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FROM: Michael Kenrick & Reese Hastings, Hart Crowser Inc.

RE: Hydrologic Conditions and Wetland Hydrology
Borrow Area 1 ch,ca_o

4978-62

Denver

INTRODUCTION

This memorandum provides an analysisof pre-construction and post-construction surface

water and groundwater conditions at Borrow Area 1, which is one of the three proposed on- Fairbanks
site borrow areas that are part of the Port of Seattle's Master Plan Update for Sea-Tac

International Airport (STIA). The analysisincludes evaluations of changes to local surface

water and groundwater conditions, and measures planned by the Port to avoid potential

hydrologic impacts to Des Moines Creek and wetland resources.
Jersey City

The FinalEnvironmental Impact Statement (FEIS)prepared for STIA's Proposed Master Plan

Update development actions (FAA 1996) discusseddevelopment of construction fill
material borrow areas from eight identified sourceswithin property controlled by the Port.

Further study by the Port has focused on the Borrow Areas designated 1, 3, and 4, which Suneau

are proposed to provide a combined total of 6.7 million cubic yards of fill material for
embankment construction. Drawing 1 - Site and Exploration Plan shows the layout of

Borrow Area 1. Development of materials from Borrow Areas 3 and 4 and the mitigation of

potential hydrologic impacts to wetlands has been addressed in separate memoranda, Lonq Beach

including Sea-TacThird Runway Borrow Area 3 Preservation of Wetlands (Hart Crowser

2000) and the conceptual development and reclamation plan (Hart Crowser 2001).

SUMMARY Portland

Development of Borrow Area 1 has been planned to avoid disturbing wetlands to the

maximum practical extent, and to avoid negative impacts to site hydrology associated with
Seattle
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runoff and infiltration. The analysisof hydrologic impacts to wetlands discussed herein is

consistentwith results of the previous hydrologic study commissioned by the Washington

State Department of Ecology (PGG 2000).

The proposed excavation plan for Borrow Area 1 preservesthe upgradient surface drainage
features that currently provide water to off-sitewetlands, and promotes additional surface

drainage that will continue to sustain these wetlands. Wetlands internal to the site (1.08

acres) will be unavoidably impacted by the borrow excavation. However, the excavation
will remove mostly glacial till soils,which currently promote runoff and interfiow that follow

a relatively direct path to Des Moines Creek.

The completed excavation will expose an area of advance outwash soil below the glacial till.
Since the outwash soilshave greater permeability compared to the glacial till, precipitation

and runoff from the post-mining topography will infiltrate into the exposed outwash and

increase recharge to the underlying water table. This process will increase overall flow path

duration, groundwater storage,and result in increased base flow to Des Moines Creek.

EXISTING CONDITIONS

Borrow Area 1 is located lessthan a mile south of the STIA's34R runway. It consistsof

approximately 116 acres situated northwest of South 216th Street and 24th Avenue South.

The area is bounded by these streets to the south and east, respectively, and on the north
and west sides by the Des Moines Creek Park and the proposed Washington State

Department of Transportation (WSDOT) SR-509 extension right of way. Borrow Area 1
straddlesthe boundary between the City of Des Moines and City of SeaTac.

Site Geology

Investigations of site geology at Borrow Area 1 have consisted of a review of prior field
work in the area and sixexploratory borings drilled by Hart Crowser in 1999, as shown on

Drawing 1. The surficial geology in Borrow Area 1 previously identified as consisting of

glacial till, preglacial, and recessional outwash materials (AGI 1995 and 1996) has been
modified somewhat by more recent boring information. Hart Crowser's work determined

that the glacial till forms a moderately thick continuous layer, with surface expression in the
southern, central, and eastern portions of the site,while recessional outwash covers the

lower elevations in the northern part of the site.

AR 053196



r B_

rT

HNTB 497862

December 12, 2001 Page3

Drawings2 and 3 showtheprincipalsoilunits(recessionaloutwash,glacialtill,and advance
outwash),whicharerelativelycontinuousacrossthe site. Forclarity,severalminorsoilunits
thatare not continuouslypresentat the siteare discussedbelow,but are not shownon the

drawings.

