200 mVminl 

Sampling Device: Geotech Peristaltic pump 

PIDo NA 

DOo NA 

Alkalinity: NA 

Duplicate: None 

Replicate: None 

MSIMSDo None 
I 

Tubing Depth: 

Pump Intake Depth: 

Ferrous Iron: NA 

Other: NA 

Blank: None 

Other: None I 
F"eldP te I arame ... 

Volume Temperature pH Conductivity ORP DO Turbidity r~e Water Level Flow Rate 
(ml) 1-c> (SIJ) (uS/em) (mVl (mg/L) (NTIJ) (24hr) fFt below TQC) (mllmin\ 

12.63 6.58 127 156.9 9.56 1207 200 I 
I 
I 
I 

Comments 

I 
Field Forms rnd 4, AEF222 9f3f2003 I 



I 

1uas GROUNDWATER SAMPLING DATA SHEET 

I 
Project Inronnation 

Project Name: Lake Steilacoom Phosphorus Study 

Page I of _1 __ _ 

Location: Lakewood, Washington 

Projectffask No.: 33750346.00006 Weather: partly cloudy, 65F 

I Date: Round Four 6/19/03 

Gaus;n~ and Pu.,;112 Data 

Samplers: J.Raoo 

Station Number: AEF250 Screen Interval: 

Station Type: Monitoring Well WellDi~ter: Annulus Diameter: 

Well Condition: Gal1ons per Casing Foot: I 
(2" well: 0.16 gal/ft; 4" well: 0.65 gal!ft) 

Reference Point: NA Elevation 213.1 Gallons per Annulus Foot: 

(8" annulus with r casing= 1.85 gallft; 6" annull I 
Depth to Water: 26.50 Elevation 186.6 One Purge Volume: 

Depth to Bottom: NA Feet of Water: Final Purge Volwre: 

Depth to LNAPL: NA lbickness: NA Purge Method: ~ristaltic l.!ump at 200 mllmin I 
LNAPL Description: NA Water DisposaVQty: ~ndsurface 

I c tal on ner.; Meter lnfonnation 

Analysis Type Primary Qty MS/MSDQty 

Tot dis P/SRP 125 ml poly I 
Model & Calibration Date 

YSI 556 6119/2003 

With flow-throu~ cell 

I 
Conductivity: 4.48 uS/em 4.49 

DOo n>,l(/1. NA 

pHo 3.98 SU 4.00 

I 
Temperature: Celsius NA 

ORP: mV 

Sampling Data Field Test Kit Results· QAIQC Samples· 

I 
Sample Narre: AEF250-G4 

Sample Method: Peris. Low flow (-200 mllmin) 

PIDo NA 

DOo NA 

Duplicate: None 

Replicate: None 

Sampling Device: Geotech Peristaltic pump Alkalinity: NA MS/M$0: None 

Tubing Depth: 

Pump Intake Deptho I Ferrous Iron: NA 

Other: NA 

Blanlc None 

Other: None 

F.eld P te • arame "' 

I Volume Temperature pH Conductivity ORP DO Turbidity Tnne Water Level Flow Rate 
(ml) i-c> (SU) (uS/em) (mVl (mg!L) (NTU} (24 hr) (Ft below TOC) <mllminl 

13.18 7.38 142 131.6 6.91 1132 200 

I 
I 
I 

Comments 

:I.___------------' 
Field Forms md 4, AEF250 9f3noo3 



GROUNDWATER SAMPLING DATA SHEET 

Project Information 

Project Narre: Lake Steilacoom Phosphorus Study 

Project/Task No., ~3o:37,_,s,o:,346=.00006=""-------------

Date: Round Four 6/18/03 

D Gau=i112 and Punnn2 1 ala 

Station Number. CW-45 

Station Type: Monitoring, Well 

Well Condition: 

Reference Point: TOC Elevation 288.99 

Deplh lO Water: 29.92" Elevation 259.07 

Depth to Bottom 50.84" Feet of Water: 

