
AR 011563



OCT - 1 2001

ENVIRONIvtLi_TAL
HEARINGg OFFICE D

AR 011564



XAUG, l:27P_!-__qs70 pert o_ EcoL0aY NO,127.o P, 20oz,....;.. . ,-...-'_...:...; .-'_"."-.::...'-_.'- .. • , . - ., .... .' ' '_ " ." "_.':.- _,,.'.'.7. . "'" "" ":"'. • ' . .... •

" _'" I "

• • •

1

__ _i_m • - I _'[CEIVED •

,c,,_.,,,,,._ ' AUG -B ,
_01 &mthJcm41_m_Sm._.,t,Sub©.'_0

•_.,,,.,..w^:,.1,.4_I 3EPTOFECOLOGY

m

AnnKcnny,SeaiorPemdtSpecialist OCT - 1 2001
Wuh(ngtonDeps_mentof Ecolo_
NorthwestP_siona]Office
3190 - 160thAvenueSomhN.st ENV __L)_._v_L_',_T_L
Bellevue, WA 98008-54SS2 HI_,A_I_O_ OF£][CE

i

D_r M_, Kc_y:

K/n_ County b pleued to have_mdtheoppose[t7 toassist the Depsrtmm[ot_cologyby
making its technical review capacitytnd knowledgeof local st_water conditionsavailablefor
the review of the Portof Seattle'sComprehensive$_ormwa_erManafmen: Plan (SMP)for
Ma.q_ Plan Improvernen_s_SeaTscInset'nationalAirport.This e_'orthas set ancxcellent
¢kampleof how am_eand local8ovenunentcan workcooperativelyin addressingpressi_ issues
_cin$ the region

As with our prcv/ous reviewset'r_s project, it is imperatortokeepinm;-d the limitationsof the
workthatwe have performed. First,this r_iew is limitedto ascertsinins_ theSMP
attained mi_mu_ complimce withthe 1998Kbtg County $urfacz WaterDc_ibmManual,
Compliance with the technicalprovisionsof de Dedgn Menualdo_ notmidpto allpotemial
impacmof development andme.,,'_ providemfliciem informationm allow forapprovalunder
othercodes and rqulat/ons. Compliancewiththe Design Manualis, however,s goodt_t i
mwLydsrn_v_gatingthe impactsofvhis |I_SI and complexproject, i

t
It is also [mpomm_to rememberthatthh review is limited to those developmentactivities
identifiedby the Portof Seaule asbeingMutes PlanUpdtxeImprovem_t_. Whileother
projecu of varying masnttudc=e beingproposedfor this area,only thoseprojectsincludedin
theformalS.MPsubmission,verereviewedfortt_ conunc_festa.No usump_onof
coiu:me wivhthe technics]detailsor effectiveness of additionalprojectsshouldbe ms,,-,ed
without our specific wrik_ conunent.

Ourreviewers found this venion ofth_ SMP iS comisteat with dmwchnical requk_cuts of _.he
King Count" Surface Water DesignManuaL The SMP demonstratest feasible¢oncepmsl
su'_egy for complying with themhni_l provisionsor'theKinf Cosn_ Surface WaterDesz'_
.Manualand effectively demons_r=esthtt the proposedimprovementscould fullycomplywith
Design Manual requiremenm.
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EnclosureI providessencralcocnment_onhowTheSMPrespondsto thespecific:cornand
spcclalrequirementsof theK_ Cous_,_"ace _a_,Da_ Ms,,aJ.aswell u anoverview
of the review scope andlimiuttions.

Enclosure2 provides a summar/of the varioussurfacewater facilities proposedforconsu'uction.
alongwig specific inform_on on eachhcili_, suchas the volume of the facUi_.',the dmin_
area served,and the amount ofimp=vious aream'bum-yto each facility.

•Thankyou for d-Jsopportunityto worktop_h_ronbehalfof the resiorc It')_u hs_ any
que.suons,please contact David Masters,SeniorPolicyAnalyst.,or Kelly Whidnl, Senior
Engineer,both with the WaterandLandResourcesDivision. Davidcan be reacheda_
(206) 296-1982 or via e-mail at davld.mumrs_metmke_t,ov. _Lly can bereachedtt
(206) 296-8327 or via e.mail at _cllv.whkina_£Tnetmkc._v. '"

Sincerely,

•
PantBiuonnette
Director

PB',wF96S

_n¢losur_
|

cc: TheHonorableRonSims,KingCountyF_xecuzivc
RayHoling,NorthwestRegionalDirector.WuM_ton Departmentof_coloW
PaulTanaka.CountyAdministrativeOfficer.Depertm_r_ofCoun_ Aclm_nistmtiou
Tim Ceis, ChiefofStuff,KingCo.umyExecutiveOf_ce
Ku_ Tviplc_DeputyDh'_'lor,KInsCountyDcpm,mmntofNstundResources(DNR)
NancyRichardsonAhem, Manager,WaterandL_,,dResourcesDivision(WLRD),DNR
Debbic Arima, Assistant Manager,WLP,.D,DNR "
CurtCrawford.SupervisingE_r, Dra_nap Services Section. WLRD,D._R
Kelly Whiting. Senior Engin_.r.EngineeringSmdie_ andS_nd_hs.'WL]_, DNR
]oarmaRiehey, Mannger,StraxegicDevelopmcmSection. WLRD,DNR
DavidMasters. Senior Policy Analyst,WatershedCoordinationUnit, WL_I), DNR
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OVF.,RVI]W oF SCOPE AND LIMITATIONS

The De.cz_ber 2000Comps'eheusiveS_......_merMam_mcnt Plan(S]_, u_vlsed in July,2001 hal
bc_t reviet_d _r corudstucy with_ m:hldcMpm_ons of the tgg8 lt_ Conty Surf_e Wstet
Desiln Mural (r_.SWDM).There.viewhas concludedthat lhz |MP has_moe.r,r_d th_ the mitigations
propor,ed in the SMPan=cowimm with _he_ s_tror_ in _h_i_iWDM. Thisenclosuredem'k
key findla_ _fl_lin_ this compliancensmmmz_

Review has _ limisedto thosedevelopmnt r.dvki_ idendfmdbytheSMP,s beingMsmmrPin
Updm (_M_U)_rovemmm (s_ SMPTsbk A-._).Projectsnot includedin theSMPwe.renocrc_zwed
and the.rz_omno presumpdouof'conslsmncywithI[CSWDMshould bed/_w_tfor tbcrm_. l_svfzw
wu _ per thz XCSWI_Mm_hnicslmqui_memlswhich wouldhaw,applizdunderP_Ul_-Mna_c
P.."_cw (scc KCSW_DMe.m_pls in mzt box on p_e 2}. except _4.at_the SMPkk_es paltoat_l_
_oals exceeding theKCSWDMst_d_b. Complimscc_ ICln_County'stechnicali_dsrds may ,m bz
sufficient forproject {ppmv_ underothercodes md m_lmiout_ ned _ m_dmds m_knownto be
tnmsfflclmxtm fully midpxe allpmemi,l impactsof de_xol_nt. S]_qficMly excluded_om d_ review
scope m Ill p_ocedur_ rzqzimmnmof the KC_WDM.

_vie_ mzl concurrenceef o,s.to_mr smn_m_'m planis prin_ly areviewof designconceptssuet
wumpdow m _ If thepr_m_ n_=_/ou demousumz l_ibk approach_ocmnplywith the
LdendfiedF_rrormnce_ As thel=_n_! _ developa_nt l_oj_cmmovox'tom_ plsutshs$mipm
to d¢_lopmem ofconmnscdonplans,_e proposedstoan,_mr midlg_as may r_at m _e updmd m
reflectaay _ condidor_. Priorm _don af specificptoJecu. _ldldon_!r_'iew and _rovM of
the fled consm_don drawingsnndassociatedethnical _qmn_on reprois typjc_)- _cqulmd.Oversif_
andmonitorin_m_ keyelects tomcr.z_f_l implcm_g_ion o_u,y _.ormw_mta_na_ementpls_ It is
rccommeuded thst _elo_ m'zld_ Port_v_I_ a plyto ow_rsceted monitorcomplis_tcewltho_
midl_a_ionsset _or_hiu the SMP.Oresoption is m cmu_ an Ecolo_ "Campliznc_Team-.rc'_qmmdnl_the
t_eceum_ d_plines, to winkwithdiePort to _-id_vecompl_nc_ withthe llolll m_d0bjecdv_ lsid out iU
_u_SMPandmlur_ d_umenu,

It has not bcc,'nd_termincdwh_ I¢p/v_til_ an Ecolo_' approved_gP _i'orc_ _e _,'_'e devzlopm_nt
acxlvldesidentifiedwiddn. The_ kdud_ tm_em _ specific flow ¢onwolandwstcr quMi_'
miti_ion _pFroocbzs_ coacc,l_l pl,_s havebeenklendfled, butwhichmaybe _d}usr_dduringEmd
desi$,n. The SMP :sizeIbrs_ devaopm=Xl_Jem_mch_ no_Imws_-mc._ou _leed_
(see S_P Tublc A.31. Ecolo_ msdK/nilCoun_ sm _ on updatedztormw_mtsumdmls_eded to
Implement CleanWaterA_ andBnd,m,_'_LSpeciesAct protectionobjectives, l_iew of_
zs=inst them dr_ rm.ndm'dsw'_ not perverted. Iflqmd fnc|ll_ desi[alsincludem,.'isedon,._t_
perform_nc_goals. _oloL_ m=ywishm mvk_ dm tirol propm_f facilldc__p_st _hesc,_lm_ in effect
_t th_ time.

l __ ,, ,,1,

July J1.:001 l
Kinp Ctmms_/Depul'dll_t ,,,_GNotu_I R_ourc_
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EXCERFT FROM 1998 KCSWDM ,.w

1.1.4 DRAINAGE DESIGN BEYOND MINIMUM COI_FI,IANCE

This rnanu_lt_l_.sen_KINJCounQ"sminimum sumdmdsfor en_-dng Lad desis"n
of drainage f._iUzics. While theCountybelieves these standards am qqzopnm fvr
n wide range of develo_l proposalLcompliance solely with dlese _.quimmeuts
doesnotmli=_d_¢lnofmlonal_gineersulnniui_designsofhisorher
responsibility to ensure dr_nqe tact'titlesm'oeuginured to provide zdequm
tsrotecdonfor natural resourcesandpublic_d ptivamproperty.

Compliance _ the mndsuds in _s n'mwal does not necessarily mitipw all
probablband sisnific_t envk,umnen_ impactsto aquat|c biota. Rthery resources
and,other living componenu of aquaticsysmms are affecmd by a comple:c_ ef
f_cton. White employtnl a q_,ci_c flew conaet mndard may preyer stream
,:h_nnelerosion or ias'r.sbili_-,other_ affecting t'ishmd other biotic resources
tsuch zs incre_ in sacam flow velocities) me no_dkecdy addressed by
manual. Likewise, some wetltnd_ i_,ludi_ bop. are adapted to s vet? co.ant
hydrological re|ime. Eventhe mosts_n|ent flow conlml st_tdsrdemployedby
Ibis manual does no_pzcvcmincreasesin t_'Ttoffvolume which ctn adversely affect

wetland plant commual_,s by inc_-ing t_. durationmd me,_ni_deof waterkvel
fluctuations. Thus,complb,nct wkh this n'_utl thould not be consmusd u
mir;_tin_ _ll probableandsi_emi_cantstoratwsl_.rimpacts to aqu_ic bloat la

and Wer_nds.andaddl_kml rrdtir_on may be required,

In addition, the _luimme_ in _ manua_1_. "|Yt_let _ Typesof |_ac_
assoda_zdwhh_ mosttypicalltaddevel_meutprojecuoccurringiath, lowla_

of (he COUaL_.A.ppl)'ing_es_requirementsto vastly di_aent (_pes of
projects, r_ch as reck quarriesor daisyferms, or in d|ffer_ cl|mm_ stmadom, _ct
_t for ski areas, may re_k in poorermld_a_on of imps-as, Themfo_ different
.mitigationmay be n_quh_.

_ | | __

July3I.2001 2 '
KingC,)ml_.DepartmentoF.N_mi'all_cSOUl_,'=_
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CoreRequkement_D_bsrpstNamudLoadim
The bC_musrFin UpdsusC/vCPU)dcwlopa'mc activitimwill nmuk_nmodificsdonsto _ _ emd
ha/raMclm[m_e.¢ystemgwiddstlheSeattJe.'_couatlltlc_tJ0flll A_ort (_'_) m'en.Belowist
summm'yof STIA m perdie lsnduR tables in AppendkesA andB. _ difC_enn_:r.sin bw'imsizes csm
•mostlybem_aribuustm_ collecdcmsad_nwyanceofpo_Lhdlypollutedszormwmrrunoffmr_e
Ind_rkd Wum _nt S_mem(I'WS).

Summaryof DrainageBasinAreas (acres)
Calibration PmDev PostDev

Des MoinesSTIA 1672 1505 1577
WalkerSTIA _.34 234 P.34
MillerSTIA "" 1247 1212 1184

iiiiii i ii

'Total STIAStor_n - 3153 3031 299_ '

Des Mo;ne_IWS 285 331 375
WsIker IW8 0 o G
MillerIW8 ' 0 86 80

Nm_numbers_Imn_ larlocovertableedaledtW0D

Core I_,quinmmt #2: Dowmstr_mmAnsbqds
Do_/mm_ffimmdvsis isprovided in Appendix P of the docanmnc Idcnd_ed do_rnsmmmprobkms include
channeleroslo_andpomndel exbdng floodir_problemksMillerCreek.Theassociatedon-site
rnSdpdoMfor theseproblem types include.

Cltanneierosion- applyLevel2 st_enmbasdcerosionstandmfd

• TheL_vel2 stnnd_rdisthe_ smnda_beingappHcdacrossthept'ojectsite. Theentinairporttit= is
bebqjre_ofil_i bsck to prod,e:velopmnlcond|_ons con'es_nd|n; to75_I,ro_$n_l, 15t _ Ind
i0_ ef_cfiq impm'vious,Thiswill scrv_tom b'mrzis_ ramsd _'mi_r_ allhoull_llm b_flt
will bedimin_h_l thrber dow_ dimto otl_r exisdng _mtopme_x _t havinl!_ t_=_filt=d io
theslar_ lm'_iotrpmt_-lion. Implementationof ti_ Des Moin_ CreekBasin PlanmMdevelopnmnt
andimplementationof_ bllller/Wali_r CreekB_ainl_n will help_ldxeu smrm,_,_r _ _'mu
thcentirebasins.

Ex|sdng floodingproblem- me_chloo.y.r peak flows Inaddkionm _ L_vel2

• "1"heS_Plnclude8 d_emslci_ngor"IO0-_r pe_kflo_ _s a sPecitic_t_omu_e I!oalsnd wls
_hi_mi _o_h Lh_now conu'ol mklgadons proposed.

Core Requh,cmesrt4FJ:I_ Control
Th= SIV0Pusesz flow controlpefform_cestar.dm'd_u|vadentmtheI_CSWDIvLI._v=l3smndsrd.Thb
_nc_udas_ controlOrIbisd_Oll It' hi_.bflewdJscb,_l'Seeibetween $0_ of r_ ?.-y_r m.dthefull $0-_nmr
peak flows, Inzdclidon,the 100-yearpeak dlschar_ is connolledm thepredevel_d 100._ar level.

The S/_/Ppr_clevelupmm_lmmdccnmrnssumptionsof7$q_ fore_. 1_5 grma,and 10%mmzimum
|mperviousprovides_ tar_ now rc$im_ tl_;tis moreprotectivethanthecurrant"Ex|min| Sit=Condition"
requimmemsor _hoKCSV,'DM.L'sin_ _n_'nl su'c_mstabilityLmidelln_.u b_ia _nsisting of 75_ forest.
lS_i,lp'assand 10_ Imperviouswould providea flow mZi.¢zpmdJcv_,dto be ge.omorphlcnllysidle, bt_

m ,:

July.II. 2OO1 "_
Kin,.+Counl.v.O_onn_nt.l'.'+nturnlP.e_+um_
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whichmayhavesomewmr quadi_sodbaseflow_. Howavor.sbu:eth__ _ ross

cmulsiu n .mudlportionof theemkessmunbasin,_ insa_amt,mdts I,iil _ lessthimif.all..paq_..u.
inthembasinsweremm_edtothismndmLAd&do_udd_ m bern!_ mzl.dm_,"
sumer b--fie- tm_= _h a_ oflow-now,uSmeim,mon.ul_wu,q._.t_ _. m_.
moniwrin$ is Woposedtohelpensurethatwaterqualitystsndmds_uld be met.

Under ekeKCSWDM, Aowcontrols(deteufion/infdwsion) would onlybe requiredfornew added
impS, Und_the_ updumm_ Scolo_zonnmt_m=_t andZ_WDMcmendyin
prcpm_oa, tier controlreacts weald likely bc requiredforRv replacedimpess_us su__ces. The Port
Js lx_ddin$ flow conl_olre_ofiUforall lropgPvio_surfagmto the75115110iandco_r conditions
described above,alshousisrids_ould notbe requiredb._theScolosy cmaualor by K_..SW'DM.

"rhcen_ics_l table.(Enciomm2j providesanoverviewof thestort_ _r_ reviewedunde_theM
undtheamuci=edhu_dcov_(lmpa'_us andpervious}ussump_nsuszdto_ thesetbcilidN. _ncloan
2 _ lX,c_deso listof MPOprojectsidentifiedta beservedbyeachproposedf_cilit_,

The detentionponds locatederotmd_ me of the fill embankmentcouldpotentiallybe deep enotu_ to,
inasceptseasonal highgroundwat=.The _ proposuduufiredfacilitydesi_ any be alteredto
maintainIhe live stom_ volmneabove the Laeundwate_tevcL If this occun, it nut?require=king of bern/
be_ incre,n_g side ,dOlX=.or asa lastguort, egpandingthe f_cili_ f_ocprlnt,Facility footprintsmzy
"not b_' _ to ip.m'oo3_ dJa_ to site ¢omtraints. MO_ns tO $D_2tA IPA,.yresult ih _ facility '

excee_uj lhe thresholdof Sire DamSsf_ecyresubuioas,

The _ usesa specL_iPFJU-ND_lJbrucion(_" theembenJamntfill. Thiscalibrationwl basadmt
limimslmonitoringdmacollectedfrom t 1998embtnlonemares.Theerectof thisculitmuioaisfor_11
soik to producehi_3er runoffthanrill-grass,butless _ impervious, TheSMP'essumpdonis thatthe
final embankmentwill nmcchydrologicallysimiltr m the muller 1998emb_ianent area. The SMPhas
notch:m,lmd this su_ump_ionsince it w_ flnttproposeddufin_d_ MilLerCreekc_b_gion mcetinp in
Spz_g of 2000. F=ccdo_mj'sJune.2000 _ r_OIq pr_vid_ ttrnngeof e,q_cted soil cltangtedstks fo_ the
fill embBkmcat. Thc cxp¢_adonisthat flUso_s vm have s Isydrologicresponse_ zimiim"_o.o_
8r_z wi_hflat slopes thanm the previousembankn_ntfill caUbradonwork. At thispmnt m ume mere w_

' : separation in zuumpdons betweenhowthe fill k chm'ecmizedin the embunkmetKmodeling (used
p_y for low streamt3vwz_essmentmsdwedand midg=ion) undtheSMPmodelin_tused prbnsrlly
for Mtth flow assessmcnts,andflow con_ol mitlpdon sizing). Based on tltcJune2000 characterizationof
tin emb:mkmem'shydrologicrespon_ the SMP assua_ons would pro_idesome co_m'atir, m in the
des_ af flow control _'ttJpti0,S.

TI_ Skip hydrololi¢modelshaveummed thst'sll ai_ort _mlpcrv_ousaim ate 100_ effectively
,.'mmmctcdto thedovms_rumd_inlii_ sysmm.Therefac¢,themodeledimpu_iotmm _lmd the
impervious,_'eos. This _mmpdonwasusedconsistently in theHSPF models forall 3 streambasins for
tl_t.._ibrstio,, fu_m undpredcveloped(meaning,Eulwhereereot_ orfecUvcJmpervto_Jsfr_:don would
resultin less than t0_ effective |mpervi_s) landcov_ assumptions. If runofffromtherunwzydoes
infiltrate into d_eAll embankmentu bldicale_ by :he_'une2000 PGG rcpon,theeffective imp_r_qo_
..u_.wnptionswould pwwidesome conservatismin the dedln of flo_."ct_ntrolmid_lons.

Cegelleqairement #4: Convtya.nce Spt_
The 3MP indicatcsthatall exi;tin_conve.vancesystems providest Linta lO.-yearlevel orcapoci_7,All
new conveyance _y_tcmswill be dustgncdto uCle_t a-2.%ygorkvci r)l'¢np_cityandwill merethe spill
comahuneutprovisionsof the KCSWDM.

Thclnoject sit8 includes_ challen_-mof coave_in8 flows down fromtherunw'_yelevation m the detendou
andsediment c.ntrol pond_at the toot of _heembankmcot. The SMPprovides,inAppendix W. conceptual

forc.ncr_ dissipationstr_ctt_t_d_atwill be used m controlthchitchvelecily fie,meat tho_
+ o,.af_b.

July 31.2_01 4

g.Jl_ C_'_t_y ])t_p.qrtlVtem t,I ._ntural ResoUn:_:t
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_mJmme#n- _ Icvic_Commas._zedkr2000los_ml, hdy2001)Costs/mireS_" '

enrw_teS" _ndSed/mtCein4" ":"" "' " :" "'" "" I
'

m_mdamm._Ididondly,_es._IPbdlmesdmu amiouumzolalpeciadlatwillbempombbk
. ovexsaiMsbelnsullaui_Indpes't='_Inczofthusf=a""hthu."rldsisanimpomatupe_ofa_

,f_,uom_mVudim,__ou_olsasprojocuofridssin_ ........

Ofconco-_'.: danClOSeprobity o_smnssedUlnmw.potldstotheSUq_ channels. Ho_sver, thiscannotbe
avokleddue_o_t: clos_pmsimi_"ofthefi_ embankmentto thestnmmcbennels.Anyovmopp'mg.

_, f,m'lumof these pondsmayresultin sedimentbetel;diseheq_ m Millet'Creekdueto the
shm flowipm_ 5-orethe ponds m thesirea_ P,xlm cfilif_.q_c_on erosion coati is wm'mnmdto mi_nize
sedlmnt mmsport_om disturbedsoils (tc_ th8ombsnkmemt511}to the final _artent ponds.
wouldhcl_de, blu is notlimitedto,

• soilsabi/iztden and_ azasza__ alld.h_ed mils.
• minimi,_ngthe"open"(,_'izhoutcovermusing) messto onlydwseportionsof theprej_czIlle which

arehelm actively work_
• hudm"minimizing theareasb_dMncd_|y workeddurh_lFthewetseason (October1th:_gh AI_

30_ and before forecastedprl::ipilacloneven_
• frequent inspections of thuerosion and szdirn_ control'factlldes by the erosioncontrolspecbdlsc i

• cl_y Inspections of the sedimentpondsin close proximityto Thes_-an channelsdurin!thzwet
semoL and

• conliagency pinnsdevelupcdbeforehnadto 8ddresspotentialprobleuu;wh|ch may beencounteredwith
any efdul erosionand sedime_ controlBb_%,wi_ emphasis on thesedimentpondsm_ing is the
lass I_m of defense priorto d/schar_ to moan.

- Con lletitment #6-. MIdnlil_lnil nd Opmdtm
This ]CCSWDM CoreRcqukuncntis mos_ proceduralin nomm. writ_-'uspc_ficall_ to lmplmem ICing
Councy'spolicies and codes. Thisre_-iewis limiwdto eompl|aace with the u_hnkndispe,s o! _he
KCSWD_ and specifically ezcludes pmcedscalrequirementsspecific to King County. Tlnrefore,
_olof_ _mald sscer_, n thatsdcquawprm,isionsandab,rcementsam:undo to cnsurctheproper
rmlatmam_ end epe_tlon of stonav41erfacUideson ,hl, project sire.

The _l_mi_g is the reviewersundergumcl_gof midntenanceand operationresponsibindcs at_h,pmje=
she: A_acmdeeontheprojectskearem'bemaintaiuedby thePonofSeaukorthcirdedtmee. WII_'

by others. Portof SouSe is uttlmmly responsibleforpropernuinmmnce andepenutonsunder
_*r tm)m per.d_.

Some _tbe debpor v,_l_s exceed _hemaximumsllowabk d_th te inwrt (aumseredfromflul ,,,_f, ce
gl_de) of 20 _ TheSDS7 viii| is pt_pa_'_as_ above groundstorage'structure.An assessmentof
m=dn_ feasibility has beenpuwidcd whichsupporutt_ Sb_Pposition that the Portwillbe ableco
performBcc_s_'_-n'_lntemm_e_uvldcs,

Core Reqairemem _: l_imuxisd_milutem / LiabWty
Tlds SWDM C,ene Rr,qulrenumtis _pecificto proceduresreguimdunderKing Count)"policy nd code,. The
ince_ is to enstice that there isad_ _1111_avxiblb|e to essmocompletionof therequiredmi_ions.
Itracisms t1_ construction be compl,clod,ortheposting of bonds :_ndot_r financial.lu,ym_s occur

- _ zottnmipermit approval.

Them m subeinfial costsessociau_Jwiththeproposedmitigodons. Mmy of the facilitiesa_ pmpond as
' underlromxlvaulm .toavoid _e u,-Ildlifeamlc_n anoci_d with open ponds. The larpmtof the einhc

flow _:lnlfOIvnu_s will have 8_ ocre-lbetofstorage,n_'ly4 _'_ in area at 25 feetof livesloTNMdlplh.
The Port has provided a memo indicating_hefensibi|ltyof the lu'_I design of this fecillty. A
commonly used cstlmule of vaultconsu'ucdoncosts is S_- pet cubic.foot. Withn toullvolumefornew
vasd_ for flow con_ro| (347.1 acr_feet).waterq_li_,, t4.S acre-feet), and reservestorage146.1acre-feet)
of 3_7.7 _xc-fect. the total cost in vauluis at$86.6 million, l_otc: SMP uses a _ult cost of aboutS12- per .i

July]!I. 2001 5
i(tnl ¢_ IX-l,amlzl'n.i ,_iliiil'_llll*.folllllliii
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EnclosureBI - Irma/gevtewCommms. D=cendi__ (u rm4saiZal_Z001)Compmhmst_elwmm-ata' j . .
•H__uOmOI_ - _ PlanUIMm_implovommls- .Sand_YimmsI_mid_td AhllOlt-Pe/sot'$ealrht,I . ,

..... !_ I!_ " i o . ' " + --+ _ i ......

' _] vmdtm, _ _!_/,9 _ '"
• w " i

Clm.mil: Wmr ' .,, .,,
b

"rbe5.M_I_ provid_ concapmaldesignsfor wmr qudkyac'mnmr,t ficili_ mmisumt ,a4_ dramfound
in th,,KCSWDMBesic WaterQtsdky Tnmanetst]M_mu.Theperformancestud otrtmb wwr quality
_malrnentis 80_ TS$ removal The SMPpropmcs m providemsamiz_ for Ill aew _llUtiou _ener_af
surfacesandfix all exLedngpollution 8_radq _ thJrot_ts combimdonof blofiitraaon,wcwagt_s
zndr_rou_ m FW'$sFsunn. P.evlcw of these_ designshis r,onclucled_ _y are+[zed
approi_a_.ly for the resumed mrvlc_ m_,as:rodth_ theycan_.lllbI_ be contoured coasim_ with
KCSWDMdzsi_a stuudatds.S'L"ZAmreo,snocproposed_r =_r quslky a_.zunencinclude:

• Ap_m_te.ly S0_ ofexi_nS pollution8_emin| impmvioulsurtncesasshownil_S),fPFiaure
z,4 andTable7-8. Th8 SMPindia_ t,lm thekith cost._ dlsm_on tosiqm_opera.as
s_soc'i_ wil_ consemcdonof _lnderiro_d wetv-aulufordramsmmsmaim_ qumlil__Lroflts
impt_d=|.

Two lruru,nces,wheresource,controls m pmpos_ in-lieuof watt qudky _;_; include:
• LandscapeMana_mmentPlmu which|mplem_t thesomrc,_com3'oiobjectiveordmIE:S'_.'DMan

pTopOSed_4"al| I_pn-%qdtorldscilpe.d_, inch_I/a_d'leI_Wly/t_lwt.y LM'mlds.
• L'ncoa_edMbud P.oot_m lmmpos_re beem4m_copreventbuch_ ..Mthou_notspemficul_y

mcadoued as m option in it= _C:SV,'DM,Ks approachis.consitlt v4ththatat=atofm_Lria8 waser
Runlet,/_t onlyforuncoatedmamlroo_. I_he coadl_|process is_ successfut].v:ompLemd,

Theshoveapprom:h_swee d_terminedm beeomigent withdieKCSW'DMappllc_on of_'zmrquality
tr_a_nen;slndardsfor new studredevctopin$properde.s.5M.PTsbie 74 providesm overviev.,oftha
proposed,_smr qu_lit)' trt:prmentfacilidu for nowsntl exi_dnfpol!udon_eneradnlltmt_r_'ioussurf=c,.

Pre_'_ous_Olm_enmhzve beenprovided to mprds m copper'fCu)cmmenu-_dom5'oresome o(theextstinl_
STIA ouffli/ls.The S),[P indicul_ thlEthesCurlTl_ colk'cdouluglconveyancesyslcs_dcs|in can
accommodm additionalwmr quality _'nmt mcms_ if deemedneco,m'y thmu_ condnu_l
monitoring,

"r_eST/A Zndum_al_:-utew'_er 5ysmm(IW$) b relulm_! by Ecolo_ undo theCS=nWmr.._ccSncdon
4#_,The/CCSWDZ_does am sc_ganderd_for bdastr_ weMwaeerm_eals, suchu _ IWS, The TSS
removalefftcte_.-.v,of the [WS is not pmsenu_ib the EMP. Ew,tmidooof the 1WSs_or_e capacity_iail
/ut_urcIsrmlcovm-,stora_ cupacky.,nndixvc_sin& romeiadka_ that I!_ _ lqoom :erenotprcdict_ m
overtopm mcam, The bluest conc&n i_ thesumdnaHIk_oftl_ usu_d futun=processin_r'z_, As dm
I_,'S ouurdlis propmcd to be redirectedm _hemnim_ s_',w:r_vl_h amyincludeconsl_nul on =Bo,,'able
processingrams, the i_uz of"pomndzl ovcnoppinl shouldbe =ddmmadpace hzumran=imamdis=harp
faunsmsnnimryae,.,.'erlmvebeendcmr_lned,"/'lie$I',_ null- do notsupporttheconmmtonof the[WS
lremibiUl,ymporcohmsut_,:ientstorageezim m allow_ P+vsdi+dmr,_m bestowedor slcFp_ddulin|
;mrrnevents. It ma.vbe nzce._=lr'y,for d_ Portto _a d_useofl_ ran: msr,rsll m,PtLsetSmmd
dependinigon condittont placedon the proposedcorrosion m snnlmy scum', Since speci_c fume storm
•'o}umescermet b_ r_llablyprattled, tSa [WSopm_n _op_n to recletrene=rmazimumTroceming rats
_'_ m4.0 mgd) wkenevcr I_mn #+ is rccctvlag Inflows. Anyaddidomdareasbcinl_refereedto IW$ and
nr,tincluded in theanalysiswouldat_ warrantevslusdoa. Neut.The modeled PumreIWS Serficezrr._
[nchr,lu sppmzinm_ly410 _.'n_of imperviousmad24.6m:nmof iPmUCdpcrviomm'ea. Tt_ u)tin_m
_mra_¢volmncis modclad as 76.9 miUlon_dlons,and _ maximumsu_talnedproccsstn_._ L_=raun'mcl
wbenevaria_m #2 is scorinBw'=_weT_t'.

