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Executive Summary 

The Des Moines Creek Basin Committee has designed a suite of projects intended to aid 
in the protection and restoration of the 3.5-mile-long Des Moines Creek System. The 
Des Moines Creek Regional Detention/Retention Facility (RDF) is one of the major 
components of this suite of projects. It is designed to attenuate peak flows by enhancing 
storage capacity in the vicinity of the Northwest Ponds, located on and near the Tyee 
Golf Course, south to southwest of the Seattle-Tacoma International Airport. 

Construction of the RDF will necessitate large-scale excavation of soil that will require 
export or on-site reuse. During the design phase of the project, an environmental soil 
sampling program was completed by King County to evaluate disposal and end-use 
options for the excavated material. Elevated levels of arsenic were measured in the 
proposed excavation areas with concentrations increasing with depth. Concerns were 
raised in regards to arsenic impacts on the RDF project by Ecology representatives during 
the permitting process associated with a 401 Water Quality Certification (WQC). 
Following issuance of the 401 WQC, the Des Moines Creek Basin Committee entered 
into the Washington State Department of Ecology's Voluntary Cleanup Program (VCP) 

. to negotiate mitigation measures necessary to protect for potential impact from 
construction and long-term operation of the RDF. 

In support of the 401 WQC process, several studieS'have been conducted to document the 
occurrence, mobility, and fate and transport of arsenic near the project site. Initially, the 
Arsenic Issues Evaluation Report (Aspect Consulting and others, 2004b) predicted how 
the RDF project would affect arsenic levels in the environment resulting from the project 
construction and operation, while the 2004 Sampling and Analysis Plan (Des Moines 
Creek Basin Committee, 2004) presented a methodology and multi-media sampling 
program to monitor for the potential impacts. These initial two documents were 
supplemented by a series of Technical Memoranda, each examining a specific issue, 
including cap design, soil segregation, arsenic mobility, and preliminary sampling results. 

The conclusions of the studies suggested that project design modifications and 
monitoring scenarios would provide reasonable assurance that the project could be 
constructed without causing long-term impacts to surface water quality or downgradient 
receptors, and allow appropriate response time if unanticipated impacts occur during the 
monitoring period. Furthermore, inspection of the background and baseline monitoring 
data set indicate observed arsenic concentrations below their respective regulatory 
standards outlined in this Long-Term Monitoring Plan for all media except some soils, 
which will be contained as part of the design modifications. 

The long-term monitoring program presented here was developed based on these initial 
monitoring results, the findings of the Technical Memoranda, and ongoing negotiations 
with Ecology. 

PROJECT NO. 040106A-001-2.3 • DECEMBER 8, 2005 
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1 Introduction 

This document introduces the Des Moines Creek Regional Detention Facility's Long­
Term Monitoring Plan (L TMP), designed to monitor arsenic concentrations and potential 
related impacts arising from construction and operation of the RDF. 

1.1 RDF Project 
Over time, urban development of the Des Moines Creek watershed has resulted in 
increased stream flows and channel erosion in the creek, limiting suitable fish habitat. 
Existing land use plans indicate increasing urbanization of the watershed will occur in the 
future. The Des Moines Creek Basin Committee (Basin Committee), an 
multijurisdictional forum including King County, the City of SeaTac, the City of Des 
Moines, the Port of Seattle, and the Washington State Department of Transportation, has 
worked cooperatively for a number of years on a basin planning project (Des Moines 
Creek Basin Committee, 1997). The Basin Committee identified construction of a RDF 
to temporarily store excess runoff and reduce downstream impacts as one among several 
projects to improve conditions in Des Moines Creek. 

The RDF is currently under construction in the upper reach of the West Fork of Des 
Moines Creek, near the Northwest Ponds--an open water body in an surrounding 
wetlands area--and Tyee Golf Course, south/southwest of Seattle-Tacoma International 
Airport. The RDF project works in conjunction with several other projects. A flow 
bypass will be constructed to route a portion of stream flows in the East Fork of Des 
Moines Creek directiy to Puget Sound, reducing instream flows during storm events. A 
diversion pipe will also route portions of East Fork stream flows that exceed the capacity 
of the bypass pipeline to the RDF impoundment area for controlled release to Des Moines 
Creek. The single RDF will thus serve both major tributaries of Des Moines Creek. A 
new, higher capacity channel has been constructed for the West Fork of Des Moines 
Creek. In addition to improving conditions in Des Moines Creek, the overall RDF 
project will also reduce flooding and open water areas at the golf course directly south of 
the airport runways, which will reduce potential risks to airplanes from bird impacts, 
consistent with Federal Aviation Administration (FAA) requirements. · 

1. 1. 1 RDF Operation 

2 

The Des Moines Creek RDF Project will temporarily store storm flows from both the 
West Fork and East Fork of Des Moines Creek and provide for controlled release of the 
stored water to the West Fork channel through designed flow control structures. The 
effect of the RDF project will be to reduce peak discharge rates and flow volumes in Des 
Moines Creek, thereby reducing erosion in the ravine south of 200th Street, stabilizing 
the stream channel, and supporting the maintenance of suitable fish habitat. 

After construction of the RDF project is completed, the average surface water elevations 
at the Northwest Ponds (NWPs) will be lowered by approximately 1.2 feet in winter and 
0.5 feet in summer. Flows from frequent annual storms and less frequent, larger storms 
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with relatively small return intervals will be stored behind the West Berm at the NWPs. 
During infrequent, larger floods (those exceeding an approximate 10-year return 
interval), flows will also be stored behind the East Berm in the Approach Light Road 
Pond. Under existing conditions, areas of the Tyee Golf Course near the NWPs are 
flooded for extended time periods in most years. With construction of the RDF project, 
the range of fluctuations in water surface elevations at the NWPs will be greater than 
under current conditions, but the duration of flooding above pond base elevations will be 
decreased. The annual number of flood-dry cycles on lands adjacent to and somewhat 
higher than the ponds will therefore be increased during RDF project operation. 

The Tyee Bypass pipeline will route some flows from the East Fork of Des Moines Creek 
around the creek to discharge in Puget Sound. During larger storm events, when the 
capacity of the bypass line is exceeded, excess flows from the East Fork will be routed to 
the Tyee Diversion pipeline and discharged to the NWPs through the West Berm. Those 
discharges during large storms will occur into standing water. A Port stormwater runoff 
line (SDS 4) that currently discharges to Des Moines Creek will also be connected to the 
Tyee Diversion pipeline. During smaller storm events, when no East Fork flow is 
diverted to the NWPs, the SDS 4 discharge into the Tyee Diversion pipeline may occur 
onto land above the lower water elevations behind the West Berm. 

Discharges from the RDF will be controlled by flow control structures associated within 
the West Berm and East Berm. Installation of the final design flow control orifices will 
be delayed several years after RDF construction is completed to allow time for planted 
vegetation to grow and be capable of surviving periodic inundation. The orifices may 
also be modified at a later time as an adaptive management step, if needed to preserve 
planted vegetation or forested areas, or to modify downstream flow levels. 

No regular sediment removal actions, or additional soil excavations, a.re planned for the 
NWPs detention area as part of normal RDF operations. 

1.2 History of Arsenic Issues, Ecology Coordination 
The King County Department of Natural Resources and Parks (King County) completed 
two phases of a soil investigation program designed to provide upland and wetland soil 
chemistry data for a number of sample locations within the RDF excavation areas 
(identified as Cell 1 and Cell 2). The purpose of the County's soil sample program was 
to provide data to evaluate disposal and end-use options for approximately 45,000 cubic 
yards ( cu. yd.) of excavation spoils resulting from lowering the existing ground surface to 
approximate elevation 245 feet. Soil chemistry data would enable evaluation of 
excavated soil handling options, identification of soil staging areas, soil 
disposal/treatment options, and end-use options for clean soil such as in-fill for the 
abandoned section of the Des Moines Creek channel and slope dressing. Sample data 
indicated elevated arsenic levels associated with organic rich soil (peat horizons) within 
the planned RDF footprint. Only two samples from Cell 1 exceeded 120 
milligram/kilogram (mg/kg) (dry weight basis) with nine non-detections, while in Cell 2, 
only one samples exceeded 100 mg/kg with coincidently nine additional non-detects. Of 
the 42 samples analyzed for arsenic during the second phase of sampling, 17 exceeded 20 
mg/kg, the Model Toxics Control Act (MTCA) Method A Soil Cleanup Level for arsenic. 
The mean arsenic concentration for all samples, including non-detects, was 42 mg/kg, 
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ranging in magnitude from non-detect to 432 mg/kg. Most of the sampled borings had an 
"inverted" depth profile, with arsenic concentrations increasing with depth. These results 
indicated a potential for elevated arsenic levels in post-excavation, near-surface soils at 
the RDF. The data also raised the possibility that construction and operation of the RDF 
project as proposed could result in mobilization and transport of arsenic. Thus, arsenic 
was identified as a potential concern only shortly before the planned start of construction 
in 2004. 

The source of the arsenic has not been conclusively determined, although available 
evidence suggests that the peat deposits act as a sink, slowly accumulating trace 
concentrations of arsenic naturally present in groundwater over many thousands of years. 
While the arsenic source has not been specifically identified, distribution of arsenic at the 
site does not suggest deposition of airborne ASARCO contamination as the sole direct 
source. Historic agricultural use of arsenic as a pesticide and volcanic activity in and 
adjacent to the Puget Sound Basin are potential contributors. There are no known or 
reported arsenic generating operations or activities associated with airport operations. 

Construction and post-construction operations of the RDF have the potential to change 
the existing hydrology and geochemical conditions in the project area and could result in 
mobilization and transport of arsenic. The long-term monitoring program is designed to 
monitor for such potential long-term impacts; with sufficient lead time to develop 
contingency management plans if required prior to significant human exposures or 
environmental impacts. 

1.3 RDF Construction 

4 

Construction activities for the RDF project, which in total will require at least two 
construction seasons (Phase I and Phase 11), began in summer 2004. A contingent third 
construction season ( continuation of Phase 11) is earmarked for summer 2006. 
Construction activities are detailed in a series of engineering specification drawings 
(King County, 2003a, 2003b, 2003c and 2003d). 

Phase I included the following major activities: 

• Excavation of a realigned West Fork channel and abandonment (backfilling and 
regrading) of the existing channel; 

• Planting vegetation along the new channel and placing grade controls; 

• The construction of two flow control vaults along the new West Fork channel 
alignment, at the locations of the West Berm and East Berm; 

• Lowering of water levels at the NWPs after the new channel and flow control 
vaults were completed; and 

• Placing the West Berm preload to consolidate subsurface soils, which included 
excavation of approximately 3,000 cubic yards of peat (for preload stability). 

During Phase I, additional minor activities were performed: some underground utilities 
were removed, a stream crossing for the future Tyee Bypass pipeline was constructed, 
and an existing weir in the stream channel was removed. 
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RDF construction is currently in Phase II and is scheduled to include the following major 
activities: 

• Lowering of water levels at the NWPs to 242.0 feet; 

• Dewatering in planned soil excavation areas (as required); 

• Excavation of approximately 56,000 cubic yards of soils in Cell 1 and Cell 2 to 
the north and east of the easternmost NWPs, to a final grade of 244 to 245 feet 
(sloping toward NWPs). This phase of construction includes removal of soil with 
elevated arsenic concentrations and construction of a reactive barrier and clean 
soil cap over an approximate 2 acre area in Cell 1 and Cell 2; 

• Construction of the Tyee Diversion pipeline and outfall at NWPs; 

• Completion and final grading of the West Berm, including spillway; 

• Construction of the East Berm, including spillway; 

• 
• 

Installation of anchor posts and wire grid over open water areas of NWPs; and 

Extensive revegetation in soil excavation areas, with shrub/scrub wetlands 
species. 

During Phase II, the major staging/stockpile areas associated with soil excavations will 
be constructed. A small excavation will also be performed to provide enhanced surface 
water connection among the NWPs. A bypass will be constructed to reroute surface 
water inflows to NWPs around the area of planned soil excavation to the north. 

Temporary erosion/sedimentation controls will be used throughout the period ofRDF 
construction. All excavated materials will be segregated, dewatered, and either 
stockpiled for reuse (if clean) or disposed of off-site in an appropriate manner. Major 
revegetation plantings will occur, probably in _the months of November or February. 

1.4 401 Certification 
In the context of obtaining a 401 Water Quality Certification (WQC), Des Moines Creek 
Basin Committee representatives met with the Washington State Department of Ecology 
(Ecology) in December 2003 to present and discuss the King County sampling results for 
arsenic. Following the December meeting, a consultant team on behalf of the Basin 
Committee performed additional evaluations b~sed on the RDF project description and 
initial soil sampling results. A conceptual model was developed to provide a framework 
for considering possible arsenic releases associated with the RDF project. A number of 
project modifications designed to address arsenic conditions were identified for review. 
Several types of monitoring programs were developed to support further project design 
(for prevention/mitigation of possible project-related arsenic releases) and to provide 
environmental monitoring to identify project impacts. Basin Committee representatives 
and the consultant team met with Ecology on January 29, 2004 and orally presented their 
evaluations and proposed monitoring programs. 

At the request of Ecology, the arsenic issues presentation given at the January 2004 
meeting was documented in the Arsenic Issues Evaluation Report (Aspect Consulting and 
others, 2004b). In addition, a Sampling and Analysis Plan (Des Moines Creek Basin 
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Committee 2004, hereafter referred to as the 2004 SAP) was developed to obtain 
background and baseline environmental characterization data prior to, during, and after 
the Phase I construction period. Details of the 2004 SAP program are further described 
in Section 3; and environmental data collected to date under the 2004 SAP are presented 
in Appendix A. With submittal of the Arsenic Issues Evaluation Report {Aspect 
Consulting and others, 2004b) and the 2004 SAP Ecology determined it had sufficient 
technical support to issue a 401 WQC for the RDF project. 

A public information meeting was held in June 2004, prior to the issuance of the 401 
WQC, to present the arsenic issues and proposed management and mitigation strategy, 
and seek additional public comment. The 401 WQC was issued, and Phase I RDF 
construction commenced in summer 2004. 

A series of six Technical Memoranda were developed in compliance with the 401 WQC: 

• Des Moines Creek Baseline Soil Boring Sampling Pre-Validated Data 
Evaluation (S.S. Papadopulos & Associates, 2004) presented a preliminary 
evaluation of the Event 1 soil sample results and recommendations for Event 2 
soil sampling to characterize the extent of arsenic in RDF Cell 1 and Cell 2 soil; 

• Overexcavation/Clean Cap Extent (Aspect Consulting, 2004a) described the 
approximate volume of soil to be excavated during Phase II construction. The 
memorandum also included a cost estimate based on various overexcavation 
scenanos; 

• Excavation Materials Segregation & Volume of Clean Materials {Aspect 
Consulting and S.S. Papadopulos & Associates, 2004) presented a plan for 
segregating soil excavated during Phase II construction and an updated 
volume/cost estimate; 

• Arsenic Mobility Evaluation (S.S. Papadopulos & Associates, 2005) detailed 
the results of the arsenic mobility study conducted on RDF soils. The report also 
evaluated potential water quality impacts during construction; 

• Soil Amendment/Cap Design (S.S. Papadopulos & Associates and Shannon and 
Wilson in progress) describes the arsenic treatability testing results and provides 
the technical basis for permeable reactive barrier and cap design; and 

• Preliminary Groundwater Quality Evaluation {Aspect Consulting, 2004b) 
presented the results of the groundwater sampling from temporary and permanent 
monitoring wells. The results were used to predict water quality during 
preloading of soils during the construction of the West Berm. The memorandum 
also included results from the June and August 2004 quarterly baseline sampling 
events and evaluation of potential groundwater quality issues associated with 
construction dewatering discharge. 

In addition, in compliance with the 401 WQC, the Basin Committee provided Monthly 
Status Reports (King County, 2004 and 2005a) to Ecology. The status reports provided 
routine updates on construction, sampling ( construction, background, and baseline), and 
preliminarily analytical results. Relevant historical environmental documentation 
developed fort he RDF project is presented in Appendix E. 
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1.5 MTCA Requirements: VCP and Coordination Process 
Following issuance of the 401 WQC, the Basin Committee, in consultation with Ecology, 
determined that mitigation measures concerning the occurrence of arsenic near the RDF 
facility would be best managed under the MTCA Voluntary Cleanup Program (VCP). In 
May 2004, the Basin Committee initiated discussion with Ecology to obtain technical 
support for developing and implementing appropriate arsenic mitigation measures during 
RDF construction. The Des Moines Creek Basin Committee formally applied to the VCP 
program on May 21, 2004, with response to initial comments followed by finalization of 
the VCP agreement on June 21, 2004 (Port of Seattle, 2004a and 2004b, respectively). 

Starting in January 2005, Ecology and representatives of the Des Moines Creek Basin 
Committee participated in a series of RDF project coordination meetings. The 
coordination meetings served as a forum to systematically present, discuss, and resolve a 
series of technical, regulatory, and construction issues raised by the presence of elevated 
arsenic in the RDF project area. Meeting topics included: MTCN401 Certification 
requirements, mitigation measures (including the permeable reactive barrier and clean 
cap design), bid specifications, applicable regulatory criteria, and requirements for long­
term monitoring. The agenda and meeting minutes from each meeting were documented 
and distributed to Ecology and the Des Moines Creek Basin Committee (Glass and 
Aspect Consulting, 2005). 

The long-term monitoring program presented below is the cumulative result of this 
process. 

1.6 Long-Term Monitoring Plan Organization 
The major sections contained in this Long-Term Monitoring Plan are as follows: 

• Section 2, Objectives, presents the overall objectives of the long-term 
monitoring program designed for the Des Moines Creek RDF; 

• Section 3, Previous Monitoring Programs and Results, summarizes the 
pertinent investigations, monitoring programs, and results collected to date; 

• Section 4, Long-Term Monitoring - Environmental Media, describes the 
different media to be sampled as part of the Long-Term Monitoring Plan; 

• Section 5, Sampling and Analysis Program, outlines sampling locations and 
field protocols for collecting soil cap, groundwater, surface water and sediment 
samples for long-term monitoring as well as vegetative cap observational 
monitoring; and presents the applicable regulatory criteria that the results of the 
long-term plan will be evaluated against; 

• Section 6, Quality Assurance/Quality Control and Data Validation, describes 
the Quality Assurance/Quality Control (QNQC and the data evaluation elements 
of the plan). 

• Section 7, Data Evaluations, outlines how the data will be evaluated against the 
regulatory standards; 
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• Section 8, Data Management and Reporting, describes how the data will be 
utilized and presented to Ecology; 

• Section 9, Contingent Actions,presents the options available in case of an 
exceedance of a regulatory standard in potentially affected media; 

• Section 10, Schedules, presents the anticipated sampling and reporting schedules 
for the Long-Term Monitoring Plan; followed by technical appendices, including: 

• Appendix A: Background and Baseline Sampling Data (2004 Sampling and 
Analysis Plan); 

• Appendix B: Field Sampling and Handling Protocols; 

• Appendix C: Quality Assurance/Quality Control Project Plan; and 

• Appendix D: Data Validation, Management, and Reporting. 

• Appendix E: Historical Environmental Documentation contains well logs, 
figures developed to aid Ecology negotiations;also electronic files of Technical 
Memorandums, and the 2004 SAP. 
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2 Objectives 

2.1 Objectives of RDF Long Term Monitoring 
The primary objective of the monitoring plan is to assess the long-term changes, if any, in 
arsenic concentrations and dynamics in Des Moines Creek and surrounding soil and 
groundwater as a result of project construction and operation. Since this monitoring 
program will be commenced during the second phase of construction, the early part of the 
program will allow for monitoring of potential short-term RDF construction impacts and 
an evaluation of the effectiveness ofremediation components (soil removal and reactive 
and clean cap performance). 

The specific objectives of the long-term monitoring program are summarized as follows: 

• Monitor for any project-related arsenic impacts to the West Fork of Des Moines 
Creek sediments and surface water during the construction phase of the Cell 1 
and Cell 2 excavation and after the RDF project becomes operational; 

• Continue data collection to support long-term arsenic time trend evaluations in 
the West Fork; 

• Monitor the effectiveness of the remedial design components for containing 
arsenic remaining in soil; 

• Protection of human health and the environment; 

• Monitor any potential arsenic migration caused by the RDF project and apply 
appropriate adaptive management remedial measures; and 

• Assess short-term and long-term arsenic mobility and occurrence in surface 
water, sediments and groundwater to evaluate the application of adaptive 
management options as necessary. 

2.2 Coordination of LTMP with Previous Monitoring 
Commitments 

As described above, the Basin Committee has been in continuous discussion with 
Ecology since January 2005 to develop this RDF-LTMP program to meet the objectives 
described above. Also as noted, the Basin Committee previously agreed under the 401 
WQC to conduct construction monitoring and to obtain data described in the 2004 SAP. 
Construction monitoring will continue until the conclusion of Phase II, independent of 
the monitoring scope described in the RDF-LTMP. Data generated by the construction 
monitoring program will continue to be submitted to Ecology via the Monthly Status 
Reports. However, detailed analysis and interpretation of that data is not directly 
applicable to the primary objectives of the LTMP. 
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The 2004 Sampling and Analysis Plan (Des Monies Creek Basin Committee, 2004) 
presented a comprehensive monitoring program to assess background and baseline 
conditions, potential construction and post-construction impacts, and changes of water 
quality within and downgradient from the project site. The 2004 Sampling and Analysis 
Plan included sampling and analysis of soils, surface water, sediments, and groundwater. 
To date, the background and baseline monitoring programs of the 2004 SAP have been 
completed. Current monitoring activities of the RDF are defined as Post-Construction 
Monitoring in the 2004 SAP. However, once finalized, the scope of this LTMP will 
preempt the Post-Construction Monitoring program presented in the 2004 SAP. 

Data collected as part of the 2004 Sampling and Analysis Plan is presented in Appendix· 
A of this document. The LTMP utilizes the results and observations gathered as part of 
the 2004 SAP; data trend interpretation relies on those data. 
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3 Previous Monitoring Programs and Results 

3.1 Site Characteristics 
The Des Moines Creek basin consists of an urbanized watershed that covers 5.8 square 
miles in the Seattle-Tacoma metropolitan area. Des Moines Creek is approximately 3.5 
miles long and discharges to Puget Sound at the Des Moines Creek Beach Park. The 
creek originates on a low-gradient upland plain near the south end of the Seattle-Tacoma 
International Airport. Two main tributary branches, the East and West Fork, converge at 
the Tyee Golf Course at river mile (RM) 2.35. The East Fork flows out of Bow Lake and 
is channeled through a series of subsurface pipes until it surfaces near 26th A venue 
South. The West Fork flows out of the NWPs located to the northwest of the Tyee Golf 
Course. The creek descends steeply through a ravine located south of South 200th Street 
and is thought to follow former glacial-age outwash channels to Puget Sound (Booth, 
1996). The portion of the RDF project area containing elevated arsenic levels in soil is 
located beneath and east of.the NWPs and along the West Fork of Des Moines Creek. 

The geologic history of the Puget Sound Basin and the study area has been dominated by 
repeated glaciation, followed by glacial and non-glacial cycles of deposition. 
Sedimentary deposits associated with up to four of these cycl~s have been identified in 
the Des Moines Drift Plain. A detailed description of the geologic and hydrogeologic 
conditions encountered in the upper Des Moines Creek Basin is presented in the Arsenic 
Issues Evaluation Report (Aspect Consulting and others, 2004b ). 

The geologic unit of particular significance related to the RDF project is the relic lake 
containing organic rich peat soils observed in the Cell 1 and Cell 2 excavation areas of 
the RDF project. The peat appears to be up to 16 feet thick near the southern area of Cell 
1 and is present throughout the proposed excavation areas. 

In addition, two particular groundwater bearing zones--a perched zone and a regional 
aquifer are of interest to the long-term monitoring of the RDF. The perched water table 
primarily occurs in the shallow peat, alluvium, and recessional outwash deposits 
encountered in the upper Des Moines Creek basin. Near the RDF, the perched zone 
appears to be locally isolated from deeper water bearing units by glacial till. The regional 
aquifer predominately consists of pre-Frasier sands and gravels from glacial and 
interglacial time periods. 

The topographic low surrounding the RDF facility is a natural discharge zone, as 
evidenced by the shallow water table, wetland hydrology, and upward groundwater 
gradients. Static piezometric head in wells completed in the regional unit often exhibit 
highly confined and even flowing artesian conditions. Although seasonally sen~itive, the 
area surrounding the RDF and much of the upper Des Moines Creek channel serves as 
the local discharge area for perched and regional groundwater under gaining conditions. 

The primary constituent of concern for long-term monitoring of the RDF is arsenic. 
Arsenic was found to occur in conjunction with peat soils that accumulated in wetland 
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areas. The geochemistry of arsenic, including speciation, mobility, and biogeochemical 
cycling is described in detail in the Arsenic Issues Evaluation Report (Aspect Consulting 
and others, 2004b ). 

3.2 Previous Data Collection 
Previous data collection efforts are categorized into four periods: 

• Design Investigation Phase I and II soil sampling in the excavation cells; 

• 2004 SAP Background monitoring of surface water and sediment in the West 
Fork of Des Moines Creek; 

• 2004 SAP Baseline monitoring of soils, groundwater, and surface water in the 
RDF area; and 

• Construction monitoring during Phase I construction. 

In addition, historical surface water monitoring data collected at Northwest Pond influent 
stations is of interest to the LTMP program. 

Pertinent data collected from these investigations are presented in Appendix A, Table 
A-1 through A-3 for groundwater, surface water, and sediment, respectively. See also 
Figures A-1 through A-5. 

3.2. 1 Initial Phase I & II Soil Sampling in Excavation Cells 1 & 2 

12 

King County conducted a Phase I project design soil investigation, August 19 through 21, 
2003, to evaluate the soil chemistry at select locations in the Cell 1 and Cell 2 excavation 
areas. The Phase I investigation was conducted based on procedures outlined in a 
Sampling and Analysis Plan prepared by the County (Khan and Ferguson, 2003). Soil 
sample locations consisted of 15 locations from Cell 1 and Cell 2 excavation areas and 
three locations along the new Des Moines Creek channel alignment. Hand augers were 
used to advance soil boreholes to an approximate depth of the proposed excavation grade. 
Soil samples were composited into a single sample from three sample intervals, which 
were typically near-surface (0.5 - 1.5 feet below ground surface [ft bgs]), mid-depth (2-3 
ft bgs), and bottom (between 2 and 7 ft bgs based on ground surface elevation at a 
particular sample location). 

A suite of analytical parameters was selected by King County, which consisted of metals 
(arsenic, cadmium, chromium, copper, lead, zinc, and mercury), volatile organic 
compounds, semivolatile organic compounds (base neutral acids), PCBs, and total 
petroleum hydrocarbons (TPH-HCID, gasoline range, diesel range, and motor oil range). 
In addition, the three soil samples collected along the new Des Moines Creek alignment 
were analyzed for herbicides. Detailed results of the soil chemistry investigation are 
reported in King County (2003f). 

A Phase II soil investigation was conducted by King County, on October 23 and 24, 
2003, in order to provided discrete interval soil samples from supplemental soil borings. 
Twenty additional locations were sampled to evaluate the vertical extent of arsenic, 
chromium, and mercury. The additional soil boring locations were based on the location 
of elevated composite samples collected during the Phase I investigation. Samples were 
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typically collected from 6 inches below the ground surface, mid-depth, and the 
approximate bottom of the proposed RDF excavation depth. Detailed results of the Phase 
II soil chemistry investigation are included in King County (2003e). 

Relevant conclusions of the Phase I and II sampling efforts identified elevated arsenic 
concentrations in soils within the proposed RDF footprint. Reported concentrations 
range from non-detect to 432 mg/kg in Cell 1 and non-detect to 149 mg/kg in Cell 2. The 
highest concentrations were reported in the northern portion of Cell 1 and the eastern area 
of Cell 2. 

Background Sampling of West Fork Surface Water & 
Sediment 

A 3-month background monitoring program was established to document the pre­
construction surface water and sediment quality in the existing West Fork of Des Moines 
Creek, prior to construction of the new creek alignment. The data were obtained 
consistent with the 2004 SAP, and serve as benchmarks for the evaluation of surface 
water and sediment quality data collected from the new West Fork channel. 

Aspect Consulting conducted an initial background monitoring of surface water and 
sediment at three locations (SW-la, SW-2a, and SW-3a; see Figure 3) along the pre­
construction West Fork of Des Moines Creek between the Northwest Pond outlet and the 
confluence of the West and East Forks of Des Moines Creek. Samples were collected 
monthly at these three locations from February 13, 2004 to April 22, 2004 using 
procedures outlined in an initial sampling plan (Aspect Consulting and Glass, 2004). 
Samples were submitted for total and dissolved arsenic analysis. Results, including water 
quality field parameter data and laboratory analytical data, are presented in Appendix A. 

Maximum arsenic concentration in the stream water was 3.1 micrograms per liter (µg/L), 
which is below both U.S. EPA and Washington State (MTCA Method A) groundwater 
standards (10 and 5 µg/L, respectively) and considerably less than the Washington State 
surface water quality criteria for chronic levels in freshwater (190 µg/L). Total arsenic 
concentrations in the creek sediments ranged from 6 to 48 mg/kg and were significantly 
lower at the most downstream location. Average sediment background values were 39, 
44, and 9 mg/kg at SW-la, SW-2a, and SW-3a, respectively. These levels are below the 
upper bound Apparent Effects Threshold {AET) for freshwater sediments of 50.9 mg/kg. 

3.2.3 Baseline Sampling 
A 1-year baseline monitoring program was established to gather soil, groundwater, 
surface water, and sediment chemistry data for investigating the environmental cycling of 
arsenic before major soil excavation and project-related hydrologic or geochemical 
changes could occur. Baseline monitoring occurred prior to and concurrent with Phase I 
Construction activities (see Figure 5). The baseline monitoring program was conducted 
in accordance with the 2004 Sampling and Analysis Plan (Des Moines Creek Basin 
Committee, 2004) and is described below for the soil, groundwater, and surface water 
and sediment components. 

PROJECT NO. 040106A-001-2.3 • DECEMBER 8, 2005 13 

-
-
-

-
--

--
--
·-
--
; . 

-

--
--
--
-
-



ASPECT CONSUL TING 

3.2.3.1 Event I & II Soil Sampling in Cells 1 & 2 Excavation Areas 

14 

Soil sampling was conducted in excavation Cells 1 and 2 by King County and Aspect 
Consulting personnel (S.S. Papadopulos & Associates, 2004). Work occurred in two 
stages. Event 1 tested the lateral and spatial variability of arsenic concentrations. Event 
2 re-sampled a small subset of the Event 1 locations to address data gaps and evaluate the 
extent and mobility of arsenic in soil within the Cell 1 and Cell 2 area of the RDF. 

During Event I, April 19 through 30, 2004, King County personnel advanced 53 borings 
in the excavation area on an 80-foot grid spacing. Samples were collected at 1-foot 
intervals to a depth of 2 feet below the planned excavation depth. Peat and/or "organic 
muck" with thicknesses from 1 to 7 feet were encountered in 44 of the 53 borings. 
Probing suggested that the peat may be up tq 16 feet thick locally. The thickest 
accumulations appear to be in the southern half of Cell 1. 

Arsenic concentrations reported for Event I ranged over three orders of magnitude from 
0.6 to 596 mg/kg. For locations where arsenic values were greater than 20 mg/kg, 
concentrations generally increased from the ground surface downward, with a maximum 
concentration occurring at between 1 and 6 feet below ground surface. Elevated arsenic 
levels were strongly correlated with the occurrence of peat or organic-rich soil. The 
highest arsenic concentrations were found to the northeast of the ponds, with an isolated 
high near the base of the West Berm. 

For Event II, 19 previous and 5 new locations were sampled by Aspect Consulting from 
July 26 through July 29, 2004. Sampling protocol and methodologies were the similar to 
those used during Event I. 

Laboratory testing to determine arsenic mobility was performed on soil samples from 
nine Event II locations and one Event I location and. on sediment samples from the NWPs 
and the West Fork of Des Moines Creek (S.S. Papadopulos & Associates, 2005). Thirty 
samples were analyzed for total organic carbon (TOC), nitrogen, iron, acid-volatile 
sulfide (A VS), and chromium reducible sulfide (CRS). Seven sediment samples were 
analyzed for the above parameters, except without A VS and CRS, and adding total 
aluminum and manganese. A subset consisting of 12 soil, 3 pond sediment, and 3 stream 
sediment samples were analyzed by sequential extraction to provide information on the 
forms and potential mobility of arsenic. Aerobic batch leach tests were performed on the 
12 soil samples to estimate the arsenic fraction that could be released to surface water 
from soils exposed during excavation. 

The following conclusions were reached based on the laboratory testing results: 

• In soils with elevated arsenic levels, most arsenic is present as solid arsenic 
sulfide, with lesser quantities present as strongly adsorbed and soluble arsenic 
species; 

• In sediments, arsenic appeared to be strongly adsorbed and/or incorporated in 
iron and aluminum oxides and/or clay minerals; 

• A small fraction (<2%) of arsenic in site soils is leachable in-situ; 

• Leaching of arsenic from exposed soils could result in a detectable increase in 
arsenic concentration in Des Moines Creek; and 
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• Excavated soil is not a dangerous waste, because arsenic concentrations in 
leachate from the Toxicity Characteristic Leaching Procedure (EPA SW-846 
Method 1311) did not exceed 5 milligrams per liter (mg/L) (Washington 
Administrative Code [WAC] 173-303-909[8][c]). 

3.2.3.2 Groundwater Sampling 
Groundwater samples were collected from 8 temporary single wells and 7 permanent well 
pairs (Aspect Consulting, 2004b ). The temporary wells were located at the south end of 
the West Berm and were sampled during a one-time event in April, 2004. The permanent 
well pairs, each consisting of shallow and deep wells, included 4 pairs within the 
excavation area and 3 pairs along the pre-construction channel of the West Fork of Des 
Moines Creek. These wells were sampled quarterly from June 2004 to February 2005 as 
part of the baseline monitoring program. Quarterly long-term monitoring began in May 
2005 (see Figure 5). 

Reported dissolved arsenic concentrations ranged from 0.5 to 104 µg/L. This data set, 
depending on location, can be compared to different regulatory requirements depending 
on the highest beneficial use of groundwater at each specific monitoring location. 
Rationale and application of these regulatory standards are presented below Section 5. 

Shallow and deep groundwater have very similar chemical signatures - both are 
characterized as a calcium/magnesium bicarbonate type (Figures A-4 and A-5, 
respectively). 

3.2.3.3 Surface Water and Sediment Sampling 
Surface water and sediments were sampled quarterly by personnel from Aspect 
Consulting and King County as part of the baseline monitoring program. 

3.2.3.3.1 West Fork of Des Moines Creek 
The West Fork was sampled in three locations between the Northwest Pond outfall and 
the confluence with the East Fork from June 2004 through February 2005. Quarterly 
long-term monitoring began in May 2005 (see Figure 5). The monitoring was a 
continuation of the background sampling that begun in February 2004. On September 
30, 2004, stream flow was redirected along a new alignment and sample locations were 
subsequently moved laterally into the new channel. The initial sample locations are 
identified by the letter "a", while current locations are designated "b". 

Water samples were tested for alkalinity, aluminum, arsenic and speciation compounds, 
calcium, chloride, iron, magnesium, manganese, nitrate, phosphorous, potassium, 
sodium, sulfate, sulfide, total organic carbon (TOC), and total suspended solids. The 
highest arsenic concentration measured in West Fork surface water was 3.1 µg/L. 

Sediments were tested for total arsenic, iron, manganese, nitrogen, sulfide, TOC, and 
total solids. Arsenic concentrations in the new channel averaged 5 mg/kg, which is 
noticeably less than the 41 mg/kg average for the two original channel upstream 
locations, but little different from the original channel downstream sample site (8 mg/kg). 
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3.2.3.3.2 Northwest Ponds (NWPs) 
Surface water samples were collected quarterly from four NWPs locations, from June 
2004 through February 2005. Water quality parameters were measured as a function of 
depth in fall and winter. Sediments were sampled in September 2004 and February 2005 
as representative of dry and wet season conditions. 

Vertical gradients of specific conductivity and dissolved oxygen (DO) parameters 
indicated the thickness of the upper mixing layer and the degree of mixing. This layer 
was shallow in the fall and deep during the winter. At shallow locations the full water 
column was mixed during winter, while at the 9-foot deep NWPl the bottom two feet 
remained unmixed. DO levels in the upper layer varied from 5 to 11 mg/L and declined 
with depth to a range of <1 to 4 mglL. Most conductivity gradients mirrored those of 
DO, but increased with depth. Near-surface conductivity values were 150 to 200 
microsiemens per centimeter (µSiem); values near the bottom varied from 170 to 650 
µSiem. The highest values were recorded in the deep NWPI location. Temperatures in 
the ponds varied seasonally from 3° to 22° Centigrade (C). Measurements of pH were in 
the range of 6 to 8. Oxygen reduction potential (ORP or redox) values were from -130 to 
200 millivolts (m V), with lowest values found in summer and fall at the deep NWPl 
sampling site. 

Arsenic concentrations in Northwest Pond water were low, ranging from 1.3 to 4.3 µg/L. 
Arsenic concentrations in pond sediments averaged 36 mg/kg with a range from 20 to 55 
mg/kg. 

Influent flow into the NWPs was not measured as part of the project, but historical 
arsenic data are available (Aspect Consulting and others, 2004a). Seattle-Tacoma 
International Airport NPDES-required sampling in the mid-1990s included collection of 
arsenic data from certain outfalls discharging into Des Moines Creek. The arsenic 
concentrations measured during this period ranged from non-detect to 5.1 µg/L in influent 
storrnwater. Based on these findings, arsenic analysis was deleted from the NPDES 
requirements. These data indicate that the long term presence of arsenic at the project 
site was not, at least in the mid-l 990s, significantly influenced by additional or ongoing 
input from influent surface water sources. 

3.2.4 Construction Monitoring 
King County, on behalf of the Basin Committee, performs construction monitoring in 
compliance with the 401 WQC. Construction monitoring is phased to match construction 
phases. 

3.2.4.1 Phase I Construction Monitoring 

16 

Phase I construction monitoring was initiated by King County in the summer of 2004. 
Field sampling procedures and methodologies are presented in the Construction Water 
Quality Sampling Plan, included in Appendix D of the Storrnwater Pollution Prevention 
Plan for Des Moines Creek Basin Restoration Projects (King County, 2005b). 

Surface water samples were collected from six stations, beginning at the Northwest Pond, 
then down the West Fork of Des Moines Creek to the confluence with the East Fork, just 
upstream from the construction monitoring point of compliance. In addition, a 
background sample was collected and analyzed from the Tyee Pond located along the 
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East Fork. As construction advanced, water quality monitoring stations along the creek 
were relocated in parallel with creek realignment along the West Fork. 