Depth to LNAPL! NA Thickness: NA 

LNAPL Description: NA 

c ... on mers 
MS/MSD 

Analysis Type PrimarvQtv Qtv 

Tot dis P/SRP 125 ml poly 

Sampling Data 

Sample Name: CW45-G2 

Sample Method: Peris. Low Dow (-200 mllmin) 

Sampling Device: Geotedt Peristaltic oumo 

Tubing Depth: 

Pump Intake Depth' 45 feet btoc 

Field 

v;:::; 
C'Cl (~ (uS/crn) ~~ 

200 15.22 6.52 0.205 87.7 

1200 14.13 6.6 0.193 97.5 

2200 13.95 6.64 0.192 103.3 

3200 13.74 6.68 0.192 ,o.2 

4200 13.61 6.71 0.192 .2.1 

5200 13.61 6.74 0.192 5.9 

Comments 

Monitoring well is located on 47th Street, due east of Springbrook Park 
Well is 45A, the shaJlow well of well pair. Deep well is labeled "Hell Hole" 

Field Forms md 4, CW-45 

Page 1 of _l __ _ 

Location: Lakewood, Washington (Springbrook) 

Weather. partir cloudy 65F 

Samplers: J. Rapp 

Screen Interval: ? To 50.84 

Well Diameter: 2 inches Annulus Diameter: 8 inches 

Gallons per Casing Foot: 0.16 
a· we~~; OJ6 p111t •• wdl: o.6s gal/fl.) 

Gallons per Annulus Foot: 
(1"Udluwidi2"<:Uiq=l.!jplllt;6"..,.Uuwidt2"a.iq,.J.J.tp1111) 

One Purge Volume: 

Final Purge Volume: 

Purge Method: ~ristaltic l!umJ! 

Water DisposaVQty: 

M te I ~ ti e r norma on 

Model & Calibration Date 

YSI556 6/1812003 

Conductivity: 4.48 uS/em 4.49 

DQ, nU!IL NA 

pH' 3.98 SU 4.00 

Temperature: Celsius NA 

ORP: mV 

F1eld Test Kit Results· QA/QC Samples· 

prn, NA Duplicate: None 

DQ, NA Replicate: None 

Alkalinity: NA MS/MSD' None 

Ferrous lron: NA Blank None 

Other: NA Other: None 

(.:.) '7;;:;;'' (~":) <Ftl --::::~ 
4.48 cl<= 1220 200 

2.26 cl<= 1225 200 

1.99 clear 1230 200 

1.87 clear 1235 

1.84 clear 1240 

1.79 clear- 1245 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

•uas GROUNDWATER SAMPLING DATA SHEET 

I Project Infonnation 

Project Name: Lake Steilacoom Phosphorus Study 

Page I of _I 

Location: Lakewood, Washington (Springbrook) 

I Round Four 6118103 J.Rapp 

33750346.00006 Project!Task No.: 

Date: 

Weather: 

Samplers: 

parity cloudy 65F 

GauRi~ and Pur2m2 D ata 

Station Number. CW-46 Screen Interval: ?To 50 

Slation Type: Monitoring Well Well Diameter: 2 inches Annulus Diameter: 8 indtes I 
Well Condition: Gallons per Casing Foot: 0.16 

(2' -.It 0.16 pi/It •• wdl 0.65 plll'l) 

Reference Point roc Elevation 288.44 Gallons per Annulus Foot 
(II" ....... , .. widr.r cmn1 -J_IS pVtt , • ..,...., widr. r a.s:iq= 1.3-f pi/Ill I 

Depth to Water: 28.90" Elevation 259.54 One Purge Volume: 

Depth to Bottom: 49.73" Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA Thickness: NA Purge Method: J!!:ristaltic P:WDP: I 
LNAPL Description: NA Water Disposal!Qty: 

I Conta"ners • 
MSJMSD 

Meter Infonnation 

Analysis Type PrimaryQty Qty Model & Calibration Date 

I Tot dis P/SRP 125 ml oolv YSI 556 6/1812003 

Conductivity: 4.48 uS/em 4.49 

I DOo m<dL NA 

pHo 3.98 SU 4.00 

Temperature: Celsius NA 

I Sampling Data 

ORP: mY 

F1eld Test Kit Results· QAJQCSam 1 pes: 