Special Requirement'#1: Adopted Am SpuilSc Requiremmm -
_ "J'hjbwnuld include dlc Des Mgines Cl'eek Basin Plan, 1"heSl_P midLmltonsdo n(_m].v,n :_llStruc_ionof

LheregionaldemmionI'_¢tlity,or low flow nugmen=Lionf_cit|tyfor-midptin+exi+linllorno'+imperviom

-- • lam _ l II I

,T..dy3I, 2001 6
K:n_C,,un_.vD_purtment,,f Natur,_Re,_r,ed_
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m_I_U__). d_ h _IP mldpdo=my berevised._rmceP,hbsk'mdsm_ '_ n=
an.17"_ibydm_4P,Ecolel_mvkwwl ,_m_v_lofdinplans_1 _lr far_ commmimm_ be
necessary."I_ L%_is,=_'v_ memberoftl_DesMoim_CreekBrainCommh'_

SpedndimlmkUmt#_ Ruodplala/IMmdw__n
A copy of the floodplain_:iy.ada_ l_.or Crockis _ncludedin _ Ap.p_dJs L _ developmenthu.
been Identifiedw_thinthefloodplaindeUnNsiou,speci_s/ly _156_/L54 _'m_vmJ_rudipsmemJnthe
Vm:s__'m nn_ andam-lndv_lysmallcUspl=esm®m_m the3=runway_mbankmeatn_m'u4_m_Miilor
Creek tin'as_msttows_ls SI_09, Calculationsprovideddemousmtted_ theromdwa_rudiljnmentb _lly
compenssted Forin theVacca_ m_esat the L00--yezrlevel _.ood. The embankmentca/culedansi_tic_
rhst8n sddltlo_l 5 cubicFzrd__sdispltced by th_embsukment_atinl. The indLc=r_onisdiaz_hebue
floodphln e.Jev_on _ demrminedto not rile dus to thismountof displaccmem,which in turnwill not
+uffcctthe WoodcmTbq_cepeci_ of v_ meam.

Specbl _cnt#3; Flood ProteedonYacmties
This special requircnn_ is not oppl_le _s noneof thesu'e_s merestndnedby'leveesor_uts in
d_ v|c_ of the projectrote.

Special Requireme_ #4: SourceCoatnd
The _ Ixoposes tl_ useor tourc_ c_nu_i BI_s, m_v of_.hichIre _ bein| uppllcdto
audntensnc_endOl_'_Joasof the_i_. Twonewsourcecon_oi/IMPsm pmpm_ for medmuuchedz
SMP. These i_clude reu'ofiainf_of _1+ no_.¢oamdmet_ ,-oofJto prevemle_chiu8 of minis, andtSe
impicm_udon of improvedlandscapenmtqemeut c_deU_ ta rrdnimizethe useof pc_icides ,rid
_lw mmsmsf_lJ_ndsc_pee_e=inchsdt_$thein_ldm:_stmmm_i_,i,. runw_=dtuiwtys.
Both of these sourcccom=ol_M.Psareconsistent with therequiresnen_sof tl_ KCSWDM.

Special Requiremmst_: OBControl
Seve_ m_s within the projectsi_emett _ thmhold forhi_.m slm under die_ cri_s.
Most of these meas me being, or meproposedto be, dlvct_d tothe IW_whiuls!1 oil conK'ol8ridspill
conudnmentprovisionsand isnsgula+ednsanindusa'hd_z_m,_-am,rdlsclsm'_:d_= _ =stmvawnu_
discharzLOneadditionol su_ ,_ i_utifled under_ S'MP_ mndng_ h_t-ust thr_,lua_,dso
Tcrmin_dDrives.TheSMP pru_ m ei_ ixu_l _'zau_c Bl_s m_hi_re.ca,or tod|vert these omts m
_he1_/S. Both ai_v,s appesr tob= tc_sibl_a_d consistent_ith the requirements_ tin ECS_DM.

i 1 , _ _ • i i i

July3I, 200L T
Kin_Cu_y _mcnt nl'._:,_u_!RusuUrc_

AR 011573
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DES MOINES CREEK

7-DAY LOW FLOW OCCURRENCES IN DES MOINES CREEK
(1994)

AR 011578



Start of 7-Day Low Flows _Statistical Ranking of Average 7-Day Low Flows
with Averaae Flow Rates 1994 HSPF _ Period of Record: 1949-1995 I

T Des Moines Creek at i

= 200th St. / Flow cfs Average ,
Average 7-Day Low Flow __ _i: 7-Day Lows Return

Date _ Date Ordered Rank Rank/47+1 Frequency

1949 SEP 7 0.19 _ 1977 0.15 1 0.02 2.1
1950 SEP 17 0.40 _ 1949 0.19 2 0.04 4.2
1951 AUG 20 0.36 _ 1952 0.22 3 0.06 6.3
1952 OCT 13 0,22 _ 1979 0.23 4 0.08 8.3

1953 SEP 15 0.35 _ 1994 0.23 5 0.10. 10.4

1954 AUG 7 0,48 1988 0.26 6 0.13 12.5
1955 SEP 6 0.35 1985 0.27 7 0.15 14.6

1956 SEP 3 0.44 _ 1986 0.27 8 0.17 16.7

1957 SEP ] 20 0.33 _ 1973 0,28 9 0.19 18.8

1958 SEP t 2 0.29 ' 1993 0.28 10 0.21 20.81959 AUG 24 0.40 _ 1958 0.29 11 0.23 22.9
1960 AUG 7 0.40 _ 1981 0.30 12 0.25 25.0

1961 AUG 23 0.42 _ 1987 0.30 13 0.27 27.1

1962 SEP 2 0.34 1990 0.31 14 0.29 29.2
1963 SEP 27 0.37 1992 0.31 15 0.31 31.3
1964 AUG 31 0.48 _ 1974 0.32 16 0.33 33.3

1965 AUG 3 0.39 _ 1957 0.33 17 0.35 35.4

1966 AUG 19 0.33 1966 0.33 18 0,38 37.5

1967 AUG 25 0.35 1970 ! 0.33 19 0.40 i 39.6
.... 1962

1968 AUG 6 0.47 __ t 0.34 20 0.42 41.7

1969 SEP 6 0.39 _ 1975 I 0,34 21 0.44 43.8

1970 AUG 27 0,33 IT = 1976 ! 0.34 22 0.46 45.8
1971 i AUG 14 0.42 1991 I 0.34 23 0.48 47.9
1972 I AUG 8 0,53 1953 0.35 24 0.50 50.0

1973 I SEP 11 0.28 1955 0.35 25 0.52 52.11974 OCT 13 0.32 _ 1967 0,35 26 0,54 54.2
1975 AUG 11 0.34 _ 1980 0.35 27 0.56 56.3
1976 . OCT 17 0.34 _ 1995 0.35 28 0.58 58.3

1977 AUG 16 0.15 _ 1951 0.36 29 0.60 60.41978 ] OCT 16 0.42 1963 0.37 30 0.63 62.5
1979 I AUG 7 0,23 _ 1984 0.37 31 0.65 64.6
1980 AUG 23 0.35 _ 1989 0.37 32 0.67 66.7
1981 SEP 11 0.30 _ 1965 0.39 33 0.69 68,8

1982 AUG 6 0.42 _ 1969 0.39 34 0.71 70.81983 OCT 10 0.48 _ 1950 0.40 35 0.73 72.9
1984 AUG 29 0.37 _ 1959 0,40 36 0.75 75.0

1985 AUG 29 0.27 _ 1960 0.40 37 0.77 77.11986 SEP 5 0.27 1961 0.42 38 0.79 79.2
391987 SEP 7 0.30 _ 1971 0.42 0.81 81.3

1988 SEP 11 0.26 _ 1978 0.42 40 0.83 83.31989 OCT 3 0.37 1982 0.42 41 0.85 85.4
1990 SEP 25 0.31 _ 1956 0,44 42 0.88 87.5
1991 OCT 9 0.34 _ 1968 0.47 43 0.90 89.6

1992 SEP 16 0.31 _ 1954 0.48 44 0.92 91.7

1993 SEP 29 0.28 _ 1964 0.48 45 0.94 93.8

1994 AUG 26 0.23 1983 0.48 46 0.96 95.8

1995 SEP 20 0.35 1972 0.53 47 I 0.98 97.9I

! I ! I
IRank = Numerical position of ordered average 7-day low flow
values with the driest year equal to one.

N =47 I
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DES MOINES CREEK

HISTOGRAM LOW FLOW OCCURRENCES
IN DES MOINES CREEK (1994)
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DES MOINES CREEK

7-DAY LOW FLOW OCCURRENCES IN DES MOINES CREEK

(2006)
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Start of 7-Day Low Flows ' _iStatistical Ranking of Average 7-Day Low Flows I
with Average Flow Rates 2006 HSPF !Period of Record: 1949-1995

! Des Moines Creek at
i 200th St. / Flow cfs |,i Average

i Average 7-Day Low Flow _. 7-Day Lows Return
Date Ordered Rank Ranld47+l Frequency

Date _
1949 SEP 7 0.14 _ 1977 0.12 1 0.02 2.1
1950 SEP 17 0.32 1949 0.14 2 0.04 4.2
1951 AUG 20 0.25 1952 0.15 3 0.06 6.3
1952 OCT 13 0.15 1994 0.16 4 0.08 8.3
1953 SEP 15 0.28 1979 0.17 5 0.10 10.4
1954 AUG 7 0.37 _! 1988 0.18 6 0.13 12.5
1955 SEP 6 0.25 1958 0.19 7 0.15 14.6
1956 SEP 3 0.35 1985 0.19 8 0.17 16.7
1957 SEP 20 0.25 1986 0.19 9 0.19 18.8
1958 SEP 2 0.19 1993 0.19 10 0,21 20.8
1959 AUG 24 0.28 1973 0.20 11 0.23 22.9
1960 AUG 7 0.28 1981 0.21 12 0.25 25.0
1961 AUG 23 0.30 1974 0.22 13 0.27 27.1
1962 SEP 3 0.27 1987 0.22 14 0.29 29.2
1963 SEP 27 0.31 1990 0.23 15 0.31 31.3
1964 AUG 31 0.39 1966 0.24 16 0.33 33.3
1965 AUG 3 0.30 1967 0.24 17 0.35 35.4
1966 AUG 19 0.24 _ , 1975 0.24 18 0.38 37.5
1967 AUG 25 0.24 _ _._ _ 1992 0.24 19 0.40 39.6

1968 AUG 7 0.38 __ _I[_' :_ 1951 0.25 20 0.42 41.7

1969 SEP 6 0.29 _ _ ._
1955 O.25 21 0.44 43.8

1970 JUL 18 0.25 _._o_ 1957 0.25 22 0.46 45.8
1971 AUG 14 0.31 _ 1970 0.25 23 0.48 47.9
1972 AUG 8 0.42 __ 1980 0.25 24 0.50 50.0
1973 SEP 11 0.20 1991 0.25 25 0.52 52.1

1974 OCT 13 0.22 i! 1962 0.27 26 0.54 54.2
1975 AUG 11 0.24 _ 1976 0.27 27 0.56 56.3
1976 OCT _ 17 0.27 I_ 1984 0.27 28 0.58 58.3
1977 AUG 16 0.12 1953 0.28 29 0.60 60.4
1978 JUL 9 0.33 1959 0.28 30 0.63 62.5
1979 AUG 7 0.17 1960 0.28 31 0,65 64.6
1980 AUG 23 0.25 1989 0.29 32 0.67 66.7
1981 SEP 12 0.21 1995 0.29 33 0.69 68.8
1982 AUG 6 0.32 1961 0.30 34 0.71 70.8
1983 OCT . 10 0.40 1965 0.30 35 0.73 72.9
1984 AUG 29 0.27 1989 0.30 36 0.75 75.0
1985 AUG 29 0.19 1963 0.31 37 0.77 77.1
1986 SEP 5 0.19 1971 0.31 38 0.79 79.2
1987 SEP 6 0.22 1950 0.32 39 0.81 81.3
1988 SEP 11 0.18 1982 0.32 40 0.83 83.3
1989 AUG 7 0.30 1978 0.33 41 0.85 85.4
1990 SEP 25 0.23 1956 0.35 42 0.88 87.5
1991 OCT 9 0.25 1954 0.37 43 0.90 89.6
1992 SEP 16 0.24 1968 0.38 44 0.92 91.7
1993 SEP 29 0.19 |. 1964 0.39 45 0.94 93.6
1994 AUG 26 0.16 _ _ 1983 i 0.40 46 0.96 95.8

1995 SEP 20 0.29 _ _ _ 1972 1 0.42 47 0.98 97.9
Rank = Numerical position of ordered average 7-day low flow
values with the driest year equal to one.

N =47
i

I ! ,
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DES MOINES CREEK

HISTOGRAM LOW FLOW OCCURRENCES

IN DES MOINES CREEK (2006)
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DES MOINES CREEK

7-DAY LOW FLOW OCCURRENCES IN DES MOINES CREEK
(WITH MITIGATION)

AR 011586



Start of 7-Day Low Flows _ Statistical Ranking of Average 7-Day Low Flows
with Avera_e Flow Rates 2006 HSPF _ Period of Record: 1949-1995 I

' Des M°ines Creek at i /-- _

I1 200th St. / Flow cfs _ Average
Average 7-Day Low Flow 7-Day Lows Return

Date Jul 24 Release 0.10 cfs ,,_!: Date Ordered Rank RankJ47+1 Frequency

1949 JUL 16 0.22 _ 1977 0.22 1 0.02 2.1

1950 SEP 17 0.42 _ 1949 0.22 2 0.04 4.2
1951 AUG 20 0.35 1979 0.23 3 0.06 6.3

1952 OCT 13 0.25 _ 1994 0.23 4 0.08 8.3
1953 SEP 15 0.38 _ 1985 0.24 5 0.10 10.4

1954 AUG 7 0.47 _ 1952 0.25 6 0.13 12.5

1955 SEP 6 0.35 1970 0.25 7 0.15 14.6
1956 SEP 3 0.45 1987 0.26 8 0.17 16.7

1957 SEP 20 0.35 _ 1988 0.28 9 0.19 18,8
1958 SEP 2 0.29 _ 1986 0.29 10 0,21 20.8
1959 AUG 24 0.38 _ 1958 0.29 11 0.23 22.9

1960 AUG 7 0,38 _ 1993 0.29 12 0.25 25.0
1961 AUG 23 0.40 _ 1973 0.30 13 0.27 27.1
1962 SEP 3 0.37 _ 1981 0.31 14 0.29 29.2
1963 SEP 27 0.41 _ 1974 0.32 15 0.31 31.3

1964 AUG 31 0.49 __ii" _ 1978 0.33 16 0.33 33.31965 JUL 13 0.35 _.- 1990 0.33 17 0.35 35.4

1966 AUG 19 0.34 _ 1976 0.33 18 0.38 37.5

1967 AUG 25 0.34 1966 0.34 19 0.40 39.6
1968 AUG 7 0.48 ": • _ - i 1992 0.34 20 0.42 41.7

1969 SEP 6 0.39 _ _ 1967 0.34 21 0.44 43.81970 JUL 17 0.25 _ _ 1975 0.34 22 0.46 I 45.8

1971 AUG 14 0.41 __ _! 1957 0.35 23 0.48 47.9
1972 AUG ! 8 0.52 _ 1951 0.35 24 0.50 50.0

1973 SEP 11 0.30 _ 1991 0.35 25 0.52 52.1

1974 OCT 13 0.32 1955 0.35 26 0.54 54.2
1975 JUL 17 0.34 1965 0.35 27 0.56 I 56.3i

1976 DEC 10 0.33 1980 0.35 28 0.58 58.3

1977 AUG 16 0.22 _ 1982 0.36 29 0.60 60.4
1978 JUL 9 0.33 _ 1984 0.37 30 0.63 62.5

1979 JUN 12 0.23 _ 1962 0.37 31 0.65 64.6
1980 AUG 23 0.35 1959 0.38 32 0.67 66.7
1981 SEP 12 0.31 1953 0.38 33 0.69 68.8

1982 JUN 19 0.36 _ 1960 0.38 34 0.71 70.8
1983 OCT 10 0.50 _ 1969 0.39 35 0.73 72.9
1984 AUG 29 0.37 _ 1995 0.39 36 0.75 75.0
1985 JUL 17 0.24 _ 1961 0.40 37 0.77 77.1

1986 SEP 5 0.29 _ 1989 0.40 38 0.79 79.2
1987 OCT 24 0.26 __ 1971 0.41 39 0.81 81.3

1988 SEP 11 0.28 _ 1963 0.41 40 0.83 83.31989 AUG 7 0.40 1950 0.42 41 0.85 85.4
1990 SEP 25 0.33 _ 1956 0.45 42 0.88 87.5
1991 OCT 9 0.35 _ 1964 0.47 43 0.90 89.6
1992 JUN 22 0.34 _ 1968 0.48 44 0.92 91.7
1993 SEP 29 0.29 _ 1964 0.49 45 0.94 93.8
1994 JUL 17 0.23 _ 1983 0.50 46 0.96 95.8

1995 SEP 20 0.39 _ 1972 0.52 47 0.98 97.9
I

Rank = Numerical position of ordered average 7-day low flow
values with the driest year equal to one.
N =47

!
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DES MOINES CREEK

HISTOGRAM LOW FLOW OCCURRENCES IN
DES MOINES CREEK

(WITH MITIGATION)

AR 011588



).o0-8_

_o0-_

lo0-0_

),00-9I.

m_

-I-
Ll. _o0-_

des-o_
"r'

des-9_

0 des-_

'_ des-8I.

des-1_I,
N

_'_ __ des-o L

0'_ ' des-9
i

.... des-_

6nv-6_

'_ 6nv-cj_

ll,i

- CJ 6nV-L_
t/)

6nv-iI.
e-

•_ 6nv-_L

6nv-6

G)
t'_ 6nv-g

•[= 6nv-L

Inr-8;_

I InP-_
I,,,
L.

Inp-0_
O [tO

"----"-'--'--- Inp9 I.
O _

_ Inr-_L
0

m

!.1. Inr-g

O Inr-t,
-,I

unpo_
m
El
, unP9_

!',-
unI'-_B

m
I unP-8I.

r-
unr-_

I
unr-oL

0 co , _ _ _ ¢xt - o

AR 011589



DES MOINES CREEK

COMPARISON OF 7-DAY LOW FLOW BY YEAR
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MILLER CREEK

7-DAY LOW FLOW OCCURRENCES IN MII_LER CREEK
(1994 HSPF)

AR 011592



Start of 7-Day Low Flows with |Statistical Ranking of Average 7-Day Low Flows

Average Flow Rates ! Period of Record: 1949-1995

1994 _ Average
MillerCreek at _ 7-Day Lows Return

Date Hwy 509 Flow/cfs _ Date Ordered Rank RanldN+l Frequency

"!/1949 SEP 7 0.42 ' 19_,9 0.42 1 0.02 2.1
1950 SEP 17 0.85 1994 0.49 2 0.04 4.2
1951 SEP 17 0.78 1952 0.52 3 0.06 6.3
1952 NOV 23 0.52 1977 0.52 4 0.08 8.3
1953 SEP 15 0.74 1979 0.54 5 0.10 10.4

1954 OCT 3 0.86 _ 1987 0.57 6 0.13 12.5

1955 SEP 6 0.82 _ 1993 0.57 7 0.15 14.6
1956 SEP 3 0.86 1986 0.58 , 8 0.17 16.7
1957 SEP 20 0.77 1988 0.59 9 0.19 18.8

1958 SEP 30 0.62 _ 1985 0.61 10 0.21 20.8
1959 AUG 24 0.87 _ 1958 0.62 11 0.23 22.9

1960 SEP 29 0.83 _ 1973 0.64 12 0.25 25.01961 SEP 21 0.82 1992 0.64 13 0.27 27.1

1962 SEP 3 0.72 _ 1980 0.66 14 0.29 29.2
1963 SEP 27 0.70 _ 1989 0.66 15 0.31 31.3
1964 OCT 25 0.87 _ 1981 0.68 16 0.33 33.3
1965 SEP 27 0.77 _, 1976 0.68 17 0.35 35.4

1966 SEP 4 0.77 _!. . 1963 0.70 18 0.38 37.5
1967 SEP 22 0.73 .....1990 0.70 19 0.40 39.6
1968 AUG 7 0.96 _.... _- 1974 0.71 20 0.42 41.7
1969 SEP 6 0.81 _ .,_ 1970 0.71 21 0.44 43.8
1970 AUG 27 0.71 _ 1962 0.72 22 0.46 45.8

1971 AUG 14 0.91 L_. #i 1967 0.73 23 0.48 47.9

1972 SEP 11 1.00 i 1953 0.74 24 0.50 i 50.01973 SEP 12 0.64 1995 0.75 25 0.52 I 52.1
1974 OCT 13 0.71 1957 0.77 26 0.54 i 54.2
1975 AUG 11 0.77 1966 0.77 27 0.56 56.3

1976 DEC I 10 0.68 1975 0.77 I 28 0.58 58.3
1977 AUG ! 16 0.52 _ 1965 0.77 29 0.60 60.4

1978 AUG ! 17 0.79 i 1984 0.77 30 0.63 62.51979 OCT 7 0.54 1951 0.78 31 0.65 64.6

1980 OCT 17 0.66 _ 1991 0.79 32 0.67 66.7
1981 SEP 12 0.68 _ 1978 0.79 33 0.69 68.8
1982 SEP 17 0.80 _ 1982 0.80 34 0.71 70.8
1983 OCT 10 0.89 _ 1969 0.81 35 0.73 72.9
1984 OCT 1 0.77 1961 0.82 36 0.75 75.0

1985 SEP 29 0.61 _ 1955 0.82 37 0.77 77.1
1986 OCT 18 0.58 _ 1960 0.83 38 0.79 79.2

1987 OCT I 24 0.57 _ 1950 0.85 39 0.81 81.3

1988 SEP 11 0.59 B .... 1956 0.86 40 0.83 83.3 ,1989 OCT 3 0.66 1954 0.86 41 0.85 85.4
1990 SEP 26 0.70 _ 1964 0.87 42 0.88 87.5
1991 OCT 9 0.79 _ 1959 0.87 43 0.90 89.6
1992 SEP 16 0.64 _ 1983 0.89 44 0.92 91.7

1993 NOV 9 0.57 t 1971 0.91 45 0.94 93.8
1994 OCT 6 I 0.49 1968 0.96 46 0.96 95.8
1995 SEP 20 t 0.75 1972 1.00 47 0.98 97.9

Rank = Numerical position or ordered low flow data
with driest year equal to one.
N=47

!
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MILLER CREEK

HISTOGRAM LOW FLOW OCCURRENCES
IN MILLER CREEK (1994)

AR 011594
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MILLER CREEK

7-DAY LOW FLOW OCCURRENCES
IN MII,LER CREEK (1991-1994)

AR 011596



IS__i_F,owiih .................S_, _e7Oay!owF,ows
1994 ,_,_,_,,_,,,,,_,'__ Avera0e

7-Day Lows Return

Miller Creek at !!ii!i!iii -
Hwy 509 Flow/cfs Date Ordered Rank Rank/N+1 Frequency

19941991 0.79 0.49 1 0.20 20.0
1992 0.64 ....................... 1993 i 0.57 2 0.40 40.0

1993 0.57 1992 0.64 3 0.60 60.0

1994 0.49 '.....................I 1991 0.79 4 0.80 80.0
Rank = Numerical position or ordered low flow data
with driest year equal to one.

1
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MILLER CREEK

7-DAY LOW FLOW OCCURRENCES IN MILLER CREEK 1991 - 1994,
POST-PROJECT CONDITIONS (2006)
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t I I I I I t
Start of 7-Day Low Flows with _ Statistical Ranking of Average 7-Day Low Flows
Average Flow Rates _ Period of Record: 1941-1994

i 2006 _ Average
I Miller Creek at _ _ 7-Day Lows Return

Date I Hwy 509 FIow/cfs _ _ Date Ordered Rank Rank/N+1 Frequency

1991 OCT 9 0.67 _ _ 1994 0.46 1 0.20 20.0
1992 SEP 16 0.54 _ _ 1993 0.49 2 0.40 40.0
1993 NOV 9 0.49 _ | 1992 0.54 3 0.60 60.0
1994 SEP 24 0.46 _ | 1991 0.67 4 0.80 80.0

Rank = Numerical positionor ordered low flow data
with driest year equal to one.
N=4

!
i

!
E J
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MILLER CREEK

HISTOGRAM LOW FLOW OCCURRENCES
IN MILLER CREEK 1991 - 1994,

POST-PROJECT CONDITIONS (2006)

AR 011600
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MILLER CREEK

7-DAY LOW FLOW OCCURRENCES IN MILLER CREEK,
1991 - 1994, POST-PROJECT CONDITIONS

(2006+ MITIGATION)
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1 L I I I I t
Start of 7-Day Low Flows with Statistical Ranking of Average 7-Day Low Flows
Average Flow Rates I Period of Record: 1941-1994

2006 + Mitigation _ Average

Miller Creek at i 7-Day Lows Return

Date Hwy 509 Flow/cfs Date Ordered t Rank RankJN+l Frequency

1991 OCT 9 0.80 1994 0.59 1 0.20 20,0
1992 SEP 16 0.67 1993 0.62 2 0.40 40.0
1993 NOV 9 0.62 1992 0.67 3 0.60 60.0
1994 SEP 24 0.59 1991 0.80 4 0.80 80.0

I
Rank = Numerical positionor ordered low flow :lata
withdriest year equal to one.
N=4

I
I
I
1
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MILLER CREEK

HISTOGRAM LOW FLOW OCCURRENCES IN MILLER CREEK

1991 - 1994, POST-PROJECT CONDITIONS
(2006+ MITIGATION)

AR 011604
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WALKER CREEK

7-DAY LOW FLOW OCCURRENCES IN WALKER CREEK (1994)

AR 011606



Start of 7-Day Low Flowswith _Statistical Ranking of Average 7-Day LowFlows
Average Flow Rates _ Period of Record: 1949-1995

1994 HSPF __ Average

Walker Creek at _ 7-Day Lows Retum
Date POC _ Date Ordered Rank Rank/N+1 Frequency

19-Oct-49 0.63 _ 1994 0.61 1 0.02 2.1
17-Sep-50 0.83 _ 1949 0.63 2 0_04 4.2
17-Sep-51 0.79 _ 1979 0.64 3 0.06 6.3
23-Nov-52 0.66 _ 1987 0.66 4 0.08 8.3
15-Sep-53 0.79 _ 1952 0.66 5 0.10 10.4
12°Oct-54 0.89 _ 1993 0.67 6 0.13 12.5

6-Sep-55 0.86 _ 1988 0.67 7 0.15 14.6

18-Sep-56 0.88 1986 0.68 8 0.17 16.7
20-Sep-57 0.83 1977 0.68 9 0.19 18.8
30-Sep-58 0.72 i 1992 0.68 10 0.21 20.8

24-Aug-59 0.88 _ 1985 0.70 11 0.23 22.9

15-Oct-60 0.86 1980 0.70 12 0.25 25.0

30-Sep-61 0.82 1989 0.71 13 0.27 27.1
20-Sep-62 0.81 _, =i 1958 0.72 14 0.29 29.2
6-Oct-63 0.76 _,_ ,:_ ....... 1981 0.73 15 0.31 31.3

25-Oct-64 0.93 1990 0.74 16 0.33 33.3
27-Sep-65 0.80 _ 1976 0.75 17 0.35 35.4

30-Sep-66 0.79 _!_ 1995 0.75 18 0.38 37.5

22-Sep-67 0.78 _ 1963 0.76 19 0,40 39.6
7-Aug-68 0.97 1973 0.76 20 0.42 41.7
6-Sep-69 0.84 1982 0.77 21 0.44 43.8
10-Oct-70 0.78 __ _ 1967 0,78 22 0.46 45.8
25-Aug-71 0.91 _ 1970 0.78 23 0.48 47.9 }

11-Sep-72 0.96 __"___ ..... _ 1953 0.79 24 0.50 50.0

12-Sep-73 0.76 1966 0.79 25 0.52 52.1
13-Oct-74 0.79 1991 0.79 26 0.54 54.2

11-Aug-75 0.82 1974 0.79 27 0.56 56.3
15-Dec-76 0.75 _ 1951 0.79 28 0,58 58.3

16-Aug-77 0.68 _ 1984 0.80 29 0.60 60.4
25-Aug-78 0.81 _ 1965 0.80 30 0.63 62.5
7-Oct-79 0.64 _ 1978 0.81 31 0.65 64.6
17-Oct-80 0.70 _ 1962 0.81 32 0.67 66.7
12-Sep-81 0.73 _ 1975 0.82 33 0.69 68.8
29-Sep-82 0.77 _ 1961 0.82 34 0.71 70.8
10-Oct-83 0,93 _ 1957 0.83 35 0.73 72.9
1-Oct-84 0.80 _ 1950 0.83 36 0.75 75.0
9-Oct-85 0.70 _ 1969 0.84 37 0.77 77.1

18-Oct-86 0.68 _ 1960 0.86 38 0.79 79.22-Nov-87 0.66 1955 0.86 39 0.81 81.3
6-Oct°88 0.67 _ 1956 0.88 40 0.83 83.3
3-Oct-89 0.71 _ 1959 0.88 41 0.85 85.4

25-Sep-90 0.74 _ 1954 0.89 42 0.88 87.5
28-Oct-91 0.79 _ 1971 0.91 43 0.90 89.6
22-Oct-92 0.68 _ 1964 0.93 44 0.92 91.7

9-Nov-93 0.67 _ 1983 0.93 45 0,94 93.818-Oct-94 0.61 1972 0.96 46 0.96 95.8

20-Sep-95 0.75 _ 1968 0.97147 0.98 97.9
Rank = Numerical position of ordered low flow data with the
driest year equal to one.
N=47
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WALKER CREEK

HISTOGRAM LOW FLOW OCCURRENCES
IN WALKER CREEK (1994)

AR 011608
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WALKER CREEK

7-DAY LOW FLOW OCCURRENCES IN WALKER CREEK (2006)

AR 011610



Start of 7-Day Low Flows with _Statistical Ranking of Average 7-Day Low Flows
Average Flow Rates _ Periodof Record: 1949-1995

2006 HSPF _ Average

Walker Creek _ 7-Day Lows RetumDate at POC Date Ordered Rank RankJN+l Frequency

19-Oct-49 0.57 _ 1994 0.55 1 0.02 2.1

17°Sep-50 I 0.75 _ 1949 0.57 2 0.04 4,2

17-Sep-51 I 0.71 _ 1979 0,58 3 0.06 6.3

23-Nov-52 0.59 1952 0.59 4 0.08 8.3
15-Sep-53 0.71 1987 0.60 5 0.10 10.4
12-Oct-54 0.81 1993 0.60 6 0.13 12.5

6-Sep-55 0.77 1988 0.60 7 0.15 14.6
18-Sep-56 I 0.79 _ 1986 0.61 8 0.17 16.7

•20-Sep-57 0.75 _ 1977 0.62 9 0,19 18.8
30-Sep-58 0.65 _ 1992 0.62 10 0.21 20.8
24-Aug-59 0.79 _ 1980 0.63 11 0.23 22.9
15-Oct-60 0.77 _ 1985 0.63 12 0.25 25.0

30-Sep-61 0.74 _,o_ 1989 0.64 13 0.27 27.120-Sep-62 0.73 _ ...... '_ 1958 0.65 14 0.29 29.2
6-Oct-63 0.69 _ 1981 0.65 15 0.31 31.3
25-Oct-64 0,84 _" 1990 0.66 ' 16 0.33 33.3
27-Sep-65 0.72 _ 1995 0,67 17 0.35 35,4

30-Sep-66 0.71 _....... 1976 0.68 18 0,38 37.5
22-Sep-67 0.70 1973 0.69 19 0.40 39.6
7-Aug-68 0.87 1963 0,69 20 0.42 41.7
6-Sep-69 0.76 _ 1967 0.70 21 0.44 43.8

27-Aug-70 0.71 _ 1982 0.70 22 0.46 45.8
-- 25-Aug-71 0.82 1970 0,71 23 0.48 47.9.