Shallow Soils

Topsoil. Typically,thissoilconsistsof a loosemixtureof siltandsandwith roots andother
organicmaterial.Topsoilisgenerally1/2 to 1 foot thick whereencountered.Many of the
surficialsoilsat the siteappearto be glacialsoilsat differentstagesof weathering.

Fill Soils. Fillsoilswere encounteredin both the northandwestof the site,typically

associatedwith accessroads,pavedstreets,or othergradingactivitiesassociatedwith prior
siteuse. Fillsoilsare generallylooseto mediumdense,comprisinga variablemixtureof silt,

clay,sand,andgravel,andappearto be derived fromthe localglacialsoils.The densityand
granularnatureof the fillmaterialsresemblethe recessionaloutwashdeposits,and the fill is
sometimesdifficultto distinguishfrom the outwash.

AlluvialDeposits. Thesesoilsoccur in the low-lyingareasand generallyconsistof softor
loose,moistto wet, interlayeredsilt,sand,andpeal While limitedoccurrencesof these
soilshavebeen observedin the field,nonewere notedin ourexplorationborings.

RecessionalOutwash. Thismaterial isgenerallyslightlysiltyto silty,slightlygravellyto

gravellysand. Recessionaloutwashoverliesthe glacialtill,andoverliesthe advance
outwashwhere theglacialtillhasbeen eroded. Localizedareasin the northernportionsof
BorrowArea 1 havedepositsof recessionaloutwashmeasuring20 feet or more in
thickness.

Deeper Soils

Glacial Till. Thetill formsthe predominantglaciallyoverriddenunitunderlyingthe surficial
materialsdescribedabove. Thismaterialisgenerallycomprisedof a dense,slightlygravelly
to gravelly,silty to very siltysandwith localareasof gravellyclay. The particlesize

gradationof the till variesboth verticallyandlaterally,asiscommonin the PugetLowland.

In general,glacialtill differsfrom the overlyingrecessionallayersby havinga highersilt
contentandmuchhigherdensity.The top of the glacialtillsoilsisgenerallywithin 5 feet of
the groundsurfaceexceptin the northernportionsof BorrowArea 1. Someweatheringhas
been noted nearthe surfaceof theglacialtill inexplorationsof the borrow area.
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Advance Outwash. This material is generally dense to very dense, slightly silty, slightly

gravelly to gravelly sand. Most fines were washed away as this material was laid down by
melt water from advancing glaciers, so the advance outwash can generally be distinguished

from the glacial till by lower siltcontent. However, some areas of advance outwash may be

silty or contain lenses of lacustrine silt and clay. The advance outwash occurs beneath the

glacial till in the borrow area.

Surface Topography and Runoff

The site of Borrow Area 1 forms part of an elevated bluff rising above the southeast bank of
Des Moines Creek where it crossesthe boundary between the City of SeaTac and the City

of Des Moines. Surface soilswithin Borrow Area 1 have been disturbed by prior site use, as

noted by Parametrix (2001 a). This area was a well-established residential development prior

to acquisition by the Port of Seattle in the 1970s. The dominant topography and surface
conditions at the site therefore include remnant features of site development prior to the

Noise Abatement buyout and subsequent demolition of housing in the area.

Site development and abandonment has left a network of paved streets and old housing

plots, which still carry features such assurface and roadside drains,buried pipes, and
abandoned culverts. Previous grading has modified the land surface in the form of site

levelin_ driveways, landscaping, etc. Depressions filled with impermeable soilscontribute

to local ponding of water. These features tend to control drainage from the eastern and

mid-sections of Borrow Area 1, affecting the concentration of runoff in a number of
instanceswhich have a direct bearing on the occurrence of wetlands, as described below.

Generally, the presence of the underlying glacial till layer promotes surface runoff and

interflow, with lessinfiltration and deep percolation compared to outwash soils.

Consequently, the overall hydrology of the existing site currently provides significant

quantities of runoff, either directly or as short-term interflow, which has a relatively rapid

flowpath to Des Moines Creek.

