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1.0 Executive Summary

This report summarizes investigations
conducted to assess the hvdrologic effects of
constructing a fill embankment for a third
runway at Seattie-Tacoma International
Airport. In 1999. public concerns prompied
the Washington Stare Legislature and
Governor Locke to approve this swady,
which focuses on aquifers, wetlands. and
Des Moines. Miller, and Walker Creeks,
which drain the area. The swdy was
conducted under the Washington State
Deparmment of Ecology’s oversight by a
team of consultants: Pacific Groundwater
Group (PGG). Earth Tech, Inc.: and Ecology
and Environment Inc., (E & E).

The study area varies depending on the issue
evaluated. The largest areas considered are
the Miller Creek and Des Moines creek
watersheds which comprise a total of about
15 square miles surrounding the airport and
include the fill borrow sources. The
smallest areas considered are local drainages
in the middie reach of Milier Creek where
extensive riparian wetlands will be affected.

The scope of work for this project contained
the following tasks:
* Reviewing existing documents

* Interviewing Pon saff, communiny
organizations, individuals. and
consultants

* Coliecting additional field data

* Reviewing models used by Pon
consultants to assess hvdrologic impacts

* Providing independent evaluation of
cenain hvdrologic effects using new and
existing data

* Reviewing Port mitigation proposals

* Informing stakeholders and the public
On project progress

Existing data were compiled and anaiyzea ¢
characterize land use. surface water fiow,
geologic conditions, groundwater flow.
groundwater recharge. wetiands. and fish n
the study area. These dau were used to
assess potenual impacts associated with the
proposed runway construction. Where
existng data were insufficient or reguired
independent confirmation. additional data
were collected in the field. including
borehole data. sweamflow quantin  and
quality, wetland delineations and functions.
and fish popuiation and habitat information.
This swmdy also reviewed impact
assessments previously compieted by the
Port.

Although the swdy considered many
potentially important effects of the proposed
runway embankment and borrow-area
excavations, it did not consider all Master
Plan Improvements proposed by the Port.
Furthermore, not all of the possibie effects
related to the embankment and borrow areas
were evaluated. Therefore, this repont does
not address all hydrologic issues requiring
satisfactory  resolution  for permitting.
Consequently, it is not intended for use as a
checklist by agencies during permit review.

1.1 Project Background

The Port of Seattle has purchased, or is in
the process of purchasing, properties in a
“buyv-out area” west of Sea-Tac Airport.
This area contained more than 400 homes,
five farms. 17 domestic water nghts or
claims, neighborhood and anerial roads, 380
septic drain fields, and numerous water
welis. The Port has demolished many
structures and removed debris.

* Reporning
. Srounowate,
r
Page 1
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1.1.1 Proposed Construction

An embankment of fill soil is proposed to
create 2 high, flat surface upon which the
third runway would be built. The fill would
be more than 150 feet thick in places. The
west margin of the fill would be bounded by
a slope or wall, depending on location. The
east margin of the new fill would abut the
existing fill, upon which the current runways
are built. The volume of the fill required for
the third runway embankment is reported to
be 16.5 million cubic vards. It will consist of
about 40 percent sand and gravel that is
relatively silt-free and about 60 percent silty
sand. These materials originate from glacial
till and ourwash soils. Additional fill is
proposed for  other  Master  Plan

Improvements.

A botmtomn drain laver, in combination with
coarse soils near the walls, has been
included in the fill-embankment design. It is
intended to prevent groundwater pressures
near the west wall from building, a condition
that could result in seepage through the wall.
This drain layer is designed 1t direct
groundwater seepage beiow the base of the
wall to the remaining wetlands and Miller
Creek.

1.1.2 Proposed Stormwater Controls

The Port proposes a strategy for controlling
stormwater flows for existing and furure
facilities. This strategyv is intended to lower
peak flow rates in Miller, Des Moines, and
Walker Creeks below pre-1994 rates. Within
the fill area. the Port proposes 1o reduce
flows by allowing some precipitation to
infiltrate the fill and by storing runoff in
local and regional detention ponds and
vaults while restricting the rate stormwater
Is reieased from storage. This strategy relies
on the expansion and construction of large
regional ponds in Miller and Des Moines
Creeks.

The third runway and connecting taxiwayvs
will be paved and cover about 32 percent of
the new embankment surface. In the
unpaved 68 percent. the embankment will
likely grow grass. Water running off the
paved surfaces is proposed to flow into
“filter smips.” which are water-qualiry
treatmem fearures. Water would flow into
low areas at the bottom of the filer strips.
then into catch basins. Water entering the
cach basins wouid be conveyed through
pipes under the runways to detention vauits
or other detention facilites prior 1o
discharge 10 Milier, Walker, or Des Moines
Creek. The use of perforated convevance
pipes is being considered (which would
enhance infiloation).

1.2 Physiographic Features Related
to Habitat

Habitat conditions were evaiuated by review
of existing documents and collection of
limited new field data. The team collected
streamflow and water quality measurements
on three occasions and at several locations.
A stream habitat field survev was conducted
on Walker Creek and fish presence and
carcass surveys were conducted on all
creeks.  Team personnel also directly
observed wetland conditions although a
complete review of all previous delineations
and function assessments was not
conducted.

12.1 Land Use

Immediately west of the airport, land use is
a mix of residential and agricultural, with
development encroaching on the Milier
Creek riparian corridor. This corridor
features residential areas, agriculture, upland
habitats, and slope and riparian wetlands, al
of which lie adjacent to the creek. Outside
this area west of the airport, the narrow
riparian and ravine corridors associated with
Miller and Walker Creeks arc the primary
areas that have not been extensively
developed. Larger wetland complexes are

[ =
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associated with these drainages. including
the Miller Creek Detenuon Facilin and a
large wetiand complex that forms the
headwaters of Walker Creek. About 40 acres
of wetlands occur in the vicinity.

The area south of the airport contains a
greater percentage of non-urban/residential
land. including the Tvee Golf Course and
acreage acquired by the Port as part of Noise
Abatement Mitigation programs. In addinon,
Des Moines Creek has a significant forested
riparian corridor that is undeveloped.
Approximately 48.5 acres of wetlands lie
near the Borrow Areas and Tyee Golf
Course.

1.2.2 Surface Water

Miller and Walker Creeks drain the west
side of the airport and the buyv-out area. The
watershed is approximateiv 9 square miles.
Miller Creek originates from a number of
sources; Arbor Lake, Lake Reba, Lora Lake,
and Lake Burien; wetlands associated with
the Miller Creek detention facility; and
seeps along the west side of the airport.
Streamflow  increases downstream as
groundwater discharges to the creeks. even
during times of no rainfall. Milier Creek
descends from an  elevation of
approximateiy 360 feet in its headwaters 1o
Puget Sound at the Normandy Park Cove.
The Miller Creek watershed contains
significant residential and commercial
development, resulting in approximately 23
percent impervious surfaces. Land use in the
watershed is approximately 62 percent
residential, 15 percent commercial. 3
percent airport. and 20 percent undeveloped.

Precipitation at SeaTac averages about 39
inches per vear. An average of
approximately 54 percent  of the
precipitation in the basin discharges through
Walker and Miller Creeks at their mouths,
The remainder of the precipitation in the
Milier Creek basin evaporates or discharges
as groundwater to Puget Sound.

Des Moines Creek drains the south part o
the airpon and the borrow areas. iz
watershed covers 5.8 sguare miies. Tne
creek drops from an elevanor of
approximately 350 feet to Puget Sound a:
Des Moines Creek Beach Park. The east
fork of Des Moines Creek onginates from
Bow Lake where it flows through subsurface
piping for approximately 1. mile. The wes:
fork of Des Moines Creek originates in the
Northwest Ponds in the northwest comer of
the Tvee Vallesv Golf Course. The
confluence of the two forks of Des Moines
Creek lies in the central portion of the Tvee
Valiev Golf Course. As with Milier and
Walker Creeks, streamflow increases
downstream as groundwater discharges to
the creek. even during times of no rainfall.

An average of approximately 41 percent of
precipitation in the Des Moines Creek
watershed discharges through Des Moines
Creek at its mouth.

123 Fish Habitat

Despite the habitat degradation that has
resulted from urbanization. anadromous and
resident fish live in Miller and Walker
Creeks. Adult Coho saimon use the Creeks
from the mouth to the 1* Avenue South
culvert and have been reported above 1*
Avenue South. Juvenile Coho are distributed
throughout.  likely because of Trout
Unlimited's releases from the Miller Creek
Hatchery. A small population of resident
cutthroat trout is distributed throughout
much of the watershed. Water-qualiry data
collected for this project during base flow
periods indicate that low dissolved-oxygen
levels may limit fish production. This
project did not analyze or review stormwater
quality data.

Despite  habitat  and water-qualiry
degradation, anadromous and resident fish
populations are also present in Des Moines
Creek. Adult coho and chum salmon use the
stream reach from the mouth to the Marine
View Drive culvert. Juveniie coho saimon

|-
== 6w
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are disributed throughout Des Moines
Creek, likely because of Trout Unlimited’s
reieases from the Miller Creek Hatchery.
Steelhead and pink salmon runs have aiso
been reported on Des Moines Creek. A
small population of resident cutthroat trout
is distributed throughout much of the Des
Moines Creek watershed. No water-quality
concerns related to fish production were
identified in the base-flow water-quality
data coliected for this project.

1.3 Hydrogeologic Characterization

Characterization of hydrogeology was
limited to the embankment and borrow
areas. Existing data were used to
characterize deep geology and groundwater
conditions. Shallow conditions were
observed by team personne! during drilling
of boreholes and collection of groundwater
measurements.

13.1 Geologic Units

The following geologic units underiie the
study area:

Recent deposits

Qvr (Vashon recessional ourwash)
Qvt (Vashon till)

Qva (Vashon advance ourwash)
Transitional beds

Deeper units

These deposits are discussed below, from
voungest to oldest. The Qvr, Qwvt. and Qva
were deposited by the Vashon glacier, which
covered the study area from about 10.000 to
14.000 years ago.

The voungest nawral soil unit comprises
recent deposits of peat and highly organic.
fine-grained soiis. These deposits cover the
low elevations near Lora Lake and the area
surrounding the cenwral reach of Miller
Creek. They probably also cover the upper
reaches of Walker Creek. The recent

deposits are typically 10 to 20 feet thick nea-
Lora Lake but are thinner along Milier
Creek. 10 the south. Brown silt and medium
sand layvers are mixed with the peat. These
lavers form the bulk of the recent deposits in
the central Miller Creek reach.

The recent deposits are underlain by 2 laver
of silty sand with some gravel that forms the
Qvr, or Vashon recessional ourwash. a
regionally extensive deposit. The Qv is the
uppermost unit along the east flank of the
central Miller Creek valley, near the
proposed fill embankment. It may also
underlie the recent deposits in the valiey
bottoms. The Qvr ranges in thickness from 0
to about 30 feet in the project area and is
missing in places. The degree of saturation
of this unit by groundwater varies widely.

The Qvr is usually underiain by Vashon till
(QWt). a dense laver of gravel and silt in a
sandy matrix. This unit is often referred 1o
as “hardpan” in driller’s logs. The (9,
ranges in thickness from 0 to 20 feet in the
study area. The degree of saruration of the
unit by groundwater varies widely. This
layer reswicts the vertical migration of
groundwater and promotes horizontal
“interflow™ on its upper surface.

The Qwvt is commonly underiain by the
Vashon advance outwash (Qva), another
regionally extensive laver of sand with
varying amounts of silt and gravel. The Qva
was encountered in almost all borings that
penetrated through giacial till in the area. Jt
is the uppermost unit to be modeled by the
Port’s environmental consultants and
comprises the “shallow regional aquifer”
identified by previous investigators.

The wansitional beds underiie the Qva, Qw,
Qvr, and recent deposits where they are
present. These beds were deposited in Quiet
waters prior to advances of the Vashon
glacier. They consist of silt and clay and
restrict the movement of groundwater.

Several deeper geologic units are recorded
in logs for deep wells in the area, including

|-
= 6w
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the “imermediat=” and “deep aquifers”
described in the South King County Ground
Water Management Plan. Because of their
depth and large extent. these units are not as
sensitive 10 local changes in recharge as are
shallow deposits and groundwater-fed
streams that depend enurely on local
recharge. Furthermore. changes in recharge
10 deep units depend on changes in recharge
to snallow units. Conseguently, for this
project.  local changes to  shallow
groundwater recharge and discharge were
analvzed and changes to deeper groundwater
recharge were inferred from them.

13.2 Current Groundwater Flow

Conditions

The shallow aquifers in the region are
recharged by local precipitation. In the buy-
out area. they are also recharged by water
that discharged from septic drain fields
which was imported from outside the local
area as a public water supply. In the swudy
area. groundwater is recharged by up to an
estimated 24 inches of precipitation per vear
depending largelv on land use. soil type. and
vegetation. In the residential area acquired
by the Port of Seattle. an additional 3 inches
of septic discharge per vear contribute to
groundwater recharge.

Two groundwater flow regimes were
identified in the Miller Creek basin—a
shaliow one and a deep one. The shaliow
system involves the recent deposits. the Qvr.
and. in some areas. the Qva. Groundwater in
the recent deposits and Qvr discharges to the
middle reach of Milier Creek and the upper
reach of Walker Creek. The uppermost Qva
groundwater may also discharge 1o the
creeks. especially in the Walker Creek
headwaters. Groundwater in the deeper
system discharges vear-round to deep wells,
to the lower reaches of the creeks. and to
Puget Sound. Near the headwaters of
Walker Creek. groundwater in the Qva may
discharge more easily to the creek than
within the Miller Creek basin, creating an
extensive wetland.

1.4 impact Assessments
1.4.1 Fill Chemistrv Effects

Gravel from a mine on Mauny Isiand 1s
being considered as fill for the proposed
runway expansion. The top eignteer inches
of gravel at Maury Island contain high ievels
of arsenic, cadmium, and iead onginaung
from the former ASARCO smeher in
Tacoma. The top 18 inches of soil at Maun
Island are proposed to be contained at the
island mine prior 1o aggregate extraction.
Ecology must have assurance that-the fill
used for the airport project will not result in
exceedances of state water quality critena.
The Port and Ecology are working to
determine what screening methods and
contingencies are necessary to ensure that
water quality criteria are met.

This project analvzed the potential effects 1o
ecological receptors. such as the benthic
community and wildlife-consuming benthic
organisms, if contaminants in the Maury
Isiand fill were to migrate from soils to
nearby sediments. Surface and subsurface
soil data of the potential Maury Island fill
were compared to ecological benchmarks to
assess whether unacceptable ecological risks
may occur. Based on the above analvsis, use
of subsurface soils as fill should not pose an
unacceptable risk to ecological receptors.

1.4.2  Groundwater Recharge Effects

The Project team assessed groundwater
recharge in the project area and found that
recharge could change because of the
following actions:

» Changing infiltration of
precipitation by changing land
cover. soil type, and slope

* Conveying runoff from impervious
surfaces away from local recharge
areas

Pacific
Grounowater
Group
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* Eliminating the discharge of
imported water through leaks and
septic sysiems throughout the vear

* Eliminating irrigation with local and
imported water sources in summer

The net effect of the changes 10 irrigation
and imported domestic water appears to be
about zero in the irrigation season (summer).
In winter. recharge will be reduced by
eliminating the septic discharge and leaks.

The change 1o precipitation-derived
recharge was evaluated in a cross section of
the proposed fill. This calculation
considered the conversion of wetlands and
forest 10 grass on the embankment fill. It
also considered the widths of the only two
impervious surfaces on the cross section
(12 Avenue South and the third runway).
The calcuiation suggests about an 11 percent
decrease in groundwater recharge along the
cross section, largely as a result of the large
increase in impervious area. However, this
estimated magnitude of change is probably
high because no secondary infilrration of
runoff from the third runway was assumed,
and modeled water use by grass on the new
embankment was possibly higher than
expected for the fill soils.

The quantity of water seeping downward
through the glacial till was also simulated
with the cross-section model. The voiume of
Seepage would likely change only slightly
under the built condition; however. because
total recharge would be reduced, the
percentage of recharge seeping through the
till would increase substantially.

The 11 percent reduction in local recharge is
large, but dependent flows to local wetiands
and the creeks will be reduced only in winter
when abundant water s typically present
anyway. A similar reduction in recharge
basin-wide wouild cause a major impact 1o
baseflows. To assess basin-wide impacts,
the Port’s recharge caiculations that
considered all Master Plan Improvements
were reviewed. The HSPF mode| parameters

used in the Port's recharge anaivsis do not

we d to those used in actual
mmmm conducted by the Porn.
Therefore, a confident assessment of basin-
wide recharge and baseflow impacts is
currently lacking. A confidemt assessment
of basin-wide recharge and baseflow effects
should be possible by analvzing a properiy
implemented and documented HSPF mode!

A small reduction in recharge 10 deeper
aquifers of the Des Moines Creek upland
may occur; however, the small reduction
would not affect these aquifers’ ability to
supply water to welis. This conclusion is
based on the relanively large recharge areas
of these aquifers compared to the airport. the
fact that the effects will be apportioned
between shaliow and deep aguifers. and the
reported estimates of shallow recharge.

143  Fisheries Effects

No direct effects on fish habitat are expected
in Walker or Des Moines Creek because of
construction. Miller Creek would be
relocated in the Vacca Farm area but this
reach currently provides poor habitat for
satmonids because it features sparse riparian
vegetation. a substrate dominated by sand
and silt, little compliexity, and no instream
structure. The proposed Miller Creek
channel construction will provide a net gain
in habitat since it will feature a mixture of
poois and riffies, gravel and cobble
substrate,  riparian vegetation,  and
repiacement of woody debris. Proper
construction and long-term monitoring are
vital to successful Miller Creek relocation
inciuding control of turbidity during initial
wetting. Some sediment transport during
initial wetting is likely, and has the potential
1o damage habitat downstream.

An uncontrolled release of stormwater is
likely at some time during construction
given the size of the project and human
error; however, the size and quality of a
release cannot be predicted, nor can s
impacts on fish be quantified. If habitar

L
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quaiiry is further degraded because of
indirect construction effects such as an
uncontrolied release of turbid water. resident
popuiations of cumthroat twout and
anadromous Coho salmon would likely
decline.

The enhancements to the riparian buffer
corridor and insweam habitat of Miller
Creek will undoubtediv benefit local soeam
habitat for resident cutthroat trout if they are
implemented and maintained properly.
However. the proposed mitigation is limited
in that it will only affect ocalized Miller
Creek habitat and resident cutthroat tout.
Indirect consmruction and post-construction
effects such as aherations to base flow, peak
flow, and sediment input could affect the
entire swream Systems, not just the airport
project area. The Port predicts reduction in
summer base flow in Des Moines Creek as &
result of reduced groundwater recharge and
supports augmenting low summer smeam
flows by pumping from a Port-owned well
and discharging the water into the creek.

The watershed trust funds for the Miller and
Des Moines Creek watersheds can be
beneficial. However. significant habitat
restoration in  Miller, Walker, and Des
Moines Creeks will require substantially
more funding than what is currently offered
through the basin trust funds.

144 Effects on the Hydroperiod in
Local Wetlands

A hydroperiod is the seasonal change in the
timing of groundwater discharge 10 wetlands
and streams. For this project. effects to the
hvdroperiod were evaluated using a cross
section of the proposed embankment fill
near Miller Creek. The following effects are
predicied if the embankment is built:

* Recharge would be 1] percent less
along the cross section, and would
spread-out within the fiil. causing a
significant timing lag in discharge 10 the

wetlands and creek west of tnhe
embankment compared to the curren:
condiuon.

¢ Discharge 1o remaining wetlands and the
creek under the built condition would
vary less throughout the vear and the
period of minimum discharge would be
shorter. Flows would be lower 1in winter
than under the current condiuon. and
greater in summer compared 10 the
current condition. The total quantiny of
water flowing to the wetlands would
decrease because towl recharge would
decrease.

The uming changes would generaliy benefit
the local wetiands that remain after filling
and would slightly moderate seasonal low
base flows and temperatres in Milier
Creek. However. all water quantities are
reduced on an average annual basis because
total recharge is smaller under the built
condition. Also. since the embankment is a
small part of the Milier Creek watershed. the
overall effect on streamflow is small. If the
constructed fill has a lower silt content than
Wwas assumed for this analysis. the lag may
be overestimated and the recharge volume
may be underestimated.

[ -
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1.4.8 Effects on Wetiand Area and
Functions

The fill activities associated with the
improvement projects would result in the
permanent loss of 13.88 acres of wetland in
the Milier Creek watershed. In addition 10
the permanent impacts. consmuction
activities would also result in the temporary
loss of 1.86 acres.

Of equal importance to the acreage loss are
the functional impacts that would occur. The
effectiveness and opportunity for wetlands
to improve water quality, provide suitable
habitat. and function as floodplains were
considered. An additional 1.68 acres of
secondary effects may occur if the
functionality of the remaining wetlands
cannot be maintained. This acreage is
anributed to the Wetiand 18/37 complex
adjacent to Miller Creek.

Given the urban character of the area. the
wildlife expected to inhabit the area is
resticted to common, highly adaptive
species that use both wetland and adjacent
upland areas. Species integrally tied to the
wetland areas are likely restricted to
waterfowl, amphibians, and smali mammals.
The constmuction of the  airpont
improvements would affect local wildlife
populations simply due to the size of the fill
area. As indicated previously, the extent of
fragmentation due to urbanization currentiy
limits the viability of existing habitat.
Reducing habitat size and availabiline would
further reduce the suitability for small
mammais and amphibians. To prevent a
significant decline in the local populations,
mitigation would be required to provide
supplemental/alternative  habitat  on-site.
However, the extent to which habitat could
be provided is limited by the nature of the
proposed project. FAA requirements limit
the development of avian habitat within
10.000 feet of existing facilities 10 minimize
the hazard of potential air strike by birds.

1.4.6 Review of Wetland Mitigation
Proposal

Mitigation for the proposed third runway- fill
and saferv areas must account for the perm-
anent loss of 13.88 acres. and temporan
effects in 1.86 acres within the Miller Creek
watershed.

The preferred reguiatory hierarchy  for
wetland mitigation is:

*  On-site, in-kind

®  Off-site, within the watershed. in kind
= Off-site, out of the watershed. in kind
*  Off-site, out of watershed, out of kind

Because of environmental and regulatory
constraints, it is not feasible for the Port o
mitigate on-site and in-kind (on-site
mitigation is restricted by FAA safery
regulations).

The Port proposes the following on-site
wetland mitigation measures:

* Removing existing development

® Establishing a vegetated buffer along
Milier Creek

* Enhancing wetlands within the Miller
Creek buffer

* Enhancing or restoring wetlands within
the Des Moines Creek watershed

* Excavating the floodplain to compensate
for lost flood storage

* Developing stormwater management
facilities

* Restoring and enhancing 11 acres of
farmiand and farmed wetlands

Off-site mitigation includes developing a
67-acre site for wildlife habitat. The Pon
also proposes to establish Trust Funds to
promote restoration projects for the Miller
and Des Moines Creek basins downstream
of the project area.

Paclfic
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The overali miuganon plan is reasonabiy
designed to compensate for wetiand impacts
and has the potennal for success. The pian
provides for in-basin compensation for the
impacts to water quality and water quantity.
as well as some mitigation for wildlife
compensation. However, not all habar
mitigation 1S proposed 10 occur in the basin.
For those impacts that cannot be entrely
mitigated for in-basin. an off-site, out-of-
basin mitigation plan has been developed by
the Port.

Ecology and the King County Department of
Deveiopment and Environmental Services
have studied wetland mitigation successes
and failures. King Counrv concluded that
mitigation. in general, is not being
impiemented. and when it has, it has often
failed due to poor design, inswallation failure,
and maintenance. Consequently, the studies
call for more regulatorv conwol and
guidance dunng the planning, installation,
and monitoring phases. They indicate that
mitigation projects do not guarantee success
and that closer regulatory oversight is
merited for ionger periods.