Phase I construction monitoring of surface water included a visual inspection for oil and 
grease, general water quality parameters (pH, temp, DO, and ORP), turbidity, and 
arsemc. 

Construction monitoring data have been collected since the start of Phase I construction 
(June 2004), beginning with pre-loading of the West Berm and realignment of the West 
Fork of Des Moines Creek, and are available in the Monthly Status Reports (King 
County, 2004 and 2005a) routinely submitted to Ecology. 

Typically, arsenic results reported by field testing methods range between 5 µg/L 
(detection limit) and 20 µg/L. However, during the pre-loading of the soils beneath the 
West Berm, water from a dewatering trench- referred to as the Unsuitable Trench -was 
collected and broadcast over an area near the south end of Cell 1 for disposal. Field test 
kit analysis indicated that arsenic concentrations in the trench ranged from 30 to 125 
µg/L. A confirmation sample submitted to the King County Laboratory reported arsenic 
concentration of 72.9 µg/L, approximately 10 percent lower than the field test kit method 
measurement of 80 µg/L. 

3.2.4.2 Phase II Construction Monitoring 
King County will perform surface water construction monitoring in Des Moines Creek 
during Phase II construction. Construction observations will be conducted and 
documented on a daily basis for indications of construction-related impacts to the West 
Fork. 

A daily sample will be collected from the outlet of the Northwest Ponds and tested for 
arsenic using a portable test kit. Additional arsenic samples will also be collected on a 
daily basis during the major excavation activities, and submitted to a certified laboratory 
for total and dissolved arsenic analysis. Event-based continuous sampling will occur if 
observations indicate a construction-related impact to the West Fork of Des Moines 
Creek. Sampling will occur at station SW-1 b, located downstream from the new NWPs 
outlet control structure. Based on the results at SW-1 b, the sampling may expand to 
include stations SW-2b and SW-3b. The compliance coordinator shall decide on the 
scope of the additional monitoring. 

A second year of Phase II construction monitoring will be implemented, as Phase II RDF 
construction will extend into 2006 (see Figure 5). 
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i', 
• 4 Long-Term Monitoring -- Environmental Media 

4.1 Environmental Medial of Concern 

18 

Current data suggest that arsenic concentrations at the site may reflect an arsenic source 
interaction with a natural peat environment (See geochemical description of arsenic in the 
Arsenic Issues Evaluation Report, Aspect Consulting and others, 2004b ). While peat age 
dating has not been performed at the site, Rigg (1958) calculated an average 
accumulation rate of 1 foot every 500 years for deposits found in the Puget Sound 
lowlands. Application of this relationship to the observed peat thicknesses (13.5 feet in 
the southern portion of Cell 1 ), suggests that the peat deposits located near within the 
RDF may be up to nearly 7,000 years old. 

During construction ( especially during excavation of the peat), subsurface horizons that 
are currently anoxic would be brought to the surface. This could result in a short-term 
release of arsenic-bearing pore water as well as a slow release of arsenic adsorbed on peat 
and associated with sulfides by leaching and oxidation. The slow release of arsenic from 
the excavated peat surfaces will be a temporary phenomenon. After the newly excavated 
surfaces become exposed to natural weathering processes, conditions in the peat are 
expected to approach pre-excavation conditions at some point in time after the excavation 
is complete. However, the RDF project design includes elements to control any such 
remobilization, such that arsenic will not become any more of an environmental threat at 
the site after the completion of the RDF than it was before construction. 

The RDF long-term monitoring program is designed to make observations and collect 
data to verify that arsenic is not remobilized at the site as a result of RDF construction or 
operations, and in ways that could adversely impact human health or the environment. 

The environmental media of concern are: 

• Soil representative of the upper 2 feet of capping material within the RDF; 

• Groundwater downgradient of the RDF along the West Fork of Des Moines 
Creek; 

• Surface water from the West Fork of Des Moines Creek; 

• Major influent contributing sources to the RDF; 

• Sediment from the streambed of the West Fork of Des Moines Creek; and 

• Vegetation reestablishment within the RDF (Qualitative assessment). 

Section 4.2 provides the technical bases for the monitoring activity in each of these media 
and the regulatory standards by which data obtained from each will be assessed. 
Sampling locations and methodology are presented in detail in Section 5 and Appendix 
B. 
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4.2 Site-Specific MTCA VCP Standards 
Long-term monitoring plan data will be tabulated and compared to appropriate regulatory 
standards. Site-specific standards for each medium have been developed through in­
depth discussion with Ecology from late January through June 2005. The site-specific 
standards reflect consideration of relevant exposure pathways, in-situ and downgradient 
receptors, and highest beneficial use. 

Long-term monitoring criteria are summarized in Table 1, below, and described more 
fully in the subsections that follow. 

Table 1: Applicable Regulatory Standards for Long-Term Monitoring of 
Arsenic 

DMCGW-5s and -5d 
WAC 173-201A freshwater chronic 

190 µg/L criteria (dissolved fraction) 
DMCGW-6d Statistical trend analysis N/A 
DMCGW-8 MCL drinking water criteria 10 µg/L 
DMCGW-9s and -9d MCL drinking water criteria 10 µg/L 

4. 2. 1 Soil Cap 
Previous results from baseline sampling of Cell 1 and Cell 2 were compared to MTCA 
Method A unrestricted cleanup level of 20 mg/kg. Although the MTCA standard is 
protective of human health, an arsenic criterion has not been established to be protective 
of the wetland ecosystem. On review of available data and regulatory policies, Ecology 
established a site-specific remediation goal: at the conclusion of construction, arsenic 
concentrations in the upper 2 feet of site soil over the 2-acre project area may not exceed 
the MTCA Method A cleanup level (20 mg/kg), and that the mean arsenic concentration 
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may not exceed the preconstruction site mean arsenic concentration (10-11 mg/kg) for 
surifical soils. 1 

4.2.2 Groundwater 

20 

The locations of the wells to be monitored as part of the RDF-LTMP are illustrated in 
Figure 2. Groundwater monitoring wells DMCGW-5s and -5d are located downstream of 
the RDF's West Berm, approximately 120 feet north of the new alignment of Des Moines 
Creek. Similarly, DMCGW-6d is located on the north side, but approximately 1,000 feet 
further downstream than the DMCGW-5 well pair. Both of these well pairs were 
established as part of the 2004 SAP. Due to construction impacts and monitoring 
rationale (elaborated on below), monitoring wells were located at two additional locations 
explicitly for the RDF-LTMP. Monitoring well DMCGW-8 was located on the bank of 
the realigned Des Moines Creek, just downstream of the East Berm. Well pair 
DMCGW-9s and -9d was located 2,800 feet south of the East Berm, approximately 
equidistant from Highline Water District's (HWD's) Tyee Well and the wetland 
delineation encompassing the RDF and the West Fork of Des Moines Creek. 

At most locations, the elevation of the stage in Des Moines Creek is lower than in 
adjacent groundwater monitoring wells, thus indicating a gaining segment of the creek. 
However, during periods of seasonal low groundwater elevations, the creek elevation 
may remain higher than adjacent groundwater elevations. This condition creates a 
seasonally loosing condition in the creek, potentially contributing surface water to the 
aquifer. 

DMCGW-5s and -5d are located within the delineated wetland area. The primary 
receptor for shallow groundwater within the designated wetland area is surface water. 
Therefore, sample results from DMCGW-5s (shallow) and -5d (deep) will be evaluated 
relative to WAC 173-20 lA freshwater chronic criteria for arsenic of 190 µg/L ( dissolved 
fraction). 

DMCGW-6d: This well is located just outside the wetland boundary, and adjacent to the 
creek. Due to the seasonality of the dynamic between gaining/losing reaches of Des 
Moines Creek to groundwater near DMCGW-6d, and the resultant uncertainty of the 
potential receptor/beneficial use (surface water or drinking water) of the groundwater 
being monitored, arsenic data from this well will be evaluated to determine changes over 
time, rather than compliance with a specific numerical criterion. Monitoring data will be 
evaluated using trend analysis to identify any significant increasing arsenic concentration 
trends. If a significant increasing trend is identified, the Basin Committee will discuss 
the data with Ecology and jointly determine what, if any, additional evaluative or 
remedial steps are appropriate . 

Wells DMCGW-8, -9s, -9d: Monitoring wells DMCGW-8 and DMCGW-9s and-9d are 
located outside of the designated wetland boundary, approximately equidistant between 
the RDF and HWD's Tyee Well. The highest beneficial use of groundwater outside of 
the wetland boundary is drinking water; therefore, analytical results at these locations 

1 Ecology calculated the pre-construction value by eliminating data points over 20 mg/kg (representing 
peat excavation), then taking the arithmetic mean of the remaining values in the upper I-foot soil 
horizon. · 
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will be evaluated against the Maximum Contaminant Level (MCL) drinking water 
criterion of 10 µg/L for arsenic. 

Surface Water 
Sample data from the West Fork of Des Moines Creek and from within the detention 
facility will be compared to the WAC 173-201A freshwater chronic criterion for arsenic 
of 190 µg/L ( dissolved fraction). Compliance with the surface water criterion will be 
based on achieving surface water cleanup levels within the RDF surface waters (post­
construction) and the segment of the creek located within the project boundary between 
the RDF outlet and confluence with the East Fork of Des Moines Creek. 

Sediments 
Sediment samples will be collected from the upper 10 cm at three monitoring stations 
established in each segment of the creek that is located within the newly established West 
Fork channel. Data will be compared to freshwater sediment upper bound AET value of 
50.9 mg/kg, and trends, if any, will be observed. 

4.2.5 Vegetation Monitoring 
The health of vegetation planted as part ofRDF construction will be monitored by 
periodic visual inspection by a professional biologist. The cause of observed morbidity 
or mortality will be evaluated in consultation with Ecology. Vegetation cover and plant 
growth will be compared across the RDF and to similarly situated plant communities in 
adjacent areas. 
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5 Sampling and Analysis Program 

This section provides a brief overview of the sampling and analysis program for the 
LTMP. Additional detail on field sampling methods and handling protocols are found in 
Appendix B. 

5.1 Soil Cap Monitoring 
The Basin Committee will establish as-built cap arsenic concentration conditions at the 
conclusion of cap construction. To verify that arsenic concentrations in the clean soil cap 
do not increase over time, post-construction cap monitoring events will be performed 
during the dry season in Years 2, 5, and 10 after the cap is installed. Results of the post­
construction sampling will be statistically compared to the as-built data compiled at the 
completion of cap construction (Year 0). 

5.1.1 Soil Cap Sampling Locations - As-Built Conditions 
As-built sampling to confirm cap arsenic concentrations will be completed immediately 
following completion of cap construction. As-built data collection will consist of 
collection samples from two depths at each of four locations within each of about 30 60-
foot by 60-foot grid cells. The four samples from each depth interval (0 to 12 inches and 
12 to 21 inches2) will be composited to yield 2 samples representative of two different 
depths for each grid cell. 

5.1.2 Soil Cap Sampling Locations- Long-Term Monitoring 

22 

Similarly, long-term monitoring of the soil cap will consist of collection of soil samples 
from four spatially discrete locations distributed within the designated grid cells. At each 
location, samples will be collected from two discrete depth intervals: one from O to 12 
inches and the other from 12 to 21 inches. The feasibility of sampling every grid cell will 
be assessed before each long-term monitoring event. If access to cap monitoring 
locations is limited due to the successful proliferation ofRDF vegetation, sampling may 
be limited to readily accessible cells (see Figure 1). This variance to the sampling 
program would minimize damage to the established vegetation and the wetland 
ecosystem. If a reduced sampling program is implemented, the samples collected from 
the select grid cells will be composited as described above and will be statistically 
compared against the as-built data set collected at the same grid location. 

Sampling locations will be documented using survey-grade GPS with an accuracy of ±0.1 
meters and will be permanently marked in the field with an approximately 3-foot-long 
section of orange-painted inert pipe marked with 6-inch gradations driven to a depth of 
no greater than 21 inches. Sample locations within each cell may be adjusted based on 

2 The lower depth limit of 21-inches ensures that a 3-inch protective zone above the geotextile at the 
bottom of the cap is maintained and that sampling does disturb the reactive layer. 
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surface access (e.g., presence of thick vegetation) and subsurface obstructions (e.g., root 
mass). 

Each of the composited samples will be submitted for total arsenic analysis by EPA 
Method 6020. Method details are provided in Table 2. 

Soil sample collection protocols are provided in Appendix B. 

5.2 Groundwater Monitoring Locations 

5.2.1 

Groundwater samples will be collected from monitoring wells established during baseline 
sampling [DMCGW-5s (shallow) and -5d (deep) and DMCGW-6d] and newly installed 
monitoring wells (DMCGW-8 and DMCGW-9s and -9d), as illustrated by Figure 2. 

Since the relocation of Des Moines Creek in September 2004, baseline monitoring wells 
DMCGW-7s and -7d have not contained the water column required to routinely collect 
representative groundwater samples and as a result these wells were decommissioned in 
July 2005. Therefore, DMCGW-8 was located approximately 150 feet south near the 
south end of the East Berm along the bank of the new West Fork channel and completed 
in the uppermost saturated zone (Aspect Consulting, 2005). 

DMCGW-9s and -9d were located and installed at two different depths to provide data 
representative of ambient groundwater conditions between the RDF and the HWDs Tyee 
Well. DMCGW-9s is located just outside of designated wetland boundaries and is 
completed near the contact of recent alluvium/recessional outwash and the older Pre­
Fraser sediments. DMCGW-9d is similarly located, but screened deeper in the older Pre­
Fraser sediments. All groundwater monitoring locations were established in accordance 
with Washington Administrative Code (WAC) Chapter 173-160, Minimum Standards for 
Construction and Maintenance of Wells. 

Groundwater samples will be collected on a quarterly basis for 3 years following the 
completion of RDF construction and on a semiannual basis during monitoring program 
years 4 through 10 (see Figure 5). Following the third year of monitoring, Ecology will 
be consulted to determine if the planned sampling frequency should be modified. 

Groundwater samples will be submitted for chemical analysis of total and dissolved 
arsenic (EPA Method 6020), Total Suspended Solids (TSS-SM 2540-D), and 
geochemical characterization parameters including dissolved iron (EPA Method 6010B), 
sulfide (EPA Method 9030), and sulfate (EPA Method 300.0). Samples to be analyzed 
for dissolved metals will be filtered in the field using a 0.45 micron flow through 
disposable filter. 

Groundwater sampling protocols are provided in Appendix B. 

Groundwater-Surface Water Head Measurements 
Before water samples have been collected, the differential head between the groundwater 
monitoring wells and the adjacent surface water in West Fork of Des Moines Creek will 
be determined by reading the creek stage height via a staff gage. A staff gage will be 
permanently installed in the creek adjacent to each groundwater monitoring location, and 
then surveyed relative to the project datum and the top of casing elevation to the 
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neighboring monitoring well(s). The staff gage will be marked with ticks to allow direct 
measurement to the nearest 0.1 foot. The staff gage measurement will be compared with 
the adjacent groundwater elevation to assess gaining or losing stream conditions. 

5.3 Surface Water Monitoring 

5.3.1 Sampling Locations for Des Moines Creek 
Surface water samples will be collected at three locations along the new channel of the 
West Fork of Des Moines Creek, between the RDF outlet and the confluence with the 
East Fork. The three monitoring stations3 are shown on Figure 3 and described below: 

• SW-lb is located in the new channel approximately 50 feet downstream of the 
outfall of Outlet Control Structure #2 from the NWPs; 

• SW-3b is located in the new channel approximately 100 feet downstream of the 
centerline of the Approach Light Road. SW-3b is approximately 100 feet 
upstream of the discharge from the Port's stormwater outfall SDS4, which enters 
Des Moines Creek in the vicinity of the confluence of the West Fork and East 
Fork; and 

• SW-2b is located in the new creek channel midway between SW-lb and SW-3b. 

Samples will be collected during baseflow or under similarly stable conditions. Des 
Moines Creek surface water samples will be collected on a quarterly basis for 3 years 
after construction of the RDF is completed and on a semiannual basis during years 4 
through 10. Following the third year of monitoring, Ecology will be consulted to 
determine if the planned sampling frequency should be modified. 

Surface water samples will be submitted for chemical analysis of total and dissolved 
arsenic (EPA Method 6020) and TSS (SM 2540-D). Samples to be analyzed for dissolved 
arsenic will be filtered in the field. 

Surface water sampling protocols are provided in Appendix B. 

5.3.2 NWPs Influent Sampling 

24 

The Basin Committee will conduct a limited monitoring program to confirm that current 
NWPs influent arsenic conditions are consistent with those reported by STIA in the 
1990s (see Section 3.2.3.3.2, above). During the first year after completion ofRDF 
construction, quarterly monitoring of influent surface water discharges into the NWPs 
system will be conducted. Monitoring will consist of collecting samples from four 
stormwater events throughout the year, at each of the influent drainage ways discharging 
into the NWPs. Samples would be composites representing the majority of the storm 
event. In addition, influent base flows into the system would be monitored twice in the 
monitoring year during the winter and summer periods . 

In order to reduce the cost of the monitoring program, samples would be collected as part 
of ongoing Seattle-Tacoma International Airport NPDES monitoring program. Because 

3 The "b" following the location identifier denotes the monitoring location in the new creek 
realignment. Previous surface and sediment monitoring locations are denoted with an "a". 
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the primary objective of this effort is to verify historic conditions, it is not significant that 
the influent monitoring events will not be conducted concurrent with the downstream 
monitoring. 

5.4 Sediment Sampling 
Sediment sampling locations will be paired with the surface water sampling locations 
along the West Fork of Des Moines Creek between the RDF outlet and the confluence of 
West Fork and East Fork (see Figure 3). 

Des Moines Creek sediment samples will be collected on a quarterly basis for 3 years 
after construction of the RDF is completed and on a semiannual basis during years 4 
through 10. Following the third year of monitoring, Ecology will be consulted to 
determine if the sampling frequency should be modified. 

Sediment samples will be submitted for chemical analysis of total arsenic (EPA Method 
6020) and Total Organic Carbon (TOC) (EPA Method 9060A). 

Sediment sampling protocols are provided in Appendix B. 

5.5 Vegetation Monitoring 
The health of vegetation cover planted as part ofRDF construction will be evaluated as 
part of the post-construction monitoring program. A biologist will conduct v.isual 
inspection of the vegetative cover annually for evidence of stress not attributable to other 
stressors, canopy coverage, and presence of invasive species for a period of 10 years. If 
stress, morbidity and/or mortality are observed, cause(s) will be discussed with Ecology. 
Morbidity or mortality attributable to arsenic contamination may require additional 
remedial actions at the site. Figure 4 presents the planting scheme and planned extent of 
the proposed vegetation cover for the RDF. 

5.6 Laboratory Analysis and Testing 
Laboratory analytical methods and required reporting limits for the soil cap, groundwater, 
surface water, and sediment samples collected for this project are summarized in Table 2. 
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Table 2: Laboratory Analytical Methods and Required Reporting Limits 

Total and Dissolved Arsenic EPA 6020 0.2 0.5 

Dissolved Iron EPA 60109 6 20 

Sulfate EPA 300.0 0.04 0.2 

Sulfide EPA 9030 0.06 0.1 

Total Suspended Solids SM 2540-D 0.5 

Notes: 
Dissolved water samples will be field filtered with a 0.45 micron flow through disposable 
filter. 

µg/L 

µg/L 

mg/L 

mg/L 

mg/L 
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6 QA/QC and Data Validation 

This section summarizes the Quality Assurance/Quality Control (QA/QC) elements for 
all the sampling media and the data evaluation protocols. The protocols are analogous to 
those used in the 2004 Sampling and Analysis Plan. Detailed QA/QC elements for all 
monitoring programs are included in Appendix C. 

6.1 Soil Cap Quality Control Samples 
Field duplicates will be collected from approximately 10 percent of the sample 
population (approximately 5 samples), and laboratory duplicates will be analyzed from 
about 5 percent of the sample population. The field duplicate will be submitted as a blind 
duplicate with a unique sample identifier. Regardless of the stated rate of QC sample 
collection, at least one of each QC sample type will be processed for every monitoring 
event. 

One equipment rinsate blank will be collected during each day of sampling. 

6.2 Groundwater Quality Control Samples 
Field duplicates will be collected from approximately 10 percent of the sample 
population, and laboratory duplicates will be analyzed from about 5 percent of the sample 
population. The field duplicate will be submitted as a blind duplicate with a unique 
sample identifier. Regardless of the stated rate of QC sample collection, at least one of 
each QC sample type will be collected during every monitoring event. 

One equipment rinsate blank sample will be collected during each day of sampling. 

6.3 Surface Water Quality Sampling 
Field duplicates will be collected from approximately 10 percent of the sample 
population, and laboratory duplicates will be analyzed from about 5 percent of the sample 
population. The field duplicate will be submitted as a blind duplicate with a unique 
sample identifier. Regardless of the stated rate of QC sample collection, at least one of 
each QC sample type will be collected during every monitoring event. 

One equipment rinsate blank sample will be collected during each day of sampling. 

6.4 Sediment Quality Control Samples 
Field duplicates will be collected from approximately 10 percent of the sample 
population, and laboratory duplicates will be analyzed from about 5 percent of the sample 
population. The field duplicate will be submitted as a blind duplicate with a unique 
sample identifi.er. Regardless of the stated rate of QC sample collection, at least one of 
each QC sample type will be collected during every monitoring event. 

PROJECT NO. 040106A-001-2.3 • DECEMBER 8, 2005 27 

-
-
-
-
-
-

-
·-
·-
···-

-
.,_ 

··-
-

·-
--
-



• 

it 

• 

• 

• 

• 
• 

ASPECT CONSUL TING 

One equipment rinsate blank and one trip blank sample will be collected during each day 
of sampling. 

6.5 Data Validation 

28 

All data collected during the Des Moines Creek Long-Term monitoring program will be 
subject to data validation reviews. The data validation process quantifies technical data 
quality, verifies that adequate documentation was performed, and determines whether the 
analytical data are usable and meet project Data Quality Objectives (DQOs). Data 
validation will be performed in accordance with EPA's National Functional Guidelines 
for Inorganic Data Review. Detailed data evaluation and reporting guidelines are 
included in Appendix D. 
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7 Data Evaluations 

Validated data from each sampling event will be reduced and evaluated based on the 
media type, then compared to the regulatory standard outlined above. The evaluation 
process for each medium is described below: 

7 .1 Soil Cap Monitoring 
Validated results of the 2, 5, and 10 year sampling events will be statistically evaluated 
against the Year O as-built cap arsenic concentration data set. The intent of the evaluation 
will be to determine if a statistically significant increase in arsenic is observed. The 
statistical analysis will likely consist of a two-sample, one-sided test ( e.g., Wilcoxon rank 
sum test or other appropriate methods) to compare the mean/median values of the two 
sample populations. 

7 .2 Groundwater Monitoring 
Results will be validated, tabulated, and then compared to the standards previously 
identified. In addition, the evaluation of data from at least well DMCGW-6d will include 
a temporal trend analysis with comparison/correlation to groundwater and creek stage 
elevations. 

7 .3 Surface Water Monitoring 
Results will be validated, tabulated, and compared to surface water criteria. 
Concentration trends over time and spatial distributions will also be presented. 

7 .4 Sediment Monitoring 
Long-term monitoring results will be validated, tabulated, and compared to sediment 
criteria. Temporal trend analysis and spatial distributions will also be presented. 

7 .5 Vegetation Monitoring 
Vegetation cover and plant growth will be compared across the RDF and to similarly 
situated plant communities in adjacent areas. Areas that show evidence of high mortality 
or poor plant growth (not attributable to other stressors) may be added as future soil 
sample locations to determine whether arsenic is a contributing factor. 

If a verified exceedance ofa RDF-LTMP criterion occurs, the Basin Committee will 
notify Ecology, and discuss options and next steps, as described in Sections 8 and 9. 
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8 Data Management and Reporting 

This section addresses issues related to data sources, data processing, and data evaluation. 
Additional information on data management is provided in Appendix D. 

8.1 Field Data Management 
Accurate documentation of field activities will be maintained using field log-books, field 
forms, correspondence forms, and photographs. Entries will be made in sufficient detail 
to provide an accurate record of field activities without reliance on memory. 

Field log entries will be dated and include a chronological description of task activities, 
names of individuals present, names of visitors, weather conditions, etc. When 
photographs are taken, the project number, date, picture number, and description of the 
photograph will be entered on a photograph log. 

8.2 Analytical Data Management 
Raw data generated in the field or received from analytical laboratories will be reviewed, 
entered into a computerized spreadsheet, and verified for consistency and correctness. 
Following data review and validation, all field and analytical data will be transmitted to 
the Port of Seattle Data Manager in the format of the POS Field Module and Lab 
Electronic Data Deliverable (EDD) for loading to the Port's EMIS database. In addition, 
data will be electronically submitted to Ecology within 120 days following completion of 
each sampling report to Ecology's EIM database utilizing the "Submit Data" web page 
(https://fortress.wa.gov/ecy/eimimport/submit.htm). 

8.3 Reporting 

30 

Following each quarterly or semiannual sampling event, a brief Data Summary Report 
will be prepared detailing the sampling results, and will be submitted as part of the 
corresponding RDF program periodic status report ( current, the Monthly Status Report; 
we assume the frequency of such reporting will be reduced to quarterly or semiannual as 
the program proceeds from construction to long term monitoring). The summary reports 
will include data validation, updated tables and figures, and cursory comparison ofresults 
against regulatory standards. Detailed trend and statistical analysis will be included in an 
Annual Report to be prepared at the conclusion of each monitoring year . 

The data validation contractor will report all laboratory results together with any data 
qualifier flags assigned after data reviews in a format suitable for uploading into the data 
management program as described in Appendix D. A narrative report shall accompany 
each data validation deliverable. That narrative report shall identify all data validation 
review steps that were performed and discuss all assigned data qualifier flags, the basis 
for their assignment, and implications for data usability. The data validation narrative 
will be reported as an addendum to the Data Summary Report. 
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In addition, the third Annual Report will contain an expanded data evaluation of the 
entire data set collected to date which may provide a basis for considering modification 
of future monitoring frequency. 

8.4 Exceedance Notification 
In the event periodic monitoring reports a verified exceedance of criteria established by 
this RDF-LTMP, the Basin Committee will notify Ecology. Based on then-available 
information, the Basin Committee and Ecology will discuss if there is a reasonable 
probability that the exceedance was caused by construction or operation of the RDF; if 
so, whether the exceedance was a one-time occurrence or represents a change in site 
conditions, and, in addition, whether the exceedance represents an adverse impact to the 
receptor. If answers to these questions are affirmative, then the Basin Committee will 
initiate the contingent action process described in Section 9. 
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9 Contingent Actions 

Due to the inherent variability of environmental data, reported measurements can 
occasionally exceed project standards even though true changes in environmental media 
quality have not occurred. The following approach to evaluating an exceedance will 
involve several sequential steps. The steps are intended to identify whether the data 
reported by the laboratory are accurate, whether the source causing the exceedance of a 
regulatory standard is construction or operation of the RDF, to identify the mechanism or 
pathway contributing to the exceedance, and to determine whether the exceedance 
represents a change in RDF environmental conditions that poses a significant risk to the 
environment. If the review results in a negative answer for any of these sequential 
questions, the inquiry is complete, and routine monitoring will continue. However, if 
RDF construction or operations are determined ( on a more-likely-than-not basis, in 
consultation with Ecology) to be the cause of a significant threat to human health and/or 
the environment, actions to identify the most appropriate and effective corrective action 
will be taken. 

In the event of a validated·exceedance, following consultation with Ecology described in 
Section 8, the following steps will be taken. 

9.1 Verification Resampling 
Statistically, false positives will occur in environmental sampling programs. The primary 
purpose of verification resampling is to ensure that false positives are not included in the 
RDF data set. Resampling and validation of the verification sample data will confirm 
whether the initial exceedance was representative of actual site conditions. Verification 
sampling will be performed at the earlier of the next regularly scheduled sampling event, 
or within 60 days of receipt of the exceedant laboratory data . 

If the verification sample data are below the RDF-LTMP criterion, then the initial value 
will be qualified in the data set as not to be used in future analysis ( except as may be 
determined appropriate in the event of additional exceedance(s)) and monitoring will 
continue as scheduled. Verification monitoring results and the associated technical 
evaluations will be provided to Ecology as part of the next regular report . 

9.2 Exceedance Assessment 

32 

A second exceedance following resampling will be considered potential confirmation of 
the previous exceedance and trigger additional notification to and discussion with 
Ecology. Data will be considered and discussed by the Basin Committee and Ecology in 
the context of site- and time-specific conditions (including but not limited to time 
between exceedances, apparent seasonal data trends, unusual drought, unusual 
precipitation), as well as receptor risk. If Ecology determines additional evaluation is 
appropriate, the Basin Committee will initiate an Exceedance Assessment. 
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The initial focus of the Exceedance Assessment is to determine whether the exceedance 
is caused by construction or operation of the RDF. If the RDF is not the cause of the 
exceedance routine monitoring will resume. At the same time, Ecology, with the 
cooperation of the Basin Committee, will initiate an inquiry to determine the cause of the 
exceedance and, if appropriate, identify potentially liable parties. This first stage of the 
Exceedance Assessment could include historical, hydrogeologic, geochemical, etc., 
reviews of the RDF as a potential source. 

If the first part of the Exceedance Assessment concludes that the source of the 
exceedance is the RDF, then the Exceedance Assessment will continue to review the 
probable impact of the exceedance on potential receptors. Again, hydro geologic and 
geochemical reviews may prove useful, and statistical trend analysis, fate and transport 
evaluations and modeling could also be used, if appropriate, in this inquiry. If the 
conditions represented by the exceedance do not have the potential to have a significant 
adverse impact to human health or the environment, the inquiry will end, and routine 
monitoring will resume. 

If, however, the Exceedance Assessment indicates that the exceedance is caused by the 
RDF, and that it represents a significant potential threat to human health or the 
environment, then the Basin Committee, in consultation with Ecology, will proceed to an 
evaluation and implementation of corrective action. 

9.3 Corrective Action 
The primary goal of corrective action will be to protect human health and the 
environment. The scope of the corrective action evaluation is highly dependant on the 
specific media and pathway identified in the Exceedance Assessment, as well as the site­
specific conditions at the time of the inquiry. The Basin Committee will consult closely 
with Ecology in the event a Corrective Action evaluation might be determined to be 
appropriate. 
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10 Schedules 

10.1 

The Long-Term Monitoring Plan presents a sampling scheme for all relevant media for a 
10-year period. The long-term monitoring program was provisionally initiated, with 
Ecology approval, in May 2005, at the conclusion of the baseline monitoring program 
(2004 SAP). 

The post-construction time period is divided into two periods: 

• Post Phase I Construction includes monitoring activities that start after the 
Phase I construction is complete, and continues through the end of Phase II 
construction--approximately May 2005 through the end of the 2006 construction 
season. 

• Post Phase II Construction monitoring starts after the RDF becomes 
operational, and continues to Year 10 (2015), as necessary. 

Sampling Frequency 
Figure 5 illustrates the sampling frequency for all media presented in the Long-Term 
Monitoring Plan. Monitoring of groundwater, surface water, and sediment will occur 
quarterly for Years 1 through 3. After 3 years of data collection, the sampling frequency 
will be reduced to semiannually for the remainder of the plan, Year 4 through 10. Visual 
inspection of the vegetative cover will occur annually for the 10 year long-term 
monitoring period. Sampling of the soil cap is proposed to occur in Year Oto establish 
as-built conditions and in Year 2, Year 5, and Year 10, contingent on access as discussed 
above. If no significant increases in arsenic are found after the three post-construction 
sampling events (2, 5, and 10 years), no additional monitoring will be required for the 
soil cap . 

10.2 Evaluations for Revising Frequency 
The Year 3 Annual Report will include an evaluation of the data collected to date and 
determine if the sampling frequency should be reduced or modified. The evaluation will 
include spatial and temporal trends of groundwater, surface water, and sediment, as well 
as observations in vegetative cover. If appropriate, the evaluation may also include a 
statistical evaluation of data to determine if a reduced sampling program can meet the 
objectives of the Long-Term Monitoring Program . 

10.3 Reporting 
• The Data Summary Reports will be prepared and submitted to Ecology 60 days following 

each sampling event. Annual Reports will be submitted within 90 days of the end of each 
monitoring year. The Data Summary reports will be included in the periodic status 

Iii reports, while the Annual Reports will be submitted under separate cover. 
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• Limitations 
,;; 

if Work for this project was performed and this report prepared in accordance with 
generally accepted professional practices for the nature and conditions of work completed 
in the same or similar localities, at the time the work was performed. It is intended for 

ill the exclusive use of Des Moines Creek Basin Committee and the Department of Ecology 
for specific application to the referenced property. This report does not represent a legal 
opinion. No other warranty, expressed or implied, is made . 

• 
• 

• 

• 
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PLANT GROUP A 
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I 

SPECIFIED SIZE SPACING 

3-4' LIVE STAKES 2'-3' o.c. 
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t:lQ!E; 

3' o.c. 
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3' o.c. 
2-3' o.c. 
2-3' o.c. 

3' o.c. 
3' o.c. 
3' o.c. 

I 

I 
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NORTH OF THE MOCK ORANGE. 
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Figure 5: 
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RDF Construction and Field Sampling Schedules 
Des Moines Creek Regional Detention/Retention Facility 

2004 
101 102 103 104 01 102 

2005 
103 

- - - - - - - - -

2006 2007 
104 101 102 103 104 101 102 103 104 
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- Every two weeks 
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(Continues during Soil Excavation) 

- Additional sampling contingent on fietd observations 

Noles Components of the LonQ Term MonitonnQ Post-Construction MonrtorinQ proQram are descnbed m text (see Section 5) 
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ASPECT CONSUL TING 

Background and Baseline Monitoring Data 

The following tables and figures present the data collected as part of the background and 
baseline monitoring programs as described in the 2004 Sampling and Analysis Plan. A 
brief description of the data with respect to long-term monitoring is presented in Section 
3.2. 
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Welt Location Sample Datt I Time Sampfe 10 

DMCGW10 6/3f20041315GW-10-060304 

DMCGW1D 8131/20041135GW-1D-083104 

DMCGW1D 11130/2004 14 32 GW-10-113004 

DMCGW,O 2123/2005 14 03 GW-10-022305 

DMCGW1D 2123'2005 14 03 GW-F0-022305 

OMCGW,O 512312005 18 00 GW-10-052305 

DMCGW1S 61312004 12 15 GW- 1 S-060304 

0MCGW1S 8/31/200412 10 GW-lS-083104 

DMCGW1S 11/30/2004 13 42 GW-13-113004 

DMCGW1S 2/2312005 14 54 GW-13-022305 

0MCGW1S 5/23/2005 18 30 GW-13--052305 

DMCGW20 61312004 10 00 GW-20-060304 

DMCGW2D 6/3/2004 10 30 GW-FD--060304 

DMCGW20 8/30(2004 16 15 GW-20..{)83004 

DMCGW2D 8/30/20041615GW-FD-083004 

DMCGW20 11129/2004 14 00 GW-20-112904 

DMCGW20 11129/2004 14 00 GW-FD-112904 

DMCGW20 212212005 13 37 GW-20-022205 

DMCGW20 212212005 13 37 GW-FD--022205 

OMCGW20 512312005 15 20 GW-2D-052305 

DMCGW2D 5/23(20051520GW-FD--052305 

DMCGW2S 6'212004 15 OC GW-2S-060204 

DMCGW2S 813112004 10 15 GW-2S--083104 

OMCGW2S 11/2912004 1515 GW-2S-112904 

DMCGW2S 2/22/2005 13 36 GW-2S--022205 

DMCGW2S 5/2312005 16 OC GW-2S-052305 

DMCGW30 612/2004 13 30 GW-30--060204 

DMCGW3D 8/3012004 14 55 GW-3D--083004 

DMCGW3D 11/29/20041230GW-3D-112904 

DMCGW3D 2/22/2005 1 l 17 GW-3D-022205 

DMCGW3D 5/23/2005 13 30 GW-30-052305 

DMCGW3S 6/212004 13 50 GW-3S-060204 

DMCGW3S 8/30/2004 17 05 GW-3S-083004 

DMCGW3S 11/29/2004 13 30 GW-JS-112904 

DMCGW3S 2/22/2005 13 06 GW-33-022205 

DMCGW3S 5'2312005 14 25 GW-JS-052305 

DMCGW40 6/2/2004 12 30 GW-40-060204 

DMCGW4D 8/31/2004 14 35 GW-40-083104 

DMCGW4D 1112912004 16 OC GW-40-112904 

DMCGW4D 2/22/20051426GW-4D-022205 

DMCGW4D 5/23/2005 11 33 GW-40-052305 

0MCGW4S 6/2/2004 10 50 GW-4S-060204 

DMCGW4S 8/31/2004 10 22 GW-4S-083104 

DMCGW4S 11130/200411 OOGW-FD-113004 

DMCGW4S 11/30120041110GW-4S-113004 

DMCGW4S 2122/2005 14 35 GW-4S-022205 

DMCGW4S 5123/20051235GW-4S-052305 

- - -

Alumtnum 
Alkalinity, Total (Total) E200.7 

(at Cae<13) or SW60108 
Start Depth End Depth £310.1 mg/I ugll 

1D 5 115 302 888U 

105 115 

10.5 115 390 40 3 8 TR 

105 115 

105 115 

10.5 115 

2B6 44 3 U 

306 145 

14 15 94 791 

14 15 94 51 7 U 

14 15 

14 15 

14 15 124 sou 
14 15 126 47 5 B TR 

14 15 

14 15 

14 15 

14 15 

84 1470 

166 

125 135 185 50 U 

125 13 5 

125 135 190 53.3 

125 135 

12.5 135 

65 114 138 

s.e 65 

65 116 101 

55 65 

65 

115 14 334 193 

115 14 

115 14 346 398 

115 14 

11.5 14 

45 428 144 

45 

45 460 543 

462 698 

4 5 

4.5 

- - -
Table A-1 

Baseline Groundwater Samples 
Des Moines Creek RDF 

Arsenic 
(0-ed) Arsenlc(Tntal) 

SW6020 ugll SVIA5020 ugll 

43 43 

3a6 3 89 

364 3.69 

46 48 

48 46 

45 48 

12 12 

OB9 104 

077 103 

09 11 

0' 09 

42 

41 42 

451 4 27 

437 435 

353 35 

3.56 35 

3.41 341 

339 3 43 

28 29 

28 " 11 393 

513 778 

115 129 

92 101 

118 122 

OS 05d 

043 B TR O 45 B TR 

041 8 TR O 38 8 TR 

0 38 B TR O 43 B TR 

04 B TR 0 4 B TR 

1 23 1 29 

1.54 15 

13 1 33 

13 1.35 

12 13 

456 47 

629 67 7 

664 63 

547 55 

'" d8 6 

566 57 3 

822 83 8 

49.1 544 

602 573 

427 42 

3B1 
" 1 

Arsenic 
(Omolved) 
E1632 Ug/L 

3 98 

34 

0 156 

D 106 

352 

382 

294 

291 

0 89 

109 

0269 

0079 

012 

0198 

55 

64 

664 

50.7 

53.6 

AraenlclU 
(Aa3+) 

(O!Mot,od) 

E1632 uw! 
327 

304 

0195 

0 145 

1 96 

26 

2.75 

309 

0462 

914 

0167 

0062 

0.139 

0 18 

416 

676 

489 

474 

471 

P \port of seattle\Des Moines Creek Regional Detention Pond\Groundwater MTCA lssues\DMCRDF _ChemTables_GWSWSE.xls 

-

0133 

0 04 U 

004 

0.04 U 

008 

0 133 

0 04 U 

0 04 U 

004 

0 04 U 

004 

0.04 U 

004 

0 04 U 

D 04 U 

0.04 U 

0.04 U 

-

Manomolhyl 
Atunlc 

(Q;nolyedJ 
E1632 ug/1. 