11-Sep-72 0.87 1953 0.71 24 0.50 50.0
12-Sep-73 0.69 _ 1974 0.71 25 0.52 52.1
13-Oct-74 0.71 ___ 1991 0.71 26 0.54 54.2
11-Aug-75 0.74 _ 1966 0.71 27 0.56 56.3
15-Dec-76 0.68 _ 1951 0.71 28 0.58 58.3

16-Aug-77 0,62 _ 1984 0.72 29 0.60 60.425-Au9-78 0.73 1965 0.72 30 0.63 62.5
7-Oct-79 0.58 _ 1978 0.73 31 0.65 64.6

17-Oct-80 0.63 _ 1962 0.73 32 0.67 66.712-Sep-81 0.65 1975 0.74 33 0.69 68.8
17-Sep-82 0.70 _ 1961 0.74 34 0.71 70.8
10-Oct-83 0.84 _ 1957 0.75 35 0.73 72.9
1-Oct°84 0.72 _ 1950 0.75 36 0,75 75.0
9-Oct-85 0.63 _ 1969 0.76 37 0.77 77.1
18-Oct-86 0.61 _ 1955 0.77 38 0.79 79.2
2-Nov-87 0.60 _ 1960 0.77 39 0.81 81.3
6-Oct-88 0.60 _ 1956 0.79 40 0.83 83,3
3-Oct-89 0.64 , _ 1959 0,79 41 0.85 85.4

25-Sep-90 0.66 _ 1954 0.81 42 0,88 87.5
9-Oct-91 0.71 _ 1971 0.82 43 0.90 89.6

22-Oct-92 0.62 _ 1964 0.84 44 " 0.92 91.7
9-Nov-93 0.60 _ 1983 0.84 45 0.94 93.8
18-Oct-94 0.55 _ 1972 0.87 46 0.96 95.8

20-Sep-95 0.67 _ 1968 0.87 47 0.98 97.9
i I
!Rank = Numerical position of ordered low flow data with the

I driest year equal to one.
N = 47

AR 011611



WALKER CREEK

HISTOGRAM LOW FLOW OCCURRENCES
IN WALKER CREEK (2006)

AR 011612
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WALKER CREEK

7-DAY LOW FLOW OCCURRENCES IN WALKER CREEK

(WITH MITIGATION)

AR011614



Start of 7-Day Low Flows with _Statistical Ranking of Average 7-Day Low Flows
Average Flow Rates _ Period of Record: 1949-1995

Walker Creek at POC
2006 + AUGMENT __ Average

Aug 1 - Oct 31 _ 7-Day Lows Return
Date 0.09 cfs _ Date Ordered Rank Rank/N+1 Frequency

2-Nov-49 0.64 1952 0.59 1 0.02 2_1

17-Sep-50 0.84 1987 0.60 2 0.04 4.2
17-Sep-51 0.80 1993 0.60 3 0.06 6.3
23-Nov-52 0.59 1949 0.64 4 0.08 8.3

15-Sep-53 0.80 1994 0.64 5 0.10 10.4
28-Oct-54 0.87 1979 0.65 6 0.13 12.5

6-Sep-55 0.86 1976 0.68 7 0.15 14.6
18-Sep-56 0.88 1977 0.68 8 0.17 16.7
5-Nov-57 0.83 1988 0.69 9 0.19 18.8

30-Sep-58 0.74 _ 1986 0.70 10 0.21 20.8
24-Aug-59 0.88 _ 1992 0.71 11 0.23 22.9
15-Oct-60 0.86 i 1991 0.72 12 0.25 25.0

30-Sep-61 0,83 __, _,_i_i 1980 0.72 13 0.27 27.120-Sep-62 0.82 ......... _"__ 1985 0.72 14 0.29 29.2
6-Oct-63 0.78 1989 0.73 15 0.31 31.3

25-Oct-64 0.93 _i, i_ 1958 0.74 16 0.33 33.3

27-Sep-65 0.81 _i _ 1981 0.74 17 0.35 35.44-Nov-66 0.79 _' _ 1990 0.75 18 0.38 37.5

22°Sep-67 0.79 __ 1995 0.76 19 0.40 39.67-Aug-68 0.96 1973 0.78 20 0.42 41.7
6-Sep-69 0.85 _ _ 1963 0.78 21 0.44 43.8
10-Oct-70 0.80 _ _ 1967 0.79 22 0.46 45.8

25-Aug-71 0.91 _ _, ,!,_ 1982 0.79 23 0.48 47.911-Sep-72 0.96 1966 0.79 24 0.50 50.0
12-Sep-73 0.78 __ 1970 0.80 25 0.52 52.1

13-Oct-74 0.80 __ 1975 0.80 26 0.54 54.2

25-Jul-75 0.80 1953 0.80 27 0.56 56.3
15-Dec-76 0.68 1974 0.80 28 0.58 58.3

25-Jul-77 0.68 _ 1951 0.80 29 0.60 60.4

9-Jul-78 0.80 _ 1978 0.80 30 I 0.63 62.525-Jul-79 0.65 1984 0.81 31 I 0.65 64.6

17-Oct-80 0.72 _ 1965 0.81 32 I 0.67 66.7

12-Sep-81 0.74 _ 1962 0.82 33 ' 0.69 68.8
17-Sep-82 0.79 1957 0.83 34 0.71 70.8
10°Oct-83 0.93 1961 0.83 35 0.73 72.9

1-Oct-84 0.81 _ 1950 0.84 36 0.75 75.0
9-Oct-85 0.72 _ 1969 0.85 37 0.77 77.1
18-Oct-86 0.70 _ 1955 0.86 38 0,79 79.2

2-Nov-87 0.60 _ 1960 0.86 39 0.81 81.36-Oct-88 0.69 1954 0.87 40 0.83 83.3

3-Oct-89 0.73 _ 1956 0.88 41 0.85 85.4

25-Sep-90 0.75 _ 1959 0.88 42 0.88 87.5

28-Oct-91 0.72 1971 0.91 43 0.90 89.6
22-Oct-92 0.71 1964 0.93 44 0.92 91.7
9-Nov-93 0.60 1983 0.93 45 0.94 93.8

18-Oct-94 0.64 _ 1972 0.96 46 0.96 95.8

20-Sep-95 0.76 _ 1968 0.96 47 0.98 97.9
i I
IRank = Numerical position of ordered low flow data with the
driest year equal to one.
N = 47
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Existing data were compiled and analyzed to
1.0 Executive Summary characterize land use, surface water flow,

geologic conditions, groundwater flow,

This report summarizes investigations groundwater recharge, wetlands, and fish in
conducted to assess the hydrologic effects of the study area. These data were used to
constructing a fill embankment for a third assess potential impacts associated with the
runway at Seattle-Tacoma International proposed runway construction. Where
Airport. In 1999, public concerns prompted existing data were insufficient or required
the Washington State Legislature and independent confirmation, additional data
Governor Locke to approve this study, were collected in the field, including
which focuses on aquifers, wetlands, and borehole data, strearnfiow quantity and
Des Moines, Miller, and Walker Creeks, quality, wetland delineations and functions,
which drain the area. The study was and fish population and habitat information.
conducted under the Washington State This study also reviewed impact
Department of Ecology's oversight by a assessments previously completed by the
team of consultants: Pacific Groundwater Port.

Group (PGG); Earth Tech, Inc., and Ecology
and Environment, Inc., (E & E). Although the study considered many •

potentially important effects of the proposed

The study area varies depending on the issue runway embankment, and borrow-area
evaluated. The largest areas considered are excavations, it did not consider all Master
the Miller Creek and Des Moines creek Plan Improvements proposed by the Port.

watersheds which comprise a total of about Furthermore, not all of the possible effects
15 square miles surrounding the airport and related to the embankment and borrow areas
include the fill borrow sources. The were evaluated. Therefore, this report does
smallest areas considered are local drainages not address all hydrologic issues requiring
in the middle reach of Miller Creek where satisfactory resolution for permitting.
extensive riparian wetlands will be affected. Consequently, it is not intended for use as a

checklist by agencies during permit review.
The scope of work for this project contained
the following tasks:

1.1 Project Background
• Reviewing existing documents

• Interviewing Port staff, community The Port of Seattle has purchased, or is in
organizations, individuals, and the process of purchasing, properties in a
consultants "buy-out area" west of Sea-Tee Airport.

This area contained more than 400 homes,
• Collecting additionalfielddata five farms, 17 domestic water rights or

claims, neighborhood and arterial roads, 380
• Reviewing models used by Port septic drain fields, and numerous water

consultants toassesshydrologicimpacts wells. The Port has demolished many
• Providing independent, evaluation of structures and removed debris.

certain hydrologic effects using new and
existing data

• Reviewing Port mitigation proposals

• Informing stakeholders and the public
on project progress

• Reporting

Pacific
Groundwater Page 1
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1.1.1 Proposed Construction The third runway and connecting taxiways
will be paved and cover about 32 percent of

An embankment of fill soil is proposed to the new embankment surface. In the
create a high, flat surface upon which the unpaved 68 percent, the embankment will
third runway would be built. The fill would likely grow grass. Water running off the
be more than 150 feet thick in places. The paved surfaces is proposed to flow into
west margin of the fill would be bounded by "filter strips," which are water-quality
a slope or wall, depending on location. The treatment features. Water would flow into
east margin of the new fill would abut the low areas at the bottom of the filter strips,
existing fill, upon which the currentrunways then into catch basins. Water entering the
are built. The volume of the fill requiredfor catch basins would be conveyed through
the third runway embankment is reported to pipes under the runways to detention vaults
be 16.5 million cubic yards. It will consist of or other detention facilities prior to
about 40 percent sand and gravel that is discharge to Miller, Walker, or Des Moines
relatively silt-free and about 60 percent silty Creek. The use of perforated conveyance
sand. These materials originate from glacial pipes is being considered (which would
till and outwash soils. Additional fill is enhance infiltration).
proposed for other Master Plan
Improvements.

1.2 Physiographic Features Related
A bottom drain layer, in combination with to Habitat
coarse soils near the walls, has been
included in the fill-embankment design. It is Habitatconditions were evaluated by review
intended to prevent groundwater pressures of existing documents and collection of
near the west wall from building, a condition limited new field data. The team collected
that could result in seepage throughthe wall. streamflow and water quality measurements
This drain layer is designed to direct on three occasions and at several locations.
groundwater seepage below the base of the A stream habitat field survey was conducted
wall to the remaining wetlands and Miller on Walker Creek and fish presence and
Creek. carcass surveys were conducted on all

creeks. Team personnel also directly
observed wetland conditions although a

1.1.2 Proposed Stormwater Controls complete review of all previous delineations
and function assessments was not

The Port proposes a strategy for controlling conducted.
stormwater flows for existing and future
facilities. This strategy is intended to lower 1.2.1 Land Use
peak flow rates in Miller, Des Moines, and
Walker Creeks below pre-1994 rates. Within Immediately west of the airport, land use is .,,
the fill area, the Port proposes to reduce a mix of residential and agricultural, with
flows by allowing some precipitation to development encroaching on the Miller
infiltrate the fill and by storing runoff in Creek riparian corridor. This corridor
local and regional detention ponds and features residential areas, agriculture, upland
vaults while restricting the rate stormwater habitats, and slope and riparian wetlands, all
is released from storage. This strategy relies of which lie adjacent to the creek. Outside
on the expansion and construction of large this area west of the airport, the narrow
regional ponds in Miller and Des Moines riparian and ravine corridors associated with

Creeks. Miller and Walker Creeks are the primary
areas that have not been extensively
developed. Larger wetland complexes are

/_le,/ffa
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- associated with these drainages, including Des Moines Creek drains the south part of
the Miller Creek Detention Facility and a the airport and the borrow areas. Its

large wetland complex that forms the watershed covers 5.8 square miles. The
headwaters of Walker Creek. About 40 acres creek drops from an elevation of
of wetlands occur in the vicinity, approximately 350 feet to Puget Sound at

Des Moines Creek Beach Park. The east

The area south of the airport contains a fork of Des Moines Creek originates from
greater percentage of non-urban/residential Bow Lake where it flows through subsurface
land, including the Tyee Golf Course and piping for approximately 1/2 mile. The west
acreage acquired by the Port as pan of Noise fork of Des Moines Creek originates in the
Abatement Mitigation programs. In addition, Northwest Ponds in the northwest comer of
Des Moines Creek has a significant forested the Tyee Valley Golf Course. The
riparian corridor that is undeveloped, confluence of the two forks of Des Moines
Approximately 48.5 acres of wetlands lie Creek lies in the central portion of the Tyee
near the Borrow Areas and Tyee Golf Valley Golf Course. As with Miller and
Course. Walker Creeks, streamflow increases

downstream as groundwater discharges to
the creek, even during times of no rainfall.

1.2.2 Surface Water

An average of approximately 41 percent of
Miller and Walker Creeks drain the west precipitation in the Des Moines Creek
side of the airport and the buy-out area. The watershed discharges through Des Moines
watershed is approximately 9 square miles. Creek at its mouth.
Miller Creek originates from a number of
sources; Arbor Lake, Lake Reba, Lora Lake,

_ and Lake Burien; wetlands associated with 1.2.3 Fish Habitat
the Miller Creek detention facility; and
seeps along the west side of the airport. Despite the habitat degradation that has
Streamflow increases downstream as resulted from urbanization, anadromous and
groundwater discharges to the creeks, even resident fish live in Miller and Walker
during times of no rainfall. Miller Creek Creeks. Adult Coho salmon use the Creeks
descends from an elevation of from the mouth to the 1st Avenue South

approximately 360 feet in its headwaters to culvert and have been reported above 1st

Puget Sound at the Normandy Park Cove. Avenue South. Juvenile Coho are distributed
The Miller Creek watershed contains throughout, likely because of Trout
significant residential and commercial Unlimited's releases from the Miller Creek
development, resulting in approximately 23 Hatchery. A small population of resident
percent impervious surfaces. Land use in the cutthroat trout is distributed throughout
watershed is approximately 62 percent much of the watershed. Water-quality data
residential, 15 percent commercial, 3 collected for this project during base flow
percent airport, and 20 percent undeveloped, periods indicate that low dissolved-oxygen

levels may limit fish production. This
Precipitation at SeaTac averages about 39 project did not analyze or review stormwater
inches per year. An average of quality data.
approximately 54 percent of the
precipitation in the basin discharges through Despite habitat and water-quality
Walker and Miller Creeks at their mouths, degradation, anadromous and resident fish
The remainder of the precipitation in the populations are also present in Des Moines
Miller Creek basin evaporates or discharges Creek. Adult coho and chum salmon use the
as groundwater to Puget Sound. stream reach from the mouth to the Marine

View Drive culvert. Juvenile coho salmon
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are distributed throughout Des Moines deposits are typically 10 to 20 feet thick near
Creek, likely because of Trout Unlimited's Lora Lake but are thinner along Miller ....
releases from the Miller Creek Hatchery. Creek, to the south. Brown silt and medium

Steelhead and pink salmon runs have also sand layers are mixed with the peat. These
been reported on Des Moines Creek. A layers form the bulk of the recent deposits in
small population of resident cutthroat trout the central Miller Creek reach.
is distributed throughout much of the Des

Moines Creek watershed. No water-quality The recent deposits are underlain by a layer
concerns related to fish production were of silty sand with some gravel that forms the
identified in the base-flow water-quality Qvr, or Vashon recessional outwash, a
data collected for this project, regionally extensive deposit. The Qvr is the

uppermost unit along the east flank of the
central Miller Creek valley, near the

1.3 Hydrogeologic Characterization proposed fill embankment. It may also
underlie the recent deposits in the valley

Characterization of hydrogeology was bottoms. The Qvr ranges in thickness from 0
limited to the embankment and borrow to about 30 feet in the project area and is
areas. Existing data were used to missing in places. The degree of saturation
characterize deep geology and groundwater of this unit by groundwater varies widely.
conditions. Shallow conditions were

observed by team personnel during drilling The Qvr is usually underlain by Vashon till
of boreholes and collection of groundwater (Qvt), a dense layer of gravel and silt in a
measurements, sandy matrix. This unit is oRen referred to

as "hardpan" in driller's logs. The Qvt
ranges in thickness from 0 to 20 feet in the

1.3.1 Geoiogie Units study area. The degree of saturation of the
unit by groundwater varies widely. This _.

The following geologic units underlie the layer restricts the vertical migration of
groundwater and promotes horizontal

study area: "interflow" on its upper surface.

• Recent deposits
• Qvr(Vashon recessional outwash) The Qvt is commonly underlain by the

Vashon advance outwash (Qva), another
• QvtfVashontill) regionally extensive layer of sand with
• Qva (Vashon advance outwash) varying amounts of silt and gravel. The Qva• Transitional beds

was encountered in almost all borings that
• Deeper units penetrated through glacial till in the area. It

is the uppermost unit to be modeled by the
These deposits are discussed below, from Port's environmental consultants and
youngest to oldest. The Qvr, Qvt, and Qva comprises the "shallow regional aquifer" __
were deposited by the Vashon glacier, which identified by previous investigators.
covered the study area from about 10,000 to

14,000 years ago. The transitional beds underlie the Qva, Qvt,
Qvr, and recent deposits where they are

The youngest natural soil unit comprises present. These beds were deposited in quiet
recent deposits of peat and highly organic, waters prior to advances of the Vashon

fine-grained soils. These deposits cover the glacier. They consist of silt and clay and
low elevations near Lora Lake and the area restrict the movement of groundwater.
surrounding the central reach of Miller

Creek. They probably also cover the upper Several deeper geologic units are recorded

reaches of Walker Creek. The recent in logs for deep wells in the area, including

/_ed#c
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_ the "intermediate" and "deep aquifers"
described in the South King County Ground

Water Management Plan. Because of their 1,4 Impact Assessments
depth and large extent, these units are not as

sensitive to local changes in recharge as are 1.4.1 Fill Chemistry Effects
shallow deposits and groundwater-fed
streams that depend entirely on local

Gravel from a mine on Maury Island isrecharge. Furthermore, changes in recharge
to deep units depend on changes in recharge being considered as fill for the proposed
to shallow units. Consequently, for this runway expansion. The top eighteen inches
project, local changes to shallow of gravel at Maury Island contain high levels

of arsenic, cadmium, and lead originatinggroundwater recharge and discharge were
analyzed and changes to deeper groundwater from the former ASARCO smelter in
recharge were inferred from them. Tacoma. The top 18 inches of soil at Maury

Island are proposed to be contained at the

island mine prior to aggregate extraction.

1.3.2 Current Groundwater Flow Ecology must have assurance that'the fill
Conditions used for the airport project will not result in

exceedances of state water quality criteria.

The Port and Ecology are working to
The shallow aquifers in the region are determine what screening methods and
recharged by local precipitation. In the buy- contingencies are necessary to ensure that
out area, they are also recharged by water
that discharged from septic drain fields water quality criteria are met.

which was imported from outside the local This project analyzed the potential effects to
area as a public water supply. In the study ecological receptors, such as the benthic

area, groundwater is recharged by up to an community and wildlife-consuming benthic
- estimated 24 inches of precipitation per year organisms, if contaminants in the Maury

depending largely on land use, soil type, and Island fill were to migrate from soils to
vegetation. In the residential area acquired nearby sediments. Surface and subsurface
by the Port of Seattle, an additional 3 inches soil data of the potential Maury Island fill
of septic discharge per year contribute to were compared to ecological benchmarks to

groundwater recharge, assess whether unacceptable ecological risks
may occur. Based on the above analysis, use

Two groundwater flow regimes were of subsurface soils as fill should not pose anidentified in the Miller Creek basin--a

shallow one and a deep one. The shallow unacceptable risk to ecological receptors.
system involves the recent deposits, the Qvr,

and, in some areas, the Qva. Groundwater in 1.4.2 Groundwater Recharge Effects
the recent deposits and Qvr discharges to the
middle reach of Miller Creek and the upper
reach of Walker Creek. The uppermost Qva The Project team assessed groundwater
groundwater may also discharge to the recharge in the project area and found that
creeks, especially in the Walker Creek recharge could change because of the

headwaters. Groundwater in the deeper following actions:
system discharges year-round to deep wells,
to the lower reaches of the creeks, and to • Changing infiltration of
Puget Sound. Near the headwaters of precipitation by changing land

Walker Creek, groundwater in the Qva may cover, soil type, and slope
discharge more easily to the creek than • Conveying runoff from impervious

within the Miller Creek basin, creating an surfaces away from local recharge
extensive wetland, areas

Pacific
Groundwater Page 5

"" Group

AR 011633



Sea.Tac Runway Fill
Hydrologic Studies

• Eliminating the discharge of used in the Port's recharge analysi_ do not
imported water through leaks and appear to correspond to those used in actual
septic systems throughout the year basin modeling also conducted by the Port.

Therefore, a confident assessment of basin-
. Eliminating irrigation with local and wide recharge and baseflow impacts is

imported water sources in summer currently lacking. A confident assessment
of basin-wide recharge and basefiow effects

The net effect of the changes to irrigation should be possible by analyzing a properly
and imported domestic water appears to be implemented and documented HSPF model.
about zero in the irrigation season (summer).
In winter, recharge will be reduced by A small reduction in recharge to deeper
eliminating the septic discharge and leaks, aquifers of the Des Moines Creek upland

may occur; however, the small reduction
The change to precipitation-derived would not afloat these aquifers' ability to
recharge was evaluated in a cross section of supply water to wells. This conclusion is
the proposed fill. This calculation based on the relatively large recharge areas
considered the conversion of wetlands and of these aquifers compared to the airport, the
forest to grass on the embankment fill. It fact that the effects will be apportioned
also considered the widths of the only two between shallow and deep aquifers, and the

impervious surfaces on the cross section reported estimatesofshallowrecharge.
(12_ Avenue South and the third runway).
The calculation suggests about an 11 percent
decrease in groundwater recharge along the 1.4.3 Fisheries Effects
cross section, largely as a result of the large

increase in impervious area. However, this No direct effects on fish habitat are expected
estimated m_ignitude of change is probably in Walker or Des Moines Creek because of
high becatise no secondary infiltration of construction. Miller Creek would be
runoff from the third runway was assumed, relocated in the Vacca Farm area but this

and modeled water use by grass on the new reach currently provides poor habitat for
embankment was possibly higher than salmonids because it features sparse riparian
expected for the fill soils, vegetation, a substrate dominated by sand

and silt, little complexity, and no instream
The quantity of water seeping downward structure. The proposed Miller Creek
through the glacial till was also simulated channel construction will provide a net gain
with the cross-section model. The volume of in habitat since it will feature a mixture of

seepage would likely change only slightly pools and riffles, gravel and cobble
under the built condition; however, because substrate, riparian vegetation, and
total recharge would be reduced, the replacement of woody debris, Proper
percentage of recharge seeping through the construction and long-term monitoring are
till would increase substantially, vital to successful Miller Creek relocation

including control of turbidity during initial
The 11 percent reduction in local recharge is wetting. Some sediment transport during
large, but dependent flows to local wetlands initial wetting is likely, and has the potential
and the creeks will be reduced only in winter to damage habitat downstream.
when abundant water is typically present
anyway. A similar reduction in recharge An uncontrolled release of stormwater is

basin-wide would cause a major impact to likely at some time during construction
baseflows. To assess basin-wide impacts, given the size of the project and human
the Port's recharge calculations that error; however, the size and .quality of a
considered all Master Plan Improvements release cannot be predicted, nor can its
were reviewed. The HSPF model parameters impacts on fish be quantified. If habitat
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-. quality is further degraded because of wetlands and creek west .of the
indirect construction effects such as an embankment compared to the current

uncontrolled release of turbid water, resident condition.
populations of cutthroat trout and

anadromous Coho salmon would likely • Discharge to remaining wetlands and the
decline, creek under the built condition would

vary less throughout the year and the
The enhancements to the riparian buffer period of minimum discharge would be
corridor and instream habitat of Miller shorter. Flows would be lower in winter

Creek will undoubtedly benefit local stream than under the current condition, and

habitat for resident cutthroat trout if they are greater in summer compared to the
implemented and maintained properly, current condition. The total quantity of
However, the proposed mitigation is limited water flowing to the wetlands would
in that it will only affect localized Miller decrease because total recharge would
Creek habitat and resident cutthroat trout, decrease.

Indirect construction and post-construction

effects such as alterations to base flow, peak The timing changes would generally benefit
flow, and sediment input could affect the the local wetlands that remain after filling
entire stream systems, not just the airport and would slightly moderate seasonal low
project area. The Port predicts reduction in base flows and temperatures in Miller
summer base flow in Des Moines Creek as a Creek. However, all water quantities are
result of reduced groundwater recharge and reduced on an average annual basis because
supports augmenting low summer stream total recharge is smaller under the built
flows by pumping from a Port-owned well condition. Also, since the embankment is a
and discharging the water into the creek, small part of the Miller Creek watershed, the

overall effect on streamflow is small. If the
The watershed trust funds for the Miller and constructed fill has a lower silt content than

Des Moines Creek watersheds can be was assumed for this analysis, the lag may
beneficial. However, significant habitat be overestimated and the recharge volume
restoration in Miller, Walker, and Des may beunderestimated.
Moines Creeks will require substantially
more funding than what is currently offered
through the basin trust funds.

1.4.4 Effects on the Hydroperiod in
Local Wetlands

A hydroperiod is the seasonal change in the
timing of groundwater discharge to wetlands
and streams. For this project, effects to the

hydroperiod were evaluated using a cross
section of the proposed embankment fill

near Miller Creek. The following effects are
predicted if the embankment is built:

• 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
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1.4.5 Effects on Wetland Area and 1.4.6 Review of Wetland Mitigation
Functions Proposal

The fill activities associated with the Mitigation fortheproposedthirdrunwayfill
improvement projects would result in the and safety areas must account for the perm-
permanent loss of 13.88 acres of wetland in anent loss of 13.88 acres, and temporary
the Miller Creek watershed. In addition to effects in 1.86 acres within the Miller Creek

the permanent impacts, construction watershed.
activities would also result in the temporary
loss ofl.g6acres. The preferred regulatory hierarchy for

wetland mitigation is:
Of equal importance to the acreage loss are
the functional impacts that would occur. The " On-site, in-kind
effectiveness and opportunity for wetlands • Off-site, within the watershed, in kind
to improve water quality, provide suitable • Off-site, out of the watershed, in kind
habitat, and function as floodplains were • Off-site, out of watershed, out of kind
considered. An additional 1.68 acres of

secondary effects may occur if the Because of environmental and regulatory
functionality of the remaining wetlands constraints, it is not feasible for the Port to
cannot be maintained. This acreage is mitigate on-site and in-kind (on-site
attributed to the Wetland 18/37 complex mitigation is restricted by FAA safety
adjacent to Miller Creek. regulations).

Given the urban character of the area, the The Port proposes the following on-site
wildlife expected to inhabit the area is wetland mitigation measures:
restricted to common, highly adaptive

species that use both wetland and adjacent • Removing existing development
, upland areas. Species integrally tied to the

wetland areas are likely restricted to • Establishing a vegetated buffer along
waterfowl, amphibians, and small mammals. Miller Creek

The construction of the airport • Enhancing wetlands within the Miller
improvements would affect local wildlife Creek buffer
populations simply due to the size of the fill
area. As indicated previously, the extent of • Enhancing or restoring wetlands within
fragmentation due to urbanization currently the Des Moines Creek watershed

limits the viability of existing habitat. • Excavating the floodplain to compensate
Reducing habitat size and availability would for lost flood storage
further reduce the suitability for small

• Developing stormwater managementmammals and amphibians. To prevent a
significant decline in the local populations, facilities

mitigation would be required to provide • Restoring and enhancing 11 acres of
supplemental/alternative habitat on-site, farmland and farmed wetlands
However, the extent to which habitat could

be provided is limited by the nature of the Off-site mitigation includes developing a
proposed project. FAA requirements limit 67-acre site for wildlife habitat. The Port

the development of avian habitat within also proposes to establish Trust Funds to
10,000 feet of existing facilities to minimize promote restoration projects for the Miller
the hazard of potential air strike by birds, and Des Moines Creek basins downstream

of the project area.
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The overall mitigation plan is reasonably borrow areas 3 and 4. The wetlands depend
designed to compensate for wetland impacts on perched groundwater flow above the Qva
and has the potential for success. The plan aquifer. The excavation is likely to redirect
provides for in-basin compensation for the some of the perched flow, reducing

impacts to water quality and water quantity, discharge to the wetlands and potentially
as well as some mitigation for wildlife impacting wetland biota.

compensation. However, not all habitat
mitigation is proposed to occur in the basin. 1.5 Review of Surface Water
For those impacts that cannot be entirely Management Proposals
mitigated for in-basin, an off-site, out-of-

basin mitigation plan has been developed by The Project Team reviewed hydrologic

the Port. analyses performed by the Port' s
consultants, including:

Ecology and the King County Department of

Development and Environmental Services • Their approach to establishing a
have studied wetland mitigation successes target flow regime for creeks
and failures. King County concluded that

mitigation, in general, is not being • The calibration of their surface
implemented, and when it has, it has often water model

failed due to poor design, installation failure, • Their designs for flow-control
and maintenance. Consequently, the studies facilities
call for more regulatory control and

guidance during the planning, installation, The results of these reviews are discussed
and monitoring phases. They indicate that below. The review distinguishes between

mitigation projects do not guarantee success approaches to issues and the models used to
and that closer regulatory oversight is implement theapproaches.
merited for longer periods.

1.5.1 Target Flow Regime Approach
1.4.7 Shallow Groundwater and

Wetland Effects in Borrow Areas The Port consultant's approach for
establishing hydraulic conditions that will

Des Moines Creek receives substantial base preserve stable stream channels is
flow contributions from the Qva aquifer. It reasonable. They characterized the current

also receives contributions from shallow and proposed movement of surface water in
interflow soon after precipitation events, the study area largely by developing
although this contribution is less critical for hydrologic models of the watersheds. The
maintenance of low flows. Recharge to the models simulate the movement of rainfall
Qva (shallow regional) aquifer is expected under various land-use conditions and

to increase slightly because of excavation in predict how slowly stormwater runoff from
the borrow areas. The change in timing of the airport should be released from storage
discharge to the creek was not analyzed and facilities to achieve the desired flow

could conceivably be faster or slower than conditions, or "target flow regime," in the

under current conditions, and vary by creeks. Defining the target flow regime
location. Although the change is small, the entailed calculating streamflows that would
change in recharge conditions would likely occur if the tributary drainage basins
help dampen streamflow fluctuations and be contained only 10 percent effectively
beneficial in that regard, impervious area (EIA). The Port used the

Hydrologic Simulation Program-FORTRAN
Several depressional and slope wetlands
may be negatively affected by excavation in
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(HSPF) model and assumed only 10 percent 1.5.3 Flow Control Designs
EIA in the watershed.

The general approach used by the Port to
size flow control facilities is appropriate.