Groundwater Conditions

Hart Crowser has monitored the groundwater levels in eight monitoring wells within Borrow

Area 1 from the spring of 1999 to the spring of 2001. The water level monitoring data for
the two-year period are presented in Table 1 and displayed on Drawing 4. The highest

recorded groundwater levels (Spring 1999) are shown on Drawing 4, along with

interpolated water level contours for groundwater in the advance outwash beneath Borrow

Area 1. Seasonal variation in groundwater levels has ranged from 2.9 to 5.0 feet.
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Groundwater elevations shown on Drawing 4 indicate flow is generally toward the

northwest, consistentwith recharge entedng the Shallow Regional Aquifer beneath a broad

area of higher ground southeast of Borrow Area 1. The water table in the advance outwash

generally mimics the local topography manifesting a hydraulic gradient from Borrow Area 1
down to Des Moines Creek. The water table slopesconsistently toward Des Moines Creek,

imply,ng tnat groundwater discharge from the shallow aquiter contributes to Des Moines
Creek baseflow (Hart Crowser 1999a). The Shallow Regional Aquifer also recharges deeper

aquifers beneath the Des Moines upland and dischargesvia underflow into Puget Sound
and the Green River valley (AGI 1996).

On an average annual basis, precipitation on the glacial till (and surficial soils underlain by

shallow glacial till) can be divided as shown below, based on hydrologic modeling

performed for the Port (Parametrix 2000b) that simulates basin-wide conditions for Des
Moines Creek:

Hydrologic Component Forested Till Grassed Till

Evapotranspiration 40.5% 33.8%
Direct Surface Runoff 0.2% 1.1%

Interflow (Basin Runoff) 8.5% 26.8%

Shallow Recharge (Baseflow) 19.2% 15.3%

Deep Recharge 31.6% 23.0%

The glacial till has low to moderate permeability, allowing on average between 38 and 51

percent of precipitation to percolate down to the underlying advance outwash (i.e., the

combination of shallow recharge and deep recharge). The advance outwash is typically

more permeable than the glacial till. By contrast, deep percolation through outwash that

becomes groundwater recharge is therefore somewhat greater (between 60 and 68 percent

of annual precipitation), where the till is not present, asthe following figures show:

Hydrologic Component Forested Outwash Grassed Outwash

Evapotranspiration 40.1% 32.2%
Direct Surface Runoff 0.1% 0.3%

Interflow (Basin Runoff) 0.0% 0.0%

Shallow Recharge (Baseflow) 22.2% 26.3%

Deep Recharge 37.6% 41.2%

The glacial till forms a semi-perching layer with winter precipitation typically saturating the

near-surface soilsand generating significant quantities of interflow. A local perched water-
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bearing zone is commonly observed in the topsoil and upper portion of the till, especially

where shallow porosity and permeability of the glacial till have been increased by

weathering processes. These perched or interflow zones occur principally above the

unweathered glacial till layer (which is mostly unsaturated), and well above the much

deeper groundwater level in the advance outwash.

Deep percolation through the till occurs as unsaturated flow that is controlled primarily by
the moisture and permeability characteristicsof the till. The maximum percolation rate
occurs under conditions that are likely close to saturation during the winter months. This

rate is around 10 inches per month, based on the above HSPF data, and corresponds to a

saturated permeability for the till of 1 x 10.5cm/sec (0.028 h/day).

Since the till exhibits low to moderate permeability, it does store and transmit some water;

however, it is not normally considered to be an "aquifer" because the rates and amounts of

water transmitted are small in comparison to more permeable depositssuch as the outwash

materials, which are largely composed of sands and gravels. Horizontal flow within the till is

therefore not generally considered to be significant; however, vertical flow, especially over

large areas, can form a small to moderate portion of the overall water balance for some

groundwater systems.

Although the potential deep percolation rate through the outwash is significantly higher than

that for the till due to its much higher permeability, actual rates are controlled by the
amount of water available from the surficial soil zone due to precipitation, after

evapotranspiration demands have been meL In the Des Moines Creek basin, maximum

monthly percolation rates through the outwash are therefore limited to approximately

25percent higher than those for the till, based on the HSPF data cited above.