002 

0 006 U 

0006 

0 006 U 

0012 

0 02 

0.006 U 

0 006 U 

0006 

0 006 U 

O 015 TR 

0 006 U 

0 006 

D 006 U 

03 

0 006 U 

03 

0006 U 

0 006 U 

- - -

C8'tiumMetal 
{Total) E200.7 Iron (Dluolved) Iron (Total) 
or8M010B Chlorlde E300 E200.7or E200.7or 

ug.11 mgll SW30108 ugll S'N60108 ugll 

57400 43 1030 1210 

855 981 

70600 47 1580 1500 

1720 1950 

1730 1800 

66300 4.5 1620 1600 

1110 1130 

77100 39 1050 1080 

687 739 

21800 1320 1420 

22000 1290 1360 

1290 1190 

1250 1330 

17200 49 1530 1600 

37400 1520 '580 

2440 2520 

2410 2570 

19600 38 2350 4520 

3120 3710 

37900 44 3840 4140 

3870 3930 

41200 63 1240 1220 

1230 1220 

43200 62 962 1020 

1070 1160 

32000 43 1920 2000 

1930 2050 

33100 4d 1930 1970 

2070 2050 

74400 d1 24800 25400 

25000 25600 

73400 26900 28600 

30900 )2100 

90100 44 20700 20600 

21900 21900 

99200 38 19600 23100 

84500 37 21100 20\00 

22000 21700 

-

Magnesium 
(Total) E200.7 
orSW6010B 

ug/1 

32400 

39200 

25500 

28000 

11500 

11700 

19300 

19500 

10500 

16700 

14300 

15000 

11500 

12000 

78700 

37400 

41000 

35100 

-

Manganese 

(Dissolved) 
E200.7or 

S'Mi010Bug1J 

1520 

1320 

2310 

2430 

?410 

338 

230 

336 

331 

746 

248 

326 

315 

"' 
479 

81] 

804 

202 

341 

362 

174 

d47 

d35 

4/1 

182 

181 

198 

8190 

8230 

8020 

8800 

9510 

11200 

9370 

9410 

9610 

Page 1 of 4 
07/12/05 9:55·06 AM 

-



- - - - - - - - - - -

Table A-1 
Baseline Groundwater Samples 

Des Moines Creek RDF 

Aluminum Aruni&II 
Ablinlty, Total 1r...a1 e200.1 Atsenc Ar,enlc (Ao3+) 

(aaCaco3) arSW60108 10-ed) AruniciT°"") (DiUolved) fDIMolYed) 
Wei Locetlon Sampfe Datt/ Time Sampta 10 St.t O•pth End Depth E310.1 """1 ug/1 SIW020u"1 SMD20ugll E1632 ug.,L E1632 ug,1 

DMCGWSD 61'1200414 45 GW-SD-060104 13 14 109 7790 0.61 U 1 97 0549 044 

OMCGW5D 8/3'/200415 50 GW-50-083104 13 14 111 4 B2 

DMCGWSO 11/30/200413 30 GW-50-113004 13 14 1DB 441 044 B TR 0.56 0602 0526 

DMCGWSD 2123120051420 GW-50-022305 13 14 0.3 8 TR 056 TR 

DMCGWSD 5123120051550 GW-50-052305 13 14 02B TR OB 

DMCGW5S 61112D04 16 00 GW-5S-060104 10T 30.B J 559 56 3 65.3 5T9 

DMCGW5S 81311200416 10 GW-5$.083104 40 44.1 

DMCGW5S 11130/200410 45 GW-5S-113004 147 50U 225 2B 4 '97 197 

DMCGW5S 2/23/200514 38 GW-5S.022305 165 19 

DMCGW5S 5123/2005 16 55 GW-5S.052305 144 15 8 

DMCGW6D 6!1{200412 35 GW-6D-060104 14 15 140 320J 0 4 U 097 0348 0 362 

DMCGW6D 8130{200413 40 GW-6D--083004 14 15 148 335 

DMCGW6D 11129/20041200 GW-6D-112904 14 15 242 121 344 445 3 99 32 

DMCGW60 2/22/2005 12 30 GW-60--022205 14 15 5.64 613 

DMCGW60 5/23{20051250 GW-60--052305 14 15 79 87 

0MCGW6S 6/1/2004 15 45 GW-SS--060104 164 914 4.63 3 99 402 0 664 

DMCGW6S 8/30/2004 17 42 GW-SS--083004 6.32 591 

DMCG\/v'6S 11/29/2004 12 00 GW-6S-112904 Not Sampled 

DMCG\J,,16S 2/22/2005 GW-6S--022205 Not Sampled 

0MCGW6S 5/23/2005 GW-SS--052305 Not Sampled 

DMCGWTD 611/2004 11 00 GW-70--060104 21 22 271 85 2 U 3.14 349 3 02 0928 

DMCGW70 8/30/2004 10 12 GW-70--083004 21 22 443 452 

DMCGW70 11129/200412 00 GW-70-112904 Not Sampled 21 22 

DMCGW70 2/22/2005 GW-70--022205 Not Sampled 21 22 

DMCGW70 5/231200510 15 GW-70--052305 21 22 39 34 

DMCGW7S 6/11200413 45 GW-?S--060104 11 12 371 2260 7 09 8.37 618 359 

DMCGW7S 8/30/2004 GW-?S--083004 Not Sampled 11 12 

DMCGW7S 11/29/2004 12 DC GW-7S-112904 Not Sampled 11 12 

DMCGW7S 2/22/2005 GW-?S.022205 Not Sampled 11 12 

0MCGW7S 5/23/2005 GW-?S--052305 Not Sampled 11 12 

DMCTGW1 4/1912004 14 3( TGW-1-GW-041904 75 65.9 60 

OMCTGW2 4119/2004 14 05 TGW-2-GW-041904 75 0'19 B 0 77 

DMCTGW3 412012004 8 55 TGW-3-GW-042004 75 1 98 

DMCTGW4 4/1912004 1345 TGW-4-GW-041904 7.5 2.65 339 

DMCTGW5 412012004 10 40 TGW-5-GW-042004 75 OT6 063 

DMCTGV\16 4/20/2004 15 0( TGW-6-GW-042004 2B 53 104 104 

DMCTGW7 412012004 14'15 TGW-7-GW-042004 45 338 346 

DMCTGWB 4/20/200413 21 TGW-B·GW-042004 25 5.93 701 

DMCTGW8 4120/2.004 13 3( T GW-9-GW-042004 25 6.51 6 39 

Notes 1. Result values in italic type are 
PREVALIDATED data. 
2 ... _ .. = Not Analyzed 
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ArsenieSpecietion - Monomolhy! Calcium Metal 
/I.runic Araenic (Total) E200.7 tron (Dlslolved) 

(Oiuol,ed) (0-ed) orSW60108 Chloride E30D E200.7 or 
E1832ug/l. E1632u~ ug/1 

"""' SWl010Bugll 

016 0024 21000 31 16 2 U 

2300 

0 04 U 0 006 U 1B600 25 

32 296 

0.334 TR 0.24 30100 31 477 

723 

ON U 0 006 U 37900 614 

554 

0.04 0006 36400 37 23 3 U 

40 7 

D 04 U 0 006 U 53000 37 634 

110 

0.114 0 017 36900 37 2480 

1700 

0053 0008 52400 49 2190 

3270 

016 0034 TR 69300 64 11900 

- -

Ma;nnium 
lron{Totat) (Totel} E200,7 
E200.7 or ot5W8010B 

SW6010B ug.tl ug/1 

10800 14500 

22200 

569 10900 

983 

489 16700 

780 

721 21500 

669 

479 14500 

892 

214 20200 

230 

2860 16500 

5280 

2440 33900 

3280 

15200 45000 

-

Mang.,,ese 
(Dissolvtd) 
E200.7 or 

SW60108ug/l 

146 

201 

'" 
181 

298 

326 

376 

361 

88 I 

159 

183 

'57 

1350 

1400 

1'5 

225 

721 
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Table A-1 

Baseline Groundwater Samples 
Des Moines Creek RDF 

.... ..,, ... Potasium 
(Tot.i)E200.7 (Total) E200,7 Setlum(Tota) Total Orgarne 

orSVIIS0108 Nitrate E300 Phcsphona or8W60108 E200.7 or -EJOO Sutfide E3762 Carbon E415.1 
V\lel Location Sample Date I Tlme Sample ID uun mg/I E3E5.3mg.'I ug/1 S\\'60100 uwt mg/I mg/I mgl1 

DMCGW1D 6/312004 13 15 GW-1D--060304 1560 02U 012 7100 FSOO 27 005 U 62 

DMCGW10 8/31/20041135 GW·1D-083104 1310 01U 008 35 0 05 U " 
DMCGW10 11130/2004 14 32 GW-tD-113004 2130 0.1 U o 08 7070 18800 51 D 05 U 83 

DMCGW1D 2/23/2005 14 03 GW-1D-022305 2540 O.OBJ TR 008 57 0.007 J TR 93 

DMCGW1D 2/23/200514 03 GW-FD-022305 2380 01U 0 07 58 0 05 U 97 

DMCGW10 5123/2005 18 00 GW-10-052305 

DMCGW1S 6/3/200412 15 GW-1S-060304 334 02U 0 34 3560 13700 0.6 1 08 178 

OMCGW1S 8/311200412 1( GW-1S-083104 231 01U 014 0 2 U 0 05 U 169 

DMCGW1S 11130/200413 42 GW-1S-113004 321 0.1 U 01 3910 14800 28.4 098 204 

DMCGW1S 2'23/2005 14 54 GW-1S-022305 342 0.1 U 0 07 314 065 202 

DMCGW1S 5/23/2005 18 30 GW-1S--052305 

DMCGW,20 613/2004 10 00 GW-20--060304 251 0 2 U 0.04J 6080 5690 209 0.05 U 

DMCGW2D 61312004 10 3( GW-F0-060304 253 0 2 U 0 06 J 6220 5820 206 0 05 U 6.1 

DMCGW2D 813012004 16 15 GW-20--083004 328 0 1 U 004 3 6 0 05 U 58 

DMCGW2D 8/3012004 16 15 GW-FD--083004 327 0 1 U 003 38 0.05U 55 

DMCGW2D 11/29/2004 14 00 GW-20-1129011 490 0 1 U 003 7750 8210 597 005U 135 

DMCGW2D 11/29/200111400 GW-F0-112904 495 0 1 U 0.03 7620 8220 584 005 U 139 

DMCGW2D 2122/20051337 GW-20--022205 818 011J 0.03 210 005 U 68 

OMCGW2D 2/22120051337 GW-FD--022205 845 0 1 U 003 206 005 U 69 

0MCGW20 5123/20051520 GW-20--052305 

OMCGW20 5123/2005 15 20 GW-FD--052305 

DMCGW2S 612/2001115 OD GW-2S--060204 223 o 1 u 0 3 6150 5910 16.7 001J 8.4 

DMCGW2S 8131/2004 10 15 GW-2S--0831011 352 0.1 U 015 608 0 05 U 139 

DMCGW2S 11/29/2004 15 15 GW-2S-112904 3B2 0 1 U 0.19 7590 9000 479 O 35 19 

DMCGvV2S 2122/2005 13 36 GW-2S--022205 368 0.1 U 019 52 4 03 164 

DMCGW2S 512312005 16 00 GW-2S--052305 

DMCGWJD 6/212004 13 30 GW-30--060204 4'8 o 1 u 0 49 3540 12100 o 2 u 012 199 

DMCGWJD B/3012004 14 55 GW-30--083004 462 0 1 U 049 02U 0 05 U 20 

DMCGWJD 11/29'20041230 GW-30-112904 455 0 1 U 0.117 3190 12200 02U 014 222 

DMCGWJD 212212005 11 17 GW-30--022205 474 0.1 U 05 03 0.15 214 

DMCGWJO 5/2312005 13 30 GW-30--052305 

DMCGWJS 6/212004 13 5( GW-JS--060204 193 0 1 U 0.112 2920 8900 12 5 1 19 45.2 

DMCGW3S 8/3012004 17 05 GW-3S--083004 191 0 1 U 0.39 166 0.04J TR 46 7 

DMCGW3S 11/29/20041330 GW-3S-112904 184 0 1 U 04 2850 11200 219 0.92 49 7 

DMCGW3S 2/22'2005 13 06 GW-3S--022205 199 0 1 U 0.37 183 089 458 

DMCGW3S 5/23'2005 14 25 GW-3S--052305 

DMCGW4D 6/2'2004 12 30 GW-40--080204 8470 0 1 U 114 3450 12000 02U 0005U 128 

DMCGW4D 813112004 11135 GW-40--083104 8140 009J TR 1.38 02U 0.05 U 128 

DMCGW4D 11/2912004 16 00 GW-40-112904 8370 0.1 U 142 4600 12000 02U 005U 141 

DMCGW4D 2/2212005 14 26 GW-40--022205 90BO 0 1 U 1 36 08 OOO?J TR 134 

DMCGW4D 5123120051133 GW-40--052305 

DMCGW4S 6121200410 50 GW-4S--060204 96BO 01U 203 6690 13500 0 005 U 293 

DMCGW4S 81311200410 22 GW--4S--083104 10700 o 1 u 221 15 0.01 J TR 313 

OMCGW4S 11130/200411 00 GW·FD-113004 10000 o 1 u 1 96 6740 33100 13.8 0 05 U 263 

DMCGW4S 11/30/2004 11 10 GW--4S-113004 9060 0 1 U 2 01 6300 31100 16.4 0 05 U 261 

DMCGW4S 2/22'2005 14 35 GW-4S-022205 9520 01U 184 15.2 0 05 U 234 

DMCGW4S 5'23/20051235 GW-4$--052305 

Page 3 of4 
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- - - - -

Well Location sample Datt J TlrM Sampte-10 

OMCGWSD 611/2004 14 45 GW-50--060104 

DMCGWSD 8/31/2004 15 50 GW-50--083104 

DMCGWSD 11130/2004 13 30 GW-50-113004 

DMCGWSD 2/23/2005 14 20 GW-SD--022305 

DMCGWSD 5/23/2005 15 50 GW-50--052305 

DMCGWSS 611/2004 16 DC GW-55-060104 

DMCGW5S 813112004 16 1C GW-55--083104 

DMCGWSS 11/30/2004 10 45 GW-SS-113004 

DMCGWSS 2123/2005 14 JB GW-SS-022305 

DMCGW5S 5123/2005 16 55 GW-5S-052J05 

DMCG\fol6D 61112004 12 35 GW-6D-060104 

DMCGI/V6D B/30/2004 1 J 40 GW-6D-08J004 

DMCGI/VfJD 1112912004120C GW-60-112904 

DMCGI/V60 2122/2005 12 JO GW-60-022205 

DMCGI/V6D 5123/2005 12 50 GW-6D-052J05 

0MCGVV6S 61112004 15 45 GW-6S-060104 

DMCGl/v'6S 8/3012004 17 42 GW-6S-083004 

DMCGVV6S 11/29/2004 12 OC GW-65-112904 Not Sampled 

DMCGIIV6S 2f22f2005 GW-65-022205 Not Sampled 

0MCG\N6S 5123/2005 GW-65-052305 Not Sampled 

OMCGW70 6111200411 00 GW-70-060104 

DMCGW7D 8130/2004 10 12 GW-70-083004 

DMCGW7D 11129/2004 12 00 GW-70-112904 Not Sampled 

0MCGW70 2122/2005 GW-70-022205 Not Sampled 

DMCGW7D 5123/2005 10 15 GW-70-052305 

DMCGW7S 61112004 13 45 GW-?S-060104 

DMCGW7S 8130/2004 GW-?S-083004 Nol Sampled 

DMCGW7S 11129/200412 0( GW-7$-112904 Nol Sampkld 

DMCGW7S 2122/2005 GW-?S-022205 Not Sampled 

DMCGW7S 5/23/2005 GW-75-052305 Not Sampled 

DMCTGW1 4/1912004 14 30 TGW-1-GW-041904 

DMCTGW2 4/1912004 14 05 TGW-2-GW-041904 

DMCTGW3 4/2012004 8 55 TGW-3-GW-042004 

DMCTGW4 4/1912004 13 45 TGW-4-GW-041904 

DMCTGWS 4/2012004 10 4( TGW-5-GW-042004 

D"1CTGl/v'6 4120/2004 15 0( TGW-6-GW-042004 

DMCTGW7 4/2012004 14 45 TGW-7-GW-042004 

DMCTGWB 4120/2004 13 2< TGW-a-GW-042004 

DMCTGWB 4/20/2004 13 3( TGW-9-GW-042004 

Notes 1. Result values in italic type are 
PREVALIDATED data. 
2. "." = Not Analyzed 

-

Mangan ... 
[Total) E200.7 
orSW50108 
~ 
32' 

550 

177 

195 

303 

330 

373 

358 

111 

191 

195 

256 

1350 

1480 

153 

231 

796 

- -

Potanium 
(Tolol) E200.7 

NlhleE300 Pho1phon.11 orS\N6010B 
mg/I E365.3 mg/I ug/1 

0 1 U 1 02 4980 

0 1 U 019 

01 U 0 08 3850 

01U 006 

01 U 014 5290 

01U 0 07 

01U O.Q7 4230 

01U 0.07 

01 U 014 5420 

01U 014 

01 U 013 6720 

01U 01 

0 1 U 015 6320 

0 1 U 0 08 

0.1 U 0 06 5620 

0 1 U 007 

0 1 U 0.85 8010 

- - - -
Table A-1 

Baseline Groundwater Samples 
Des Moines Creek RDF 

Sodium(Total} TololD,garnc 
E200.7or -E300 Sutflde E376.2 Cabon E415.1 

SW8010Bugll mg/I mg/I mg/I 

8580 36 0 05 U 12 

08 0 66 09 

7780 06 018 

0.5 027 

10600 548 0 05 U 10.2 

531 121 114 

11000 573 0 99 119 

485 117 135 

10200 24 6 0 05 U 08 

45 0 05 U 56 

9410 22 0 02 J TR 56 

54 5 0 006 J TR 

8010 02 U 0 005 U 

11 0 05 U 73 

11900 182 0 05 U 39 

257 0 05 U 78 

27700 128 0 06 

P:lport of seattle\Des Moines Creek Regional Detention Pond\Groundwater MTCA lssues\DMCRDF _ChemTables_GWSWSE.xls 
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Sample 
location 

NWP1 

NWP1 

NWP1 

NWP1 

NWP1 

NWP1 

NWP1 

NWP1 

NWP2 

NWP2 

NWP2 

NWP2 

NWP2 

NWP2 

NWP2 

NWP2 

NWP2 

NWPJ 

NWP3 

NWPJ 

NWPJ 

NWP3 

NWPJ 

NWP3 

NWP3 

NWPJ 

NWPJ 

NWP3 

NWP4 

NWP4 

NWP4 

NWP4 

NWP4 

NWP4 

NWP4 

NWP4 

SW-1A 

SW-1A 

SW-1A 

SW-1A 

SW-1A 

SW-1A 

SW-1A 

SW-lA 

SW-1B 

SampleOataJ 
Time Sample 10 

6/2/2004 13 SC NWP 1-SW-S-060204 

612/2004 14 28 NWP1..SW-D--060204 

8131/2004 18 14 NWP1-SW-S-083104 

813112004 18 2 NWPl-SW-D-083104 

1211/2004 14 DC NWPl-SW-D-120104 

121112004 14 15 NWPl-SW-S-120104 

2116/200513 OD NWP1-SW-D--021605 

2116/200513 00 NWP1-SW-S-021605 

612/2004 12 40 NWP2-SW-S-060204 

6/2/2004 13 10 NWP2-SW-D--060204 

813112004 14 25 NWP-SW-FD--083104 

8131/2.004 16 3( NWP2-SW-S-083104 

8131/2004 16 4C NWP2-SW-D--083104 
•,e>· ,,.o 

11/30/2004 12 QC Sampled 

11130/2004 14 OC NWP2..SW-D-113004 

2/16/2.005 12 0( NWP2-SW-D--021605 

2/16/2005 12 0( NWPZ-SW-5-021605 

612/2004 23 10 NWP3-SW-S-060204 

6/2/2004 23 55 NWPJ-SW-0--060204 

8131/2004 14 25 NWPJ-SW-S-083104 

8/3112004 14 25 NWP-FD--083104 

8/31/2004 14 3~ NWPJ-SW-D-083104 

I"""' ·- ·~· ,yy~· 1'110 

11/30/2004 12 00 Sampled 

11130/2.004 13 30 NWP3-SW-S-113004 

11130/2.00413 JC NWP-FD-SW-113004 

2116/2005 11 OC NWP3-SW-S-021605 

211612005 11 DC NWP-FO-SW-021605 
1•nvr_,..,,_.,v ·U·u.i; ,uu.J ,,.o 

211612005 17 00 Sampled 

6/1/2004 1515 NWP4-SW-S-060104 

6/1/2004 15 55 NWP4·SW-D--060104 

8/31/2004 12 20 NWP4-SW-S-083104 

8/31/2004 12 30 NWP4-SW-D--083104 

11130/2004 12 00 NWP4-SW-D-113004 
1• .. v, -:::,vv~:::,- ,..,..,..,, NO 

1113012004 12 00 Sampled 

2116/2005 11 00 NWP4-SW-S-021605 

.... '" 
2/1612005 12 00 Sampled 

211312004 12 19 SW1A-SW-021304 

211312004 12 19 SW1A-SW-D-021304 

3/30/2004 13 50 SW-lA-SW-033004 

3130/2004 13 50 SW-1A-SW-D-D33004 

4/22/2004 10 30 SWlA-SW-042204 

4/22/2004 10 30 SWlA-SW-0-042204 

6/112004 14 00 SWlA-SW-060104 

81301200 SWlA-SW-083004 

1112912004 13 3( SWlB-SW-112904 

- -

Alklltinlty, Total Afuminum(Total} 
(u Caco3) E200.7 or 
E310.1 ~ S1'W0108 ug/1 

76 50 U 

241 101 

50 U 

50 U 

131 209 U 

76 111 U 

617 

75.9 

86 50 U 

107 50 U 

50 U 

50 U 

B64 

76 71' 

50 U 

741 

7B 50 U 

B4 sou 
50 U 

522 

B2 733 

84 71' 

111 

932 

73 50 U 

76 414 

50 U 

154 

74 98.3 

158 

70 50 U 

42 7 B TR 

85 622 

- - - - - - - -
Table A-2 

NW Ponds Baseline and West Fork Des Moines Creek Background and Baseline Surface Water Samples 
Des Moines Creek ROF 

A!Unlc 
(DiHolved) 

S1'W020 ugl1 

137 

362 

137 

15 

1.59 

0.78 

206 

1 00 B TR 

4.18 

1.87 

1.75 

1 57 

351 

118 

1.16 

1 29 

135 

163 

192 

238 

1 17 

115 

1 24 

1 24 

1.74 

1.57 

193 

254 

11 

126 

2.1 

176 

1 69 

227 

11 

Arsenrc (Total) 
S1'W020ugl1 

13 

4 23 

162 

405 

136 

1 33 

2.91 

" 
1 6B 

196 

2.12 

1.66 

407 

"' 143 

154 

155 

191 

205 

2 56 

144 

1.45 

157 

155 

1 65 

2 88 

2.23 

3 22 

1.48 

1.69 

25 

1 61 

197 

18 

2 52 

1 64 

1.03 

0 007 U 

201 

1.19 

1 97 

1 OB 

1 17 

118 

0 796 

0 817 

0669H 

0681 H 

0.957 U 

2 99 U 

1 33 

1.33 

D 778 

0 778 H 

0 889U 

134 

Arsenic Speclation 

Arlenic Ill (Aa3+) OtMethyt Al'Nnic 
(Dissotved) (Dlaolv•d) 
E1632 uwt. E1832 ulJL 

0 449 O 065 TR 

0 007 U 04 

0.379 0.4 

0.326 005 TR 

0425 O 057 TR 

0 37 0 052 TR 

0676 0142 

0795 0159 

142 0088 

0223 0 04 U 

0237 0 04 U 

0 382 H 0 04 U 

o 311 H 004U 

0 376 U O 048 U TR 

265 0 082 U TR 

1 OB 0.187 

14 D 196 

0282 0.04U 

0 334 H 0 04 U 

0 41 U 0 067 U TR 

121 0071 

Monomethyt -(Dmo""d) 
E1832ugll.. 

0 04 

0 006 U 

0.066 

0 042 

0.057 

0055 

0 094 

0.115 

0.062 

0 014 U 

0018U 

0 012U 

0 016 B 

0.028 U 

0 012 U 

0 094 

0094 

D 014 U 

0 018 B 

0 044 U 

0.045 

Caldum Metal 
(Tolal) E200.7 or Chlorido E30D 
S1'W010B ugl1 mg/I 

15900 3.1 

42900 5.1 

41500 59 

19500 43 

17800 2.5 

24100 2.2 

18800 

17500 2.6 

18500 22 

21100 33 

21300 32 

16100 2.3 

17000 2.3 

19400 32 

15800 22 

20300 35 

Iron {Dinolved) 
E2D0.7or 

SW8010Bugl1 

151 

14700 

203 

2070 

1290 

165 

1340 

248 

163 

398 

271 

138 

2820 

523 

99 6 

264 

150 

'" 
277 

719 

315 

296 

169 

182 

195 

310 

173 

365 

206 

201 

192 

240 

143 

P\port of seattle\Oes Moines Creek Regional Detention Pond\Groundwater MTCA lssues\DMCRDF _ChemTables_GWSWSE.xls 

-

lran(Total) 
E2D0.7 or 

S\W0108ugll 

256 

15600 

502 

3830 

1060 

2620 

659 

2BB 

592 

553 

417 

3190 

'" 2,, 
509 

295 

8'i6 

561 

1020 

671 

639 

501 

512 

243 

1460 

638 

1480 

641 

547 

289 

555 

636 

-

Magnnium 
(Tota) E200.7 or 

SVV6010B ug/1 

7330 

15700 

16600 

8540 

7160 

8400 

8060 

7400 

6760 

7970 

7910 

6320 

6510 

7300 

61.90 

7890 

- -

Manganese 
(Dmolved) 
E200.7 or 

Sv\'80108 ug/1 

103 

1610 

327 

2290 

688 

218 

522 

162 

72 7 

373 

211 

123 

870 

193 

101 

141 

877 

250 

200 

791 

152 

160 

128 

132 

34B 

'" 
442 

894 

164 

131 

452 

286 

202 

M11nganeH 
{Total) E200. 7 or 

SVY6010B ug/1 

109 

1630 

351 

2100 

187 

m 
602 

174 

753 

145 

216 

119 

915 

187 

902 

143 

951 

'°' 
720 

791 

173 

160 

132 

134 

367 

22B 

369 

924 

173 

100 

514 

304 

195 
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- - - - - - - - - - - - - -
Table A-2 

NW Ponds Baseline and West Fork Des Moines Creek Background and Baseline Surface Water Samples 
Des Moines Creek RDF 

Arsenic Speciation 

Monornathyl 
Alblintty, Total Aluminum (Total) Arsonic Anenlc A.tunic Ill (AB3+) DiMethylArlenic ..... ., CaiciumMetlll lron(Dinolved) 

Sample SampleDateJ (nCaco3) E200.7 or (Oim>lved) ArsBntC{ToW) (0-IYed) (0-lved) (Dim>lved) (Dim>lv•d) (Total) E200.7or Chlorida E300 E200.7 or 
locaticn Time Sample ID e,10., mgn S\'V60108ugll SW8020ug/l SW8020 ugll E1832 ug/L E1832 ug/L E1832uwt. E1832ugll SW80108ugll mg,'! S\N80108 ugJI 

SW-18 2/1512005 13 0 0 SW1B-SW-021505 117 123 1.44 0766 H 0323H 004U 0.012 U 265 

SW-1B 5/23/2005 12 0 o sw1 s-sw-os23os 18 " SW-2A 2113/2004 11 2! SW2A-SW-021304 31 

SW-2A 2/13/2004 112 5 SW2A-SW-D-021304 2B 

S1N-2A 3/30/2004 11 2 5 SW-2A-SW-033004 2B5 

SW-2A 3/30/2004 11 2:: SW-2A-SW-D-033004 2 39 

SW-2A 4122/2004 9 4( SW2A-SW-042204 26 

SW-2A 4/22/2004 940 S\/v'2A-SW-D-042204 2.3 

SW-2A 61112004 13 2( SW2A-SW-0601 04 74 50 U 2.83 2 B3 0 984 U 0 564 U 0 07 U TR 0 034 U 17100 22 203 

SW-2A 6130/2004 SMA-SW-083004 50 U 269 29 157 0561 0044 0 066 156 

SW-2B 11/29/2004 12 30 SW2B-SW-112904 B3 72 1.18 163 20000 35 145 

SW-2B 2/1512005 12 ,~ DMC-FD-SW-021505 751J 11 14 0.636 H 0.274 H 0 04 U 0.013 B 164 

SW-2B 2/151200512 1 SW28-SW-021505 90.BJ 12 1.46 066 H 0 289 H 0.04U 0012U 162 

SW-2B 5123/2005 23 41 SW28-SW-052305 18 " SW-JA 2/1312004 10 20 SW3A-SW-021304 31 

SW-3A 2/1312004 10 20 SWJA-SW-0-021304 27 

SW-3A 3/30/2004 10 20 SW-JA-SW-033004 2.72 

SW-3A 3/30/2004 1020 SW-JA-SW-0-033004 2 32 

SW-3A 4/22/2004850 SWJA-SW-042204 "' SW-3A 4122/2004 8 SD SW3A-SW-0-042204 231 

SW-3A 6/1/2004 12 00 SWJA-SW-060104 77 33 58 29 313 1 OJ U 0 17 U 0 079 U TR 0 051 U 17500 23 208 

SW-3A 611/2004 12 55 DMC-SW-FD--060104 78 50 U 2.66 31 12 U 0 73 U 0041 U TR 002 U TR 17600 23 202 

SW-JA 8/3012004 SWJA-SW-083004 45 5 B TR 276 295 166 0593 01 0 °' 134 

f',W.3A 8130/2004 f',W-FD-083004 62B 279 133 

SW-JA 613112004 SWJA-SW-083104 

SW-3A 8131/200 SW-FD-083104 

SW-38 1112912004 11 45 DMC-FD-SW-112904 B1 902 11B 167 20900 36 154 

SW-38 11129/2004 11 45 SWJB-SW-112904 BO 106 119 166 20800 36 145 

SW-38 2/15/2005 11 3f SW38-SW-021505 110 111 1'3 066 H 0 222 H 004U 0 014 B 155 

SW-38 5/23/2005 10 or DMC-FD-SW-052305 " " SW-38 5123/2005 10 0( .SWJB-SW-052305 17 " 
Notes: 1. Result values in italic type are 

PREVALIDATED data. 
2. "-" = Not Analyzed 
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lron(Total) Magnesium 

E200.7ot (Tobit) E200.7 or 
SW60108 ug/1 S\.'\.60108 ugll 

445 

306 6760 

3'6 

620 7820 

392 

423 

21< 7000 

27B 7070 

2'6 ,,, 

715 8300 

707 8270 

412 

- -

Manganese 

ID•olYed) 
E200.7 or 

SVV60108 ugn 
117 

4B 7 

B29 

191 

75 

103 

47 

"9 

B31 

839 

187 

1B7 

748 

Manganese 

(total) E200.7 or 
SW3010B ug/1 

129 

Sl2 

905 

182 

803 

113 

4B' 

'" B3 

B3? 

195 

194 

R1R 
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Table A-2 

NW Ponds Baseline and West Fork Des Moines Creek Background and Baseline Surface Water Samples 
Des Moines Creek RDF 

Potuaium (Total) Sodtum(Total) Total Orgame Tota Suspended 
Sample Sample Oat9/ flhoaphorua E200.7 or E200.7 or 8- £300 Suffide E378.2 Carbon E-415.1 So!ids E180.2 
Location Time Sample ID Nitrate E300 mal E365.3 mg/I SV1JB010B ugll SW6010B ugll ml>I m!>I ml>I mg,! 

NWP1 6/2/2004 13 5 O NWP 1-SW-S-060204 01U 0 04 2870 6060 51 oosu 7l 5U 

NWP1 6/2/2004 14 2 8 NWP 1-SW-D-060204 01U 281 36700 12500 04 0 24 202 56 

NWP1 8131/2004 18 1 4 NWP1-SW-S-OB3104 0.1 U 005 75 0.05U Bl 

NWP1 8131/2004 18 2 5 NWPl-SW-0..083104 01U 1 64 27 0.14 232 

NWP1 12/1/2004 14 0 0 NWP1-SW-D-120104 0.1 U 025 1880 B TR 10700 588 0.05U 116 

NWP1 1211/2004 141 5 NWPl-SW-S-120104 02 0 08 2230 6860 115 005 U 68 5 U 

NWP1 2116/2005 13 0 D NWPl-SW-D-021605 0.1 014 171 0.05 U 10 5 U 

NWP1 2116/2005130 D NWPl-SW-S-021605 O.J 0 04 107 0.05 U 64 5U 

NWP2 6/2/200412 4[ NWP2-SW-S-060204 01U 0.06 3290 8090 5.2 0 05 U 7.5 5 U 

NWP2 6/2/200413 11 NWP2-SW-D-060204 0.1 U 013 4360 6860 65 0.05 U 64 SU 

NWP2 8/31/200414 2! NWP-SW-FD..(183104 0.1 U 007 68 0.05 U 8.9 

NWP2 81311200416 3( NWP2-SW-S-083104 0 1 U 0.08 74 0 05 U 8.6 

NWP2 813112004 16 4( NWP2-SW-D-083104 01 U 0.26 115 041 8.4 
ll'fVVr-£-::iW•::i• P 1..JUU! NO 

NWP2 11130/2004 12 0( Sampled 

NWP2 11/3012004 14 0( NWP2-SW-0-113004 02 007 2390 6300 117 0 05 U 6 9 SU 

NWP2 2/16/2005 12 00 NWP2-SW-D-021605 0.06J TR 004 15.4 0 05 U 44 5U 

NWP2 2116/2005 12 00 NWP2-SW-S-021605 OJ 0.04 114 005U 62 5U 

NWP3 612/20042310 NWP3-SW-S-060204 0 1 U 0.05 3170 6200 52 0 05 U 74 SU 

NWP3 612/20042355 NWP3-SW-D-060204 0.1 U 013 3640 5740 45 D05U 72 5U 

NWP3 8/31/20041425 NWP3-SW-S-083104 01U 007 65 0 05 U 89 

NWP3 8131/2004 14 25 NWP-F0-083104 

NWP3 fl/31/20041435 NWP3-SW-D-083104 0.1 U 012 6.4 001J TR 95 

l''OVr..J•::iVV•U• P..JUU' NO 

NWP3 11/3012004120( Sampled 

NWP3 11/30/2004133( NWP3-SW-S-113D04 01 0.06 2830 5310 12 0 05 U 62 SU 

NWP3 11/JD/20041330 NWP-FO-SW-113004 01 006 2880 6230 12 0 05 U 61 5 U 

NWP3 21161200511 00 NWPJ-SW-S-021605 02 0 04 115 D 05 u 63 5 U 

NWPJ 211612005 11 00 NWP-FO-SW-021605 02 004 115 0 05 U 61 SU 
•vr -::;W-U-u.couuJNO 

NWPJ 2/16/2005 12 00 Sampled 

NWP4 6/1/2004 1515 NWP4-SW-S-060104 01U 005 3280 5570 48 0 05 U 7l SU 

NWP4 61112004 15 55 NWP4-SW-0..(J60104 01U 019 3740 6380 49 0 05 U 74 5U 

NWP4 6131/2004 12 21 NWP4-SW-S-083104 0.1 U 0 06 8.4 005U 92 

NWP4 8/3112004 1? 30 NWP4-SW-0-083104 01 U 013 52 002J TR 104 

NWP4 11/30/2004 12 00 NWP4-SW-D-113004 0.1 0 OB 2430 5830 10.8 005U 66 5U 
J'\IVVF'l~vv-s-1 ]JUU<i No 

NWP4 11/3012004 12 00 Sampled 

NWP4 2116/2005 11 00 NWP4-SW-S-D21605 02 005 117 D 05 U 62 
,.vvr -::;VV-U•u.o< ,ouJ NO 

NV1/P4 211612005 12 OD Sampled 

SW-1A 211312004 12 19 SWtA-SW-021304 

SW-1A 2/13/2004 12 19 SWlA-SW-0-021304 

SW-1A 3/30/2004 13 50 SW-lA-SW-033004 

SW-1A 313012004 13 51 SW- lA-SW-0-033004 

SW-lA 4122/2004 10 30 SWlA-SW-042204 

SW-1A 4122/2004 10 J; SWtA-SW-0-042204 

SW-1A 6/117004 14 0( SW1A-SW-060104 0 1 U 007 3310 5470 48 0 05 U 69 5 U 

SW-lA 61301200 SWl A-SW-063004 0 1 U 006 0 05 U 9) 

SW-16 1112912004 13 3{ sw1 s-sw-112904 0 1 0 OB 3010 J 5950 118 0 05 U 67 SU 

Page 3 of 4 
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- - - - - - - - - - - - -
Table A-2 

NW Ponds Baseline and West Fork Des Moines Creek Background and Baseline Surface Water Samples 
Des Moines Creek RDF 

Potnalum (Total) Sodium(Tat:111} Total Organic T otlll Su9pended 
Sample Sample DateJ Phoaphorua E200.7or E2D0.7 or Sulfate E300 Sulfide E378.2 Carbcm E415.1 Solidi E180.2 
Location Time Sample 10 Nttrate E300 moll E385.3 mgll SW8010Bug/1 SWB010B ugll m1>1 mg/I ml>I mg/I 