I 
Sample Name: CW46-G2 

Sample Method: Peris. Low flow (-200 mllmin) 

Sampling Device: Geotecb Peristaltic pump 

Duplicate: None 

Replicate: None 

MS/MSDo None 

PlDo NA 

DOo NA 

Alkalinity: NA 

Tubing Depth: 

Pump Intake Depth: 45 feet btoc I 
Blank: None 

Other: None 

Ferrous Iron: NA 

Other: NA 

Field I 

v7~~ rC> (~~) (uS/crn) ~~ (.:.) (NTU;' ;::;-;::., Waterl.e"l 
~:w~~ 

200 14.97 0.205 108.8 5.55 clear 1310 I 
1200 13.7 0.193 177.5 3.: cl= 1315 
2200 13.54 0.192 118.5 3. clear 1320 
3200 3.57 0.192 119.7 3.< cl= 1325 
4200 13.46 6.96 0.192 119.7 cl= 1330 I 

I 
I 

Comments 

I 
Monitoring well is located approximately 300 feet south of well45 on 47th Street. 

I 
Field Forms md 4, CW -46 



I 
URS GROUNDWATER SAMPLING DATA SHEET I 

Project Information 
This well was not located during 4th Round 

Page I of _1 __ _ 

I Project Narre: Lake Steilacoom Phosphorus Study Location: Lakewood, Washington (Springbrook) 

Projectffask No.: 33750346.00006 Weather. parity cloudy, 70F 

Date: 

I 
Round Four Samplers: J,Rapp 

Gau!rlm! and Punti112 Data 

Station Number: CW-59 Screen Interval: 27-37 feet b~ 

Station Type: Monitori!!G Well Well Diameter: 2 inches Annulus Diameter: 8 inches 

Well Condition: Gallons per Casing Foot: 0.16 I 
(2" well: 0.16 gal/ft; 4H well: 0.65 gallft) 

Reference Point: TOC Elevation 285.01 Gallons per Annulus Foot: 

(8H annulus with r casing= 1.85 gallft; 6M annulr I 
Depth to Water: Elevation One Purge Volume: 

Depth to Bottom: ? Feet of Water: Final Purge Volume: 

Depth to LNAPL: NA lbickness: NA Purge Method: Bailer I 
LNAPL Description: NA Water DisposalJQty: 

Containers M te I fi ti e r norma on I 
Analvsis Type Prima..,. Qtv MS/MSDQ~ Model & Calibration Date 

Tot dis P/SRP 125 ml poly YSl556 6118/2003 I 
Conductivity: 4.48 uS/em 4.49 

DQ, m<IL NA 

pH' 3.98 SU 4.00 I 
Temperature: Celsius NA 

ORP: mV 

Sampling Data Field Test Kit Results· QA/QC Samples· I 
Sample Name: CW59-G2 

Sample Method: Bailer 

Sampling Device: 

PID. NA 

DQ, NA 

Alkalinity: NA 

Duplicate: None 

Replicate: None 

MSIMSD: None I 
Tubing Depth: 

Pump Intake Depth' 

Ferrous Iron: NA 

Other: NA 

Blanlc None 

Other: None I 
' arame F1eld p te " Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 

(ml) rCJ (SU) (uS/em) (mV) (mg/L) (NTU) (24 br) (R below TOCl (ml/mffi) I 
I 
I 

Comments I 
Monitoring well is located on east side of Addison Street, approximately 200 feet south of Springbrook Park. 