Wetland Hydrology

Development of Borrow Area 1 will eliminate all or portions of three wetlands (designated
B11, B14, and part of B12) totaling 1.03 acres as shown by comparison of Drawing 1 and

Drawing 5. However, the remaining acres of wetlands within or adjacent to the proposed
excavation will be protected by designingthe borrow site to avoid impacting their surface

catchment areas, and this will help to avoid or mitigate temporary, impacts to off-site

wetlands along with the imposition of protective buffers to limit adjacent disturbance

(Parametrix 2000a and 2001b).

Wetland hydrology for those wetlands designated for avoidance of permanent impacts is
addressed below.
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Wetland I]-1 (on the east side of Borrow Area 1) is connected to the neighborhood storm

drain system to the east via a ditch and is surrounded by upland forest. It occupies a

shallow depression located on till soils. Precipitation and stormwater runoff conveyed to the
wetland from the ditch to the east appears to maintain seasonally wet soils in the wetland.

Wetland 13-4(on the west sl0e of the sitei is located at the base of a steep ravine where
surface water, interflow, and shallow groundwater seep into a seasonal drainage. The base
of the ravine contains a failed stormwater discharge system, and the ravine is littered with

disconnected sections of a 12-inch culvert. The culvert originally conveyed stormwater from

208th Street to Des Moines Creek, but over time stormwater runoff has eroded the pipeline

foundation, sections have separated, and flows have eroded the ravine. Ongoing erosion

has prevented the establishment of dense natural vegetation. Ground_ ater also see_s onto

the ravine slopes, and stormwater runoff enters the area from the east.

Wetland B12 (on the west side of the site) is located along a ravine that drains runoff from

the west of the perimeter of Borrow Area 1 to Des Moines Creek. The water entering the

ravine from upslope areas supoorts wetland conditions. Much of the water appears to

originate from the existing stormwater drainage system still in place along 20th Avenue
South.

Wetland B15 (a/b) and Wetland 48 are located along the southwest boundary of Area 1

and occur on a gentle slope (Wetland 15) or a shallow depression(Wetland 48). Portions

of both wetlands pond 1 to 2 inches of surface water during rainy periods. Portions of the
wetlands contain disturbed soilsand fill material, and they were recently (pre-1970s)

pastureland. Wetland hydrology appears to be sustained by direct precipitation falling on
relatively flat terrain underlain by low-permeability soils.

The wetlands are located above a relatively thick (>20 feet) layer of dense low-permeability

glacial till soilsthat likely encourages the shallow ponding and storage of water within the
wetland. Field observations indicate the wetlands' source of water appears to be

supplemented by overland flow and possibly shallow interflow from the gentle slopes that
form a small catchment area to the southeast. The eastern extent of the potential catchment

area is limited by 20th Avenue South, which is elevated relative to the surrounding land and

contains a stormwater drainage system. The street crown is sloped to the east, and directs
runoff toward a seriesof drainage ditches, storm drains, and catch basinsalong its eastern

margin. There appears to be little if any existing surface flow or runoff from areas located
on east side of 20th Avenue South to land west of the street, because the drainage system

intercepts this water and directs it to Wetland B12.
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Wetland B13 occurs downslope and west of the excavation area, and is in a ravine where

stormwater drainage pipes outfall. The hydrology of the wetland is similar to Wetlands B12
and B1, in that it is largely maintained by stormwater runoff generated from the paved
surfaces of abandoned streets (South 210th Street and 20th Avenue South).

Wetland 32 (located on the south side of the borrow area) is located on the northwest
corner of South 216th Street and 20th Avenue South. The wetland is situated in a small

depression that receives runoff from the stormwater ditch servicing the northern side of
South 216th Street. The wetland's catchment includes a small depression,which is slightly

larger than the wetland.