1.4.7 Shaliow Groundwater and
Wetland Effects in Borrow Areas

Des Moines Creek receives substantial base
flow contributions from the Qva aquifer. It
also receives conwibutions from shallow
mterflow soon after precipitation events.
although this contribution is less critical for
maintenance of iow flows. Recharge 10 the
Qva (shallow regional) aquifer is expected
10 increase slightly because of excavation in
the borrow areas. The change in uming of
discharge to the creek was not analvzed and
could conceivabiy be faster or siower than
under current conditions. and varv by
location. Although the change is small. the
change in recharge conditions would likely
help dampen streamflow fluctuations and be
beneficial in that regard.

Several depressional and slope wetiands
may be negatively affected bv excavation in

borrow areas 3 and 4. The wetiands depend
on perched groundwater flow above the Qva
aquifer. The excavauon is likeiv 1o redirect
some of the perched flow. reducing
discharge to the wetlands and potennali
impacung wetland biota.

1.5 Review of Surface Water
Management Proposals

The Project Team reviewed hvdrologic
analvses performed by the Port's
consultants, inciuding:

* Their approach to establishing a
arget flow regime for creeks

® The calibration of their surface
water mode!

* Their designs for flow-control
faciliues

The resubts of these reviews are discussed
beilow. The review distinguishes berween
approaches 10 issues and the models used to
implement the approaches.

1.5.1 Target Flow Regime Approach

The Port consuhant's approach for
establishing hydraulic conditions that wiil
preserve  stable stream  channels s
reasonable. They characterized the current
and proposed movement of surface water in
the swmdy area largeiv by developing
hydrologic modeis of the watersheds. The
models simulate the movement of rainfall
under various land-use conditions and
predict how slowly stormwater runoff from
the airpont shouid be released from storage
facilities 1o achieve the desired flow
conditions, or “target flow regime.” in the
creeks. Defining the targer flow regime
entailed calculating streamflows thar would
occur if the tributary drainage basins
comained oniy 10 percent effectively
impervious area (EIA). The Port used the
Hydrologic Simulation Program-FORTRAN

N
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(HSPF) model and assumed only 10 percent
EIlA in the watershed.

1.52 Surface-Water Model (HSPF)
Calibration

Earth Tech reviewed the HSPF watershed
models 10 assess how well thev were
calibrated by comparing the towl flow
volumes the models predicted 10 observed
values at two locations each in the Des
Moines Creek and Miller Creek watersheds.
The Miller Creek HSPF mode] was found to
overestimate water compared 1t the
observed flows, indicating that it is not well
calibrated, despite the matching of simulated
and observed peak flows for selected storm
events. The Des Moines Creek mode] was
found to be more reliable.

The poor calibration of the Milier Creek
modeis is related to the parameters selected
for model input. There are several
inconsistencies in the input data berween
models that simulate different land-use
scenarios. In addition, since the model was
constructed to  simulate  groundwater
contributions t  streamflow  withowt
considering  prior  precipitation or
groundwater storage, it ignores the rigor
offered by HSPF. This project team did not
find sufficiem confidence in the Miller /
Walker Creek model to allow detailed
evaluation of the model's resuits. In our
opinion, the model would require
modification before a thorough evaluation of
the performance of the model, and a
corresponding  evaluation of proposed
surface water controls, could be completed.

153 Flow Control Designs

The general approach used by the Por to
size flow control faciliies is appropnate.
That approach involved appiving the targer
flow regime concept, using local flow-
conwol facilities in conjunction with
regional facilities, and running the HSPF
model to simuiate the target exisung. and
proposed watershed conditions. However. as
noted above, the model used to size the
flow-control facilities needs to be corrected
to use this approach with confidence.

154 Construction Period (temporary)
Impacts

The Stormwater Management Pian states the
Port applies temporarv erosion and
sedimemation control measures that exceed
minimum  requirements of Ecology's
manual. These measures include:
developing construction stormwater
polhmion prevention plans for each capital
improvement project; implementing
conventional best management practices;
applving advanced stormwater treamment
techniques where necessary; supervising and
monitoring contractor compliance; and
funding independent  oversight  of
conswruction erosion contro! compliance.
This project’s review of the plans, and field
observations of current operations, generally
supports the Port’s opinion. However, an
embankment construction of the magnitude
and duration of the third runway project is
subject to a range of climatic events and
human errors, and an uncontrolled release of
runoff from the disturbed site is probable
despite proper implementation of
construction BMPs.

iy
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2.0 introduction

The Port of Seattle (Port) has proposed to
place a fill embankment in an area west of
the existing Sea-Tac Airport compiex to
build 2 third runway. In 1999, public
concerns prompted the Washington State
Legisiarure and Governor Locke to approve
independent studies to investigate the
hvdrologic impacts of the fill project on
aquifers; wetlands: and Des Moines, Miller,
and Walker Creeks.  With Ecology’s
oversight, consulants Pacific Groundwater
Group.(PGG): Earth Tech Inc.; and Ecology
and Environment. Inc., (E & E) evaluated
selected hvdrologic impacts of the proposed
project.  This is the final report from that
project. The study area includes the fill area
and adjoining wetlands, streams, and
aquifers potenually impacted bv the
proposed runway project. Also included in
the study area are the fill borrow sources
south of the current airport.

The Port has produced extensive evaluations
of hydrologic impacts in the Master Plan
Updates Environmental impact Statement
(Federal Aviation Administration, 1996).
Wetlands Functional Assessment and Impact
Analysis (Paramerrix, 1999), Preliminary
Comprehensive Stormwater Management
Plan (or SWMP, Paramermix, 1999) and
other documents. Local communities also
sponsored technical evaluations including
Sea-Tac International Airport  Impact
Mitigation Study (“HOK report” - Hellmuth,
Obata + Kassabaum Inc., 1997), smeam
fisheries investigations, and reviews of Port
documents. Communication was
maintained with the Port of Searttle,
Regional Commission on Airpont Affairs
(RCAA), and the Airpon Communities
Coalition (ACC) and their consultants.
These parties were requested to provide
pertinent technical documents and were
interviewed.  Informal. usually technical,
meetings occurred between representatives
of this project and the other parties on
several occasions. A formal public

invoivement process was alsc maintained.
including small group (Staxeholaer:
meetings. pubiication of three fact sheets.
and two public workshops.

2.1 Scope, Authorization, and
Limitations

The work was authorized by Dan Siiver of
the Department of Ecology on September
16. 1999 and an amendment was signed on
March 28, 2000 that represented scope
changes in response to improved knowiedge
of existing data and analyses. The scope
generally consisted of the following tasks:

& review of existing documents
® interviews with Port staff. community

organizations, individuals, and
consulants
® collection of additional field data
including:
® two rounds of base flow
measurements,

® 1wo rounds water quality sampiing,
geologic logging of six boreholes,

collection of one round of
groundwater level data,

® a water-well inventory in the buy-
out area,

® survey to review
delineations and conditions,

® stream habitat surveys,
® fish carcass survey, and
Juvenile fish counts

wetland

® independent evaluation of cerain
hydrologic impacts using new and
existing data, including effects on local
groundwater  recharge, groundwater
flow, support of stream base flows
through discharge of groundwater,
wetland impacts, and fisheries impacts

¢ review and comment on Port mitigation
proposals including wetlands, fisheries,

N
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and permanemt and  1emporan

Stormwater management

® review and comment on HSPF models
used for stormwater designs

® informing stakeholders and the public
on project progress and directions;

® reporting

The scope of this project includes changes
resultng from the proposed third runway,
borrow areas, and reiated construction, but
not all Master Plan Improvements proposed
by the Port. The North Empiovee Parking
Lot (NEPL), South Aviation Support Area
(SASA), Indusmial Wastewater System
(IWS) and 1erminal modifications are built
or proposed improvements that were not
explicitly considered by this project. This is
an imporant distinction for large-scaie
environmental elements such as streamflow
and groundwater recharge, because Por
projects outside the purview of this project
will affect these elements. The NEPL.
SASA, and terminal areas are almost
completely paved and account for much of
the increase in impervious surface area
resulting from Master Pian Improvements.
In contrast, the foci of this project (proposed
third runway, borrow areas, and local
wetland and soeam systems) will remain
predominantly unpaved. This project also
did not address proposed State and jocal
surface transpontation  proposals being
considered near Sea-Tac airport.

This project was conducted during a time of
intense data gathering, modeling, data
evaluation, and reporting by Pon
consultants. as well as review of these
developments by communiry groups. Most
documents were available during the
document review period scheduled for this
project in fall 1999 However, the
Preliminary Comprehensive  Stormwater
Master Plan, Natural Resources Mitigation
report, two subsurface conditions data
reports, and other documents were provided
during the winter of 1999 and spring of
2000. Changes to the evolving database
were anticipated and accommodated 10 an

extent. However. accommodauon of
additional data or issues was largeir
curtailed in January 2000 to aliow the
project to focus on completion of its chosen
tasks. Therefore. new data and issues may
have arisen since then or may arise in the
future.

This report identifies hvdrologic issues that
were addressed by this study and vet are not
resolved to a level of confidence satisfactory
to the authors. This report does not address
or list all hydrologic issues requiring
satisfactory  resolution  for  permiming
processes and therefore this report cannot be
used as a checklist by agencies during
permit review.

The work was performed. and this report
prepared, in accordance with generally
accepted practices, used at this time and in
this vicinity, for sole application 1o the third
runway and borrow projects. and for the sole
use of State of Washington Department of
Ecology. This is in lieu of other warrantees.
express or implied.

2.2 Report Organization

The remainder of this repom is organized
into two major sections and several
appendices. The two major sections of the
main body cover the fill area and borrow
areas, respectively, which are shown on
Figure 2-1. Within each of those sections s
description of the proposed construction is
followed by a description of the character of
the area, comparison to previous
characterizations, analysis of effects and
impacts, and a comparison to previous
assessments. The exception is that fish
survey results from Des Moines Creek are
discussed along with the Miller and Walker
Creek results. Appendices are provided to
present technical detail that would interfere
with communication of findings in the main
text.
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This report documents data and anaivses
generated for this project that are not
available in other publicaions. This report
does not compietely document all existing
data reiated to the project. For instance,
geologic data is voluminous and generally
not documented in this report. The sources
of geologic and other referenced data are

provided.
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3.0 Proposed Fill Area and Miller and
Walker Creeks

3.1 Proposed Construction and
Environmental Precautions
Related to the Third Runway

3.1.1 Acquisition of Homes and Farms

The Port of Seattle purchased, or is in the
process of purchasing. land and homes in the
“buy-out area” (Figure 3-1) on the west side
of the existing Sea-Tac International
Airport. The built environment in this area
contained:

more than 400 homes
five imgated commercial properties
(farms)
17 domestic water rights or claims
neighborhood and arterial roads

e 380 septic drain fields (Paramertrix,
1999¢)

e numerous water welis

The Pont has demolished stuctures and
removed debris. The Port added a process
10 identify and decommission water welis
after an inventory of properties and
disclosure of previously unknown wells by
this project (Appendix A).

3.12 Embankment Fill and Walis

An embankment of fill soil is proposed to
create a high, flat surface upon which the
third runway would be built. The top
elevation of the fili would be about the same
as the existing runways (390 to 410 feet
elevation). The west margin of the fill
would be bounded by a slope (2 horizontal
to 1 vertical) or wall. depending on location.
Figure 3-1 shows the locations of the
proposed walls.

The walis are proposed as mechanicaliy
stabilized earth (MSE) walls. For the
purposes of this project important gualities
of MSE walis are that they are composed of
thin, vertical members on the outside of the
wall, and a lamice of honizontal, flexible.
porous reinforcing members layered with
compacted soil and anached to the outside
members. The reinforcing members
typically extend into such embankments 80
percent of the wall height (Hart Crowser.

1999a).

The embankment is proposed to be built of
fill soil derived from borrow sources on
current Port property at Sea-Tac. and from
an unceriain offsite source. The aggregate
mine on Maury Isiand, Washington (about 8
miles southwest of the airport) has been
identified as a possibie offsite source. The
volume of the fill required for the third
runway embankment is reported to be 16.5
million cubic yards as follows (Han
Crowser, 1999a):

* Type 1 fill: About 40 percemt (6.5
million cubic vards) relatively silt-free
sand and gravel.

* Type 2 fill: Abowt 60 percent (10
million cubic vards) more or less silty
sand (glacial till and ourwash soils).

Additional fill is required for other Master
Pian improvements.

Type 1 fill would be used near the walls,
under runways. and other selected areas.
Type 2 fill would be used “to the maximum
extent possible, balancing relatively high
availability (low cost) with iimitations of
wying to compact such material in wet
weather” (ibid.). Appendix B discusses
native soil classifications, and Appendix C
contains evaluation of the likely textures of
the Type | and 2 filis based on
specifications produced for the first phase of
this fill (Phase 1 fill). Comparisons are
shown to samples collected from the Phase 1
fill and Maury Island deposits.
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The bonom of the fill would consist of a
laver of relatively sili-free soil (Type 1) that
would be designed to act as a drainage laver.
The drainage laver. in combination with the
Type 1 fill near the wall. is intended to0
prevent the build-up of groundwater
pressures near the wall and seepage through
the wall by directing groundwater secpage
beiow the base of the wall 10 the remaining
wetlands and Milier Creek (Hart Crowser.
1999%a).

Soft andor organic soils in the vicinity of
the walls may be reinforced or excavated
and replaced by compacted inorganic fill 1o
enhance wall stability. Dewatering of these
excavations may be required during
construction. Removal of organic material
(grass. trees, roots) is proposed beiow the
bulk of the embankment, but extensive
removal of native soils is not likely.

3.13 Surface Water Mansagement on

and Near the Proposed
Embankment
In  the Preliminary  Comprehensive

Stormwater Management Plan (SWMP -
Parametrix, 1999¢), the Port presents
anajyses of the current conditions under
which surface water moves through the
watersheds affected by the Sea-Tac Runway
Fill and by other improvements planned at
the airport. The Port proposes a stormwater
flow conwo! swategy for existing and
planned facilities that is intended to reduce
storm peak flows in Miller. Des Moines. and
Walker Creeks to below flow rates that
would be generated by similar storm events
on land uses that existed in 1994,

Within the area of the runway fill. the Pont
proposes 10 accompiish the reduction in
peak storm flow rates by storing runoff in
local and regional detention ponds and
vaults' while reswricting the rare of
Stormwater released from the storage
facilities. This strategy further relies on
expansion and construction of large regional
ponds in Miller and Des Moines Creeks.

Peak flow rates may aisc be moderatec by
promoung infiitraton into the fill.

Although nearh flat. the surface of the
embankment will be sloped tc manage
runoff of precipitation. The third runway
and connecting taxiways will be paved and
will comprise about 32 percent of the new
embankment surface (Paramemx HSPF
basins SDW-1, SDW-2 and SDS-7). Grass
will be grown on the unpaved 68 percent.
Water running off the paved surfaces is
proposed to flow into “filter smips™ which
are water quality trearment fearures. The
filter strips are proposed to be 75-foot-wide.
unlined, uniformly-sloping grass areas
adiacent to the pavement except in
connecting taxiways where the strips are
proposed to be 30-feet wide. Water would
flow into low areas at the bortom of the filter
strips. then laterallv to cawch basins spaced
hundreds of feet apart in the low areas.
Water entering the catch basins would be
conveyed through pipes under the runways
to detention vaults or other detention
facilities prior to discharge t Miller.
Walker, or Des Moines Creek. The use of
perforated convevance pipes is being
considered (which would enhance
infiltration).

3.14 Wetland and Creek Protections
During Construction

The Stormwater Management Plan states the
Port applies construction temporary erosion
and sedimentation control (TESC) measures
that exceed minimum requirements of the
Ecology Manual. These measures include:
storm water pollution prevention pians
(SWPPPs) for each capital improvement
project; conventional TESC best
management  practices (BMPs);, more
advanced stormwater weatment techniques
where necessary; supervising and
monitoring  contractor compliance; and
funding  independent  oversight  of
conswruction erosion control compliance.
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3.2 Character of the Hydrologic
Environment

3.2.1 Land Cover

Matenials that cover the land surface affect
water quantity and quality in important
ways. Vegetation of various rypes, water
bodies. and man-made structures including
pavement are exampies. Detiled cover
maps exist for portions of the area: for
instance, wetland classifications include
vegetation types, and road distributions are
mapped throughout. The Master Plan FEIS
includes vegetative cover descriptions for
some of the area. Also, the HSPF surface
water models of Miller Creek and Des
Moines Creek inciude and cover
parameters, measured as total acreage of
various pervious and impervious surfaces
within each sub-basin. Paramerrix Inc.
(SWMP) generated sets of land cover
parameters for modeling conditions in 1974,
1994, “current” and 2004 conditions. These
sets include parameters for all proposed
Master Plan Improvements inciuding the
third runway embankment, NEPL, and
SASA.

This project assigned land cover types based
on field observations and design plans where
detiled evaluations were performed. The
land cover rtypes used in detailed
assessments near the embankment are
summarized below.

Near the proposed west wall of the
embankment, the existing slope is forested
and underiain by a thin mantle of outwash
soils, or glacial till. Twelfth Avenue South
is paved. and separates the slope on the east
from grassy and forested wetlands to the
west near Miller Creek. This condition is
consistent in the embankment area, except
that extensive areas of grass, forest, and
landscape vegetation occur on outwash and
till soils in addition to the wetlands west of
12" Avenue. The Vacca Farm has wetland-
type soils and is faliow. Houses are sparse
1o moderately dense in this buy-out area and

paved roads are sparse compared tc most
urban areas.

Under the proposed built condition. the
forested siope and some low areas. including
wetlands. would be covered with compacted
fill which would grow grass. In addition. all
houses. and presumably utilities. would be
removed from the buy-out area.

322 Geology

The sequence of geologic units present in
the fill area is described in this section.
Surface materials have been characterized
through geologic mapping (Booth and
Waldron, in press). Subsurface conditions
have been explored specifically for various
construction and environmental projects at
the existing airport by Port consultants.
Subsurface data are also available from off-
sitt wells that are recorded with the
Washington State Deparmment of Ecology.
Associated Earth Sciences Inc. (AESI) was
hired by the Port to compile a computer and
hard-copy database of boring logs that
includes onsite and offsite well data. Parts
of the database were provided to this project
along with AESI’s interpretations of
subsurface geologic structure.

Pacific Groundwater Group described soils
from six borings in the project area and
observed the activity of the Port's drillers
and geotechnical consultant, Hart Crowser.
The boring logs generated by Hant Crowser
indicate generally the same densities, soil
types, and contacts as logs generated by
Pacific Groundwater Group.  Boring logs
are documented in numerous reports
generated by Port consultants. The most
recent work in the embankment and borrow
areas is documented in several “conditions
reports” by Hart Crowser (1999b, 1999d,
2000a, 2000b) listed in the references.

The geologic units are described below from
youngest to oldest. In a classic sequence of
units, all the units would be present, with the
youngest on top. However, prehistoric
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erosion. landslides. reworking of units by
water. and uneven ongmnal distributions
commonly create conditions Where not all
units are present. Also. since each unit is
not composed of a unique soil texture.
densiry, or color. absolute identificauon of
each unit is seldom cerain.

This project focused on relatively shallow
hvdrologic processes.  Specifically, our
effort included understanding the soil unis
in the hvdrologic regime that are responsibie
for base flow in the creeks. We found that
groundwater below the Vashon Advance
(Qva, shallow regional) aquifer does not
discharge to the creeks. Therefore, geologic
units deeper than the Qva received less
scrutiny and are discussed together beiow.

3.2.2.1 Fill

The voungest unit of soil in the project area
is fill used in constuction of the existing
airport runways. Its extensive distribution at
the airport is indicated on the geoiogic map
of Figure 3-2. However. the fill unnt is aiso
mapped in additional areas disturbed by cut
and fill operations. The fill is generaliy
described in boring logs as silty sand with
gravel. Lower portions of the fill are
saturated with groundwater at least
seasonally. The characteristics of this fill
were not considered in detail because it is
east of the proposed third runway fill
embankment.

3.2.2.2 Recent Deposits

The voungest natural soil unit consists of
peat and highly organic fine-grained soils
generated from recent and current geologic
processes.  This unit is not distinguished
from the Vashon Recessional Ourwash
(Qvr) by Booth and Waidron (in press:
Figure 3-2) but actually warrants a separate
mapping unit. The recemt deposits are
present in the topographic low areas near
Lora Lake, the central reach of Miller Creek.

and probably the upper reaches of Walker
Creek.

The deposit is tvpically 10 to 20 feet thick
near Lora Lake and is somewhat thinner
along Milier Creek south of there. The
recent deposits appear to be only a few fee
thick in the headwaters of Walker Creei.
The peat is generaily a dark-brown. sor.
silty soil composed of decaved and
compressed organic matter. Brown siit and
medium sand lavers are mixed with the peat.
and constitute the bulk of the recent deposns
in the central Miller Creek reach.

Hart Crowser reported esumates of
horizontal hvdraulic conductiviry for soils
that consist of mixed recent and Qvr
deposits. The conductivities range ranging
from 9x10”° 10 5x10° cmssec. The recent
deposits are generallv finer than the Qvr.
and likely account for the lower hydraulic
conductivities in the range. Because of its
low physiographic position. virtually the
entire deposit is saturated with groundwater
vear-round. A hvdrograph of groundwater
levels measured by Hart Crowser. in 2 well
screened in recent deposits, is shown as
Figure 3-3. Pacific Groundwater Group
accompanied Hart Crowser and participated
in gathering one round of water level data
from wells in the embankment area. The
procedures used by Hart Crowser were
observed by Pacific Groundwater Group and
were found to be standard. However, the
equilibration of water levels in the wells 10
atmnospheric pressure (once the wells were
opened) was not confirmed during the field
work. The water levels could be erroneous
if equilibration was not achieved.

3223 Ovr

Older than the recent peat. silt. and sand is a
unit of silty sand with some gravel that
constitutes the regional Qvr deposit. This
unit was presumably the basis for Booth and
Waldron’s mapping the Qvr unit (Figure 3-
2). It is the shallowest geologic unit along
the east flank of the central Miller Creek

.
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valley near the proposed fill embankment. It
may aiso underlie the recent deposits in the
valie,v bottoms. but it is commoniy absent in
that position based on boring logs.

Based on imerpretations by AES! (undated)
and Hart Crowser (1999b and 2000a), the
Qvr ranges in thickness up to 30 feet in the
project area. but is missing in plsces. Han
Crowser reported estimates of horizontal
hvdraulic conductivity for combined recent
and Qvr deposits berween 9x10 and 5x107
cm/sec. The Qvr deposits are generally
coarser than the recent deposits, and likelv
account for the higher hydraulic
conductivities in the range. Because of its
widespread  physiographic  distribution,
saturation of the unit by groundwater varies
widely. The entire unit remains saturated
vear-round in the valley bottoms where it
may occur below recent deposits. The lower
several feet of the unit remain saturated in
some intermediate and upland positions as
documented with water ievel measurements
coliected by AESI and Hart Crowser. A
representative hydrograph of groundwater
levels measured by Hart Crowser, in a well
screened in the Qwr, is presented in Figure
3-3.  In other locations, the Qvr may be
only seasonally sawrated, or may remain
unsaturated vear round.

Whether or not a geologic unit is sarurated is
important because it aids in interpreting how
groundwater may be moving within the unit.
The absence of satration indicates that
groundwater is probably moving downward
via unsaturated flow {except within the root
zone where upward flow may occur). The
presence of saturation is less diagnostic
because horizontal, upward, or downward
flow may be occurring.

3224 Ow

Glacial till (Qwt, hardpan) is recorded in
most borings drilied in the project area. |t is
a dense unit of gravel and silt in a sandy
marrix. It is usually massive and not
stratified. In the project area it is similar in

texture to the Qvt. although denser. and this
likely expiains the term “till-like soil” used
by Hart Crowser (2000a). Till was
compressed by direct contact with glacial
ice. Booth and Waldron (in press) mapped
glacial ull & or near land surface
immediately west of the existing runway fill
as well as on other nearby uplands (Figure
3-2). In these mapped areas. 2 soil profile
(commonly the Alderwood soil series) has
developed on the till, but the geologic map
reflects the glacial till underlying the soil.
The till appears to be absent at borings
HC00-B110 and HCO00-B11] logged by
Pacific Groundwater Group south of the
cross section location.