SW-18 2/15/2005 13 00 SW1B-SW-021505 02 0.04 114 0 05 U 64 5U 

SW-18 5!23'2005 12 0( SW1 B-SW-052305 ,u 
S1f..-2A 2/13/2004 11 25 SW2A-SW-021304 

SW-2A 2113/200411 25 SW2A-SW-D-021304 

S1/',.-2A 3/30/2004 11 25 SW-2A-SW-033004 

S1/>.-2A 3/30/2004 11 25 SW-2A-SW-D-033004 

SW-2A 4122/2004 940 SW2A-SW-042204 

S\11i-2A 4122/2004 940 SW2A-SW-D-042204 

SW-2A 6/1/2004 13 20 SW2A-SW-0601 04 0.057 J 0 06 3350 5650 5.4 0 05 U 74 5 U 

S1/11-2A 8130/200 SmA-SW-083004 01 U 00' 65 0 05 U 

SW-2B 11129/2004 12 3{ SVV28-SW-112904 0.1 0 08 2700 5800 12 0 05 U 66 5 U 

SW-28 2115/2005121! DMC-FD-SW-021505 0.2 004 11.7 005 U 62 5 U 

SW-2B 2/151200512 15 SW28-SW-021505 02 005 117 0 05 U 64 5 U 

SW-28 5/2312005 23 4( SW2B-SW-052305 ,u 

SW-3A 2/1312004 10 20 SWJA-SW-021304 

SW-JA 2/1312004 10 20 SWJA-SW-D-021304 

SW-JA 3/30/2004 10 20 SW-JA-SW-033004 

SW-JA 3/30/2004 10 20 SW-JA-SW-0-033004 

SW-3A 4/22/2004850 SW3A-SW-042204 

SW-3A 4/22/2004 8 50 SW3A-SW-D-042204 

SW-3A 611/2004 12 00 SW3A-SW-060104 0 065 J 006 3370 5570 5.6 OO'iU 75 5U 

SW-3A 6/1/20041255 DMC-SW-FD-060104 0 067 ,/ 006 3400 5650 5.7 oosu 73 5U 

SW-3A 8/30/2004 SWJA-SW-083004 01U 005 56 

SW-3A 8130/2004 SW-FD-083004 01U 005 5.5 BB 

SW-3A 8131/2004 SWJA-SW-0831 04 oosu 
SW-'JA A/31/200~ SW-FD-083104 oosu 
SW-38 1112912004 11 45 OMC-FD-SW-112904 0.2 DOB 2950 J 6350 116 0 05 U 5U 

SW-38 11129/2004 11 45 SWJB-SW-112904 0.2 0 08 2970 J 6250 116 0 05 U 5 U 

.SW-38 2115/2005 11 31 SWJB-SW-021505 0.2 0 04 118 0 05 U 63 5 U 

SW-38 5/23/2005 10 00 DMC-FO-SW-052305 SU 

SW-38 5/23/2005 10 DO SWJB-SW-052305 ,u 

Notes· 1. Result values in italic type are 
PREVALIDATED data. 
2. "-" = Not Analyzed 
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Table A-3 

NW Ponds Baseline and West Fork Des Moines Creek Background and Baseline Sediments Samples 
Des Moines Creek RDF 

Location Tima S.mpll,ID 

9.'1/2004 1J 00 NWP1-$D-1 75-090104 

9'1120041300 NWP1-SD-35-090104 

2.'2412005 11 05 NWPl-SD-1 6-022405 

91112004 12 JO NWP2-SD-1.J.o90104 

9111200412 JO NWP2-SD·2 6-090104 

21241'20051240 NWP2-SD-1 7-022405 

NWP2 212412005 12 40 NV\IP2-SD-J 4-022405 

911120041210 NWPJ-SD-1.6-090104 

9!1/]004 12 10 NWP3-SD-J 2-090104 

2124120051145 NV\IPJ-SD-1 6-022405 

2124120051145 NWf>J-S0-30-022405 

911/200411 15 NWP4-S0-15-090104 

911'2004 11 15 NWP4-S0-J.0-090104 

212412005 11 00 NWP4-S0-0.9-022405 

2124120051100NWP4-S0-24-022405 

21l31200412J5SW1A.S0-021304 

31~01200414 00 SW-1A-SD-033004 

4/221200411 OOSWlA-SD-042204 

813/20041220SW1A-SD-060304 

911.'200411 30 SW1A-SD-090104 

121112004SW113-S0-120104 

512312005 HI 15 SW18-SD-052305 

2113120041145 SMA-SD-021304 

3130120041145 SW-2A-S0-033004 

412217004 10 05 SMA-SD-042204 

613/2004 11 30 SMA~SD-060304 

121112004 S'll/'28-SD-120104 

512Jl20051735S'll/'28..SD-052305 

2l13120041045SW3A-6D-021304 

31'..10120041045 SW-JA-S0-033004 

412212004 9 00 SWJA-Sl).042204 

61J1;>0041015 SWJJI-SD-060304 

SW-JS 1211/2004 SWJB-SD-120104 

2123120051000 SWJB-SD-022305 

512312005 1655 SWJB-SD-052305 

SaMTy~ 

O..CJ 75 V•ry so" dark brown orgtHIIC MUCK. 'Mlh WH<h roots and lwlgs 

0 75-14 son.bro'Ml PEAT 
1.4-16 G11yASH lay•r 
1 6-1751011 brown PEAT, f1bro1.1s 

1 75-JSsoft brown PEAT.fibrous 

0-0 4 Very son dark brown lo gray organic MUCK IMlh -•ds roots and l'MII• 
04-111 Soft brown PEAT f1brou1 

0-1 J V,rysoft,dark b1own organic MUCIC plenlrootsandtv.,gs 

1.3-1 5 GrayASHlaya1 
1 5-2.6 Brown. f!b1ou, PEAT 

0-1 7 Vtry soft dltrk brown o,van,c MUCIC. wtth...,.ads roots and twigs 

1.7-1.fl Verysoft darkbrown.organk:UUCK.wlth-ads roobandtwigs 
1 8-2 2 Vary soft, medium b,o,,,.,.,. organic: MUCK 
2.2-34 •oft brown PEAT 

0-1 2 Vuysoft,da,k browi, organ.: MUCK 
1.2-1 5 Soft bro.....,. PEAT 
1 5-1 6 Gray ASH layer 

1 6-32 Soft brown. PEAT 

0-1.4 V,ry 10ft. dark bro....., organic MUCK plan! roob andtw,gs 
1 4-16 81owr+.f1btous PEATwrthgr1y11m .. r1! 1 5possrblo! ASH layer 

1.B-30 Brown fibrous PEAT 

0-1_4 Veryaoll.darkbrown organic MUCK Wlth-&ds roobandtwig,l, 
1 4-1.SGrayASHlayer 

1.5-1.6 G11y1'SH layer 
1 6-J O soft b,own PEAT llbrous 

0-0 9 V•rv son dark brown organic MUCK with ...,.,d, root, and lwlil• 

09-11 Verysofl d:etkbrown organicMUCK,wrth-eds rootaandtv.,gs 
1.1-2.0Turnsl,ghlbrown 
2.0-2.4 Soll brown PEAT ltbrous wrth g1ay smear about 1 5 

No!Avarlable 

No!Ava,labk, 

NotAva111lble 

Notes 1. Result values m 1tahc type are PREVALIDATED data. 2. "-"=Not Analyzed 

~mlnUrn(Tolal) 
E2D0.7or Mlll!lk:(Totlll) 

SW,0108 mg/kg """""'"""• 
36000 

32000 462 

11300 

25900 

1JeOO 

2'900 '" 
1!1100 355 

20800 

""' 

213J 
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AfN'nlc(To•t AnenJc {Tota, ArMnlc(ToW, Anenlc(Totllt ArMr*(Tolllt 
SW7060A SE Ina' SW1D82 SEAm• 6W10II2.SEC1y" 8W7'062 SE Ex" 8W7082SE8ol' - ...... ...... ...... ...... 

25U 239 

"' 135 25U 35 

25U 

25 u 

- -

c-
AHU!:lblll Sullde hon(TotaflE200.7 
CRSD-FJ"9'kg Of SM0108 mg/q 

2650J 49';00 

4110 40500 

1560J 15300 

2740 34300 

3660J 

'"" 33000 

2130J 22500 

111CIO 26700 

3440 25600 

21.6 19600 

" 15100 

,,, 
" 

'" 20400 

29 21300 

-

lran(Tollll) 
SM01088EAm" -· 

'""' 

1B50 

- -

lnin{To .. O Iron (Tota~ 
SIMS010B SE ery• SV'o'6010BSE1n,• -· 

1';770 

6090 

5020 

-· 

6/i10 

7690 
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....... -·" 

NWP2 

NWP2 

NWP2 

NWP2 

NWP4 

SW-1A 

SW-10 

SW-1B 

SW-2A 

SW-2A 

SW-28 

SW-28 

SW-20 

SW-3A 

SW-3A 

SW-3B 

SW-3B 

SW-3B 

SamplltlD 

!\1112004 1300 NWP1-S0-1 75---090104 

91112004 13 00 NVVP1-SD-3.5-090104 

7/24/2005 13 05 NWP1-S0-1 !!-0224D5 

9/112004 12 JO NWP2-SO- 1 .J-090104 

9111200412 30 NVVP2-S0-2.6..090104 

212412005 12 40 NWP2-SD-1.7-022405 

212412005 12 40 NWP2-SD-3.4-022405 

9'1121Xl<l 1210 NWPJ-S0-16-090104 

911,2004 12 10 N\NPJ-B0-3 2--090104 

2'24 12005 11 45 NVVPJ-SQ-1 6-022405 

212412005 11 45 N\/I/PJ-SQ-30-022405 

91112004 11 15 NWP4-S0-1 5-090104 

911/:>00411 15 NWP<l~SD-30--090104 

212412005 11 00 NWP4-SD-0.9-0224D5 

212412005 11 00 NWP4-SD-2.4-022405 

2113120041235SW1A-S0-0213D4 

3/3012004 14 00 SW-1A-S0-033004 

4l22120041100SW1•-SD-042204 

6/3/20041220SW1A-SD-0603D4 

121112004 SW1B-SD-120104 

512312005 16 15 SW\0-SD-052305 

211'.112004114! SW:ZA-SD-021304 

3./3012004 11 45 SW-2ol..-S0-033004 

4/2212004 10 05 S\/11'2A-SD-042204 

9111200411 00 SW2A-SD-Q90104 

121112004 SW213-SD-120104 

2/2312005 11 00 SW2B-30-022305 

512312005 17 35 SWlB-SD-052305 

2113120041045 SWJA-BD--021304 

41]2'2004 9 00 SW3A-SD-042204 

6/3120041015 SWJA-80-060304 

91112004950 SW3A--.<;0-090104 

121112004 SW36-$0-120104 

212312005 !O 00 SWJB-SD-022305 

S/23/2005 16 55 SWJB-SD-052305 

Noles 1. Result values in ,tallc type are PRE 

t.hnp,MP(Tolal) 
E200.10f 

SM0108nv'lta 

566 

"' 

NltroSl"n E351.4 -· Sullde EPA 
DRAFT 1991 tng(lcg 

42.7 

1.3 U 

6.4J TR 

Table A-3 
NW Ponds Baseline and West Fork Des Moines Creek Background and Basehne Sediments Samples 

Des Moines Creek RDF 

To1al0fge.nlc 
Carbon SVW060 Total Soli::I, E150.3 ,,_., .. -.. 

rn 

1.43 

'" 
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Sample 

- Location Date/Time Meas Date/Time 

GW1D 8/31/04 11 :35 8/31/041115 

GW1D 11/30/04 14: 32 11/30/04 14 27 

GW1D 2/23/05 14:03 2/23/05 13:23 - GW1D 5/23/05 18:00 5/23/05 5:47 

GW1S 6/3/04 12:15 6/3/04 12:03 

GW1S 8/31/04 12:10 8/31/04 11 :51 - GW1S 11/30/04 13:42 11/30/04 13 37 

GW1S 2/23/05 14:54 2/23/05 14:33 

GW1S 5/23/05 18:30 5/23/05 6:19 - GW2D 6/3/04 10:00 6/3/04 9:50 

GW2D 8/30/04 16 15 8/30/04 15:43 

GW2D 11/29/04 14 00 11/29/04 13:58 - GW2D 2/22/05 13:37 2/22/05 13:08 

GW2D 5/23/05 15:20 5/23/05 15:06 

GW2S 6/2/04 15:00 6/2/04 14:57 

GW2S 8/31/04 10:15 8/31/04 9:54 - GW2S 11/29/04 15:15 11/29/04 14:57 

GW2S 2/22/05 13:36 2/22/05 14:16 

GW2S 5/23/05 16:00 5/23/05 15 38 - GW3D 6/2/04 13:30 6/2/04 13: 13 

GW3D 8/30/04 14:55 8/30/04 14:26 

GW3D 11 /29/04 12:30 11 /29/04 12: 19 - GW3D 2/22/0511:17 2/22/05 10:50 

GW3D 5/23/05 13:30 5/23/05 13:24 

GW3S 6/2/04 13:50 6/2/04 13:31 - GW3S 8/30/04 17:05 8/30/04 15:16 

GW3S 2/22/05 13:06 2/22/05 11 :49 

GW3S 5/23/05 14:25 5/23/05 14:00 

GW4D - 6/2/04 12:30 6/2/04 12:10 

GW4D 8/31/04 14:35 8/31/04 14:13 

GW4D 11/29/04 16:00 11 /29/04 15:49 

GW4D 2/22/05 14:26 2/22/05 13:51 - GW4D 5/23/05 11 :33 5/23/05 11 :28 

GW4S 6/2/04 10:50 6/2/04 10:40 

GW4S 8/31/04 10:22 8/31/04 10:00 - GW4S 11 /30/04 11 : 10 11/30/04 11 05 

GW4S 2/22/05 14:35 2/22/0515:13 

GW4S 5/23/05 12:35 5/23/05 12:26 - GW5D 6/1/04 14:45 6/1/04 14:32 

GW5D 8/31/04 15:50 8/31/04 13:27 

GW5D 11/30/04 13:30 11/30/04 12:39 

- GW5D 2/23/05 14:20 2/23/05 11 10 

GW5D 5/23/05 15:50 5/23/05 14:53 

GW5S 6/1/04 16:00 6/1/04 15:58 

GW5S 8/31/04 16:10 8/30/04 13:38 - GW5S 11 /30/04 10 :45 11/30/04 10:33 

-
-

Table A-4 
Groundwater Field Parameters 

Des Moines Creek RDF 

Dissolved pH in 

Oxygen in pH Redox 

mg/L units (ORP) inmV 

0.46 7.05 70.1 

1.28 6.96 -48.3 

0.62 7.01 -54.6 

0.57 6.93 -107.0 

-62.5 

0.58 6.36 -35.5 

0.95 6.37 -13.5 

1.12 6.45 -57.0 

0.93 6.29 -117.5 

0.55 6.49 -53.5 

0.98 6.17 -3.3 

0.32 6.21 10.3 

0.50 6.40 10.5 

0.68 6.17 -5.0 

1.00 5.98 -17.7 

0.65 6.29 -94.7 

0.52 6.19 -9.2 

0.95 6.29 -57.1 

1.30 6.22 0.8 

0.93 6.44 -62.5 

0.81 6.41 -15.9 

1.02 5.86 -93.4 

2.02 6.09 -18.2 

0.76 6.18 -85.6 

0.95 6.30 -76.0 

0.69 6.37 -84.8 

0.83 6.42 -104.0 

-121.4 

0.93 6.23 -80.8 

0.72 6.37 -69.6 

0.47 6.38 -73.6 

0.90 6.44 

-136.5 

1.11 7.54 1.09 

2.05 7.52 -66.2 

1.71 7.27 -101.1 

2.36 7.68 -137.7 

-35.5 

3.40 6.40 -8.9 

1.39 6.18 -6.8 

Specific 

Conductance 

in us/cm 

501 

638 

793 

715 

473 

598 

632 

627 

278 

382 

587 

476 

419 

385 

379 

368 

371 

382 

380 

390 

304 

311 

683 

673 

686 

682 

941 

866 

832 

788 

232 

233 

241 

252 

378 

396 

Temperature Turbidity in 

in ·c NTU 

12.20 4.73 

10.68 3.11 

11.41 2.64 

10.95 8.08 

1454 1.41 

10.39 0.70 

9.02 6.16 

11.01 1.6 

4.83 

15.04 1.06 

11.93 3.94 

12.99 7.65 

13.75 1.7 

23.3 

15.55 6.20 

12.02 

12.76 3.47 

13.13 1.39 

7.26 

16.94 

11.40 12.4 

11.93 4.2 

14.00 5.54 

4.12 

12.7 

11.66 2.2 

13.85 3.54 

9.82 

17.55 10.4 

11.83 3.46 

11.76 6.32 

12.93 3.43 

19.14 31.3 

11.61 15.4 

9.47 2.28 

13.70 25.0 

16.22 

10.43 100 

12.13 25.1 

16.95 53.9 

19.45 

10.50 17.6 
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Sample 

Location Date/Time Meas Date/Time 

GW5S 2/23/05 14:38 2/23/05 10:03 

GW5S 5/23/05 16:55 5/23/05 16:16 

GW6D 6/1/04 12:35 6/1/04 12:31 - GW6D 8/30/04 13:40 8/30/04 11 :41 

GW6D 11 /29/04 12 00 11/29/04 1119 

GW6D 2/22/05 12:30 2/22/05 10:21 - GW6D 5/23/05 12:50 5/23/05 12:03 

GW6S 6/1/04 15:45 6/1/04 13:45 

GW6S 8/30/04 17:42 8/30/04 11 :20 - GW7D 6/1 /04 11 :00 6/1 /04 10:57 

GW7D 8/30/04 10:12 8/30/04 10 07 

GW7S 6/1/04 13:45 6/1/0411:51 -
-
-
-
-
-
-
-
-
-
-
-

Table A-4 
Groundwater Field Parameters 

Des Moines Creek RDF 

Dissolved pH in 

Oxygen in pH Redox 

mg/L units (ORP) in mV 

1.54 6.25 -80.2 

1.79 6.45 -124.9 

-179.4 

1.38 7.90 -105.8 

3.72 7.58 -22.3 

1.75 7.68 -35.8 

1.34 7.56 -102.5 

-101.7 

5.23 7.04 -109.5 

-34.9 

1.51 6.54 -54.0 

-93.7 

Specific 

Conductance 

in us/cm 

406 

415 

322 

401 

508 

542 

423 

684 

Temperature Turbidity in 

in ·c 
9.17 

15.67 

17.27 

9.89 

9.67 

13.37 

19.89 

14.8 

NTU 

3.27 

8.14 

6.39 

17.2 

21.1 

6.27 

40.1 

5 
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Location Meas Datemme -
- SW1A 8/30/04 17:38 

SW1B 11 /29/04 13:21 

SW1B 2/15/05 12:55 - SW1B 5/23/05 12:00 

-
SW2A 8/30/04 16:52 - SW2B 11 /29/04 12:29 

SW2B 2/15/05 12:05 

.. SW2B 5/23/05 11 :45 

SW3A 8/30/04 14:08 

SW3B 11 /29/04 11 :35 - SW3B 2/15/05 11 :22 

SW3B 5/23/05 9:45 -
-
-
-
-
-
-
-
-
-

Table A-5 
Surface Water Field Parameters 

Des Moines Creek RDF 

Dissolved 

Oxygen in pH in pH Purge Rate in 

Depth / Comments mg/L units ml/mn 

-1 O' downstream from 

pond pump outlet. 

Disturbed soil up to silt 

fence by channel. 8.4 7.10 860 

5.5 6.70 780 

0.4' 8.1 6.8 700 

10.8 6.7 

water clear, slow 

velocity, aquatic veg. in 

channel. Heavy equip. 

operating near channel 

during sampling. 3.6 7.00 800 

6.3 6.80 660 

0.6' 8.4 6.7 700 

water clear, velocity 

-1fps 10.8 6.7 1000 

Water clear, low velocity, 

pool -1.4 ft. 2.1 6.90 750 

6.7 6.60 750 

0.4' 8.1 6.5 700 

water clear, velocity 

-1fps 8.6 6.7 1000 

Redox Specific 

(ORP) in Conductance 

mV in us/cm 

-13 197 

154 202 

216 195 

152 144 

82 195 

186 202 

227 195 

149 146 

100 196 

205 197 

244 195 

147 140 

Temperature 

in ·c 

23.1 

5.6 

5.1 

18.1 

22.5 

5.2 

5.6 

17.7 

20 

4.3 

4.6 

14.4 
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Location Meas Date/Time - NWP1 8/31/04 17:05 

NWP1 8/31/0417:07 

NWP1 8/31/04 17:10 - NWP1 8/31/04 17:12 

NWP1 8/31/04 17:15 

NWP1 8/31/04 17: 17 - NWP1 8/31/04 17:20 

NWP1 8/31/04 17:23 

NWP1 8/31/04 17:24 

- NWP1 8/31/04 17:26 

NWP1 8/31/04 17:28 

NWP1 8/31/04 17:30 

NWP1 8/31/04 17:32 - NWP1 8/31/04 17:34 

NWP1 8/31/04 17:36 

NWP1 8/31/04 17:38 - NWP1 8/31 /04 17 :40 

NWP1 8/31/04 17:42 

NWP1 8/31/04 17:43 - NWP1 8/31/04 17:45 

NWP1 8/31/04 17:47 

NWP1 8131/04 17:49 

- NWP1 8/31/04 17:51 

NWP1 8131/04 17:53 

NWP1 8/31/04 17:56 

NWP1 8/31/04 17:58 - NWP1 8/31/04 18:00 

NWP1 8/31/04 18:02 

NWP1 8/31/04 18:04 - NWP1 8/31/04 18:06 

NWP1 8/31/04 18:09 

NWP1 12/1/04 12:10 - NWP1 12/1/04 12:13 

NWP1 12/1/04 12:15 

NWP1 12/1/04 12:17 

NWP1 12/1/04 12:20 - NWP1 12/1/04 12:23 

NWP1 12/1/04 12:25 

NWP1 12/1/04 12:28 - NWP1 12/1/04 12:31 

NWP1 12/1/04 12:33 

NWP1 12/1/04 12:37 - NWP1 12/1/04 12:40 

NWP1 12/1/04 12:42 

NWP1 12/1/04 12:50 

- NWP1 12/1/04 12:52 

-
-

Table A-6 
NW Ponds Surface Water Profile and Field Parameters 

Des Moines Creek RDF 

Dissolved 

Oxygen in pH in pH Purge Rate Redox 

Depth / Comments mg/L units inml/mn (ORP) in mV 

0.9' 6.4 7.0 860 78 

0.9' 6.4 7.1 860 82 

0.9' 6.5 7.0 860 86 

1.8' 6.4 7.1 860 89 

1.8' 6.0 7.1 860 90 

1.8' 6.0 7.1 860 90 

2.7' 5.1 7.0 860 91 

2.7' 4.9 7.0 860 93 

2.7' 4.8 6.9 860 93 

3.6' 5.4 7.0 860 94 

3.6' 5.1 7.0 860 94 

3.6' 5.4 6.9 860 95 

4.5' 5.2 6.9 860 95 

4.5' 4.5 6.8 860 96 

4.5' 4.8 6.9 860 96 

5.4' 5.0 6.9 860 97 

5.4' 4.8 6.9 860 97 

5.4' 4.3 6.8 860 97 

5.4' 4.7 6.9 860 97 

6.3' 5.5 6.7 860 99 

6.3' 5.2 6.7 860 99 

6.3' 5.4 6.8 860 100 

7.2'; green with algae 5.0 6.5 860 100 

7.2'; green with algae 4.7 6.6 860 99 

7.2'; green with algae 4.5 6.5 860 98 

8.1'; sulpher smell, less green 4.2 6.3 860 -34 

8.1' 4.2 6.4 750 -35 

8.1' 4.0 6.5 750 -35 

9.0'; sulpher smell, less green 4.0 6.5 750 -25 

9.0' 3.8 6.5 750 -25 

9.0' 3.7 6.5 750 -25 

0.4 5.8 6.5 840 63 

0.4 5.4 6.6 680 16 

0.4 5.4 6.6 680 35 

0.4 5.3 6.6 600 37 

1.4 5.3 6.6 600 29 

1.4 5.3 6.6 750 45 

1.4 5.4 6.6 600 52 

2.4 5.5 6.6 600 58 

2.4 5.4 6.6 600 60 

2.4 5.5 6.6 600 64 

3.4 5.4 6.6 600 64 

3.4 5.3 6.6 600 60 

3.4 5.2 6.6 600 60 

4.4 5.1 6.5 670 30 

4.4 5.2 6.5 670 35 

Specific 

Conductance Temperature 

in us/cm in 'C 

180 23.6 

180 24.0 

180 23.4 

182 21.5 

180 21.5 

181 21.5 

176 21.1 

175 21.2 

175 21.2 

169 20.5 

168 20.5 

168 20.6 

169 20.1 

169 20.3 

169 20.3 

180 19.7 

178 20.0 

177 20.0 

179 20.0 

209 19.8 

214 19.8 

216 19.9 

309 19.4 

312 19.4 

305 19.5 

533 18.4 

544 18.4 

544 18.4 

649 17.4 

652 17.4 

652 17.4 

190 7.2 

190 7.3 

191 7.3 

187 7.3 

189 7.3 

190 7.3 

190 7.3 

191 7.3 

192 7.3 

191 7.3 

190 7.3 

188 7.2 

190 7.3 

190 7.2 

186 7.1 
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Location Meas Date/Time - NWP1 12/1/04 12:55 

NWP1 12/1/04 13:00 

NWP1 12/1/04 13:03 - NWP1 12/1/04 13:05 

NWP1 12/1/04 13:08 

NWP1 12/1/04 13:15 

NWP1 12/1/04 13:16 

NWP1 12/1/04 13:18 

NWP1 12/1/04 13:21 - NWP1 12/1 /04 13:25 

NWP1 12/1/04 13:30 

NWP1 12/1/04 13:35 

- NWP1 12/1/04 13:38 

NWP1 12/1/04 13:41 

NWP1 12/1/04 13:45 

NWP1 12/1/04 13:50 - NWP1 12/1/04 13:53 

NWP1 12/1/04 13:56 

NWP1 2/16/05 12:00 

NWP1 2/16/05 12:03 

NWP1 2116/05 12:05 

NWP1 2116/05 12:06 - NWP1 2/16/05 12:08 

NWP1 2116/0512:11 

NWP1 2116/05 12:12 

NWP1 2116/05 12:14 - NWP1 2/16/05 12:16 

NWP1 2/16/05 12:17 

NWP1 2/16/05 12:19 - NWP1 2/16/05 12:22 

NWP1 2/16/05 12:23 

NWP1 2/16/05 12:25 - NWP1 2/16/05 12:28 

NWP1 2/16/05 12:29 

NWP1 2/16/05 12:31 

NWP1 2/16/05 12:34 - NWP1 2/16/05 12:35 

NWP1 2/16/05 12:37 

NWP1 2/16/05 12:40 - NWP1 2/16/05 12:42 

NWP1 2/16/05 12:45 

NWP1 2/16/05 12:48 - NWP1 2/16/05 12:49 

NWP1 2/16/05 12:51 

NWP1 2/16/05 12:53 -
-
-

Table A-6 
NW Ponds Surface Water Profile and Field Parameters 

Des Moines Creek RDF 

Dissolved 

Oxygen in pH in pH Purge Rate Redox 

Depth / Comments mg/L units in ml/mn (ORP) in mV 

4.4 5.4 6.5 670 38 

5.4 5.3 6.6 860 42 

5.4 5.3 6.6 860 43 

5.4 5.3 6.6 860 45 

6.4 5.1 6.6 750 47 

6.4 4.9 6.6 860 48 

6.4 5.0 6.6 860 49 

7.4 4.4 6.6 860 52 

7.4 4.4 6.6 860 52 

7.4 4.3 6.5 860 53 

8.4 3.2 6.4 860 39 

8.4; color a bit green 2.8 6.4 860 29 

8.4 2.7 6.4 860 28 

8.4 2.5 6.4 860 21 

9 3.4 6.4 860 8 

9 3.3 6.4 860 7 

9 3.1 6.4 860 6 

9 3.0 6.4 860 5 

0.4' 7.2 6.8 700 194 

0.4' 6.7 6.7 700 195 

0.4' 6.6 6.7 700 196 

1.4' 6.5 6.8 700 192 

1.4' 6.4 6.8 700 193 

1.4' 6.3 6.8 700 193 

2.4' 6.3 6.7 700 195 

2.4' 6.3 6.7 700 196 

2.4' 6.3 6.6 700 199 

3.4' 6.3 6.7 700 194 

3.4' 6.2 6.7 700 198 

3.4' 6.2 6.7 700 198 

4.4' 6.2 6.7 700 195 

4.4' 6.2 6.6 700 198 

4.4' 6.2 6.6 700 199 

5.4' 6.0 6.6 700 198 

5.4' 5.9 6.6 700 199 

5.4' 6.0 6.6 700 199 

6.4' 5.5 6.6 700 199 

6.4' 5.3 6.6 700 198 

6.4' 5.5 6.6 700 197 

7.4' 4.7 6.7 700 196 

7.4' 4.8 6.7 700 194 

7.4' 4.9 6.7 700 195 

8.4' 3.4 6.5 700 194 

8.4' 2.9 6.6 700 196 

8.4' 2.3 6.6 700 191 

Specific 

Conductance Temperature 

in us/cm in ·c 
187 7.1 

188 7.1 

187 7.1 

187 7.1 

188 7.1 

187 7.1 

188 7.1 

210 7.3 

203 7.2 

206 7.3 

330 7.8 

339 7.8 

352 7.9 

357 7.9 

386 8.2 

411 8.2 

405 8.2 

408 8.2 

194 5.4 

195 5.5 

194 5.6 

195 5.4 

194 5.4 

194 5.3 

194 5.2 

194 5.2 

194 5.2 

194 5.0 

194 5.0 

194 5.0 

194 5.0 

194 5.0 

194 5.0 

196 4.9 

197 4.9 

197 4.9 

201 5.0 

202 5.0 

201 5.0 

207 5.2 

205 5.1 

204 5.1 

246 5.7 

263 5.9 

268 6.0 
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Location Meas Date/Time - NWP1 2/16/05 12:56 

NWP1 2/16/05 12:57 

NWP1 2/16/05 12:58 - NWP1 2/16/05 13:00 

NWP1 2/16/05 13:02 

NWP1 2/16/05 13:05 - NWP2 8/31/04 15:15 

NWP2 8/31/04 15:17 

NWP2 8/31/04 15:20 - NWP2 8/31/04 15:22 

NWP2 8/31/04 15:25 

NWP2 8/31/04 15:27 - NWP2 8/31/04 15:30 

NWP2 8/31/04 15:32 

NWP2 8/31/04 15:34 - NWP2 8131/04 15:36 

NWP2 8131/04 15:43 

- NWP2 8131/04 15:48 

NWP2 8131/04 15:50 

NWP2 8131/04 15:53 

NWP2 8131/04 15:55 - NWP2 8/31/04 15:58 

NWP2 8131/04 16:01 

NWP2 8/31/04 16:03 - NWP2 8/31/04 16:06 

NWP2 8/31/04 16:09 

NWP2 8/31/04 16:11 

- NWP2 8/31/04 16:14 

NWP2 8/31/04 16:17 

NWP2 8/31/04 16:20 

- NWP2 8/31/04 16:22 

NWP2 8/31/04 16:24 

NWP2 11 /30/04 13:30 

NWP2 11/30/04 13:33 - NWP2 11/30/04 13:36 

NWP2 11 /30/04 13:39 

NWP2 11 /30/04 13:42 - NWP2 2/16/05 11 :00 

NWP2 2/16/05 11 :03 

NWP2 2/16/05 11 :05 - NWP2 2/16/05 11 :06 

NWP2 2/16/05 11 :09 

NWP2 2/16/0511:12 

NWP2 2/16/0511:13 -
-
-

Table A-6 
NW Ponds Surface Water Profile and Field Parameters 

Des Moines Creek RDF 

Dissolved 

Oxygen in pH in pH Purge Rate Redox 

Depth / Comments mg/L units in ml/mn (ORP)inmV 

8.4' 2.2 6.6 700 188 

8.4' 2.1 6.5 700 181 

8.4' 2.0 6.4 700 184 

9.0' .0 6.5 700 180 

9.0' 0.8 6.5 700 175 

9.0' 0.9 6.5 700 167 

0.3' 9.8 7.5 860 103 

0.3' 9.0 7.6 860 102 

0.3' 8.6 7.4 860 121 

0.3' 9.0 8.0 860 95 
0.3': wind picking up, mixing pond 

near surface. 9.2 8.1 860 101 

0.6' 5.6 7.3 860 113 

0.6' 5.1 6.9 860 111 

0.6' 5.5 6.9 860 110 

0.9' 3.7 6.8 860 106 

0.9' 3.5 6.8 860 107 

0.9'; wind picking up, mixing pond 

near surface 3.6 6.7 860 101 

1.2' 1.6 6.6 860 -4 

1.2'; readings unstable 2.0 6.7 860 27 

1.2'; readings unstable 1.9 6.7 860 19 

1.2'; readings unstable 2.0 6.6 860 19 

1.5'; readings unstable 1.6 6.6 860 -27 

1.5' 1.7 6.6 860 -71 

1.5'; stable readings 1.6 6.6 860 -65 

1.8"; stable readings 3.0 6.7 860 -63 

1.8' 2.9 6.6 860 -69 

1.8' 2.9 6.7 860 -73 

2.1' 2.8 6.6 860 -84 

2.1' 2.7 6.6 860 -83 

2.1' 1.4 6.7 860 -94 

2.1' 1.4 6.7 860 -92 

2.1' 1.4 6.7 860 -93 

0.4 5.0 6.7 600 170 

0.4 4.6 6.7 600 109 

0.4 4.6 6.7 550 80 

0.4 4.5 6.7 550 60 

0.4 4.3 6.7 550 55 

0.2' 7.5 6.8 680 199 

0.2' 7.3 6.8 680 198 

0.2' 6.9 6.7 680 198 

0.6' 6.6 6.8 680 196 

0.6' 6.6 6.8 680 195 

0.6' 6.6 6.8 680 197 

1.0' 6.7 6.7 680 198 

Specific 

Conductance Temperature 

in us/cm in 'C 

262 6.0 

271 6.1 

276 6.1 

290 6.3 

296 6.4 

282 6.3 

180 26.7 

173 26.8 

178 26.5 

169 26.8 

175 27.0 

193 23.9 

196 23.7 

195 23.8 

200 23.0 

196 23.6 

193 23.6 

225 21.2 

224 21.4 

229 21.3 

215 21.7 

256 20.8 

254 20.5 

254 20.4 

262 19.1 

262 19.2 

262 19.1 

275 18.9 

270 18.9 

285 18.8 

283 18.8 

283 18.8 

185 7.5 

180 7.4 

175 7.3 

186 7.3 

186 7.3 

235 4.9 

216 4.9 

211 4.9 

210 5.0 

208 5.0 

204 4.9 

220 4.8 
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- Location Meas Date/Time 

NWP2 2/16/0511:15 

NWP2 2/16/05 1118 - NWP2 2/16/05 11 :20 

NWP2 2/16/05 11 :22 

NWP2 2/16/0511:25 

- NWP2 2/16/05 11:26 

NWP2 2/16/05 11 :28 

NWP2 2/16/0511:31 

NWP3 8/31/0413:15 ... 
NWP3 8131/04 13:20 

NWP3 8131/04 13:21 

NWP3 8131104 13:22 - NWP3 8/31/04 13:25 

NWP3 8/31/04 13:28 

NWP3 8131/04 13:30 - NWP3 8/31/04 13:33 

NWP3 8/31/04 13:39 

NWP3 8/31/04 13:41 

NWP3 8/31/04 13:43 - NWP3 8/31/04 13:45 

NWP3 8/31/04 13:47 

NWP3 8/31/04 13:50 

NWP3 8/31/04 13:52 

NWP3 8/31/04 13:55 

NWP3 8/31/04 13:57 - NWP3 8/31/04 14:00 

NWP3 8/31/04 14:03 

NWP3 8/31/04 14:05 

- NWP3 8/31/04 14:07 

NWP3 8/31/04 14:10 

NWP3 8/31/04 14:12 

NWP3 8/31/04 14:14 - NWP3 8/31/04 14:17 

NWP3 8/31/04 14:20 

NWP3 11/30/04 12:28 - NWP3 11 /30/04 12:41 

NWP3 11/30/0412:43 

NWP3 11 /30/04 12 :45 - NWP3 11/30/04 12:48 

NWP3 2/16/05 10:15 

NWP3 2/16/05 10:17 

NWP3 2/16/05 10:20 - NWP3 2/16/05 10:22 

NWP3 2/16/05 10:24 

NWP3 2/16/05 10:28 -
-
-

Table A-6 
NW Ponds Surface Water Profile and Field Parameters 

Des Moines Creek RDF 

Dissolved 

Oxygen in pH in pH Purge Rate Redox 

Depth I Comments mg/L units inml/mn (ORP)inmV 

1.0' 6.8 6.7 680 198 

1.0' 6.7 6.7 680 199 

1.4' 6.8 6.7 680 199 

1.4' 6.8 6.7 680 201 

1.4' 6.9 6.6 680 202 

1.8' 6.9 6.7 680 200 

1.8' 6.7 6.7 680 200 

1.8' 6.9 6.7 680 197 

0.2' 7.70 7.30 700 127 

0.2' 7.50 7.30 700 130 

0.2' 7.60 7.30 700 132 

0.4' 7.80 7.30 700 133 

0.4' 7.50 7.30 700 135 

0.4' 7.10 7.20 700 130 

0.6' 4.40 7.00 700 116 

0.6' 3.70 6.90 700 120 

0.6' 3.70 6.60 750 144 

0.6' 3.80 6.80 750 144 

0.6' 3.80 6.80 750 145 

0.8' 4.00 6.80 750 143 

0.8' 3.90 6.80 750 142 

0.8' 3.80 6.80 750 139 

1.0' 5.30 6.80 750 133 

1.0' 3.80 6.80 750 139 

1.0' 3.80 6.80 750 139 

1.2' 3.90 6.80 750 106 

1.2' 4.00 6.80 750 101 

1.2' 3.80 6.80 750 113 

1.4' 3.90 6.70 750 107 

1.4' 3.60 6.70 750 104 

1.4' 3.40 6.70 750 102 

1.6' 4.10 6.80 750 93 

1.6' 3.80 6.70 750 101 

1.6' 3.70 6.70 750 97 

0.4 5.50 6.80 750 138 

0.4 5.10 6.80 750 119 

0.4 5.00 6.70 750 99 

0.4 5.10 6.70 750 77 

0.4 5.10 6.70 750 70 

0.2' 8.7 6.5 700 211 

0.2' 8.4 6.5 700 210 

0.2' 8.2 6.5 700 208 

0.6' 8.8 6.5 700 213 

0.6' 8.2 6.5 700 209 

0.6' 8.2 6.5 700 209 

Specific 

Conductance Temperature 

in us/cm in ·c 
210 4.9 

220 4.9 

262 4.9 

258 5.0 

255 5.0 

271 5.1 

267 5.0 

253 5.0 

193 25.0 

192 25.0 

191 25.1 

191 25.2 

191 25.2 

191 25.3 

199 22.2 

199 22.3 

199 22.1 

198 22.1 

197 22.3 

200 21.1 

200 21.2 

200 21.4 

202 21.0 

200 21.6 

200 21.4 

204 21.1 

203 21.2 

205 21.0 

208 20.8 

208 20.9 

208 20.9 

208 20.8 

208 20.9 

208 20.9 

196 7.3 

194 7.3 

192 7.3 

195 7.3 

198 7.3 

208 3.7 

208 3.7 

208 3.7 

208 3.7 

207 3.8 

207 3.7 
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- Location Meas Date/Time 

NWP3 2116105 10:30 

NWP3 2/16105 10:32 

- NWP3 2/16/05 10:35 

NWP4 8/31/04 11 :14 

NWP4 8/31104 11 :16 

NWP4 8/31104 11 :18 - NWP4 8131104 11 :19 

NWP4 8131104 11 :20 

NWP4 8131/04 11 :22 .. NWP4 8131/04 11 :24 

NWP4 8131104 11 :36 

NWP4 8/31/0411:38 - NWP4 8/31/04 11 :40 

NWP4 8/31/0411:41 

NWP4 8/31/04 11 :43 - NWP4 8/31/04 11 :45 

NWP4 8/31/0411:47 

NWP4 8/31/04 11 :50 

NWP4 8131/04 11 :52 - NWP4 8/31/0411:54 

NWP4 8/31/04 11 :56 

NWP4 8131/04 11 :58 - NWP4 8131/04 12:00 

NWP4 8131/04 12:02 

NWP4 8131/04 12:05 - NWP4 8131/04 12:07 

NWP4 8/31/04 12:09 

NWP4 8131/04 12:12 

- NWP4 11130/0410:17 

NWP4 11130/04 10:21 

NWP4 11130/04 10:24 

NWP4 11/30/0410:30 - NWP4 11/30/04 10:33 

NWP4 2/16/05 9:25 

NWP4 2/16/05 9:27 

NWP4 2/16/05 9:30 

NWP4 2/16/05 9:31 

NWP4 2/16105 9:33 

NWP4 2/16/05 9:36 - NWP4 2/16/05 9:38 

NWP4 2/16/05 9:40 

NWP4 2/16/05 9:43 - NWP4 2/16/05 9:44 

NWP4 2/16/05 9:46 

NWP4 2/16/05 9:50 -
-
-

Table A-6 
NW Ponds Surface Water Profile and Field Parameters 

Des Moines Creek RDF 

Dissolved 

Oxygen in pH in pH Purge Rate Redox 

Depth / Comments mg/L units inml/mn (ORP) in mV 

1.0' 8.3 6.5 700 210 

1.0' 8.3 6.6 700 208 

1.0' 8.1 6.6 700 208 

0.4' 4.70 7.20 860 107 

0.4' 4.50 7.10 860 114 

0.4' 5.00 7.00 860 123 

0.4' 4.80 6.90 860 125 

0.8' 5.00 6.90 860 125 

0.8' 4.8 6.90 860 123 

0.8' 4.70 6.90 860 120 

1.2' 5.00 6.90 860 132 

1.2' 3.30 6.80 860 129 

1.2' 3.10 6.80 860 126 

1.6' 3.40 6.80 860 50 

1.6' 3.50 6.80 860 32 

1.6' 3.80 6.70 860 32 

2.0' 3.90 6.80 860 -1 

2.0' 3.80 6.80 860 -6 

2.0' 3.60 6.90 860 -1 

2.4' 4.00 6.80 860 -1 

2.4' 2.80 6.80 860 -13 

2.4' 2.70 6.80 860 -4 

2.4' 2.60 6.80 860 -3 

2.8' 5.00 6.90 860 -48 

2.8' 4.00 6.90 860 -41 

2.8' 1.20 7.00 860 -30 

2.8' 2.60 6.90 860 -33 

2.8' 2.50 6.90 860 -34 

0.4 6.30 6.40 660 193 

0.4 6.10 6.50 600 80 

0.4 6.10 6.50 550 54 

0.4 6.00 6.60 660 28 

0.4 5.90 6.60 660 32 

0.4' 9.2 5.9 700 232 

0.4' 9.1 6.0 700 229 

0.4' 9.2 6.1 700 223 

0.8' 9.1 6.1 700 226 

0.8' 9.1 6.1 700 224 

0.8' 9.0 6.1 700 224 

1.2' 9.1 6.2 700 222 

1.2' 9.0 6.2 700 218 

1.2' 9.0 6.2 700 217 

1.4' 9.0 6.3 700 219 

1.4' 8.9 6.3 700 218 

1.4' 9.0 6.3 700 218 

Specific 

Conductance Temperature 

in us/cm in ·c 
207 3.8 

207 3.8 

208 3.8 

194 20.6 

189 21.3 

191 21.5 

190 21.2 

190 20.8 

192 20.8 

192 20.5 

191 20.2 

193 20.2 

193 20.2 

197 19.8 

197 19.8 

197 19.8 

203 19.5 

202 19.5 

203 19.6 

206 19.3 

207 19.3 

207 19.3 

207 19.3 

210 19.4 

208 19.5 

207 19.4 

207 19.4 

207 19.4 

185 6.7 

185 6.7 

186 6.8 

186 6.8 

186 6.8 

205 2.6 

205 2.6 

205 2.6 

205 2.7 

206 2.7 

205 2.7 

205 2.8 

205 2.8 

205 2.8 

206 2.9 

205 2.9 

206 2.9 
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Figure A-1 
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Figure A-2 
Surface Water Quality - Arsenic 

Des Moines Creek Regional Detention Facility 
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Figure A-3 
Sediment Quality - Arsenic 

Des Moines Creek Regional Detention Facility 
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Figure A-4 
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Figure A-5 
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The following Appendix describes the protocols that will be employed for the collection 
and handling of field samples under the Long-Term Monitoring Plan. 