I 
Field Fonns md 4, CW -59 I 



I 
I GROUNDWATER SAMPLING DATA SHEET 

I Projed Infonnation Page 1 of _I __ _ 

Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington (Springbrook) 

Projectffask No.: 

Date: 

33750346.00006 

I Round Four 6/18/03 

Weather. parity doudyz 70F 

Samplers: J.Rapp 

Gau~in~ and Pul'2in2 Data 

Station Number: CW-61 Screen Interval: 40 to 50 

Station Type: Monitoring Well Well Diameter: 2 inches Annulus Diameter: 8inches I 
Well Condition: Gallons per Casing Foot: 0.16 

(1",.dl:OJ6plllt ~·wetto6Splrlt) 

Reference Point TOC Elevation 286.24 Gallons per Annulus Foot: 
(I" UBolu wilh 2" a>iq ~ I.IS pll!t 6" ...., .... wilhl" asiq • 1.34 pltft) I 

Depth to Water: 29.50' Elevation 256.74 One Purge Volume: 

Depth to Bottom 50' Feet of Water: Final Purge Volume: 

Depth to LNAPL' NA lbickness: NA Purge Method: Peristaltic PumJ! I 
LNAPL Description: NA Water DisposaUQty: 

I c ... on mers 
MSJMSD 

Meter Infonnation 

Analysis Type PrimaryQty Qty Model & Calibration Date 

I Tot dis P/SRP 125 ml_poly YSI556 6/18/2003 

Conductivity: 4.48 uS/em 4.49 

I DOc mgiL NA 

pHo 3.98 SU 4.00 

Tempemture: Celsius NA 

I Sampling Data 

ORPo mV 

F1eld Test Kit Results· QA/QC Samples· 

I 
Sample Name: CW61-G4 

Sample Method: Peris. Low Dow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

PIDo NA 

DOc NA 

Alkalinity: NA 

Duplicate: None 

Replicate: None 

MS/MSDo None 

Tubing Depth: 

Pump Intake Depth: 45 feet btoc I 
Ferrous Iron: NA 

Other: NA 

Blanke None 

Other: None 

Field Parameters 
Volume Tempemture pH Conductivity ORP DO Turbidity Timo Water Level Flow Rate 

(ml) ("C) (SU) (uS/em) (mV) (mg!L) (NTU) (24 hr) (Ft below TI)C) (mUmin) 

200 13.51 7.46 0.157 109.1 6.54 clear 1423 200 I 
1200 12.68 7.37 0.148 114.3 3.55 dear 1428 200 
2200 12.5 7.35 0.146 117.2 3.28 clear 1433 200 
3200 12.5 7.36 0.146 119.5 3.18 deat" 1438 200 I 

I 
I 

Comments 

I 
Monitoring well is located on west side of Addison Street, due west of northwest comer of Springbrook Park. 

1~------------------------------~ 
Field Forms rnd 4, CW--61 9fJnoD3 



I 

URS GROUNDWATER SAMPLING DATA SHEET I 
Project lnfonnation Page l of _1 __ _ 

I Lake Steilacoom Phosphorus Study Project Name: location: Lakewood, Washington (Springbrook) 

Project/Task. No.: 33750346.00006 Weather: partly cloudy, 70F 

Date: Round Four 6118/03 Samplers: J.Rapp I 
Gaue;in2 and Pu~in2 Data 

Station Number: CW-62 Screen Interval: 30 to 40 

Station Type: Monitoring Well Well Diam=ter: 2 inches Annulus Diameter. 8 inches I 
Well Condition: Gallons per Casing Foot: 0.16 

(2" wdl: 0.!6plllt •• wdl: 0.6S pUll:) 

Reference Point: TOC Elevation 27350 Gallons per Annulus Foot: 
(I" Oll&lllU willll" oosiq" 1.85 pllft; ~· -•lu wid! 2" .,...,.,= \.l-4 pllt\) I 

Depth to Water: 17.41. Elevation 256.09 One Purge Volume: 

Depth to Bottom: 40. Feet of Water: final Purge Volume: 

Depth lo LNAPL: NA Thickness: NA Purge Method: Peristaltic Pump I 
LNAPL Description: NA Water Disposal/Qty: 

Containers 
MSJMSD 

Meter Information I 
Aoalvsis Type PrimacyQty Qty Model & Calibration Date 

Tot dis P/SRP !25 ml poly YSI556 6/1812003 

I 
Conductivity: 4.48 uS/em 4.49 

DOo "'l'/L NA 

pHo 3.98 SU 4.00 I 
Temperature: Celsius NA 

Sampling Data 

ORP: mV I Field Test Kit Results· QAJQC Samples· 

Sample Name: CW62-G4 PIDo NA Duplicate: None 

Sample Method: Peris. Low flow (-200 mVmin) 