Based on imerpretations by AESI (undated)
and Hart Crowser (1999b. 2000a). the Qw1
ranges in thickness up to 20 feet in the
project area, but is missing in places. Hart
Crowser interpreted well tests indicating
hydraulic conductivity values for Qwi-like
deposits ranging from 1x10™ 1w 5x10™
cousec.  This infers higher groundwater
recharge potential than typically measured
for glacial tll aquitards (Booth, Massmann,
and Homer, 1996; Bauer and Mastin, 1996).
Reasons for the anomalously high results
probably include the fact that lower
hydraulic conductivity units such as till do
not vield water to a well during drilling, and
therefore are commonly not screened or
tested.  This results in a high bias in
hydraulic conductivity based on well tests.
Also, since groundwater generally moves
vertically in aquitards, vertical hydraulic
conductivity is of more interest than the
horizontal values measured by Han
Crowser’s slug tests. The term “till-like
soils” used by Hart Crowser (2000a) to
describe the soils in this category of testing
results suggests that they included soils with
texture, but not density, similar 1o til].

Because of its varied physiographic position,
saturation of the till by groundwater varies
widely. It is commonly thought to be
unsaturated based on visual observations
because water does not readily flow out of jt
when  penetrated. Water percolating
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downward commonly accumulates on top of
till because of ms relatuveiy iow hvdraulic
conductivity relative to percolation rates and
the hvdraulic conductiviry of overlving
strata. The presence of water in overlying
units is an indirect indicator of saruration
within the till. The entre unit remains
sarurated vear-round where it occurs below
recent deposits andsor the Qvr in the valley
bortoms. The unit remains saturated in some
intermediate and upiand posmions as
inferred by the occurrence of groundwater in
the overiving Qvr. In other iocations, the
Qvt may be only seasonally saturated, or
remain unsaturated vear round.

.2.2.5 Qva

The Vashon Advance Ourwash (Qva)
deposit is a widespread unit of sand with
varving amounts of silt and gravel that
commonly underiies glacial till. It was
encountered in almost all borings that
penewrated through giacial till in the area.
However. -many borings in the embankment
area and buv-out area were terminated
within the till and therefore data on the
distribution and properties of the Qva are
sparse. Booth and Waldron mapped the unit
as comprising the land surface on a slope in
the central buy-out area (Figure 3-2). The
basis for this mapping is unknown. Borings
logged by Pacific Groundwater Group in the
vicinity  (HC00-B111! and HCO00-B110)
encountered a thick silt. suggesting that the
mapping may be erroneous. or that the Qva
was interpreted by Booth and Waldron to be
a silt at that location. Interpretations for
this project assume the mapping to be
erroneous and the siope to be comprised of
transitional beds (Qtb) discussed below.

The Qva is the upper-most unit that will be
explicitly modeled by Port consulants’
(AESI and Papadopulos and Associates)
regional groundwater (Modflow) model.
AESI (undated) interprets the Qva to occur
below the entire project area at a thickness
of about 10 feet to more than 50 feet. with a
top contact elevation as high as about 380

feet under the exisung runwavs. The top 0!
the Qva is interpreted at a depth of about 3¢
10 60 feet below the runways based on the
AESI analvsis. Near Milier Creek. the AESI
anaivsis indicates the top of the Qva at an
elevation berween 220 and 240 feet based 1n
part on the surface outcrop mapped b)
Booth and Waldron (in press). which 1s
questioned as noted above. The presence of
recent deposits and till extending to a depth
of more than 26 feet near Miller Creek
(HC00-B124) would indicate & maximum
possibie top elevation of 204 feet for the
Qva at that location. If the Qva outcrop of
Booth and Waldron discussed above is
actually Qtb, then the AES! interpretanion of
compiete conunuity of the Qva must be
incorrect. Since the Qva is the shaliow
regional aquifer, this difference could affect
local groundwater flow.

The Qva observed by Pacific Groundwater
Group during this project near Lora Lake, is
a gray, slightly siity, fine sand. Gravels are
occasionally present in the Qva and the unnt
is often stratified. It is usually distinguished
from glacial till based on lower fines (silt
and clay) content, swatification. and lack of
cementation.

The Qva is the shallow regional aquifer of
the South King County Groundwater
Management Plan (South King County
Ground Water Advisory Committee, 1989) .
Its regional extent, the perennial presence of
groundwater in its lower portions, and its
ability to vield water 1o wells in useful
quantities, made this an important water
supply source for residences prior to the
availability of public water supplies in the
area. Currently, potable supplies generally
come from deeper aquifers. Below the
upiands, groundwater in the Qva is
unconfined (2 water table exists), and the top
of the unit is not saturated. Near the creeks,
the Qva is completely sawrated, and
groundwater within it is confined below the
overiying, less permeable Qvt and recent
deposits.
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The hvdraulic conductivity of the Qva was
not a maner of concern for this project. no
tests were performed, and existing data were
not reviewed.

3.22.6 O

The wansitional beds were deposited in quiet
water environments prior to advances of the
Vashon glacier and the bed therefore occur
below the Qva, Qvi. Qvr, and recem:
deposits. The unit is composed of silt and
clay. Based on texture, Pacific Groundwater
Group interprets the thick silt encountered
from 20 feet to 97 feet depth (elevation 264
to 187 feet) in boring HC00-B111 to be Qtb.
However, as discussed above, Booth and
Waldron (in press) appear to have mapped
this unit as Qva.

Regardiess of its name, the presence of silt
from 20 feet to 97 feet in HC00-B1l]
indicates the lack of a “shallow aquifer”
corresponding to the Qva at that location.
Conditions at boring HC00-B110 to the
southwest are similiar.

3.2.2.7 Deeper Geologic Units

Several deeper geologic units are recorded
in logs of deep water welis in the area.
These include the “intermediate” and “deep
aquifers” of the South King County Ground
Water Management Plan.  The top of the
intermediate  aquifer  is  commonly
encountered 200 to 250 feet below ground in
the airport area. The top of the deep aquifer
is encountered at roughly 300 to 400 feet
below ground in that area. Although the
aquifers are not uniformly transmissive,
groundwater flow to these deep agquifers
occurs over virually the entire Des Moines
upland (used here as the glacial upland
berween Puget Sound and the lower Green
River Valley). Because of their depth and
large lateral extent. these units are jess
sensitive to local changes to recharge and
discharge than are shaliow groundwater

resources and groundwater-fed streams that
are entirely dependent on local recharge.
Furthermore, changes in recharge o deep
units is dependent on changes to recharge 10
shallow units.  Therefore this project
analyzed local changes +to  shallow
groundwater recharge and discharge. and
used those results to infer changes to deeper
groundwater  recharge. Deailed
characterizations of the deeper geologic
units is not necessary for that analvsis and
was not performed.

3.2.2.8 Comparison to Previous Geologic
Interpretations

Two differences exist berween the shallow
swatigraphy described above. and that being
used by Port consultants. The interpretation
of 20 to 30 feet of moderate and low
hydraulic conductivity sediments (recent and
Qvt units) overlying the Qva aquifer in the
middie Milier Creek reach is one difference.
Booth and Waldron (in press) mapped Qvr
as present throughout this area and did not
differentiate the recent deposits documented
in the borings by Hart Crowser (the borings
may not have been availabie at the time of

mapping).

The second difference is that Booth and
Waldron (in press) map an extensive slope
outcrop of Qva on the east flank of the
middle Miller Creek reach near the proposed
embankment. Logs of borings HC00-110
and HCO00-111lindicate the slope is probably
composed of silt and clay, which is not
typical for the Qva (the borings were not
availabie at the time of mapping). A related
issue is that AESI (undated) implies a
continuous Qva aguifer below the creek,
which is not indicated by the logs of the two
noted boreholes.

A review of the deeper stratigraphic
interpretations generated by Port consultant
Associated Earth Sciences, Inc. (AESI) was
also performed by Pacific Groundwater
Group (Appendix D). AESI's work is part
of the development of a regional
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groundwater flow model being
commissioned by te Port. The general
geologic lavering presented by AES! in
cross secuons Is consistent with Pacific
Groundwater Group's interpretation.
However. local inconsistencies were
identified and in several cases the structural
contouring of the units does not agree with
the cross secuons. See Appendix D for
derails.

323 Soil Water Balance Components

.2.3.] Water Sources

Precipitation and imported public water
supplies are the two independent water
sources to the area. Precipitation at SeaTac
was used in calculations for this project.
Appendix B provides details.

Drinking water to homes near the buv-out
area is provided by local water districts that
produce water from welis and buyv warer
from the Seattie Water Deparmment. The
Seattie Water Department and the dismicts
maintain wells in the intermediate and deep
aquifers. Because the recharge area for
these water sources extend far bevond the
buy-out area, this water source is effectively
“imponted” from outside the area for the
purposes of assessing changes 1o recharge
resulting from the buv-out. Approximately
400 homes, each with a residentiai water
supply will be removed. It is assumed thar
the pipes that supply water to the area will
be decommissioned such that no ieaks will
occur,

3.23.2 Groundwaier Recharge Estimates

Percolation of precipitation from the land
surface was estimated with a proprietary
spreadsheet model developed by Pacific
Groundwater Group (Recharge mode] -
Appendix B). Field observauons of land
covers were used to characterize the factors

that significantly influence the recnarge
process.. Soil tvpes. land cove:. anc tne
presencesabsence of shaliow 1]l were
compiled from existing data and umque
combinations thereof were assigned 10
individual “recharge ciasses.” The recharge
model was then used to estimate monthi
and annual recharge for each recharge class.
The model performs a daily water-baiancs
calculation, but used average monthiy vajues
for precipitation and ambient temperarure.
Along with climatic daw. informauon
regarding plant water demand. soil hvaraulic
properues, and depth to till (where present)
was used to perform the dailv water balance.
In the case of a perched upper aquifer. the
mode] was calibrated 10 seasonal saturation
of the soils above glacial till by adjusting till
hydraulic conductiviry.

Overland runoff from the recharge classes
that were analyzed was assumed to be zero,
and the effects of runoff were instead
considered in interpretation of the output.
Predicted runoff vaiues are iess than a tenth
of an inch annually for various soils with
forest cover, 1o about one inch annually for
grass on till soils according to the HSPF
water balance analysis presented in
Appendix F of the SWMP. That model
indicates 2 to 3 inches of runoff from the
runway infields. Runoff from runways
themselves is assumed 10 be 100 percent.
and no secondarv infilration of runoff is
assumed for this project or the Miller Creek
HSPF models even though substantial
secondary infiltration may occur.

Land-cover was divided into three
categories (grass, forest, and barren). Water
requirements for grass were used to
represent the current and proposed runway
infields and wetland meadows. Water
requirements for coniferous and deciduous
trees were averaged 1o represent the forested
wetlands and forested uplands.

The spatial distribution of soils was based
on surficial geology (Booth and Waldron, in
press) and field observations. Soils were
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considered t0 be outwash. till, or wetland
(saturated).

The recharge mode! was run for the unique
combinations of land cover and soil
occurrence discussed above. For Upiand till
areas, the model aliowed shaliow
groundwater to accumulate above the ll
and slowly percolate downward based on a
till permeability chosen to create seasonal
saturation above the till (the assigned till
permeabilities for this model do not affect
other models). A detailed description of the
method for estimating recharge is presented
in Appendix B.

Figure 3-4 presents the average monthly
estimates of recharge for the recharge
classes near the proposed embankment. The
estimates were calculated at the bouom of
the root zone or the water table, which ever
was shallower. Estimates range from 14.4
inches of recharge per vear for wetland areas
to 24.2 inches per vear in mixed-forest areas
on outwash soils. Barren ourwash has &
higher recharge (25.6 inches) than the
vegewated classes, but was only considered
in evaluation of borrow areas (Section 4). In
general, the riparian wetland areas do not
contribute to deep groundwater recharge;
however, percolation does occur to the water
table and that is plotied in Figure 3-4.

Wetland and till areas indicate negative
recharge in summer. In those areas, water is
extracted from the saturated zone by plant
roots and thus a net loss of water occurs.
Unlike HSPF analyses presented in the
SWMP and elsewhere, interflow above
glacial till is included as groundwater
recharge in these analyses.

3.2.3.3 Comparisons to Previous Soil-
Water Estimates

Applied Geotechnology Inc. (AGI), (Pont of
Seattle, 1996), Parametrix (1999¢). and Hart
Crowser (1999c), conducted water balance
calcuiations for the proposed third runway.
The AGI calculations related to Miller Creek

watershed were not reviewed. The
Paramewix and Han Crowser csiculations
are complemenmry, with Hart Crowser
calculating subsurface flow within the
embankment using ourput from the
Parametrix work.

The Parametrix water balance was based on
the HSPF modeis of Miller and Des Moines
Creeks. As discussed in Section 3.6.0.
inconsistencies in model parameters
berween versions of the Miller Creek model.
and poor calibration of the Miller Creek
model, create a lack of confidence for use of
that model in water-budget analyses.

The water budgets for the various land
classifications used in the HSPF anaiyvsis in
Appendix F to the SWMP are subject 10
some, but not all, of the Miller Creek model
problems. Therefore, the results of that
anaivsis were considered. Because these
calculations compare current and proposed
fuwure condiuons, thev are discussed in
Section 3.6.6 — Comparisons to Previous
Groundwater Assessments.

3.2.4 Water Circulation

3.2.4.1 Shallow Groundwater Circulation
and Discharge

Groundwater moves laterally and vertically
from areas of higher potential energy (head)
1o areas of lower potential energy (influence
of topography), and is influenced by the
distribution of  hydraulic  conductivity
(geology) because it tends 1o foliow paths of
high hydraulic conductivity.  Head is
measured by surveying the elevation of
water levels. In the proposed fill area,
higher head occurs where recharge enters
the ground and lower head occurs in
streams, in deep aquifers, and in the ultimate
base ievel body, Puget Sound.

Two groundwater circulation patterns
(regimes) were identified in the Miller Creek
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basin based on their scale and discharge
locations. One regime is relatively shaliow
and discharges entirely to the local creeks.
The other regime consists of groundwater
that circulates deeper. and discharges vear-
round to deep wells, the lower reaches of the
creeks, and Puget Sound. The deeper
regime could probably be subdivided into
subcategories, but that is not necessary for
the purposes of this project. At the
headwaters of Walker Creek, Hart Crowser
(2000b) interprets Qvt to be discontinuous.
In that case Qva groundwater may discharge
more easilv to the creek than within the
Miiler Creek basin, possibly explaining the
extensive wetland in the Walker Creek head
waters.

Evidence supporting the division of
groundwater flow into two regimes is three
fold:  hydrostratigraphy, the vertical
distribution of groundwater heads. and
analysis of base flow in Milier Creek. This
evidence is presented in the following

paragraphs.

As described in Section 3.2.2, the recent and
Qvr deposits have moderate hyvdraulic
conductivity and are in direct contact with
the middle reach of Miiler Creek and the
upper reach of Walker creek. Groundwater
in these units is not impeded in its discharge
to the creeks. The recent and Qvr deposits
are typicallv underiain bv Qvi, which has
low hydraulic conductivity. Below the
glacial tll may lie a second aquifer,
typically the Qva aquifer. The Qva aquifer
i1s physically separated from the middie
reach of Miller Creek by till and sometimes
silt. As noted above, discontinuous till in
the Walker Creek headwaters may create a
more direct avenue of discharge between
Qva groundwater and the creek there.
Groundwater moving within the Qva aquifer
Is impeded from discharging to Miller Creek
in most of the proposed embankment area
by low hydraulic conductivitv units. Some
upward discharge through those units may
nonetheiess occur.

The second type of evidence used 1o 1aentif
the scale of the groundwater flow regime
responsible for base flow to Milier Creek
was the vertical distribution of groundwater
heads near the creek. Han Crowser has
installed numerous monitoring welis in the
proposed embankment area. Most of the
welis monitor heads in the upper aquifer
composed of recent and Qvr deposits within
25 feet of ground surface. A few wells
monitor heads in a second aquifer. Where
the ‘second aquifer is separated from the
upper aquifer by till. it can be formaliy
considered the Qva aquifer. The more
general term “second aquifer” may consist
of the Qva in many cases but mayv also be &
sandy unit near the bottom the Qvr. Since
groundwater moves from zones of high 1o
low head. groundwater in the second aquifer
must have higher head than groundwater in
the intervening recent/Qvr aquifer if it is
going to discharge to a local creek. Water
levels (heads) from nearby welis screened in
the recent/Qvr and second aquifers were
compared to assess the potential for this
upward flow. Heads in the second aquifers
were found to be lower or equal to heads in
the recent/Qvr aquifer. Thus, upward
discharge of deeper groundwater from the
second aquifers to the stwreams was not
indicated in those areas at those times.

Although the review described above
indicates  that inter-aquifer flow is
predominantly downward. one example of
upward inter-aquifer flow was noted, as was
a case for upward flow from the probable
Qva aquifer where it is not overlain by a
shallower aquifer.

Upward inter-aquifer flow is inferred near
the Miller Creek Detention Facility (MCDF)
at well HC99-B43A which flows when
uncapped, indicating sufficient head 1o flow
into the Miller Creek detention facility
(MCDF). A shallower Qvr aquifer exists
there as well. This area is near the area
proposed for expansion of the MCDF. That
expansion would be created by excavation
which could breach the aguitard that
confines the high-head groundwater.
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Breaching such an aguitard could cause
uncongolied groundwarer discharge, erosion
and discharge of sediment to the MCDF, and
loss of stored groundwater. Further
evaiuation of the potential for that problem
1o occur is warranted.

Upward discharge of groundwater also
occurs near the headwaters of Walker Creek
at well HC00-B208. At that location water
levels in the well stand above the adjacent
ground surface. Also, the boring log for that
well indicates the presence of only a thin
mantle of recent deposits, underlain by a
thick sandy unit that began to discharge
groundwater at 34 feet depth. That sandy
unit may be the Qva aquifer, in which case
direct discharge of Qva groundwater to the
creek is indicated.

The third type of evidence used to identify
the scale of the groundwater flow regime
responsible for base flow to middie Miller
Creek was comparison of rates of gain in
base flows in Miller creek to results from a
local groundwater model. A simple finite
difference slice model was developed to
simuiate shallow groundwater flow on the
east flank of Miller Creek at cross section A-
A’ (Figure 3-2). Appendix E expiains
details of the mode] and Secuon 3.2.4.2
below  explains the smeam flow
measurements used for comparisons to
groundwater model predictions. Figure 3-
Sa shows the idealized geomemy assumed
for the Qwvt aquitard and Qvr/recent aquifer
for this model. Simulation included
accounting for groundwater recharge oniy
within the area of the proposed embankment
fill (the section extends about 1250 feet east
from Miller Creek at that location).

Figure 3-6 presents the results of the slice
model for current conditions. The figure
shows predicted water flow over a vear.
Water outflow is divided into surface flow,
groundwater  discharge, and seepage
downward through the till.  Overland
(‘surface”) flow and groundwater flow
contribute water 10 wetiands and the creek
near the proposed west wall. The plotted

values for surface and groundwater flow are
flow to the west end of the cross section
model. The ploned values of recharge and
percolation through the till (“till seepage”™)
are Sums across the entire cross section. In a
conceptual sense the till seepage reaches the
Qva aquifer. This downward seepage is not
accounted for further within the cross
section. Units of measurement are cubic
feet per day, per foot of width (cfd/f). The
towal volume of recharge, surface flow, till
seepage, and groundwater flow are indicated
in the legend. The plot shows how those
volumes are diswributed over the vear.

Although the model was never intended to
be calibrated to base flow gain rate. the sum
of modeled groundwater flow, modeled
surface flow, and septic discharge was in the
range expected for base flow conmibutions
from east of the creek for the current
conditions. The analysis suggests that base
flow consists mostly of local. shaliow
groundwater flow and that conwibutions
from the Qva aquifer are small in this reach.
Further  explanation of base flow
measurements follows in Section 3.2.4.2.

3.2.4.2 Smreamflow

King County has maintained stream gaging
stations at various locations over selected
periods on Miller, Walker, and Des Moines
creeks. This review focused on the daw
used in the calibration of HSPF models by
Port consulants. Flow duration curves for
two gages on Miller Creek, and one gage on
Walker Creek, are presented as Figure 3-7,
The gage locations are shown on Figure 2-
1. The “observed” values on Figure 3-7 are
hourly data from the gages. The flow
duration curves indicate that data from gages
42A (mouth of Miller Creek) and 42F
(mouth of Walker Creek) include some
inaccurate readings in the low flow range.
The sharp drop off in observed flow data
suggests problems with the gages recording
lower flow rates. Simulations using the
calibration-scenario HSPF models prepared
by the Port’s consultants produce durations
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for most flow rates in excess of observed
vaiues.

Pacific Groundwater Group measured base
flows in Miiler and Walker Creeks at
numerous locations in October 1999 and
January 2000 to assess gains in base flow.
Measurements were made with a Swoffer
current meter on a wading rod. Table 3-1
and Figure 3-8 present the dawz along with
King Country measurements for those dates.
The October 1999 measurements preceded
the onset of seasonal rains and represent low
flow conditions for 1999 (which was & very
wet vear). The January 2000 measurements
aiso occurred after a period of no rainfall
and represent winter base flow conditions
plus discharge of stormwater from MCDF.

The measurements indicate that flow
increases downstream at both times of vear
and that the flow rate varies depending on
the season. Fiows in Milier Creek increased
substantially from October 10 January.
Avpout half of the increase at the Kiwanis
Club appears to result from the reiease of
stored groundwater and stormwater from the
Miller Creek Detention Facility. The other
half comes from increased shallow
groundwater flow to the stream in the
project area.

To assess conmibutions to base flow from
the embankment area, the rate-of-gain per
foot of stream reach was estimated using the
Miller Creek data from the Lora Lake and
SR-509 stations. Table 3-2 summarizes the
calculations, which indicate that Miller
Creek gained approximately 6 cubic feet of
water per day per foot (cfd/f) of sweam
length in October, and 11 cfd/f in January.
Examination of the flow records of the King
County gages indicates that base flows in
average rainfall vears are on the order of 50
to 70 percent of the 1999 and 2000
measurements.

The slice groundwater mode! described in
Appendix E used average recharge rates
over the area of the proposed embankment
and so must be compared 1o average

streamflow contributions (not to the ]90%
data) from the east flank of the valiey. Tne
slice model resuits plus esumatec sepuc
discharge contributions account for 2 cfd{
of base flow gain in middie Milier Creek in
the fall. compared to the 1.5 to 3 cfdf
estimated from measurements. The slice
model results pilus esumated sepuc
discharge conwibutions account for 8 to ©
cfd/f of base flow gain in middie Milier
Creek in the winter, compared to the 4 1o §
cfd/f esumated from measurements. This is

relativelv good agreement.

3.2.4.3 Waier Circulation in Wetlands

The hyvdrologic functions of various
wetlands are described in Section 3.3.3.
Slope, depression. and riparian wetlands
occur in the project area.

3.2.44 Comparison to Previous Base-
Flow Interpretations

The SWMP provides a description of Miller.
Walker, and Des Moines Creeks in the
context of storrnwater management for the
proposed master plan projects. The
descriptions rely heavilv on HSPF models of
the basins. Because the anaiyses are largely
comparative (pre- and post- development),
model review is discussed in Section 3.6 —
Analysis of Selected Impacts.

AESI (undated) used land surface in the
Miller Creek and Walker Creek drainages as
“control points” on Qva heads. Although
numerically this approximation mav be
acceptable. base flow should not be solely
linked to Qva aquifer discharge as implied
by use of these “control points”. The 20 10
30 feet of low hydraulic conductivity
sediments commonly present berween the
Qva and the streams, and the presence of
shaliow groundwater flow within those
sediments. should be considered.