Wetland 51 (located to the northwest of the northern part of Borrow Area 1) occupies a

broad low-lying riparian area adjacent to Des Moines Creek. The area appears to be

underlain by outwash materials, with till that forms the next downstream reach of Des
Moines Creek to the south, possibly forming a buried shelf or dam that helps to impound

surface waters. The main portion of this wetland is situated generally at an elevation of
around 230 feet, which is similar to or lower than water levels measured in monitoring wells
at the northernmost end of Borrow Area 1 (see Drawing 4). These observations indicate

that this wetland is likely maintained by the water table present in the advance outwash

aquifer that extends beneath the site. A small portion of Wetland 51 occurs upslope of the

riparian area and is in a roadside drainage ditch north of Borrow Area 1. This area is outside
the Borrow Area Development Boundary and the runoff areas that contribute to the wetland

will not be affected by borrow area excavations.

SITE DEVELOPMENT

This section describes the basic approach of the Port plans to use to obtain borrow

materials from Borrow Area 1. Mine planning activities to date have focused on confirming

initial observations about site geology, hydrogeology, and revising the resource estimate by

applying a set of project limitations to a basic material extraction scenario. The site will be

developed to avoid or mitigate potential impacts to wetland resourcesdelineated within and

adjacent to Borrow Area 1. As soil excavation occurs, appropriate measureswill be taken to
ensure that erosion, sedimentation, and stormwater runoff are managed in accordance with

the Port's standards and state and local permit requirements. The effects of site

development activities on post-excavation surfacewater and groundwater features are also

presented below.
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Mine Plan

Planning for the excavation of Borrow Area 1 has focused on avoidance of wetland impacts

to develop a conceptual mine plan. Sequence of excavation and other details are not yet as

complete as those for Borrow Areas 3 and 4, which will be developed prior to Borrow Area

1. Mine planning activities for Borrow Area I are based on a resource estimate derived

from field explorations that supports basic mine planning assumptions and material haul

options. The resource estimate, development concepts, and haul options are described in

the following paragraphs.

Resource Estimate

Engineering estimates conducted in 1994 (AGI 1995, HNTB 1995) to support the FEIS
indicated that 6.6 million bank cubic yards (BCY - volume unit of soil in place, prior to

excavation) of material were available from Borrow Area 1. Changes in site development

conditions and the adoption of wider buffers around the site perimeter and adjacent to Des

Moines Creek resulted in this figure being adjusted in 1998 to approximately 4.8 million
BCY of borrow material.

Additional exploration borings (Hart Crowser 1999b) generally confirmed earlier

engineering estimates. While bedding thickness varies between sites, the slightly silty to silty

sandsand gravels in Borrow Area 1 materials closely resemble those observed in Borrow
Areas 3 and 4. After adjusting the conceptual mine plan to avoid all unnecessary wetland

impacts, recent estimates indicate that Borrow Area 1 could produce approximately 4.2
million BCY of borrow material. The post-excavation contours and geologic composition of

the remaining pre-reclamation materials are depicted on Drawings 5 and 6.

Conceptual Mine Plan, Assumptions and Constraints

Mine planning for Borrow Area 1 is intended to follow an approach similar to that taken in

developing Borrow Areas 3 and 4, described in the Conceptual Development and
Reclamation Plan for Borrow Areas 3 and 4 (Hart Crowser 2001 ). Equipment utilization, site

pre-development, seasonal operations, and reclamation would likely follow the similar steps

taken to develop the other borrow areas.

Drawing 5 illustrateshow the current development plan will avoid several perimeter
wetlands, and how it will typically maintain a 200-foot setback to protect the Des Moines

Creek riparian area. The Borrow Area 1 development plan is based on the following
constraints and assumptions:
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• The perimeter of the proposed excavation limits is inside a 50-foot reclamation setback
from the Area 1 property boundary;

• Wetland buffers of 50 feet separate mining-related surface disturbances from protected

wetlands, and a 200-foot setback to avoid impacts to the Des Moines Creek drainage

system;

• Temporary excavation and sediment controls (TESC)will be implemented prior to any
site disturbance. The TESCwill include provision to infiltrate detained stormwater to the

maximum practical extent;

• A 10-foot minimum separation will be maintained between excavation floor and

underlying water table;

• Final reclaimed slopes within the site will be 2H:IV or flatter, with the central part of the

site regraded to a minimum 2 percent drainage slope toward Des Moines Creek;

• Reclamation, includingreplacement of stockpiled topsoil, revegetation, and permanent
erosion and sediment controls, will be accomplished annually to protect the areas

already mined; and

• The Port will monitor the hydrologic, soil, and vegetation conditions in wetlands located

near the borrow areas according to conditions DS, D6, and D7 of the Water Oua/ity
Certification #1996-4-02325 (Amended- 1) issued by the Washington State Department

of Ecology on September 21, 2001.