Sampling Device: Geotech Peristaltic pump 

oo, NA 

Alkalinity: NA 

Replicate: None 

MS/MSDo None I 
Tubing Depth: Ferrous Iron: NA Blank: None 

Pump Intake Deptho 45 reet btoc Other: NA Other: None I 
•• arame F.ldP te rs 

Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 
(ml) I"Cl (SU) (uS/em) lmVl (mg!L) (NTU) (24 hr) (R below TOC) (ml/min) 

200 11.81 6.78 0.11 135.2 8.7 clear 1510 200 
1200 11.44 6.26 0.11 149.2 5.76 clear 1515 200 

I 
2200 11.24 6.17 0.113 152.4 5.71 clear 1520 200 
3200 1119 6_13 0.116 157.5 6.26 clear 1525 200 
4200 1114 6.14 0.118 160.8 6.48 clear !530 200 I 

I 
Comments I 
Monitoring well is in parking area at northern dead--end of Addison Street. 

I 
I 

Field Forms md 4, CW -62 9/312003 



I 
I GROUNDWATER SAMPLING DATA SHEET 

I 
Project Information Page I of _1 __ _ 

Lake Steilacoom Phosphorus Study Project Name: Location: Lakewood, Washington 

Project!fask No.: 33750346.00006 Weather: parity cloudy, 70 F 

I Date: Round Four 6120/03 Samplers: J.Rapp 

au2102 an u ...... , G dPu . D ala 

Station Number: CloverMW-3 Screen Interval: unknown 

Station Type: Monitoring Well Well Diameter: 2 inches Annulus Diameter: 8 inches 

Well Condition: ~ood Gallons per Casing Foot: 0.16 
I 

(2" well: 0.16 gal/ft; 4" well: 0.65 gal/ft) 

Reference Point: TOC Elevation 271.83 Gallons per Annulus Foot: 
(8" annulus with 2" casing = 1.85 gaVft; 6" annul 

I 
Depth to Water: 14.78 Elevation 257.05 One Purge Volume: 

Deplh to Bottom: NA Feet of Water. Final Purge Volume: I 
Depth to LNAPL: NA Thickness: NA Purge Method: l!!:ristaltic J!UIDP at 200 ml/min 

LNAPL Description: NA Water Disposal/Qty: ground surface I 
Contaioers Metel' Information 

MSIMSD 

I Analvsis Type Primary Qty Qly 

Tot dis P/SRP 125 m1 oolv 

Model & Calibration Date 

YSI 556 6119/2003 

With flow-through cell 

I 
Conductivity: 4.48 uS/em 4.49 

DOo mg!L NA 

pHo 3.98 SU 4.00 

I 
Temperature: Celsius NA 

ORP: mV 

Sampling Data Fleld Test Kit Results· QAJQC Samples· 

I Sample Name: Clover MW3-G4 

Sample Method: Peris. Low Row (-200 miJmin) 

PIDo NA 

DOo NA 

Duplicate: None 

Replicate: None 

Sampling Device: Geotecb Peristaltic oump Alkalinity: NA MS/MSDo None 

Tubing Depth: 

Pump Intake Deptho 24.5 feet btoc I Ferrous Iron: NA 

Other: NA 

Blank: None 

Other: None 

Fi ldP te •• arame rs 

I Volume Temperature pH Conductivity ORP DO Turbidity Time Water Level Flow Rate 
(ml) ~C) (SU) (uS/em) (mV) (mg/L) (NTU) (24 br) (Ft below TOC) (mVorin) 

200 13.01 6.58 0.12& 147.4 6.09 clear 1025 200 
400 12.37 6.37 0.123 152.8 5.19 clear 1030 200 

I 
I 
I 

Comments 

I 
Monitoring well is located between Interstate 5 and Clover Creek on the south side of 47th Street. 

I 
\ Fidd Forms md 4, Clover MW·3 91Sfl003 


	