Hart Crowser (1999b Figure 7) mapped
horizontal groundwater circulation in the
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embankment area’s “shaliow regional
aguifer”. The shallow regiona! aquifer is
cisewnere defined as the Qva (AES]
undated). However, Hart Crowser uses data
from welils cieariv screened in recemt
deposits near the creek (above till). Given
the preponderance of low hydraulic
conductivity units in the near surface, heads
in the various shallow aquifers shouid not be
assumed equal, and data from welis
screened in different stratigraphic positions
should not be lumped without justification
and acknowledgement.

325 New Water Quality Data

The water quality in Miller, Walker, and
Des Moines Creeks was analvzed for & wide
range of parameters that help define the
environmental health of a creek. Surface
water quality parameters, including oxygen,
temperature. and turbidity, were measured
during field visits. Other parameters were
measured at Anaivical Resources. Inc.
(Appendix F). Tables 3-3 and 3-4 present
the results.

For both rounds of measurements, wurbidity
was highest just downstream of the Miller
Creek Detention Facility and improved
downswream.  Groundwater and wetland
discharges are rypically very low in
trbidity; therefore, Miller Creek turbidiry
improves as groundwater and wetland water
flow into .the creek downstream of the
detention facility. In October, oxygen
levels increased from 6 mg/L at Lora Lake
to 9 mg/L at the Kiwanis Club. However, in
January, oxygen levels ranged from 5 to 7
mg/L with no clear rend in water qualiry
moving downstream. Water temperature
ranged from 10 to 11, and 5 10 7 degrees C
with no apparent trends, in October and

January, respectively.

Discussion of water quality as it pertains to
fish habitat is discussed in Sections 3.4 and
44.

3.3 Character of the Wetland

Environment

The project area surrounding Sea-Tac
Awpont is primarily urbanresigential.
Immediately west of the airport. land use is
& mix of residential and agricuitural. with
development encroaching on the Miller
Creek ripanan comidor.  This cormridor
consists of a mosaic of iand uses with
residential  areas, agriculre.  upland
habitats, and siope and riparian wetlands. al|
located adjacent to the creek. OQutside the
immediate vicinity, areas that have not
undergone extensive urban development are
restricted primarily to the narrow riparian
and ravine corridors associated with Miller
and Walker creeks. Larger wetiand
complexes are associated with these
drainages, including the Miller Creek
Detention Facility, and a large wetland
complex which forms the headwaters of
Walker Creek. In addition 10 these ripanian,
ravine and wetland systems, the only other
major non-urban areas inciude the
successional woodlots west of the airport
acquired as pant of previous Noise
Abatement Mitigation projects (which had
been residential but are now upland
woodlots). Vacca Farm, and scanered lakes,
ponds, and local recreational parks. No
other significant parcels of undevelioped
land were identified.

Approximately 11 acres of wetlands are
present in the vicinity of in the Runway
Safety Arca Extension and 40.65 acres of
wetlands occur in the vicinity of the Third
Runway Impact Area (Parametrix 1999a).
Figure 3-9 identifies the wetlands within the
project area based on mapping by
Parametrix. This acreage does not include
larger complexes ( including the approximate
43-acre headwater wetland of Walker
Creek), wetlands associated with Tub Lake,
Arbor Lake, and Burien Lake. and smalier
isolated wetiands that occur north of State
Route 518, and west of State Route 509,
Based on the field survey, extensive riparian
wetland complexes also occur along both
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Miller and Walker creeks within ravine
areas west of SR 509. These all fall outside
the bounds of the project area and are not
discussed further.

33.1 Docnment Review sand Field
Anpslysis

Wetland field verification surveys -were
conducted during the week of December 4,
1999. Surveys were conducted throughout
the Miller Creek drainage basin to assess the
regional context of the project area.

Before conducting the field surveys, the
following documents were reviewed:

e Available  National Wetiand
Inventory Mapping (United States

Fish and Wildlife Service);

e Available aerial photography of the
project area;

o  Wetland Delineation Report

‘(Parametrix, Inc., Revised Draft,
August 1999);

e Wetland Functional Assessment and
Impact Analysis (Parametrix, Inc.,
Revised Draft, August 1999);

e Natural Resources Mitigation Plan
(Parametrix, Inc., Revised Draft,
August 1999); and

¢ Biological Assessment (Parametrix,
Revised Draft, November 1999).

The field surveys focused on confirmation
of the wetland delineations, evaluation of
the wetland quality assessment, and analysis
of the proposed mitigation.

33.2 Wetiand Delineation

As a component of the EIS for the Port’s
Master Plan  improvement projects.
numerous consultants conducted wetland
delinestions within the proposed project
area. Areas where access was denied were
not delineated but rather best professional
judgement was used In estimaung the
wetland boundaries. Following compietion
of delineation efforts, and in conjuncuon
with the United States Army Corps of
Engineers (USACE) Section 404 permitting
effort required for the project. wetland
scientists from the USACE conducted in-
field verification surveys of delineated
wetlands. E&E’s field survey confirmed
that boundaries as flagged in the field
accurately depict the extent of wetlands. and
are correctly depicted on available wetland
maps. The field surveys also did not identify
any wetlands that previously had not been
delinecated.

333 Wetland Characterization

To evaluate the potential effects on
wetlands, it is necessary to characterize
wetlands with respect to each other, their
role in the watershed, and their functionality.
The different methods of classifications used
to categorize and assess the value of the
wetlands in the project area are described
below. The field survey and literature
review were used to evaluate the previous
classifications and assess their functionality
in order to make an independent analysis.

3.3.3.1 Wetland Classifications

Paramemix classified wetlands in the project
area by physiographic sening (c.g., slope,
depressional, or riparian) and by regulatory
class as defined by the Washingion State
Wetlands Rating System (Washington State
Deparment of Ecology, 1993). During the
field survey, both classifications were
evaiuated.

i
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Table 3-5 lists the wetlands that E&E
identified as potentially impacted by the fill
activities, lists their classifications, and
provides brief description of the wetlands’
location and  condition.  Expanded
discussions of the wetland areas are
provided in the Wetland Delineation Report
(Parametrix 1999a).

Most wetlands within the project area thar
are likely to be affected are siope wetiands.
These wetlands are hydrologically driven by
hillside groundwater seeps, with additional
input from precipitation. The slope
wetlands range in size from very small (the
0.05 acre Wetland 13) to the extensive
Wetland 18/37 complex, Iocated west of the
existing airport. In.addition to the slope
wetlands, depressional and riparian wetlands
are present  The depressional wetlands
likely bave resulted from segmenution of
once larger wetland systems that have
systematically been filled, or, have
developed on iow permeability fill soils. All
riparian wetlands delineated in the vicinity
are associated with Miller Creek.

E&E is in general agreement with the
wetland  classifications assigned by
Parametrix (1999b) based on field surveys
completed for the project. No wetlands in
the project area are Class 1, the highest
quality and most significant wetlands in the
state. Class | wetlands include those that
conwin  documented  occurrences  of
recognized species of concern, are
recognized as regionally significant, or
perform irreplaceable ecological function
(i.e., bogs, mature forested wetiands, or
estuarine wetlands). While Miller Creek is
documented to contain protected fish species
in its lower reaches, there is no
documentation of these species occurring
within the wetlands in the project area.
Although there are forested wetlands in the
project area, the evident local disturbance,
and the estimated ages of the existing trees
do not meet criteria established for Class 1
wetlands.

3.3.3.2 Funaional Assessment

Wetiands are recognized for the vaiue they
provide on an ecosystem level. This vaiue
varies based on wetland size, location in the
landscape, and on surrounding iand use. To
better estimate the value or quality a wetland
provides within an ecosystem, it becomes
necessary to assess specific functional
atributes of a wetland.

-Evaluation of wetland functions is an

inexact science. Numerous models have
been developed within the scientific
community to specifically evaluate wetland
functional capabilities, vet they all recognize
that while certain functions can be directly
measurable, oftentimes professional
Judgement is necessarv to correctly apply
the models. Furthermore, existing models
have been developed to evaluate the
functionality of wetland ypes  (ie.,
depressional or riparian) with the results
between types not being comparable.
Therefore, the use of models for large
diverse projects usuallv does not provide
useful data. Therefore, E & E assessed the
quality of wetlands, using best professional
judgement and scientifically established
parameters. Our assessment is loosely
based on the principles established in
Methods for Assessing Wetland Functions
(Hruby et al. 1999), which has been
published for depressional and riparian
wetlands within Western Washington.

Three basic categories of functional
capability were assessed: water quality
improvement, hydrology (or water quantity),
and  habitat suitability. Water quality
function includes the ability of the wetland
1o, effectively trap sediment, nutrients, and
contaminants. Hydrologic function focuses
on the ability of a wetland to provide flood
Storage, prevent downstream erosion, and
potential for recharging aquifers. Habitat
suitability is a broad-ranging category
inciuding both flora and fauna diversity, and
the export of organic carbon, which can be
beneficial to adjacent aquatic communities.
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The quainative assessmemt component of
Table 3-5 focuses on .those wetiand
functions that E&E believes are likely to be
affected by the airport improvement projects
and on those functions that differentiate the
wetlands within the project area.  For
example, most project area wetlands have
litle direct bearing on resident fish
populations and are therefore all equally
considered 10 be low quality. The
exceptions 1o this (¢.g., Wetlands 18 and 37)
are specifically noted within the quainative
assessment column in the table. This
assessment approach is conservative because
wildlife was broadly grouped together rather
than differentiating amphibians, and small
mammals. The bird babiwt functions of the
wetlands are more reiated to the vegetative
cover type and size. The larger and more
diverse wetlands (particularly those with a
forested component) provide moderate-to-
high quality babitat for migratory bird
species, while the smaller. typically
emergent wetiands, offer low-to-moderate
quality pird habntat.

In addition to evaluating the specific
functions of a wetland, E & E assessed the
effectiveness of a wetiand to provide a
specific function and also the opportuniry to
provide that function. The opportunity for a
wetland to provide a particular function is
driven by its size, the surrounding landscape
(land use), and by the wetland's jocation
within the watershed. Thus, while a
depressional wetland is an ideal basin for
storage of floodwaters and highly effective
as a nutnenvsediment trap, a small
headwater depressional wetland located in
an undisturbed environment would have
little opportunity to provide this function
and thus would have a low functional
assessment.

This qualitative discussion is based on a
combination of the field survev conducted,
and data provided as part of previous
investigations in the project area. Prior to
utilizing any data acquired previously, data
comparisons were made for those wetlands
where information was available from both

previous field reports and the field surve)
The validity of this previously acquired data
was analvzed using proiessional juagement
before incorporating the data into this
assessment.

As indicated in the table, wetiands in the
project area are important nument and
sediment traps that filter-out anthropogenic
inputs prior to discharge to Milier Creek.
Refer to Section 3.4 for & more detailed
discussion of the fish habitats available in
local water resources. The riparian and
larger depressional wetlands aiso provide
flood retention capabilities in a highly
urbanized watershed. Fiooding is a
recognized concern, and the Miller Creek
detenton facility, located immediately
upstreamn from the project area is designed
specifically to dampen flood flow through
Miller Creek. From a wildlife population
perspective, the wetlands within the project
area provide necessary habitavopen space in
an urban setting. Because of the urban
development and fragmentation of the
resource, the local wetiand habitats benefit
small amphibian and small mammal
populations, as well as the more mobile
avian species.  Discussions of aquatic
habitats are discussed in Section 3.4.

33.4 Comparison to Previous Wetland
Characterizations

Project area wetlands were evaluated to
verify the accuracy of the delineations and
qualitative assessment completed as part the
Wetland Delineation Report (Parametrix
1999a). Based on the field surveys
completed, which represented a random
sampiing of wetlands within the project
area, the wetland delineations presented in
the delineation report provide an accurate
representation of the extent of wetlands that
occur 1n the project area.

Wetland delineation is an interpretive skill
that requires professiona) Judgement,
particularly at wetland boundaries, where
the available vegetative, hydrologic, and soil

|
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indicators can be marginal at best. Based on
the wetland flagging present in the project
area. the delineations completed within the
project area are conservanve in estmating
the extent of wetlands, meaning that the
marginal areas were more likely to be
included as wetland area, rather than upland.

In reviewing the functional assessment
compileted for the project, the analysis also
showed that the qualiative assessment
provided a reasonabie representation of
functional ability of wetlands within the
project area. The framework used for this
analysis used Methods for Assessing
Wetiand Functions (Hruby et al. 1999)
which was not available during the
preparation of the previous studies
completed at STIA.

Methodologies and references referred to in
the Wetland Functional Assessment and
Impact Analysis included the Wetland
Evaluation Technique (WET) (Adumus et
al.1987), Hvdrogeomorphic Classification of
Wetiands - (Brinson 1993) and Wetland
Values: Concepts and Methods for Wetland
Evaluation (Reppert et al 1979). However,
to some extent, professional judgement is
the key to the analyses presented in the
report.  While neither previous wetland
evaiuations, nor the quality and functional
assessment conducted as part of this analysis
provide numericai quantification of wetland
impacts, both approaches effectively
identify those functions that would be
impacted by the implementation of the Sea-
Tac improvement projects. Numerical
quantification of wetland impacts would not
necessarily improve the overall qualitative
assessment of impacts. panticularly in light
of the fact that a significant portion of the
wetland impacts are to siope wetlands. for
which there are no recognized/approved
models.

3.4 Character of Fish Habitat and
Populations

This discussion of fish habitat in Milier,
Walker, and Des Moines Creeks focuses on
the abilities of these creeks 10 suppon
salmonid species. Different salmonid
species and life history stages have different
optimal habitat preferences that fall within a
range of acceptable values. The optimal
habitat preferences for juvenile and aduh
coho salmon (Oncoripmchus kisuach) are
presented in Tables 3-6, 3-7, and 3-8 for
comparison purposes with existing habitat
conditions. Only those habitat parameters
that commonly limit saimonid survival and
production are presented. Because optimal
habitat preferences for coho salmon are
generally more restrictive than cutthroat
trout (O. clarki), decision making based on
coho saimon habitat preferences should also
be protective of cutthroat trout.
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3.4.1 Milier Creek
3.4.1.] General Watershed Description

The Miller Creek  watershed s
approximately 9 square miles and
encompasses 5 governmental jurisdictions:
the cities of Normandv Park, Burnien. and
SeaTac. Port of Seattle, and unincorporated
portions of King County. Water flow for
Miller Creek originates from Arbor Lake,
Lake Reba. Lora Lake, Lake Burien,
wetlands associated with the Miller Creek
detention facility, and from seeps into the
channe] and riparian wetlands, especially
located along the west side of the airport.
Miller Creek falls from an elevation of
approximately 360 feet in its headwaters to
sea level at Puget Sound at the Normandy
Park Cove. Significant residential and
commercial development exists within the
Miller Creek watershed, resulting in
approximately 23 % impervious surfaces.
Land use consists of approximately 62%
residential. 15% commercial, 3% airport,
and 20% undeveloped (Montgomery Water
Group 1995).

Trout Unlimited (TU) operates the Miller
Creek Hatcherv located at the Southwest
Suburban Sewer District in Normandy Park.
The hatchery’ has been in operation for
approximately 13 vears.  Annually. TU
receives coho salmon eggs from the
Washington Deparunent of Fish and
Wildlife (WDFW). Although the number of
eggs received annually varies, the maximum
number of eggs the Milier Creek Hatcherv
can raise 15 300.000.. TU reports egg to
juvenile survival that usually approaches
100%.. TU plants juvenile coho throughout
Miller, Walker, and Des Moines Creeks.
Fish plantings are conducted at various
times throughout the spring and with
different size fish in an attemnpt 10 maximize
survival of planted fish. Coho salmon
reieased by the Miller Creek Hatchery are
not tagged or identified with anv
distinguishing marks.

3.4.1.2 PRaershed Development

Urbanization has degraded saimonid habitat
in Miller Creek. The stream habnat lacks
compiexirty and variability and 1s dominated
bv  fast water riffierun habitat
Sedimentation is prevalent throughout the
watershed. Optimal habitat parameters for
salmonids such as presence of woody debris.
undercut banks. and overhanging vegetation
are absent throughout much of the stream
svstem. Pool to riffie ratio is reported 10 be
approximately 15:85, well below the optimal
50:50 ratio (Batcho 1999a). Developmen:
and impervious surfaces in the watershed
have significantly affected the stream’s
hvdrograph, causing less wetiand and
groundwater storage and resulting in high
peak flows and lower base flows. These
factors cumuiatively result in Jimiting
habitat factors for different salmonid life
stages, particularly high-quality gravel for
spawning adult saimonids and refuge habitat
for age-0 juvenile salmonids (i.c.. fish that
emerged this vear).

3.4.1.3 Water Quality Related 10 Fish

Miller Creek’s water quality has also been
degraded by urbanization in the watershed.
MacCoy and Black (1998) reported toxic
metals such as arsenic, lead. and mercury in
Milier Creek sediment and sculpin (botiom-
dwelling/feeding fish) tissue at
concentrations exceeding the probable-
effects level developed by the Canadian
Council of Ministers of the Environment
(CCME). Probable-effects levels identify a
threshold above which adverse effects are
predicted to occur frequently: concentrations
exceeding these guidelines may or may not
result in an adverse effect on aquatic
organisms but are intended to indicate
potential sediment quality problems that
warrant further study. MacCov and Black
(1998) also reported poivnuciear aromatic
hydrocarbons at concentrations in Miller
Creek sediments exceeding the CCME
threshold effects level, which defines the
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concentration below which adverse effects
1o aquatic organisms are expected 10 be rare.

Voss et al. (1999) reported the presence of
numerous pesticides in Miller Creek. The
insecticides carbarvl and diazinon were
present at concentrations exceeding the
chronic aquatic life cnteria recommended by
the U.S. Environmental Protection Agency
(1998). Voss et al. (1999) noted that the
ecological effects to the stream are unknown
because the duration of exposure to pesticide
concentrations above the chronic aguatc life
critenia is unknown.

Pacific Groundwater Group collected
surface water sampies during fall and winter
base flow periods throughout the upper
portion of the Miller Creek watershed and
analyzed for in situ water quality parameters
(pH, temperawre, conductivity, twrbidity,
and dissoived oxygen (Table 3-3). These
parameters appear to be within expected
values for the region; however, dissoived
oxygen levels as low as 4 mg/L likely limit
saimonid wtilization in the sampled area.
Water samples also were analvzed for total
metals, total suspended solids (TSS),
ammonia. nitrate, nitrite, total phosphorus,
ortho-phosphorus, biological oxygen
demand, and total oil and grease (Table 3-
4). Washington State Surface Water Quality
Swandards include maximum concentration
levels (MCLs) for arsenic, cadmium, copper,
lead, and zinc (WAC 173-201A 1997).
Arsenic and cadmium were not detected in
Miller Creek. Based on the calculated
hardness in Miller Creek of 95 10 150 mg/L,
detected concentrations of copper and zinc
were well below the Washington Stare
MCLs. One out of four lead concentrations
was above the MCL based on the cajculated
hardness of 95 mg/L for that sample. The
maximum TSS value was 17 parts per
million  (ppm), indicating  minimal
suspended particies (of which sediment is
one component) in the water column during
these base flow periods. Total oil and grease
was below 2 ppm, indicating minor inputs of
peroleum constituents at the tume of
sampling. ~ Significant changes to water

quality likely occur during stormwater
runoff events.

Stormwater at the airport falls into one of
™wo types of cawchments: the Stormwarter
Drainage System (SDS) and the Industrial
Wastewater System (TW'S). This project did
not independentiy review original SDS or
IWS water quality data or discharge data.
The following brief discussion is from the
FEIS (FAA, 1996) and other sources.

In general, the IWS coliects water close to
the airline gates where fueling and piane de-
icing operations occur while the SDS
collects water from the taxiwavs and
runways. The IWS drains are connected 1o
one of three storage lagoons where the water
is treated and discharged to Puget Sound.
The IWS lagoons are not hydrologically
connected to the Miller creek watershed. On
the other hand, SDS drains are connected 10
drainage ditches and, hence, discharge 10 the
Miller Creek and Des Moines creek
watersheds.  Chemicals specific to airpon
operations, that are potentially present in
SDS nunoff, inciude de-icing chemicals
draining off planes during taxi and take-off
and de-icing chemicals used on the runway.
The FEIS (FAA, 1996) indeed reports
occasional giycol and ammonia detections in
SDS discharges from those sources. and also
reports that copper and zinc occur at
elevated concentrations in SDS discharges.

Other SDS water quality parameters were
reported to be similar to other basin
stormwater. Analyses of seven water
quality parameters in SDS discharge (total
suspend  solids, biochemical oxygen
demand, oil and grease, total phosphorus,
total copper, total lead, and total zinc) were
reported in the FEIS (FAA, 1996). Results
were compared to the total basin loading for
these parameters in Miller Creek. It was
reported that discharge from the airport
contributes berween 0.5 and 4.3 % of the
total basin loading for these parameters.
These values are less than the 5% of the
Miller Creek watershed that the airport
encompasses.
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3.4.1.4 Fish Populations

Despite  habitat and  water  quality
degradation as a result of urbanization.
anadromous and resident fish populations
are present in Miller Creek. Adult coho
saimon are known to use the stream reach
from the mouth to the 1% Avenue South
culvert, however, aduit coho have been
reported in Miller Creek above 1" Avenue
South (Baicho 1999a, personal
communication). Juvenile coho salmon are
distributed throughout Miller Creek, likely
because of Trout Unlimited’s Miller Creek
Hatchery release efforts.  Steelhead (O.
mvkiss) runs have been reported on Miller
Creek, but this was not field verified. A
small population of resident cutthroat wout
is distributed throughout much of the Milier
Creek watershed.  Pumpkinseed sunfish
(Lepomis gibbosus) reportedly have been
inroduced to Milier Creek; E&E observed
one pumpkinseed in the lower portion of
Miller Creek.  Three-spined stickieback
(Gasterosteus acuieatus) has been observed
in the vicinity of Lake Reba, however E & E
did not verify stickieback presence. E& E
did not document the distribution of
pumpkinseed or three-spined stickleback in
Miller Creek.

3.42 Walker Creek
3.4.2.] General Watershed Description

Walker Creek is 2 major tributary of Miller
Creek; however. information about the creek
is lacking because it is commonly not
discussed as an exclusive watershed.
Walker Creek originates in a series of
wetlands located within a triangie formed by
Des Moines Memorial Drive. Highway 509,
and South 176" Street.  The original
confluence of Walker Creek and Miller
Creek was downstream of First Avenue
South. but decades ago Mr. Walker altered
the stream (Gower, pers. comm. 1999).

Walker Creek cumentiy paraliels Milier
Creek downsweam of First Avenue Soutn
and drains into Miller Creek approximarel
0.25 mile from the mouth of Milier Creek a:
the Normandy Park Cove area.

3.4.2.2 Waershed Development

Urbanization has degraded saimonid habitat
in Walker Creek. The soeam habitat lacks
compiexity and variability and is dominated
by fast  water rifflorun  habitat
Sedimentation, which is derimental to
salmonid  production. is  prevaient
throughout the watershed. Habitat
parameters such as presence of woody
debris, boulder cover, and undercut banks
are absent throughout much of the sweam
svstem. Overhanging vegetation is present
throughout most of the system and is
dominated by shrubs and trees: this provides
cover for fish and shading to minimize water
temperature increases above tolerabie leveis
for salmonids. However, grass is common
streamside vegetation in residential areas
throughout the watershed. Grass possesses
lintle value as riparian vegetation because it
does not provide overhanging cover,
substantial inputs of organic mater 1o the
stream. or sweambank stabilization below
the top soil unit, all of which are imporant
habitat parameters for salmonid production.

3.4.2.3 Water Qualiny

PGG measured  temperature, pH.
conductivity, trbidity, and dissolved
oxygen during base flow periods in October
and November 1999 and January 2000 at
two locations in Walker Creek: near the
First Avenue South retaining wall and near
the mouth at the intersection with 12
Avenue South. These water quality
parameters also were measured in
November 1999 at two locations west of
Highway 509 (Table 3-3). The results
indicated low dissolved oxygen levels that
may limit fish production. In November
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1999. dissolved oxygen levels of 3 mg/L ar
both the First Avenue South retaining wall
and the imtersection at 12® Avenue South
could substantially limit saimonid usage of
the creek in the sample areas. In addition.
the dissolved oxygen ievels of 0.2 mg/l. and
0.4 mg/L measured in Walker Creek west of
Highway 509 likelv prevent saimonids from
using this area.