1.5.2 Surface-Water Model (HSPF) That approach involved applying the target
Calibration flow regime concept, using local flow-

control facilities in conjunction with
Earth Tech reviewed the HSPF watershed regional facilities, and running the HSPF
models to assess how well they were model to simulate the target, existing, and _
calibrated by comparing the total flow proposedwatershed conditions. However, as
volumes the models predicted to observed noted above, the model used to size the
values at two locations each in the Des flow-control facilities needs to be corrected
Moines Creek and Miller Creek watersheds, to use this approach with confidence.
The Miller Creek HSPF model was found to
overestimate water compared to the
observed flows, indicating that it is not well 1.5.4 Construction Period (temporary)
calibrated, despite the matching of simulated Impacts
and observed peak flows for selected storm

events. The Des Moines Creek model was The Stormwater Management Plan states the
found to be more reliable. Port applies temporary erosion and

sedimentation control measures that exceed

The poor calibration of the Miller Creek minimum requirements of Ecology's
models is related to the parameters selected manual. These measures include:

for model input. There are several developing construction stormwater
inconsistencies in the input data between pollution prevention plans for each capital
models that simulate different land-use improvement project; implementing
scenarios. In addition, since the model was conventional best management practices;
constructed to simulate groundwater applying advanced stormwater treatment
contributions to streamfiow without techniques where necessary; supervising and
considering prior precipitation or monitoring contractor compliance; and
groundwater storage, it ignores the rigor funding independent oversight of
offered by HSPF. This project team did not construction erosion control compliance.
find sufficient confidence in the Miller / This project's review of the plans, and field
Walker Creek model to allow detailed observations of current operations, generally
evaluation of the model's results. In our supports the Port's opinion. However, an
opinion, the model would require embankment construction of the magnitude
modification before a thorough evaluation of and duration of the third runway project is
the performance of the model, and a subject to a range of climatic events and
corresponding evaluation of proposed human errors, and an uncontrolled release of
surface water controls, could be completed, runoff from the disturbed site is probable

despite proper implementation of
construction BMPs.
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- involvement process was also maintained,
including small group (stakeholder)

2.0 Introduction meetings, publication of three fact sheets,
and two public workshops.

The Port of Seattle (Port) has proposed to
place a fill embankment in an area west of
the existing Sea-Tat Airport complex to 2.1 Scope, Authorization, and
build a third runway. In 1999, public Limitations
concerns prompted the Washington State
Legislature and Governor Locke to approve The work was authorized by Dan Silver of
independent studies to investigate the the Department of Ecology on September
hydrologic impacts of the fill project on 16, 1999 and an amendment was signed on
aquifers; wetlands; and Des Moines, Miller, March 28, 2000 that represented scope
and Walker Creeks. With Ecology's changes in response to improved knowledge
oversight, consultants Pacific Groundwater of existing data and analyses. The scope
Group (PGG); Earth Tech Inc.; and Ecology generally consisted of the following tasks:
and Environment, Inc., (E & E) evaluated

selected hydrologic impacts of the proposed • review of existing documents
project. This is the final report from that

• interviews with Port staff, communityproject. The study area includes the fill area
and adjoining wetlands, streams, and organizations, individuals, and
aquifers potentially impacted by the consultants
proposed runway project. Also included in • collection of additional field data
the study area are the fill borrow sources including:
south of the current airport. • two rounds of base flow

measurements,
The Port has produced extensive evaluations

• two rounds water quality sampling,
of hydrologic impacts in the Master Plan
Updates Environmental Impact Statement • geologic logging ofsixboreholes,
(Federal Aviation Administration, 1996). • collection of one round of

Wetlands Functional Assessment and Impact groundwater level data,

Analysis (Parametrix, 1999), Preliminary • a water-well inventory in the buy-
Comprehensive Stormwater Management out area,
Plan (or SWMP, Parametrix, 1999) and
other documents. Local communities also • survey to review wetland

sponsored technical evaluations including delineations and conditions,
Sea-Tac International Airport Impact • stream habitat surveys,

Mitigation Study ("HOK report" - Hellmuth, • fish carcass survey, and
Obata + Kassabaum Inc., 1997), stream
fisheries investigations, and reviews of Port • juvenile fish counts
documents. Communication was • independent evaluation of certain
maintained with the Port of Seattle, hydrologic impacts using new and
Regional Commission on Airport Affairs existing data, including effects on local
(RCAA), and the Airport Communities groundwater recharge, groundwater
Coalition (ACC) and their consultants, flow, support of stream base flows
These parties were requested to provide through discharge of groundwater,
pertinent technical documents and were wetland impacts, and fisheries impacts

interviewed. Informal, usually technical, • review and comment on Port mitigation
meetings occurred between representatives proposals including wetlands, fisheries,
of this project and the other parties on
several occasions. A formal public
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and permanent and temporary extent. However, accommodation of •
stormwatermanagement additional data or issues was largely

• review and comment on HSPF models curtailed in January 2000 to allow the

used for stormwater designs project to focus on completion of its chosen
tasks. Therefore, new data and issues may

• informing stakeholders and the public have arisen since then or may arise in the
on project progress and directions; future.

• reporting
This report identifies hydrologic issues that

The scope of this project includes changes were addressed by this study and yet are not
resulting from the proposed third runway, resolved to a level of confidence satisfactory
borrow areas, and related construction, but to the authors. This report does not address
not all Master Plan Improvements proposed or list all hydrologic issues requiring
by the Port. The North Employee Parking satisfactory resolution for permitting
Lot (N'EPL), South Aviation Support Area processes and therefore this report cannot be
(SASA), Industrial Wastewater System used as a checklist by agencies during
(IWS) and terminal modifications are built permit review.
or proposed improvements that were not

explicitly considered by this project. This is The work was performed, and this report
an important distinction for large-scale prepared, in accordance with generally
environmental elements such as strearnflow accepted practices, used at this time and in
and groundwater recharge, because Port this vicinity, for sole application to the third
projects outside the purview of this project runway and borrow projects, and for the sole
will affect these elements. The NEPL, use of State of Washington Department of
SASA, and terminal areas are almost Ecology. This isinlieuofotherwarrantees,
completely paved and account for much of express or implied.
the increase in impervious surface area
resulting from Master Plan Improvements. ._
In contrast,the foci of this project(proposed 2.2 Report Organization
third runway, borrow areas, and local

wetland and stream systems)will remain The remainder of this report is organized
predominantly unpaved. This project also into two major sections and several
did not address proposed State and local appendices. The two major sections of the
surface transportation proposals being main body cover the fill area and borrow
considered near Sea-Tat airport, areas, respectively, which are shown on

Figure 2-1. Within each of those sections a
This project was conducted during a time of description of the proposed construction is
intense data gathering, modeling, data followed by a description of the character of
evaluation, and reporting by Port the area, comparison to previous ,-
consultants, as well as review of these characterizations, analysis of effects and
developments by community groups. Most impacts, and a comparison to previous
documents were available during the assessments. The exception is that fish
document review period scheduled for this survey results from Des Moines Creek are
project in fall 1999. However, the discussed along with the Miller and Walker
Preliminary Comprehensive Stormwater Creek results. Appendices are provided to
Master Plan, Natural Resources Mitigation present technical detail that would interfere

report, two subsurface conditions data with communication of findings in the main
reports, and other documents were provided text.
during the winter of 1999 and spring of
2000. Changes to the evolving database
were anticipated and accommodated to an
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- This report documents data and analyses
generated for this project that are not
available in other publications. This report
does not completely document all existing
data related 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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The walls are proposed as mechanically
stabilized earth (MSE) walls. For the

3.0 Proposed Fill Area and Miller and purposesof this project important qualities
Walker Creeks of MSE walls are that they are composed of

thin, vertical members on the outside of the
wall, and a lattice of horizontal, flexible,

3.1 Proposed Construction and porous reinforcing members layered with
Environmental Precautions compactedsoil and attachedto the outside
Related to the Third Runway members. The reinforcing members

typically extendinto suchembankments80
percentof the wall height (Hart Crowser,

3.1.1 Acquisition of Homes and Farms 1999a).

The embankment is proposed to be built of
The Port of Seattle purchased, or is in the fill soil derived from borrow sources on
process of purchasing, land and homes in the current Port property at Sea-Tat, and from
"buy-out area" (Figure 3-1) on the west side an uncertain offsite source. The aggregate
of the existing Sea-Tac International mine on Maury Island, Washington (about 8
Airport. The built environment in this area miles southwest of the airport) has been
contained: identified as a possible offsite source. The

volume of the fill required for the third
• more than 400 homes runway embankment is reported to be 16.5
• five irrigated commercial properties million cubic yards as follows (Hart

(farms) Crowser, 1999a):
• 17 domestic water rights or claims

• neighborhood and arterial roads • Type 1 fill: About 40 percent (6.5
• 380 septic drain fields (Pararnetrix, million cubic yards) relatively silt-free

1999e) sand and gravel.
• numerous water welis * Type 2 fill: About 60 percent (10

million cubic yards) more or less silty
The Port has demolished structures and sand (glacial till and outwash soils).
removed debris. The Port added a process

to identify and decommission water wells Additional fill is required for other Master
after an inventory of properties and Plan improvements.
disclosure of previously unknown wells by

this project (Appendix A). Type 1 fill would be used near the walls,
under runways, and other selected areas.
Type 2 fill would be used "to the maximum

3.1.2 Embankment Fill and Walls extent possible, balancing relatively high
availability (low cost) with limitations of

An embankment of fill soil is proposed to trying to compact such material in wet
create a high, fiat surface upon which the weather" (ibid.). Appendix B discusses
third runway would be built. The top native soil classifications, and Appendix C
elevation of the fill would be about the same contains evaluation of the likely textures of
as the existing runways (390 to 410 feet the Type 1 and 2 fills based on
elevation). The west margin of the fill specifications produced for the first phase of
would be bounded by a slope (2 horizontal this fill (Phase 1 fill). Comparisons are
to 1 vertical) or wall, depending on location, shown to samples collected from the Phase 1
Figure 3-1 shows the locations of the fill and Maury Island deposits.
proposed walls.
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_k The bottom of the fill would consist of a Peak flow rates may also be moderated by
layer of relatively silt-free soil (Type 1) that promoting infiltration into the fill.
would be designed to act as a drainage layer.
The drainage layer, in combination with the Although nearly flat, the surface of the
Type 1 fill near the wall, is intended to embankment will be sloped to manage
prevent the build-up of groundwater runoff of precipitation. The third runway
pressures near the wall and seepage through and connecting taxiways will be paved and
the wall by directing groundwater seepage will comprise about 32 percent of the new
below the base of the wall to the remaining embankment surface (Parametrix HSPF
wetlands and Miller Creek (Hart Crowser, basins SDW-1, SDW-2 and SDS-7). Grass
1999a). will be grown on the unpaved 68 percent.

Water running off the paved surfaces is
Soft and/or organic soils in the vicinity of proposed to flow into "filter strips" which
the walls may be reinforced or excavated are water quality treatment features. The
and replaced by compacted inorganic fill to filter strips are proposed to be 75-foot-wide,
enhance wall stability. Dewatering of these unlined, uniformly-sloping grass areas
excavations may be required during adjacent to the pavement except in
construction. Removal of organic material connecting taxiways where the strips are
(grass, trees, roots) is proposed below the proposed to be 30-feet wide. Water would
bulk of the embankment, but extensive flow into low areas at the bottom of the filter
removal of native soils is not likely, strips, then laterally to catch basins spaced

hundreds of feet apart in the low areas.
Water entering the catch basins would be

3.1.3 Surface Water Management on conveyed through pipes under the runways
and Near the Proposed to detention vaults or other detention

Embankment facilities prior to discharge to Miller,
- Walker, or Des Moines Creek. The use of

In the Preliminary Comprehensive perforated conveyance pipes is being
Stormwater Management Plan (SWMP - considered (which would enhance
Parametrix, 1999e), the Port presents infiltration).
analyses of the current conditions under
which surface water moves through the 3.1.4 Wetland and Creek Protections
watersheds affected by the Sea-Tac Runway During Construction
Fill and by other improvements planned at
the airport. The Port proposes a stormwater The Stormwater Management Plan states the
flow control strategy for existing and Port applies construction temporary erosion
planned facilities that is intended to reduce and sedimentation control (TESC) measures
storm peak flows in Miller, Des Moines, and that exceed minimum requirements of the
Walker Creeks to below flow rates that Ecology Manual. These measures include:

- would be generated by similar storm events storm water pollution prevention plans
on land uses that existed in 1994. (SWPPPs) for each capital improvement

project; conventional TESC best
Within the area of the runway fill, the Port management practices (BMPs); more
proposes to accomplish the reduction in advanced stormwater treatment techniques
peak storm flow rates by storing runoff in where necessary; supervising and
local and regional detention ponds and monitoring contractor compliance; and
vaults while restricting the rate of funding independent oversight of
stormwater released from the storage construction erosion control compliance.
facilities. This strategy further relies on
expansion and construction of large regional
ponds in Miller and Des Moines Creeks.
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3.2 Character of the Hydrologic paved roadsare sparsecomparedto most
Environment urbanareas.

3.2.1 Land Cover Under the proposed built condition, the
forested slope and some low areas, including

Materials that cover the land surface affect wetlands, would be covered with compacted

water quantity and quality in important fill which would grow grass. In addition, all
ways. Vegetation of various types, water houses, and presumably utilities, would be
bodies, and man-made structures including removed from the buy-out area.
pavement are examples. Detailed cover
maps exist for portions of the area; for

3.2.2 Geologyinstance, wetland classifications include
vegetationtypes, and roaddis_'ibutionsare
mapped throughout. The Master Plan FEIS The sequence of geologic units present in
includes vegetative cover descriptions for the fill area is described in this section.
some of the area. Also, the HSPF surface Surface materials have been characterized
water models of Miller Crook and Des through geologic mapping (Booth and
Moines Creek include land cover Waidron, in press). Subsurface conditions

parameters, measured as total acreage of have been explored specifically for various
various pervious and impervious surfaces construction and environmental projects at
within each sub-basin. Parametrix Inc. the existing airport by Port consultants.

(SWMP) generated sets of land cover Subsurface data are also available from off-
parameters for modeling conditions in 1974, site wells that are recorded with the
1994, "current" and 2004 conditions. These Washington State Department of Ecology.
sets include parameters for all proposed Associated Earth Sciences Inc. (AESI)was
Master Plan Improvements including the hired by the Port to compile a computer and
third runway embankment, NEPL, and hard-copy database of boring logs that
SASA. includes onsite and offsite ,,veil data. Parts

of the database were provided to this project

This project assigned land cover types based along with AESI's interpretations of
on field observations and design plans where subsurface geologic smacture.
detailed evaluations were performed. The
land cover types used in detailed Pacific Groundwater Group described soils
assessments near the embankment are from six borings in the project area and
summarized below, observed the activity of the Port's drillers

and geotechnical consultant, Hart Crowser.

Near the proposed west wall of the The boring logs generated by Hart Crowsvr
embankment, the existing slope is forested indicate generally the same densities, soil
and underlain by a thin mantle of outwash types, and contacts as logs generated by
soils, or glacial till. Twelfth Avenue South Pacific Groundwater Group. Boring logs
is paved, and separates the slope on the east are documented in numerous reports
from grassy and forested wetlands to the generated by Port consultants. The most
west near Miller Creek. This condition is recent work in the embankment and borrow

consistent in the embankment area, except areas is documented in several "conditions
that extensive areas of grass, forest, and reports" by Hart Crowser (1999b, 1999d,
landscape vegetation occur on outwash and 2000a, 2000b) listed in the references.
till soils in addition to the wetlands west of
12= Avenue. The Vacca Farm has wetland- The geologic units are described below from

type soils and is fallow. Houses are sparse youngest to oldest. In a classic sequence of
to moderately dense in this buy-out area and units, all the units would be present, with the

youngest on top. However, prehistoric

6rau_ter Page 16
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- erosion, landslides, reworking of units by and probably the upper reaches of Walker
water, and uneven original distributions Creek.
commonly create conditions where not all
units are present. Also, since each unit is The deposit is typically 10 to 20 feet thick
not composed of a unique soil texture, near Lora Lake and is somewhat thinner
density, or color, absolute identification of along Miller Creek south of there. The
each unit is seldom certain, recent deposits appear to be only a few feet

thick in the headwaters of Walker Creek.

This project focused on relatively shallow The peat is generally a dark-brown, soft,
hydrologic processes. Specifically, our silty soil composed of decayed and
effort included understanding the soil units compressed organic matter. Brown silt and
in the hydrologic regime that are responsible medium sand layers are mixed with the peat,
for base flow in the creeks. We found that and constitute the bulk Ofthe recent deposits

groundwater below the Vashon Advance in the central Miller Creek reach.
(Qva, shallow regional) aquifer does not
discharge to the creeks. Therefore, geologic Hart Crowser reported estimates " of
units deeper than the Qva received less horizontal hydraulic conductivity for soils
scrutiny and are discussed together below, that consist of mixed recent and Qvr

deposits. The conductivities range ranging
from 9x10-5 to 5x10"3 cm/sec. The recent

3.2.2.1 Fill deposits are generally finer than the Qvr,
and likely account for the lower hydraulic

The youngest unit of soil in the project area conductivities in the range. Because of its
is fill used in construction of the existing low physiographic position, virtually the
airport runways. Its extensive distribution at entire deposit is saturated with groundwater

- the airport is indicated on the geologic map year-round. A hydrograph of groundwater
of Figure 3-2. However, the fill unit is also levels measured by Hart Crowser, in a well
mapped in additional areas disturbed by cut screened in recent deposits, is shown as
and fill operations. The fill is generally Figure 3-3. Pacific Groundwater Group
described in boring logs as silty sand with accompanied Hart Crowser and participated
gravel. Lower portions of the fill are in gathering one round of water level data
saturated with groundwater at least from wells in the embankment area. The
seasonally. The characteristics of this fill procedures used by Hart Crowser were
were not considered in detail because it is observed by Pacific Groundwater Group and
east of the proposed third runway fill were found to be standard. However, the
embankment, equilibration of water levels in the wells to

atmospheric pressure (once the wells were
opened) was not confirmed during the field

3.2.2.2 Recent Deposits work. The water levels could be erroneous
if equilibration was not achieved.

The youngest natural soil unit consists of
peat and highly organic fine-grained soils
generated from recent and current geologic 3.2.2.3 Qvr
processes. This unit is not distinguished
from the Vashon Recessional Outwash Older than the recent peat, silt, and sand is a

(Qvr) by Booth and Waldron (in press; unit of silty sand with some gravel that
Figure 3-2) but actually warrants a separate constitutes the regional Qvr deposit. This
mapping unit. The recent deposits are unit was presumably the basis for Booth and
present in the topographic low areas near Waldron's mapping the Qvr unit (Figure 3-
Lora Lake, the central reach of Miller Creek, 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 texture to the Qvr, although denser, and this
may also underlie the recent deposits in the likely explains the term '_till-like soil" used
valley bottoms, but it is commonly absent in by Hart Crowser (2000a). Till was
that position based on boring logs. compressed by direct contact with glacial

ice. Booth and Waldron (in press) mapped
Based on interpretations by AESI (undated) glacial till at or near land surface
and Hart Crowser (1999b and 2000a), the immediately west of the existing runway fill
Qvr ranges in thickness up to 30 feet in the as well as on other nearby uplands (Figure
project area, but is missing in places. Hart 3-2). In these mapped areas, a soil profile
Crowser reported estimates of horizontal (commonly the Alderwood soil series) has
hydraulic conductivity for combined recent developed on the till, but the geologic map
and Qvr deposits between 9x10"5and 5x10"3 reflects the glacial till underlying the soil.
cm/sec. The Qvr deposits are generally The till appears to be absent at borings
coarser than the recent deposits, and likely HC00-B110 and HC00-B111 logged by
account for the higher hydraulic Pacific Groundwater Group south of the
conductivities in the range. Because of its cross section location.
widespread physiographic distribution,
saturation of the unit by groundwater varies Based on interpretations by AESI (undated)
widely. The entire unit remains saturated and Hart Crowser (1999b, 2000a), the Qvt
year-round in the valley bottoms where it ranges in thickness up to 20 feet in the
may occur below recent deposits. The lower project area, but is missing in places. Hart
several feet of the unit remain saturated in Crowser interpreted well tests indicating
some intermediate and upland positions as hydraulic conductivity values for Qvt-like
documented withwater level measurements deposits ranging from lx10 -4 to 5x10"4
collected by. AESI and Hart Crowser. A cm/sec. This infers higher groundwater
representative hydrograph of groundwater recharge potential than typically measured _
levels measured by Hart Crowser, in a well for glacial till aquitards (Booth, Massmann,
screened in the Qvr, is presented in Figure and Homer, 1996; Bauer and Mastin, 1996). 1
3-3. In other locations, the Qvr may be Reasons for the anomalously high results
only seasonally saturated, or may remain probably include the fact that lower
unsaturated year round, hydraulic conductivity units such as till do

not yield water to a well during drilling, and
Whether or not a geologic unit is saturated is therefore are commonly not screened or
important because it aids in interpreting how tested. This results in a high bias in
groundwater may be moving within the unit. hydraulic conductivity based on well tests.
The absence of saturation indicates that Also, since groundwater generally moves
groundwater is probably moving downward vertically in aquitards, vertical hydraulic
via unsaturated flow (except within the root conductivity is of more interest than the
zone where upward flow may occur). The horizontal values measured by Hart
presence of saturation is less diagnostic Crowser's slug tests. The term "till-like -
because horizontal, upward, or downward soils" used by Hart Crowser (2000a) to
flow may be occurring, describe the soils in this category of testing

results suggests that they included soils with
texture, but not density, similar to till.

3.2.2.4 Qvt

Because of its varied physiographic position,
Glacial till (Qvt, hardpan) is recorded in saturation of the till by groundwater varies
most borings drilled in the project area. It is widely. It is commonly thought to be
a dense unit of gravel and silt in a sandy unsaturated based on visual observations
matrix. It is usually massive and not because water does not readily flow out of it
stratified. In the project area it is similar in when penetrated. Water percolating
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- downward commonly accumulates on top of feet under the existing runways. The top of
till because of its relatively low hydraulic the Qva is interpreted at a depth of about 30
conductivity relative to percolation rates and to 60 feet below the runways based on the
the hydraulic conductivity of overlying AESI analysis. Near Miller Creek, the AESI
strata. The presence of water in overlying analysis indicates the top of the Qva at an
units is an indirect indicator of saturation elevation between 220 and 240 feet based in

within the till. The entire unit remains part on the surface outcrop mapped by
saturated year-round where it occurs below Booth and Waldron (in press), which is
recent deposits and/or the Qvr in the valley questioned as noted above. The presence of
bottoms. The unit remains saturated in some recent deposits and till extending to a depth
intermediate and upland positions as of more than 26 feet near Miller Creek
inferred by the occurrence of groundwater in (HC00-B124) would indicate a maximum
the overlying Qvr. In other locations, the possible top elevation of 204 feet for the
Qvt may be only seasonally saturated, or Qva at that location. If the Qva outcrop of
remain unsaturatedyearround. Booth and Waldron discussed above is

actually Qtb, then the AESI interpretation of
complete continuity of the Qva must be

3.2.2.5 Qva incorrect. Since the Qva is the shallow
regional aquifer, this difference could affect

The Vashon Advance Outwash (Qva) local groundwaterflow.

deposit is a widespread unit of sand with
varying amounts of silt and gravel that The Qva observed by Pacific Groundwater
commonly underlies glacial till. It was Group during this project near Lora Lake, is
encountered in almost all borings that a gray, slightly silty, fine sand. Gravels are
penetrated through glacial till in the area. occasionally present in the Qva and the unit

- However, ,many borings in the embankment is often stratified. It is usually distinguished
area and buy-out area were terminated from glacial till based on lower fines (silt
within the till and therefore data on the and clay)content, stratification, and lack of

distribution and properties of the Qva are cementation.
sparse. Booth and Waldron mapped the unit
as comprising the land surface on a slope in The Qva is the shallow regional aquifer of
the central buy-out area (Figure 3-2). The the South King County Groundwater
basis for this mapping is unknown. Borings Management Plan (South King County
logged by Pacific Groundwater Group in the Ground Water Advisory Committee, 1989).
vicinity (HC00-B 111 and HC00-B 110) Its regional extent, the perennial presence of
encountered a thick silt, suggesting that the groundwater in its lower portions, and its
mapping may be erroneous, or that the Qva ability to yield water to wells in useful
was interpreted by Booth and Waldron to be quantities, made this an important water
a silt at that location. Interpretations for supply source for residences prior to the
this project assume the mapping to be availability of public water supplies in the
erroneous and the slope to be comprised of area. Currently, potable supplies generally
transitional beds (Qtb) discussed below, come from deeper aquifers. Below the

uplands, groundwater in _the Qva is

The Qva is the upper-most unit that will be unconfined (a water table exists), and the top
explicitly modeled by Port consultants' of the unit is not saturated. Near the creeks,
(AESI and Papadopuios and Associates) the Qva is completely saturated, and
regional groundwater (Modflow) model, groundwater within it is confined below the
AESI (undated) interprets the Qva to occur overlying, less permeable Qvt and recent
below the entire project area at a thickness deposits.
of about 10 feet to more than 50 feet, with a

top contact elevation as high as about 380
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The hydraulic conductivity of the Qva was resources and groundwater-fed streams that --

not a matter of concern forthis project, no are entirely dependent on local recharge.
tests were performed, and existing data were Furthermore, changes in recharge to deep
not reviewed, units is dependent on changes to recharge to

shallow units. Therefore this project
analyzed local changes to shallow

3.2.2.6 Qtb groundwater recharge and discharge, and
used those results to infer changes to deeper

The transitional beds were deposited in quiet groundwater recharge. Detailed
water environments prior to advances of the characterizations of the deeper geologic
Vashon glacier and the bed therefore occur units is not necessary for that analysis and
below the Qva, Qvt, Qvr, and recent was notperformed.
deposits. The unit is composed of silt and
clay. Based on texture, Pacific Groundwater
Group interprets the thick silt encountered 3.2.2.8 Comparison to Previous Geologic
from 20 feet to 97 feet depth (elevation 264 Interpretations
to 187 feet) in boring HC00-B 111 to be Qtb.
However, as discussed above, Booth and Two differences exist between the shallow

Waldron (in press) appear to have mapped stratigraphy described above, and that being
this unit as Qva. used by Port consultants. The interpretation

of 20 to 30 feet of moderate and low
Regardless of its name, the presence of silt hydraulic conductivity sediments (recent and
from 20 feet to 97 feet in HC00-B111 Qvt units) overlying the Qva aquifer in the
indicates the lack of a "shallow aquifer" middle Miller Creek reach is one difference.
correspondifig to the Qva at that location. Booth and Waldron (in press) mapped Qvr
Condition_ at boring HC00-BI10 to the as present throughout this area and did not
southwest are similar, differentiate the recent deposits documented

in the borings by Hart Crowser (the borings
may not have been available at the time of

3.2.2. 7 Deeper Geologic Units mapping).

Several deeper geologic units are recorded The second difference is that Booth and
in logs of deep water wells in the area. Waldron (in press) map an extensive slope
These include the "intermediate" and "deep outcrop of Qva on the east flank of the
aquifers" of the South King County Ground middle Miller Creek reach near the proposed
Water Management Plan. The top of the embankment. Logs of borings HC00-110
intermediate aquifer is commonly and HC00-111 indicate the slope is probably
encountered 200 to 250 feet below ground in composed of silt and clay, which is not
the airport area; The top of the deep aquifer typical for the Qva (the borings were not
is encountered at roughly 300 to 400 feet available at the time of mapping). A related
below ground in that area. Although the issue is that AESI (undated) implies a
aquifers ar$ not uniformly transmissive, continuous Qva aquifer below the creek,
groundwater flow to these deep aquifers which is not indicated by the logs of the two
occurs over virtually the entire Des Moines noted boreholes.

upland (used here as the glacial upland
between Puget Sound and the lower Green A review of the deeper stratigraphic
River Valley). Because of their depth and interpretations generated by Port consultant
large lateral extent, these units are less Associated Earth Sciences, Inc. (AESI)was
sensitive to local changes to recharge and also performed by Pacific Groundwater
discharge than are shallow groundwater Group (Appendix D). AESI's work is part

of the development of a regional
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groundwater flow model being that significantly influence the recharge
commissioned by the Port. The general process. Soil types, land cover, and the
geologic layering presented by AESI in presence/absence of shallow till were
cross sections is consistent with Pacific compiled from existing data and unique
Groundwater Group's interpretation, combinations thereof were assigned to
However, local inconsistencies were individual "recharge classes." The recharge
identified and in several cases the structural model was then used to estimate monthly
contouring of the units does not agree with and annual recharge for each recharge class.
the cross sections. See Appendix D for The model performs a daily water-balance
details, calculation, but used average monthly values

for precipitation and ambient temperature.
Along with climatic data, information

3.2.3 Soil Water Balance Components regarding plant water demand, soil hydraulic
properties, and depth to till (where present)
was used to perform the daily water balance.

3.2.3.1 Water Sources In the case of a perched upper aquifer, the
model was calibrated to seasonal saturation

of the soils above glacial till by adjusting tillPrecipitation and imported public water
supplies are the two independent water hydraulic conductivity.
sources to the area. Precipitation at SeaTac
was used in calculations for this project. Overland runoff from the recharge classes
Appendix B provides details, that were analyzed was assumed to be zero,and the effects of runoff were instead

Drinking water to homes near the buy-out considered in interpretation of the output.
area is provided by local water districts that Predicted runoff values are less than a tenth

of an inch annually for various soils withproduce water from wells and buy water
from the Seattle Water Department. The forest cover, to about one inch annually for
Seattle Water Department and the districts grass on till soils according to the HSPF
maintain wells in the intermediate and deep water balance analysis presented in
aquifers. Because the recharge area for Appendix F of the SWMP. That model
these water sources extend far beyond the indicates 2 to 3 inches of runoff from the
buy-out area, this water source is effectively runway infields. Runoff from runways
"imported" from outside the area for the themselves is assumed to be 100 percent,
purposes of assessing changes to recharge and no secondary infiltration of runoff is
resulting from the buy-out. Approximately assumed for this project or the Miller Creek

HSPF models even though substantial400 homes, each with a residential water
supply will be removed. It is assumed that secondary infiltration may occur.
the pipes that supply water to the area will
be decommissioned such that no leaks will Land-cover was divided into three

categories (grass, forest, and barren). Water
occur, requirements for grass were used to

represent the current and proposed runway

3.2.3.2 Groundwater Recharge Estimates infields and wetland meadows. Water
requirements for coniferous and deciduous
trees were averaged to represent the forested

Percolation of precipitation from the land
wetlands and forested uplands.

surface was estimated with a proprietary

spreadsheet model developed by Pacific The spatial distribution of soils was based
Groundwater Group (Recharge model - on surficial geology (Booth and Waldron, in
Appendix B). Field observations of land press) and field observations. Soils werecovers were used to characterize the factors
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considered to be outwash, till, or wetland watershed were not reviewed. The
(saturated). Parametrix and Hart Crowser calculations

are complementary, with Hart Crowser
The recharge model was run for the unique calculating subsurface flow within the
combinations of land cover and soil embankment using output from the
occurrence discussed above. For Upland till Parametrix work.
areas, the model allowed shallow
groundwater to accumulate above the till The Parametrix water balance was based on
and slowly percolate downward based on a the HSPF models of Miller and Des Moines
till permeability chosen to create seasonal Creeks. As discussed in Section 3.6.2,
saturation above the till (the assigned till inconsistencies in model parameters
permeabilities for this model do not affect between versions of the Miller Creek model,
other models). A detailed description of the and poor calibration of the Miller Creek
method for estimating recharge is presented model, create a lack of confidence for use of
in Appendix B. that model in water-budget analyses.