B.1 Field Sampling 

8.1.1 Soil Sample Collection Protocols 

The following standard operating procedures will be followed for the soil sampling: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Field sampling staff will notify and coordinate access requirements with the 
property owners before sample collection. 

Decontaminate all sampling equipment following the equipment 
decontamination procedure described in Appendix B. 

Identify the sample location stake. 

Clear the area to be sampled of any debris (for example, twigs, rocks, litter, 
etc.). 

Estimate the cap thickness based on stake stickup above ground surface. 

Take precautions to avoid damaging the cap reactive layer and geotextile by 
preventing sample tool entry into the bottom 3 inches of the cap material. 

Collect two discrete soil samples at each location. Collect the first sample 
from the interval Oto 12 inches, and the second from 12 inches to 21 inches 
(but not less than 3 inches above the estimated cap depth). 

Collect the samples using an auger or a thin-wall tube sampler, as 
appropriate. 

9. Transfer the samples directly into properly labeled, laboratory-supplied 
sample containers using a precleaned plastic spoon. 

10. During boring, control accidental brushing ofloose material back down the 
borehole by periodically removing and depositing soils into a plastic sheet 
spread near the hole. 

11. During boring, the licensed professional geologist or geotechnical engineer 
will take notes and photographs and prepare soil boring logs. Details will 
be presented on the soil material observed at specific depth, change in soil 
contacts, presence and depth of groundwater, hydrogen sulfide odor (if 
present), and any other pertinent information. 

12. After reaching the sample collection depth, slowly and carefully remove the 
auger from the hole and lower the precleaned tube sampler to collect 
samples. 

13. If a tube sampler is used, discard the top 1 inch of the core and quickly seal 
the ends of the sample tube. 

14. Based on site conditions, the licensed professional geologist or geotechnical 
engineer may decide to collect samples directly from the auger. 
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15. A clean auger and/or sampling device shall be used for each sample 
interval. 

16. Field notes shall be collected at each sample location and include date, 
time, sample identification, personnel, and sample collection method. 

17. All samples collected with the auger shall be placed in laboratory-supplied 
sample jars. Samples shall be labeled with a unique identification using the 
convention for soil samples outlined in Appendix B. Furthermore, samples 
will be handled under procedures described in Appendix B. 

18. All sampling tools must be decontaminated prior to collecting samples from 
another borehole according to the methods described in Appendix B. 

19. After collecting samples, the boreholes should be backfilled with the 
removed soil material or as determined by the geologist or engineer. 

20. All soil samples must be stored and delivered to the laboratory according to 
the guidelines of this plan. 

B.1.2 Groundwater Collection Protocols 

Groundwater samples will be sampled using low flow (that is, flow rates at or less than 
0.5 liter/minute) purging and sampling techniques. The following section describes the 
sampling procedures using this method. 

The static groundwater level will be measured with an electric tape to the nearest 0.01 
foot and referenced from the top of the well casing. 

A portable peristaltic pump, with disposable LDPE and silicon tubing, will be used for 
this groundwater sampling. Position the Y<t-inch OD LDPE tubing intake at the 
approximate midpoint of the screen for both purging and sampling. Connect the 
discharge to the intake of a flow-through cell for measuring water quality parameters. 

Purge the well at low flow rates not to exceed approximately 0.5 liter (or 16 ounces) per 
minute. Allow the discharge to run into the flow-through cell. The purge water 
discharging from the flow-through cell should be directed away from the well. 
Determine the flow rate by measuring the time to fill a container of known volume and 
adjust the flow rate as necessary. 

During purging, measure and record field parameters (DO, ORP, temperature, pH, and 
conductivity) until they stabilize. Of these parameters, DO and ORP are considered most 
important since they determine redox conditions of the groundwater. Because DO and 
ORP are also expected to take the longest to stabilize, stabilization is defined as three 
successive readings where DO varies by less than 10 percent, and ORP varies by less 
than 10 milliVolts (mV). Additional stability criteria are 0.5° C for temperature, 
10 percent for conductivity, and 0.1 units for pH. However, no more than three well 
casing volumes need be purged prior to groundwater sample collection. Flow rate ( and 
depth to water, if possible) should also be measured every 2 to 4 minutes. Record the 
time and all measurements on the field log for each set of readings. 

PROJECT NO. 040106A-001-2.3 • DECEMBER 8, 2005 
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The groundwater sample will be collected directly from the pump discharge line 
upstream of the flow-through cell by filling the lab-provided bottles, while maintaining 
the same low flow rate as during purging. 

81 .3 Surface Water Collection Protocols 

Samples shall be collected starting with the most downstream location and proceeding 
upstream. All samples shall be collected in the course of 1 day. Water samples shall be 
collected prior to the collection of sediment samples. 

Surface water samples shall be collected using a peristaltic pump at flow rates between 
500 and 1,000 ml/min. New Y'.i-inch OD by 0.17-inch ID LDPE tubing, new silicon 
tubing, and new filters shall be used at each sampling location. The polyethylene tubing 
will be attached to a support and extended to the approximate center of the creek. The 
intake depth of the LDPE tubing should be approximately halfway between the sediment 
and the creek surface. 

Water quality parameters shall be measured in the field prior to the collection of surface 
water samples. These field parameters are temperature, conductivity, dissolved oxygen 
(DO), pH, and oxygen reduction potential (ORP or redox). The parameters will be 
measured using a peristaltic pump and a flow-through cell with a multi-parameter water 
quality meter (YSI 556 Multi Probe System or equivalent). Flow rate should also be 
measured every 3 to 5 minutes, preferably just before recording the field parameters. 
Measurements will be recorded at 3- to 5-minute intervals until the readings have 
stabilized. Readings will be considered stable when changes between consecutive 
readings are less than 0.5° C for temperature, 10 percent for conductivity and DO, 0.1 
units for pH, and 10 mV for ORP. A minimum of three readings must be recorded. 
Sample location, personnel, date and times of measurement, and field parameter values 
will be recorded on a field log for each set of readings. 

The surface water sample will be collected by directly filling the lab-provided bottles 
from the pump discharge line at the same flow rate that was maintained during 
measurement of field parameters. New sampling tubing will be used at each location, 
which will eliminate the need for equipment decontamination between sample stations. 
However, rinsate blank samples of the pump tubing will be collected at the end of each 
water sampling event or at least for each batch of sample tubing. 

81 .4 Sample Collection of Sediment 

Samples shall be collected starting with the most downstream location and proceeding 
upstream. All samples shall be collected in the cours'e of one day. Water samples shall 
be collected prior to the collection of sediment samples. 

Both the initial and the most recent collection point of sediments at each location shall be 
clearly marked. Sample locations at a particular station will move slightly upstream from 
the previous sample event to avoid collecting sediment from a previous sampled area. 
After a period of 1 year, the sample location will be reset near the original position. 
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Sediment samples will be collected from the near vicinity of the surface water locations 
after surface water samples are collected, containerized, and processed. The field 
supervisor shall determine what method of sampling will be used, depending on the 
nature of the sediments to be sampled. The sample should be collected in an area of 
sediment accumulation, such as the inside of stream meanders, quiet shallow areas, or 
low velocity zones. Channel reaches of evidence of net erosion, such as high-velocity or 
turbulent zones will be avoided. As described above, the sediment sample needs to be 
collected with minimal disturbance so as not to allow sediment agitation. If possible, the 
sampling personnel will collect the sediment sample by standing on the bank of the creek. 
If sample personnel must enter the creek, they will do so from the downstream end of the 
sample location, using care to avoiding sediment disturbance. Field notes shall be 
collected at each sample location, including date, time, sample identification, personnel, 
sample collection method, stream description, estimated stream flow, depth of stream, 
and sediment description. 

Sediment samples will be collected by hand by either one of two methods, as described 
below, which are dependent on conditions that are observed in the field. 

1) Core Sample 
Core samples shall be collected using 3-inch-diameter decontaminated polycar~onate 
clear tubing. The sample tube shall be precut to approximately 0.5-foot lengths. Using 
clean nitrile gloves, the sampling personnel shall push the sample into sediment until top 
of tubing is almost flush with the sediment. A plastic cap shall be placed over the core 
tube. Using a clean decontaminated trowel, sediment shall be excavated around the core 
tube and a plastic cap fitted to the bottom of the tube. The sample shall then be removed 
from the stream substrate taking care to keep sample upright. Both end caps shall be 
taped and up arrows marked on the core. The core tube will be dried off to ensure that a 
proper sample label can be securely attached. The core tube will be stored securely in the 
upright position in a cooler. 

2) Grab Sample 
Grab samples shall be collected from the creek bed if field conditions prevent a core 
sample from being collected. The grab sample procedure will collect the sediment 
sample by using a stainless steel trowel to collect sediment in the creek substrate. 
Sampling will be attempted to minimize the loss of fine material winnowed from the 
samples by moving water. The sample will be placed in a stainless steel bowl and gently 
mixed with a stainless steel spoon. Laboratory supplied sample jars will be affixed with a 
sample label and will be filled with the sediment. The sample jars will be stored securely 
in a cooler. 

8.2 Sample Handling Protocols 

B2.1 Sample Naming Convention 

This section of the Des Moines Creek Long-Term Monitoring Plan describes the sample 
identification naming convention that shall be used in all sample programs. The naming 
convention is to be used for all samples that are collected for submittal to a laboratory for 
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analysis. In general, the naming convention is designed to reference the sample media, 
identify the sample location, and date the sample was collected. Other pertinent 
information such as depth and total and dissolved analysis will be identified as 
appropriate. The following sections provide an example of the sample naming 
convention for each sample media: 

• Soil Cap Samples 

Grid No./ Media ID (SC)/ Depth/ Date (as MMDDYY). 

For example, a sample collected from 12 to 21 inches from Grid No. 30 collected 
on 2/29/05 would be labeled GJO-SB-1224-022905. 

• Groundwater Samples 

Monitoring Well ID/ Sample Date (MMDDYY) 

For example, a typical label would be GWSS-021305. 

• Surface Water Samples 

Sample Station I Media ID (SW) / Total or Dissolved Indicator (T or D) / Sample 
Date (MMDDYY) 

A sample to be analyzed for total metals would be labeled SWIA-SW-T-021305. 
A sample to be analyzed for dissolved metals would be labeled 
SWIA-SW-D-021305. 

• Sediment Samples 

Sample Station I Media ID (SD)/ Sample Date (MMDDYY) 

For example, a sample collected at station SW-lb on 2/13/05 is designated as 
follows: SWI B-SD-0213 05. 

82.2 Sample Handling 

Upon collection, samples will be stored securely in a cooler with ice in order to maintain 
the samples at a temperature of approximately 4 degrees Celsius until delivery to the 
laboratory. The cooler containing redox sensitive soil and sediment samples will also be 
purged with an inert gas (argon) to maintain an oxygen-free atmosphere so as not to 
change the redox conditions of the samples. 

A Chain-of-Custody form will be completed for each sample location indicating the 
sample identification, date and time of collection, and analysis to be performed at the 
laboratory. 

If samples are not delivered to a laboratory at the end of a field working day, they should 
be properly stored and secured under a containing Chain of Custody. 
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8.3 Instrument Calibration 
Calibration of the multi-parameter water quality meter will be performed in accordance 
with the manufacturer's instructions twice a day. Calibration will occur prior to the daily 
use of the instrument and once during the day to evaluate any shift in the readings. An 
Instrument Calibration Form (Form 5) will be filled out by the field personnel for each 
calibration event. An instrument supplied calibration cup or laboratory supplied 
glassware should be used for the calibration process. Care should be given to ensure that 
all probe sensors are immersed in calibration solutions according to manufacturer's 
instructions. Standard calibration solutions supplied with the instruments or 
commercially available should be used. 

8.4 Field Documentation 

B.4.1 Field Boring Log 

Pertinent information from soil cap sample collection will be recorded on field boring 
logs (Form 1) as follows: 

• A data block containing grid number and location, date, geologist or engineer 
collecting the sample, and a sketch of the approximate boring location within the 
grid. 

• A data block filled with sample information such as sample number, depth of 
sample, sample type, total inches of sampler advancement, and total inches of 
sample recovered. 

• Soil descriptions written in general accordance with ASTM D2488, Standard 
Practice for Description and Identification of Soils (Visual-Manual Procedure). 

B.4.2 Daily Report 

Written Daily Report record (Form 2) will be prepared each day that field personnel are 
on-site. Information recorded on Daily Reports will be factual and include 
documentation ofrelevant activities and events observed throughout the work day. Daily 
Reports will contain, at a minimum, the following information: 

• Project name and number, client name, day and date, weather conditions and 
temperature ranges, time of arrival and departure to/from site. 

• Contractor time of arrival and departure, contractor personnel, and equipment 
inventory. 

• Client field representative, and other site visitors, time of arrival and departure at 
the site. 

• Interruptions in work, listed by item (such as problems that develop accidents, or 
equipment malfunctions), time of shutdown and restart, and information about the 
cause of interruption. 
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• Report of salient details of conversations, including suggestions and instructions 
to contractors, and program alterations as directed by the project manager or field 
supervisor. 

8.4.3 Groundwater Sampling Data Sheet 

Groundwater sampling data sheets (Form 3) will be recorded during sampling of each 
monitoring well. Groundwater sampling data recorded will include: 

• Project name and number, field personnel, well or sample station number,' date 
and time, weather conditions. 

• Purging and sampling device, groundwater l.evel measurements, well geometry 
measurements. 

• Calculated purge volume, actual purge volume, water quality field parameters. 

• Number and type of sample containers used, date and time of sample collection, 
sample analytes submitted for laboratory analysis. 

8.4.5 Chain-of-Custody Forms 

Chain-of-Custody forms (Form 4) will be filled out and accompany the soil, sediment, or 
water samples at all times. Appendix D contains detailed descriptions of information to 
be present on Chain-of-Custody forms, and procedures employed in Chain-of-Custo4y 
protocol. 

8.4.6 Instrument Calibration Forms 

Documentation of daily field instrument calibration will be performed and recorded on 
Instrument Calibration Forms (Form 5). Instrument identification, calibration methods, 
and salient comments will be documented daily. Calibration will occur twice a day, prior 
to the daily use of the instrument and once during the day. 

8.4.7 Photographs 

Digital photographs will be taken on a regular basis to document all field aspects of the 
sample program. The Daily Report will be updated with information regarding the photo 
frame ID and a brief description of the content. The general physical site features, 
sampling processes, field equipment, soil materials, and other pertinent information will 
be photo-documented. All digital photographs will be downloaded into a subdirectory in 
the main project computer directory. 

8.5 Equipment Decontamination 

8.5.1 Sampling Equipment 

Hand augers, post-hole diggers, and other soil sample collection tools used for this 
project will be cleaned prior to advancement of the first boring and between borings 
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thereafter. Soil sampling equipment will be decontaminated according to the following 
procedures: 

1. Rinse and preclean in potable water. 

2. Wash in a solution oflaboratory grade, non-phosphate soap (for example, Liquinox) 
and potable water. 

3. Rinse with distilled water. 

Decontamination solutions will be renewed as needed. Sponges and nylon scrubbers will 
be used during steps 1 through 3. When possible, equipment will be air-dried and placed 
in clean plastic bags between uses. Once per sampling day an aliquot of rinsate water 
will be collected as an equipment blank and analyzed for arsenic. This blank will be 
stored and delivered to the lab in the same manner as the samples. 

Decontamination of the flow-through cell and water quality multi-parameter probe will 
be performed between water sample locations by the same method as described above. 

Silicon and LDPE tubing will be replaced between each surface water and groundwater 
sample location, which prevents the need to decontaminate water sampling equipment. 
Water level meters and manometer board tubing will be decontaminated between wells 
by the procedure described above. 

8.6. Onsit~ Generated Waste 
All soil cuttings, development water, purge water, and decontamination water shall be 
collected and sealed in U.S. Department of Transportation (DOT) Type 17H 55-gallon 
steel barrels. All drums will be labeled with the site name, boring numbers, liquid or 
solid content, and date. The drums will be transported to a secure area of the site upon 
coordination with Port of Seattle and Tyee Golf Course representatives. The Des Moines 
Creek Basin Committee is responsible for the proper management and disposal of all on­
site waste generated during this program. 

8.7 Field Documentation Forms 

• Field Boring Log-Form 1 

• Daily Report-Form 2 

• Groundwater Sampling Data Sheet-Form 3 

• Chain-of-Custody Form-Form 4 

• Instrument Calibration Form-Form 5 
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LOCATION OF BORING 
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FIELD BORING LOG 
PROJECT NO. 

PROJECT NAME 

DRIWNG METHOD. 

LOGGED av, 

DRILLER 

SAMPLING METHOD: 

HAMMER WEIGHTISAMPLER DIAMETER 

OBSERVATION WELL INST ALL YES 

WATER LEVEL 

TIME 

DATE 

CASING DEPTH 

SURFACE CONDITION 

DESCRIPTION: Density, moistu"e, color, minor, 

MAJOR CONSTITUENT. 

SHEET __ OF 

BORING NO. 

NO START 

TIME 

DATE 

NON-.SOIL SUBSTANCES: Odor, staining, sheen, scrap, slag, etc. DRILL ACTION 

7 -+----, 

a -+----1 

2-+----1 

9 -+----1 

FINISH 

TIME 

DATE 
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DAILY REPORT 
FORM 2 

DATE: 

PROJECT NAME: 

EQUIPMENT USED: 

I PROJECT NO. 

THE FOLLOWING WAS NOTED: 

COPIES TO: 

I WEATHER: 

CLIENT: 

PROJECT LOCATION: 

PROJECT MANAGER: 

FIELD REP.: 



-
FORM3 

GROUNDWATER SAMPLING DATA SHEET WELL NUMBER: --- Page: __ of __ -
Project Name: Project Number: 

Date: Starting Water Level (ft TOC): - Developed by: Casing Stickup (ft): 

Measuring Point of Well: Total Depth (ft TOC): 

Screened Interval (ft. BGS) Casing Diameter (inches): 

Filter Pack Interval (ft. BGS) 

Casing Volume ft Water x Lpf = 
Casing volumes: 2· = 0.16 gpf 4• = 0.65 gpf 6" = 1.47 gpf Sample Intake Depth (ft TOC): 

2" = 0.62 Lpf 4" = 2.46 Lot 6" = 5.56 Lpf 

PURGING MEASUREMENTS - Time Cumul. Vol. Purge Temp. Specific Dissolved pH Eh Turbidity Comments 
(gallons) Rate(Lpm) (CorF) Conductance Oxygen (ORP) (NTU) 
(liters) /umhos/cm) (moil) 

-

Total Gallons Purged: Total Casing Volumes Removed: 

Ending Water Level (ft TOC): Ending Total Depth (ft TOC): - SAMPLE INVENTORY 

nme Volume Bottle Type Quantity Filtration Preservation Appearance Remarks 

Color 
Tulbidity & 
Sediment .. 

-

-
METHODS 

Oecon Equipment 

Purging Equipment: Sampling Equipment: 

Disposal of Discharged Water: 

Observations/Comments: -
.., 



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

FORM4 CHAIN OF CUSTODY 

I II Project# II WSG = Composition 
Water; Soil; or Gas 

Project Name: II G/C = Grab or 
Com~osite 
NUM = Number of 

Requested Laboratory Analysis I Containers 

Sampled By: I I I I I I I I I I I I I Bill To: 
w G N 

I Date I Time I ~ I Location u 
Sample# C Ml I I I I I I I I I I Remarks 

Relinquished By: Received By: 8 Hour Rush 

. . 24 Hour Rush .................................... - ......... - .......... _ .. _____ .. _ ............... _ .. _______ ............... _ .. ___ .... _ ....... - ....... _ .. ,_ ..... _____ .. ,..,; ___ .. ___ ....... _ .............................. _ ... _ .... _ ..................................................... - ... · -···---... -... --.................................................................. - .... -........................................ . ,1 

Relinquished By: Received By; 2 - 3 Day Rush , ....................... _____ .......... - .... - ........... _ ........... _ ...... ____ .... ,-,--.. --.. - .. _ .. _____ .... --.. ,-.... ---..................... _ ....... _. _________ ........ - ..... _ .. ___ ......... _ ............ - .......... _______ ............. _ ........ _ ...... _, _____ .............. _ .................................................... _ ................ -----·--.... -... - ... -......... -.---· ,1 

Date: Time: Date: Time: 5 Day Rush --................................. _. _______ ........... ____________ .. _________________ .. ,_ .. ____ .... , .. _, _______________________________ ..... ___ , ......................... ________________ .. _ .... _, ________ , ............................. _______ .......... _ ............ _ ,, 

,_Relinquished ___ By: ___________ ........ - .................... _ .... _._ .. _ ... _________ ·-------·--·- .. --.. ·--·-· ... ___ Received_ By~-------.. ·-----·-·-···-·· .................................... -... - 10 Dav Standard ii 

Date: Time: Date: Time: 

Date: Time: Date: Time: 

. __ .............................. -............. _ .. ___ .................. _____ ... _ .. ________________ .... , .... _. _____ .... , ..... _ .. ____ .... , ... __ .. ____ .. _________ ................ __ ................. _ .. ,_ ...... ___ ...... _ .... _, ______ .. ___________ ........ _, __ ................... --.. --.--.. ,-....... _ ...... --... --....... _ ... _ .... _ .... _ ........ ----~----------------
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- FORMS 

INSTRUMENT CALIBRATION FORM - Project: I Project No.: 

Date: I Technician: - Instrument: 

Serial No.: 

Calibration Period: 

Calibration Method: -
-

- Comments: 
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C.1 Introduction 
This Quality Assurance Project Plan (QAPP) presents, in specific terms, the quality 
assurance (QA) and quality control (QC) objectives, organization, and functional 
activities associated with the sampling and analysis of the soil cap, groundwater, surface 
water, and sediment, as part of the long-term monitoring program for the Des Moines 
Creek Regional Detention/Retention Facility (RDF). 

The sampling and analyses are intended to produce data of sufficient technical quality to 
monitor potential long-term RDF operational impacts to the soil cap, sediment, and water 
quality within the project area. 

The following sections discuss proper sample preservation, containers, handling, and 
documentation. 

C.2 Sample Containers, Preservation, and Holding Times 
Table C-1 lists the sample matrix, analytes of interest, analysis method, container type, 
sample volume, holding time, and preservation used for each of the analyses. The 
analytical laboratory will supply the field personnel with clean sample containers that 
will include appropriate preservative. The samples collected for chemical analysis will 
be stored only in these containers. The objective of the sample preservation is to prevent 
or hinder the loss or degradation of the chemicals in the samples during transit and 
storage . 

Table C-1: Sample Bottles, Preservatives, and Holding Times by Method 

Total and Dissolved Arsenic EPA 6020 Ultra HNQ3 6 months 

Dissolved Iron EPA60108 Ultra HCI 6 months 

Sulfate EPA300.0 500 ml poly None 7 days 

Total Suspended Solids SM 2540-D None 7 days 

Sulfate EPA 300.0 None 7 days 

Sulfide EPA 9030 250 ml poly Zn-acetate + NaOH 7 days 

EPA 9060A 4 oz. None 
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C.3 Sample Handling 
Samples are to be collected and handled in such a manner as to minimize the possibility 
of sample contamination occurring or samples being lost. All samples are to be kept 
chilled at a maximum temperature of 4 degrees Celsius from the time of collection until 
time of analysis by the laboratory. Field personnel will keep samples cold using blue ice 
and coolers, in which samples are to be stored until delivery to the analytical laboratory. 
After receipt of the samples, it is the laboratory's responsibility to store the samples at a 
maximum temperature of 4 degrees Celsius until analysis is begun. In addition, the soil 
cap cores collected froni the RDF are to be frozen upon retrieval for shipment to the 
laboratory to minimize any changes to the natural redox state of the sediments prior to 
sample analysis. 

C.4 Sample Documentation 
The following information for each sample collected in the field will be recorded in the 
appropriate sample field log and an appropriate subset of information on the sample 
label: 

• Project number; 

• Project name; 

• Location from which sample was collected; 

• A sample description; 

• A unique sample number; 

• Date and time of collection; 

• Sampling personnel; 

• Preservative added, if any; 

• Analysis requested; and 

• Any special observations or problems pertaining to the sample. 

In order to prevent misidentification of samples, each sample will be securely labeled on­
site with a plastic-coated, waterproof, non-disintegrating label that will retain waterproof 
ink markings when wet. 

C.5 Sampling Quality Control Checks 
Collection and analyses of trip blanks, rinsate blanks and field duplicates are used as 
quality control checks of any possible contamination introduced in transit to the 
laboratory. 

A trip blank shall consist of a reagent grade water sample prepared by the laboratory and 
handled/transported in the same manner as if it was obtained as a sample collected from a 
sample location. The primary purpose of a trip blank is to check for contamination 
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introduced during shipment of the samples. The trip blank will be prepared by the 
laboratory and accompany samples collected at the site. 

A rinsate blank will be collected during the soil and water investigation phase of the 
project to evaluate decontamination procedures. One rinsate blank per day of sampling 
will be collected. 

Field duplicates will be collected from 10 percent of the total soil sample population and 
at least one per sample media per sample event. 

C.6 Transfer of Custody 
The Chain-of-Custody record will document the history of sample custody from the time 
of collection to the time of final disposition. When transferring the possession of 
samples, the individuals relinquishing and receiving the sample will sign, date, and note 
the time on the record. 

Samples will be properly packaged and delivered by field personnel to the laboratory for 
analysis. The labeled samples will be packaged in coolers containing ice to keep the 
samples cool. A copy of the Chain-of-Custody record will accompany each cooler, 
another copy will be retained by the field personnel delivering the samples for inclusion 
in project records, and one copy will be sent to the project manager's office 
accompanying the laboratory report. The method of shipment and other pertinent 
information is to be entered in the "Comments" section on the custody record. 

A designated laboratory sample custodian will accept custody of the shipped samples and 
verify that the information on the sample labels matches that on the Chain-of-Custody 
records. The custodian will enter the sample label data into the sample tracking system 
of the laboratory. Samples will then be transferred to the proper analyst or stored in the 
appropriate secure area at the laboratory. When sample analysis and the necessary 
quality assurance checks have been completed in the laboratory, the unused portion of the 
sample and the sample container must be disposed of properly. All identifying tags, data 
sheets, Chain-of-Custody, and laboratory records shall be retained as documentation. 
Laboratory personnel are responsible for the care and custody of samples from the time 
they are received until the sample is exhausted or discarded. 

C. 7 Data Quality Objectives 
Data quality objectives, including precision, accuracy (bias), representativeness, 
completeness, comparability, and data reporting limits are dictated by the project 
requirements and intended uses of the data. U.S. Environmental Protection Agency 
(USEPA) and Washington Department of Ecology regulations and guidance documents 
such as EPA SW-846 Methods (EPA, 2004) were used to select the appropriate analytical 
levels, analytical methods, and QA/QC procedures for characterizing environmental 
quality to meet the intended data uses. 

An assessment of data quality is based upon quantitative (precision, accuracy, and 
completeness) and qualitative (representativeness and comparability) quality assurance 
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objectives. Definitions of these parameters and the applicable quality control procedures 
are given below. Table 2 provides a tabulation oflaboratory reporting limits. 

C.7.1 Sensitivity (Reporting Limits) 

Reporting limits will be adequate to identify target analytes to compare data to minimize 
the frequency of non-detected results, and applicable reporting limits are listed in 
Section4, Table 1. 

C.7.2 Precision 

Precision measures the scatter in the data resulting from random error. Specifically, it is 
a quantitative measure of the variability of a group of measurements compared to their 
average values. Analytical precision is measured through matrix spike/matrix spike 
duplicate (MS/MSD) samples, laboratory control spikes and spike duplicates, and 
through laboratory duplicate samples. Analytical precision is quantitatively expressed as 
the relative percent difference (RPD) between the MS/MSD or duplicates. 

Analytical precision measurements will be conducted at a minimum frequency of one per 
analytical batch. Laboratory precision will be evaluated against quantitative RPD 
performance criteria presented with the laboratory results in each technical memorandum. 

Field duplicates will be carried out at a minimum frequency of one per sampling event 
for all arsenic analysis or 10 percent of the sample population. However, no data will be 
qualified based solely on field duplicate precision. 

C.7.3 Accuracy (Bias) 

Accuracy measures the closeness of the measured value to the true value. Analytical 
accuracy is assessed by "spiking" samples with known standards (surrogates or matrix 
spikes) and establishing the percent recovery. Accuracy measurements on matrix spikes 
will be carried out at a minimum frequency of one in 20 samples per matrix analyzed. 
Laboratory accuracy will be evaluated against quantitative matrix spike performance 
criteria. 

C.7.4 Representativeness 

Representativeness measures how closely the measured results reflect the actual 
concentration or distribution of the chemical compounds in the matrix sampled. The 
sampling plan design, sampling techniques, and sample handling procedures (for 
example, storage, preservation, and transportation) have been developed to ensure 
representative samples. 

Representativeness also reflects the degree to which accumulative data sets characterize 
variability associated with time, space, or other conditions (for example, stream 
discharge). 
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C.8 Analytical Procedures 
The analytical methods proposed for the baseline sample program are summarized below. 
The laboratory reporting limits for analyses water samples are provided in Section 4, 
Table 1. 

Chemical analyses of samples collected during the baseline program will be performed 
by a certified laboratory. 

Testing and analysis methods for this project (listed below) were selected on the basis of 
quantitation limits and the level of analytical quality control necessary to meet the 
intended data uses. The reporting limits are typically achieved by the laboratory methods 
listed below; however, matrix interference and dilutions may result in higher sample 
quantitation limits (SQLs). 

C.9 Data Reduction, Review, and Reporting 
All data will undergo two levels of QA/QC evaluation: one at the laboratory, and one by 
an independent data validator, as described in Appendix D. 

Initial data reduction, evaluation, and reporting at the laboratory will be carried out as 
described in the appropriate analytical protocols and the laboratory's QA Manual. 
Quality control data resulting from methods and procedures described in this document 
will also be reported. 

C.9.1 Minimum Data Reporting Requirements 

The following describes the minimum data reporting requirements necessary to ensure 
sufficient reporting of analytical data to allow proper QA/QC reporting. 

C.9.1.1 Sample IDs 

Sample identification for each sample media will include the conventions described in 
Appendix B of the Long Term Monitoring Plan. Records will be produced that clearly 
match all blind field duplicate QA samples with laboratory sample IDs and the actual 
sample location the blind duplicate was collected from. 

C.9.1.2 Sample Receipt 

Chain-of-custody forms will be filled out for all sample shipments to document problems 
in sample packaging, custody, and sample preservation. 

C.9.1.3 Reporting 

For each analytical method run, all analytes for each sample will be reported as a detected 
concentration or as less than the specific reporting limit. The laboratories will also report 
dilution factors for each sample as well as date of extraction (if applicable) and date of 
analysis. Standard data packages will consist of a case narrative, sample results, QA 
sample results, and Chain-of-Custody forms. Electronic Data Deliverables (EDD) will be 
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required from the laboratory and submitted to the data manager for input into the data 
management system. 

C.9.2 Internal Quality Control Reporting 

Internal quality control samples will be analyzed at the rates specified in the applicable 
analytical method. 

• Laboratory Blanks. All analytes will be reported for each laboratory blank. All 
non-blank sample results shall be designated as corresponding to a particular 
laboratory blank in terms of analytical batch processing. 

• Matrix Spike Samples. Matrix spike recoveries will be reported for all 
inorganic analyses. All general sample results will be designated as 
corresponding to a particular matrix spike sample. The report will indicate what 
sample, if any, was spiked. The report will also specify the control limits for 
matrix spike results for each method and matrix. 

• Laboratory Duplicates and/or Matrix Spike Pairs. Relative percent 
differences will be reported for all duplicate pairs as well as analyte/matrix 
specific control limits. 

• Laboratory Control Samples (LCS). When run for internal quality control, 
LCS results will be reported with the corresponding sample data. Control limits 
for LCS will be reported as specified. 

C.10 Quality Control Procedures 
Quality control procedures provide the means of controlling the precision and bias of the 
results. Adherence to established procedures for sample collection, preservation, and 
storage will minimize errors due to sampling and sample instability. Analytical and 
measurement systems must be in statistical control, which means that errors have been 
reduced to acceptable levels and then documented. 

C.10.1 Field Quality Control Procedures 

Field quality control procedures used for this project will consist of the collection of field 
duplicate samples at a minimum of 10 percent of the sample population or one per day 
per sample media. 

Rinsate blanks will be collected at the end of each day of soil sampling (1 x/day) to 
evaluate decontamination procedures proposed for soil sampling equipment. 

PROJECT NO. 040106A-001-2.3 • DECEMBER 8, 2005 

.. 
lliil 

•• 

,lliil 

•• 

·-



-
-
-
-
-
-
-
-
-
-
-
-

l -

-

I 

I 
_1 

\ 
I 

-l 

ASPECT CONSUL TING 

C.10.2 Laboratory Quality Control Procedures 

The laboratories' quality control officer is responsible for ensuring that all routine 
internal quality assurance and quality control procedures are implemented by the 
laboratory. The laboratory quality control procedures used for this project will consist of 
the following, at a minimum: · 

• Instrument calibration and standards as defined in EPA SW-846 Methods (EPA, 
2004), or in Chemical Analysis of Water and Waste (USEPA, 1983). 