3.4.2.4 Fish Populations

Despite habitat degradation, anadromous
and resident fish populations are present in
Walker Creek. Adult coho salmon are
known to use the stream reach from the
mouth to the 1% Avenue South cuivert;
however, adult coho have been reported in
Walker Creek above 1* Avenue South
(Batcho 1999). Juvenile coho saimon are
distributed throughout Walker Creek, likely
because of Trout Unlimited’s Miller Creek
Hatchery releases. A small population of
resident cutthroat trout is distributed
throughout much of the Walker Creek
watershed.

3.43 Carcass Surveys

Previous studies have investigated the
composition of natural and hatcherv fish in
the anadromous salmonid returns in Miller,
Walker, and Des Moines Creeks (WDFwW
1996. BioAnalyists 1998, Barcho 1999).
However, reported composition has varied:
thus uncertainty exists in the composition of
natural and hatchery fish in the anadromous
salmonid runs in these creeks. All fish
released from WDFW hatcheries recejve an
adipose fin clip to indicate their hatchery
origin. However, not all privately permitted
fish releases require fish to receive adipose
fin clips. For example, the Miller Creek
Hatchery does not clip coho salmon adipose
fins because of the small size of fish at the
time of release and the iabor intensive nature
of fin clipping (Batcho 1999). Hence, fin-
clipped fish found in Miller, Walker, or Des

Moines Creek are likely smaving fish from
another nearby hawchernr or net per
operations (Batcho 1999). The m™we most
likely sources of fin-clipped coho in the
adult saimon return are the Des Moines
Creek Net Pen operated by TU or the Soos
Creek Hatchery operated by the WDFW'
Non fin-clipped fish in Miller. Walker. or
Des Moines Creeks could have four possibie
origins: first generation fish from the Miller
Creek Hatchery, second (or greater)
generation fish from the Miller Creek
Hatchery, wild fish that have sustained a
population, or wild fish that have straved
from nearby populations.

E & E conducted carcass survevs 1o
establish the proportion of marked and
unmarked fish in Milier, Walker, and Des
Moines Creeks. Figures 3-10 and 3-11
show survey locations. These data can serve
as an indicator of the creeks' ability 1o
support natural anadromous fish spawning
populations and the success of the Miller
Creek Harcherv in reestablishing these
spawning populations. However. carcass
surveyv data are limited because identifving
the presence of returning adult saimon does
not establish that successful spawning (i.c., a
naturally  reproducing popuiation) s
occurring on the creek.  Juvenile fish
Surveys are more suited for this purpose as
described in Section 3.4.4.

3.43.1 Methods

In December 1999, E&E performed carcass
surveys by walking upstream (in the stream
when possible) from the creek mouth to a
predetermined upstream boundary.  The
Milier and Walker Creek upstream boundary
was st Avenue South and the Des Moines
Creek upstream boundary was Marine View
Drive.  E&E classified every carcass
encountered by species, sex, presence of an
adipose fin clip, and the estimated percent of
€gg voidance in females (egg voidance is the
measure of eggs expended by the female
during spawning). Because a substantial
amount of time had elapsed since the salmon
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had expmred. manv carcasses were in an
advanced state of decay and: as a result. one
or more data parameters were unidentifiable.

3.43.2 Resulrs

Data from the carcass surveys are presented
in Table 3-9. The majority of fish were
coho saimon; two chum salmon were
observed in Des Moines Creek and one in
Walker Creek. Most females appeared 10
void the majority their eggs, although the
range of egg voidance was 0-100 percent.
Egg voidance numbers should be interpreted
with extreme caurion because significant
decav and subsequent washout of the
carcasses had occurred since the fish
expired. Therefore. the reported percentages
are likely overestimates of the actual percent
of egg voidance.

On Milier Creek. E&E observed cleven
cono salmon in the sample reach (Table 3-
10) Sex and adipose fin determination could
not be made on two of the eleven coho
observed. Of the nine identifiable coho. six
were fernaie and three were male. Eight fish
were identified as WDFW hawchery fish
(i.e.. adipose fin clips) while one fish still
possessed an adipose fin. Egg voidance in
female coho on Miller Creek ranged from 0-
100. but most females had voided >80% of
their eggs.

On Walker Creek, 42 fish were observed in
the sample reach; 41 fish had expired and
one live fish was observed downstream of
the 13" Avenue South culvert in Normandy
Park (Table 3-11). Species determinations
were made on 21 fish: 20 were coho saimon
and one was a chum saimon. Sex
determination was made on 24 fish: 12
female and 12 male salmon were observed.
Adipose fin determination was possible on
18 fish: 12 fish were identified as WDFW
hatchery fish and six had the adipose fin.
Egg voidance in female coho on Walker
Creek ranged from 70-95%,

On Des Momes Creek. mine fish were
observed: six fish had expired and tnree hve
fish were observed in quict water
downstream of the Marnne View Drive
culvert in Des Moines (Table 3-12).
Species determinations were made on nine
fish: seven were coho saimon and ™wo were
chum saimon. Sex determination was made
on six fish: two femaie and four maie
salmon were observed. Adipose fin
determination was possibie on six fish: one
fish was identified as 8 WDFW’' hatchery
fish and five still had an adipose fin. Egg
voidance in female saimon on Des Moines
Creek ranged from 0-90%.

3.4.3.3 Conclusions

WDFW hatchery fish comprise the majoriry
of anadromous coho saimon runs on Miller
and Walker Creeks. Because no WDFW
hatcheryv is located within the Milier Creek
basin, these hatchery fish are likely straving
from the Soos Creek or Keta Creek
Hatchery in the Green River watershed or
from the Des Moines Creek net pen.
Conversely, onlv one of six anadromous
salmon on Des Moines Creek was identified
as a WDFW hatchery fish. This result was
unexpected because of the proximity of the
Des Moines Creek net pen operated by TU.
The non-WDFW hatcherv fish in the
anadromous salmon returns on Miller,
Walker, and Des Moines Creeks could fall
into one of four categories as described
above. Because non-WDFW hatchery fish
comprise only a small portion of the
anadromous salmon returns on Miller and
Walker Creeks. the Miller Creek Hatchery
does not appear t be successfully
contributing significant numbers of coho to
the salmon run based on the data coilected
for this field survey.

3.4.4  Juvenile Fish Survey

E&E used the presence of juvenile salmon
in Miller, Walker, and Des Moines Creeks
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as an indicator of the ability of each creek 10
suppor a narrally reproducing anadromous
saimon run. Carcass survevs can establish
various charactenstics of the returning sdult
population such as proportion of fin-clipped
fish or sex ratios. However, in addition to
the presence of adult saimon, a multitude of
other criteria need 10 be satisfied for aduht
salmon to successfullv produce viable
Jjuveniles. These factors include, but are not
limited 1o, water flow, water temperature,
dissolved oxygen. and degree of gravel
sedimemation. Therefore, the presence of
age-0 saimon in Milier, Walker, or Des
Moines Creeks prior to annual Milier Creek
Hatchery releases indicates that adequate
conditions currently exist for the survival of
fertilized eggs to emergent fry.

3.44.1 Methods

E & E conducted juvenile fish surveys on
March 24 and 25, 2000. No planned Miller
Creek Hatchery releases had occurred on
Miller or Walker Creeks prior 10 the juvenile
fish surveys. However, accidental reieases
of approximately 100 fish occurred in early
March (Yonkers 2000). TU reieased
Jjuvenile coho salmon in the upper portion of
Des Moines Creek near the Tyee Valley
Golf Course approximately 2 weeks before
the Des Moines Creek juvenile fish survey.
This hatchery release is expected to have
insignificant effects on the results of the Des
Moines Creek juvenile fish survey because
hatchery fish were released approximately 3
miles from the juvenile fish study area,
Juvenile coho often establish territories and
remain in the same location for extended
periods of time (Hoar 1958), and recently
emerged coho in  the creek are
distinguishable from Miller Creek Hatchery
coho based on size.

The juvenile fish survey studv area for
Miller and Walker Creeks consisted of the
reach from the mouth to the downstream
intersection with First Avenue South. The
Des Moines Creek juvenile fish survey study
area consisted of the reach from the mouth

to the downstream intersection with Marnne
View Drive. ELE conducted the surveys by
walking from the mouth toward the
upstream boundary. Sampie iocations were
biased 10 habimat preferred by juveniie
salmon, such as pools, backwaters. undercut
banks, or areas with insmeam or
overhanging cover. Biased sampling
locarions were limited because preferred
slack water habitat was not abundant.
Juvenile fish were caprured with a 1/16"
delta mesh fully hung beach seine measuring
6 feet deep and 20 feet long. Certain habitar
was inaccessible with the beach seine
because of substrate irregularities or debris.
A small mesh dip net was used as an
alternate capture method when juvenile fish
were observed but could not be accessed
with the beach seine. Sampling frequency
was dependent upon juvenile fish caprure
success; the goal of sampling locations and
sampling frequency was to identifv juvenile
fish distribution throughout the Study area.
If a significant number of fish were captured
at any sampling location, the number of fish
anesthetized and measured was limited 1o
20. The remaining fish were enumerated
and released at the point of capture.

Corralied fish were led to the sreambank
Wwhere they could be netted and transferred
to a 5-galion holding tank. Captured age-0
fish were individually anesthetized in a
scparate 3-galion tank containing a solution
of tricaine methanesulfonate (MS-222; 50
mg/L) to reduce handling stress and aliow
for rapid fish identification and length
measurements. Fish were handled
immediately after signs of equilibrium loss.
Fish greater than or equal to age-1 were
large enough to identify and measure
quickly without anesthetic.  Afier data
collection, fish were immediately transferred
10 a third 5-gallon fresh water recovery tank
and remained until equilibrium  was
regained. All fish were released at the point
of capture. General habitat characteristics of
sampling locations and location in the
Stream system were described for all areas
where fish were captured.  Species and
length data were used 1o document the
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presence or absence of different species and
age ciasses of fish.

Capture success with the beach seine was
approximately 50%. Numerous fish were
observed during beach seine depiovment but
were not reuwined because of interference
with submerged logs and other obstructions.
Fish aiso may have escaped through gaps in
the bottom of the net before the beach seine
could be compietely sealed.

3.4.4.2 Results

The Milier Creek juvenile fish survey results
are presented in Table 3-13. E & E
capwred fish at 7 sampling locations
throughout the sampling reach (i.e., mouth
to First Avenue South). Two species were
idemtified: coho saimon and cutthroat wout.
E & E caprured cutthroart rout (likely age 2-
5) throughout the sampling reach: cutthroat
were often associated with deep water.
commonly at the upstream edge of a plunge
pool. Coho saimon (age-0) were also
distributed throughout the sampling reach.
A total of 15 age-0 coho were captured in
Miller Creek. Age-0 coho length ranged
from 26-50 millimeters (mm) fork length
(FL), with an average length of 37.5 mm.
Age-0 coho were typically found at about 6
inch depth in slack water associated with
side channels, edge habitat, or instream
structure such as logs or boulders. Biased
sampling locations were difficult 1o identify
because slack water preferred by age-0 coho
appeared to be limited. E & E observed
numerous age-0 fish (presumably coho) in
slack water habitat berween sampling
locations but beach seine or dip net capture
methods were not emploved because of
sample gear inaccessibility or because of
proximity to another sampling location.

The Walker Creek juvenile fish survey
results are presented in Table 3-14. E & E
caprured fish at 8 sampling locations
throughout the sampling reach (i.e.. mouth
to First Avenue South). Two species were
identified: coho salmon and cutthroat trout.

Cutthroat wout (likely age-2) were captured
throughout the sampiing reach: cutthroa:
were often associated with deep water.
commoniy at the upstream edge of a piunge
pool. Coho salmon (age-0) were aisc
distributed throughout the sampling reach.
Sixty age-0 coho were captured in Walker
Creek; however, only 32 were retained for
length measurement. Age-0 cohe length
ranged from 26-45 mm FL with an average
length of 3825 mm. Age-0 coho were
rypically found at about 6 inch depth in
slack water associated with edge habitat or
instream swucture such as logs or boulders.
Side channel habitat is scarce throughout
Walker Creek. Biased sampling locations
were moderately difficult to identify because
slack water preferred by age-0  coho
appeared to be somewhat limited. Although.
slack water habitat associated with edge
habitat or insweam strucrure was more
prevalent on Walker Creek compared to
Miller or Des Moines Creeks. E & E
observed numerous age-0 fish (presumabiy
coho) in slack water habitat berween
sampling locations but beach seine or dip
net caprure methods were not empioved
because of sample gear inaccessibility or
because of proximity to another sampling
location.

The Des Moines Creek juvenile fish survey
results are presented in Table 3-15. E & E
caprured fish at 2 sampling locations in the
upper portion the sampling reach (i.c.,
mouth to Marine View Drive). Two species
were identified: coho salmon and cutthroat
trout. One cutthroat trout (likely age-2) was
captured at Station | in the upswream portion
of a mid-channel pool. A total of 6 age-0
coho were captured in Des Moines Creek.
Age-0 coho length ranged from 34-38 mm
FL, with an average length of 35.8 mm.
Age-0 coho captured at Station 2 were found
at about 6 inch depth in slack water
associated with edge habitat and insmeam
boulders. Biased sampling locations were
difficult to identify, particularly in the lower
portion of the sampling reach, because slack
water preferred by age-0 coho appeared to
be limited.
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3.4.4.3 Conclusions

Age-0 coho saimon were present throughout
the sampling reach in each sweam svstem.
Despite degraded habitat on Miller, Walker,
and Des Moines Creeks that likely limits
coho salmon production. adequate habitat
and water quality conditions currentiv exist
to aliow for some coho salmon egg 10 age-0
survival. No age-0 chum salmon or
steelhead were captured during the juvenile
fish surveys. As a result, it is unlikely that
viable spawning populations of these species
exist on Milier, Walker, or Des Moines
Creeks.

3.45 Habitat Survey

Many organizations have surveved in-stream
and riparian habitats of Miller and Des
Moines Creeks with the goal of evaluating
the habitat for current or potential use by
salmonids, primarily coho salmon. cutthroat
trour. steelhead, and chum saimon (Trout
Unlmited 1993, Resource Planning
Associates 1994, Shapiro and Associates
1994, Parametrix. Inc. 1999c. BioAnalysts,
Inc. 1998). Although it is difficult to
compare specific results obtained by the
different habitat assessment methods. the
habitat surveys performed thus far have
reached the same general conclusion:
adequate salmonid habitat exists on Miller
Creek in the stream reach from Puget Sound
to the 1st Avenue South culvert while
upsweam of this culvert the habitat is
marginal. In Des Moines Creek, adequate
habitat exists from Puget Sound 1o South
200" Street, however, much of this reach is
inaccessibie because if the migration barrier
at Marine View Drive. Local agencies agree
with these general descriptions (Masters
1999, Schnieder 1999). In  general,
urbanization degraded the creeks, but the
creeks do support small resident fish
populations, including salmonids. Limiting
factors for the ability of these creeks to

suppont fish populations include degradec
physical habitat, water qualiry. increased
peak flows. and migration barners. Despite
the degraded sweam habitar, anadromous
saimon runs (primarily coho saimon) exist
on Milier, Walker. and Des Moines Creeks.

In contrast to Miller and Des Moines
Creeks, only one habitar survey has been
compieted on Waiker Creek. Therefore.
E&E performed a brief field survev of
Walker Creek habitat in December 1999_ 1o
confirm the baseline habitat characteristics.
using methods found in  Rapid
Bioassessment  Protocols for Use
Wadeable Streams and Rivers. Second
Edition (EPA 1999).

3.4.5.1 Methods

E&E surveved five. 100-foot habitat stations
on Walker Creek.

1. Normandy Park Cove area.

2. Residential area upsweam of 13th
Avenue in Normandy Park.

3. Relativelv undisturbed area in the
Walker Preserve.

4. Upstream of ist Avenue South.

5. Residential area upstream of Ambaum
Avenue.

Habitat stations were randomly selected
within separate geomorphic segments as
defined by BioAnalysts (1999). Data from
the habitat surveys are presented in Table 3-
16. Specific habitat parameters were scored
through a consensus of two biologists as
described in Rapid Bioassessment Protocols
Jor Use in Wadeable Streams and Rivers,
Second Edition (EPA 1999). Each habitat
parameter score was then summed to obtain
the total habitat score for the sampie station.
Station 3 received the highest habitar score,
which was expected based on the relatively
undisturbed habitat in the Walker Preserve.
The other four stations fall into the marginal
or the low end of the suboptimal habitat
categories, indicating degraded habitat.
Water quality data coliected for Walker
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Creek included temperature. ranging from
6.5-7.6 °C: dissolved oxygen. ranging from
12.14-13.32 mg/L: and pH. measuring 7.70-
7.88. These water quality parameters are
within acceptable ranges for salmonid
species. Turbidity measurement at Station 2
was high compared to the other stations: the
reason for this deviation is unknown. The
maior substrate components of most of the
habitat stations were sand and gravel. These
results are consistent with the resuits of the
detailed Walker Creek habitat survey
periormed by BioAnalysts (1999).

3.4.5.2 Conclusions

The results of this field survey of Walker
Creek are consistent with the results of the
habitat survey performed by BioAnalysts
(1999). The lack of channel compiexiry
(i.c.. optimal pool:riffie ratio of 50:50), the
high degree of sedimentation. the lack of
available cover. and the sparse riparian
vegetation appear to be the habitat
parameters that limit saimonid production in
Walker Creek. Habitat qualiry is below
optimal throughout most of the watershed,
especially in residential areas.

3.4.6 Comparison to Previous Fish
Habitar and Population Studies

3.4.6.1 Literature Review

Significant volumes of information and data
have been coliected regarding the proposed
expansion of the airport and natural
resources in the vicinity of the airpor.
Documents were prioniuzed and reviewed
for pertinence 10 the project scope and the
source of the document. Information
obtained from objective sources. such as the
King County Department of Natural
Resources, the WDFW, or scientific
literature, was weighted with greater
significance.  Information generated by
sources directly or indirectly involved with
the proposed airport expansion was
reviewed with a critical eve. These sources
include, but are not limited to. the Port of
Seattle. public interest groups. or private
citizens. Biota-related fieldwork performed
during this project was designed to clarify
contradictions in available information.

3.4.6.2 Proportion of Marked Fish in
Anadromous Saimon Population

Uncenainties associated with anadromous
fish returns in the Miller, Walker, and Des
Moines Creeks remain after review of the
existing data (TU 1993, Shapiro 1995,
WDFW 1996,  Paramemrix 1999d,
BioAnalysts 1998, Batcho 1999). The
proportion of marked (adipose fin clip) and
unmarked (no adipose fin clip) fish reported
in annual fish rerums is inconsistent. Al
fish released from WDFW hatcheries
receive an adipose fin clip 1o indicate their
hatchery origin. The Miller Creek Hatchery
operated by TU does not clip coho salmon
adipose fins because of the size of fish at the
time of release. The anadromous fish return
data collected during the carcass surveys
generally agreed with data reported by TU
(Batcho 1999) and BioAnalysts (1999). All
surveys indicate that hatchery fish comprise
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the majontv of anadromous saimon rewmmns
to Milier, Walker. and Des Moines Creeks.
Although differences exist in carcass survey
results and  previoushy  documented
percentages of adipose fin clipped fish in the
saimon rewum, these differences can be
explained by namural annual variability in
salmon returns and different sample sizes
among the three studies.

3.4.6.3 Spawning Activity

Reports of the occurrence of spawning on
Miller, Walker, and Des Moines Creeks are
inconsistent. The WDFEW (1996) reported
no evidence of spawning activity, but TU
(numerous years) and BioAnalysts, Inc.
(1999) reported anadromous fish spawning
in the creeks. E&E originally planned to do
redd counts but these were not performed
since a significant amount of time had
clapsed since salmon had entered the creeks
and completed any spawning behavior.
Therefore, -visual indicators such .as
observed spawning behavior or freshly
overtumed gravel were absemt and
conclusive determination of redd locations
was not possible. However, at the time of
the carcass surveys, E&E met with a
resident living on Miller Creek upstream of
the SWSSD who had filmed anadromous
salmon returning and holding in Milier
Creek throughout the month of November.
Video footage conclusively shows a pair of
saimon exhibiting spawning behavior such
as nest building and quivering body
movement (Fish 1999), Therefore,
information gathered during this project
supports  observations by TU and
BioAnalysts, Inc., that salmon spawning
activity is occurring on Miller, Walker. and
Des Moines Creeks.

3.4.6.4 Juvenile Fish Presence

No known organization or agency has
performed age-0 juvenile fish surveys
shortly after fry emergence from the grave}

on Milier, Walker. or Des Moines Creeks.
Therefore, juvenile fish surveys cannot be
compared to previous characterizations and
are considered baseline  informauon.
Juvenile fish survey results identifv thar
adequate habitat and water gualitv exists for
fish survival from the egg to fry stage.

3.4.6.5 Aguatic Habitar

Many organizations surveved in-stream and
riparian habiat of Miller and Des Moines
Creeks in order to evaluate the habitat for
current or potential use by salmonids,
primarily coho saimon, cutthroat trout.
steelhead, and chum salmon (TU 1993,
Resource Planning Associates 1994, Shapiro
1995, Paramewix 1999¢ and 1999d,
BioAnalysts 1999). The repons generaliv
make the same conclusions, but with some
exceptions. In general, urbanization has
degraded the creeks, but the creeks still
support small resident fish populations,
including saimonids. Limiting factors for the
ability of these creeks to support fish
populstions inciude physical habitat, water
quality, hydrology, and migration barriers.
Physical habitat limitations include a lack of
habitat complexity, a low pool:riffle ratio,
and limited in-stream structure, especially
large woody debris. Water  quality
limitations include high summer water
temperatures and low dissoived oxygen
levels. Hydrology limitations include rapid
fluctuations in water flow, extreme variation
berween peak winter flow and low summer
flow. Local agencies (i.e., King County and
WDFW) agree with the habitat descriptions
reported for Miller and Des Moines Creeks.
In addition, E&E biologists confirmed that
the reported physical habitat characteristics
on Miller and Des Moines Creeks reflect
field conditions.

Only one habitat survey has been performed
on Walker Creek (BioAnalysts 1999). This
habitat survey was performed to verify
previous smdy results and confirm the
existing habitat characteristics. Although
different methods were used to assess the
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habitat condition. the results of the survevs
conducted on Walker Creek-were consistent
with the BioAnalysts (1999) habnat
assessment. In general. the habnat
assessments identified that the primary
limiting characteristics for the maintenance
of saimonid populations are fine-sediment in
streambed pools, lack of woody debris and
complex in-stream structure, and sparse
riparian vegetation.

3.4.7 Regional Significance of Local
Fishery

Puget Sound coastal watersheds in King
County encompass 92 square miles. In
southern King County, Miller and Des
Moines Creek watersheds encompass 9 and
6 square miles. respectively, and are two of
the largest Puget Sound coastal streams.
Coastal Puget Sound streams are typically
small sweam systems that drain highly
urbanized areas. In 1992, 67% of the land
use in coastal Puget Sound watersheds in
King County was urban/residential. King
County estimates that urban residential land
use will increase to 77% in these watersheds
by the vear 2012. Forest and park land use
is not expected to change over this same
time period, however, rural land use is
expected to decrease from 23% to 14% to
compensate for the increase in urbanization
(King County 1995).

Historically, these  watersheds  have
supported abundant anadromous and
resident fish populations. Today, many of
the coastal Puget Sound sweams support
small saimonid popuiations. Although
coastal Puget Sound streams do not suppon
regionally significant numbers of fish. they
are imponant locally. Numerous
community-based restoration efforts have
begun in 2 number of the watersheds 10
enhance saimonid habitat and to plam
saimon within the creeks. For example, in
1993, the Hyiebos Creek/Lower Puget
Sound Basin Plan was the first
comprehensive basin plan developed for an
urban stream in King County. The basin

pian idemifies that the costs of restoration
are vernv high. and even if compieteh
impiemented. full restoration of the basin 1s
not possible (King County 1995).