Figure 3-4 presents the average monthly The water budgets for the various land
estimates of recharge for the recharge classifications used in the HSPF analysis in
classes near the proposed embankment. The Appendix F to the SWMP are subject to
estimates were calculated at the bottom of some, but not all, of the Miller Creek model
the root zone or the water table, which ever problems. Therefore, the results of that
was shallower. Estimates range from 14.4 analysis were considered. Because these
inches of recharge per year for wetland areas calculations compare current and proposed
to 24.2 inches per year in mixed-forest areas future conditions, they are discussed in
on outwash'soils. Barren outwash has a Section 3.6.6 - Comparisons to Previous
higher recharge (25.6 inches) than the Groundwater Assessments.
vegetated classes, but was only considered
in evaluation ofborrow areas (Section 4). In _
general, the riparian wetland areas do not 3.2.4 Water Circulation
contribute to deep groundwater recharge;
however, percolation does occur to the water
table and that is plotted in Figure 3-4. 3.2.4.1 Shallow Groundwater Circulation

and Discharge
Wetland and till areas indicate negative

recharge in summer. In those areas, water is Groundwater moves laterally and vertically
extracted from the saturated zone by plant from areas of higher potential energy (head)roots and thus a net loss of water occurs.

to areas of lower potential energy (influence
Unlike HSPF analyses presented in the of topography), and is influenced by the
SWMP and elsewhere, interflow above distribution of hydraulic conductivity
glacial till is included as groundwater (geology) because it tends to follow paths of
recharge in these analyses, high hydraulic conductivity. Head is

measured by surveying the elevation of
water levels. In the proposed fill area,

3.2.3.3 Comparisons to Previous Soil- higher head occurs where recharge entersWater Estimates
the ground and lower head occurs in
streams, in deep aquifers, and in the ultimate

Applied Geotechnology Inc. (AGI), (Port of base level body, Puget Sound.
Seattle, 1996), Parametrix (1999e), and Hart

Crowser (1999c), conducted water balance Two groundwater circulation patterns
calculations for the proposed third runway. (regimes) were identified in the Miller Creek
The AGI calculations related to Miller Creek
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- basin based on their scale and discharge The second type of evidence used to identif3,
locations. One regime is relatively shallow the scale of the groundwater flow regime
and discharges entirely to the local creeks, responsible for base flow to Miller Creek
The other regime consists of groundwater was the vertical distribution of groundwater
that circulates deeper, and discharges year- heads near the creek. Hart Crowser has
round to deep wells, the lower reaches of the installed numerous monitoring wells in the -
creeks, and Puget Sound. The deeper proposed embankment area. Most of the
regime could probably be subdivided into wells monitor heads in the upper aquifer
subeategories, but that is not necessary for composed of recent and Qvr deposits within
the purposes of this project. At the 25 feet of ground surface. A few wells
headwaters of Walker Creek, Hart Crowser monitor heads in a second aquifer. Where

(2000b) interprets Qvt to be discontinuous, the second aquifer is separated from the
In that case Qva groundwater may discharge upper aquifer by till, it can be formally
more easily to the creek than within the considered the Qva aquifer. The more
Miller Creek basin, possibly explaining the general term "second aquifer" may consist
extensive wetland in the Walker Creek head of the Qva in many cases but may also be a
waters, sandy unit near the bottom the Qvr. Since

groundwater moves from zones of high to
Evidence supporting the division of low head, groundwater in the second aquifer
groundwater flow into two regimes is three must have higher head than groundwater in
fold: hydrostratigraphy, the vertical the intervening reeent/Qvr aquifer if it is
distribution of groundwater heads, and going to discharge to a local creek. Water
analysis of base flow in Miller Creek. This levels (heads) from nearby wells screened in
evidence is presented in the following the recent/Qvr and second aquifers were
paragraphs, compared to assess the potential for this

upward flow. Heads in the second aquifers
- As described in Section 3.2.2, the recent and were found to be lower or equal to heads in

Qvr deposits have moderate hydraulic the recent/Qvr aquifer. Thus, upward
conductivity and are in direct contact with discharge of deeper groundwater from the
the middle reach of Miller Creek and the second aquifers to the streams was not
upper reach of Walker creek. Groundwater indicated in those areas at those times.
in these units is not impeded in its discharge
to the creeks. The recent and Qvr deposits Although the review described above
are typically underlain by Qvt, which has indicates that inter-aquifer flow is
low hydraulic conductivity. Below the predominantly downward, one example of
glacial till may lie a second aquifer, upward inter-aquifer flow was noted, as was
typically the Qva aquifer. The Qva aquifer a ease for upward flow from the probable
is physically separated from the middle Qva aquifer where it is not overlain by a
reach of Miller Creek by till and sometimes shallower aquifer.
silt. As noted above, discontinuous till in
the Walker Creek headwaters may create a Upward inter-aquifer flow is inferred near
more direct avenue of discharge between the Miller Creek Detention Facility (MCDF)
Qva groundwater and the creek there, at well HC99-B43A which flows when
Groundwater moving within the Qva aquifer uncapped, indicating sufficient head to flow
is impeded from discharging toMillerCreek into the Miller Creek detention facility
in most of the proposed embankment area (MCDF). A shallower Qvr aquifer exists
by low hydraulic conductivity units. Some there as well. This area is near the area
upward discharge through those units may proposed for expansion of the MCDF. That
nonetheless occur, expansion would be created by excavation

which could breach the aquitard that
confines the high-head groundwater.
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Breaching such an aquitard could cause values for surface and groundwater flow are
uncontrolled groundwater discharge, erosion flow to the west end Of the cross section
and discharge of sediment to the MCDF, and model. The plotted values of recharge and
loss of stored groundwater. Further percolation through the till ("till seepage")
evaluation of the potential for that problem are sums across the entire cross section. In a
to occur is warranted, conceptual sense the till seepage reaches the

Qva aquifer. This downward seepage is not
Upward discharge of groundwater also accounted for further within the cross
occurs near the headwaters of Walker Creek section. Units of measurement are cubic

at well HC00-B208. At that location water feet per day, per foot of width (old/f). The
levels in the well stand above the adjacent total volume of recharge, surface flow, till
ground surface. Also, the boring log for that seepage, and groundwater flow are indicated
well indicates the presence of only a thin in the legend. The plot shows how those
mantle of recent deposits, underlain by a volumes are distributed over the year.
thick sandy unit that began to discharge
groundwater at 34 feet depth. That sandy Although the model was never intended to
unit may be the Qva aquifer, in which ease be calibrated to base flow gain rate, the sum
direct discharge of Qva groundwater to the of modeled groundwater flow, modeled
creek is indicated, surface flow, and septic discharge was in the

range expected for base flow contributions
The third type of evidence used to identify from east of the creek for the current
the scale of the groundwater flow regime conditions. The analysis suggests that base
responsible for base flow to middle Miller flow consists mostly of local, shallow
Creek was comparison of rates of gain in groundwater flow and that contributions
base flows in Miller creek to results from a from the Qva aquifer are small in this reach.
local groundwater model. A simple finite Further explanation of base flow
difference slice model was developed to measurements follows in Section 3.2.4.2.
simulate shallow groundwater flow on the
east flank of Miller Creek at cross section A- 3.2.4.2 Streamflow
A' (Figure 3-2). Appendix E explains

details of the model and Section 3.2.4.2 King County has maintained stream gaging
below explains the stream flow stations at various locations over selected

measurements used for comparisons to periods on Miller, Walker, and Des Moines
groundwater model predictions. Figure 3- creeks. This review focused on the data
5a shows the idealized geometry assumed used in the calibration of HSPF models by
for the Qvt aquitard and Qvr/recent aquifer Port consultants. Flow duration curves for

for this model. Simulation included two gages on Miller Creek, and one gage on
accounting for groundwater recharge only Walker Creek, are presented as Figure 3-7.
within the area of the proposed embankment The gage locations are shown on Figure 2-
fill (the section extends about 1250 feet east 1. The "observed" values on Figure 3-7 are
from Miller Creek at that location), hourly data from the gages. The flow

duration curves indicate that data from gages i
Figure 3-6 presents the results of the slice 42A (mouth of Miller Creek) and 42E
model for current conditions. The figure (mouth of Walker Creek) include some
shows predicted water flow over a year. inaccurate readings in the low flow range.
Water outflow is divided into surface flow, The sharp drop off in observed flow data
groundwater discharge, and seepage suggests problems with the gages recording
downward through the till. Overland lower flow rates. Simulations using the
('surface") flow and groundwater flow calibration-scenario HSPF models prepared
contribute water to wetlands and the creek by the Port's consultants produce durations
near the proposed west wall. The plotted

r
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- for most flow rates in excess of observed streamflow contributions (not to the 1999
values, data) from the east flank of the valley. The

slice model results plus estimated septic
Pacific Groundwater Group measured base discharge contributions account for 2 cfd/f
flows in Miller and Walker Creeks at of base flow gain in middle Miller Creek in
numerous locations in October 1999 and the fall, compared to the 1.5 to 3 cfd/f

January 2000 to assess gains in base flow. estimated from measurements. The slice
Measurements were made with a Swoffer model results plus estimated septic
current meter on a wading rod. Table 3-1 discharge contributions account for 8 to 9
and Figure 3-8 present the data along with cfd/f of base flow gain in middle Miller
King County measurements for those dates. Creek in the winter, compared to the 4 to 8
The October 1999 measurements preceded cfd/festimated from measurements. This is
the onset of seasonal rains and represent low relatively good agreement.
flow conditions for 1999 (which was a very
wet year). The January 2000 measurements
also occurred after a period of no rainfall 3.2.4.3 Water Circulation in Wetlands
and represent winter base flow conditions
plus discharge of stormwater from MCDF. The hydrologic functions of various

wetlands are described in Section 3.3.3.

The measurements indicate that flow Slope, depression, and riparian wetlands
increases downstream at both times of year occur in the project area.
and that the flow rate varies depending on
the season. Flows in Miller Creek increased 3.2.4.4 Comparison to Previous Base-
substantially from October to January. Flow Interpretations
About half.of the increase at the Kiwanis

__ Club appears to result from the release of The SWMP provides a description of Miller,
stored groundwater and stormwater from the Walker, and Des Moines Creeks in the
Miller Creek Detention Facility. The other context of stormwater management for the
half comes from increased shallow proposed master plan projects. The
groundwater flow to the stream in the descriptions rely heavily on HSPF models of
project area. the basins. Because the analyses are largely

comparative (pre- and post- development),
To assess contributions to base flow from model review is discussed in Section 3.6 -
the embankment area, the rate-of-gain per Analysis of Selected Impacts.
foot of stream reach was estimated using the

Miller Creek data from the Lora Lake and AESI (undated) used land surface in the
SR-509 stations. Table 3-2 summarizes the Miller Creek and Walker Creek drainages as
calculations, which indicate that Miller "conlrol points" on Qva heads. Although
Creek gained approximately 6 cubic feet of numerically this approximation may be
water per day per foot (cfd/f) of stream acceptable, base flow should not be solely
length in October, and 11 cfd/f in January. linked to Qva aquifer discharge as implied
Examination of the flow records of the King by use of these _'control points". The 20 to
County gages indicates that base flows in 30 feet of low hydraulic conductivity
average rainfall years are on the order of 50 sediments commonly present between the
to 70 percent of the 1999 and 2000 Qva and the streams, and the presence of
measurements, shallow groundwater flow within those

sediments, should be considered.
The slice groundwater model described in

Appendix E used average recharge rates Hart Crowser (1999b Figure 7) mapped
over the area of the proposed embankment horizontal groundwater circulation in the
and so must be compared to average
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embankment area's "shallow regional 3.3 Character of the Wetland
aquifer", The shallowregional aquifer is Environment
elsewhere defined as the Qva (AESI

undated). However, Hart Crowser uses data The project area surrounding Sea-Tac
from wells clearly screened in recent Airport is primarily urban/residential.
deposits near the creek (above till). Given Immediately west of the airport, land use is
the preponderance of low hydraulic a mix of residential and agricultural, with
conductivity units in the near surface, heads development encroaching on the Miller
in the various shallow aquifers should not be Creek riparian corridor. This corridor
assumed equal, and data from wells consists of a mosaic of land uses with

screened in different stratigraphic positions residential areas, agriculture, upland
should not be lumped without justification habitats, and slope and riparian wetlands, all
and acknowledgement, located adjacent to the creek. Outside the

immediate vicinity, areas that have not
undergone extensive urban development are

3.2.5 New Water Quality Data restricted primarily to the narrow riparian
and ravine corridors associated with Miller

The water quality in Miller, Walker, and and Walker creeks. Larger wetland
Des Moines Creeks was analyzed for a wide complexes are associated with these
range of parameters that help define the drainages, including the Miller Creek
environmental health of a creek. Surface Detention Facility, and a large wetland
water quality parameters, including oxygen, complex which forms the headwaters of
temperature, and turbidity, were measured Walker Creek. In addition to these riparian,
during field visits, Other parameters were ravine and wetland systems, the only other
measured at Analytical Resources, Inc. major non-urban areas include the !
(Appendix F). Tables 3-3 and 3-4 present successional woodlots west of the airport i
the results, acquired as part of previous Noise

Abatement Mitigation projects (which had
For both rounds of measurements, turbidity been residential but are now upland
was highest just downstream of the Miller woodlots), Vacca Farm, and scattered lakes,
Creek Detention Facility and improved ponds, and local recreational parks. No
downstream. Groundwater and wetland other significant parcels of undeveloped
discharges are typically very low in land wereidentified.
turbidity; therefore, Miller Creek turbidity

improves as groundwater and wetland water Approximately 11 acres of wetlands are
flow into .the creek downstream of the present in the vicinity of in the Runway
detention facility. In October, oxygen Safety Area Extension and 40.65 acres of
levels increased from 6 mg/L at Lora Lake wetlands occur in the vicinity of the Third
to 9 mg/L at the Kiwanis Club. However, in Runway Impact Area (Parametrix 1999a).
January, oxygen levels ranged from 5 to 7 Figure 3-9 identifes the wetlands within the
mg/L with no clear trend in water quality project area based on mapping by
moving downstream. Water temperature Parametrix. This acreage does not include
ranged from 10 to 11, and 5 to 7 degrees C larger complexes (including the approximate
with no apparent trends, in October and 43-acre headwater wetland of Walker

January, respectively. Creek), wetlands associated with Tub Lake,
Arbor Lake, and Burien Lake, and smaller

Discussion of water quality as it pertains to isolated wetlands that occur north of State
fish habitat is discussed in Sections 3.4 and Route 518, and west of State Route 509.

4.4. Based on the field survey, extensive riparian
wetland complexes also occur along both
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Miller and Walkei' creeks within ravine 323.2 Wetland Delineation
areas west of SR 509. These all fall outside

the bounds of the. project area and are not As a Component of the EIS for the Port's
discussed further. Master Plan improvement• projects,

: , numerous consultants conducted wetland
, ' delineations within the proposed project

3.3.1 Document Review and Field area. Areas Where access was denied were
Analysis _ not delineated but rather best professional

" " - judgement was used in estimating the
Wetland field verification surveys ,were wetland boundaries. Following completion
conducted during the week of December 4, of delineation *efforts, and in conjunction
1999: Surveys were conducted throughout with the Uriited States Army Corps of
the Miller Creekdrainage basin to assess the Engineers (USACE) Section 404 permitting
regional context of the project area. effort required for the project, wetland

• scientists from the USACE conducted in-

Before conducting the' field surveys, the field verification surveys of delineated
following documents were reviewed: wetlands. E&E's field survey confirmed

that boundaries as flagged in the field
• Available National Wetland accurately depict the extent of Wetlands, and

Inventory Mapping (United States are correctly depicted on available wetland
Fish and Wildlife Service); maps. The field surveys also did not identify

any wetlands that previously had not been

• Available aerial photography of the delineated.
project area;

• Wetland Delineation Report 32323 Wetland Characterization
(Pa_netrix, Inc., Revised Draft,
'-August1999); To evaluate the. potential effects on

wetlands, it is necessary to characterize
• Wetland Functional Assessment and wetlands with respect to each other, their

Impact Analysis (Parametrix, Inc., role in the watershed, and their functionality.
Revised Draf_ August 1999); ' The different methods of classifications used

' to categorize and assess the value: of the
• Natural Resources Mitigatioi,i Plan wetlands in the project area are described

(PaiZametrix, Inc., Revised Draft, below. The field survey and literature
August 1999); and review were used to evaluate the previous

classifications and assess their functionality

• Biological Assessment (Parametrix, in order to make an independen t analysis.
Revised Draft, November 1999).

3.3.3.1 Wetland Classifications

The field surveys focused on confirmation
of the wetland delineations, evaluation of Parametrix classified wetlands in the project
the wetland quality assessment, and analysis area by physiographic setting (e.g., slope,
of the proposed mitigation, depressional, or riparian) and by regulatory

class as defined by the Washington State
Wetlands Rating System (Washington State
Department of Ecology, 1993). During the
field survey, both classifications were
evaluated.
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3.3.3.2 Functional Assessment
Table 3-5 lists the wetlands that E&E

identified as potentially impacted by the fill Wetlands are recognized for the value they
activities, lists their classifications, and provide on an ecosystem level. This value
provides brief description of the wetlands' varies based on wetland size, location in the
location and condition. Expanded landscape, and on surroundingland use. To r-
discussions of the wetland areas are better estimate the value or qualitya wetland
provided in the Wetland Delineation Report provides within an ecosystem, it becomes
(Pararnetrix 1999a). . necessary to assess specific functional r-_

Most wetlands within the project area thai attributes ofawetland, i

are likely to be affected are slope wetlands. •Evaluation of wetland functions is an V
These wetlands are hydrological!y driven by inexact science. Numerous models have i
hillside groundwater seeps, with additional been developed within the scientific
input from precipitation. The slope community to specifically evaluate wetland
wetlands range in size from very small (the functional capabilities, yet they all recognize !
0.05 acre Wetland 13) to the extensive that while certain functions can be directly
Wetland 18/37 complex, located west of the measurable, oftentimes professional

existing airport. In. addition tO the slope judgement is necessary to correctly apply i
wetlands, depressional and riparian wetlands the models. Furthermore, existing models )
are present. The depr.essional wetlands have been developed to evaluate the
likely have resulted from segmentation of functionality of wetland types (i.e., i
once larger wetland systems that have depressional or riparian) with the results [
systematically been filled, or, have between types not being comparable.
developed on low permeabilityfill soils. All Therefore, the use of models for large
rip_ian w.etlands delineated in the Vicinity diverse projects usually does not provide
are associated with Miller Creek. useful data. Therefore, E & E assessed the

quality of wetlands, using best professional
E&E .is in general agreemenf with the judgement and scientifically established i
wttland classifications assigned by parameters. Our assessment is loosely
Parametrix (1999b) based on field surveys based on the principles established in
completed for the projecL No wetlands in Methods for Assessing Wetland Functions i
the project area are Class I, the highest (Hruby et al. 1999), which has been _
quality and most significant wetlands in the published for depressional and riparian
state. Class I wetlands include those that wetlands within Western Washington.
contain documented occurrences of

recognized specie/; of concern, are Three basic categories of functional
recognized as regionally significant, or capability were assessed: water quality
perform irreplaceable ecological function improvement, hydrology (or water quantity),
(i.e., bogs, mature forested wetlands, or and habitat suitability. Water quality
estuarine wetlands). While Miller Creek is function includes the ability of the wetland

documented to contain protected fish species to. effectively trap sediment, nutrients, and
in its lower reaches, there is no contaminants. Hydrologic function focuses
documentation of these species occurring on the ability of a wetland to provide flood
within the wetlands in the project area. storage, prevent downstream erosion, and
Although there are forested wetlands in the potential for recharging aquifers. Habitat
project area, the evident local disturbance, suitability is a broad-ranging category
and the estimated ages of the eXisting trees including both flora and fauna diversity, and
do not meet criteria established for Class I the export of organic carbon, which can be
wetlands, beneficial to adjacent aquatic communities.
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The qualitative assessment component of previous field reports and the field survey.
- Table 3-5 focuses on .those wetland The validity of this previously acquired data

functions that E&E believes are likely to be was analyzed using professional judgement
affected by the airport improvement projects before incorporating the data into this
and on those functions that differentiate the assessment.

wetlands within the project area. For
example, most project area wetlands have As indicated in the table, wetlands in the
little direct bearing on resident fish project area are important nutrient and
populations and are therefore all equally sediment traps that filter-out anthropogenic
considered to be low quality. The inputs prior to discharge to Miller Creek.
exceptions to this (e.g., Wetlands 18 and 37) Refer to Section 3.4 for a more detailed
are specifically noted within the qualitative discussion of the fish habitats available in
assessment column in the table. This local water resources. The riparian and
assessment approach is conservative because larger depressional wetlands also provide
wildlife was broadly grouped together rather flood retention capabilities in a highly
than differentiating amphibians, and small urbanized watershed. Flooding is a
mammals. The bird habitat functions of the recognized concern, and the Miller Creek
wetlands are more related to the vegetative detention facility, located immediately

cover type and size. The larger and more upstream from the project area is designed
diverse wetlands (particularly those with a specifically to dampen flood flow through
forested component) provide moderate-to- Miller Creek. From a wildlife population
high quality habitat for migratory bird perspective, the wetlands within the project
species, while the smaller, typically area provide necessary habitat/open space in
emergent wetlands, offer low-to-moderate an urban setting. Because of the urban
quality birdhabitat, development and fragmentation of the

resource, the local wetland habitats benefit
- In addition to evaluating the specific small amphibian and small mammal

functions of a wetland, E & E assessed the populations, as well as the more mobile
effectiveness of a wetland to provide a avian species. Discussions of aquatic
specific function and also the opportunity to habitats are discussed in Section 3.4.
provide that function. The opportunity for a
wetland to provide a particular function is
driven by its size, the surrounding landscape 3.3.4 Comparison to Previous Wetland
(land use), and by the wetland's location Characterizations
within the watershed. Thus, while a

depressional wetland is an ideal basin for Project area wetlands were evaluated to
storage of floodwaters and highly effective verify the accuracy of the delineations and
as a nutrient/sediment trap, a small qualitative assessment completed as part the
headwater depressional wetland located in Wetland Delineation Report (Parametrix
an undisturbed environment would have 1999a). Based on the field surveys
little opportunity to provide this function completed, which represented a random
and thus would have a low functional sampling of wetlands within the project
assessment, area, the wetland delineations presented in

the delineation report provide an accurate
This qualitative discussion is based on a representationof the extent of wetlands that
combination of the field survey conducted, occur in the projectarea.
and data provided as part of previous

investigations in the project area. Prior to Wetland delineation is an interpretive skill
utilizing any data acquiredpreviously, data that requires professional judgement,
comparisons were made for those wetlands particularly at wetland boundaries, where
where information was available from both the available vegetative, hydrologic, and soil
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indicatorscanbe marginalat best. Basedon 3.4 Character of Fish Habitat and
the wetland flagging present in the project Populations
area, the delineations completed within the

project area are conservative in estimating This discussion of fish habitat in Miller,
the extent of wetlands, meaning that the Walker, and Des Moines Creeks focuses on

marginal areas were more likely to be the abilities of these creeks to support ....
included as wetland area, rather than upland, salmonid species. Different salmonid

species and life history stages have different
In reviewing the functional assessment optimal habitat preferences that fall within a "
completed for the project, the analysis also range of acceptable values. The optimal
showed that the qualitative assessment habitat preferences for juvenile and adult
provided a reasonable representation of coho salmon (Oncorhynchus kisutch)are "--
functional ability of wetlands within the presented in Tables 3-6, 3-7, and 3-8 for
project area. The framework used for this comparison purposes with existing habitat
analysis used Methods for Assessing conditions. Only those habitat parameters ,-..
Wetland Functions (Hruby et al. 1999) that commonly limit salmonid survival and
which was not available during the production are presented. Because optimal
preparation of the previous studies habitat preferences for eoho salmon are
completed at STIA. generally more restrictive than cutthroat :

trout (O. clarla3, decision making based on
Methodologies and references referred to in eoho salmon habitat preferences should also
the Wetland Functional Assessment and be proteetiveofcutthroattrout.
Impact Analysis included the Wetland
Evaluation Technique (WET) (Adumus et
al. 1987), Hydrogeomorphic Classificatio n of
Wetlands (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
evaluations, nor the quality and functional
assessment conducted as part of this analysis
provide numerical quantification of wetland
impacts, both approaches effectively t"
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, particularly in light
of the fact that a significant portion of the
wetland impacts are to slope wetlands, for
which there are no recognized/approved
models.
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_ 3.4.1 Miller Creek 3.4.].2 Watershed Development

3.4.1.1 General Watershed Description Urbanizationhas degraded salmonid habitat
in Miller Creek. The stream habitat lacks

The Miller Creek watershed is complexity and variability and is dominated

approximately 9 square miles and by fast water riffle/run habitat.
encompasses 5 governmental jurisdictions: Sedimentation is prevalent throughout the
the cities of Normandy Park, Burien, and watershed. Optimal habitat parameters for
SeaTac, Port of Seattle, and unincorporated salmonids such as presence of woody debris,
portions of King County. Water flow for undercut banks, and overhanging vegetation
Miller Creek originates from Arbor Lake, are absent throughout much of the stream
Lake Reba, Lora Lake, Lake Burien, system. Pool to riffle ratio is reported to be
wetlands associated with the Miller Creek approximately 15:85, well below the optimal
detention facility, and from seeps into the 50:50 ratio (Batcho 1999a). Development
channel and riparian wetlands, especially and impervious surfaces in the watershed
located along the west side of the airport, have significantly affected the stream's
Miller Creek falls from an elevation of hydrograph, causing less wetland and

approximately 360 feet in its headwaters to groundwater storage and resulting in high
sea level at Puget Sound at the Normandy peak flows and lower base flows. These
Park Cove. Significant residential and factors cumulatively result in limiting
commercial development exists within the habitat factors for different salmonid life
Miller Creek watershed, resulting in stages, particularly high-quality gravel for
approximately 23 % impervious surfaces, spawning adult salmonids and refuge habitat
Land use consists of approximately 62% for age-0 juvenile saimonids (i.e., fish that
residential, 15% commercial, 3% airport, emerged thisyear).

_ and 20%undeveloped (Montgomery Water
Group 1995).

3.4.1.3 Water Quality Related to Fish

Trout Unlimited (TU) operates the Miller
Creek Hatchery located at the Southwest Miller Creek's water quality has also been
Suburban Sewer District in Normandy Park. degraded by urbanization in the watershed.
The hatchery has been in operation for MacCoy and Black (1998) reported toxic
approximately 15 years. Annually, TU metals such as arsenic, lead, and mercury in
receives coho salmon eggs from the Miller Creek sediment and sculpin (bottom-
Washington Department of Fish and dwelling/feeding fish) tissue at
Wildlife (WDFW). Although the number of c,oncentrations exceeding the probable-
eggs received annually varies, the maximum effects level developed by the Canadian
number of eggs the Miller Creek Hatchery Council of Ministers of the Environment
can raise is 300,000.. TU reports egg to (CCME). Probable-effects levels identify a
juvenile survival that usually approaches threshold above which adverse effects are
100%.. TU plants juvenile coho throughout predicted to occur frequently; concentrations
Miller, Walker, and Des Moines Creeks. exceeding these guidelines may or may not
Fish plantings are conducted at various result in an adverse effect on aquatic
times throughout the spring and with organisms but are intended to indicate
different size fish in an attempt to maximize potential sediment quality problems that
survival of planted fish. Coho salmon warrant further study. MaeCoy and Black
released by the Miller Creek Hatchery are (1998) also reported polynuclear aromatic
not tagged or identified with any hydrocarbons at concentrations in Miller
distinguishing marks. Creek sediments exceeding the CCME

threshold effects level, which defines the
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concentration below which adverse effects quality likely occur during stormwater
to aquatic organisms are expected to be rare. runoff events.

Voss et al. (1999) reported the presence of Stormwater at the airport falls into one of
numerous pesticides in Miller Creek. The two types of catchments: the Stormwater
insecticides earbaryl and diazinon were Drainage System (SDS) and the Industrial
present at concentrations exceeding the Wastewater System (IWS). This project did
chronic aquatic life criteria recommended by not independently review original SDS or
the U.S. Environmental Protection Agency IWS water quality data or discharge data.
(1998). Voss et al. (1999) noted that the The following brief discussion is from the
ecological effects to the stream are unknown FEIS (FAA, 1996) and other sources.
because the duration of exposure to pesticide
concentrations above the chronic aquatic life In general, the IWS collects water close to
criteria is unknown, the airline gates where fueling and plane de-

icing operations occur while the SDS
Pacific Groundwater Group collected collects water from the taxiways and
surface water samples during fall and winter runways. The IWS drains are connected to
base flow periods throughout the upper one of three storage lagoons where the water
portion of the Miller Creek watershed and is treated and discharged to Puget Sound.
analyzed for in situ water quality parameters The IWS lagoons are not hydrologically
(pH, temperature, conductivity, turbidity, connected to the Miller creek watershed. On
and dissolved oxygen (Table 3-3). These the other hand, SDS drains are connected to
parameters appear to be within expected drainage ditches and, hence, discharge to the
values for the region; however, dissolved Miller Creek and Des Moines creek

oxygen levels as low as 4 mg/L likely limit watersheds. Chemicals specific to airport
salmonid utilization in the sampled area. operations, that are potentially present in
Water samples also were analyzed for total SDS runoff, include de-icing chemicals
metals, total suspended solids (TSS), draining off planes during taxi and take-off
ammonia, nitrate, nitrite, total phosphorus, and de-icing chemicals used on the runway.
ortho-phosphorus, biological oxygen The FEIS (FAA, 1996) indeed reports
demand, and total oil and grease (Table 3- occasional glycol and ammonia detections in
4). Washington State Surface Water Quality SDS discharges from those sources, and also
Standards include maximum concentration reports that copper and zinc occur at
levels (MCLs) for arsenic, cadmium, copper, elevated concentrations in SDS discharges.
lead, and zinc (WAC 173-201A 1997).
Arsenic and cadmium were not detected in Other SDS water quality parameters were
Miller Creek. Based on the calculated reported to be similar to other basin
hardness in Miller Creek of 95 to 150 mg/L, stormwater. Analyses of seven water
detected concentrations of copper and zinc quality parameters in SDS discharge (total
were well below the Washington State suspend solids, biochemical oxygen
MCLs. One out off our lead concentrations demand, oil and grease, total phosphorus,
was above the MCL based on the calculated total copper, total lead, and total zinc) were
hardness of 95 mg/L for that sample. The reported in the FEIS (FAA, 1996). Results
maximum TSS value was 17 parts per were compared to the total basin loading for
million (ppm), indicating minimal these parameters in Miller Creek. It was

suspended particles (of which sediment is reported that discharge from the airport
one component) in the water column during contributes between 0.5 and 4.3 % of the

these base flow periods. Total oil and grease total basin loading for these parameters.
was below 2 ppm, indicating minor inputs of These values are less than the 5% of the

petroleum constituents at the time of Miller Creek watershed that the airport
sampling. Significant changes to water encompasses.
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-- Walker Creek currently parallels Miller
Creek downstream of First Avenue South

3.4.1.4 Fish Populations and drains into Miller Creek approximately
0.25 mile from the mouth of Miller Creek at

Despite habitat and water quality the Normandy Park Cove area.
degradation as a result of urbanization,
anadromous and resident fish populations
are present in Miller Creek. Adult coho 3.4.2.2 Watershed Development
salmon are known to use the stream reach
from the mouth to the 1st Avenue South Urbanization has degraded salmonid habitat
culvert, however, adult eoho have been in Walker Creek. The stream habitat lacks
reported in Miller Creek above 1= Avenue complexity and variability and is dominated
South (Batcho 1999a, personal by fast water riffle/run habitat.
communication). Juvenile coho salmon are Sedimentation, which is detrimental to
distributed throughout Miller Creek, likely salmonid production, is prevalent
because of Trout Unlimited's Miller Creek throughout the watershed. Habitat
Hatchery release efforts. Steelhead (O. parameters such as presence of woody
myMss) runs have been reported on Miller debris, boulder cover, and undercut banks
Creek, but this was not field verified. A are absent throughout much of the stream
small population of resident cutthroat trout system. Overhanging vegetation is present
is distributed throughout much of the Miller throughout most of the system and is
Creek watershed. Pumpkinseed sunfish dominated by shrubs and trees; this provides
(Lepomis gibbosus) reportedly have been cover for fish and shading to minimize water
introduced to Miller Creek; E&E observed temperature increases above tolerable levels
one pumpkinseed in the lower portion of for salmonids. However, grass is common
Miller Creek. Three-spined stickleback streamside vegetation in residential areas
(Gasterosteus aculeatus) has been observed throughout the watershed. Grass possesses
in the vicinity of Lake Reba, however E & E little value as riparian vegetation because it
did not verify stickleback presence. E & E does not provide overhanging cover,
did not document the distribution of substantial inputs of organic matter to the
pumpkinseed or three-spined stickleback in stream, or streambank stabilization below
Miller Creek. the top soil unit, all of which are important

habitat parameters for salmonid production.