• Laboratory blank measurements at a minimum frequency of 5 percent or one per 
20 samples. 

• Accuracy and precision measurements at a minimum frequency of 5 percent or 
one per 20 samples. 

C.11 Preventative Maintenance Procedures 

C.11.1 Field Preventative Maintenance 

Preventative maintenance on water quality field instruments and equipment will follow 
the operations manuals. Field meters, including pH, conductivity, dissolved oxygen, 
turbidity, and temperature probes, will be calibrated and maintained by field staff when in 
use. All routine maintenance will be recorded in the daily report or directly on the 
instrument calibration form as appropriate. 

C.11.2 Laboratory Preventative Maintenance 

Preventative maintenance in the laboratory will be the responsibility of the laboratory 
personnel and analysts. This maintenance includes routine care and cleaning of 
instruments and inspection and monitoring of carrier gases, solvents, and glassware used 
in analyses. Details of the maintenance procedures are addressed in the respective 
laboratory's Standard Operating Procedures and Methods manuals. 

Precision and accuracy data are examined for trends and excursions beyond control limits 
to determine evidence of instrument malfunction. Maintenance will be performed when 
an instrument begins to change as indicated by the degradation of peak resolution, shift in 
calibration curves, decrease in sensitivity, or failure to meet one or another of the 
method-specific quality control criteria. 

C.12 Data Assessment Procedures 
The analytical data will be reviewed with regard to the following indicators, as 
appropriate to the particular analysis: 

• Sample custody; 

• Holding times; 
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• Method blank contamination; 

• Reporting limits; 

• Field and laboratory duplicate precision; 

• Matrix spike and surrogate accuracy; and 

• Completeness. 

Reported analytical results will be qualified by the laboratory to identify quality control 
concerns in accordance with the specifications of USEP A published methods. Additional 
laboratory data qualifiers may be defined and reported for the laboratory to more 
completely explain quality control concerns regarding a particular sample result. All 
additional data qualifiers will be defined in the laboratory's narrative reports associated 
with each case. 

A third party data validator will also perform data validation as described in Appendix D. 

C.12.1 Specific Routine Procedures to be Used to Assess Data 
Precision, Accuracy, and Completeness 

Data assessment will be based on the data quality objectives and data review procedures 
described above. The quantitative definitions of precision, accuracy, and completeness 
will be developed in conjunction with the contract laboratory and regulatory 
requirements. 

C.13 Corrective Action 
The program sponsor reserves the right to conduct an onsite lab audit during the 
monitoring program. If routine QC audits result in detection of unacceptable conditions 
or data, the Project Manager, working in conjunction with the Data Validator and Project 
Geochemist, will be responsible for implementing procedures to correct these conditions. 
Specific corrective actions are outlined in each respective EPA method used and include 
but are not limited to the following: · 

• Identifying the source of the violation; 

• Re-analyzing samples if holding time criteria permits; 

• Resampling and analyzing; 

• Evaluating and amending sampling and analytical procedures; and/or 

• Accepting data and flagging to indicate the level of uncertainty. 

C.14 Quality Assurance Reports 
Technical memoranda and reports generated for this sampling program will include a 
summary of all data quality information gathered as part of this project. This information 
will be included in an appendix as part of the data validation package and laboratory 
reports. 
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D.1 Data Management Plan 

The objective of this plan is to provide complete and representative data in a consistent 
readily accessible format to facilitate decision making throughout the term of this project. 
The data will be stored in a relational database or spreadsheet. All data processing 
routines will be accomplished through programmed functions to eliminate errors caused 
by copy, cut, and paste techniques as well as to ensure that data are processed efficiently 
and consistently. The database and related files will be backed up daily to tape and 
stored off-site, so that data recovery is possible if necessary. 

Sampling event and analysis requirements will be loaded into the database to be used to 
verify that all expected data have been collected. All data collected in the field· via 
handwritten field logs, electronic equipment, and Chain-of-Custody transmittals to 
laboratories will be processed immediately upon completion of the field work, assessed 
for inclusion in the database, and loaded to the database. Immediate processing of the 
field data provides an immediate QC check to uncover omissions or errors in field 
procedures and preparation of Chain-of-Custody and instructions to the laboratory. 

Analytical laboratory data will be processed via a standard electronic data deliverable 
(EDD) format agreed upon by the participating laboratories and program sponsor. The 
lab EDDs will be verified electronically before loading into the database. Checks for 
data conformity to defined valid values, completeness, and application of correct 
analytical methods and detection limits will be performed. EDDs not meeting the 
verification checks will be returned to the laboratory for correction and resubmittal. 
When the lab data have passed verification, the data will be loaded into the database and 
flagged as pending validation and the EDD will be forwarded to a third party data 
validator for validation. The validator will update the EDD with qualifiers, notes, and 
corrected values where appropriate. The validated EDD will be processed, updating 
qualifiers and changes in the database and flagging data as validated. 

Data will be made available for reporting in tables and graphics through direct data 
exchange between the database and presentation and evaluation tools wherever possible. 

D.1.1 Data Validation 

D. 1. 1.1 Independent Data Validation 

All data collected during the long-term monitoring of the Des Moines Creek RDF will be 
subject to independent data validation reviews. The data validation process quantifies 
technical data quality, verifies that adequate documentation was performed, and 
determines whether the analytical data are usable and meet project Data Quality 
Objectives (DQOs). For the background, baseline and post-construction monitoring 
programs in this project, 100 percent of the analytical data will be evaluated for 
compliance with DQOs and specified analytical requirements. Data validation will be 
performed in accordance with EPA's National Functional Guidelines for Inorganic Data 
Review (USEPA 1994). 
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The analytical laboratory ( or laboratories) will submit all data packages with sufficient 
details to support the required data validation process. Specific formats for data delivery 
( electronic and hard copy) and required data reporting elements shall be developed 
through consultation between the data validation contractor and the analytical lab(s) at 
the start of the program. The program sponsor shall oversee coordination oflaboratory 
reporting, data validation, and data management protocols and data transfers. 

D.1.1.2 Technical Validation 

Technical validation involves comparison of QC standards and instrument performance 
results to required control limits. Data validation will include evaluation of field QA/QC 
sample analysis results (for example, for field blanks). Two levels of validation will be 
performed: a full validation (EPA Level N) and a summary (EPA Level III) validation. 
When available, a data quality screening tool ( computer software program) will be used 
to initially evaluate the laboratory electronic data deliverable (EDD). The following QC 
elements will be reviewed for data packages undergoing summary (EPA Level III) 
validation: 

• Analytical holding times (from summary forms); 

• Chain-of-Custody and sample handling (from summary forms); 

• Preparation Blank contamination (from summary forms); 

• Initial and continuing calibration (from summary forms); 

• Continuing calibration blanks (CCB) (from summary forms and raw data); 

• Interference check samples results (from summary forms and raw data); 

• Internal standards, ICP/MS only (from summary forms); 

• Instrument tuning standards, ICP/MS only (from summary forms); 

• Analytical accuracy {matrix spike compounds and standard reference materials 
(SRMs)}, expressed as percent recovery (%R) (from summary forms); 

• Analytical precision ( comparison of duplicate sample results) expressed as 
relative percent difference (RPD) (from summary forms); and 

• Reported detection limits (from sample result summaries). 

Full validation (EPA Level N) will include review of all the items listed above for 
summary validation, plus the following QC elements: 

• Compound identification (from raw data); 

• Compound quantitation, transcription, and calculation checks (from raw data); 
and 

• Transcription and calculation checks performed at a frequency of 10 percent. If 
an error is noted, 100 percent of the calculations and transcriptions for that data 
set will be verified. 
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ASPECT CONSUL TING 

For each laboratory performing analyses, and for each of the two monitoring programs 
(baseline and post-construction), full validation will be performed on the initial data 
package for each sampling medium and on approximately 10 percent, randomly selected, 
of all additional data packages. If no significant deviations from required protocols and 
QC criteria are noticed, the remaining data (approximately 90 percent) will receive a 
summary validation. If the summary validation results reveal problems or suspected 
problems, full validation will be performed on additional selected data packages, 
focusing on those data packages that appear to have problems based on the summary 
validation. 

In the long-term monitoring program, the need for continued data validation may be 
reviewed at the time a proposal is made to reduce the frequency of sampling (for 
example, after 3 years of quarterly sampling). Continued use of the same analytical 
laboratory and a record of performance resulting in minimal data qualifier flags from 
validation reviews are factors that may support a proposal to reduce or eliminate further 
data validation reviews during the remainder of the post-construction monitoring period. 

D1 .2 Data Usability 

The data validation contractor will attach appropriate Data Qualifier flags to reported 
results to indicate possible limits on data usability or rejection of the results based on the 
data validation findings. Calculation of quantitative measures of data quality is discussed 
in the following subsections. 

D1 .3 Quantitative Calculation of Precision 

The results from field duplicate analyses and laboratory duplicate analyses will be used to 
determine the relative percent difference (RPD) between the pair of analyses. The RPD 
for field duplicates will be used as a measure of combined field and analytical precision, 
and the RPD for laboratory duplicates will be used as a measure of analytical precision. 
The RPDs will be calculated as follows: 

Where: 

RPD (%) 

RPD = 

Cl 

C2 

100 (Cl - C2) / [(Cl + C2) I 2] 

relative percent difference 

the higher concentration measured for the duplicate samples 

the lower concentration measured for the duplicate samples 

0.1.4 Quantitative Calculation of Bias 

For spiked samples and standard reference materials with known concentrations, the 
percent recovery (%R) and percent difference (%D) will be used as the measures of 
accuracy and are calculated as follows: 
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Where: 

% R = [100 (Cs - Cn)] / Csa 

%R = 

Cs 

Cn 

Csa = 

percent recovery 

measured concentration in spiked aliquot 

measured concentration in non-spiked aliquot 

actual concentration due to spike added · 

The percent difference (% D) for analysis of SRM samples will be used as an additional 
measure of accuracy and is calculated as follows: 

Where: 

% D = [100 (CSRM- Cm)]/ CSRM 

%D 

Cm = 

CSRM= 

percent difference 

measured concentration in SRM aliquot 

certified SRM concentration 

D.1.5 Quantitative Calculation of Completeness 

The measure of completeness will be based on the number of environmental soil samples 
submitted to the laboratory for analysis and the number of non-rejected, usable results 
after data validation reviews. Completeness will be calculated as follows: 

Where: 

C (%) = 100 [(Number of acceptable measurements)/ (Number of samples 
submitted)] 

C(%) = completeness percentage 

Completeness will be further assessed against the project DQOs and sampling objectives, 
and included in the final report. 

D.1.6 Data Validation Reporting 

Data validation reports and data packages shall accompany each Data Summary Report 
as described in Section 8. These reports will be submitted according to the reporting 
schedule specified in Section 10. 
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ASPECT CONSUL TING 

In almost all cases, data evaluation and reporting activities will be based only on data sets 
obtained from the single QA-reviewed, secure database of final validated results. Any 
preliminary data evaluations or data reports that, for special scheduling reasons, need to 
be prepared using unvalidated data shall be clearly marked as "Preliminary, Based on 
Unvalidated Data." 
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APPENDIX E 

Historical Environmental 
Documentation 

Documentation in this appendix consists of the major deliverables developed to address 
the arsenic environmental issues and satisfy Ecology WQC and VCP program 
requirements. 

Well Logs 

Regional Plan View (Figure 3) 

Regional Geologic Cross Section (Figure 4) 

Project Area Cross Section (Figure 6) 

Sampling Locations for Surface Water and Sediment in Des 
Moines Creek (Figure 4) 

Predicted Flood Boundaries (Figure 9) 

Capture Zone - Tyee Well (Figure 8) 

Setbacks and Flood Zone Boundary (Figure 7) 

Wetland Buffers and Port of Seattle Restrictive Covenant Areas 
(Figure 1) 

Des Moines Creek Regional CIP Average Annual Inundation - 48 
Years of Record 

Vertical and Horizontal Distribution of Arsenic in soil (Figure 1) 
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Historical Environmental Documentation on Accompanying CD 
Aspect Consulting, LLC, 2004, Overexcavation/Clean Cap Extent Technical 

Memorandum, Technical Memorandum 2. October 15, 2004. 
Tech Memo 2 Soil Volume 101504.pdf 

Aspect Consulting, LLC, 2005, Letter Report - June/July 2005 Monitoring Well 
Installation and Decommissioning, Des Moines Creek Regional Detention 
Facility. October 25, 2005. Letter Rpt MW Installation 102405.pdf 

Aspect Consulting, LLC, Glass, G. L (Environmental Consultant), and S.S. Papadopulos 
& Associates, Inc., 2004b. Arsenic Issues Evaluation Report. April 14, 2004. 

Arsenic Issues Evaluation Report 041404.pdf 

Aspect Consulting, LLC and S.S. Papadopulos & Associates, Inc., 2004. Preliminary 
Groundwater Quality Evaluation, Technical Memorandum 6, October 28, 2004. 

Tech Memo 6 GW Qual 102804.pdf 

Aspect Consulting, LLC and S.S. Papadopulos & Associates, Inc., 2004. Excavation 
Materials Segregation & Volume of Clean Materials, Technical Memorandum 3, 
November 20, 2004. 

Tech Memo 3 Soil Segregation 112004.pdf 

Des Moines Creek Basin Committee, 2004, Sampling and Analysis Plan, Des Moines 
Creek Retention/Detention Facility, March 31, 2004. 

Des Moines Creek Sampling & Analysis Plan 033104.pdf 

Des Moines Creek Basin Committee, 2004, Memorandum by David Masters to Anne 
Kenny, Department of Ecology., responding to Ecology comments regarding Des 
Moines Creek Regional Detention Facility Sampling Plan. May 27, 2004. 

Ecology Response Memo 052704.pdf 

King County Department of Natural Resources and Parks, Water and Land Resources 
Division, 2003, Des Moines Creek Soil Chemistry Investigation Results (Phase 
I). December 2003. Phasel Soil Chemistry Results.pdf 

King County Department of Natural Resources and Parks, Water and Land Resources 
Division, 2003, Des Moines Creek Soil Chemistry Investigation Results (Phase 
II). December 2003. Phase 11 Soil Chemistry Results.pdf 

S.S. Papadopulos & Associates, Inc., 2004, Des Moines Creek Baseline Soil Boring 
Sampling Pre-Validated Data Evaluation, Technical Memorandum, June 25, 
2004. Tech Memo 1 DMC RDF 062504.pdf 

S.S. Papadopulos & Associates, Inc., 2005, Soil Treatability Work Plan Des Moines 
Creek Regional Retention Facility- Draft, January 11, 2005. 

DMC Soil Treatability Work Plan - Draft 011105.pdf 

S.S. Papadopulos & Associates, Inc., 2005, Technical Memorandum-#4: Arsenic 
Mobility Evaluation, March 21, 2005. . 

Tech Memo 4 Arsenic Mobility 032105.pdf 
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II A_PW106 II l 
_ 2- · ??l.:i 'Ir/ ~ e 9sTATE OF WASHINGTO. 8 I 

DEPARTMENT OF CONSERVATION ,it;· 
AND DEVELOPMENT {:,\ 

Ann!i, #1Q65 ' ·'\" 
~ LOG N°parm!f=1ll.Q_O·o--· $~ 
Date..._ .. .N.aY.e.mb.e.r. __ 22 .... , 194.9... i ii ;, 

I 

Record by __ F. .•.. _C. ... _.Ya.t.t__________________ ~i--r--i---, 

Source ..... W.e l.l ... dr..1.llo.r..!.S .... ~.e.Q.Q;r._g, __ ·-- I 

Location: State ol WASHINGTON --a!i-8-1--,---1 
County __ .. ..King _____________ _ 

Area._··--------··-··-··--·-·-·---··-· 
1---!--+-,--+---t 

Map .. ·-·---·····--··-··-·-····-·--··-··-·-······-··- ,_I -------'----'----'· 

SNt SE .. y4lffi __ y4 sed ....... T.22 . .N., R .. 4-._.i DlagramofSectton • 

Drilling cJf• .C._Jans.sen. Drill __ ng &: M:Cg_'--C~o--. 
Address _________ S.!'-.a.t.t.l.e .• _ .. !V.a..~hing.:t.cn.... _______ -c 

Method ol Drilling .. _ ..... dr.11.l.e.d.... Date..N.0.Y:flmb.er. .. , 19.~ • 

Owner_. !Ung_ CQunty Wa teLDis.trict .. .#'!5 ___ _ 
Addres" Mj dwa.7-~~ngtnn....---------~ 

'-'' above Land &-urlacP., datwn+....:....:.. __ ..ft.belovr-----
'. 

ITBICXMa:sal 
(feet.) 

DIIPTB 
(feet) 

(Tnuscn1Mi driller', terminoloSY literally but par&pbrase u neceseary, in p&Nntheees.;._· · 
I! material water-bearintr, ao 1tate and record static Jeni it reported. Give deptba In feet ,_· -
belo• land-1urfn,:e datum unlt!Sa othenrise indicated. Conelate with atratiirrapblc column, 
it feuible. 1''0Unwin1r loe of !Uateriala, liat all caaiuirs, pvfo .. tion.a, screen.a, etc.) 

Dd: 43 1 

asing: l ·.::u-nup 

-..-: 



WELL LOG.-Continued 

COa.1t11-
LAT10N 

No._. 2 2.. . ./."":r ... -S/F f _ . 

TBICXNZSS DEl'Tll 
(f~) (feet) 

--+--------+---1-----1 

-

-



I . I I I I I I I I I I I I I I I I I I 

~I:'"' - !_]" ~ F:i en ..... e: ~ ::, . 
34Fl !Marvin Tracy 1,222 Dr 106 6 98.65 8-20-62 s D Cp 

(IQ ..... 

0 tI1 
::, ~ 

T. 22 N.I R. 4 E. C, -

lAl llambath Sill & Co. 20 Dr 260 30 +66 1961 NU Flows 55 gpm. Casing: 3- (I) '° -- '"O °' 
inch, 0-255 ft; screen, ~ '° 
255-260 ft. i-~ 

lHl Kent Farm Dairy 22 Dr 209 6 +69 4-20-61 s 10 Ind Flows 19 9pm; pumps 4 0 9pm. ::, 0 

2Dl F. Gunter 40 Dr 123 8 Flowing 1960 s l s Flows 5 gpm; pumps bO gpm, -o' 
dd 30 ft. l,. 0 (IQ ...., '< 

2Hl The Boeing Company, 21 Dr 80 -- 8.0 11-19-63 -- Ex Topsoil 2 ft, fine bro,vn and ~§ 
boring 6 gra, s.311d, 2-80 ft. !:;. Q.. 

2Pl The Boeing Company, 21 Dr 72 -- 11.0 11-15-63 -- -- Ex L. ~ Cl 
boring 4 :;,o a 

2P2 The Boeing Company, 22 Dr 100 -- 5.0 11-15-63 -- Ex L. (I) i:: 

boring 5 
en ::, 

2Rl The Boeing Company, boring 1 21 Dr 158 -- 1.0 11-18-63 -- Ex L. ~ Q.. 

3Gl State Highway Dept. 250 Dr 128 6 -- -- Ex Test hole for bridge piling, L, ·O ~ 

3Ll King County Water Dist. 53, 410 Dr 270 8 90 1955 T 10 PS Yields 90 gpm. 
-~ e 

well 1 
~~ 

3Ml S. A. Tombs 397 D.o 73 24 64.34 9- 5-62 J 2 D Yields 20 gpm. 
)> ~ :;,o 
"tl 

- (I) 

3Nl Andy Matelich 365 Dg 25 30 14.30 9- 5-62 N -- NU "tl (I) en 
m .., 0 

481 Highl ine Public School 395 Dr 190 8-6 143 1945 T 3 Irr Pumped 2 0 gpm for 4 hr, dd z C/.l i;:: 

Dist. 401 3 7 ft. L. 
0 i;:: .., 

x '"O n 
'"O (I) 
.-en 

4 82 I A. H. Heidenreich 378 Dr 90 5! 50 J 1 D,S Noticeable iron content. '< 0 

4Cl King County Water Dist. 75, 31~ Or 314 16-8 44 1955 -- -- De Pumped 290 gpm for 22 hr, dd 
o:i ...., 
i:: C/.l 

well 3 
2 9 ft. Destroyed for exten- -o 
sion of Sea-Tac Airport run- rt s. 

=t. C"' 
way. L, ::, ~ 

401 Mrs. R. Mazo 265 Dr 78 4 5.67 9-24-62 C 1 D Weil flows occasionally. z (I) 

4Jl Harry Johnson 390 Dg 35 48 16.44 9- 5-62 N NU Formerly supplied 5 families, 0 ~ 

221/4£4Ft 
• (I) 

) 4Ll King County Water Dist. 75, 248 Dr 593 18-12-8 0 1952 -- -- De Yi11lds 420 gpm, dd 41 ft. ~g 
well 1 

Destroyed for extension of (:iic..) . ::,::: 
Sea-Tac Airport runway. C, N ..... °' ::, L. OOQ 

4L2 I King County Water Dist. 75,1 2481 Or 11331 
lb I 0 I 1954 I -- I -- I De I Pumped 1,085 gpm for 5! hr, :=' Q 

well 2 
dd 92 ft. Destroyed for ex- i;:: 
tension of Sea-Tac Airport g 
runway. L. 

4Nl I King County Water Dist. 75, 248 Dr 270 12 73 1958 T 75 PS Yields 500 gpm, dd 47 ft. ~ 
well 7 Cp, L. ~ 

4Ql King County Water Dist. 75, 295 Dr 202 20 54 1956 T PS Pumped 1,050 gpm for 6 hr, en 
,D e: 

well 4 
dd 49 ft. l. -.J ::, 

(IQ -0 
.P 

~ -----·-- =~ ··--- - ·--· ... -----· - ----·--·--' 
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Luzier, J.E., 1969, Geology and Ground Water Resources of Southwestern King County, Washington, 
Washington Department of Water Resources Water Supply Bulletin No. 28,260 p. 

176 GEOLOGY AND GROUND WATER, SOUTHWESTERN KING CO., WASH. 
Table 10 - Drillers' logs - Continued 

Materials 

22/4-4 Bl - Continued 

Sand and gravel---------------------------------------------------
Hardpan loose brown ---------------------------------------------
Hardpan'. loose'. blue, layers of silt, water-bearing--:.-----------------
Clay, blue, and gravel ---------------------------------------------
Sand and gravel, brown, water-bearing, yields 15 gpm----------------­
Sand and gravel, brown, water-bearing, yields 20 gpm-----------------

22/4-4Cl. King County Water Dist. 75, well 3. Drilled by N. C. 
Jannsen, 1955. Altitude 315 ft. Casing: 16-inch to 235 ft; 
8-inch, 195-241 ft; 20-slot screen, 241-279 ft; SO-slot screen, 
279-314 ft. 

Gravel and sand --------------------------------------------------­
Boulders and sand ------------------------------------------------­
Boulder, hard ------------------------- ---------------------------
Gravel boulders· and sand -----------------------------------------
Clay, ;~ndy ---' -------------------------------------------------­
Sand-------------------------------------------------------------
Sand, coarse, contains boulders------------------------------------­
Gravel, boulders, and sand ----~----------------------------------
Gravel and sand --------------------------------------------------­
Sand-----------------------------------------------------------­
Clay, contains sand------------------------------------------------

.J..f'j_) 22/4-4Ll. King County Water Dist. 75, well 1. Drilled by N. C. 
T Jannsen. Altitude 248 ft, Rotary drilled well: 24-inch to 60 ft; 

18-inch, 60-485 ft; 8-inch, 485-593 It. Casing: 12-inch to 
246 ft; ·a-inch to 246 ft; 8-inch, 246-512 h; perforated 70-156 
ft and 187-240 ft; screened 512-543 ft. Concrete grout to 60 ft; 
gravel pack, 60-485 ft. 

Sand and clay----------------------------------------------------­

Sand --------------- -------------------------------------------­
Gravel, coarse --------------------------------------------- .------
Sand and gravel ------------------------------------------------­
Sand and clay--------------------------.-------------------------­
Clay, blue------------------------------------------------------­
Clay, contains gravel ---------------------------------------------­
Sand and gravel --------. ----------------------------------------­
Sand, clay, and gravel--------------------------------------------­
Sand and clay---------------------------------------------------­
S and, fine ------------------------------------------------------­
Sand and clay -----------------------------------------------------

~:~~ '. :i::rse--------
1
---------------------------------------------

Sand, medium -----------------------------------------------------

22/4-4L2. King County Water Dist. 75, well 2. Drilled by L. R. 
Gaudio, 1952. Altitude 248 ft, Casing: 16-inch to 110 ft; 
12-inch, 100-slot screen, 107-133 ft. 

Topsoil, black----------------------------------------------------

Thickness 
(feet) 

6 
18 
13 
10 

7 
25 

68 
20 

2 
37 
49 
71 
13 
10 
28 
11 

5 

10 
20 
53 
67 
10 
30 
20 
33 
27 
30 
so 

100 
60 
20 
63 

1 

Depth 
(feet) 

117 
135 
148 
158 
165 
190 

68 
88 
90 

127 
176 
247 
260 
270 
298 
309 
314 

10 
30 
83 

150 
160 
190 
210 
243 
270 
300 
350, 
450 
510 
530 
593 

1 I 
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CONSTRUCTION DETAIL GEOLOGIC LOG 

2-INCH PORT 
AT 2.8' AGS 

ELEVATION 
-250' MSL 

O'-

25'-

/ 
·/ 

' '/ 

/' 
/ 

2.55' STICKUP 

1.35' STICKUP 

= 1.10' AGS 
10/16/01 

BENTONITE SURFACE 
SEAL TO 30' 

Qvt 

:~o~·L:q·· 3
2 

~~-~~ 
{1:._:~,6.. 
.;.'JJ,·~"-~ 
?·'._/:~ 
~~ 

~'o'"~ 
.·..;.· ............. ,... 

BROWN SAND AND GRAVEL, (FILL) 

DARK GRAY CLAYEY SILT WITH SAND 
AND GRAVEL 

---- ~--~ 31 , MEDIUM GRAY SILTY CLAY, FIRM 

50'-

75'-

100'-

125'-

150'.;. -

NOTE: 

.. 

' · ... J- . . 

CENTRALIZERS (TYPICAL) 

• /24-INCH CASING 

20-INCH RISER 

20-/16-INCH REDUCER 
FROM 91.6' -93.3' 

>~24-INCH CASING PULLED 
BACK TO 95' 

Qva 
Aquifer 
System 

: -: __.......-SCREEN FROM 93.3' -1 49.6' 
/" (SEE NOTE) 

</FILTER PACK (SEE NOTE) 

~TAILPIPE 149.6'-156.6' 

.<t---24-INCH DRIVE SHOE 
· · · AND CASING REMNANT 

. . . 152.5°-161' 
QAf 

Confining 
Unit 

WEU. SCREEN IS 16-INCH PIPE SIZE STAINLESS 
STEEL. 40-SLOT (O.~INCH). FIL lER PACK IS 
8X12 COLORADO SILICA SAND PRODUCT. 

PM:J. HAY 

JOB NO. 00-091 F 

ROBINSON & NOBLE. INC. NOVEMBER 2001 

T 22 N/R 4 E -04F 

UNIQUE 
WEU. ID. AFR835 

\~t~i-

?]~ft~ 
:· "'"':·· ·. 

~*~~~ 
.. ::.~---~~~- 7/~ 
f~~ti~ 

BROWN SILTY SAND (MICACEOUS) AND 
MINOR GRAVEL, WATER-BEARING 

BROWN SILTY SAND (MICACEOUS) LAYERED 
WITH SANDY SILT, WATER-BEARING 

GRAY SAND AND GRAVEL WITH PUMICE 
AND WOOD CHIPS, WATER-BEARING 
(NON-GLACIAL) 

BOTIOM OF HOLE AT 161.5' 

FIGURE3 

CONSTRUCTION DETAIL AND 
GEOLOGIC LOG FOR TYEE WELL 

HIGHLINE WATER DISTRICT 
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QI 
> 
Ql 

i:n 
0 
0 
C'\I 

ci z 
C 
0 

·"CJ 
QJ 
C 
"iii 
ai 
a:: 

':' 0 ':' 0 
c b c Well-graded gravel and Terms Describing Relative Density and Consistency 
·~ ;;;- o~o. GW gravel with sand, little to (2) 

u.
~ -,,.., o. 0 o. 0 Density SPT blows/foot 

no fines 
"' ~P-o_ c Coarse- Very Loose o to 4 
"' Ql - o - o Loose 4 to 1 O ~ -~ ~ g a g o g Poorly-graded gravel Grained Soils 
u u, \/11 a O 

O o a d 
1 

• h Medium Dense 10 to 30 
0 ""' ggg~g GP an grave wt! sand, Dense 30 10 50 
~ 0 a 

O 
a 

O 
o little to no fines Very Dense > 50 

~z-~o~g~o~~~a-------------
~ a 1

: 0
1
: o Silty gravel and silty Consistency SPT(

2
blows/foot 

c -a - D le D le Very Soft O to 2 £ ~ ~.. . ~ , GM gravel with sand Fine-
"' ·;:;; ., • o • o Soft 2 to 4 
- '" c Grained Soils 0 ai u:: D le D le Medium Stiff 4 to 8 

"' f, Clayey gravel an.d 
"' ~ Y! 2 Very Stiff 15 to 30 

Test Symbols 
G = Grain Size 
M = Moisture Content 
A = Atterberg Limits 
C = Chemical 
DO = Ory Density 
K = Permeability 

::E a:: ~·i'i;+,1,SHt---if------------i Stiff 8 to 15 

~ .NI Ge clayey gravel with sand Hard >30 
"' f-------------------------------_J <3 

Well-graded sand and 
sw sand with gravel, little 

to no fines 

Descriptive Term 
Boulders 
Cobbles 

Component Definitions 
Size Range and Sieve Number 

Larger than 12' 
3' to 12· 

' Q) 

~ ~ ~ "if!.·:.·>·. Gravel 3' to No. 4 {4.75 mm) 
3' to 3/4' ~ 8 -~ ~-<:-:.:- .. · 

'O - CJ) ,·:::·: 

Poorly-graded sand 
SP and sand with gravel, 

little to no fines 

Coarse Gravel 
Fine Gravel 3/4' to No. 4 (4.75 mm) 

QI O '<t" .· _.:··.-: .. Sand C QI • No. 4 {4.75 mm) to No. 200 (0.075 mm) 
No. 4 (4. 75 mm) to No. 1Q (2.00 mm) 

'iii '- O 1-ho.;.,,n:i---+-----------. 
(3 j ! Coarse Sand 

Medium Sand 
Fine Sand 

d> '-llJ-·. 
~ j;:-0 ~ ~ .·. 

Silty sand and 
SM silty sand with 

.gravel 

No. 10 (2.00 mm) to No. 40 (0.425 mm) 
No. 40 (0.425 mm) to No. 200 (0.075 mm) t1J ~ CTl en· 8 ~ a. ~ .· .. 

Ql 
> 
QI 

en 
0 
0 
C'\I 

ci z 
"' QI' 

"' "' "' a. 
QI 

·a 
::E 
_a 
~ 0 
0 
lt'l 

"' '5 
(J) 

"'Cl 
QI 
C 
·~ 
(!) 
QI 
C 

u:: 

; ~11=-~+: .. _·..;._ ... · __ :..,r_.;.,,:._c;.· --+-C-la_y_e_y_s_a_n_d_a_n_d ___ _ 
Silt and Clay Smaller than No. 200 (0.075 mm) 

<3) Estimated Percentage Moisture Content 

Component 
Percentage Dry -Absence of moisture, 
by Weight dusty, dry to the touch 

:: rn ~ SC clayey sand with gravel 

U) ~ 
Silt, sandy silt, gravelly silt, Trace <5 Slightly Moist - Perceptible 

o ML silt with sand or gravel Few 5 to 10 moisture 
~ Little 15. to 25 Moist - Damp but no visible 

~ J:! With O Non-primary coarse water 
~ :; I Clay of low to medium constituents: . ~ 15% Very Moist - Water visible but 
~ j CL plasticity; silty, sandy, or - Fines content between not free draining 
Ill-~ gravelly clay, lean clay 5% and 15% Wet - Visible free water, usually 
.!!! _§ from below water table 
~~ E~~-~-~---~~O~r-g_a_n~ic-c~l-ay_o_r_s~ilt~o-f~l~o-w-~----------------------=~==~=~~--l 

- - Symbols 3 ._-:_ -- OL plasticity 
.... ----~--L,.. ___ _ 

MH 
Elastic silt, clayey silt, silt 
with micaceous or diato­
maceous_ tine sand or silt 

Blows/6" or 
Sampler portion of 6' 

Type "' / 
2.0• OD "'- ,. Sampler Type 
Spiit-S~n / : Description 

-~ 

.., 
l. 

Cement grout 
surface seat 

Bentonite 
seal 

Sampler_,,/ 3.0" OD Split-Spoon Sampler 
bl~:%;.y~--+------------t (SPT) 3.25" OD Split-Spoon Ring Sampler 
;.,.,.. Clay of high plasticity, 

Bulk Si3mple 
CH sandy or gravelly clay, fat • 3.o· OD Thin-Wall Tube Sampler 

,,, clay with sand or gravel ij (including Shelby tube) 
~~''9,1,-·--+----------~ Grab Sample -"-

_-: Filter pad< with 
;: blank casing 
-:. section 

·.- Screened casing 
.' · · or Hydrotip 
·_. with filter pad< 

/p;,j, 0 . I 'It f • ,f/,,,.f// rgantc c ay or St o o Portion not recovered 
ffjf/} OH medium to high 
?/ff/f, plastt·c·1ty (ll Percentage by dry weight 
• .(///// (2) 
,.,/{/// (SPT) Standard Penetration Test 

Standard Practice for Description 

P k d h (ASTM 0-1586) 
eat, muc an at er (J) In General Accordance with 

PT highly organic soils 

and Identification of Soils (ASTM 0-2488) 

~ Endcap 

(
4l Depth of groundwater 
:f_ A TO = At time of drilling 
5l. Static water level (date) 

(
5l Combined USCS symbols used for 

lines between 5% and 15% 

~ 
"C 
>, 

"' ::c: 
Ol 
a 

..J 
C: 
.9 
"§ 
a 
a. 
X 

UJ 
ui 
Ol 
C 
'§ 
f'! 
a 
~ 

"' "C 
C 

Classifications of soils in this report are based on visual field and/or laboratory observations, which include density/consistency, moisture condition, grain size, and bi 
plasticity estimates and should not be construed to imply field or laboratory testing unless presented herein. Visual-manual and/or laboratory classification ui 
methods of ASTM 0-2487 and 0-2488 were used as an identification guide for the Unified Soil Classification System. ~ 

~---------------------~---------------------.. - ... ----T--P_R_O_J-EC_T_N_O_.-i ~ 

' AsP,:.;p~~~!~!~~~ Exp Io ration Log Key .... -_·_· --4------1 ~u: 
• --•• FIGURE NO. 

~~=110 

111=:~=91-= -·P. A-1 ~I 

L..("""-'-'II0-93--70-----'"""-"l-21--74<4J-.I..---------------------------------J.------'--------' Q 



Project Name 

location 

Geologic & Monitoring Well Construction Loa 
Project Number I \/\el Number I Sheet 

030185 TGW1 1 of1 
Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NA_VD88~,._) ---=24.;...8::.:·.::.92=-
Sea Tac, Washington Static water level (ft bgs) __ 2.:..-___ _ 

Drilling Method 

Samping Method 

Direct push soil probe 
1-1 /2" core Drilrlng Contractor: Holt Drilling 

Start Date April 19, 2004 
Finish Date April 19, 2004 

Depth/ 
Elevation Wall Construdion 

(ft) 

Sample S Feet driveru % MU. 
ID T recovered Rero.ey Grap,ic 

: 
.- .-

: 
.-

1248 
: : 
.-

2 
2
,fl •• Ii _. 411004 

3 
,; .-

: 
.: : 

3 246 : 

5 
244 

: 
-- ,; 

: 
. · .· 

.. ·_ t: .. · 
\-::: .. · . ·= . ,__ 
.·_ !:: .· 
• 1-.. ·.1:: .. _ 

243 .. _ t: 
6 •. t:: ... 

t: ·.-· ·t::: .. -
.· ~-... 
~ \· t: .. -

7 242 t:: : 
'- ·. 
t:: '..· 
'- . r~ 

g 8 241 !: r1.( 
N 

i 1,1 
& 9240 ..., i:a,,,;: 
,.: 
w 
w 
a: 
u 
U) 

w 
z 
5 
::; 
en 

4.0/2.0 fJJ _ • 

5 

Temporay wel nstalled; riser I--------~-__._ 
pipe suface -5, 3/4" ID p,,c ,__ _ ___,,_._ ____ ___. 

prepad< saeen assembly, 

1Cklot. with 20-40 said tilt..- 5 
- 7.5; -wi111<:r.rMl ,m 
boring aban:lcoed wi1h ~ 
bentmite afterguni,vater 
sampling 

2.5/0.2 8 

~ 1.5/0 0 

--. 

-.. 

Description 

loose, brown, moist to wet SAND with SILT (SP-SM), trace fine gravel; sand fine to 
coarse, predominantly medium 

Beames gray 

No recovery - loose, saturated sand 

Boring terminated at 9.0 feet 
Abandoned by baddil[1119 with granular bentonite. 

~1-=::..~----''--------.L----'L..l..---'-----'---.L--------------------------1 Z!l 

Sample TYl):l (ST): RRH/TCB i: 
::; 
en 
w z 
5 
::; 
(/) 

w 

I Contiluous Core 

~ Grab Sample 

~ Water level A TD Logged by: 

5;?. Static Water Level Approved by: JJS 

a.__ __ __.~-----'--------------------------.;;... ____________ __, ~ No Rerovery Figure No. A-2 
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Geoloaic & Monitorino Well Construction L~ 
Project Number I WeJ NuniJer I Sheet 

030185 TGW2 1 of 1 
Prtject Name Des Moines Creek ReQional Retention/Detention Facili!Y Ground surface elevation (NAVD88) 

Location SeaTac, Washington Static water level (ft bgs) 0.71 
Drilling Method Direct QUSh soil Qrobe Start Date April 19, 2004 
Samping Methcx! 1-1/2" core DriUing Contractor: HoltDriAing Finish Date AQril 19, 2004 

Sample S ~eel dliwru % Ml Depth/ 
Elevation 

(ft) 
\Nell Construction ID T recowred ReaMry Graf:tic Desaiption 

.: .. · 

--~-- ('! 
1.0/1.0 100 

4/1004 

S -~ Grass and topsoil rover 
'i_,,.,; 
,"; .... ,, 
'7""' .. ,: 

~:~ ........ 
,,; .. \-1. 