Further refinements to this conceptual plan and the extraction schedule may be made as the
decisions to utilize these borrow materials progress.

Site Preparation, Stormwater Management, and Reclamation Activities

The Port would use a similar approach to site development, stormwater management, and

site reclamation as it has put forward for developing materials from Borrow Areas 3 and 4

(Hart Crowser 2001, Parametrix 2001a). All Temporary Erosion and Sedimentation Control

(TESC) and permanent, post-reclamation stormwater measures will be consistentwith the

NPDES Sandand Gravel General Permit, applicable portions of the King County Surface

Water Design Manual (King County 1998), and other applicable permits and approvals.
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Stormwater management and TESC facilities would be installed prior to site development.

Site clearing preparations would consistof vegetation stripping and topsoil removal. Prior to

vegetation stripping and topsoil removal, merchantable timber will be harvested and
removed from the site in accordance with a Forest Practices PermiL All remaining

vegetation would be removed and managed by composting or land filling as needed.

During the site clearing and pre-production stage,native topsoils would be stockpiled

adjacent to areas utilized for excavation and outside of wetland protection areas. The
stockpiled soilswould then be utilized in reclaiming each area.

Collection ditches would be used to direct site runoff to infiltration ponds, drainage swales,

or other diversion systems appropriate for site-specificstormwater drainage. These facilities

would be sized to accommodate a 100-year storm event while providing filtration for lesser

flows. Drawing 7 depicts general site drainage features of the post-excavation topography.

Depending on other Third Runway project constraints,utilization of Borrow Area 1 may

extend over 1, 2, or 3 years. Near the end of each work season, disturbed areas will be

stabilized, and reclamation efforts will be implemented to control wet season-related surface

erosion, slope stability, and stormwater runoff. As each portion of the borrow site is

permanently reclaimed, additional temporary, or permanent erosion, slope stability, and

stormwater management measures will be implemented as necessary. As shown on

Drawing 7, post-extraction topography would be contoured to drain naturally toward the
creek, with increased infiltration occurring where outwash soils are exposed in the floor of
the excavated borrow area.

Post-extractiontopography would drain toward the creek through approved erosion,

infiltration, and sediment control structures constructed along the western margins of the

excavation. During excavation and site development, these would include drainage ditches

and swales, stormwater detention ponds, and any stormwater BMPs required for treatment
of surface water runoff.

Impacts on Site Hydrology

Excavationof fill materials from Borrow Area 1 will change surface contours and exposed

surfacesoils,which will affect hydrologic processsuch as runoff, infiltration, intertlow, deep

percolation, and groundwater recharge. Drawing 6 illustrates the post-excavation limits and
resulting surficial geology.
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Runoff

Approximately 71 percent of the existing ground surface at Area 1 consistsof glacial till,

residual soils(topsoil, fill) derived from the glacial till, and/or other shallow soils underlain by

glacial till. This condition generates moderate to high rates of direct surface runoff and
interflow that currently flows overland or through the surficialsoils to enter Des Moines

Creek with little or no time delay. In addition, the site includes approximately 4.2 percent

impervious area composed of abandoned streets, old driveways, and concrete building
foundations. The remaining area (23 percent) is underlain by recessional outwash that is

relatively permeable and generates very little runoff. Approximately 1.9 percent of the site

is occupied by wetlands.

After excavation, the amount of exposed till surfaces is estimated to be reduced to 53

percent, with much of the surficial recessionaloutwash being removed along with a
substantialportion of the till. Exposed till slopes around the perimeter of the excavated area

would be expected to produce a temporary increase in runoff (which would be mitigated by

constructed stormwater management facilities) until they are reclaimed with topsoil and

planted. Lower runoff rates will occur on the relatively flat portion of the glacial till soils

(average slope about 2 percent) left in the main excavated area. Impervious surfaces will be
reduced to 1.4 percent, reducing the amount of runoff compared to existing conditions.