Two major river systems exist in the area:
the Green River/Duwamish River watershed
and the White River watershed. The lower
watersheds of both of these river svstems are
highly urbanized, with stmilar
urban/residential land use  estimates
compared to the percent of urban land use
reported above for small coastal Puger
Sound watersheds. Significant portions of
the upper watersheds in both of these river
systems remain undeveioped. However,
projected increases in urbanization would
modify the exisung land use in the
watersheds and likely result in habitat and
water quality degradation.

Annua] escapement estimates for the four-
vear period of 1988 through 1991 indicate
that the Green River/Duwamish River
Watershed supports a total of 44,928
anadromous  salmonids: 14,048  are
considered wild and 30.880 are cultured.
Wild fish are defined as any fish that spawns
naturally, which could include hatchery fish
that are successfully reproducing. Two fish
hatcheries in the watershed contribute to the
cultured anadromous salmonid returns: the
Soos Creek Hatchery operated by the
WDFW and the Keta Creek Hatchery
operated by the Muckleshoot Indian Tribe.
The Green River/Duwamish River saimonid
escapement comprises 50% coho salmon,
45% chinook salmon, 4% chum salmon, and
1% winter steelhead.

Salmonid escapement estimates for the same
four yvear period on the White River indicate
a total run of 20,967 anadromous salmon:
5.563 wild fish and 15,404 cultured fish.
The White River Hatchery operated by the
Muckleshoot Indian Tribe is a significant
contributor to the total annual salmon
production in the White River watershed.
The White River salmonid escapement
comprises 75% coho saimon, 15% chinook
salmon, and 9% chum saimon. The White
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River supports the Whne River spning
chinook population which is a distinct stock
not found in other basins (King County
1995).

Therefore, regional river svstems suppon
orders of magnitude greater numbers of
anadromous salmonids than do Miller,
Walker, and Des Moines Creeks. Thus,
population effects to saimonids in Miller,
Walker, and Des Moines Creeks would be
locai; no significant regional effects 1o
salmonid populations would occur if
population declines in these local creeks

were 1o occur.

3.5 Threatened and Endangered
Species

This section provides information on aquatic
wildlife species (state and federa! listed
species), which may occur in the project
vicinity. Two federal agencies, acting in
accordance with the Endangered Species
Act (ESA), manage threatened and
endangered species populations: the United
States Fish and Wildlife Service (USFWS)
and the National Marine Fisheries Service
(NMFS). Federal projects that could affect
listed species under the ESA are subject to
consulation with both agencies. Among the
federally listed species that might occur
within the arez include threatened
coastal/Puget Sound bull tout and
threatened chinook salmon. The USFWS is
responsible for the threatened coastal/Puget
Sound bull trout. The threatened chinook
salmon is managed by NMFS whom also
manages other anadromous threatened and
endangered aquatic species.

Management of other sensitive wildlife
species varies, and usually is conducted in
cooperation with State wildlife agencies.
The federal action agency for this project is
the FAA and they are directed to plan,
impiement and consult on projects. which
might impact federal listed species.

However, other laws and regulauons efiect
wildlife controi at airpons.

Oniy one aquatic species. the threatened
coastal/Puget Sound bull trouwt (Salveimus
confiuentus) potentially occurs in the project
area. The buli wout has ven specific life
history requirements such as cold water
temperature and ciean gravel and cobbie
substrate that is often associated with
unaltered stream systems. Because of its
specific habitat requirements. the bull out
has difficulty inhabiting or adapting 1o
stream systems with anthropogenic or
natural perturbations. Therefore. the bull
trout is not expected to be present in Miller.
Walker, or Des Moines Creeks. In addition,
E&E could not find conclusive records
indicating that the bull wout historically
inhabited these creeks.

NMFS manages anadromous threstened and
endangered aquatic species. In  Puget
Sound, no anadromous salmonids are listed
as endangered, but chinook saimon is listed
as threatened. Unconfirmed data indicate
that chinook salmon have been observed in
Miller Creek, however, no conclusive
records could be found supporing this
observation (Fish 1999). The Puget
Sound/Strait  of Georgia evolutionary
significant unit (ESU) of coho saimon is
currently a candidate species being
considered for listing under the ESA. Small
spawning populations of coho salmon exist
on Miller, Walker, and Des Moines Creeks.
Therefore, outcome of the NMFS ESA
listing process for Puget Sound coho salmon
will have significant impacts on the
protection and habitat restoration efforts for
the species and the aliowable activities
within watersheds with known coho salmon
populations. Two additional anadromous
salmonids documented to occur in Miller,
Walker, or Des Moines Creeks include
chum saimon and steelhead. Smalj numbers
of chum salmon were observed in Walker
and Des Moines Creek during the carcass
surveys; steclhead presence in the creeks
was not confirmed. NMFS has determined
that the Puget Sound chum salmon ESU and
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the Puger Sound steelnead ESU are por
warranted for protection under the ESA ar
this ume.

The WDFW does not consider any fish
species as threatened or endangered. The
three fish species are listed as sensitive in
the State of Washington: Olympic
mudminnow (Novumbra hubbsi). margmed
sculpin (Corntus margmarus). and pygmy
whitefish (Prosopium coulteri), have not
been documented to occur in Miller, Walker.
or Des Moines Creek. Thirtv-cight fish
species are identified as State Candidate
Species. Only two freshwater or
anadromous candidate species occur in the
Puget Sound region: chinook salmon and
river lamprey (Lampetra avresi). Neither of
these species are expected to be present in
Miller. Walker, or Des Moines Creek.

The WDFW aiso maintains the Priority
Habitats and Species (PHS) list, which
serves as a catalog of species and habitat
tvpes identified as priorities for management
and preservation. A priority species is
defined as fish and wildlife species requiring
protective measures and/or management
guidelines to ensure their perpetuation.
Species are included on the PHS list if they
satisfy one of three criteria: 1.) State Listed
and Candidate Species; 2.) aggregations that
are vulnerable to significant population
declines by virtue of their inclination o
aggregate (such as fish spawning and rearing
areas). and. 3.) species of recreational
commercial, andior tribal importance that
are vuinerable to habitat loss or degradation.
The three fish species known to occur on
Miller, Walker, and Des Moines Creek (i.e.
coho saimon, cutthroat trout. and chum
salmon) are included on the PHS list. Coho
salmon are considered a priority’ species
because they satisfy criteria - and 3,
cutthroar trout are a priority species because
they satisfv criteria 3 only. and chum saimon
satisfy all three priority species criteria.
However, the chum saimon state listing is
for populations separate from this region of
Puget Sound (WDFW 1999),

3.6 Analysis of Selected Impacts

This section describes independent anaivses
of possible third runway project impacts.
and comments on impact analvses provided
by the Port of Seartie.

3.6.1 Effects on Ecology from Possibie
use of Maury Island Fill

Gravel from a mine on Maun Island is
being considered as fill for the proposed
nunway expansion. The top eighteen inches
of gravel at Maury Isiand contain high levels
of arsenic, cadmium, and lead onginating
from the former ASARCO smelter in
Tacoma. The top 18 inches of soil at Maury
Isiand are proposed to be contained at the
island mine prior to aggregate extraction.
Ecology must have assurance that the fill
used for the airport project will not result in
exceedances of state water quality criteria.
The Pont and Ecology are working to
determine what screening methods and
contingencies are necessary 1o ensure that
water quality criteria are met.

This project analyzed the potential effects to
ecological receptors, such as the benthic
community. if arsenic. cadmium. and lead in
the Maury Isiand fill were 10 migrate from
soils 10 nearby sediments. Surface and
subsurface soil data of the potential Maury
Island fill were compared to ecological
benchmarks to assess whether unacceptable
ecological risks may occur. Based on this
comparison, metals in the potential Maury
Island fill soil should not pose an
unacceptable risk to the environment,
Appendix G contains further details and the
Maury Island data.

3.6.2  Effects on Streamflow

The SWMP presents a strategy intended to
mitigate the long-term effects on streamflow
due to proposed improvements to the
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airport. The effects of concem include
stormwater peak flow rates and durauons.
base-flow rates. and water qualitn. The
stormwater pian was developed using HSPF
computer model analyses described in the
Secuon 3.6.2.1.

The Port proposes to control stormwater
runoff from the airport using a combination
of local and regional facilities to reguiate the
rate at which stormwater is released to Des
Moines. Milier and Walker Creek
watersheds. It is intended to contol
stormwater discharges so as to limit peak
flow rates and durations of high flow rates 1o
those that wouid occur under a hypothetical
land-use scenario wherein the effective
impervious surface area (EIA) is 10 percent
in each watershed. Effective impervious
areas are hardened ground surfaces that
absorb a minimal amoumt of rainfall
(pavements, rooftops) that are hydraulically
connected to the receiving streams without
flow amenuation. The flow conditions
estimated to result under the hypothetical 10
percent EIA condition is termed the target
flow regime. The target flow regime is
identified in the plan as the proposed Level
2 discharge condition below the respective
regional detention facilities in Miller Creek
and Des Moines Creek.

3.6.2.1 Miller Creek HSPF Model
Review

The HSPF watershed modeis were provided
to Earth Tech for evaluation by this project.
The modeled discharge volumes were
examined to assess the models’ calibration
in accounting for the water budget. Total
flow volumes predicted by the HSPF models
were compared to observed values at two
locations each in the Des Moines Creek and
Milier Creek watersheds.

The period of flow rate calibration data used
for the Miller/Walker Creek HSPF model is
from October 1, 1992 to August 30, 1996.
This four-year period of time is adequate to
sufficiently calibrate the HSPF model.

In the Miller Creek basin. predicted volumes
were compared to observed vaiues for water
vears 1995 through 1996 at gages below
Lake Reba and near the creek mouth. Table
3-17 compares the total flow volumes.

expressed as equivalent  inches of
precipitation across the area draining to each

gage.

At both gages the HSPF mode! produces
excessive volumes of water compared 10 the
observed flows, indicating the mode! is not
well calibrated, despite the matching of
simulated and observed peak flows for
seiected storm events presented in Figure B-
3 in the Appendix B to the SWMP. The
poor calibration results from the parameters
used in construction of the HSPF model for
the Miller Creek/Walker Creek watershed.

There are several inconsistencies in the input
data berween models developed 1o simulate
different land use scenarios in the
watershed. In addition, the model simulates
groundwater contributions to streamflow in
2 manner that is unconnected to prior
precipitation and therefore does not take
advantage of the rigor offered by HSPF.
Miller Creek and Walker Creek share the
same input files and parameter values. As a
result they are discussed together in this
report. Four Miller Creek/Walker Creek
HSPF models, each representing a different
land use scenario, were reviewed:

MILL-C calibration iand use
conditions

MILL-PRE pre-developed land
use scenario (target
flow conditions)

MILL94 1994 land use base
scenario

MILLO04 2004 land  use
scenario

Some mode! parameters describing how the
watershed responds to rainfall are
inconsistent with features in the Miller
Creek/Walker Creek basin. The water
imbalance described above may be
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auributed 10 how the model simuiates the
infilration of rainfall into the shaliow
groundwater zone and the discharge of
groundwater 10 the soeam systems. The
HSPF program is capable of wacking the
portion of rainfall that infiluates to the
shallow and deep groundwater zones. This
feature is important to the anaivsis of the
base flows and flow durations of Miller and
Walker Creeks. because the model can
account for water in the groundwater zones
available 10 resurface in the creek
downslope. As rainfall panerns varv over
time, the stored groundwater volume
changes correspondingly, which influences
the base flows in the sweams. However,
rainfall that percolates 10 groundwater is not
tracked within the HSPF model constructed
for the Miller and Walker Creek watersheds.
Instead. the groundwater contwibution to
streamflow is simulated by a constant vear-
round flow rate introduced to a lower reach
of Miller Creek. By constructing the model
this way, the base flows modeled in the
stream are disconnected from the amount of
shaliow groundwater that has been
accumulated from prior rainfall. The
simulated base flows are also not
representative of the distributed and varied
discharges from seeps observed in the
watersheds.

The Miller/Walker Creek HSPF model
incorporates time series inflows of
groundwater. These inflows are equivalent
10 a constant 5.27 cfs total. If these time
series represent springs, then the flows from
these springs should be generated directly by
the groundwater conditions computed by the
model. The model would then simulate
groundwater inflows to swreams based on
computed seasonal groundwater
fluctuations.

PERLND parameters in the models were
reviewed with respect to watershed
conditions and consistency between models
for the various scenarios.

Groundwater Deep Fraction (DEEPFR) is
set in the models at a value of 0.3 for all

land surfsce types except for ourwash anc
fill types where DEEPFR has been set at 0.8
The DEEPFR parameter specifies how much
of the infiltrated water continues downward
into the deeper aguifer and how much
travels lateraliy through an upper stratum.
The DEEPFR should be set equal for all
PERLND tvpes unless there is a specific
reason to alter this. No such reason is cited
in the Preliminary  Comprehensive
Stormwater Management Plan.

Analyses with the slice groundwater models
(Sections 3.2.4.1 and 3.6.4) suggest that the
percent of recharge that percolates through
the till would change from the current 1o the
built conditions. In the current condition
slice model, 46.5 percent of recharee flows
down through the till and in the buik
condition slice mode! 53.5 percent of the
(reduced) recharge flows down through the
till. The DEEPFR parameter should be set
accordingly and all airport fill parameters
should be consistent for all HSPF model
scenarios for both the Des Moines Creek
and Miller Creek watersheds.

The two constant groundwater inflow series
to the creek should be removed from the
model, and the deep fraction should be
adjusted to appropriately account for the
variable inflow generated by groundwater
storage. It is not appropriate to have the
deep fraction active in the model while
simultaneously introducing a constant
groundwater inflow based on a time series.
The combination of these two actions
renders the model unusable for analyzing
flow volumes and peaks. The model would
require modification before 2 thorough
evaluation of the performance of the model,
and a corresponding evaluation of proposed
surface-water controls. could be compieted.

The MILL94 HSPF model parameter values
(1994 land-use scenario) differ from the
other three models in five instances. The
specific parameters are KVARY, AGWRC,
DEEPFR, INTFW and IRC. No explanation
for the parameter differences between the
models is provided in the Preliminary
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Comprehensive Stormwater Management
Plan.  Adjustment of these parameters
affects model calibration. base flow, storm
flow peaks, storm recession rates and
interfiow.

It is possibie that after changing the
DEEPFR parameter and eliminating the
groundwater inflow time series that several
other parameters would need to be adjusted,
specifically AGWRC, INTFW and IRC.
These parameters can affect model estimates
of peak and low flows.

Total watershed area is not consistent for the
four modei scenarios as shown in Table 3-
18. Watershed area is greatest for the pre-
developed scenario and smallest for the
2004 land use scenaric, and the calibration
scenario mode! contains 2.1 percent more
gross watershed area than the 2004 scenario
model. All PERLND rtypes change berween
the four model scenarios. For exampie the
pre-developed condition has 2345 acres of
till soils, 2170 acres of ourwash soils and
514 acres of impervious surface. This is
changed under the 2004 land use scenario to
1377 acres of till, 2101 acres of ourwash and
1206 acres of impervious surface. It is
presumed that much of the difference is a
result of historic and proposed fili placement
at the airport. but a difference of more than
100 acres is not accounted for. A quantified
description of the sources of Jand use
changes, particularly within the airport site,
would aid interpretation of model results.

With a larger percentage of the watershed
assumed covered by till soils in the target
flow scenario, the model will simulate more
runoff volume and higher peak flows. With
a larger percentage of ourwash soils
assumed in the 2004 land-use scenario. the
model will simulate lower runoff volumes
and rates. When attempting to size facilities
that limit runoff from future land-use
conditions to target flow rates, the effect of
the shift from till to outwash soils berween
scenarios would be to undersize the
facilities.

FTABLEs define the reiationship berween
the volume and flow rate of water within 2
reach of the sweam or within a facilin. In
reviewing the FTABLEs in the Milier and
Walker Creek model. several were found to
have values that are suspected 10 be
inaccurate because in some of the FTABLEs
the surface area of the reach decreases with
mcreasing water depth.  The suspect
FTABLEs inciude those numbered: 66. 62.
54,63,1, 111,11, 15, 16, 17, 34, 35, 38. 50.

53, 60.

The interception storage (CEPSC) parameter
is set at 0.1 for all PERLND types. This
includes both forest and grass. The value of
this variable should vary depending on
vegetation coverage.

In reviewing the Walker Creek portion of
the HSPF model, it was found that although
a portion of the runway fill embankment is
to be situated in the headwaters of the
Walker Creek drainage, this change in land
use was not reflected in the land use within
the 2004 scenario mode].

Walker Creek shares the same PERLND
parameters as Miller Creek within the HSPF
model and therefor could have simiiar
calibration and parameter problems.

3.6.2.2 Target Flow Regime

After analyzing the Port’s target flow regime
proposal, Earth Tech agrees tha: basing
1arget flows for the stormwater management
strategy on theoretical 10 percent EIA is a
reasonable  approach 1o establishing
hydraulic conditions that would support
stable stream channels.

The land uses inferred by the target flow
regime represent a large reduction in
impervious surface area from the 1994
existing condition baseline. EIA in the
Miller/Walker Creek watershed exceeds 22
percent (refer to Table 3-18) under existing
conditions. In the Des Moines Creek
watershed, EIA exceeds 36 percent of the
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watershed when excluding areas tibutary to
the JWS. Therefore. if achieved. controi of
stormwater flows 10 a regime equivaient 1o
that of 10 percent EIA would benefit the
structural stability of the sweam channels.
Research conducted on local watersheds
(Booth, 1989) indicates that increased EIA
corresponds to dramatic increases in both
flood flows and sediment transport in

streams.

The represemtations of the target flow
regime in the HSPF modeis for Des Moines
Creek and Milier/Walker Creek watersheds
were reviewed. Both models. termed
“predevelopment”, represent 10 percent of
the gross watershed arez as impervious
surface. In the Miller/Walker Creek model,
however. the amount of outwash soils in the
remaining 90 percent of the watershed is
inconsistent with the HSPF models
representing other land use scenarios.
Under predeveloped (target flow regime)
conditions. the watershed is modeled as
containing 2170.6 acres of ourwash soils.
whereas under the calibration and 1994
(existing) conditions models. the acreage of
ourwash soils assumed in the models
increases to 2226.6 and 2225.7 acres,
respectively. With increasing development.
it would be expected that the amoumt of
outwash soils would decrease as they are
replaced with impervious surfaces and
covered by fill. This change needs 1o be
resoived in order 10 assess how well the
model predicts the flow regime that would
result under the assumed Jand use
conditions.

The targer flow regime HSPF models were
not developed 10 represent hvdraulic
conditions that were present historically.
Channel reaches and flood plains are not
defined in their historic dimensions. and
natural depression storage within the
watershed is not included in the hvdraulic
routing in the models. The target flow
regime modeis do not include existing
nawral storage or historic  storage
depressions that were eliminated in the
course of urbanization. The result of the

lack of siorage in the modeis results in
increases in estimated peak-discharge rates
under the target flow regime scenano above
what they would be if storage were included
in the models. [t is alsc expected that
storage in the upper subbasins of the
watersheds would increase the duration of
low flows: therefore. the target flow regime
model is suspected of underesumaung iow
fiow durations.

It is acknowledged that the uwrget flow
regime is intended, within the context of the
pian, to be a hypothetical characterization of

.8 low-development condition in the

watersheds and not as an accurate recreation
of a specific historic state. However, the
pian does not qualifv the results in this
fashion, and the model results could be

misinterpreted.

The target flow regime model results are
affected by the inappropriate modeling of
groundwater flow to the creeks perhaps to a
greater degree than those of the vanous
development scenarios. Under a less
developed watershed condition. there is
greater opportunity for precipitation to
infiltrate the soils and maintain a supply of
groundwater to the swreams. Without a
connection berween the rainfall infikration,
groundwater storage. and the discharge of
groundwater to the streams. a direct
comparison of proposed conditions to the
target flow regime cannot be adequately
performed.

3.6.2.3 Proposed Flow Control Measures

The general approach to sizing flow control
facilities, as presented in the SWMP, is

appropriate. That approach included:
applving the target flow regime concept,
using Level 1 flow control facilities in

conjunction with regional facilities to
achieve Level 2 control, and using the HSPF
model to simulate the target. existing and
proposed watershed conditions. However,
as noted above, confident technical
execution of the approach requires
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corrections to the modeis used 10 size the
flow conwrol facilines.

Table 3-19 summarizes how the Jimiations
in the modeling. if not comrected. would
affect the sizing of flow control facilites.
The effects are qualitatively assessed.
Because of the fundamental concerns about
the models’ construction, the effect the
model changes would have on facility size
could not be reasonably quantified within
the scope of this project.

The flow-conuol plan in Miller Creek relies
on the expansion of the proposed regional
Milier Creek Detention Facility (MCDF) at
Lake Reba. Impiementation of this project
should be reviewed with regard to possible
breaching of an aquitard near the excavation
proposed for that project (Section 3.2.4.1).
No alternatives are specified for provision of
additional stormwater detention capacity in
lieu of expanding the MCDF.

3.63 Effects on the Soil Water-Balance

Changes to toral groundwater recharge in the
project area could occur from the following

actions:

* Changing infilzation of
precipitation by changing land
cover. soil type, and siope

* Conveving runoff from impervious
surfaces away from local recharge
areas

* Eliminating the discharge of
imported water through leaks and
septic systems throughout the vear

* Eliminating irrigation with local and
imported water sources in summer

3.63.1 Changes 10 Non-Precipitauon
Water Sources

Non-precipitation water sources would
change in the buy-out area under the
proposal. The net change in non-
precipitation water sources 1o the buv-out
area is summarized below. All the changes
are likely to directly affect base flow of
Milier Creek.

® -66,000 gallons per day (gpd), or -46
gallons per minute (gpm) vear-round
from cessation of septic discharge of
imported water

e +84,000 gpd, or +58 gpm, in summer as
a result of cessation of irrigation with
local water sources

* -10,000 gpd, or -7 gpm, in summer as 2
result of cessation of excess lawn
irrigation with imported water

* unknown changes resulting from
leakage from water supply pipes

* net change: approximately zero in
summer, and -66.000 gpd, or —46 gpm,
in the non-irrigation season

The following three paragraphs explain
these estimates.

An estimated 66,000 gpd of imported
residential water supply s discharged
through the 380 septic drainfields that would
be abandoned in the buy-out area. Table 3-
20 summarizes the calculations. They are
based on 80 gpd per person, 2.5 people per
househoid, and 87 percent source-to-
drainfield efficiency. This water s
discharged to surface soils and is distributed
throughout ‘the buy-out area. This water
contributes to recharge in the shaliow
groundwater regime that is closely tied to
Miller and Walker Creeks. Calculations in
Table 3-2 suggest that the portion of this
septic effluent in the middle Miller Creek
reach may comprise 12 to0 25 percent (1 of
4-t0-8 cfd/f) of winter base flow gains in the
middle reach of Miller Creek. The effect on
total base flow would be smalier. These
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calculations assume that none of the effluent
recharges deeper aquifers.

Cessation of imigation with local water
sources (the creek or shallow wells) would
cause an increase in IrTigation-season in-
stream flow as a result of reduced
evapotranspiration. Cessation of irrigation
with imported water would cause a
reduction in irrigation-season streamflows,
assuming some excess irTigation occurs.
SWMP Appendix G presents an analysis of
commercial irrigation using Jocal water
sources in the buv-out area but does not
consider excess imrigation with local or
imported water sources. SWMP Appendix
G estimates that 0.13 cfs (84,000 gpd) are
pumped from local sources during the
summer months and implies a corresponding
increase in summer base flows. That
estimate is probably high assuming some
excess-irrigation  water returns to  the
streams.