247.86 

Loose, dalk brOYm, moist to wet silty SAND (SM), trace gravel, organics; sand fine to 
coarse 

246 
2 

245 
3 

244 
4 

.· 
: .. · 

.. · .: 

5 4.0/1.8 45 

: 
.· .· 
: : 

243 
5 = . Temporary well installed; riser 1-----la---t-----l~~ 

: : = • pipe suface-5', 314" ID f>I.C 

:· ~ . =~ass:=m..-s 
..... = / -7.5'; wel withcffltvrund ·:. = ·:. bairgwa-donedwi1hg,rua 

242 •• = --~ 
6 :. = :. samping 

241 
7 

240-
;g 8 
0 
N 

" .Q 

~ 
0 

~ Zll 
Cl 9 
><'. 
w 
w 
a:: 
(.) 
(/) 

w 
z 
i5 
;:; 
(/) 

Zl8 

.. _ --- .. _ . - . .. -- .. · .. = .. . .._ . ... ::: .. _ 

..... ~\-. ·,-· = 

..... ~ .. "-

.. _ fa- .. _ 

'-~ .. .. ~-
~=...:. 

6.3 

2.512.8 112 

7.5 

Very soft, dark brcmn, moist to wet, fibrous PEAT (PT) 

Sily nterbed 4' - 4.S 

Boring terminated at 7.5 feet 
Abandoned by backfiling with granular bentonite. 

)!sl---'----'--------''-----'--'-----''-----'--'------------------=:::-:-:-==------i 
Sarrpe Type (ST): Logged by: RRHffCB 

3:: 
;:; 
(/) 
w 
z 
i5 
;:; 
(/) 

w 

I ConlhJous Core 

[QI Grab&mple 

~ Water Le\lel ATD 

~ Static Water Level Approved by: JJS 

A-3 01-----==-.:..;.;;..:..;.;;.;;.;;..;.~------"'"--------------------=:__--------------' ~ No Recovery F19ue No. 
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Project Name 

Location 

Geoloaic & Monitorin~ Well Construction Loa 
Project Number I \/\el Number I Sheet 

030185 TGW-3 1 of 1 
Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 248.45 

Static water level (ft bgs) 1.75 -------SeaTac, Washington 
Driing Method 

Sarr1)il,g Method 

Direct push soil probe 

1-1 /2" core Drilling Contractor: Ho11 onmng 

Start Date April 19, 2004 
Fuiish Date April 19, 2004 

Depth/ 
Elevation 

(ft) 

248 

247 

2 

246 

3 

: : 
.· .-

: 

: : 
.-

:.:_ :l. 

.. · .: 

: 

245 :- :y .. 

.. · .. · 

4 

244 .· 
.. · / 

5 

243 

6 

242 

1 

241 

8 

240 

9 

233 

Sample S Feet driwni 
ID T recowred Desaiplioo 

~- ·l.- Grass and topsoil cover 
~i~ . 

~ 1.0/1.0 100 
~;;_.,, ~---
.1,: ']11 ....... 
,,c.\• 

Loose, brown, moist, line to coaise SAND (SP); grades liner with depth 

3 Soft, brown, very moist, dayey SILT (ML) 

4.0/3.4 85 

411004 

Very soft, dark brown, wet, fibrous PEAT (PT) 

5 

T""l)Ol1l!Y we1 ilstaled; riser 1-----i----+---~~ 
pipe suface • 5, 314" ID PVC 

prepax screen asserrtif, 

10-6lot. with 2040 said fltei-5 

• 7.5; well wihtawn in! 
boring abardoned with gan.Ja 

bentaite after go.rdNaler 
sampling 

6 

7.5 

2.5/2.5 100 

Boring tenninated at 7.5 feet 
Abandoned by backfilling with granular bentonte. 

~Type(ST): ~ Water Level AID Logged by: RRH/fCB 

I Continuous Core 5l Static Water Level Approved by: JJS 

~ Grab Sample 

~ No Recovery Figure No. A-4 
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' .:, 
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Geoloaic & Monitoring Well Construction LOQ 
Project Number I \/\el Nunber I Steel 

030185 TGW4 1 of 1 
Project Name Des Moines Creek R~ional Retention/Detention Facili!Y Ground surface elevation (NA VD88) 

Location SeaTac, Washington Static water level (ft bgs) 2.31 
Dlilfing Method Direct push soil probe Start Date April 19, 2004 
Sarnpa,g Method 1-1/2" core Drilling Contractor: HoltO!iling Finish Date April 19, 2004 
Depth/ 

Elevation 
(ft) 

: : 

.. 
.- .-

1240 : : 
: ; 

: : 
.- .-

2247 . · 
:---ll 
: 
: : 

3 246 : .. 
: : 

: : 
: : 

4245-: ; 

.- .. 
.· : 
; ; 

8241 

9 24() -

Sample S s::'eet driven. % M11. 
Well Constructioo ID T 

recovered Rro:MJy G,,µic 

S\·: 
'1· .,,.,, 

·-=-

"' 
~,;_.,, 

1.0/1.0 100 ~,/ 
•.)Y.i. .... 
•,.' li.\• 
·- ... -. 

: 
. -. -· -. . -

: 
. -. 
-. 

411004 : 
: : -· 

5 40/1.7 43 .. -. 
._ 

: 

T<lflll'X'IY pm¢agedwell f---•--+--~~~ 
installed; riser pipe sufa::e - 5' 

10-sla screen 5 - 7.5; well 

wiltxiaNnirdbaing 

aba1doned 'Mlh g.nJa" 

- allergtlll10,Y-
sampling 

7.5 2.5/1.3 52 

Description 

Grass and topsoil cover 

Mediun dense, bro.Yn, moist, file to medium SAND (SP) 

Soft, brown, wet, dayey SILT (ML) 

Very soft, brown, wet. fibrous PEAT (Pl) 

Boring lemlinated at 7.5 feet 
Abandoned by backfiDing with granular bentonite . 

Sarr1)le Type (Sl): ~ Wa!ff Level A ID Logged by: 

I Continuous Core ~ Static Water Level Approved by: 

[Q1 Grab Sample 

§ No Recovery Figure No. 

RRH/fCB 
JJS 

A-5 

249.04 
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Geoloaic & Monitoring Well Construction Loo 
Project Number I \/'kl Number I Shae! 

030185 TGW-5 1 of 1 
Project Name 

Location 

Oraing 11/ielhod 

Sarnping l\,1elhod 

Depth/ 
Elevation 

(I!) 

248 

247 

; 

.· 

; ; 

: 

Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 248.44 
SeaTac, Washington Static water level (ft bgs) __ 1_.7_2.;c__ __ _ 
Direct push soil probe Start Date April 20, 2004 
1-1 /2" core Drilling Contractor: Holt DriUing Finish Date April 20, 2004 

Sample S ~eel driven, 
ID T recovered 

% Mil 
RecxM,y Grapic Description 

~ -~ Grass and topsoil cover 
~:\;~; 

"' 1.0/1.0 100 

Very soft, brown, moist to wet SILT (ML), few fine sand and clay 

:_:_ lJ 4f2.004 

2 

.. · . .-
246 

: 

3 

245- ' 

4 

. · .· . 
244 .· 

s 

6 

7 

240-

5 4.0/0.7 18 

T""l)(raY ~well 1-----<-.--+----1. 

installed; riser pipe suface • 5 

10-slot screen 5. 7.5'; well 
wilhaaM1 ard bairg 

-v.itlli,a,Ja­
benb:rite al!E,-gou,clNaler 

sampling 

6.1 

2.5/2.1 84 

7.5 

Loose, brown, wet, silty SAND (SM); sand fine to medium 

Very soft, dalk brown, wet, fibrous PEAT (P1) 

Boring terminated at 7 .5 feet 
Abandoned by baddilling with granular bentolite. 

(!) 9 
:,:: 
w 
w 
0:: 
u 
en 
w 
z 
5 
::;; 
en ~--~----'~------'------'-'----'-----'-----'~-------------------------1 

~T~(ST): Logged by: RRH/TCB ;;: 
::;; 
en 
w 
z 
5 
::;; 
en 
w 

I Continuous Core 

~ Grab Sample 

~ Water Level A 1D 

~ Static Water Level Approved by: JJS 

o-----------------------------------------------------~ No Recovery Figure No. A-6 
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Project Name 

Location 

Geoloaic & Monitoring Well Construction Loa 
Project Number I ~ Number I Sheet 

030185 TGW6 1 of 1 
Des Moines Creek Regional Retention/Detention Facility Ground surface elevafio.n (NAVD88) 249.47 
SeaTac, Washington Static water level (It bgs) _ ___:;3.:.::.2::..::3 ___ _ 

Dning Method 

Sanµrg Methoo 

Direct push soil probe 
1-1 /2" core Drilling Contractor: Holt onmn9 

Start Date April 20, 2004 
Finish Date April 20, 2004 

Depth/ 
Elevation 

(11) 
Well Conslrudion 

: 

249 : : 
; ; 

1 : : 
; ; 

248 : 
.· 

2 

; ; 

247 : : 

3 

; .,_ . '-·. '-
•. '-. '-
·.'l) 

4/2004 . '-. '-
246 

. '-": = TElfT!)CraY ~wel 
\.::: instaled; riser pipe surfa:e -= 2.8', 10-slot saeen 2.8'. 5.3'; ..... t:: ..... 

wel witlciaMl a'ld baing 4 •. '-
"-t: aba1ooned with g,n.Jw 
\ t::: 

benlcrile -~ 
.._ 

245 
..... .:: .... _ sarfllling 
\· t:: \· 
-'-·. '-

.. ~ .. .. _ 1-- .. _ 

5 .. _ 1-- ... . .._ . 
\. t:: .._ 

244 ~~~ 

6 

243 

7 

242 

8 

241 

9 

240-

Sarr{lle T YPl (Sl): 

I Contiluous Core 

~ Grab Sample 

~ No Recovery 

Sample S ~eel driven % MIi. 
ID T recovered Rero.ey ~ Description 

Loose, brown to dark brcN-in, moist, silty SAND (SM); sand fine to medium 

3 

4.0/3.5 88 

5 
Very soft, dark brown, wet, fibrous PEAT (PT) 

5.5 0.5/0.5 100 

Boling terminated at 5.5 feet 
Abandoned by baddilling with graruar bentorite. 

~ water l.e-.e A TD 

Sl Static water Level 

Logged by: 

Approved by: 

RRH/TCB 
JJS 

Figt.re No. A - 7 
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Geolooic & Monitoring Well Construction Loo 
Project Number I Wei Nurrber I Sl'eet 

030185 TGW7 1 of 1 
Project Name 

Location 

Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 250.05 
SeaTac, Washington Static water level (ft bgs) 3.24 ---';.;.;;:...;._ __ _ 
Direct push soil probe Start Date April 20, 2004 Drilmg Method 

SarnpJnJ Methoo 1-1 /2" core Drilling ConlJador. Holt Drilling Finish Date April 20, 2004 
Depth/ 

Elevation 
(fl) 

a., : : 

: 
: 

1249 : : 
: : 

: : 
,· ,-

2 248 -' 

.-. : 

:_:_~ 

.. · .. · 

4245 : : 

.. · .. -

8242 

9 241 

Well Construdioo 

4/2004 

T""lJ(J3)' ~ well 
installed; riser pipe SIJface • 
4.5, 11Hl1ot screen 4.5. 7.a; 
wea 'Mlhcta.\n am bainQ 

ala1dlred 'Mlh grar,.Ja 
bentaite alter g-c,..m,r.,ler 

sampl,ng 

Sample Type (ST): 

I Contiluous eore 
~ Grab Sample 

~ No Recovery 

Sample S ~eel driveni % Mtl. 
Descripbon ID T recowred Rero.ey Grap'1c 

2.5 

4.0/3.8 

4 

5 

7 2.0/2.0 

~ -~ Grass and topsoil cover 
'1:.$.,.,; 

Loose, brown to darl< brown, moist SAND (SP), trace sill and organics 

lnaeasirg brown silt content, grades to SAND wi1h SILT (SP-SM) . -

95 Dark brown, wet, silty SAND (SM), organics 

Grades to light gray, fine sand 

Very soft, dark tro.vn, wet PEAT (PT) 

100 

Boring terminated at 7 .0 feet 
Abandoned by backfiling with granular bentolite . 

~ Water Level A TD 

Sl. Static Water Level 

Logged by: 

Approved by: 

Figure No. 

RRH/TCB 
JJS 
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Geolooic & Monitoring Well Construction Loa 
Project Number I \;\el Nurrt>er I Sl'eet 

030185 TGW8 1 of 1 
Project Name Des Moines Creek Regional Retention/Detention F adli!Y Ground surface elevation (NAVD88) 247.50 
Location SeaTac, Washington Static water level (ft bgs) 0.52 
Oriirg Methcxl Direct eush soil erobe Start Date Aeril 20, 2004 
Sarr'4)ii1g Me1hcd 1-1/2" core Drilling Contractor: Holt Driffing Finish Date Aeril 20, 2004 
Depth/ 

Elevation 
(ft) 

: 

2~ : IJ : 

246 : : 

2 

242 

6 

241 

7 

240-

8 

23) 

9 

238 

\/\\all Construction 

Sample Type (Sl): 

I Contruous Core 

IQ! Grab Sample 

§ No Recovery 

Sample Sl=eetdnven % M1I. 
ID T recovered ~ Graµ"ic 

1.5 

3.5/2.1 00 

3.5 

5 1.511.B 120 

Descriffun 

Loose, wet dark bro.vn SAND with SILT (SP-SM), frequent organics and woooy debris, 
trace day, trace gravel; fine to coarse sand, fine gravel 

Loose, wet light brcmn to fight gray, silty SANO (SM); fine to coarse sand 

Very soft, dark bro.vn, wet fibrous PEAT (P1) 

Boring le!minated at 5.0 feet 
Abandoned by baddilling with granular bentonite. 

~ WalEf Level ATD 

'5l. Static Water Level 

Logged by: 

Approved by: 

RRH/TCB 

JJS 

Figure No. A- 9 
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Geolooic & Monitorina Well Construction Loa 
Project Number I \/\1:31 Number I Sheet 

030185 GW1d 1of1 
Project Name 

Location 

Des Moines Creek Regional Retention/Detention Facility 
SeaTac, Washington 

Ground surface elevation (NAVD88) 248.21 
Static water level (ft bgs) __ 0_.8_3 ___ _ 

Dnling Melhod 

SamJ*lg Melhod 

Hand Auger 
Hand Auger 

Start Date April 26, 2004 
Drilling Contractor: Holt Drtning Finish Date April 26, 2004 

Depth/ Sample S ceet drillen. % MU. 
Ele~~lion VI.Ill! Construction ID T recovereo REnM,y Qai:nc Oesaiption 

i:<-G ~ 4·· Steel rncnmrt 2.00 ags 
Concrete sea1 a.o.3' MARSH DEPOSITS 

Soft, dar1< brown, moist PEAT 

245-

5 

6 
It, 

1.0/1.0 100 ~ 

7 
It, 

1.0/1.0 100 
: : 20-40Sa,dfillerpad<6.B-7 .. 0'l---1-+---it----'F~H 

8 C 1.0/1.0 100 : 
240- ·.- .-

10 

Zl5 

15 

23) 

~ 
~ 

9 1.0/1.0 100 ,-Soft, gray, wet SILT with fine sand · -
10-20 Sa,d filler pad< NJ.5 

: 
-· ~-
Li ,t. ri 
~ ~ 10 1.0/1.0 100 Sand grades fine to mediUll 
hi ~ Slol.gl 9.5 -11.5 t- · -

'=' ~ . Loose to medit.m dense, gray, wet SAND with silt and gravel; sand fine to coarse, 
~ .:: • 3/4" 10 P\I'.: prepocx screen lt'.l ~vel fine 1 /g :::- =;-~~ v.itri20-40 __ 

11

:_1!i--+~-+-:-,-:-'m1_.:-+--:-moo_-f':·/~ VoJel gradedSANo,1itki silt. iito ooarsegra~ ----- - - - - - - - -
L-L-~ 

Sample Type (ST): 

I Conti1t.Jous Core 

~ Grab Sample 

~ No Recovery 

Bottom of boring at 11.5 feet (refusal). 

~ Water Level ATD 

'SI- Static water Level 

Logged by: 

Approved by: 

Fgu-e No. 

TCB 
JJS 
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Geolooic & Monitorina Well Construction Loa 
Project Number I IM:I Nurrt>er I Sreet 

030185 GW1s 1 of 1 
Project Name 

Location 

Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 248.37 
SeaTac, Washington 
Direct push soil probe Driling Method 

Samping Methc:d 1-1 /2" core Drilling Contractor: Hott Drilling 

Depth/ 
Elevation VVell Construction 

(fl) 
[Y. N 4"' Steel rncn.mert 3.20 ags 

Concrete seal 0-0.3' 

~ 4126,1)4 

Gran.Jar beria1ite seal 0.3'-3' 

: 
245- •• : .· = Sand filte-pack 3'4' 

5 

2«J • 

10 

>-15 

23'.l 

..... E .. ·. 
'3/,;' ID PVC prepaj< screen ' .. ·=' .. · .. ·t:: ... assembly; 10-slot, wilh2().,IQ ·~. filter4'-5' '-'-'-

Sarr4J1e Type (SI} 

I Contiluous eore 
IQ! Grab Sample 

~ No Recovery 

Sample s eetdriveru 
ID T recovered 

2 

4.0/2.2 

4 

5 1.0/1.0 

% MU 
Rero.ey Gra!tic 

~ 
Solt, dark broNn, moist PEAT 

5!i 

~ 

~ 

100 

Bottom of boring at 5 feel 

~ VVater l...el.e ATD 

Sl Static Water Level 

Static water level (ft bgs) _ _..:.0.;..;.9...::3 ___ _ 

Start Date April 26, 2004 
Finish Date April 26, 2004 

Desaipli0n 

MARSH DEPOSITS 

Logged by: 

Approved by: 

Figue No. 

TCB 
JJS 

A- 11 
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Geoloaic & Monitorina Well Construction Log 
Project Number I ~ Number I Sheet 

030185 GW-2d 1 of 1 
Des Moines Creek Regional Retention/Detention Facility Ground surfare elevation (NAVD88) 250.58 

Static water level (ft bgs) 2.97 SeaTac, Washington -------
Direct push soil probe Start Date April 22, 2004 Driling Method 

Sanµrg Me1hoo 1-1 /2" core Drilling Contractor: Hott onnin9 Finish Date April 22, 2004 
Depth/ 

Ele(:ton \t\efl Construction 
~ ~ 4' "°"" mm.rnert zoo ags 

Concrete seal U-0.:J 
25:)-

I 
~ 4/2004 

Graul' bentrnite seal O.:J- f! 

5 

245-

: : 
.- .-
: : 
.· .-

10 : : 

240- :·- .-

: : 20-40 &n:I fil1er pack 7.f! - f!; 

.- _. sio.qlf!-15 

: 

.. = .... 

.. : t= .. : 3KIDPvC~screen 
: · I= .' ~; 10-ool, with 20-40 

15 ..:...t:: _:_ filEr 14 -15 

235-

Sample S Feet drive1> 
ID T recovered 

o/o Ml. 
Rea:,,e-y Grap-;c Desaiption 

TOPSOIL 

2.0/1.4 70 

" \Loose, dark brown, moist, silty SAND, frequent organics and roots; grass cover I 
~ MARSH DEPOSITS 

2 
----l----+---t:::::~ Soft, dark brown, moist to wet PEAT; fibrous with woody debris 

4 4.0/3.1 78 

6 

Soll. gray to brown, moist SILT Vv1TH ClA Y AND SAND; sand fine -

7 .. - -
: : :: Loose to medium dense, gray, wet SAND, few gravel; sand fine to coarse, gravel fine 

::=::: 8.5 
4.0/4.0 100 

m1 
.:::::; 

-~1n....__,. __ -+----f-A-'~------------------------------ -
-No recovery 1 o· -15 

-
...... 4.0/0 0 

-
"' 1.0/0 · 0 

Bottom of boring at 15 feet 

~i--~Sample-~-Type_(_S_l)_: --~~-~~-~--~~wa-ter-Level~-A-TD ________ L_og_g_ed_by-: ___ T_C_B-------1 

"'
:! I ,..._...:.., ·-· -Core JJS 
W ~M= ~~~~ ~~~ 

§ IQ! Grab Sample 
:! 

~.__ __ __.~...__No_R_ecove __ ry...__ _________________________ R..;19:...ure_No_. ___ A_-_12 ______ _, 

• 

-

... 

• 

lill 
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Geoloaic & Monitorinq Well Construction Loo 
Project Number I \/\.el l'«Jrmer I 

030185 G\N-2s 
Sheet 

1 of 1 
Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 250. 78 Project Name 

Location SeaTac, Washington Static water level (ft bgs) __ 2_._7 4 ___ _ 
Driling Method 

Samping Methoo 

Direct push soil probe Start Date April 22, 2004 

Depth/ 
Elevation 

(ft) 

~s 

1-1 /2" core DliUing Contractor: Holt OriUing Finish Date April 22, 2004 

'Nell Construction 

N N 4" Steel mcn.mert 2.w ags 
Concrete seal U-0.'J 

II SW..4lSIJ4 

Gratia benlonite seal O.'J-6.t 

Sample S Feet driven % M1. 
ID T recowred Rea'.l'.e)' ~ Description 

TOPSOIL 

\Loose, dari<. brown, moist, silty SAND, frequent organics and roots; grass cover 

2.5/2.5 100 ~ MARSH DEPOSITS 

Soft, dari<. brown, moist to wet PEAT; fibrous with woody debris 

3.5/3.5 100 

j 

~ IJ:::~ ... 1---1""'"'--+---~.;:;,;.~------------------------------ -

10 

24) 

15 

Z35 

:. ~ :. 314'' ID P'vC prepad< saaen 

·.·. !:: ·... assembly; 10-sla. wi1h = 
·. I=·. 1iter7'-8' 
1-~'--

Sarrpe Type (SJ): 

1 Contiluous eore 
IQ! Grab Sample 

§ No Recover; 

210 0 

0 1 , No recover; - driller reports gravel 
0~ 
o I~ 
0 
0 .g 
0 I\ 

.~ I• 

Bottom of boring at 8 feel 

~ Wau Level A TD 

"'Sl- Static Water Level 

Logged by: 

Approved by: 

Figure No. 

TCB 

JJS 

A- 13 
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'\ Aspeclc:onsutting Geoloaic & Monitoring Well Construction Loa 
Project Number I VIA'!I Number I Sh3et 

N-Ofl"TH~ -

030185 GW-3d 1 of 1 
Project Name Des Moines Creek Rei:iional Retention/Detention Facili!!' Ground surface elevation (NA VD88) 249.34 
Location SeaTac, Washington 
Drilfing Method Direct QUSh soil Qrobe 
Samping Method 1-1/2" core 
Depth/ 

Elevation 
(ft) 

245-

5 

240-

10 

235-

15 

23)-

Well Coostructiai 

.-<: I:'(; 4" '°""" maunert ~.tl.l ags 
Concrete seal a~.3' 

rg 4l26l:J4 

GnnJ..-benorneseal0.3'-
11.5' 

,· ,· 
2().1QS,mfillerpad<11.S-
12.5' 

.:· = .. · 314'' ID Pv'C ~ semen - - . ... -·. 

.. ·-t::: .. ·- assembly; 10-sla, with2().IO 

::: ' liter 12.5' -13.5' .._ ...__ 

Sanl)le Type (Sl): 

I Conlrux.Js eore 
IQl Grab Sample 

§ No Recovery 

Sample 
ID 

2 

4 

6 

7 

8.5 

10 

11.75 

13.5 

S FeetdrivenJ 
T recovered 

2.0/1.5 

4.0/2.9 

4.0/4.0 

3.5/4.0 

Static water level (ft bgs) 1.36 
Start Date AQril 21, 2004 

Drilling Contractor: HoltDriUing Finish Date AQril 21, 2004 
% Mtt. 

Rea::wy Graitiic 
Desaiption 

TOPSOIL 

Loose, dark brown, moist, silty SAND, organics and roots; grass cover 

75 

~ MARSH DEPOSITS 

Soft, dark brown, moist PEAT; occasional wood fi'agments 

73 ~ ~ 

~ 
~~ ~ 

~ 

100 

114 

Bottom of boring at 13.5 feet 

NOTE: Riser pipe damaged during monument inslalation; uiable to repair, abandoned 
wel per WAC 173. Redrilled wel 5' north of original well and 3' north of GW-3s. 1' 
screen installed 12.5 - 13.5'. No samples collected. 

,Y Water lelS A ID 

Sl Static Water Level 

Logged by: 

Approved by: 

TCB 
JJS 

Figure No. A- 14 
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\ Aspectconsutting 
Geolooic & Monitorina Well Construction LOQ 

Project Number 

I 
~Number 

I 
Sheet 

~ l'IIMMiC7MI 
030185 GW-3s 1 of 1 -

Project Name Des Moines Creek Regional Retention/Detention Facili!1'. Ground surface elevation (NAVD88) 249.37 
Location Sea Tac, Washington Static water level (ft bgs) 1.37 
Driling lv1ethod Direct eush soil erobe Start Date Aeril 21, 2004 
Samping lv1ethcx:t 1-1/2" core Drilling Contractor: HoltDriling Finish Date Aeril 21, 2004 
Depth/ Sample S ~eel driven, % MIi 

Elevation Will Constructia, ID T recovered funM:ry Gramc 
Desaiplion 

(ft) 

N ~ 4" :;leel mcnmert ~00 ags MARSH DEPOSITS 
Concrete sea1 a-0.3' 

Soft, dark brown, moist, silty PEAT; grass cover 

~ 4/2604 
Dea-easing silt content 

~ 

GranJa" bentaite seal 0.3'- 4' 3.5/1.6 46 

~ 

10.20 5'n:l filter pack 4' -6.5 
~ 

~ .· .· 
245- ._: .. i 

5 : 3.0/3.4 113 
.. t:=: .. :: 
'..·~'..- '3/"i' ID PVC prepa::k semen ~ 
.. • 1-- ... 
.. ~ .. assembly; 10-sld. wilh 20-40 
-~~ filter 5.5 -6.5 

Bottom of boring at 6.5 feet 

• 
240-

,-10 

235 

15 

Zl) 

Sar]lE Type (Sl): ~ Water l.el8 A TD Logged by: TCB 

I .Contiluous Core SJ- Static Walef Level Approved by: JJS 
I 

IQl Grab Sample 

~ No Recovery Figure No. A- 15 
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Geoloaic & Monitoring Well Construction Log 
Project Number I Wef Number I Sreet 

030185 GW4d 1 of 1 
Project Name 

Location 

Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAV088) 249.91 
SeaTac, Washington Static water level (ft bgs) __ 2_.9_2 ___ _ 

Drilling Method 

Sanl)W19 Me1hcxl 

Direct push soil probe 
1-1 /2" core Dri16ng Contractor: Holt Drilling 

Start Date April 21, 2004 

Rnish Date April 21, 2004 
Depth/ 

Elevation 
{fl) 

5245-

Well Construction 

~ ~ <f' :,rea rrnunert ~LS ags 
Conaete seal (J-O J 

Gral.iar benlmte seal O.J- f! 

.... .:· 
.. · .. · 

... .:· 
,· .; 

Sample S Ceet driven % MU. 
ID T recovered ReaMJy Grap-.ic Oesaiplion 

3 

4.0/3.2 00 

5 

TOPSOIL 

Loose, brown, moist silty SAND, frequent roots and organics 

Loose, brown, moist, silty SAND, trace gravel, trace organics; sand fine to coarse; 
gravel fine 

·~------------------------------ -
~ MARSH DEPOSITS 

~~ h I 

1-------t---t : ,S2t!..Jla_r1<J;>II1Ml, yteLP.f;A.I - - - - - - - - - - - - - - - - - - - - - J 
Loose, gray, wet Silty SAND; predominantly fine to medium sand 

...., 
,_ 5.0/0 0 

No recovery 5' - 1 O' 

1e140- : : 10-20&..-dfiNErpad<f!-14' t------1----1-----1 

-nn 

.· .: 

Sample Type (ST): 

I Conti1uous eore 
IQj Grab Sample 

~ No Recovery 

14 

4.0/3.2 00 I/Vet sample falls out during first attempt at retrieval 

Bottom of boring at 14 feet 

~ Water l..e.€1 ATD 

SZ. Static water Level 

Logged by: 

Approved by: 

Figure No. 

TCB 
JJS 

A- 16 
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Geoloaic & Monitoring Well Construction Loa 
Project Number I \/\el Nurmer I Stre 

030185 GW4s 1 of 1 
PrtjedName 

Location 

Des Moines Creek Regional Retention/Detention Facility Grourd surface elevation (NA_VD_88----'-) __ .;::24...:..9::..:·.:...78=--
SeaTac, Washington 
Direct push soil probe Driing Method 

Samping Methcxl 1-1 /2" core Drilling Contractor. Holt on1ing 

Depth/ 
Elevation 

(fl) 
Well Construction 

~ 4" Steel mcn.mert 2.55' ags 
Concrete seal 0-0.3' 

Sample S "eel drive~ % MU. 
ID T recovered RecxMary Gr,v;c 

Topsoil ard grass rover 

Static water level (ft bgs) __ 2_._8 ___ _ 
Start Date April 20, 2004 
Finish Date April 20, 2004 

Desaiplion 

TOPSOIL 

: 
... Loose, brown to dark brown, moist SAND, trace to few silt, trace fine gravel; fine to 

coarse sard; sit naeasing with depth 

245 
1-5 

240 
1-10 

235 
1-15 

Zll 

Graua-bentmte seal 0.3'-4' 

. · ,' 10-20 Saro filt8" pad< 4' -7 

;~: ~ ;l: 
,- 1-- ,· 

\-~ ',· 

'::::' '-~'-. '"- ' •·• t::: ··. 314" ID PVC J>llllOO( semen 
\ ~ \ assembly; 10-sk:lt, with 20-40 

-·. t:: -·. filter4.5-7 ~=.:.:. 

Sample Type (Sl): 

I Contiluous Core 

~ Grab Sample 

~ No Recovery 

.. 
4.0/2.9 73 .. 

Brown sand wilh sit 
.. .- . : 
.• 

.. 
: 

.. 
2.0/1.4 70 : -. 

Bottom of boring at 7 feet. 

~ Wafer Level ATD 
Logged by: TCB 

"Sl.. Static water Level Approved by: JJS 

Figu-e No. A- 17 
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Geoloaic & Monitoring Well Construction Lon 
Project Number I \II.el Number I Sheet 

030185 GW5d 1 of 1 
Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 247.90 Project Name 

Location SeaTac, Washington Static water level (ft bgs) __ 0_.9.c.5.:..._ __ _ 
Direct push soil probe Start Date April 22, 2004 [)riling Me1hod 

Samping Method 1-1 /2" core Drilling Contractor: Holt DriHing Finish Date April 22, 2004 
Depth/ 

Elet;tian \Mall Constructioo 

245-

5 

240-

10 

N ~ 4"""""' mm.mert 2.ro ags 
Corcrele seal fJ-0.3' 

~ ~ 

i l 
~ ~ 
~ ~ 

4/2S04 

QanJar bentcrite seal 0.3'-g 

20-40 Said fitter poo< 8.8' _ g 

I S1oltj1 g - 14' 

~ ~A 4/2204(AID) 

lli - tl 

15 

23)-

.. _= .. ... = . 314" ID PI.C prepa::k saeen 
• - ~; 10--slot, with 20-40 .::_ = -2.. fitB' 13' -14' 

Sample Type (SJ): 

I Continuous Core 

~ Grab Sample 

~ No Recovery 

Sample 
ID 

2 
>----

3.5 

5 

6 

8 

10 

12 

14 

S ~eet dliwn % MU. 
T recovered Roo:M>y Grainc 

Desoiption 

TOPSOIL 

~ 
Loose, dark bra.vn, moist, silty SAND, frequent organics and roots; grass cover 

~ 
I 

2.0/1.3 6.5 MARSH DEPOSITS 

Soft, dark brown, moist to wet PEAT; fibrous with woody debris 

4.0/4.0 100 

4.0/3.1 

4.0/3.3 

BroM, to dark bro.Ml 

78 

~ 

~ 

Gradrg to bro.Ml 

83 

>-Loose, gray, wet, silt>J SAND; fine to coarse sand 

Bottom of boring at 14 feet. 

~ Water LM ATD 

"'SJ- Static Water Level 

Logged by: 

Approved by: 

Figure No. 

TCB 
JJS 
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Geologic & Monitoring Well Construction Loa 
Project Number I v\191 Number I Sheet 

030185 GW-5s 1 of 1 
Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAV088) 248.00 Project Name 

Location SeaTac, Washington Static water level (ft bgs) __ 1_._16-'-----
Onling ~thod 

Sarnpilg Meth:d 

Direct push soil probe Start Date April 22, 2004 

Depth/ 
Elevation 

(ft) 

5 

240 

10 

235 

~15 

23)-

1-1 /2" core DriBing Contractor: Holt Drilling Finish Date April 22, 2004 

Well Cons1ruction 

~ 4" :,ree, mcnmert 2.bl.l ags 
Concrete seal 0-0.3' 

41261'.)4 

Gra-..a-b811onite seal 0.3'-
2.Z 
20-40 Said fillEr pack W - 2.2 

10-20 &m 1i11er pack 2.Z - 4' 

314' ID F"£ ix,apa:k screen 
assembly; 1o.sic._ wi1h 20-40 

1iter3'-4' 

San1)le Type (Sl): 

I Continuous eore 
IQ! Grab Sample 

~ No Recovery 

Sample S ceet drwen1 % Ml 
ID T recovered Rea:M,ry Grap-jc 

TOPSOIL 

~I nnco rl:arlc: hmwn moist c;lh, C:A.Nnunth nm:anir!s <>.-vi·--.... ~----·-· 

2.5/1.5 

1.5/1.4 

00 
MARSH DEPOSITS 

Solt, dark brown, moist, fibrous PEAT 

93 Increasing woooy deoos 

Bottom of boring at 4 feet. 

:J Walef lei.€! ATD 

'5/. Static Water Level 

Logged by: 

Approved by: 

Figure No. 

TCB 

JJS 

A- 19 
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Geoloaic & Monitorina Well Construction Log 
Project Number I \/\/el NurrtJer I Sheet 

030185 GW6d 1 of 1 
Project Name 

Location 

Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 249.63 
SeaTac, Washington Static water level (ft bgs) __ 3_.1_5 ___ _ 
Direct push soil probe Start Date April 23, 2004 Drilling Method 

Samping Method 1-1 /2" core Drilrlng Contractor: Holt DriNing Finish Date April 23, 2004 
Depth/ 

Elevation 
(ft) 

245-

5 

Wall Cons1ructim 

I:'<; ~ 4" """" mcn.ment 2:,o ags 
Coocrate sea1 a .o.'3 

Gra-ua-bertonite seal O.'J-<3.8 

• • 20.iD S.rd filler pad( 8.8 - 9.0 

~ t 
240 ~ i'9 4/23.04(ATD) 

l( 
10 

~ 

SloLg\9-15 

9r 
t 
i 
"Cf 

t x_~ 
'·=' 

Z!5 '/. := \·. 31.f' 10 ~ prepax saeen ·. = ·. assemtfy; 10-slot, with 20.iD 

Sample 
ID 

2 

4 

6 

7 

8.5 

10 

12 

14 

15 

S S::-eet driven, % 
T recovered Rea>.ey 

2.0/1.7 85 

4.0/3.6 00 

4.0/4.0 100 

2.0/1.8 00 

3.0/2.9 ffl 

MU. 

Graftic 
Oesaiption 

Loose, brown, moist, silty SAND, few gravel, with organics and roots, grass, topsoil; 
sand fine to coarse, gravel fine 

Gray, moist to wet, fine to medium sand 

Fine to coarse sand, few fine gravel 

: .. : ·. Loose to medium dense, gray, wet SAND, few silt, few gravel; sand fine to coarse, 
:: .• • •• _ gravel fine to coarse 

_. .. -. .. .. 
_. 

-Soft, gray, wet SILT; nonplastic 

'"15 ,_ ~ - Mer14'-1S 1-----1-.--+---µ..<-u...if--------------------------

23) 

Sample Type (ST): 

I Cormuous eore 
~ Grab Sample 

~ No Recovery 

Bottom of boring at 15 feet 

~ Waterl..e.-elATD 

~ Static water Level 

Logged by: 

Approved by: 

Figt.re No. 

TCB 

JJS 
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Geoloaic & Monitoring Well Construction Loa 
Project Number I Wei Nuni:Jer I Sreet 

030185 GW6s 1 of 1 
Project ~ame Des Moines Creek Regional Retention/Detention Facili!Y Ground surface elevation (NA VD88) 

Location SeaTac, Washington Static water level (II bgs) 2.91 
Orilfing Method Direct eush soil .probe Start Date April 23, 2004 
Sarnpl-g Me1hocl 1-1/2" core Drilling Contractor. Hol!Dritling Finish Date April 23, 2004 

Sample S k=eet driven % Mt1 Depth/ 
Elevation 

(ft) 
I/I/ell Construction ID T recovered RecrJo./ery Gr"fhc Description 

249.32 

N: ~ 4" SIEel mcn.rnent 2.50' ags 
Concrete seal 0'-0.3' 

Loose, broom, moist, silty SAND with organics and roots, grass, topsoi, few day 

.· 

240-

10 

235-

15 

23)-

Gr.nJa- bentonite seal 0.3'-2.E 

.- 20-40 Sa1d litter pack2.8' -3.0 

10-20 Sa1d tilter pad< 3'-S 

~ ID PvC prepa::l< saaen 
assembly; 10-slot, with 20-40 

filter4' -S 

SalT1)le Type (ST): 

I Contiluous Core 

~ Grab Sample 

§ No Recovery 

2.0/1.4 70 Increasing fines, gray and brown 

4" layer of white to light gray volcanic ash 

Loose, gray to broNn, moist to wet SAND, few to with silt, trace fine gravel 

3.0/1.8 00 .. ·, 

Bottom of boring at 5 feet. 

~ Warer Level ATD 

Sl. Static Water Level 

Logged by: 

Approved by: 

Figure No. 

TCB 

JJS 

A- 21 
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Geolooic & Monitorirn:i Well Construction Log 
Project Number I I/I/el. Number I St'eet 

030185 GW7d 1 of2 
Project Name 

Location 

Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NAVD88) 255.11 
Sea Tac, Washington Static water level (ft bgs) __ 7_.4_8 ___ _ 
Direct push soil probe Start Date April 23, 2004 Drilling Me1hod 

Sampirg Me1hod 1-1 /2" core Drilling Contractor: HoltDriUing Finish Date April 23, 2004 
Depth/ 

Elevation 
(fl) 

=-~ 

15240-

~ 
~ 

" 
s:: . 
~ 
~ 

~ 

~ 

t 
'=J' 
~ 

~ 
iC 
;/" 
r, 

t 
~ 
~ 
~ 
~ 

Weil Coos1ruction 

4" ::,too morunent "L.~· ags 
Concrete seal 0-0.3' 

Graru'3" bertaite seal 
0.3'-15.75' 

20-40 Said fitter pad< 1575 -
16' 

Slolg, 16' - 2Z 

San1)le Type (ST): 

I Continuous Core 

~ Grab Sample 

§ No Recove,y 

Sample 
ID 

2 

6 

-

7.5 

9 

10 

11.5 

13 

14 

15 

16.5 

18 

19 

S Feet driven. % 
T recovered Roccwy 

2.0/1.2 00 

MU. 