Infiltration

Infiltration into the till areas will be changed by the removal of vegetation and the
excavation that will create new surfaces,which will form the final grade within Borrow Area

1. After reclamation, the infiltration in the exposed till slopes around the excavation will be
lessthan occurs to current till soil areas, due to the increased average surface slope, lossof

forest cover, and lack of a surficialweathered till zone.

Existing infiltration into the surficial recessional outwash soils will be replaced by infiltration
into the increased area of exposed advance outwash beneath the till, which will occupy

approximately 45 percent of the site asshown on Drawing 6. Overall, rates of infiltration to
the site will increase due to the compensating effects of these changes in subsoil exposure.

Increased infiltration to the water table will have beneficial results of reducing peak flows to

Des Moines Creek, increasing groundwater recharge, and extending higher base flows from

the aquifer for longer periods into the late summer.
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Interflow

Interfiowcurrentlyprovidesa relativelyrapidpathwayfor a portionof the storedwater
perchedon the till to flow downslopeandinto Des Moines Creek. Thisflowpath(estimated
for HSPFsimulationsfor the ThirdRunwayproject to be typically3 to 7 daysin duration)

willbe interruptedby developmentof the BorrowArea 1. In the developedcondition,
interttowisexpectedto occurasrunoff fromthe exposedtill slopesaroundthe excavation
perimeter,whichthen willflow acrossthe main,relativelyflat areaof glacialtill soilsleftafter
mining,where additionalinfiltrationisanticipated,or will infiltrateasrelativelyrapid
groundwaterrechargeviathe exposedadvanceoutwash(seeDrawing6). Boththese
flowpathsareexpectedto be longerthan the existinginterfiow,with the beneficialresultof

reducingpeakflowsto Des MoinesCreek, increasinggroundwaterrecharge,andextending
higherbaseflowsfrom the aquiferfor a longerperiod into the latesummer.

Deep Percolation

Changesin the quantityandtimingof deep percolationthrough the tillwill be one of the
moresignificanthydrologiceffectsof developingBorrowArea 1. Basedon modelingwork
for the ThirdRunwayembankment,storageeffectsand slowpercolationthroughthe
existingtill layerareestimatedto delaydownwardflow by around1 to 2 months. However,
becauseinfiltrationinto andpercolationthroughthe glacialtill islimitedby the lower
permeabilityof the tillcomparedto the advanceoutwashsoilsexposedby mining,the
amountof water involvedinthisprocessislessthanthe amountof deep percolationthat
will occurthroughthesamearea of exposedoutwash. In the developedsite,thissmall
portionof delayeddeep percolationthroughthe tillwill be replacedby a largerquantityof
directinfiltrationintothe increasedsu_acearea of the exposeooutwashsoils.Thisflow will

reachthewater tablemore rapidly,andthe greatervolumeof water will serveto increase
groundwaterstorageandthusextendthe baseflowdischargeperiodcomparedto existing
conditions.(Releaseof thiswater duringlow-flowperiodshasnot been evaluated.)

Groundwater Recharge

The amountof groundwaterrechargeoccurringpost-excavationisexpectedto increase
slightlyovercurrentconditions,becausetheexposedoutwasharea isincreasedandthe
areaof impervioussurfacesisreduced. Basedon the changeinareasof exposedsoilsasa

resulto6the excavation,an increaseinshallowgroundwaterrechargeequivalentto around
0.03 cfsisestimated.Thisiscomparableto the valueestimatedby PacificGroundwater
Group(2000) intheir report Runway FillHydrologic Studies (p 73). Thiswill provide
increasedbaseflowto Des MoinesCreek.
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Wetland Protection

Original development plans anticipated impacts to 1.40 of the 1.83 acres of wetlands in
Borrow Area 1. Current plans for the extraction of borrow materials from Borrow Area 1

would minimize these impacts to 1.03 acres as depicted by Drawing 7.