A rough caiculation of lawn irrigation with
imported water suggests that possibly
10,000 gpd over the summer recharges
groundwater as a result of over-irmigation.
That recharge source would terminate with
the removal of public water supplv 1o the
area. The estimate is based on 400 homes,
0.25 acres of lawn per home, 1 foot of
summer lawn irrigation, and 25 percent loss
to deep percolation (excess irrigation).

The net effect of these changes appears to be
about zero in the irrigation season (summer).
In winter, the rate of base flow gain in
middie Miller Creek may be reduced by the
elimination of septic discharge. The change
in winter base flow from these effects would
be expected to be about 46 gpm. or -0.]
cfs. However, summer base flows are more
critical than winter base flows for fish
habnat.

Hydroiogic Studies
3.6.3.2 Changes in Recharge from
Precipitation

Change 10 precipiration-derived recharge in
a cross section of the proposed fill was
evaluated by this project. The calculation
considered conversion of wetlands and
forest to grass on the embankment fill. and
the widths of the only two impervious
surfaces on the cross section (127 Avenue
South and the third runway). The
calculation indicated about 11 percent
decrease in groundwater recharge along the
cross section, largely as a result of the
increase in impervious area. This estimate is
probably high because no secondan
infiltration of runoff from the third runway
was assumed, and 2 deeply-rooted heaithy
grass crop was assumed for the new fill.
This caiculation is applicable to a relatively
small area proposed for change and is not
representative of changes anticipated from
the combined Master Plan Improvements.

The 11 percent reduction in local recharge is
large, but dependent flows to local wetlands
and the creeks will be reduced only in winter
when abundant water is typically present
anyway. A similar reduction in recharge
basin-wide would cause a major impact to
baseflows. To assess basin-wide impacts.
the Port’s recharge calculations that
considered all Master Plan Improvements
was reviewed. The HSPF model parameters
used in the Port’s recharge anaivsis do not
appear to correspond to those used in actual
basin modeling aiso conducted by the Port.
Therefore. a confident assessment of basin-
wide recharge and baseflow impacts is
currently lacking. A confident assessment
of basin-wide recharge and baseflow effects
should be possible by analyzing a properly
implemented and documented HSPF model.
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3.6.4 Effects on Shallow Groundwater
Circulation

Changes to the direction of groundwater
flow would not be expected as a result of the
embankment constuction because the
general locations of recharge and discharge
remain the same. However, changes to the
uming of groundwater discharge to wetlands
along Miller Creek is likely. Analyses were
performed 1o assess changes berween the
relative amounts of groundwater recharge to
the shallowest two aquifers, and changes in
timing of discharge from the shaliowest
aquifer 1o wetlands. These evajuations were
made using the following three modeis:

¢ Recharge Model

¢  Hyvdrus-2D
¢ Finite-difference slice model (slice
model)

The recharge model was used to estimate
groundwater recharge for the current and
proposed past-construction conditions at the
third runway fill and borrow sources south
of the runways (Section 3.2.3.2). Hydrus-
2D was used to model circulation of water
berween the root zone and the water table
assuming construction of the runway fill.
The slice model was used to accumuiate and
move recharge downgradient under current
and built conditions. 10 the Miller Creek
riparian wetlands. The slice mode! also
simuiates groundwater circulation to the
second (Qva) aquifer. Appendices B, C.
and E discuss the smucture and input to
these models.

The recharge model and other soil-water
balance models can caiculate only quantity
of water in the water budget. In order to
assess the tming of discharge of
groundwater to aquifers and wetlands. the
Hydrus and slice models were necessary.
These models use equations of groundwarer
flow, continuity, and mass balance 1o
calculate groundwater movement. For the
current  condition. the slice model used
recharge output from the recharge model

directly because no embankmen: exists tc
retard movement of water 1o the saturated
zone where predominantly horizontal flow
occurs. For the built condiuon. recharge
model results were input 10 Hydrus-2D. and
then Hydrus-2D results were used as inpwt
to the slice model. The slice models used
for the current and built conditions were
similar except for the presence of the
embankment and drainage laver (Figure 3-
5).

The Hydrus-2D model simulated the
spreading of recharge fronts as thev are
predicted 10 move downward through the
proposed embankment fill. Figure 3-12
shows mode] results for recharge 10 the top
of the modeled embankment. and outflow to
the drain layer at the bonom of the
embankment for different fill thicknesses.
Independent models were run for fill
thicknesses of 150, 130. 110. 90, 70, 50 and
30 feet. The model suggests that substantial
spreading of seasonal recharge is likely
within the fill, with the amount of spreading
increasing with increasing fill thickness as
expected. Some discharge at the bottom of
the fill is predicted to occur all vear.
Appendix C presents more information on
the Hydrus-2D model.

The texture of the modeled fill was
calculated based on specifications for Phase
1 fill (instalied in 1998 and 1999) and
proposed embankment composition
described by Hart Crowser (1999¢). The
caiculations were also compared to the
texture of Phase 1 fill based on soil samples
collected by Terra Associates (1998).
Appendix C describes that the 55 percent
gravel fraction and 16 percent fines
fraction calculated for the general
embankment by this method is near the
middle of the range observed at the
Phase 1 fill. However, most samples
were observed to be coarser than the
modeled fill. Also. the fraction of silt-
plus-clay, as a percentage of the matrix,
vaned widely in the samples. The value
calculated for the general embankment is
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near the middle of the range observed in
Phase 1 soils. However. most field
samples were measured to have a lower
siit content than the modeled fill.

A simpie finite difference slice model was
developed 10 simulate horizontal and
vertical groundwater flow within the drain
laver and existung soils below the
embankment. It is simiiar in structure to the
slice model of the currenmt condition
presented in Section 3.2.4. Both slice
models are described further in Appendix
E. For the built condition slice model.
outflow from the Hvdrus-2D model was
used as input to the simuiated drain laver.
Figure 3-5 presents the geomemy of the
embankment slice model.

The slice model was used to simulate
groundwater flow for both the current and
built conditions. Two versions of the model
were constructed 10 represent expected
differences in flow system geomemy and
hvdraulic properties. The slice model is
based on a quasi-two-dimensional finite-
difference formulation of the partial
differential equation describing tansiemt
groundwater flow through a saturated
medium. Model celis were onlv connected
to laterally adjacent neighbors as opposed 10
overlying or underiving cells — thus the
quasi-two-dimensional nature of the model.
Each model cell can contain up to three
different “soil lavers”. differing in thickness
and hydraulic conductivity. The bonom
elevation of each cell is defined by the top
of the till laver. and downward flow through
the till can be simulated. For each cell, the
model! also specifies storage coefficient and
recharge per time-step. The model assumes
unconfined flow (variable transmissiviry)
under honzontal gradients defined by head
differences berween adjacent cells. The
model was impiemented in a Microsoft
Excel spreadsheet. using direct (explicit)
methods to solve the finite-difference
equation.

Figure 3-13 shows results of the
embankment (built condition) slice mods!
It summarizes water outflow at the bottom
of the proposed west wall in terms of drain
outflow and groundwater flow (horizontal
flow in soils below the drain laver).
Recharge 1o the drain laver at the bottom of
the fill (Hvdrus-2D output) and seepage
through the till to a second (Qva) aguifer are
also shown but are summed over the entire
cross section). Units of measurement on the
plot are cubic feet per day, per foot of width
(cfd/f). The water volumes summed over
the vear are listed in the legend. Changes
berween current and built conditions were
interpreted by comparing Figures 3-6 and
3-13 and indicate that:

e Recharge would be 11 percent less
along the cross section, and would
spread-out within the fill. causing a
significant timing lag in discharge to the
wetlands and creek west of the
embankment compared to the current
condition.

¢ Discharge to remaining wetlands and the
creek under the built condition would
vary less throughout the vear and the
period of minimum discharge wouid be
shorter. Flows would be lower in winter
than under the current condition, and
greater in summer compared to the
current condition. The total quantity of
water flowing to the wetiands would
decrease because total recharge would
decrease. Based on the total volumes
and the iming plots, the model suggests
that 7] percent of surface flow predicted
by the model under the current condition
would discharge from the drain below
the wall under the built condition. The
surface flow occurs in winter and spring,
whereas the modeled drain discharge is
less seasonally variable (more detailed
interpretation of the timing of modeled
discharge is inappropriate, especially for
the built condition, for which no
confirmatory field observations are
available).
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§§

Page 51

AR 045081



Sea-Tac Runway Fill
Hydrologic Studies

* Tne volume of seepage downward
through the till would likely change onliy
slightly under the buijit condition;
however, the percentage of recharge
seeping through the till would increase
substantially.

A formal model sensitivity analvsis was not
conducted. However, the distribution of
water quantity between surface/drain flow
and till seepage is known to be sensitive to
assigned hydraulic conductivity for the till.
Higher hydraulic conductivity for the till
allows more water to seep downward, and
less is left over to discharge horizonmlly.
Appendix E presents the assumptions and
basis for modeling the till with a hydraulic
conductivity of 0.004 frvday (1.4x10*
cmysec) in both models. Although the warer
quantities are sensitive, the model results
indicate that change in the riming of surface
and drain flows between the current and
built conditions is generally consistent over
a range of ull hydraulic conductivities.

The timing changes would generally benefit
the local wetlands that remain afier filling
and would slightly moderate seasonal! low
base flows and temperatres in Miller
Creek. However, all water quantities are
reduced on an average annual basis because
total recharge is smaller under the built
condition. Also, since the embankment is 8
small part of the Miller Creek watershed, the
overall effect on sweamflow is small. If the
constructed fill has a lower silt content than
was assumed in the model, the iag may be
overestimated and the recharge volume may
be underestimated.

3.65 Effects on Deeper Aquifers

The intermediate and deep aquifers of the
Des Moines upland supply water to the
Seattle Water Deparment and Highline
Water District.  The aquifers are laterally
extensive, underling virtually the entire Des
Moines upland from Federal Way on the
south, to nearly West Seattie on the north.

They underlie the Qva aquifer which 1s t'n_e
deepest geologic laver discussed in detail
eisewhere n this repor.

The precipitation thar infilrates below the
root zone over the large aquifer ares is
apportioned berween shallow. intermediate.
and deeper groundwater flow regimes. The
shaliow regime includes all the groundwater
discussed in this report. The deeper regimes
include flow within the intermediate and
deep aguifers. The regimes are somewhar
interdependent, with reductions in recharge
to the surface being equal to reductions to
stream base flow plus reductions to recharge
in lower aquifers.  Conversely, pumping
from deep aquifers can affect the quantity of
water in the shallow regime and thus base
flow in creeks. The proper 100! for
evaluation of these large scale effects is a
muhi-laver groundwater flow model. The
Port is generating such a model at this time.

The small reduction in groundwater
recharge to deep aquifers of the Des Moines
upland would not materially affect the
ability of these aquifers to supply water 10
wells. This conclusion is based on the
relatively large recharge areas of these
aquifers compared to the airport. the fact
that the effects would be apportioned
berween shallow and deeper effects, and the
shallow recharge estimates reported herein
and in Pont documents.

3.6.6 Comparisons to Previous
Groundwater Assessments

Changes in shallow groundwater recharge
resulting from cessation of septic discharges
in the area have not previously been
reponted.

Appendix F to the SWMP presents analyses
related to potential base flow impacts from
the  proposed airport improvemems,
inciuding the runway embankment fj]].
Table F-2 of the appendix summarizes the
proposed changes in land use upon which
the Port derives conclusions regarding base
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flow effects. Comparisons berween the land
areas cited in Table F-Z and those used the
HSPF modeiing of various scenarios
revealed inconsistencies berween the
modeled land uses. Table 3-21 compares
the Table F-2 values to the corresponding
existing- and proposed- conditions HSPF
model input data. The differences in gross
basin acreage amount 10 several percent, and
large discrepancies are found in the relative
proportions of till and ourwash soils in the
Miller Creek and Walker Creek watershed.
These differences could significantly
influence the estimates of base flow effects.

The analysis presented in Appendix F to the
SWMP uses the HSPF parameter input to
generate a “recharge index”. The index is
independent of the groundwater accounting
probiem within the Miller Creek model: but,
as implemented by Paramerix, the index is
sensitive to the HSPF input parameters.
Paramewrix included interflow as a
groundwater component from the HSPF
“airpont fill” Jand use type but exciuded it
from other land use types. The modeis of
groundwater movement generated by Pacific
Groundwater Group indicate that interflow
would not occur within the airpon fill.
Therefore. although the HSPF model is
inappropriate for generating interflow within
airport fill, Paramerrix correctly
compensated for this problem bv including
interflow as *“‘groundwater™ in this analysis.

The exclusion of interflow in calculating the
recharge index for other land use types is
neither correct nor incorrect, but a
judgement dependent on the definition of
groundwater. The Paramewix index
effectively excludes water that enters
streams within about one to seven days of a
precipitation event (i.e.: interflow). Using
data in Appendix F to the SWMP, recharge
reduction would total 2.8. 3.3. and 6.6
percent if interflow were included for all
land types. These values are compared to
1.8, 2.0. and 6.8 percent calculated by
Parametrix for all of Miller Creek. Miller
Creek below SR518, and Des Moines Creek
basins, respectively.

The anticipated maior changes in land-usc
classes involve changes to impervious
surfaces, and conversion of forest and grass
to amport fill: therefore comparisons
berween water budget components for these
land classifications are summarized. The
HSPF results are from Appendix F to the
SWMP. As noted above. the HSPF
parameters of that appendix are apparentiy
not the same as the parameters used for
other Milier Creek HSPF model analyvses.

e The HSPF model estimates that 59 10 62
percent of precipuation  becomes
interflow or groundwater recharge in
forest areas. This vaiue compares well
to 64 percent for the PGG recharge
model of the mixed forest.

e The HSPF model estimates that 71 10 74
percent of precipitation  becomes
interflow or groundwater recharge in
grassy areas. This value is substantially
higher than the 59 percent estimated by
the PGG recharge model. The
difference between these rates is caused
primarily by different amounts of
calculated evapotranspiration. but the
reason for the differences in the
evapotranspiration rates is not known.
Evapotwranspiration is calculated within
the recharge model using the Blaney-
Criddle method. published crop factors
for grass (Dunne and Leopold, 1978),
and an assumed 24-inch rooting depth as
used within Bauer and Vacarro’s deep
percolation model. Although they are
standard. the crop factors and rooting
depth used by the PGG recharge model
may be excessive for the grass that is
likely to grow on the embankment. In
that case, more recharge would be
caicuiated by the PGG recharge model,
and the numbers wouid be cioser.

e The HSPF model estimates that 63.5
percent of precipitation becomes
interflow or groundwater recharge in the
new fill areas. That value compares
reasonably well to the 59 percent
estimated by the recharge model
(modeled as grass on outwash). The
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difference results from the
aforementioned difference in
evapotranspirstion estimates, and the
offsering assumption wherein the HSPF
model assumed 6.6 percent runoff while
the recharge model assumed no runoff.

Hart Crowser’s water balance calculations
{Appendix B to Hart Crowser, 1999c) used
both the toal guanity of groundwater
recharge. and the groundwater distribution
(interflow, shallow, deep) from the
Parametrix HSPF model of Miller Creek
(which version is not clear). As noted
above, the accounting of groundwater in the
Miller Creek model is unreliable but the
quantity not Jost to runoff and
evapotranspiration should be acceptable if
the land class parameters are correct. The
details of the Hart Crowser cajculations
were not provided and therefore no detaijed
review was possible.

Runoff from the runwavs is modeled in
HSPF as 100 percemt of precipitation.
Although not quantified by independent
analyses during this project, secondary
infiltration  of this runoff into the
embankment fill may be substantial. The
filter strips that would receive runoff are
unlined grassy slopes with carch basins
spaced hundreds of feet apart and would
provide an opportunity for infilration of
pavement runoff. Also, the convevance
pipes that would transfer water from the
cawch basins 0 stormwater detention
facilities may be perforated. The perforated
pipes would serve 1o drain sarurated ground
if it develops beiow the runways, and to
infiltrate runoff where the ground is not
sawrated. These features could cause
secondary infilration of runoff from the
runways and taxiways on the embankment
fill.

Two related estimates of changes to the
timing of groundwater discharge have been
anempted.  First, the Miller Creek HSPF
model was modified 1o address the changing
soil layering, and, thus, partitioning of
groundwater berween shallow and deeper

svstems within the embankment area.
Second. Han Crowsers water-baiance
anaivsis (Appendix B 1o Hart Crowser.
1999c¢) inciuded analysis of a slice similar 10
the west-wall siice model presented in this
report. However. thev used Milier Creek
HSPF outpur including paritioning of
interflow, shallow groundwater flow. and
deeper groundwater recharge. Details of
Hart Crowser's calculations were not
provided. Both analvses are guestionable
because of the inherent limitations on HSPF
groundwater modeling. and the paricular
problems  with HSPF  groundwater
accounting in the Miller Creek model.
Therefore, we did not compare either
estimate to those prepared for this study..

3.6.7 Impacts to Wetlands Including
Mitigations

In order to evaluate potential impacts to
wetland resources that would occur as a
result of the proposed Seanle Tacoma
International Airport (airport) third runway
expansion. EXE conducted field surveys and
reviewed literature. The purpose of the field
surveys was to provide E&E wetland
scientists with an understanding of the
existing conditions, proposed changes, and
the regional context. Using the gathered
data, E&E assessed the existing wetland
conditions, evaluated the funcrionality and
value of the wetlands potentially impacted,
estimated the effects of the potential
impacts, and evaluated proposed mitigation
measures.

For discussion purposes this analysis s
broken into two discussions, the first
regarding the size of the potential impact,
and the second regarding the functional
impacts that would result.

3.6.7.1  Acreage Impact

Based on previous reports coupled with the
field verification of wetland boundaries,
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E&E calculated thar the fill actviues
associsted With the airpon improvement
projects would result in the permanent loss
of 13.88 acres of impact in the Miller Creek
watershed. In additon to the permanent
impacts. construction activities would also
result in the temporary loss of 1.86 acres in
the Miller Creek watershed (Table 3-22). As
shown in Table 3-23. 36 wetlands would be
impacted.  Of these 36 wetiands, 11
wetlands would have impacts greater than
1/5 acre. These 11 wetlands account for
11.26 acres (>60%) of the direct impacts
from the entire project.

E&E also evalusted secondary (indirect)
impacts, defined where a loss of about 50
percent or more of existing wetland acreage
would occur. Additional secondary impacts
are identified because loss of that much
acreage within a wetland could have
significant ramifications on the functional
ability of the remnant wetland. Based on
these assumptions, an additional 1.68 acres
of secondarv wetland impact could be
associated with the project if the
functionality of the remaining wetland
cannot be maintained.  This potential
acreage loss is amributed to the Wetland
18/37 complex adjacent to Miller Creek.

Table 3-23 presents a summary of impacts
compiled by E&E, associated with proposed
construction activities. These impacts are
presented by hvdrogeomorphic
classification. as well as by cover type.

3.6.7.2 Functional Impact

Of equal imponance to the acreage loss is
the functional impact that would occur. The
effectiveness and opportunirv of wetlands 1o
provide functions associated with water
quality improvement, water quantity, and
habitat was discussed in Section 3.3.3.3.

The Miller Creek watershed is located
within a highly urbanized area.  The
undeveloped areas (both upland and
wetland) provide some filtering of runoff

prior to discharge o the creeh. As 2
resull. the larger wetlands within the
watershed have a moderate-to-high potenual
to provide nutrient and sediment Tapping.
The functionality of the siope wetlands
within the project area is somewhat lower
due to the rate of water flow through them.
Even with this reduction. the wetiands are
frequently cited as providing moderate-te-
high capability because of the mfiux of
urban runoff. The creation of over 50 acres
of new impervious surface as proposed as
part of the Master Plan Update could
increase overiand flow to Miller Creek, and
carry with it an increased sediment load. As
a result. the loss of 0.14 acres of wetlands in
the Runway Safery Area. and 13.74 acres of
wetlands in the embankment area could have
significant consequences if not mitigated.

Most wetlands in the project area serve to
provide base flow to Miller Creek rather
than absorb and temporarily store
floodwaters. Wetlands thar contribute to the
flood storage capability and that would be
significantly impacted by the proposed
airport expansion projects are reswicted
primarily to the riparian Wetiand 18/37
compiex, Wetland Al located adjacent to
Lora Lake, and 41a and b which is a farm
pond and pasture. Constuction of the
airport improvement projects wouid result in
a reduction of wetlands that seep 10 Miller
Creek and floodwater retention capability of
the watershed. Any proposed mitigation
would need to account for these losses by
providing equal or greater base flow to
Miller Creek and sufficient flood detention
to prevent any increase in downstream
flooding.

Being located in an urban area. the wildlife
expected to occur in the project area is
restricted to common. highly-adaptive
species that use both wetiand and adjacent
upland areas. Species integrally tied to the
wetland areas are likely restricted to
waterfowl. amphibians, and small mammals.
The extensive fragmentation of the available
habitat, in conjunction with the surrounding
urban character limits the suitability of the
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project area to highly mobiie species and
smalier species requiring “only minimal
habnat sizes. The construction of the airport
improvements would have an impact on
local wildlife populations simply due to the
size of the fill area. Reduction of habitat size
and availability would further reduce the
suntability for small mammals and
amphibians.  To prevent a significant
decline in the local populations, migation
would be  required to  provide
supplemental/alternative  habitat  on-site.
However, FAA requirements limit the
development of avian habitat within 10,000
feet of existing facilities to minimize the
potential bird air strike hazard.

3.6.7.3 Mitigation

Mitigation for the proposed third runway fill
and safery areas must account for the
permanent loss of 13.88 acres of wetland
within the Miller Creek Watershed and 1.86
acres of temporary impacts. Based on
E&E’s analysis, mitigation should include
development of a contingency plan that
addresses the potential indirect impacts
associated with significant reduction of
wetland acreage in the remaining wetiands
that are only parnially impacted by fill
activities  and temporary  construction
activities.

The preferred regulatory hierarchy  for
wetland mitigation is:

® on-site, in-kind,
o off-site, within the watershed, in-

kind,

* off site, out of the watershed, in-
kind. and

* off site, out of watershed, out-of-
kind.

Based on environmental and regulatory
conswaints, it is not feasible for the Pont 10
offer mitigation on-site and in-kind. The
difficulty and uncentainty of creating siope
wetlands, and the Jack of suitable sites

within the basin resticts mitigation
opportunities for creation of siope wetlands.
Furthermore, the FAA policy of minimizing
available wildlife habitat within 10.000 feet
of the airport further restricts the opportuniry
for exwensive in-basin mmigaton. The
Milier Creek and Des Moines Creek
watersheds are quite small and are
exwensively developed. which restricts the
mitigation opportunities.

Rather than replacement of a specific
wetland type, E&E recommends tha
mitigation measures focus on the
replacement  of  wetland  functions.
Therefore, in evaluaring in-kind versus out-
of-kind, the functions served by lost
wetlands  should drive the mitigation
process.

As shown in Tables 3-22 and 3-23. a
significant number of the wetlands impacted
are slope wetlands. Impacts that need to be
mitigated include water quality, water
quantity. and habitat suitability as discussed
in Section 3.3.3.2.

The Port has proposed the following wetiand
mirigation measures (Parametrix 1999a):

®  On-site mitigation includes
removing  existing development,
establishing a vegetated buffer along
Milier Creek, enhancing wetlands
within the Miller Creek buffer,
enhancing/restoring wetiands within
the Des Moines Creek watershed,
excavating floodplain to compensate
for lost flood storage, developing
stormwater management facilities,
and restoring and enhancing 1)
acres of converted farmiand and
farmed wetland to shrub wetlands.

e Off-site mitigation includes
developing a 67-acre site to mitigate
for wildlife habitat. FAA safety
regulations restrict on-site
mitigation.
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e Esublishing a Trust Fund 10
promote in-basin restoration
proiects for Miller Creek and Des
Moines Creeks downstream of the
project area.