3.4.2 Walker Creek

3.4.2.3 Water Quality

3.4.2.1 General Watershed Description
PGG measured temperature, pH,

Walker Creek is a major tributary of Miller conductivity, turbidity, and dissolved
Creek; however, information about the creek oxygen during base flow periods in October
is lacking because it is commonly not and November 1999 and January 2000 at
discussed as an exclusive watershed, two locations in Walker Creek: near the

Walker Creek originates in a series of First Avenue South retaining wall and near
wetlands located within a triangle formed by the mouth at the intersection with 12th
Des Moines Memorial Drive, Highway 509, Avenue South. These water quality
and South 176_ Street. The original parameters also were measured in
confluence of Walker Creek and Miller November 1999 at two locations west of
Creek was downstream of First Avenue Highway 509 (Table 3-3). The results

South, but decades ago Mr. Walker altered indicated low dissolved oxygen levels that
the stream (Gower, pers. comm. 1999). may limit fish production. In November
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1999, dissolved oxygen levels of 3 mg/L at Moines Creek are likely straying fish from
both the First Avenue South retaining wall another nearby hatchery or net pen
and the intersection at 12_ Avenue South operations (Batcho 1999). The two most
could substantially limit salmonid usage of likely sources of fin-clipped coho in the
the creek in the sample areas. In addition, adult salmon return are the Des Moines

the dissolved oxygen levels of 0.2 mg/L and Creek Net Pen operated by TU or the Soos
0.4 mg/L measured in Walker Creek west of Creek Hatchery operated by the WDFW.
Highway 509 likely prevent salmonids from Non fin-clipped fish in Miller, Walker, or
using this area. Des Moines Creeks could have four possible

origins: first generation fish from the Miller
Creek Hatchery, second (or greater)

3.4.2.4 Fish Populations generation fish from the Miller Creek
Hatchery, wild fish that have sustained a

Despite habitat degradation, anadromous population, or wild fish that have strayed
and resident fish populations are present in from nearby populations.
Walker Creek. Adult eoho salmon are
known to use the stream reach from the E & E conducted carcass surveys to

mouth to the 1st Avenue South culvert; establish the proportion of marked and
however, adult coho have been reported in unmarked fish in Miller, Walker, and Des
Walker Creek above 1't Avenue South Moines Creeks. Figures 3-10 and 3-11
(Batcho 1999). Juvenile eoho salmon are show survey locations. These data earl serve
distributed throughout Walker Creek, likely as an indicator of the creeks' ability to
because of Trout Unlimited's Miller Creek support natural anadromous fish spawning
Hatchery releases. A small population of populations and the success of the Miller
resident cutthroat trout is distributed Creek Hatchery in reestablishing these
throughout much of the Walker Creek spawning populations. However, carcass
watershed, survey data are limited because identifying

the presence of returning adult salmon does
not establish that successful spawning (i.e., a

3.4.3 Carcass Surveys naturally reproducing population) is
occurring on the creek. Juvenile fish

Previous studies have investigated the surveys are more suited for this purpose as
composition of natural and hatchery fish in described in Section 3.4.4.
the anadromous salmonid returns in Miller,
Walker, and Des Moines Creeks (WDFW
1996, BioAnalyists 1998, Batcho 1999). 3.4.3.1 Methods
However, reported composition has varied;
thus uncertainty exists in the composition of In December 1999, E&E performed carcass
natural and hatchery fish in the anadromous surveys by walking upstream (in the stream
salmonid runs in these creeks. All fish when possible).from the creek mouth to a
released from WDFW hatcheries receive an predetermined upstream boundary. The
adipose fin clip to indicate their hatchery Miller and Walker Creek upstream boundary
origin. However, not all privately permitted was 1st Avenue South and the Des Moines
fish releases require fish to receive adipose Creek upstream boundary was Marine View
fin clips. For example, the Miller Creek Drive. E&E classified every carcass
Hatchery does not clip coho salmon adipose encountered by species, sex, presence of an
fins because of the small size of fish at the adipose fin clip, and the estimated percent of
time of release and the labor intensive nature egg voidanee in females (egg voidanee is the
of fin clipping (Batcho 1999). Hence, fin- measure of eggs expended by the female
clipped fish found in Miller, Walker, or Des during spawning). Because a substantial

amount of time had elapsed since the salmon ....

Pacific
6mundwater Page 34

_Group

AR 011662



Sea.Tac Runway Fill

Hydrologic Studies

- had expired, many carcasseswere in an On Des Moines Creek, nine fish were
advanced state of decay and; as a result, one observed; six fish had expired and three live
or more data parameters were unidentifiable, fish were observed in quiet water

downstream of the Marine View Drive
culvert in Des Moines (Table 3-12).

3.4.3.2 Results Species determinations were made on nine
fish: seven were coho salmon and two were

Data from the carcass surveys are presented chum salmon. Sex determination was made
in Table 3-9. The majority of fish were on six fish: two female and four male
coho salmon; two chum salmon were salmon were observed. Adipose fin
observed in Des Moines Creek and one in determination was possible on six fish: one

Walker Creek. Most females appeared to fish was identified as a WDFW hatchery
void the majority their eggs, although the fish and five still had an adipose fin. Egg
range of egg voidance was 0-100 percent, voidanee in female salmon on Des Moines
Egg voidance numbers should be interpreted Creek ranged from 0-90%.
with extreme caution because significant
decay and subsequent washout of the
carcasses had occurred since the fish 3.4.3.3 Conclusions

expired. Therefore, the reported percentages
are likely overestimates of the actual percent WDFW hatchery fish comprise the majority
of egg voidance, of anadromous coho salmon runs on Miller

and Walker Creeks. Because no WDFW

On Miller Creek, E&E observed eleven hatchery is located within the Miller Creek
coho salmon in the sample reach (Table 3- basin, these hatchery fish are likely straying
10) Sex andadiposefindeterminationeould from the Soos Creek or Keta Creek
not be made on two of the eleven coho Hatchery in the Green River watershed or
observed. Of the nine identifiable eoho, six from the Des Moines Creek net pen.
were female and three were male. Eight fish Conversely, only one of six anadromous
were identified as WDFW hatchery fish salmon on Des Moines Creek was identified
(i.e., adipose fin clips) while one fish still as a WDFW hatchery fish. This result was
possessed an adipose fin. Egg voidance in unexpected because of the proximity of the
female coho on Miller Creek ranged from 0- Des Moines Creek net pen operated by TU.
100, but most females had voided >80% of The non-WDFW hatchery fish in the
their eggs. anadromous salmon returns on Miller,

Walker, and Des Moines Creeks could fall
On Walker Creek, 42 fish were observed in into one of four categories as described
the sample reach; 41 fish had expired and above. Because non-WDFW hatchery fish
one live fish was observed downstream of comprise only a small portion of the
the 13_ Avenue South culvert in Normandy anadromous salmon returns on Miller and

-- Park (Table 3-11). Species determinations Walker Creeks, the Miller Creek Hatchery
were made on 21 fish: 20 were coho salmon does not appear to be successfully
and one was a chum salmon. Sex contributing significant numbers of coho to
determination was made on 24 fish: 12 the salmon run based on the data collected
female and 12 male salmon were observed, for this field survey.
Adipose fin determination was possible on
18 fish: 12 fish were identified as WDFW

hatchery fish and six had the adipose fin. 3.4.4 Juvenile Fish Survey
Egg voidance in female coho on Walker

Creek ranged from 70-95%. 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 to to the downstream intersection with Marine
support a naturally reproducing anadromous View Drive. E&E conducted the surveys by
salmon run. Carcass surveys can establish walking from the mouth toward the
various characteristics of the returning adult upstream boundary. Sample locations were
population such as proportion of fin-clipped biased to habitat preferred by juvenile
fish or sex ratios. However, in addition to salmon, such as pools, backwaters, undercut
the presence of adult salmon, a multitude of banks, or areas with instream or

other criteria need to be satisfied for adult overhanging cover. Biased sampling
salmon to successfully produce viable locations were limited because preferred
juveniles. These factors include, but arenot slack water habitat was not abundant.
limited to, water flow, water temperature, Juvenile fish were captured with a 1/16"
dissolved oxygen, and degree of gravel delta mesh fully hung beach seine measuring
sedimentation. Therefore, the presence of 6 feet deep and 20 feet long. Certain habitat
age-0 salmon in Miller, Walker, or Des was inaccessible with the beach seine
Moines Creeks prior to annual Miller Creek because of substrate irregularities or debris.
Hatchery releases indicates that adequate A small mesh dip net was used as an
conditions currently exist for the survival of alternate capture method when juvenile fish
fertilized eggs to emergent fry. were observed but could not be accessed

with the beach seine. Sampling frequency
was dependent upon juvenile fish capture

3.4.4.1 Methods success; the goal of sampling locations and
sampling frequency was to identify juvenile

E & E conducted juvenile fish surveys on fish distribution throughout the study area.
Match 24 and 25, 2000. No planned Miller If a significant number of fish were captured
Creek Hatchery releases had occurred on at any sampling location, the number of fish
Miller or Walker Creeks prior to the juvenile anesthetized and measured was limited to
fish surveys. However, accidental releases 20. The remaining fish were enumerated
of approximately 100 fish occurred in early and released at the point of capture.
Match (Yonkers 2000). TU released
juvenile coho salmon in the upper portion of Corralled fish were led to the streambank
Des Moines Creek near the Tyee Valley where they could be netted and transferred
Golf Course approximately 2 weeks before to a 5-gallon holding tank. Captured age-0
the Des Moines Creek juvenile fish survey, fish were individually anesthetized in a
This hatchery release is expected to have separate 5-gallon tank containing a solution
insignificant effects on the results of the Des of tricaine methanesulfonate (MS-222; 50
Moines Creek juvenile fish survey because mg/L) to reduce handling stress and allow
hatchery fish were released approximately 3 for rapid fish identification and length
miles from the juvenile fish study area, measurements. Fish were handled
juvenile coho often establish territories and immediately after signs of equilibrium loss.
remain in the same location for extended Fish greater than or equal to age-1 were --
periods of time (Hoar 1958), and recently large enough to identify and measure
emerged eoho in the creek are quickly without anesthetic. After data
distinguishable from Miller Creek Hatchery collection, fish were immediately transferred
coho based on size. to a third 5-gallon fresh water recovery tank

and remained until equilibrium was
The juvenile fish survey study area for regained. All fish were released at the point
Miller and Walker Creeks consisted of the of capture. General habitat characteristics of
reach from the mouth to the downstream sampling locations and location in the
intersection with First Avenue South. The stream system were described for all areas

Des Moines Creekjuvenile fish survey study where fish were captured. Species and
area consisted of the reach from the mouth length data were used to document the
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-- presence or absence of different species and Cutthroat trout (likely age-2) were captured
age elassesoffish, throughout the sampling reach; cutthroat

were often associated with deep water,
Capture success with the beach seine was commonly at the upstream edge of a plunge -
approximately 50%. Numerous fish were pool. Coho salmon (age-0) were also
observed during beach seine deployment but distributed throughout the sampling reach.
were not retained because of interference Sixty age-0 coho were captured in Walker
with submerged logs and other obstructions. Creek; however, only 32 were retained for
Fish also may have escaped through gaps in length measurement. Age-0 coho length
the bottom of the net before the beach seine ranged from 26-45 mm FL with an average
could be completely sealed, length of 38.25 mm. Age-0 coho were

typically found at about 6 inch depth in
slack water associated with edge habitat or

3.4.4.2 Results instream structure such as logs or boulders.
Side channel habitat is scarce throughout

The Miller Creek juvenile fish survey results Walker Creek. Biased sampling locations
are presented in Table 3-13. E & E were moderatelydifficultto identify because
captured fish at 7 sampling locations slack water preferred by age-0 coho
throughout the sampling reach (i.e., mouth appeared to be somewhat limited. Although,
to First Avenue South). Two species were slack water habitat associated with edge
identified: coho salmon and cutthroat trout, habitat or instream structure was more

E & E captured cutthroat trout (likely age 2- prevalent on Walker Creek compared to
5) throughout the sampling reach; cutthroat Miller or Des Moines Creeks. E & E
were often associated with deep water, observed numerous age-0 fish (presumably
commonly at the upstream edge of a plunge coho) in slack water habitat between
pool. Coho salmon (age-0) were also sampling locations but beach seine or dip
distributed throughout the sampling reach, net capture methods were not employed
A total of 15 age-0 coho were captured in because of sample gear inaccessibility or
Miller Creek. Age-0 coho length ranged because of proximity to another sampling
from 26-50 millimeters (mm) fork length location.
(FL), with an average length of 37.5 mm.
Age-0 coho were typically found at about 6 The Des Moines Creek juvenile fish survey
inch depth in slack water associated with results are presented in Table 3-15. E & E
side channels, edge habitat, or instream captured fish at 2 sampling locations in the
structure such as logs or boulders. Biased upper portion the sampling reach (i.e.,
sampling locations were difficult to identify mouth to Marine View Drive). Two species
because slack water preferred by age-0 coho were identified: coho salmon and cutthroat
appeared to be limited. E & E observed trout. One cutthroat trout (likely age-2)was
numerous age-0 fish (presumably coho) in captured at Station 1 in the upstream portion

-- slack water habitat between sampling of a mid-channel pool. A total of 6 age-0
locations but beach seine or dip net capture coho were captured in Des Moines Creek.
methods were not employed because of Age-0 coho length ranged from 34-38 mm
sample gear inaccessibility or because of FL, with an average length of 35.8 mm.
proximity to another sampling location. Age-0 coho captured at Station 2 were found

at about 6 inch depth in slack water

The Walker Creek juvenile fish survey associated with edge habitat and instream
results are presented in Table 3-14. E & E boulders. Biased sampling locations were
captured fish at 8 sampling locations difficult to identify, particularly in the lower
throughout the sampling reach (i.e., mouth portion of the sampling reach, because slack
to First Avenue South). Two species were water preferred by age-0 coho appeared to
identified: coho salmon and cutthroat trout, be limited.
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support fish populations include degraded
physical habitat, water quality, increased

3.4.4.3 Conclusions peak flows, and migration barriers. Despite
the degraded stream habitat, anadromous

Age-0 coho salmon were present throughout salmon runs (primarily coho salmon) exist
the sampling reach in each stream system, on Miller, Walker, andDes Moines Creeks.
Despite degraded habitat on Miller, Walker,
and Des Moines Creeks that likely limits In contrast to Miller and Des Moines
coho salmon production, adequate habitat Creeks, only one habitat survey has been
and water quality conditions currently exist completed on Walker Creek. Therefore,
to allow for some coho salmon egg to age-0 E&E performed a brief field survey of
survival. No age-0 chum salmon or Walker Creek habitat in December 1999, to
steelhe_d were captured during the juvenile confirm the baseline habitat characteristics,
fish surveys. As a result, it is unlikely that using methods found in Rapid
viable spawning populations of these species Bioassessment Protocols for Use in
exist on Miller, Walker, or Des Moines Wadeable Streams and Rivers, Second
Creeks. Edition (EPA 1999).

3.4.5 Habitat Survey 3.4.5.1 Methods

Many organizationshave surveyed in-stream E&E surveyed five, 100-foot habitat stations
and riparian habitats of Miller and Des on Walker Creek.
Moines Creeks with the goal of evaluating
the habitat for current or potential use by 1. Normandy ParkCove area.
salmonids,' primarily coho salmon, cutthroat 2. Residential area upstream of 13th
trout, steelhead, and chum salmon (Trout Avenue in Normandy Park.
Unlimited 1993, Resource Planning 3. Relatively undisturbed area in the
Associates 1994, Shapiro and Associates Walker Preserve.
1994, Parametrix, Inc. 1999c, BioAnalysts, 4. Upstream of 1st Avenue South.
Inc. 1998). Although it is difficult to 5. Residential area upstream of Ambaum
compare specific results obtained by the Avenue.
different habitat assessment methods, the
habitat surveys performed thus far have Habitat stations were randomly selected
reached the same general conclusion: within separate geomorphic segments as
adequate salmonid habitat exists on Miller defined by BioAnalysts (1999). Data from
Creek in the stream reach from Puget Sound the habitat surveys are presented in Table 3-
to the 1st Avenue South culvert while 16. Specific habitat parameters were scored

upstream of this culvert the habitat is through a consensus of two biologists as
marginal. In Des Moines Creek, adequate described in Rapid Bioassessment Protocols
habitat exists from Puget Sound to South for Use in Wadeable Streams and Rivers,
200thStreet, however, much of this reach is Second Edition (EPA 1999). Each habitat
inaccessible because if the migration barrier parameter score was then summed to obtain
at Marine View Drive. Local agencies agree the total habitat score for the sample station.
with these general descriptions (Masters Station 3 received the highest habitat score,
1999, Schnieder 1999). In general, which was expected based on the relatively
urbanization degraded the creeks, but the undisturbed habitat in the Walker Preserve.
creeks do support small resident fish The other four stations fall into the marginal
populations, including salmonids. Limiting or the low end of the suboptimal habitat
factors for the ability of these creeks to categories, indicating degraded habitat.

Water quality data collected for Walker
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- Creek included temperature, ranging from 3.4.6 Comparison to Previous Fish
6.5-7.6 °C; dissolved oxygen, ranging from Habitat and Population Studies
12.14-13.32 mg/L; and pH, measuring 7.70-
7.88. These water quality parameters are
within acceptable ranges for salmonid 3.4.6.1 Literature Review
species. Turbidity measurementat Station 2

was high compared to the other stations;the Significant volumes of information and data
reason for this deviation is unknown. The have been collected regardingthe proposed
major substrate components of most of the expansion of the airport and natural
habitat stations were sand and gravel. These resources in the vicinity of the airport.
results are consistent with the results of the Documents were pfioritized and reviewed
detailed Walker Creek habitat survey for pertinence to the project scope and the
performed by BioAnalysts (1999). source of the document. Information

obtained from objective sources, such as the
3.4.5.2 Conclusions King County Department of Natural

Resources, the WDFW, or scientific
The results of this field survey of Walker literature, was weighted with' greater
Creek are consistent with the results of the significance. Information generated by
habitat survey performed by BioAnalysts sources directly or indirectly involved with
(1999). The lack of channel complexity the proposed airport expansion was
(i.e., optimal pool:riffle ratio of 50:50), the reviewed with a critical eye. These sources
high degree of sedimentation, the lack of include, but are not limited to, the Port of
available cover, and the sparse riparian Seattle, public interest groups, or private
vegetation appear to be the habitat citizens. Biota-related fieldwork performed
parametersthat limit saimonidproduction in during this project was designed to clarify
Walker Creek. Habitat quality is below contradictions in available information.
optimal throughout most of the watershed,
especially in residential areas.

3.4.6.2 Proportion of Marked Fish in
Anadromous Salmon Population

Uncertainties 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, Parametrix 1999d,
BioAnalysts 1998, Batcho 1999). The
proportion of marked (adipose fin clip) and
unmarked (no adipose fin clip) fish reported
in annual fish returns is inconsistent. All
fish released from WDFW hatcheries

receive an adipose fin clip to 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 majority of anadromoussalmonreturns on Miller, Walker, or Des Moines Creeks.
to Miller, Walker, and Des Moines Creeks. Therefore, juvenile fish surveys cannot be
Although differences exist in carcass survey compared to previous characterizations and
results and previously documented are considered baseline information.
percentages of adipose fin clipped fish in the Juvenile fish survey results identify that
salmon return, these differences can be adequate habitat and water quality exists for
explained by natural annual variability in fish survivhl from the egg to fry stage.
salmon returns and different sample sizes
among the three studies.

3.4.6.5 Aquatic Habitat

3.4.6.3 Spawning Activity Many organizations surveyed in-stream and
riparian habitat of Miller and Des Moines

Reports of the occurrence of spawning on Creeks in order to evaluate the habitat for
Miller, Walker, and Des Moines Creeks are current or potential use by salmonids,
inconsistent. The WDtzW (1996) reported primarily coho salmon, cutthroat trout,
no evidence of spawning activity, but TU steelhead, and chum salmon (TU 1993,
(numerous years) and BioAnalysts, Inc. Resource Planning Associates 1994, Shapiro
(1999) reported anadromous fish spawning 1995, Parametrix 1999c and 1999d,
in the creeks. E&E originally planned to do BioAnalysts 1999). The reports generally
redd counts but these were not performed make the same conclusions, but with some
since a significant amount of time had exceptions. In general, urbanization has
elapsed since salmon had entered the creeks degraded the creeks, but the creeks still
and completed any spawning behavior, support small resident fish populations,
Therefore, visual indicators such as including salmonids. Limiting factors for the
observed "spawning behavior or freshly ability of these creeks to support, fish ,
overturned gravel were absent and populations include physical habitat, water
conclusive determination of redd locations quality, hydrology, and migration b_'riers.
was not possible. However, at the time of Physical habitat limitations include a lack of
the carcass surveys, E&E met with a habitat complexity, a low pool:riffle ratio,
resident living on Miller Creek upstream of and limited in-stream structure, especially
the SWSSD who had filmed anadromous large woody debris. Water quality
salmon returning and holding in Miller limitations include high summer water
Creek throughout the month of November. temperatures and low dissolved oxygen
Video footage conclusively shows a pair of levels. Hydrology limitations include rapid
salmon exhibiting spawning behavior such fluctuations in water flow, extreme variation
as nest building and quivering body between peak winter flow and low summer
movement (Fish 1999). Therefore, flow. Local agencies (i.e., King County and
information gathered during this project WDFW) agree with the habitat descriptions
supports observations by TU and reported for Miller and Des Moines Creeks.
BioAnalysts, Inc., that salmon spawning In addition, E&E biologists confirmed that
activity is occurring on Miller, Walker, and the reported physical habitat characteristics
Des Moines Creeks. on Miller and Des Moines Creeks reflect

field conditions.

3.4.6.4 Juvenile Fish Presence Only one habitat survey has been performed
on Walker Creek (BioAnalysts 1999). This

No known organization or agency has habitat survey was performed to verify
performed age-0 juvenile fish surveys previous study results and confirm the
shortly afcer fi'y emergence from the gravel existing habitat characteristics. Although

different methods were used to assess the
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-- habitat condition, the results of the surveys plan identifies that the costs of restoration
conducted on Walker Creek-were consistent are very high, and even if completely
with the BioAnalysts (1999) habitat implemented, full restoration of the basin is
assessment. In general, the habitat not possible (King County 1995).
assessments identified that the primary
limiting characteristics for the maintenance Two major river systems exist in the area:
of salmonid populations are fine-sediment in the Green River/Duwamish River watershed
streambed pools, lack of woody debris and and the White River watershed. The lower
complex in-stream structure, and sparse watersheds of both of these river systems are
riparian vegetation, highly urbanized, with similar

urban/residential land use estimates

compared to the percent of urban land use
3.4.7 Regional Significance of Local reported above for small coastal Puget

Fishery Sound watersheds. Significant portions of
the upper watersheds in both of these river

Puget Sound coastal watersheds in King systems remain undeveloped. However,
County encompass 92 square miles. In projected increases in urbanization would
southern King County, Miller and Des modify the existing land use in the
Moines Creek watersheds encompass 9 and watersheds and likely result in habitat and
6 square miles, respectively, and are two of water quality degradation.
the largest Puget Sound coastal streams.
Coastal Puget Sound streams are typically Annual escapement estimates for the four-
small stream systems that drain highly year period of 1988 through 1991 indicate
urbanized areas. In 1992, 67% of the land that the Green River/Duwamish River
use in coastal Puget Sound watersheds in Watershed supports a total of 44,928

- King County was urban/residential. King anadromous salmonids: 14,048 are
County estimates that urban residential land considered wild and 30,880 are cultured.
use will increase to 77% in these watersheds Wild fish are defined as ar_ fish that spawns

by the year 2012. Forest and park land use naturally, which could include hatchery fish
is not expected to change over this same that are successfully reproducing. Two fish
time period, however, rural land use is hatcheries in the watershed contribute to the
expected to decrease from 23% to 14% to cultured anadromous salmonid returns: the
compensate for the increase in urbanization Soos Creek Hatchery operated by the
(King County1995). WDFW and the Keta Creek Hatchery

operated by the Muckleshoot Indian Tribe.

Historically, these watersheds have The Green River/Duwamish River salmonid
supported abundant anadromous and escapement comprises 50% coho salmon,
resident fish populations. Today, many of 45% chinook salmon, 4% chum salmon, and
the coastal Puget Sound streams support 1% winter steelhead.
small salmonid populations. Although
coastal Puget Sound streams do not support Salmonid escapement estimates for the same
regionally significant numbers of fish, they four year period on the White River indicate
are important locally. Numerous a total run of 20,967 anadromous salmon:
community-based restoration efforts have 5,563 wild fish and 15,404 cultured fish.
begun in a number of the watersheds to The White River Hatchery operated by the
enhance salmonid habitat and to plant Muckleshoot Indian Tribe is a significant
salmon within the creeks. For example, in contributor to the total annual salmon
1993, the Hylebos Creek/Lower Puget production in the White River watershed.
Sound Basin Plan was the first The White River salmonid escapement

comprehensive basin plan developed for an comprises 75% coho salmon, 15% chinook
urban stream in King County. The basin salmon, and 9% chum salmon. The White
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River supports the White River spring However, other laws and regulations effect
chinook population which is a distinct stock wildlife control at airports.
not found in other basins (King County

1995). Only one aquatic species, the threatened
coastal/Puget Sound bull trout (Salvelinus

Therefore, regional river systems support confluentus) potentially occurs in the project
orders of magnitude greater numbers of area. The bull trout has very specifi c life
anadromous salmonids than do Miller, history requirements such as cold water
Walker, and Des Moines Creeks. Thus, temperature and clean gravel and cobble
population effects to salmonids in Miller, substrate that is often associated with
Walker, and Des Moines Creeks would be unaltered stream systems. Because of its
local; no significant regional effects to specific habitat requirements, the bull trout
salmonid populations would occur if has difficulty inhabiting or adapting to
population declines in these local creeks stream systems with anthropogenic or
were to occur, natural perturbations. Therefore, the bull

trout is not expected to be present in Miller,
Walker, or Des Moines Creeks. In addition,

3.5 Threatened and Endangered E&E could not find conclusive records
Species indicating that the bull trout historically

inhabited these creeks.

This section provides information on aquatic
wildlife species (state and federal listed NMFS manages anadromous threatened and
species), which may occur in the project endangered aquatic species. In Puget
vicinity. Two federal agencies, acting in Sound, no anadromous salmonids are listed
accordance with the Endangered Species as endangered, but chinook salmon is listed .
Act (ESA), manage threatened and as threatened. Unconfirmed data indicate
endangered species populations: the United that chinook salmon have been observed in
States Fish andlWildlife Service (USFWS) Miller Creek, however, no conclusive
and the National Marine Fisheries Service records could be found supporting this
(NMFS). Federal projects that could affect observation (Fish 1999). The Puget
listed species under the ESA are subject to Sound/Strait of Georgia evolutionary
consultation with both agencies. Among the significant unit (ESU) of coho salmon is
federally listed species that might occur currently a candidate species being
within the area include threatened considered for listing under the ESA. Small
coastal/Puget Sound bull trout and spawning populations of eoho salmon exist
threatened chinook salmon. The USFWS is on Miller, Walker, and Des Moines Creeks.

responsible for the threatened coastal/Puget Therefore, outcome of the NMFS ESA
Sound bull trout. The threatened chinook listing process for Puget Sound eoho salmon
salmon is managed by NMFS whom also will have significant impacts on the
manages other anadromous threatened and protection and habitat restoration efforts for
endangered aquatic species, the species and the allowable activities

within watersheds with known coho salmon

Management of other sensitive wildlife populations. Two additional anadromous
species varies, and usually is conducted in salmonids documented to occur in Miller,
cooperation with State wildlife agencies. Walker, or Des Moines Creeks include !
The federal action agency for this project is chum salmon and steelhead. Small numbers
the FAA and they are directed to plan, of chum salmon were observed in Walker
implement and consult on projects, which and Des Moines Creek during the carcass
might impact federal listed species, surveys; steelhead presence in the creeks

was not confu'med. NMFS has determined
that the Puget Sound chum salmon ESU and
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the Puget Sound steelhead ESU are not 3.6 Analysis ofSelectedlmpacts
warranted for protection underthe ESA at
this time.

This section describes independent analyses
The WDFW does not consider any fish of possible third runway project impacts,
species as threatened or endangered. The and comments on impact analyses provided
three fish species are listed as sensitive in by the Port of Seattle.
the State of Washington: Olympic
mudminnow (Novumbra hubbsi), margined

sculpin (Cottus raarginatus), and pygmy 3.6.1 Effects on Ecology from Possible
whitefish (Prosopium coulteri), have not use of Maury Island Fill
been documentedto occur in Miller, Walker,

or Des Moines Creek. Thirty-eight fish Gravel from a mine on Maury Island is
species are identified as State Candidate being considered as fill for the proposed
Species. Only two freshwater or runway expansion. The top eighteen inches
anadromous candidate species occur in the of gravel at Maury Island contain high levels
Puget Sound region: chinook salmon and of arsenic, cadmium, and lead originating
river lamprey (Lampetra ayresi). Neither of from the former ASARCO smelter in

these species are expected to be present in Tacoma. The top 18 inches of soil at Maury
Miller, Walker, or Des Moines Creek. Island are proposed to be contained at the

island mine prior to aggregate extraction.
The W'DFW also maintains the Priority Ecology must have assurance that the fill
Habitats and Species (PHS) list, which used for the airport project will not result in
serves as a catalog of species and habitat exceedances of state water quality criteria.
types identifiedasprioritiesformanagement The Port and Ecology are working to
and preservation. A priority species is determine what screening methods and

- defined as fish and wildlife species requiring contingencies are necessary to ensure that
protective measures and/or management water quality criteria are met.
guidelines to ensure their perpetuation.