• The proposed site development approach would facilitate on-site infiltration and
controlled drainage of surface runoff into Des Moines Creek and the adjoining wetlands

located on the parcel adjacent to and west of Wetlands 15a and 48.

• Excavation in two wetlands (B-1 and B-4) will be avoided by configuring the borrow site

boundary and mined slopes to avoid disturbing land inside a 50-foot buffer around the

wetland margins.

• Potential impacts to Wetlands 13-15a/b, 32, and 48 would be completely avoided by

avoiding any material extraction activities west of 20th Avenue South.

The following text explains how the wetland hydrology will be preserved, as depicted by

Drawings 5 and 7.

Wetland B-1. The water source for wetland B-1 is a storm drain system associated with

development east of Borrow Area 1. The ditch, and hence the seasonalwater supply to
Wetland B-l, will not be affected by development of Borrow Area 1. Wetland B-1 will

therefore continue to receive current water flows with no impacts to wetland hydrology.

The shallow subsoils in the depressionsustainingthe wetland will not be disturbed, and the

50-foot wetland setback will leave in place the natural low-permeability soils that form the

closed depression As a result,excessdrainage out of the wetland will be avoided.

Wetland B4. No excavation will occur within this wetland, and the primary impact of

borrow area development will be to remove the stormwater drainage that reaches the

wetland from the abandoned streets (South 208th Street and 22nd Avenue South).

Removal of these stormwater sourceswould reduce peak flows in the wetland and likely

promote increased vegetation cover in the eroded ravine that forms the wetland.

Groundwater, precipitation, and interflow sources of water to the wetland will remain

following excavation.

Wetland B12. Precipitation, groundwater, and intertlow sources of water that support

Wetland B12 will remain following excavation. The current source of seasonal runoff

generated by 20th Avenue South will also be maintained.

AR 053208
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Wetland B13. The current sources of precipitation and groundwater flow that help maintain

wetland conditions will remain. Seasonal stormwater runoff generated from South 210th

Street and 20th Avenue South drainage systemswill be removed. Since the wetland isat

elevations lower than much of the floor of the borrow area, a surface drainage path to the

wetland will be established to provide runoff as shown on Drawing 7.

Wetland B15 and Wetland 48. The catchment area for these wetlands (located west of

20th Avenue South) will be avoided by preventing surface disturbance within this area. As a

result, the existing precipitation and runoff sources of water to the wetlands will remain
undisturbed after Borrow Area 1 has been developed.

Wetland 32. Development of Borrow Area 1 will not affect the off-site source of flow to this

wetland. The storrnwater ditch feeding runoff from South 216th Street to Wetland 32 will
not be altered as it is located outside the area disturbed by borrow are a excavation

activities. A 50-foot buffer around the wetland will prevent impacts to the margins of the

wetland and its slightlylarger catchment area.

Wetland 51. The hydrology of this riparian wetland is associated with Des Moines Creek

and regional groundwater dischargefrom the advance outwash aquifer. These hydrologic
conditions will not be affected by development of Borrow Area 1, except by a possible

increase in groundwater ievei_. Borrow area excavation is not anticipated to have any

significanteffect on the rate or amount of seepage from the water table that reaches this
wetland.

The Port has considered alternatives to the proposed development plan and determined

that it would not be practicable to avoid impacts to the remaining wetlands B14, B11, and

part of B12 within Borrow Area 1, because: 1) preservation of the wetlands would render

the resource impracticable to mine; and 2) excavation of the resource would completely

remove the upgradient source of water flow sustainingthese wetlands. Mitigation for these

wetlands is described in the Natural Resource Mitigation Plan (Parametrix, Inc. 2001b).

Attachments:
References

Table 1 - Borrow Area 1 Water Level Data

Drawing 1 - Site and Exploration Plan

Drawing 2 - Pre-Excavation Topography and Surficial Geology

Drawing 3 - Geologic Cross Section A-A'
Drawing 4 - Groundwater Elevation Contour Map

Drawing .5- Conceptual Post-ExcavationElevation Contour Map
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Drawing 6 - Post-Excavation Limitsand Surficial Geology

Drawing 7 - Post-ExcavationSite Drainage
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