E&E believes that the overall miugation
plan is reasonably designed to compensate
for wetiand impacts discussed in Section
3.6.7 and has the potenuai for success. The
plan provides for in-basin compensation for
loss of water quality and water quantity
functions, as well as some mitigation for
wildlife compensation. For losses that
cannot be entirely mitigated by in-basin
remedies. an off-site. out-of-basin mitigation
plan has been developed by the Port. The
off-site mitigation site offers advantages
over other in-basin sites including it’s size,
the ability to creste 2 singic large complex
versus numerous smaller wetlands. and it's
jocation adiacent to the Green River.
Recognizing the concerns over the success
of planned mitigation, additional safeguards
would provide assurances that the mitigation
plans would be implemented. and result in
the successful replacement of ost functions.
Additional recommendations for mitigation
are presented in Section 3.6.7.5.

Loss of water qualiry functions can be
mitigated through proper implementation of
Best Management Practices (BMPs) during
construction and the
developmentiimprovement of the buffering
capacity of Miller Creek. Under current
conditions. Miller Creek meanders through a
residential neighborhood and an active muck
farm. Elimination of anthropogenic nonpoint
source pollution. including septic svstems.
fertilizers and pesticides, in combination
with the stormwater management svsiem
proposed for the airport, deveiopment of a
vegerated buffer along Milier Creek. and the
restoration activities proposed at Vacca
Farms should mitigate for the loss of water
quality functions.

Loss of water quantity effects can be
mitigated through impiementation of a

Additionally. seepage from the embankment
should provide the seepage necessan 1o
maintain remaining local slope wetlands.

While significant loss of wildlife habitat
would occur in conjunction with the fill
activities. the proposed mitigation has the
potential to increase the habitat suntabiliny of
the project area by creaung a singie
contiguous open space along Miller Creei.
Because of the FAA restrictions within the
project area. off-site mitigation is required
for the avian wildlife component. The
development of this off-site mitigauon
would similarly provide a singie large
contiguous parcel that would attract all types
of wildlife, not merely avian species.

3.6.7.4 Mitigation Ratios

No standardized mitigation ratios are
currently in effect to estabiish the
appropriate  level of  compensatorv
mitigation required. In 8 Miugation
Memorandum of Agreement berween the
USEPA and USACE (Miugatuon MOA
effective February 7, 1990). it was
established that a permit applicant is
required to replace the functional value of
wetlands being impacted at a ratio consistent
with the policy of “no net loss™ and with an
adequate margin of safery to reflect the
expected degree of success of the mitigation
plan. These requirements essentially require
a case-by-case determination of appropriate
mitigation ratios. To supplement this,
Ecology has issued standardized ratio
determinations to provide permit applicants
with more guidance.

As part of the Washington State Wetlands
Rating System (Ecology 1993). replacement
ranos of 3:1 (3 acres of mitigation wetland
to 1 acre of wetiand lost) and 2:1 are
proposed for Class Il and Class II] wetlands,
respectively. A ratio of 1.25:1 is proposed
for Class IV wetlands. These ratios are
essenually doubled for enhancement of
wetland areas. These ratios are only general

stormwater management program. guidelines, with the final ratios determined
. Grounowater
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based on the likelihood of success of the
proposed mitigation site. The stated goal of
the policy is a 1:1 functional repiacement of
wetlands. Because of the historic oend of
failed wetlands, the rarios have been
increased.

However, a more recent publication presents
mitigation ratios that are somewhat iower
than presented in the 1993 report. The
proposed ratios presented in the 1999
Washington State Department of Ecology
draft Compensatory Wetland Mitigation
Banks guidelines are:

Wetland Restoration
Wetiand Enhancement
Buffer Enhancement

W 1) e
[

These ratios recognize the vaiue of
wetlands. but also recognize the need for
wetlands 1o be integrated into a much larger
habitat that has upland components. While
not receiving equal benefit. as it should not,
the development of a large buffer area
would be counted as part of the overall
compensation package. Based on these
guidelines, the proposed mitigation seems
adequate and appropriate to compensate for
the loss of wetlands.

3.6.7.5 Effectiveness of Wedand
Mitigations
The King County Department  of

Deveiopment and Environmental Services
published the Resuits of Monitoring King
County Mitigations (Mockier et. al. 1998)
which concluded that mitigation, in general,
Is not being implemented. and those that are
have not been successful due 1o design
failure, installation failure, and poor
maintenance. The document itself does not
call for an abandonment of wetland
mitigation, but rather for more regulatory
control and guidance provided during the
planning. instaliation. and monitoring phases
of the project. In response to this document,
among others, Ecology also initiated a study

to evaluate mingation compiiance on 2
suatewide level.

Ecology is currently finalizing this repon
that presents a statewide perspective of the
effectiveness of wetland mitigation in the
recent past. The draft is expected 10 be
issued in spring of this vear. This is a twe-
phase project with only the first phase being
completed (MacMillan, personne]
communication 2000). Phase ] focused on
three issues: (1) if the site was constructed:
(2) if the final design was constructed
according to plan; and (3) if the wetiand is
operating up 10 performance standards. The
project has shown that while over 90% of
the projects were constucted, only Y
adhered to the final construction design. and
only 173 of those that had performance
standards are meeting all of their standards.
This initial phase assessed compliance and
did not account for any functional
assessment of the wetlands to gauge if they
were truly successful. Functional success of
mitigation projects will be deveioped in
Phase II. Without closer scrutiny of the
data, it is impossible to assess the
significance of the data. but two conclusions
can be drawn:

¢ Constructed mitigation projects
are not a guaranteed success,
and

* Closer regulatory oversight is
necessary for longer periods to
monitor mitigation projects.

While the Port Mitigation Plan offers a
reasonable opportunity for success, based on
the cursory conclusions drawn, two
additional mitigation elements should be
considered. The first is financially driven,
requiring the establishment of a bond by the
project sponsor to insure that 1) the project
is properly implemented. and 2) provide
funding for contingency planning if the
project did not meet performance standards,
and additional action needs to be taken to
rectify the deficiencies. The second
mitigation  element  would be the
establishment of a third-party environmental
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monitor. funded by the project sponsor. but
under the directive of the reguiatory
agencies. This monitor would be able to
verify the completion of the mitigation as
per specification, and notesapprove any
modifications 10 the original design plans
that were implemented based on site specific
conditions. The Pomt has proposed a
monitoring program for the current airport
mitigation plan.

3.6.7.6 Comparison  with  Previous

Permined Projects

To provide a basis of comparison for the
airport wetland mitigation plan. a previously
perminted project. of similar size to the
airport project, was evaluated.

Auburn Racing built a thoroughbred horse
racing facility on a 165-acre site in Auburn.
Washingion. The project impacts included
filling of approximately 17.4 acres of
palustrine wetlands. including 0.3 acre of
scrub-shrub wetlands. and 17.1 acres of
emergent wetlands. Additional acreage of
on-site wetiand was converted to a regional
stormwater detention facility for the City of
Auburn. FAA wildlife hazards were not an
issue for the racetrack. and development in
the project area was not as expansive as that
which occurs in the vicinity of airport. The
mitigation project was sited within the same
watershed as the racetrack. The functionaliry
of this site in reiationship to the airport
mitigation site cannot be directlv compared
since a primary objective of the Aubum
racetrack site was creation of waterfow]
habitat.

The racetrack mitigation plan was designed
10 achieve a net gain in wetlands functions
and to help achieve objectives of the Mill
Creek Drainage Basin  Special Area
Management Plan. The mitigation site
inciuded an approximately one-quarter-mile
reach of Mill Creek. which was restored.
and a total of 56.5 acres of adjacent existing
wetland and uplands used for wetland
creation (1.5 aces), restoration (9.2 acres),

and enhancement (43.8 acres) For
permitung purposes. this application used
compensation ratios of 1.5:1 or 2:1 for
creation and restoration activities. and 3:i
and 4:1 for enhancement acuivities. resulting
in a net functional gain of 4.6 acres.

3.68 Effects on Fisk Habitat and
Populations

Small populations of anadromous coho
salmon and resident coastal cunnroat trout
exist on Miller. Walker. and Des Moines
Creeks. Despite the presence of salmonid
populations in the creeks. the documented
limitations of aquatic habitat likely himit the
size of fish populations.  Perturbations
within the watershed that result in habitat
loss or degradation would likely reduce the
fish population because of the limited
habitat and sensitivity of existing fishenes.
Conversely.  habitat  restoration  and
suppiementation of  limitng  habitat
characteristics can allow for growth in the
fish population.

3.6.8.1 Effects of Streamflow Changes
on Fish

The sweamflow regime is currentlv a
limiting factor for water quality and aquatic
habitat in Miller. Walker. and Des Moines
Creeks. Proposed construction at the airport
has the potential to significantly alter the
streamflow regime in Des Moines Creek
because the airport currently occupies
approximately 1/3 of the Des Moines Creek
watershed area. Conversely, the western
and northern portions of the airport only
occupy 2 small area within the Milier and
Walker Creek watersheds. Proposed airport
construction therefore has less potential to
affect Milier and Walker Creek streamflow.

The slice model described in Section 3.6.4
predicts significant changes to surface and
groundwater flow near the fill embankment.
The fill embankment is predicted to serve as

.
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& water storage compantment that causes a
tme lag of water discharge 1o the wetiands
and creek compared to existing conditions.
Because of the lag time through the
embankment, the model predicts thar winter
precipitation would express itself as surface
water through the west wall drain in the
summer montns. This delaved surface water
expression would have a generally positive
effect on the iocal wetlands that remain, and
8 less-pronounced effect on low summer
base flow in Miller Creek in general.
Although mode! predictions are limited to
the geologic cross section at the west wall,
the mode! suggests that a similar effect on
wetland and summer base flow would occur
in Walker Creek.

The effects of conmibution from the fill
embankment 10 sream summer base flow in
Miller and Walker Creeks should not be
oversiated. The embankment represents a
small portion of the total Miller and Walker
Creek watershed area.

3.6.8.2 Habiiar Paramerers

No direct consmruction impacts are expected
for stream habitat in Walker or Des Moines
Creek.

Direct construction impacts to Miller Creek
stream habitat include the relocation of
Miller Creek in the Vacca Farm area. This
porion of Miller Creek provides poor
habitat for salmonid fish populations
because it has sparse riparian vegetation,
substrate dominated by sand and silt. a lack
of habitat complexity, and a lack of instream
Structure and large woody debris. Since the
proposed Miller Creek channei construction
inciudes a mixture of pools and riffles,
gravel and cobbie subsware placement,
riparian  vegeration planting, and large
woody debris replacement, the proposed
Milier Creek reiocation has the potential of
providing a net gain of saimonid habitat
within the Miller Creek watershed. Proper
conswuction and jong-term monitoring are
vital to successful Milier Creek reiocation

including control of turbidiry during nstial
wemung. Some sediment manspon during
initial wenting is likely, and has the potential
10 damage habitat downstream.

Indirect effects to sweam habitat in Milier.
Walker, and Des Moines Creeks include
aiterations to base flow, peak flow. and
sediment input to surface water. These
habitat parameters currently limit saimonid
populations. Low summer base flows afiect
habitat quality because exposed portions of
the channe] are no ionger available for use
which limits availabie siack water habitat for
Juvenile salmon refugia, riffles for
macroinventebrate production, and qualin
pools for resident salmonids. Lower flow
also tends to increase water temperature in
stream channels exposed to solar radiation.
The Pon predicts reduction in summer base
flow in Des Moines Creek as a result of a six
percent reduction in groundwater recharge
in the Des Moines Creek basin. The Pon
Supports augmenting low summer stream
flows by pumping from a Pon-owned well
and discharging the water into the creck
(Paramertrix, 1999e).

Extreme peak fiows degrade stream habitat
by scouring stream banks and beds, and
transporting coarse sediment too quickiy
through the stream system. High peak flows
also washout streambank slack water areas
used by juvenile salmonids and often
displace smalier fish downstream because of
their limited swimming ability. Substrate in
Milier, Walker, and Des Moines Creeks
have high fine-sediment content from
urbanization throughout the watersheds
which limits stream substrate available for
salmonid spawning and age-0 fish refugia.

3.6.8.3 Effects on Populations

Direct construction impacts would likely
have littie effect on fish popuiations because
direct impacts are limited to the Miller
Creek reach at Vacca Farm, This reach of
Miller Creek provides poor quality habitat
for salmonids. Therefore, cutthroat trout, if
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present. are expected to be limited. Alsp.
Milier Creek reiocation can be conducted in
such a wav as to physicaliy remove any fish
from this reach of Miller Creek prior 10
being covered by fill material.

An uncontrolled release of stormwater is
likelv at some time during construction
given the size of the project and human
error: however, the size and quality of a
release cannot be predicted, nor can its
impacts on fish be quantified. Existing
habitat in Milier. Walker, and Des Moines
Creeks appear to limit saimonid population
production:  therefore, minor  habitat
degradation would likely have substantial
effects on the local salmonid popuiations.

3.6.8.4 Comparisons to Previous Fish
Impact Assessments

E & E's assessment of localized changes to
Milier Creek habitat and resident cutthroat
trout populations is consistent with
information presented in the Biological
Assessment (BA) for Master Plan Update
Improvements at airport (Parametrix 1999).
However, the BA does not address proposed
construction impacts on a watershed level
and does not provide sufficient detail o
comprehensively evaluate how mitigation
would be implemented and maintained to
achieve the desired effects. More
specifically. the BA evaluates construction
effects primarily within the airpont project
area only. However. indirect construction
effects from airport expansion such as
alterations of water flow or changes to
sediment input to the streams would have
effects throughout the each watershed.

The Miller Creek riparian buffer corridor
enhancement and the Miller Creek instream
habitat enhancements. if impiemented and
maintained properly. would undoubtediv
benefit local sweam habitat for resident
cutthroat trout in the airport project area.
Actual design and implementation of the
nstream habitat enhancements could not be
evaluated because these projects are still in a
conceptual stage (Kleind] 1999). However.

proposed mitigation 1s limited In that 1
would onlyv affect localized Milier Creeh
habitat and resident cutthroat wout. Miller
Creek riparian buffer and instream habitat
enhancement would not mitigate for
construction impacts to other portions of
Milier Creek. other creeks such as Walker or
Des Moines Creek. or other fish species
such as coho saimon. For exampie. as
described in  Secuon 3.6.82. indirect
construction and post-construction affects
such as alterations to base flow, peak flow.
and sediment input would occur throughout
the stream systems and not just in the airpon
project area.

Conceprually, the watershed basin trust
funds for the Miller and Des Moines Creek
watersheds can beneficial. Without specific
information regarding habitat restoration
projects that would be acceptabie for the
basin funds and the accessibility of moneyv
through the trust fund. concerns of the actual
implementation of habnat restorauon
through the basin tust funds exist. In
addmion, significant habitat restoration that
is necessary in Miller. Walker. and Des
Moines Creeks would require substantially
more funding than what is currently offered
through the basin trust funds. Although
restoration of the enure watersheds is not the
responsibility of the Port. a more proactive
and comprehensive approach to aquatic
habitat restoration would provide a greater
benefit to the Milier, Walker, and Des
Moines Creek watersheds.

3.6.9 Water Quality Impacts During
Construction

The Stormwater Management Plan states the
Port applies construction temporary erosion
and sedimentation control (TESC) measures
that exceed minimum requirements of the
Ecology Manual. These measures include:
developing construction stormwater
poliution prevention pians (SWPPPs) for
each  capial  improvement  project;
implementing conventional TESC best
management practices (BMPs); applying
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more advanced Slonnwarter  teaument
lechnigues where necessary: supervising and
monioring  CONIrAclor  compliance; and
funding  independent  oversight  of
construction erosion control compliance.

3.6.9.1 TESC Measures

The Port has had TESC monitoring plans
prepared for four projects related 1o the

Third Runway program:

* North Empioyee Parking Lot (Herrera,
1998)

* Property Acquisition and Demolition
(Herrera, 1998)

* Taxiway Construction (Herrera, 1998)

* Embankment Construction, Phase 1
(Herrera. 1998)

Of these four plans, the Embankment
Constuction. Phase | TESC Monitoring
Plan is most relevant to this review effort as
it describes the Port's approach 1o
conwolling impacts from construction of a
large embankment. In addition, the Port has
had prepared construction drawings and
specifications detailing TESC measures for
the Third Runway Embankment
Construction - Phase | (Project No. airpon-
9763-T-1, March 9, 1998).

The monitoring plan document contains
prefiminary grading and drainage plan and
site erosion and sedimentation conwol plans
for the first phase of the Third Runway
embankment construction. The project site
is situated immediately south of S, 156th
Way and between 12th Avenue S, and the
Perimeter Road. The elements of the work
are similar to those anticipated  for
subsequent  planned phases of the
embankment construction except that Phase
! does not include a rewaining wall. The
work elements include:

* clearing and grubbing of vegetation and
unsuitable materials

* cxcavation and embankmemt fj])
placement and compaction

s temporary erosion and sedimentation
controls

* placing and spreading of 1opsoil

* seeding. fenilizing and muiching
disturbed areas

The construction pians and specifications
inciude more detailed descriptions of the
TESC measures and procedures to be
implemented in completing the embankment
conswuction. The methods and details
presented in the plans appear to generally
conform to those of the Stormwarer
Management Manual for the Puget Sound
Basin (Department of Ecology, 1992).
Engineering calculations for sizing the
facilities were not provided or reviewed.
Provisions of the consmruction plans and
specifications that are nowble from a TESC
perspective are itemized below:

* Placement of fill materials with higher
fines content is restricted to the period
from June 16 to September 16.

* A Sedimentation and Erosion Control
Represenmative is to be provided by the
Contractor with responsibility for TESC
installation, inspection, maintenance and
emergency response.

*  Contractor's inspection and maintenance
procedures and schedule are 10 be
documented and submined to Port for
approval. The minimum frequency for
inspection is specified to be weekiy and
following any storm event greater than
0.5 inches precipitation over a 24-hour
period. A conflicting drawing note
(Sheet C-120) requires daily inspection
of TESC facilities.

* BMPs are 10 be instalied prior to land
disturbing activities commencing.

* The contractor is instructed 1o protect
downsweam properties from crosion
damage due to increases in stormwater
runoff volume. velocities and peak flow
rates  discharged from the sjge.
However, the construction documents
do not specify that increases in runoff
volume, velocity or peak flow rate are t0
be prevented on site. Again, detailed
engineering  calculations  that may
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demonstrate  the  abilie  of the
sedimentation pond system to conuol
discharge rates were not provided for
review. However. it would appear that
smaller storm discharges would be
conmolled to a degree by the 2-inch
diameter orifice specified in the outiet
structure.

®  The direction and maximum slope of the
top of the embankment fill is specified
to be conmrolied at the end of each
workday.

* Although a temporary ditch is specified
to be maintained along the east (up
slope) edge of the fill placement, it
would be advisable to construct the
interception ditch on the far east
boundary of the project area at the first
stage of the project so as 1o minimize
the flow of offsite water into the work
area. The plans call for the interception
ditch 1o be constructed at a later phase
of the work.

* Reference is made t seeding final
graded slopes prior 10 completion of
other fill placement. but the contractor is
not explicitly required to restrict or
minimize the total disturbed area
throughout the project duration.

During reconnaissance of the construction
site in October 1999, it was observed that
the sedimentation pond was in place and
functional with grass lined swales draining
to the pond from the north and south sides of
the construction site. In addition. a batch
treatment  facility was on-site as a
contingency measure to provide treatment
bevond the sedimentation that occurs within
the pond.

3.6.9.2  Critical Construction Planning
and Execution Factors

Bevond the design of technical provisions to
control erosion and sediment on the project
site. the successful prevention of erosion and
sedimentation problems from a large
embankment project are dependent on
critical planning and execution of the TESC

installation and mainienance. Withou
nigorous impiementation. monitoring anc
maintenance. the Port increases the risk of
releasing a massive load of sediment intc
area streams as occurred duning construction
of the North Emplovee Parking Lot or
Miller Creek. Following are critical
planning and execution factors igentified for
the runway embankment fill that shouid be
addressed:

* A contingency ares was set aside at the
base of the Phase 1 embankment project
area in the event additional weatment
capacity was needed or desirable.
Similar provisions for supplemental
treatment of flow conwoi capacity need
10 be made available for subsequent
phases of embankment construction in
the event the project encounters .
exceptional  climatic  effects  or
construction problems.

* The subgrade for the embankment fill is
till soils that are structurally vuinerable
to moisture when disturbed.
Construction operations should
minimize the extent of subgrade
exposed to rainfall and the movement of
equipment on exposed subgrade.

*  The top of the fill must be continuously
graded during fill placement 10 direct
runoff away from the tops of the
embankment slopes and  toward
controlied drainage paths.

* The side slopes of the embankment
should be fully stabilized with
vegetation prior to crowning of the fill.
Once the crown is compieted, runoff
that passes from the crown and over the
face of the embankment would erode
slopes that are not fully stabilized.

The Port’s NPDES permit requires a
Deparmment of Ecology-approved
Stormwater Pollution Prevention Plan for
ecach construction project on the airport.
Also, under the governor’s certificate for the
project. the Port is required to hire a third
party to review and ensure all TESC plans
are followed during construction. Vigorous
and independent review of TESC practices
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by gqualified personne] throughowt
construcuon is critical to minimize the
chance of an oversight and 10 maximize
conwrol of runoff from the site.

All constuction personnel shouid be mained
in proper erosion control practices and
informed of the manner in which the
project’s TESC systems are designed to
operate. Personnel should be informed of
the consequences of TESC failure to the
receiving streams and the potendal for a
failure to cause a shut down of construction
activities. Because of the potential damage
that can be caused 10 a receiving water body
by a single error on a project of this
magnitude, training of all staff is critical to
minimizing the potential for mistakes.

An embankment construction of the
magnitde and duration of the third runway
project is subject 10 a range of climatic
events and human errors, and an
uncontrolied release of runoff from the
disturbed site is probable despite proper
implementation of construction BMPs. The
role of the TESC efforts is 1o minimize the
probability and exient of such a reiease.

3.6.10 Long-term Temperature Effects

The changes in land coverages within the
embankment fill area were reviewed for
their potential effects on receiving water
temperatures during warm weather low flow
periods in the sweams. Conditions both
during dry periods and during rainfali events
were considered.

During periods of extended low flow in
Milier, Walker and Des Moines creeks, the
discharge is supplied predominantly by
groundwater.  Absent rainfall, elevated
temperawres in the streams can be caused
by direct sunlight and surface contact with
warm air. The majority of the precipitation
falling on the proposed runway embankment
would infilrate through the fill, remain cool
within the fill’s mass, and discharge through
the subdrainage layer at the base of the fill
as cool groundwater 10 the stream systems.

This condition is expected tc have a
beneficial effect on the recetving sweams.

The potential for warm nunoff from runway
and @xiway pavement areas 1o enter streams
and elevate temperatures was aiso
considered. Such temperature effects are
limited by frequency because intense rainfall
typically occurs during periods of obscured
sunlight and only infrequently during warm-
weather periods. The majority of the
precipitation falling during warmer weather
would infilrate the fill, even during intense
rainfall events, because of low antecedent
soil moiswre during this period. Pavement
runoff would flow to the shoulders of the
taxiways and runway, with some runoff
infiltrating to the fill or through the
perforated  storm drainage system (if
constructed).  The discharge of runoff
subject to pavement warming would be a
small fraction of the precipitation falling on
the embankment fill. Temperature buffering
within the fill would likely be high as
discussed further below and inferred in the
Section 3.6.4 discussion of time-lags within
the embankment.

The potential for the proposed retaining wall
t0 eievate stream temperatures was aiso
reviewed. The retaining wall’s planimerric
footprint is very small, and its westerly
exposure is subject 10 solar gain during a
portion of the daylight hours in the warmer
weather months of concern. The
coincidence of high solar gain with rainfall
is limited climatically, and the temperature
within the wall is regulated by the mass of
cool earth behind it. The small footprint of
the wall aiso limits the amount of  rainfall
that comes in contact with the wall’s
surface. The small volume of stormwater
directly contacting the wall and the limited
opportunity for the wall to significantly
elevate the temperature of the runoff suggest
that the wall would not contribute 1o
elevated temperatures in receiving streams.

The discharge of runoff subject to warming
on pavement within the embankment area js
small, most warm weather precipitation
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