Species are included on the PHS list if they This project analyzed the potential effects to
satisfy one of three criteria: 1.) State Listed ecological receptors, such as the benthic
and Candidate Species; 2.) aggregations that community, if arsenic, cadmium, and lead in
are vulnerable to significant population the Maury Island fill were to migrate from
declines by virtue of their inclination to soils to nearby sediments. Surface and
aggregate (such as fish spawning and rearing subsurface soil data of the potential Maury
areas); and, 3.) species of recreational, Island fill were compared to ecological
commercial, and/or tribal importance that benchmarks to assess whether unacceptable
are vulnerable to habitat loss or degradation, ecological risks may occur. Based on thisThe three fish species known to occur on

comparison, metals in the potential Maury
- Miller, Walker, and Des Moines Creek (i.e. Island fill soil should not pose an

coho salmon, cutthroat trout, and chum unacceptable risk to the environment.
salmon) are included on the PHS list. Coho Appendix G contains further details and the
salmon are considered a priority species Maurylsland data.
because they satisfy criteria 2 and 3,
cutthroat trout are a priority species because

they satisfy criteria 3 only, and chum salmon 3.6.2 Effects on Streamflow
satisfy all three priority species criteria.
However, the chum salmon state listing is
for populations separate from this region of The SWMP presents a strategy intended to
Puget Sound (WDFW 1999). mitigate the long-term effects on streamflow

due to proposed improvements to the
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airport. The effects of concern include
stormwater peak flow rates and durations, In the Miller Creek basin, predicted volumes
base-flow rates, and water quality. The were compared to observed values for water
stormwater plan was developed using HSPF years 1993 through 1996 at gages below
computer model analyses described in the Lake Reba and near the creek mouth. Table
Section3.6.2.1. 3-17 compares the total flow volumes,

expressed as equivalent inches of
The Port proposes to control stormwater precipitation across the area draining to each
runoff from the airport using a combination gage.
of local and regional facilities to regulate the
rate at which stormwater is released to Des At both gages the HSPF model produces
Moines, Miller and Walker Creek excessive volumes of water compared to the
watersheds. It is intended to control observed flows, indicating the model is not
stormwater discharges so as to limit peak well calibrated, despite the matching of
flow rates and durations of high flow rates to simulated and observed peak flows for
those that would occur under a hypothetical selected storm events presented in Figure B-
land-use scenario wherein the effective 3 in the Appendix B to the SWMP. The
impervious surface area (EIA) is 10 percent poor calibration results from the parameters
in each watershed. Effective impervious used in construction of the HSPF model for
areas are hardened ground surfaces that the MillerCreek/WalkerCreekwatershed.
absorb a minimal amount of rainfall

(pavements, rooftops) that are hydraulically There are several inconsistencies in the input
connected to the receiving streams without data between models developed to simulate
flow attenuation. The flow conditions different land use scenarios in the
estimated to result under the hypothetical 10 watershed. In addition, the model simulates
percent EIA'condition is termed the target groundwater contributions to streamflow in

flow regime. The target flow regime is a manner that is unconnected to prior
identified in the plan as the proposed Level precipitation and therefore does not take
2 discharge condition below the respective advantage of the rigor offered by HSPF.
regional detention facilities in Miller Creek Miller Creek and Walker Creek share the

and Des Moines Creek. same input files and parameter values. As a
result they are discussed together in this
report. Four Miller Creek/Walker Creek

3.6.2.1 Miller ,Creek HSPF Model HSPF models, each representing a different
Review land use scenario, were reviewed:

The HSPF watershed models were provided MILL-C calibration land use
to Earth Tech for evaluation by this project, conditions
The modeled discharge volumes were MILL-PRE pre-developed land
examined to assess the models' calibration use scenario (target
in accounting for the water budget. Total flow conditions)
flow volumes predicted by the HSPF models MILL94 1994 land use base
were compared to observed values at two scenario
locations.each in the Des Moines Creek and MILL04 2004 land use
Miller Creek watersheds, scenario

The period of flow rate calibration data used Some model parameters describing how the
for the Miller/Walker Creek HSPF model is watershed responds to rainfall are
from October 1, 1992 to August 30, 1996. inconsistent with features in the Miller
This four-year period of time is adequate to Creek/Walker Creek basin. The water
sufficiently calibrate the HSPF model, imbalance described above may be
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attributed to how the model simulates the land surface types except for outwash and
infiltration of rainfall into the shallow fill types where DEEPFR has been set at 0.8.

groundwater zone and the discharge of The DEEPFR parameter specifies how much
groundwater to the stream systems. The of the infiltrated water continues downward
HSPF program is capable of tracking the into the deeper aquifer and how much
portion of rainfall that infiltrates to the travels laterally through an upper stratum.
shallow and deep groundwater zones. This The DEEPFR should be set equal for all
feature is important to the analysis of the PERLND types unless there is a specific
base flows and flow durations of Miller and reason to alter this. No such reason is cited
Walker Creeks, because the model can in the Preliminary Comprehensive
account for water in the groundwater zones Stormwater Management Plan.
available to resurface in the creek

downslope. As rainfall patterns vary over Analyses with the slice groundwater models
time, the stored groundwater volume (Sections 3.2.4.1 and 3.6.4) suggest that the
changes correspondingly, which influences percent of recharge that percolates through
the base flows in the streams. However, the till would change from the current to the
rainfall that percolates to groundwater is not built conditions. In the current condition
tracked within the HSPF model constructed slice model, 46.5 percent of recharge flows
for the Miller and Walker Creek watersheds, down through the till and in the built

Instead, the groundwater contribution to condition slice model 53.5 percent of the
streamflow is simulated by a constant year- (reduced) recharge flows down through the
round flow rate introduced to a lower reach till. The DEEPFR parameter should be set
of Miller Creek. By constructing the model accordingly and all airport fill parameters
this way, the base flows modeled in the should be consistent for all HSPF model
stream are disconnected from the amount of scenarios for both the Des Moines Creek

shallow groundwater that has been and Miller Creek watersheds.
accumulated from prior rainfall. The
simulated base flows are also not The two constant groundwater inflow series

representative of the distributed and varied to the creek should be removed from the
discharges from seeps observed in the model, and the deep fraction should be
watersheds, adjusted to appropriately account for the

variable inflow generated by groundwater
The Miller/Walker Creek HSPF model storage. It is not appropriate to have the

incorporates time series inflows of deep fraction active in the model while
groundwater. These inflows are equivalent simultaneously introducing a constant
to a constant 3.27 cfs total. If these time groundwater inflow based on a time series.

series represent springs, then the flows from The combination of these two actions
these springs should be generated directly by renders the model unusable for analyzing
the groundwater conditions computed by the flow volumes and peaks. The model would
model. The model would then simulate require modification before a thorough
groundwater inflows to streams based on evaluation of the performance of the model,
computed seasonal groundwater and a corresponding evaluation of proposed
fluctuations, surface-water controls, could be completed.

PERLND parameters in the models were The MILL94 HSPF model parameter values
reviewed with respect to watershed (1994 land-use scenario) differ from the
conditions and consistency between models other three models in five instances. The
for the various scenarios, specific parameters are KVARY, AGWRC,

DEEPFR, INTFW and IRC. No explanation
Groundwater Deep Fraction (DEEPFR) is for the parameter differences between the
set in the models at a value of 0.3 for all models is provided in the Preliminary
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Comprehensive Stormwater Management FTABLEs define the relationship between
Plan. Adjustment of these parameters the volume and flow rate of water within a
affects model calibration, base flow, storm reach of the stream or within a facility. In

flow peaks, storm recession rates and reviewing the FTABLEs in the Miller and
interflow. Walker Creek model, several were found to

have values that are suspected to be

It is possible that after changing the inaecurate beeauseinsomeoftheFTABLEs
DEEPFR parameter and eliminating the the surface area of the reach decreases with
groundwater inflow time series that several increasing water depth. The suspect
other parameters would need to be adjusted, FTABLEs include those numbered: 66, 62,
specifically AGWRC, INTFW and IRC. 54, 63, 1,111, 11, 15, 16, 17, 34, 35, 38, 50,
These parameters can affect model estimates 53, 60.
of peak and low flows.

The interception storage (CEPSC) parameter
Total watershed area is not consistent for the is set at 0.1 for all PERLND types. This
four model scenarios as shown in Table 3- includes both forest and grass. The value of
18. Watershed area is greatest for the pre- this variable should vary depending on
developed scenario and smallest for the vegetation coverage.
2004 land use scenario, and the calibration
scenario model contains 2.1 percent more In reviewing the Walker Creek portion of
gross watershed area than the 2004 scenario the HSPF model, it was found that although
model. All PERLND types change between a portion of the runway fill embankment is
the four model scenarios. For example the to be situated in the headwaters of the
pre-developed condition has 2345 acres of Walker Creek drainage, this change in land
till soils, 2170 acres of outwash soils and use was not reflected in the land use within
514 acres of impervious surface. This is the 2004 scenario model.
changed under the 2004 land use scenario to
1377 acres of till, 2101 acres ofoutwash and Walker Creek shares the same PERLND
1206 acres of impervious surface. It is parameters as Miller Creek within the HSPF
presumed that much of the difference is a model and therefor could have similar
result of historic and proposed fill placement calibration and parameter problems.
at the airport, but a difference of more than
100 acres is not accounted for. A quantified
description of the sources of land use 3.6.2.2 Target FlowRegime
changes, particularly within the airport site,

would aid interpretation of model results. After analyzing the Port's target flow regime
proposal, Earth Tech agrees that basing

With a larger percentage of the watershed target flows for the stormwater management
assumed covered by till soils in the target strategy o.n theoretical 10 percent EIA is a
flow scenario, the model will simulate more reasonable approach to establishing
runoff volume and higher peak flows. With hydraulic conditions that would support
a larger percentage of outwash soils stable streamchannels.
assumed in the 2004 land-use scenario, the

model will simulate lower runoff volumes The land uses inferred by the target flow
and rates. When attempting to size facilities regime represent a large reduction in
that limit runoff from future land-use impervious surface area from the 1994
conditions to target flow rates, the effect of existing condition baseline. EIA in the
the shift from till to outwash soils between Miller/Walker Creek watershed exceeds 22

scenarios would be to undersize the percent (refer to Table 3-18) under existing
facilities, conditions. In the Des Moines Creek

watershed, EIA exceeds 36 percent of the
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watershed when excluding areas tributary to lack of storage in the models results in
the IWS. Therefore, if achieved, control of increases in estimated peak-discharge rates
stormwater flows to a regime equivalent to under the target flow regime scenario above
that of 10 percent EIA would benefit the what they would be if storage were included
structural stability of the stream channels, in the models. It is also expected that
Research conducted on local watersheds storage in the upper subbasins of the
(Booth, 1989) indicates that increased EIA watersheds would increase the duration of
corresponds to dramatic increases in both low flows; therefore, the target flow regime
flood flows and sediment transport in model is suspected of underestimating low
streams, flow durations.

The representations of the target flow It is acknowledged that the target flow
regime in the HSPF models for Des Moines regime is intended, within the context of the
Creek and Miller/Walker Creek watersheds plan, to be a hypothetical characterization of
were reviewed. Both models, termed a low-development condition in the

"predevelopment", represent 10 percent of watersheds and not as an accurate recreation
the gross watershed area as impervious of a specific historic state. However, the
surface. In the Miller/Walker Creek model, plan does not qualify the results in this
however, the amount of outwash soils in the fashion, and the model results could be
remaining 90 percent of the watershed is misinterpreted.
inconsistent with the HSPF models

representing other land use scenarios. The target flow regime model results are
Under predeveloped (target flow regime) affected by the inappropriate modeling of
conditions, the watershed is modeled as groundwater flow to the creeks perhaps to a
containing 2170.6 acres of outwash soils, greater degree than those of the various
whereas under the calibration and 1994 development scenarios. Under a less
(existing) conditions models, the acreage of developed watershed condition, there is
outwash soils assumed in the models greater opportunity for precipitation to
increases to 2226.6 and 2225.7 acres, infiltrate the soils and maintain a supply of
respectively. With increasing development, groundwater to the streams. Without a
it would be expected that the amount of connection between the rainfall infiltration,
outwash soils would decrease as they are groundwater storage, and the discharge of
replaced with impervious surfaces and groundwater to the streams, a direct
covered by fill. This change needs to be comparison of proposed conditions to the
resolved in order to assess how well the target flow regime cannot be adequately
model predicts the flow regime that would performed.
result under the assumed land use
conditions.

3.6.2.3 Proposed Flow Control Measures
-- The target flow regime HSPF models were

not developed to represent hydraulic The general approach to sizing flow control
conditions that were present historically, facilities, as presented in the SWMP, is
Channel reaches and flood plains are not appropriate. That approach included:
defined in their historic dimensions, and applying the target flow regime concept,
natural depression storage within the using Level 1 flow control facilities in
watershed is not included in the hydraulic conjunction with regional facilities to
routing in the models. The target flow achieve Level 2 control, and using the HSPF
regime models do not include existing model to simulate the target, existing and
natural storage or historic storage proposed watershed conditions. However,
depressions that were eliminated in the as noted above, confident technical

course of urbanization. The result of the execution of the approach requires
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corrections to the models used to size the 3.6.3.1 Changes to Non-Precipitation
flow control facilities. Water Sources

Table 3-19 summarizes how the limitations Non-precipitation water sources would
in the modeling, if not corrected, would change in the buy-out area under the
affect the sizing of flow control facilities, proposal. The net change in non-
The effects are qualitatively assessed, precipitation water sources to the buy-out
Because of the fundamental concerns about

area is summarized below. All the changes
the models' construction, the effect the are likely to directly affect base flow of
model changes would have on facility size Miller Creek.
could not be reasonably quantified within

the scope of this project. • -66,000 gallons per day (gpd), or -46
gallons per minute (gpm) year-round

The flow-control plan in Miller Creek relies from cessation of septic discharge of
on the expansion of the proposed regional imported water
Miller Creek Detention Facility (MCDF) at * +84,000 gpd, or +58 gpm, in summer as
Lake geba. Implementation of this project a result of cessation of irrigation with
should be reviewed with regard to possible local water sources
breaching of an aquitard near the excavation
proposed for that project (Section 3.2.4.1). • -10,000 gpd, or -7 gpm, in summer as aresult of cessation of excess lawn

No alternatives are specified for provision of irrigation with imported wateradditional stormwater detention capacity in
lieu of expanding the MCDF. * unknown changes resulting from

leakage from water supply pipes
• net change: approximately zero in

3.6.3 EffeCts on the Soil Water-Balance summer, and -66,000 gpd, or --46 gpm,
in the non-irrigation season ,

Changes to total groundwater recharge in the The following three paragraphs explain
project area could occur from the following these estimates.actions:

An estimated 66,000 gpd of imported
residential water supply is discharged

• Changing infiltration of through the 380 septic drainfields that would
precipitation by changing land be abandoned in the buy-out area. Table 3-
cover, soil type, and slope 20 summarizes the calculations. They are

• Conveying runoff from impervious based on 80 gpd per person, 2.5 people per
surfaces away from local recharge household, and 87 percent source-to-
areas drainfield efficiency. This water is

• Eliminating the discharge of discharged to surface soils and is distributed
imported water through leaks and

throughout "the buy-out area. This water
septic systemsthroughouttheyear contributes to recharge in the shallow

• Eliminating irrigation with local and groundwater regime that is closely tied to
imported water sources in summer 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 to 25 percent (1 of
4-to-8 cfd/f) of winter base flow gains in the
middle reach of Miller Creek. The effect on
total base flow would be smaller. These
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-- calculations assume that none of the effluent 3.6.3.2 Changes in Recharge from

recharges deeper aquifers. Precipitation

Cessation of irrigation with local water Change to precipitation-derived recharge in
sources (the creek or shallow wells) would a cross section of the proposed fill was

cause an increase in irrigation-season in- evaluated by this project. The calculation
stream flow as a result of reduced considered conversion of wetlands and

evapotranspiration. Cessation of irrigation forest to grass on the embankment fill, and
with imported water would cause a the widths of the only two impervious
reduction in irrigation-season streamflows, surfaces on the cross section (12 th Avenue
assuming some excess irrigation occurs. South and the third runway). The
SWMP Appendix G presents an analysis of calculation indicated about 11 percent

commercial irrigation using local water decrease in groundwater recharge along the
sources in the buy-out area but does not cross section, largely as a result of the
consider excess irrigation with local or increase in impervious area. This estimate is
imported water sources. SWMP Appendix probably high because no secondary
G estimates that 0.13 cfs (84,000 gpd) are infiltration of runoff from the third runway
pumped from local sources during the was assumed, and a deeply-rooted healthy

summer months and implies a corresponding grass crop was assumed for the new fill.
increase in summer base flows. That This calculation is applicable to a relatively
estimate is probably high assuming some small area proposed for change and is not

•excess-irrigation water returns to the representative of changes anticipated from
streams, the combined Master Plan Improvements.

• A rough calculation of lawn irrigation with The 11 percent reduction in local recharge is
imported, water suggests that possibly large, but dependent flows to local wetlands
10,000 gpd over the summer recharges and the creeks will be reduced only in winter
groundwater as a result of over-irrigation, when abundant water is typically present
That recharge source would terminate with anyway. A similar reduction in recharge
the removal of public water supply to the basin-wide would cause a major impact to
area. The estimate is based on 400 homes, baseflows. To assess basin-wide impacts,
0.25 acres of lawn per home, 1 foot of the Port's recharge calculations that
summer lawn irrigation, and 25 percent loss considered all Master Plan Improvements
to deep percolation (excess irrigation), was reviewed. The HSPF model parameters

used in the Port's recharge analysis do not

The net effect of these changes appears to be appear to correspond to those used in actual
about zero in the irrigation season (summer). basin modeling also conducted by the Port.
In winter, the rate of base flow gain in Therefore, a confident assessment of basin-

middle Miller Creek may be reduced by the wide recharge and baseflow impacts is
- elimination of septic discharge. The change currently lacking. A confident assessment

in winter base flow from these effects would of basin-wide recharge and baseflow effects

be expected to be about -46 gpm, or -0.1 should be possible by analyzing a properly
cfs. However, summer base flows are more implemented and documented HSPF model.
critical than winter base flows for fish
habitat.
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3.6.4 Effects on Shallow Groundwater directly because no embankment exists to
Circulation retard movement of water to the saturated

zone where predominantly horizontal flow

Changes to the direction of groundwater occurs. For the built condition, recharge
flow would not be expected as a result of the model results were input to Hydrus-2D, and
embankment construction because the then Hydrus-2D results were used as input

general locations of recharge and discharge to the slice model. The slice models used
remain the same. However, changes to the for the current and built conditions were
timing ofgroundwaterdischargetowetlands similar except for the presence of the

embankment and drainage layer (Figure 3-along Miller Creek is likely. Analyses were
performed to assess changes between the 5).
relative amounts of groundwater recharge to
the shallowest two aquifers, and changes in The Hydrus-2D model simulated the
timing of discharge from the shallowest spreading of recharge fronts as they are
aquifer to wetlands. These evaluations were predicted to move downward through the
made using the following three models: proposed embankment fill. Figure 3-12

shows model results for recharge to the top

• Recharge Model of the modeled embankment, and outflow to
• Hydrus-2D the drain layer at the bottom of the
• Finite-difference slice model (slice embankment for different fill thicknesses.

model) Independent models were run for fill
thicknesses of 150, 130, 110, 90, 70, 50 and

The recharge model was used to estimate 30 feet. The model suggests that substantial
groundwater recharge for the current and spreading of seasonal recharge is likely

within the fill, with the amount of spreadingproposed post-construction conditions at the
third runway fill and borrow sources south increasing with increasing fill thickness as
of the runways (Section 3.2.3.2). Hydras- expected. Some discharge at the bottom of
2D was used to model circulation of water the fill is predicted to occur all year.
between the root zone and the water table Appendix C presents more information on

assuming construction of the runway fill. the Hydrus-2D model.
The slice model was used to accumulate and

The texture of the modeled fill was
move recharge downgradient under current
and built conditions, to the Miller Creek calculated based on specifications for Phase
riparian wetlands. The slice model also 1 fill (installed in 1998 and 1999) and
simulates groundwater circulation to the proposed embankment composition

described by Hart Crowser (1999e). Thesecond (Qva) aquifer. Appendices B, C,
calculations were also compared to theand E discuss the structure and input to

these models, texture of Phase 1 fill based on soil samples
collected by Terra Associates (1998).

The recharge model and other soil-water Appendix C describes that the 55 percent
balance models can calculate only quantity gravel fraction and 16 percent fines
of water in the water budget. In order to fraction calculated for the general
assess the timing of discharge of embankment by this method is near the

groundwater to aquifers and wetlands, the middle of the range observed at the
Hydrus and slice models were necessary. Phase I fill. However, most samples
These models use equations of groundwater were observed to be coarser than the

flow, continuity, and mass balance to modeled fill. Also, the fraction of silt-
calculate groundwater movement. For the plus-clay, as a percentage of the matrix,

current condition, the slice model used varied widely in the samples. The value
recharge output from the recharge model calculated for the general embankment is

I_edlie,
6rmBdwater Page 50
flroup

AR 011678



Sea-Tac Runway Fill

Hydrologic Studies

-- near the m_ddle of the range observed in Figure 3-13 shows results of the
Phase I soils. However, most field embankment (built condition) slice model.

samples were measured to have a lower It summarizes water outflow at the bottom
silt content than the modeled fill. of the proposed west wall in terms of drain

outflow and groundwater flow (horizontal

A simple finite difference slice model was flow in soils below the drain layer).
developed to simulate horizontal and Recharge to the drain layer at the bottom of
vertical groundwater flow within the drain the fill (Hydrus-2D output) and seepage
layer and existing soils below the through the till to a second (Qva) aquifer are
embankment. It is similar in structure to the also shown but are summed over the entire
slice model of the current condition cross section). Units of measurement on the

presented in Section 3.2.4. Both slice plot are cubic feet per day, per foot of width
models are described further in Appendix (cfd/f). The water volumes summed over
E. For the built condition slice model, the year are listed in the legend. Changes

between current and built conditions were
outflow from the Hydrus-2D model was
used as input to the simulated drain layer, interpreted by comparing Figures 3-6 and

. Figure 3-5 presents the geometry of the 3-13 and indicate that:
embankment slice model.

• Recharge would be 11 percent less

The slice model was used to simulate along the cross section, and would

groundwater flow for both the current and spread-out within the fill, causing a
built conditions. Two versions of the model significant timing lag in discharge to the
were constructed to represent expected wetlands and creek west of the
differences in flow system geometry and embankment compared to the current
hydraulic properties. The slice model is condition.
based on a quasi-two-dimensional finite-
difference formulation of the partial * Discharge to remaining wetlands and the
differential equation describing transient creek under the built condition would
groundwater flow through a saturated vary less throughout the year and the
medium. Model cells were only connected period of minimum discharge would be
to laterally adjacent neighbors as opposed to shorter. Flows would be lower in winter
overlying or underlying cells - thus the than under the current condition, and
quasi-two-dimensional nature of the model, greater in summer compared to the
Each model cell can contain up to three current condition. The total quantity of
different "soil layers", differing in thickness water flowing to the wetlands would
and hydraulic conductivity. The bottom decrease because total recharge would
elevation of each cell is defined by the top decrease. Based on the total volumes
of the till layer, and downward flow through and the timing plots, the model suggests
the till can be simulated. For each cell, the that 71 percent of surface flow predicted

model also specifies storage coefficient and by the model under the current condition
would discharge from the drain belowrecharge per time-step. The model assumes

unconfined flow (variable transmissivity) the wall under the built condition. The
under horizontal gradients defined by head surface flow occurs in winter and spring,
differences between adjacent cells. The whereas the modeled drain discharge is
model was implemented in a Microsoft less seasonally variable (more detailed
Excel spreadsheet, using direct (explicit) interpretation of the timing of modeled
methods to solve the finite-difference discharge is inappropriate, especially for

equation, the built condition, for which no
confirmatory field observations are
available).
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• The volume of seepage downward They underlie the Qva aquifer which is the - --
through the till would likely change only deepest geologic layer discussed in detail
slightly under the built condition; elsewhere in this report.
however, the percentage of recharge
seeping through the till would increase The precipitation that infiltrates below the
substantially, root zone over the large aquifer area is

apportioned between shallow, intermediate,
A formal model sensitivity analysis was not and deeper groundwater flow regimes. The
conducted. However, the distribution of shallow regime includes all the groundwater
water quantity between surface/drain flow discussed in this report. The deeper regimes
and till seepage is known to be sensitive to include flow within the intermediate and
assigned hydraulic conductivity for the till. deep aquifers. The regimes are somewhat
Higher hydrauli c conductivity for the till interdependent, with reductions in recharge
allows more water to seep downward, and to the surface being equal to reductions to
less is left over to discharge horizontally, stream base flow plus reductions to recharge
Appendix E presents the assumptions and in lower aquifers. Conversely, pumping
basis for modeling the till with a hydraulic from deep aquifers can affect the quantity of
conductivity of 0.004 ft/day (1.4x10"6 water in the shallow regime and thus base
cm/sec) in both models. Although the water flow in creeks. The proper tool for
quantities are sensitive, the model results evaluation of these large scale effects is a
indicate that change in the timing of surface multi-layer groundwater flow model. The
and drain flows between the current and Port is generating such a model at this time.
built conditions is generally consistent over
a range of till hydraulic conduetivities. The small reduction in groundwater

recharge to deep aquifers of the Des Moines
The timing changes would generally benefit upland would not materially affect the
the local wetlands that remain after filling ability of these aquifers to supply water to
and would slightly moderate seasonal low wells. This conclusion is based on the
base flows and temperatures in Miller relatively large recharge areas of these
Creek. However, all water quantities are aquifers compared to the airport, the fact
reduced on an average annual basis because that the effects would be apportioned
total recharge is smaller under the built between shallow and deeper effects, and the
condition. Also, since the embankment is a shallow recharge estimates reported herein
small part of the Miller Creek watershed, the and in Port documents.
overall effect on streamflow is small. If the
constructed fill has a lower silt content than

was assumed in the model, the lag may be 3.6.6 Comparisons to Previous
overestimated and the recharge volume may Groundwater Assessments
be underestimated.

Changes in shallow groundwater recharge -"
resulting from cessation of septic discharges

3.6.5 Effects onDeeperAquifers in the area have not previously been
reported.

The intermediate and deep aquifers of the
Des Moines upland supply water to the Appendix F to the SWMP presents analyses
Seattle Water Dep_,iaiient and Highline related to potential base flow impacts from
Water District. The aquifers are laterally the proposed airport improvements,
extensive, underling virtually the entire Des including the runway embankment fill.
Moines upland from Federal Way on the Table F-2 of the appendix summarizes the
south, to nearly West Seattle on the north, proposed changes in land use upon which

the Port derives conclusions regarding base
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- flow effects. Comparisonsbetweenthe land
areas cited in Table F-2 and those used the The anticipated major changes in land-use

HSPF modeling of various scenarios classes involve changes to impervious
revealed inconsistencies between the surfaces, and conversion of forest and grass
modeled land uses. Table 3-21 compares to airport fill; therefore comparisons
the Table F-2 values to the corresponding between water budget components for these
existing- and proposed- conditions HSPF land classifications are summarized. The
model input data. The differences in gross HSPF results are from Appendix F to the
basin acreage amount to several percent, and SWM'P. As noted above, the HSPF
large discrepancies are found in the relative parameters of that appendix are apparently
proportions of till and outwash soils in the not the same as the parameters used for
Miller Creek and Walker Creek watershed, other Miller Creek HSPF model analyses.
These differences could significantly
influence the estimates of base flow effects. • The HSPF model estimates that 59 to 62

percent of precipitation becomes
The analysis presented in Appendix F to the interflow or groundwater recharge in
SWMP uses the HSPF parameter input to forest areas. This value compares well

generate a "recharge index". The index is to 64 percent for the PGG recharge
independent of the groundwater accounting model of the mixed forest.
problem within the Miller Creek model; but, • The HSPF model estimates that 71 to 74
as implemented by Parametrix, the index is percent of precipitation becomes
sensitive to the HSPF input parameters, interflow or groundwater recharge in
Parametrix included interflow as a grassy areas. This value is substantially
groundwater component from the HSPF higher than the 59 percent estimated by
"airport fill" land use type but excluded it the PGG recharge model. The

_ from other land use types. The models of difference between these rates is caused
groundwater movement generated by Pacific primarily by different amounts of
Groundwater Group indicate that interflow calculated evapotranspiration, but the
would not occur within the airport fill. reason for the differences in the
Therefore, although the HSPF model is evapotranspiration rates is not known.
inappropriate for generating interflow within Evapotranspiration is calculated within
airport fill, Parametrix correctly the recharge model using the Blaney-
compensated for this problem by including Criddle method, published crop factors
interflow as "groundwater" in this analysis, for grass (Durme and Leopold, 1978),

and an assumed 24-inch rooting depth as
The exclusion of interfiow in calculating the used within Bauer and Vacarro's deep
recharge index for other land use types is percolation model. Although they are
neither correct nor incorrect, but a standard, the crop factors and rooting
judgement dependent on the definition of depth used by the PGG recharge model
groundwater. The Parametrix index may be excessive for the grass that is
effectively excludes water that enters likely to grow on the embankment. In
streams within about one to seven days of a that case, more recharge would be
precipitation event (i.e.: interflow). Using calculated by the PGG recharge model,
data in Appendix F to the SWMP, recharge and the numbers would be closer.
reduction would total 2.8, 3.3, and 6.6 • The HSPF model estimates that 63.5

percent if interflow were included for all percent of precipitation becomes
land types. These values are compared to interflow or groundwater recharge in the
1.8, 2.0, and 6.8 percent calculated by new fill areas. That value compares
Parametrix for all of Miller Creek, Miller reasonably well to the 59 percent
Creek below SR518, and Des Moines Creek estimated by the recharge model
basins, respectively. (modeled as grass on outwash). The
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difference results from the systems within the embankment area.
aforementioned difference in Second, Hart Crowser's water-balance

evapotranspiration estimates, and the analysis (Appendix B to Hart Crowser,
offsetting assumption wherein the HSPF 1999c) included analysis of a slice similar to
model assumed 6.6 percent runoff while the west-wall slice model presented in this
the recharge model assumed no runoff, report. However, they used Miller Creek

HSPF output, including partitioning of
Hart Crowser's water balance calculations interflow, shallow groundwater flow, and
(Appendix B to Hart Crowser, 1999c) used deeper groundwater recharge. Details of
both the total quantity of groundwater Hart Crowser's calculations were not

recharge, and the groundwater distribution provided. Both analyses are questionable
(interflow, shallow, deep) from the because of the inherent limitations on HSPF

Parametrix HSPF model of Miller Creek groundwater modeling, and the particular
(which version is not clear). As noted problems with HSPF groundwater
above, the accounting of groundwater in the accounting in the Miller Creek model.
Miller Creek model is unreliable but the Therefore, we did not compare either
quantity not lost to runoff and estimate to those prepared for this study.
evapotranspiration should be acceptable if
the land class parameters are correct. The

details of the Hart Crowser calculations 3.6.7 Impacts to Wetlands Including
were not provided and therefore no detailed Mitigations
review was possible.

In order to evaluate potential impacts to
Runoff from the runways is modeled in wetland resources that would occur as a
HSPF as 100 percent of precipitation, result of the proposed Seattle Tacoma
Although not quantified by independent International Airport (airport) third runway
analyses during this project, secondary expansion, E&E conducted field surveys and
infiltration of this runoff into the reviewed literature. The purpose of the field
embankment fill may be substantial. The surveys was to provide E&E wetland
filter strips that would receive runoff are scientists with an understanding of the
unlined grassy slopes with catch basins existing conditions, proposed changes, and
spaced hundreds of feet apart and would the regional context. Using the gathered
provide an Opportunity for infiltration of data, E&E assessed the existing wetland
pavement runoff. Also, the conveyance conditions, evaluated the functionality and
pipes that would transfer water from the value of the wetlands potentially impacted,
catch basins to stormwater detention estimated the effects of the potential
facilities may be perforated. The perforated impacts, and evaluated proposed mitigation
pipes would serve to drain saturated ground measures.
if it develops below the runways, and to

infiltrate runoff where the ground is not For discussion purposes this analysis is
saturated. These features could cause broken into two discussions, the first
secondary infiltration of runoff from the regarding the size of the potential impact,
runways and taxiways on the embankment and the second regarding the functional
fill. impacts that would result.