GraJjlc 
Desaiption 

Loose, bro.vn, moist, silty SAND to SAND with silt, with roots and organics; sand line 
to coarse 

• T rare organics 

-Grades to coarse, silty sand with gravel; sand fine to coarse, gravel fine to coarse 

2.0/1.9 95 

4.0/4.0 

4.0/4.0 

4.0/4.0 

~~ ,-Solt, dark bro.vn, moist PEAT -

,_ Soft, gray to dark gray, moist SILT, little fine sand -

100 

100 

100 

~ Water Level AID 

"S/.. Static Water Level 

Logged by: 

Approved by: 

F19ue No. 

TCB 

JJS 
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Project Name 

Location 

Dnling Method 

Samping Methoo 

Depth/ 

Geoloaic & Monitorina Well Construction LOQ 
Project Number I 1/Vej Nunber I Sheet 

030185 GW-7d 2 of2 
Des Moines Creek Regional Retention/Detention Facility Ground surface elevation (NA_V0_88_,_) __ ..:::2::..:55::.:. . ..:....11:_ 
SeaTac, Washington Static water level (ft bgs) 7.48 -------
Direct push soil probe Start Date April 23, 2004 
1-1 /2" core Drilling Contractor: Hott DfiHing Finish Date April 23, 2004 

Sample s eetdriven, % Ml. 
Elevation V\lall Construction ID T recovered Rero.ey Qoftic 

Cescription 
(ft) 

= ~ _1 
20.5 4.0/4.0 100 

~ 314" ID PVC prepa::k screen = ·. assembly; 10-sot. wilh 20-40 -·. 22 .··=.·· filler21'. 22' 

Loose, gray, wet, silty, fine to medium SAND -

=· --~ 
Bottom of boring at 22 feet 

25m 

~1----'---Sample--''--Type--(SI)-: ----''----1.....l...._--'---~---'-l/l/a.tff--'Level'---A-ID ________ Log-ged-b-y: ___ T_c=s-------1 
~ I Continuous Core 51. Static Water level Approved by: JJS 

el ~ Grab Sample ::; 

~L----..1.~=-..;.No;.::_;_R.::eco..::..:ve..::ry~-------'-------------------Fi-ig::..ure_No_. ___ A_-_22 ______ __. 



'k;pecti:onsulting Geoloaic & Monitorina Well Construction LoQ 
Project Number 

I 
IMllNumber 

I 
Sheet 

N,Olf"TH l'llllll'lfC7ll 
-

030185 GW7s 1 of 1 
Project Name Des Moines Creek Regional Retention/Detention Fadli!Y Ground surface elevation (NA VD88) 254.98 
Location SeaTac, Washing!on Static water level (ft bgs) 7.61 
Driling Me1hod Direct eush soil erobe Start Date AQril 23, 2004 
~Methcx:I 1-1/2" core DriUing Contractor: Holl Drifting Finish Date Aeril 23, 2004 
Depth/ Sample S ~eet driwn % Ml!. 

Elevation Well Cons1rudion ID T recovered Rav.ey Gral:hc 
Oesaipoon 

(fl) 

N; ~ 4" Steel mcn.rnent L."'>' ags Loose, brown, moist silly SAND with roots, grass and organics, topsoi 
Concrete seal CJ-0.3' 

2.0/1.2 00 

: Decreasing fines, fine to medium sand ... 
. . • 

.. : Fine to coarse sand, little fine gravel __ .... 

.. : 
__ - .. 

4.0/2.5 63 
·-.. : . .. 

52SJ- Grau.- benlonite seal 0.3'-1CJ -------------------------------

c'; 
0 
N ., 
.. 
.a 

8 .., 
ll. 
Cl 

"' w 
w 
IX'. 
(.) 

en 
w z 
i5 
::;; 
en 

1~45 

15!40 

~ 

: 
.· .-
. -. . -. ·-.. __ .. _ 

-----. -. ~=_:_ 

Increasing silt, !requent organics 

-
_2'.'._pe3 t la~ 
Soft, gray, moist SILT with clay; low plasticity, slow dilatancy 

4/2604 

4.0/4.0 100 

20-40 Sand filter pad( 10-10.4 -

10.20 Sand filter pad( 10.4' -
12' 

314" ID PvC prepa:l< screen 2.0/2.5 125 

assembly; 10-5lot. with 20-40 

titer 11' -12' .---
Bottom of boring at 12 feet 

~t---"'---Sarrpe-..._T_ype_(Sl)_: ___ _._ __ .J.....l __ ...._ __ .....___. ___________________ _ 

~ Water Level ATD Logged by: TCB 
! I Continuous eore 
w ~ Static Water Level Approved by: JJS 

6 !QI Grab Sample 
::;; 

;:fl El No Recovery a----=-------------------------------~---------Figure No. A- 23 
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-
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.!!2 
·5 
CJ) 

-0 
Ql 
C 
-~ 
(9 
ci, 
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Q) 
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Q) 

en 
0 
0 
N 

ci z 
(J) 

:Jl 
(J) 

Ill 
a.. 
~ 
0 z 

_ci 

.!!2 
·5 
(/l 

-0 
Q) 
C 
-~ 
Cl 
ci, 
C 

u:: 

C 
0 

';'o;o 
- p C>C 

Well-graded gravel and 
gravel with sand, little to 
no fines 

Terms Describing Relative Density and Consistency 
u 
~ 
u.. 

!!!. o.o. GW 
gi <:o<:o 
.!:poc 

~ Q) LLl,5>;:co~-~-+-------------l 

Density SPT(
2
lblows/foot 

Very Loose O to 4 
Loose 4 to 10 

Coarse-
~ > ~ o 0 o0

o p I d d I Grained Soils ~ -~ "' o O o O o oor y-gra e grave Medium Dense 1 o to 30 o ui "1100000 d I . h d 
_ -.i- g~ggg GP an grave wit san , Dense 30 to 50 

~: ~ ~gggg little to no fines Very Dense >50 

~ § .111, o Silty gravel and silty Consistency SPT<
2
>b1ows/foot 

ffi -av .;;-_ P lc.p c. Very Soft O to 2 
GM gravel with sand Fine-! -~ gi .IO • O Grained Soils Soft 2 to 4 

0 ai if let> c Medium Stiff 4 to 8 

.!!!~ -;;;-1 ,. 
1 

ery 1 

Test Symbols 
G = Grain Size 
M = Moisture Content 
A = Atterberg Limits 
C = Chemical 
DD = Dry Density 

.K = Permeability 

• "'~ ,.. Clayey gravel and v st·ff 15 to 30 
::;; a: ~P.!'

1
:ih'.'~l---+-----------1 Stiff 8 to 15 

" GC c ayey gravel with sand Hard >30 
~ 1-----------------------------------l ° Component Definitions 
C 
0 
TI 
~ 

u.. 
Q) 
(J) 

<ii~ 
8-~ 
- U) •.. 

. · .. . ·-·. 

Well-graded sand and 
sw sand with gravel, little 

to no fines 

Poorly-graded sand 
SP and sand with gravel, 

little to no fines ~ ~ . .-.: :-\·:-~ ~ l--lM,'l_ ... ______________ _ 

"" "' Silty sand and 
.... 0 :Jl §: · . . SM silty sand with 
I=- ~ "' . . . I 
;I:. a.. ~ _· .. · grave : ~w j ~~ ~-.. 

Clayey sand and 
sc clayey sand with gravel 

Descriptive Term 

Boulders 
Cobbles 

Gravel 
Coarse Gravel 
Fine Gravel 

Sand 
Coarse Sand 
Medium Sand 
Fine Sand 

Silt and Clay 

Size Range and Sieve Number 
Larger than 12" 
3"to 12" 

3' to No. 4 (4.75 mm) 
3' to 3/4' 
3/4" to No. 4 (4.75 mm) 

No. 4 (4.75 mm) to No. 200 (0.075 mm) 
No. 4 (4.75 mm) to No. 10 (2.00 mm) 
No. 10 (2.00 mm) to No. 40 (0.425 mm) 
No. 40 (0.425 mm) to No. 200 (0.075 mm) 

Smaller than No. 200 (0.075 mm) 

<3> Estimated Percentage 
Percentage 

Moisture Content 
· Dry - Absence of moisture, 

dusty, dry to the touch by Weight Modifier 
Silt, sandy silt, gravelly silt, <5 Trace Slightly Moist - Perceptible 

~ ML silt with sand or gravel moisture 
c 5 to 15 Slightly (sandy, silty, Moist- Damp but no visible 

~ Jg clayey, gravelly) water 
1:3 i Clay of low to medium 15 to 30 Sandy, silty, clayey, Very Moist - Water visible but 
~ j CL plasticity; silty, sandy, or gravelly) not free draining 
ro ·"" gravelly clay, lean clay 34 to 49 Very (sandy, silty, Wet - Visible free water, usually 
!!! .S clayey, gravelly) from below water table 
<n ~ ... ~~-:t---t::::---:---:-----:::--:--:---j~-----------=:::..:.:.:...:::.::.:.:::~-------.:.:::.:....::==.:....::=-==-_..j ·g. ,_-_-_ Organic clay or silt of low Symbols 

::i ~==-: OL plasticity ... -_ 
----

Elastic silt, clayey silt, silt 
MH with micaceous or diato­

maceous fine sand or silt 

Sampler 
Type 

Blows/6" or 
portion of 6' 

I .. ., 
" 

Sampler Type 
Description 

3.o· OD Split-Spoon Sampler 

(4) 

Cement grout 
surface seal 

Bentonlte 
seal 

2.0"00 

Split-Sp;/ 
Sampler 

--11---+----------1 (SPT) 3.25' OD Split-Spoon Ring Sampler 
l · . . Filter pack with 
«> • ::· blank casing 

Clay of high plasticity, 
CH sandy or gravelly clay, fat Bulk sample 

clay with sand or gravel 
~~'A----1------------l Grab Sample 
ffJft Organic clay or silt of 
~/ff?; 

• 3.0' OD Thin-Wall Tube Sampler 
~ (including Shelby tube) 

0 Portion not recovered 

~ :: :-· section 
·.- Screened casing 
:-· or Hydrotip 
·.- with filter pack 

::.... ___;;_ End cap 

/f:-/f:-< OH medium to high 
?414 plasticity <

1
l Percentage by dry weight (Sl Combined uses symbols used for Wf ~f (2) (SPT) Standard Penetration Test fines between 5% and 15% as 

f--..L----fi'~~f--1-P-e_a_t,_m_u_c_k_a_n_d_o_t_h_e_r --:---l (ASTM D-1586) estimated in General Accordance 
~ -~ "' <3l In General Accordance with with Standard Practice for 
.c ro = PT highly organic soils 
.Ql e, ~ Standard Practice for Description Description and Identification of 
I O and Identification of Soils (ASTM D-2488) Soils (ASTM 0-2488) 

(
4

) Depth of groundwater ~ ATD = At time of drilling 
:;I_ Static water level (date) 

I 
>-
~ 
Cl 
0 
_J 

C 
0 

"" ~ 
0 
a. 
X 
~ 
.!!! ·a; 
<D 
0 

1:' 
«I 
-0 

Classifications of soils in this report are based on visual field and/or laboratory observations, which include density/consistency, moisture condition, grain size, and ~ 
en plasticity estimates and should not be construed to imply field or laboratory testing unless presented herein. Visual-manual and/or laboratory classification .;; 

methods of ASTM 0-2487 and D-2488 were used as an identification guide for the Unified Soil Classification System. 1:' 1----------------------.....:----------------------.. -,-.-----.--PR_O_J_E_C_T_N_Q __ --l _gi 
~ ~= C 

" Asoedconsulting E I t· L K ··-"· b5 
.... • IN-1'EPTHPEHSPECTIVE xp ora 10n og ey 1=,,,,,.---+-="'.::':~-;0 
ID --•• FIGURE NO. <) 

~:=-1~~~110 e11;-=,~:~~ ll£Vl$EOSI" C-1 ::, 
L''_ .. _i'_"""_'_'• _____ ,_, .. _,_.,,_ .. _, .. _,..J.. ________________________________ .1.... ____ ..L-------' ci 
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\Asp,~~!~~R~~!~ 
Geologic & Monitoring Well Construction Log 

Project Number I Well Number I Sheet 

04016A DMC GW-8 1 of 2 
-

Project Name Des Moines Creek Regional Retention/Detention Facilitt Top of Casing (NAVDB8) 254.18 

Location SeaTac, Washington Ground surface elevation (NA VD88) 251. 98 
Drilling Method Hollow-Stem Auger ~~:~~g(NAD83) N: 158734.48; E: 1275469.7~ 
Sampling Method 18" Selit-Seoon Drilling Contractor: Holt Drilling Start/Finish Date 6/27/2005; 6/27/2005 

Oepth/ Sample S •eetdriven o/o Blow Mtl. 
Elevation Well Construction ID T recovered Recovery Count Graphi 

Description 
/ff) 

~ 
~ 1 <"" :,tee1 monument 2.z ,· ,·.\\ TOPSOIL 
~ ags 

~---
I; ~\ ·I,. 

~ ~ Concrete seal o· - 1.5' 
Topsoil and grass cover. 

RECENT ALLUVIUM 

Soft, moist, gray-blue, slightly sandy, very silty day (CL); some organics 
and wood, fine to coarse sand. 1" red-brown sand lenses. 

1 1.5/1.5 100 1 
1 
1 

5 
Soft, moist, gray-blue, slightly sandy, very dayey SILT, trace organics and 
wood; fine to coarse sand (ML) 

2 1.5/0.2 13 1 
1 
1 

2" Sch 40 PVC Casing 

3 1.5/0.5 33 1 
1 
1 

10 Granular bentonite seal 1.5' 1 /4" sand lenses. 
-2Z 

4 1.5/1.5 100 1 
1 
1 

Soft, moist, gray-blue, slightly sandy, very dayey SILT; poorly graded, well 
soiled. fine to coarse 6" sand lenses. 

5 1.5/1.5 100 12 
14 
18 

15 
RECESSIONAL OUlWASH 

6 1.5/1.0 67 11 .· ·. Medium dense, moist, gray-blue, slightly silty SAND, trace gravels, trace 
13 · . organics, fine to coarse sand, fine to coarse gravel (SM). 
14 

~-----------------------------I Soft, moist, gray-blue, sandy SILT, fine to coarse sand (ML). 

~-----------------------------
7 1.5/1.5 100 6 Medium dense, moist, gray-blue, slightly silty SAND, fine to coarse sand 

11 · (SP). 

12 

'5l.. 6/27/05 

- -
Sample Type (S1): .!'. Water Level ATD Logged by: JMS 
I 18" Split Spoon '5l.. Static Water Level Approved by: JJS 

~ Grab Sample 

f] No Recovery Figure No. C-2 
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'. Aspedconsutting Geoloqic & Monitorinq Well Construction Loa 
Project Number 

I 
Well Number 

I 
Sheet IN-DEPTH PERSPECTIVE 

04016A DMCGW-8 2 of2 . 

Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) 254.18 

Location SeaTac, Washington 251.98 Ground surface elevation (NA VD88) 
Drilling Method Hollow-Stem Auger ~~:~g(NAD83) N: 158734.48; E: 1275469. 7~ 
Sampling Method 18" Selit-Seoon Holt Drilling 

~ 
~ 
-8 g 
ii'. 
q 
><'. 
w 
w 
n:: 
0 
(/) 
w 
z 
i5 
:;; 

Depth/ 
Elevation 

U!L 

25 

30 

1-35 

-

.Y 

t:: . 
t:: 

·_ t:: 
t:: 
t:::·.· 

... t::::: . 

. t:: .. 
t:: 
t:: 
·~ 

-·=-· ·t:::· 
:_.t:::·.· 
~ . 
. t:::. 
t:::· 
t:: . ._ 

. t:: 

~-~ 

Sample 
Well Construction ID 

8 

ATO 

9 

10 

10 - 20 Sand filter padc 

2" Sch 40 PVC 20-slot 
screen 24. 75 - 29. 75' 11 

3" Threaded PVC Cap 

12 

Drilling Contractor: Start/Finish Date 6/27/2005; 6/27/2005 

S ceet driven % Blow Mij. 
Desctiption T recovered Recove,y Coun t Graphi 

Medium dense, wet, gray-blue, slightly silty SAND; fine to coarse sand 
(SP). 

1.5/1.5 100 6 
6 
12 

Trace fine to coarse gravels. 

1.5/1.2 80 8 
13 
14 

1.5/1.5 100 13 
15 
1\'.l 

1.5/1.5 100 17 
18 
1\'.l 

Bottom of boring = 30.0 Feet 
Increase in quantity of fine gravels. 

1.5/1.5 100 9 
19 
26 --~-----------------------------

[ZL_J_ _ _J ______ _JL _ _J_J_ __ L _ _J _ _.l _ _i ________ -:-_-:-: ___ .. "ac ______ -; 
0 

Sample Type (ST)·. Logged by: JMS 3:: .Y Water Level A TD 

! I 18" Split Spoon 'S/.. Static Water Level Approved by: JJS 
w 

8 ~ Grab Sample 
:;; 

~L ___ .t;l9.;;!,_~N~o~R~e~co~ve~ryL ______ ..;._ ___________________ .:.F.:;ig;!.:u::.re::...:.N::o::... ___ c,;:._-2=---------' 
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Geologic & Monitoring Well Construction log 
Project Number I Well Number I Sheet 

04016A DMC GW-9s 1 of 2 
Project Name 

Location 

Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) _2..;.5..;.1;.::.2:....;1 ____ _ 

SeaTac, Washington 

Hollow-Stem Auger Drilling Method 

Sampling Method 18" Split-Spoon Drilling Contractor: Holt Drilling 

Ground surface elevation (NA VD88) 251.36 

~~:~~g{NAD83) N: 158325.11; E: 1275437 .1 ~ 
StarVFinish Date 6/27/2005; 6/27/2005 

Depth/ 
Elevation Well Construction 

/ftl 
~ ~ u ~,usn stee1 monument 

~ ~ Concrete seal 0'-1.5' 

~ ~ 

5 

2" Sch 40 PVC Casing 

10 Granuar bentonite seal 
1.5'-25' 

15 

-
Sample Type (ST): 

I 18" Split Spoon 

~ Grab Sample 

§ No Recovery 

Sample S •eel driven % Blow Mtl. 
Oesaiption 

ID T recovered Recovery Count Graphi 

1 1.5/1.5 100 

2 1.5/1.5 100 

3 1.5/0.7 44 

4 1.5/0.7 44 

1 
1 
1 

12 
17 
16 

7 
14 
23 

~··~ TOPSOIL 
,, ,..,, Topsoil and grass cover 

RECENT ALLUVIUM 

Very soft, moist, gray-blue, slightly sandy, very silty CLAY (CL). 

RECESSIONAL OU"TWASH 

Dense, moist, gray-blue, silty SAND (SM); trace organics, fine to coarse 
sand. 

• 0. C -Dense:-moist, yeUow-red, slighty silty, very sandy GRAVEL (GW), rounded 
0 ~: to sub rounded, fine to coarse gravel, fine to coarse sand. 

17 ?o?o 
18 b Cl C 

1-------~--~ .... 2...i.'1-l? 0 ?; 
p C) C 
0 0 0 0 o,o, 

Y. Water Level ATD Logged by: JMS 
5l. Static Water Level Approved by: JJS 

Figure No. C-3 

• 
• 

• 
• 

• 
~·• 
•• 

·-.. 
.. 

: .. 

• 

• 
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Project Name 

Location 

Geolo!:lic & Monitoring Well Construction Loa 
Project Number I Well Number I Sheet 

04016A DMC GW-9s 2 of 2 
Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) _2_5_1._2_1 ____ _ 
SeaTac, Washington 

Drilling Method 

Sampling Method 

Hollow-Stem Auger 

18" Split-Spoon Drilling Contractor. Holt Drilling 

Ground surface elevation (NAVD88) 251.36 

~~:~~g:NADB3)N: 158325.11; E: 1275437.12 
Start/Finish Date 6/27/2005; 6/27/2005 

Oepth/ 
Elevation 
-®._ 

25 

30 

35 

I.! 

.· :t:: .· :t::_·: 
t::: 

. t= .· 

. ·t=. 
~-

·.- t:: . 
. ._ . ~ 

. t= .· 

. t::: 

.. t:: 

. t::. 

. ·t=. 
t::. 

. ._ 
. -~ 
. t:: . 

t::: .. ·t:: . 
t::: 

~-~ 

Well Construction 

6/27/05 

10-20 Sand filter pack 

25'-32.5' 

'Z' Sch 40 PVC 20-slot 
screen 27.25' - 32.25' 

3" Threaded PVC cap 

Sample S "'••I driven % Blow MU. 
Oescsiption ID T recovered Recovery Count Graphi 

6 0.5/0.1 17 

7 1.0/1.0 100 

'';' 0 ';' ( 
DOC 

50/6"?0? 
DOC 

?o?: 
DOC 

?o?· 
Do< 
0 0 0 0 

?o? 
Do< 

?o?: 
DO< 

io· 8· 
• 0 ,'' 

PRE-FRASER NON GLACIAL 

Very dense, wet, yellow-red, slighty silty sandy GRAVEL (GW); fine to 
coarse gravel, fine to coarse sand. 

,g ;'0 ~ Bottom of Boring = 32.5 Feet 
';' 0 • ( 1.0' thick, slightly silty SAND; lense with trace gravel. 

28 ~;'0 : 

50/6"0 0 • 0 • ( 
f---~f---+---if--i~a~~-----------------------------

gi1--_..1.__--1.. ______ ....L_ __ .1-1. __ -'------''----L-_._ ______________ JM-S--------1 
~ Sample Type (ST): .! Water Level ATD Logged by: 

~ I 18" Split Spoon '¥- Static Water Level Approved by: JJ S 
8 ~ Grab Sample 
::;; 

~L ___ .i;§~.:.N:;:o:,.:R.::e:.::co:::::,:ve:::,ry!,_ ___________________________ F.:.ig:::;u.:.r.:.e.:.N.:.o.:.. ___ C.:._-_3 _______ __. 
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Geologic & Monitoring Well Construction Lo~ 
Project Number I Well Number I Sheet 

04016A DMC GW-9d 1 of 3 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) _2_5_2_.3_1 ____ _ 

Location SeaTac, Washington 

Drilling Method Hollow-Stem Auger 

Sampling Method 18" Split-Spoon Drilling Contractor: Holt Drilling 

Ground surface elevation (NAVD88) 252.56 
Northing/ N· 158333 2 · E· ,, 
Easting(NAD83) · · 4, .1275429.7, 
Start/Finish Date 7/11/2005; 7/11/2005 

Oepth/ 
Elevation 

{ft) 

5 

10 

15 

-

Well Construction 

1 L flush steel monument 
Concrete seal 0'-1.0' 

Bentanite slurry seal 
1.0'-32.0' 

2" Sch 40 PVC casing 

'SJ_ 7/11/05 SWL 

Sample Type (Sl): 

I 18" Split Spoon 

[Ql Grab Sample 

§ No Recovery 

Sample S eel driven % Blow MU. 
Description 

ID T recovered Recovery Count Graphi 

2 

3 

4 

1.5/1.5 100 

1.5/1.0 67 

1.5/1.2 78 

1.5/0.8 50 

2 
2 
4 

6 
7 
14 

7 
12 
14 

,, ~~ ., , 
TOPSOIL 

Topsoil and grass cover. 

RECENT ALLUVIUM 

Very soft, dry-moist. red-brown, slighty sandy. very clayey SILT (ML) to 
very silty day (CL) with organics. 
1/4 - 2" fine to coarse sand lense. 

RECESSIONAL OUTWASH 

Loose, moist. light gray, slightly silty SAND (SP); trace organics; poorly 
graded, well sorted fine to medium sand. 

Fine sand with brown staining and trace gravels. 

g-g-g- -Dense, moist-wet, yellow-red, slightly silty, very sandy GRAVEL (GP); fine 
o go to coarse sand, predominantly medium to coarse gravel. , 

12 000 
000 

15 °o 0 

1? ggg 
000 
000 
o 0 o 
g~g 

.Y Water Level ATD Logged by: JMS 

'SJ_ Static Water Level Approved by: JJS 

Figure No. C-4 
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-
-
-

-
-
-
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Geologic & Monitoring Well Construction Log 
Project Number 

I Well Number I Sheet 

04016A DMCGW-9d 2 of 3 -
_, 

Project Name Des Moines Creek Regional Retention/Detention Faciliti'. Top of Casing (NA VD88) 252.31 
Location SeaTac, Washington Ground surface elevation (NAVD88) 252.56 

-·· Drilling Method Hollow-Stem Auger ~~=~i{NAD83) N: 158333.24; E: 1275429. 77 

Sampling Method 18" SQlit-SQOOn Drilling Contractor: Holt Drilling Start/Finish Date 7/11/2005; 7/11/2005 
Oepth/ Sample S Feet driven % Blow Mt!. 

Elevation Well Construction ID T recovered Recovery Count Graphi 
Description 

LJ!!L -_, 
o-o 
o 0 o 
o 0 o ego 
00~( 
coo, 
000 
000 - 000 
000 
000 
000 

a fl~ 
Grades to slightly silty, very sandy GRAVEL (GP-GM). 0 

0 ' -· 5 1.5/1.0 67 17 0 
0 

18 0 
Q )'I 

21 0 
0 
0 
0 ) ' - 0 
0 

25 0 
0 ' 0 
0 

.Y. 0 
ATD 0 ' - 0 

0 
0 
0 

g le 
0 :o. - ,0 

0 PRE-FRASER NON GLACIAL 6 1.0/1.0 100 28 0 • 

50/6" 
o )I< 
0 

Very dense, wet, yellow-red, slightly silty sandy GRAVEL (GP-GM); fine to 0 
0 - 0 1, coarse sand, fine to coarse gravel, large dasts of volcanics. 
0 
0 
0 

30 0 
0 ( 

., 
0 - g p' 

g le 
0 
o D < 

Granula.- bentonile seal 
g le 
0 - 32.0'-36.0' 0 ' 0 

IC Grades to silty, sandy GRAVEL. 
b 

7 1.5/0.7 44 12 
I< ~ 0 

34 I• .le - 50/5"Pc ~-
I' IC 

~ ~-
.,;; 35 I• !O 

~ ~-
"' 10-20 Sand filter pack 8 
"' 36.0'-45.0' 
"' - "' ~ 0 

0 
10 0 

0 
-, 0 Grades back to slightly silty sandy GRAVEL. 0.. 0 
(!) 0 ' - "' 100 50/6" 0 w 8 0.5/0.5 O ll w 
0:: 0 
u o D < 
en 0 
w 0 z 0 6 0 ' - ::;; g le en t:::· w 
0 

Sample Type (SD: Logged by: JMS s: .Y. Water Level Am 
::;; I 18" Split Spoon JJS en "¥- Static water Level Approved by: 
w - z 

~ 6 Grab Sample 
::;; 
en § No Recovery Figure No. C-4 w 
0 

-
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GeoloQic & MonitorinQ Well Construction Log 
Project Number I Well Number I Sheet 

04016A DMC GW-9d 3 of 3 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) _2_5_2_. 3_1 ____ _ 

Location SeaTac, Washington Ground surface elevation (NAVD88) 252.56 

~~:~~g(NADB3) N: 158333.24:. E: 1275429. 77 

Start/Finish Date 7/11/2005; 7/11/2005 

Drilling Metllod Hollow-Stem Auger 

Sampling Metllod 18" Split-Spoon Drilling Contractor: Holt Drilling 

Depth/ 
Elevation 

(ft) 

~45 

50 

55 

~ 
~ 

·.t:: 
·= 
. ;::: 
-·::::. 
-·· 

·=· 
=· ·-= =·· ·=. 
-.· 

·.-. - . 

·-=-·-·=· ·-_·= 
.·-

Well Construction 

'Z' Sch 40 PVC 20-slot 

screen 39. 75'-44.75' 

~llllcc:..'. 3" Threaded PVC cap 

Sample S "eel driven % Blow MU. 
ID T recovered Recovery Count Gra phi 

0 
0 
0 D 1 

g le 
0 
0 I 

g le 
g p I 

g le 
0 
o D 
0 
0 

9 0.9/0.5 55 32 0 ' 

50/5" 
0 ) 
0 
0 l--------+---1---l'o' 
0 ) 
0 
0 

Description 

1----.....,----+---1---.,.S:u.....,i ,Bottom of bori.!Jfl.:' 45.0 FEET ________________ _ 
· ·. Loose, wet, yellow, slightly gravelly SAND (SP); fine gravel, fine to coarse 

10 1.5/0.2 11 7 
2 

sand, predominantly medium. 

1------·--1---~1-4~r--------------------------------

l'51---~--~-------~--......_.___ _ __. ___ .____~_......_ ____________________ _ 
;;: Sample Type (ST): JMS 
~ I 18" Split Spoon 
w 

.!. Water Level A TD Logged by: 

¥ Static Water Level Approved by: JJS 
~ IQ! Grab Sample 
::;; 

~----"'§"-_N_o_R_e_oo_ve_ry.._ ___________________________ ..;._ _________ _ Figure No. C-4 
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' Aspeciconsutting 
• IN-DE~ PERSPECTIVE 

Geolo ic & Monitorin Well Construction Lo 
Project Number 

04016A 
Well Number 

DMCGW-7s 
Sheet 

1 of 1 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) _2_5_7._2_3 ____ _ 

a'. 
Cl 
,i. 
w 
w 
0:: u 
U) 
w z 
6 
::;; 
U) 

Location SeaTac, Washington 

Drilling Method Well Decommission 

Sampling Method 

1524 

Granular bentonite seat 
0.3·-10· 

20-40 Sand filter pack 

10'-10.4' 

10-20 Sand filter pack 10.4' 

- 12' 

3/4" ID PVC prepack s 

assembly; 10-slot, with 

~Ofilter11'-12' 

Sample 
ID 

Drilling Contractor: Holt Drilling 

Ground surface elevation (NAVD88) 254.98 

~~:~g[NADa3)N: 158927.91; E: 1275460.8 

Start/Finish Date 6/27/2005; 6/27/2005 

% Blow Mtl. 
Recovery Count Graphi 

Description 

Well Abandonment: On 6/27/05 the well was filled to a depth of 12 feet 
with bentonite dlips (-10 lbs). The well monument and bollards were 
removed. Any concrete used in the construction of the well was also 
removed. 

~1----------'---------'---'-.....__ _ __. __ __. _ _.__~---------------J-M-S--------1 
:?: Sample Type (Sn: .Y. Water Level A TD Logged by: 

~ I 18" Split Spoon '5l- Static water Level Approved by: JJ S 
6 &1 Grab Sample 
::;; 

~..._ ___ ,..§..__N_o_R_e_co_ve~ry.__ ___________________________ F_ig_u_re_N_o_. ___ A_-_1 _______ -
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Geolo ic & Monitorin Well Construction Lo 
Project Number 

04016A 
Well Number 

DMC GW-7d 
Sheet 

1 of2 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) _2-'-57_ . ...c.3..c.9 ____ _ 

Location SeaTac, Washington 

Drilling Method Well Decommission 

Ground surface elevation (NAVDBB) 255.11 
Northing/ N. 26 6 . . 
Easting (NADa3) . 1589 . 6, E. 1275463.5 

Samprtng Method Drilling Contractor: Holt Drilling Start/Finish Date 6/27/2005; 6/27/2005 

Granular bentonrte seal 
0.3'-15.75' 

20-40 Sand filter pack 

15.75' -16' 

Slough 16' • 22' 

Sample S eetdrive % Blow MU. 
ID T recovered Recovery Count Graphi 

Description 

Well Abandonment: On 6/27/05 the well was filled to a depth of 22 feet 
with bentonite chips (-15 lbs). The well monument and bollards were 
removed. Any concrete used in the construction of the well was also 
removed. 

~1----"'-L 

JMS s: 
::; 

"' w z 
i5 
:;;; 

"' w 

Sample Type (S1): 

I 18" Split Spoon 

IQ} Grab Sample 

.!. Water Level A TD Logged by: 

¥ Static Water Level Approved by: JJS 

a.._ __ __.=-----'----------------------------"---------------' § No Recovery Figure No. A-2 

; .'I 

• 

: '·· 
•• 
' l 

l .. 

-
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• 
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' Aspeclconsutting 
• IN-DEPTH PERSPECTIVE 

Geologic & Monitoring Well Construction Lo~ 
Project Number I Well Number I Sheet 

04016A DMCGW-7d 2of2 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAV088) _2_57_._3_9 ____ _ 

Location SeaTac, Washington 

Drilling Method Well Decommission 

Sampling Method Drilling Contractor: Holt Drilling 

Ground surface elevation (NAVD88) 255.11 

~~:~g(NADB3) N: 158926.66; E: 1275463.53 
Start/Finish Date 6/27/2005; 6/27/2005 

Depth/ 
Elevation 

(ft) 
Well Construction 

SWL of 20.88 ft on 6127/05 

314" ID PVC prepack screer 
assembly; 10-slot, with 

Sample S ~eet driven 
10 T recovered 

% Blow Mij_ 

Recovery Count Graphi 
Description 

Well Abandonment: On 6/27/05 the well was filled to a depth of 22 feet 
with bentonite chips (-15 lbs). The well monument and bollards were 
removed. Any concrete used in the construction of the well was also 
removed. 

- 20-40 filter 21' - 2Z 

-
-
-
-
-
-
-
-
-
-
-
-
-

g 
N 

,0 
N 

:. 
.a 
-§ 
0 

~ 
C!) 

"' w 
w 
a: u 
U) 
w 
z 
5 
::. 
U) 

r- -

30225-

~1----'-----'--------'---..l-l.---'---....___. _ __,_ ______________ J_M_S ______ --t 

3:: Sample Type (ST): .Y Water Level A TD Logged by: 

~ I 18" Split Spoon 'SI- Static Water Level Approved by: JJS 

13 &J Grab Sample 
::. 
~'------=§,.__N_o_R_e_co_ve_ry,._ ___________________________ F_i.a.g_ur_e_N_o_. ____ A_-_2 _______ ......, 



Geolo ic & Monitorin Well Construction Lo 
Project Number 

04016A 
Well Number 

DMC GW-9d 
Sheet 

1 of 3 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) 

Location SeaTac, Washington 

Drilling Method Well Decommission 

Ground surface elevation (NA VD88) 
Northing/ 

Sampling Method Drilling Contractor: Holt Drilling 
Easting (NAD83t-----------­
Start/Finish Date 7/11/2005; 7/11/2005 

...., 
a. 
Cl 

"" w 
w 
0:: 
0 
(/) 
w z 
6 
::; 

5 

10 

15 

Granular bentonite 
1.5'-37.0' 

Sample Type (ST): 

,,, I 18" Split Spoon 
w 

~ IQ} Grab Sample ::; 

Sample 
ID 

% Blow Mtl. 
Recovery Count Graphi 

Description 

DMC GW-9d was damaged during construction and a new well was 
completed (see Appendix C-4 for well log). 

Well Abandonment: On 7/11/05 the well was filled to a depth of 43.25 feet 
with bentonite chips (-75 lbs). The well monument and concrete used in 
the construction of the well was removed. 

l'.. Water Level ATD 

5l- Static Water Level 

logged by: 

Approved by: 

JMS 
JJS 

~L....-------'-N_o_R_e_co_ve_ry......_ ___________________________ F.::ig_ur_e_N_o_. ____ A_-_3 _______ __. 
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' Aspedconsutting 
• IN--OEPTH PERSPECTIVE 

Geolo ic & Monitorin Well Construction Lo 
Project Number 

04016A 
Well Number 

DMC GW-9d 
Sheet 

2 of 3 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVD88) 

Location SeaTac, Washington 

Drilling Method Well Decommission 
Ground surface elevation (NA VD88) 
Northing/ 

Sampling Method Drilling Contractor: Holt Drilling 
Easting (NAD83i-----------­
Start/Finish Date 7/11/2005; 7/11/2005 

25 

30 

35 

Well Construction 

10.20 Sand mer pack 
37'-43' 

Sample 
ID 

% Blow MU. 
Recovery Count Graphi Description 

Well Abandonment: On 7/11/05 the well was filled to a depth of 43.25 feet 
with bentonite chips (-75 lbs). The well monument and concrete used in 
the construction of the well was removed. 

gj.___......__ 
Sample Type (Sn: JMS !!: 

::;; 

"' w z 
0 
::. 
"' 

I 18" Split Spoon 

~ Grab Sample 

Y. Water Level Am Logged by: 

'Sl- Static Water Level Approved by: JJS 

gjL----J.=-.:..:.::..:..:::.::::..:;:::.L. ______ .......;, ____________________ .....:;:. ______________ __. No Recovery Figure No. A-3 
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Geologic & Monitoring Well Construction Log 
Project Number I Well Number I Sheet 

04016A DMC GW-9d 3 of 3 
Project Name Des Moines Creek Regional Retention/Detention Facility Top of Casing (NAVDBB) -------­

Ground surface elevation (NA VD88) Location SeaTac, Washington 

Drilling Method Well Decommission Northing/ 

Sampling Method Drilling Contractor: Holt Drilling 
Easting (NAD831----------­
Start/Finish Date 7/11/2005; 7/11/2005 

Oeplh/ 
Elevation 

/ft\ 

50 

55 

Well Construction 

"-- c_._ 3" Threaded PVC cap 

Sample S Feet driven % Blow MU. 
ID T recovered Recovery Count Graphi Desctiption 

Well Abandonment On 7/11/05 the well was filled to a depth of 43.25 feet 
with bentonite chips (-75 lbs). The well monument and concrete used in 
the construction of the well was removed. 

~t---'----'--------'-----'--'----''-----'---'--_,_ _______________ J_M_S---------1 
> Sample Type (ST): .Y. Water Level Am Logged by: 

~ I 18" Split Spoon 'SJ Static Water Level Approved by: JJS 
g ~ Grab Sample 

~ ..... __ -...1~--~N_o;...R;...e;...co;.;.....ve;...ry..._ _____ .....; ____________________ F..;;:ig_ur_e_N_o_. ___ A_-3 _______ .....J 

r~.; 
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S. 196th St. 

\. 

Legend 

Excavation Boundary 

Line of Geologic Cross Section 

Monitoring Well 

Outlet Control 
Structure #2 

/ 

I _J 

,) 

-

Outlet Control 
Structure #1 

Highline Water District 
Tyee Well 
22N4E4F1 

S. 200th St. 

0 

I 
N 
I 

300 

Feet 

600 

~ 

9 
l{) 
0 
0 

~ 
Q) 

~ u 
VJ 
Q) 
C: 
·5 
~ 
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Regional Plan View ~ "'"' PROJECT NO. 
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