Two related estimates of changes to the

timing of groundwater discharge have been 3.6.Z1 Acreage Impact
attempted. First, the Miller Creek HSPF

model was modified to address the changing Based on previous reports coupled with the
soil layering, and, thus, partitioning of field verification of wetland boundaries,
groundwater between shallow and deeper
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- E&E calculated that the fill activities prior to discharge into the creek. As a
associated with the airport improvement result, the larger wetlands within the
projects would result in the permanent loss watershed have a moderate-to-high potential
of 13.88 acres of impact in the Miller Creek to provide nutrient and sediment trapping.
watershed. In addition to the permanent The functionality of the slope wetlands
impacts, construction activities would also within the project area is somewhat lower
result in the temporary loss of 1.86 acres in due to the rate of water flow through them.
the Miller Creek watershed (Table 3-22). As Even with this reduction, the wetlands are
shown in Table 3-23, 36 wetlands would be frequently cited as providing moderate-to-
impacted. Of these 36 wetlands, 11 high capability because of the influx of
wetlands would have impacts greater than urban runoff. The creation of over 50 acres
1/3 acre. These 11 wetlands account for of new impervious surface as proposed as
11.26 acres (>60%) of the direct impacts part of the Master Plan Update could
from the entire project, increase overland flow to Miller Creek, and

carry with it an increased sediment load. As
E&E also evaluated secondary (indirect) a result, the loss of 0.14 acres of wetlands in
impacts, defined where a loss of about 50 the Runway Safety Area, and 13.74 acres of
percent or more of existing wetland acreage wetlands in the embankment area could have
would occur. Additional secondary impacts significant consequences if not mitigated.
are identified because loss of that much

acreage within a wetland could have Most wetlands in the project area serve to
significant ramifications on the functional provide base flow to Miller Creek rather
ability of the remnant wetland. Based on than absorb and temporarily store
these assumptions, an additional 1.68 acres floodwaters. Wetlands that contribute to the
of secondary wetland impact could be flood storage capability and that would be
associated with the project if the significantly impacted by the proposed
functionality of the remaining wetland airport expansion projects are restricted
cannot be maintained. This potential primarily to the riparian Wetland 18/37
acreage loss is attributed to the Wetland complex, Wetland A1 located adjacent to
18/37 complex adjacent to Miller Creek. Lora Lake, and 41a and b which is a farm

pond and pasture. Construction of the
Table 3-23 presents a summary of impacts airport improvement projects would result in
compiled by E&E, associated with proposed a reduction of wetlands that seep to Miller
construction activities. These impacts are Creek and floodwater retention capability of
presented by hydrogeomorphic the watershed. Any proposed mitigation
classification, as well as by cover type. would need to account for these losses by

providing equal or greater base flow to
Miller Creek and sufficient flood detention

3.6.7.2 FunctionalImpact to prevent any increase in downstream
- flooding.

Of equal importance to the acreage loss is
the functional impact that would occur. The Being located in an urban area, the wildlife
effectiveness and opportunity of wetlands to expected to occur in the project area is
provide functions associated with water restricted to common, highly-adaptive
quality improvement, water quantity, and species that use both wetland and adjacent
habitat was discussed in Section 3.3.3.3. upland areas. Species integrally tied to the

• wetland areas are likely restricted to
The Miller Creek watershed is located waterfowl, amphibians, and small mammals.
within a highly urbanized area. The The extensive fragmentation of the available
undeveloped areas (both upland and habitat, in conjunction with the surrounding
wetland) provide some filtering of runoff urban character limits the suitability of the
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project area to highly mobile species and within the basin restricts mitigation
smaller species requiring -only minimal opportunities for creation of slope wetlands.
habitat sizes. The construction of the airport Furthermore, the FAA policy of minimizing
improvements would .have an impact on available wildlife habitat within 10,000 feet
local wildlife populations simply due to the of the airport further restricts the opportunity
size of the fill area. Reduction of habitat size for extensive in-basin mitigation. The

and availability would further reduce the Miller Creek and Des Moines Creek
suitability for small mammals and watersheds are quite small and are
amphibians. To prevent a significant extensively developed, which restricts the
decline in the local populations, mitigation mitigation opportunities.
would be required to provide
supplemental/alternative habitat on-site. Rather than replacement of a specific
However, FAA requirements limit the wetland type, E&E recommends that
development of avian habitat within 10,000 mitigation measures focus on the
feet of existing facilities to minimize the replacement of wetland functions.
potential bird air strike hazard. Therefore, in evaluating in-kind versus out-

of-kind, the functions served by lost
wetlands should drive the mitigation

3.6. 7.3 Mitigation process.

Mitigation for theproposedthird runway fill As shown in Tables 3-22 and 3-23, a
and safety areas must account for the significant number of the wetlands impacted
permanent loss of 13.88 acres of wetland are slope wetlands. ]mpacts that need to be
within the Miller Creek Watershed and 1.86 mitigated include water quality, water
acres of temporary impacts. Based on quantity, and habitat suitability as discussed !
E&E's analysis, mitigation should include in Section 3.3.3.2.
development of a contingency plan that
addresses the potential indirect impacts The Port has proposed the following wetland
associated with significant reduction of mitigation measures(Parametrix1999a):
wetland acreage in the remaining wetlands
that are only partially impacted by fill • On-site mitigation includes
activities and temporary construction removing existing development,
activities, establishing a vegetated buffer along

Miller Creek, enhancing wetlands

The preferred regulatory hierarchy for within the Miller Creek buffer,
wetland mitigation is: enhancing/restoring wetlands within

the Des Moines Creek watershed,

• on-site, in-kind, excavating floodplain to compensate
• off-site, within the watershed, in- for lost flood storage, developing ,.

kind, stormwater management facilities,
• off site, out of the watershed, in- and restoring and enhancing 11

kind, and acres of converted farmland and
• off site, out of watershed, out-of- farmed wetland to shrub wetlands.

kind.
• Off-site mitigation includes

Based on environmental and regulatory developing a 67-acre site to mitigate
constraints, it is not feasible for the Port to for wildlife habitat. FAA safety
offer mitigation on-site and in-kind. The regulations restrict on-site
difficulty and uncertainty of creating slope mitigation.
wetlands, and the lack of suitable sites
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• • Establishing a Trust Fund to Additionally, seepage from the embankment
promote in-basin restoration should provide the seepage necessary to
projects for Miller Creek and Des maintain remaining local slope wetlands.
Moines Creeks downstream of the

project area. While significant loss of wildlife habitat
would occur in conjunction with the fill

E&E believes that the overall mitigation activities, the proposed mitigation has the.
plan is reasonably designed to compensate potential to increase the habitat suitability of
for wetland impacts discussed in Section the project area by creating a single ,
3.6.7 and has the potential for success. The contiguous open space along Miller Creek.
plan provides for in-basin compensation for Because of the FAA restrictions within the
loss of water quality and water quantity project area, off-site mitigation is required
functions, as well as some mitigation for for the avian wildlife component. The
wildlife compensation. For losses that development of this off-site mitigation
cannot be entirely mitigated by in-basin would similarly provide a single large
remedies, an off-site, out-of-basin mitigation contiguous parcel that would attract all types
plan has been developed by the Port. The of wildlife, not merely avian species.
off-site mitigation site offers advantages
over other in-basin sites including it's size,
the ability to create a single large complex 3.6.7.4 Mitigation Ratios
versus numerous smaller wetlands, and it's
location adjacent to the Green River. No standardized mitigation ratios are
Recognizing the concerns over the success currently in effect to establish the
of planned mitigation, additional safeguards appropriate level of compensatory
would provide assurances that the mitigation mitigation required. In a Mitigation
plans would be implemented, and result in Memorandum of Agreement between the
the successful replacement of lost functions. USEPA and USACE (Mitigation MOA
Additional recommendations for mitigation effective February 7, 1990), it was
are presented in Section 3.6.7.5. established that a permit applicant is

required to replace the functional value of
Loss of water quality functions can be wetlands being impacted at a ratio consistent
mitigated through proper implementation of with the policy of "no net loss" and with an
Best Management Practices (BMPs) during adequate margin of safety to reflect the
construction and the expected degree of success of the mitigation
development/improvement of the buffering plan. These requirements essentially require
capacity of Miller Creek. Under current a case-by-case determination of appropriate
conditions, Miller Creek meanders through a mitigation ratios. To supplement this,
residential neighborhood and an active muck Ecology has issued standardized ratio
farm. Elimination of anthropogenic nonpoint determinations to provide permit applicants

-- source pollution, including septic systems, with more guidance.
fertilizers and pesticides, in combination
with the stormwater management system As part of the Washington State Wetlands
proposed for the airport, development of a Rating System (Ecology 1993), replacement
vegetated buffer along Miller Creek, and the ratios of 3:1 (3 acres of mitigation wetland
restoration activities proposed at Vacca to 1 acre of wetland lost) and 2:1 are
Farms should mitigate for the loss of water proposed for Class II and Class III wetlands,
quality functions, respectively. A ratio of 1.25:1 is proposed

for Class IV wetlands. These ratios are

Loss of water quantity effects can be essentially doubled for enhancement of
mitigated through implementation of a wetland areas. These ratios are only general
stormwater management program, guidelines, with the final ratios determined
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based on the likelihood of success of the to evaluate mitigation compliance on a
proposed mitigation site. The stated goal of statewide level.
the policy is a 1:1 functional replacement of

wetlands. Because of the historic trend of Ecology is currently finalizing this report
failed wetlands, the ratios have been that presents a statewide perspective of the
increased, effectiveness of wetland mitigation in the

recent past. The draft is expected to be
However, a more recent publication presents issued in spring of this year. This is a two-
mitigation ratios that are somewhat lower phase project with only the first phase being
than presented in the 1993 report. The completed (MacMillan, personnel
proposed ratios presented in the 1999 communication 2000). Phase I focused on
Washington State Department of Ecology three issues: (1) if the site was constructed;
draft Compensatory Wetland Mitigation (2) if the final design was constructed
Banks guidelines are: according to plan; and (3) if the wetland is

operating up to performance standards. The
• Wetland Restoration 1:1 project has shown that while over 90% of
• Wetland Enhaneement 2:1 the projects were constructed, only ½
• Buffer Enhancement 5:1 adhered to the final construction design, and

only 1/3 of those that had performance
These ratios recognize the value of standards are meeting all of their standards.
wetlands, but also recognize the need for This initial phase assessed compliance and
wetlands to be integrated into a much larger did not account for any functional
habitat that has upland components. While assessment of the wetlands to gauge if they
not receiving equal benefit, as it should not, were truly successful. Functional success of
the development of a large buffer area mitigation projects will be developed in
would be' counted as part of the overall Phase II. Without closer scrutiny of the
compensation package. Based on these data, it is impossible to assess the
guidelines, the proposed mitigation seems significance of the data, but two conclusions
adequate and appropriate to compensate for can be drawn:
the loss of wetlands.

• Constructed mitigation projects
are not a guaranteed success,

3. 6.7.5 Effectiveness of Wetland and

Mitigations • Closer regulatory oversight is
necessary for longer periods to

The King County Department of monitor mitigation projects.
Development and Environmental Services
published the Results of Monitoring King While the Port Mitigation Plan offers a
County Mitigations (Mockler et. al. 1998) reasonable opportunity for success, based on
which concluded that mitigation, in general, the cursory conclusions drawn, two "
is not being implemented, and those that are additional mitigation elements should be
have not been successful due to design considered. The first is financially driven,
failure, installation failure, and poor requiring the establishment of a bond by the
maintenance. The document itself does not project sponsor to insure that 1) the project
call for an abandonment of wetland is properly implemented, and 2) provide

mitigation, but rather for more regulatory funding for contingency planning if the
control and guidance provided during the project did not meet performance standards,
planning, installation, and monitoring phases and additional action needs to be taken to
of the project. In response to this document, rectify the deficiencies. The second

among others, Ecology also initiated a study mitigation element would be the
establishment of a third-party environmental
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-- monitor, funded by the project sponsor, but and enhancement (45.8 acres). For
under the directive of the regulatory permitting purposes, this application used

agencies. This monitor would be able to compensation ratios of 1.5:1 or 2:1 for
verify the completion of the mitigation as creation and restoration activities, and 3:1
per specification, and note/approve any and 4:1 for enhancement activities, resulting
modifications to the original design plans in a net functional gain of 4.6 acres.
that were implemented based on site specific
conditions. The Port has proposed a
monitoring program for the current airport 3.6.8 Effects on Fish Habitat and
mitigation plan. Populations

Small populations of anadromous coho
3.6. 7.6 Comparison with Previous salmon and resident coastal cutthroat trout

Permitted Projects exist on Miller, Walker, and Des Moines
Creeks. Despite the presence of salmonid

To provide a basis of comparison for the populations in the creeks, the documented
airport wetland mitigation plan, a previously limitations of aquatic habitat likely limit the
permitted project, of similar size to the size of fish populations. Perturbations
airport project, was evaluated, within the watershed that result in habitat

loss or degradation would likely reduce the
Auburn Racing built a thoroughbred horse fish population because of the limited
racing facility on a 165-acre site in Auburn, habitat and sensitivity of existing fisheries.
Washington. The project impacts included Conversely, habitat restoration and
filling of approximately 17.4 acres of supplementation of limiting habitat
palustrine wetlands, including 0.3 acre of characteristics can allow for growth in the
scrub-shrub wetlands, and 17.1 acres of fish population.
emergent wetlands. Additional acreage of
on-site wetland was converted to a regional
stormwater detention facility for the City of 3.6.8.1 Effects of Streamflow Changes
Auburn. FAA wildlife hazards were not an on Fish
issue for the racetrack, and development in
the project area was not as expansive as that The streamflow regime is currently a
which occurs in the vicinity of airport. The limiting factor for water quality and aquatic
mitigation project was sited within the same habitat in Miller, Walker, and Des Moines
watershed as the racetrack. The functionality Creeks. Proposed construction at the airport
of this site in relationship to the airport has the potential to significantly alter the
mitigation site cannot be directly compared streamflow regime in Des Moines Creek
since a primary objective of the Auburn because the airport currently occupies
racetrack site was creation of waterfowl approximately 1/3 of the Des Moines Creek
habitat, watershed area. Conversely, the western

and northern portions of the airport only
The racetrack mitigation plan was designed occupy a small area within the Miller and
to achieve a net gain in wetlands functions Walker Creek watersheds. Proposed airport
and to help achieve objectives of the Mill construction therefore has less potential to
Creek Drainage Basin Special Area affect Miller and Walker Creek streamflow.
Management Plan. The mitigation site
included an approximately one-quarter-mile The slice model described in Section 3.6.4

reach of Mill Creek, which was restored, predicts significant changes to surface and
and a total of 56.5 acres of adjacent existing groundwater flow near the fill embankment.
wetland and uplands used for wetland The fill embankment is predicted to serve as
creation (1.5 aces), restoration (9.2 acres),
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a water storage compartment that causes a including control of turbidity during initial .f-.
time lag of water discharge-to the wetlands wetting. Some sediment transport during
and creek compared to existing conditions, initial wetting is likely, and has the potential
Because of the lag time through the to damagehabitatdownstream.
embankment, the model predicts that winter
precipitation would express itself as surface Indirect effects to stream habitat in Miller,
water through the west wall drain in the Walker, and Des Moines Creeks include
summer months. This delayed surface water alterations to base flow, peak flow, and
expression would have a generally positive sediment input to surface water. These
effect on the local wetlands that remain, and habitat parameters currently limit salmonid
a less-pronounced effect on low summer populations. Low summer base flows affect
base flow in Miller Creek in general, habitat quality because exposed portions of
Although model predictions are limited to the channel are no longer available for use
the geologic cross section at the west wall, which limits available slack water habitat for
the model suggests that a similar effect on juvenile salmon refugia, riffles for
•wetland and summer base flow would occur macroinvertebrate production, and quality
in Walker Creek. pools for resident salmonids. Lower flow

also tends to increase water temperature in
The effects of contribution from the fill stream channels exposed to solar radiation.
embankment to stream summer base flow in The Port predicts reduction in summer base
Miller and Walker Creeks should not be flow in Des Moines Creek as a result of a six

overstated. The embankment represents a percent reduction in groundwater recharge
small portion of the total Miller and Walker in the Des Moines Creek basin. The Port
Creek watershed area. supports augmenting low summer stream

flows by pumping from a Port-owned well
and discharging the water into the creek

3.6.8.2 Habitat Parameters (Parametrix, 1999e).

No direct construction impacts are expected Extreme peak flows degrade stream habitat
for stream habitat in Walker or Des Moines by scouring stream banks and beds, and
Creek. transporting coarse sediment too quickly

through the stream system. High peak flows

Direct construction impacts to Miller Creek also washout streambank slack water areas
stream habitat include the relocation of used by juvenile salmonids and often
Miller Creek in the Vacca Farm area. This displace smaller fish downstream because of

portion of Miller Creek provides poor their limited swimming ability. Substrate in
habitat for salmonid fish populations Miller, Walker, and Des Moines Creeks
because it has sparse riparian vegetation, have high fine-sediment content from
substrate dominated by sand and silt, a lack urbanization throughout the watersheds
of habitat complexity, and a lack of instream which limits stream substrate available for
structure and large woody debris. Since the salmonid spawning and age-0 fish refugia.
proposed Miller Creek channel construction
includes a mixture of pools and fifties,
gravel and cobble substrate placement, 3.6.8.3 Effects onPopulations
riparian vegetation planting, and large
woody debris replacement, the proposed Direct construction impacts would likely
Miller Creek relocation has the potential of have little effect on fish populations because
providing a net gain of salmonid habitat direct impacts are limited to the Miller
within the Miller Creek watershed. Proper Creek reach at Vacca Farm. This reach of
conslruction and. long-term monitoring are Miller Creek provides poor quality habitat
vital to successful Miller Creek relocation for salmonids. Therefore, cutthroat trout, if
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- present, are expected to be limited. Also, proposed mitigation is limited ifi that it
Miller Creek relocation can be conducted in would only affect localized Miller Creek

such a way as to physically remove any fish habitat and resident cutthroat trout. Miller
from this reach of Miller Creek prior to Creek riparian buffer and instream habitat

being covered by fill material, enhancement would not mitigate for
construction impacts to other portions of

An uncontrolled release of stormwater is Miller Creek, other creeks such as Walker or

likely at some time during construction Des Moines Creek, or other fish species
given the size of the project and human such as coho salmon. For example, as
error; however, the size and quality of a described in Section 3.6.8.2, indirect
release cannot be predicted, nor can its construction and post-construction affects
impacts on fish be quantified. Existing such as alterations to base flow, peak flow,
habitat in Miller, Walker, and Des Moines and sediment input would occur throughout
Creeks appear to limit saimonid population the stream systems and not just in the airport
production; therefore, minor habitat project area.
degradation would likely have substantial
effects on the local salmonid populations. Conceptually, the watershed basin trust

funds for the Miller and Des Moines Creek

3.6.8.4 Comparisons to Previous Fish watersheds can beneficial. Without specific
Impact Assessments information regarding habitat restoration

projects that would be acceptable for the

E & E's assessment of localized changes to basin funds and the accessibility of money
Miller Creek habitat and resident cutthroat through the trust fund, concerns of the actual
trout populations is consistent with implementation of habitat restoration

•information presented in the Biological through the basin trust funds exist. In
- Assessment (BA) for Master Plan Update addition, significant habitat restoration that

Improvements at airport (Parametrix 1999). is necessary in Miller, Walker, and Des
However, the BA does not address proposed Moines Creeks would require substantially
construction impacts on a watershed level more funding than what is currently offered
and does not provide sufficient detail to through the basin trust funds. Although
comprehensively evaluate how mitigation restoration of the entire watersheds is not the
would be implemented and maintained to responsibility of the Port, a more proactive
achieve the desired effects. More and comprehensive approach to aquatic

specifically, the BA evaluates construction habitat restoration would provide a greater
effects primarily within the airport project benefit to the Miller, Walker, and Des
area only. However, indirect construction Moines Creek watersheds.
effects from airport expansion such as
alterations of water flow or changes to
sediment input to the streams would have 3.6.9 Water Quality Impacts During •

-- effects throughout the each watershed. Construction

The Miller Creek riparian buffer corridor The Stormwater Management Plan states the
enhancement and the Miller Creek instream Port applies construction temporary erosion
habitat enhancements, if implemented and and sedimentation control (TESC) measures
maintained properly, would undoubtedly that exceed minimum requirements of the
benefit local stream habitat for resident Ecology Manual. These measures include:
cutthroat trout in the airport project area. developing construction stormwater
Actual design and implementation of the pollution prevention plans (SWPPPs) for
instream habitat enhancements could not be each capital improvement project;
evaluated because these projects are still in a implementing conventional TESC best
conceptual stage(Kleindl 1999). However, management practices (BMPs); applying
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more advanced stormwater treatment • temporary erosion and sedimentation
techniques where necessary; supervising and controls
monitoring contractor compliance; and • placing and spreading of topsoil
funding independent oversight of • seeding, fertilizing and mulching
construction erosion control compliance, disturbed areas

The conslruction plans and specifications
3.6.9.1 TESCMeasures include more detailed descriptions of the

TESC measures and procedures to be

The Port has had TESC monitoring plans implemented in completing the embankment
prepared for four projects related to the construction. The methods and details
Third Runway program: presented in the plans appear to generally

conform to those of the Stormwater

• North Employee Parking Lot (Hen'era, Management Manual for the Puget Sound
1998) Basin (Depa_ianent of Ecology, 1992).

• Property Acquisition and Demolition Engineering calculations for sizing the
(Hen'era, 1998) facilities were not provided or reviewed.

• TaxiwayConstruetion (Herrera, 1998) Provisions of the construction plans and
• Embankment Construction, Phase I specifications that are notable from a TESC

(Herrera, 1998) perspective are itemized below:

Of these four plans, the Embankment • Placement of fill materials with higher
Construction, Phase I TESC Monitoring fines content is restricted to the period
Plan is most relevant to this review effort as from June 16 to September 16.

it describes the Port's approach to • A Sedimentation and Erosion Control
controlling impacts from construction of a Representative is to be provided by the
large embankment. In addition, the Port has Contractor with responsibility for TESC
had prepared construction drawings and installation, inspection, maintenance and
specifications detailing TESC measures for emergency response.
the Third Runway Embankment • Contractor's inspection and maintenance
Construction- Phase 1 (Project No. airport- procedures and schedule are to be
9763-T-1, March 9, 1998). documented and submitted to Port for

approval. The minimum frequency for

The monitoring plan document contains inspection is specified to be weekly and
preliminary grading and drainage plan and following any storm event greater than
site erosion and sedimentation control plans 0.5 inches precipitation over a 24-hour
for the first phase of the Third Runway period. A conflicting drawing note
embankment construction. The project site (Sheet C-120) requires daily inspection
is situated immediately south of S. 156th of TESC facilities.
Way and between 12th Avenue S. and the • BMPs are to be installed prior to land -'-
Perimeter Road. The elements of the work disturbing activities commencing.

are similar to those anticipated for • The contractor is instructed to protect
subsequent planned phases of the downstream properties from erosion
embankment construction except that Phase damage due to increases in stormwater
1 does not include a retaining wall. The runoff volume, velocities and peak flow
work elements include: rates discharged from the site.

However, the construction documents

• clearing and grubbing of vegetation and do not specify that increases in runoff
unsuitable materials volume, velocity or peak flow rate are to

• excavation and embankment fill be prevented on site. Again, detailed

placement and compaction engineering calculations that may
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-- demonstrate the ability of the installation and maintenance. Without
sedimentation pond system to control rigorous implementation, monitoring and
discharge rates were not provided for maintenance, the Port increases the risk of
review. However, it would appear that releasing a massive load of sediment into
smaller storm discharges would be area streams as occurred during construction
controlled to a degree by the 2-inch of the North Employee Parking Lot on
diameter orifice specified in the outlet Miller Creek. Following are critical
structure, planning and execution factors identified for

• The direction and maximum slope of the the runway embankment fill that should be
top of the embankment fill is specified addressed:
to be controlled at the end of each
workday. • A contingency area was set aside at the

• Although a temporary ditch is specified base of the Phase 1 embankment project
to be maintained along the east (up area in the event additional treatment
slope) edge of the fill placement, it capacity was needed or desirable.
would be advisable to construct the Similar provisions for supplemental

interception ditch on the far east treatment of flow control capacity need
boundary of the project area at the first to be made available for subsequent
stage of the project so as to minimize phases of embankment construction in
the flow of offsite water into the work the event the project encounters

area. The plans call for the interception exceptional climatic effects or
ditch to be constructed at a later phase construction problems.
of the work. • The subgrade for the embankment fill is

• Reference is made to seeding final till soils that are structurally vulnerable

graded slopes prior to completion of to moisture when disturbed.
other fill placement, but the contractor is Construction operations should
not explicitly required to restrict or minimize the extent of subgrade
minimize the total disturbed area exposed to rainfall and the movement of
throughout the project duration, equipment on exposed subgrade.

• The top of the fill must be continuously
During reconnaissance of the construction graded during fill placement to direct
site in October 1999, it was observed that runoff away from the tops of the
the sedimentation pond was in place and embankment slopes and toward
functional with grass lined swales draining controlled drainage paths.
to the pond from the north and south sides of • The side slopes of the embankment
the construction site. In addition, a batch should be fully stabilized with
treatment facility was on-site as a vegetation prior to crowning of the fill.
contingency measure to provide treatment Once the crown is completed, runoff
beyond the sedimentation that occurs within that passes from the crown and over the

- the pond. face of the embankment would erode
slopes that are not fully stabilized.

3.6.9.2 Critical Construction Planning The Port's NPDES permit requires a
and Execution Factors Department of Ecology-approved

Stormwater Pollution Prevention Plan for

Beyond thedesign of technical provisions to each construction project on the airport.
control erosion and sediment on the project Also, under the governor's certificate for the
site, the successful prevention of erosion and project, the Port is required to hire a third
sedimentation problems from a large party to review and ensure all TESC plans
embankment project are dependent on are followed during construction. Vigorous
critical planning and execution of the TESC and independent review of TESC practices
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by qualified personnel throughout This condition is expected to have a
construction is critical to minimize the beneficial effect on the receiving streams.

chance of an oversight and to maximize
control of runoff from the site. The potential for warm runoff from runway

and taxiway pavement areas to enter streams
All construction personnel should be trained and elevate temperatures was also
in proper erosion control practices and considered. Such temperature effects are
informed of the manner in which the limited byfrequencybecause intense rainfall
project's TESC systems are designed to typically occurs during periods of obscured
operate. Personnel should be informed of sunlight and only infrequently during warm-
the consequences of TESC failure to the weather periods. The majority of the
receiving streams and the potential for a precipitation falling during warmer weather
failure to cause a shut down of construction would infiltrate the fill, even during intense
activities. Because of the potential damage rainfall events, because of low antecedent
that can be caused to a receiving water body soil moisture during this period. Pavement
by a single error on a project of this runoff would flow to the shoulders of the
magnitude, training of all staff is critical to taxiways and runway, with some runoff
minimizing thepotentialformistakes, infiltrating to the fill or through the

perforated storm drainage system (if
An embankment construction of the constructed). The discharge of runoff
magnitude and duration of the third runway subject to pavement warming would be a
project is subject to a range of climatic small fraction of the precipitation falling on
events and human errors, and an the embankment fill. Temperature buffering
uncontrolled release of runoff from the within the fill would likely be high as
disturbed site is probable despite proper discussed further below and inferred in the
implementation of construction BMPs. The Section 3.6.4 discussion of time-lags within
role of the TESC efforts is to minimize the the embankment.

probability and extent of such a release.
The potential for the proposed retaining wall

3.6.10 Long-term Temperature Effeets to elevate stream temperatures was also
reviewed. The retaining wall's planimetric

The changes in land coverages within the footprint is very small, and its westerly
embankment fill area were reviewed for exposure is subject to solar gain during a

their potential effects on receiving water portion of the daylight hours in the wanner
temperatures during warm weather low flow weather months of concern. The
periods in the streams. Conditions both coincidence of high solar gain with rainfall
during dry periods and during rainfall events is limited climatically, and the temperature
were considered, within the wall is regulated by the mass of

cool earth behind it. The small footprint of

During periods of extended low flow in the wall also limits the amount of, rainfall
Miller, Walker and Des Moines creeks, the that comes in contact with the wall's
discharge is supplied predominantly by surface. The small volume of stormwater
groundwater. Absent rainfall, elevated directly contacting the wall and the limited
temperatures in the streams can be caused opportunity for the wall to significantly
by direct sunlight and surface contact with elevate the temperature of the runoff suggest
warm air. The majority of the precipitation that the wall would not contribute to
falling on the proposed runway embankment elevated temperatures in receiving streams.
would infiltrate through the fill, remain cool
within the fill's mass, and discharge through The discharge of runoff subject to wanning
the subdrainage layer at the base of the fill on pavement within the embankment area is
as cool groundwater to the stream systems, small, most warm weather precipitation

II
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.... would be infiltrated into and cooled by the
fill mass, and the year-round infiltration of
precipitation through the fill would enhance
warm weather low flOWSin streams with

cool groundwater. Based on this
combination of effects, the runway
embankment is not expected to create
adverse temperature effects during the
critical low flow periods in the streams.
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mapped within area 1, some of which are
proposed to be excavated.

4.0 Proposed On-Site Borrow Areas
and Des Moines Creek Inborrowareas3 and4 thegeneralgeologic

sequenceisthe same;however,advance
outwashisatlandsurfaceon thenorthend

4.1 Proposed Excavation where the till and recessionaldeposits are
missing and recessional deposits lie directly
on advance deposits on the southeast. Also,The Port of Seattle proposes to excavate

soils from three areas south of the airport to groundwater is perched above the aquitard
supply a portion of the fill necessary for the (till-like soil) above the water table of the
third runway. Figures 2-1 and 4-1 show the glacial advance aquifer. Hart Crowscr has
areas. These areas were acquired by the referred to the resulting saturated zone as the
Port previously, and all structures and "perched water-bearingzone". A portionof
foundations were removed at the time of the aquitard and perched water bearing zone

are proposed to be excavated in borrow areaacquisition. Minimal pavement on some 3.
roads remains currently. Otherwise, area I
is covered by grass and sparse forest, and
areas 3 and 4 are largely forested. All areas Depression and slope wetlands occur within
are within the Des Moines Creek drainage, area 3. The proposed excavation does not
The excavations are proposed to include include the wetlands, and includes only

areas downslope from the wetlands. No
glacial till soils and underlying glacial wetlands occurinarea4.
advance outwash as generally indicated by
the cross sections of Figures 4-2 and 4-3.

4.2.2 Soil Water-Balance Components

4.2 Character of the Hydrologic
Environment Section 3 and Appendix B describe the soil-

water balance calculations for conditions
that include the land cover and soil types

4.2.1 Soils and Geology present in the borrow areas. Figure 3-4
shows the seasonal trend of groundwater
recharge for the land classifications. The

Figures 4-2 and 4-3 present geologic cross analyses indicate about 23 inches of annual
sections generated for this project based on recharge to local groundwater under mixed-
previous soil borings. All the geologic units forest-on-till conditions, 22.5 inches in areas
also occur in the Miller Creek drainage and of grass growing on outwash, and 25.6
were described in Section 3. In borrow area inches on barren outwash.
1 the general geologic sequence within the
depth of interest is: glacialrecessional

outwash, over glacial till, over glacial 4.2.3 Character of Water Circulation
advance outwash. However, glacial till is at
land surface on the south two-thirds of the

site. A till,like aquitard occurs above the 4.2.3.1 Groundwater Circulation
water table in the glacial advance deposits.
Saturated conditions were not reported in the
recessional outwash nor on the till-like Conceptually, groundwater circulation in the

aquitard in the glacial advance deposits, borrow areas is very similar to that in the
The glacial advance aquifer is unconfined proposed embankment area. A shallow
except near Des Moines Creek where it is groundwater regime occurs in most areas
confined below the till. Wetlands are within the Qvr and the "shallow regional
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-- aquifer" occurs below the till in the Qva print) suggests that most of the groundwater
aquifer. Both aquifers appear to discharge contributions come from groundwater within
primarily to Des Moines Creek. Unlike the the Vashon glacial aquifers, and not deeper
embankment area, little potential for Qva aquifers which outcrop near the creek
groundwater to flow under the creek is downstream. The borrow areas are
suggested, upstream of the South 18th Street

measurement station.

4.2.3.2 Streamflow in Des Moines Creek
4.2.4 New Water Quality Data for Des

King County currently maintains three MoinesCreek
stream gaging stations on Des Moines Creek
and additional sites have been used over the This project collected samples of water from

past 10 years. Flow duration curves for two Des Moines Creeks and analyzed them for a
gages are presented in Figure 4-4. The gage wide range of parameters that help define
locations are shown on Figure 2-1. The the environmental health of a creek. Surface
sharp drop in the curve for observed data at water quality parameters, including oxygen,
the mouth of the creek suggests a problem temperature, and turbidity, were measured at
with accurate recording of low flows, every streamflow station in the field. Other

parameters were measured at Analytical
Pacific Groundwater Group measured base Resources, Inc. (Appendix F). Tables 3-3
flows in Des Moines Creeks at two locations and 3-4 summarize the measurements.
in October 1999 and January 2000 to assess
gains in base flow. Table 3-1 and Figure Section 4.4.3 discusses the water quality in
4-5 presents the data along with King relation to fish health.

- County measurements for those dates. The
October 1999 measurements preceded the
onset of seasonal rains and represent low 4.3 Character of Wetlands
flow conditions for 1999 (which was a very Environment
wet year). The January 2000 measurements
also occurred after a period of no rainfall The methodology used in the development
and represent winter base flow conditions, of this section is similar to that previously

discussed for the Fill Area. Refer to Section

The measurements indicate that flow 3.3 for a more complete discussion of the
increases downstream over most of the creek methodology.
at both times of year and that the flow rate

varies depending on the season. However, 4.3.1. Project Area Description
some uncertainty in the interpretation exists

because of moderate disagreement between The area surrounding the airport is primarily
King County and Pacific Groundwater urban/residential in nature. The area south

Group measurements near the Tyee ponds, of the airport contains a greater percentage
Flow in Des Moines Creek increased of non-urban/residential land; however, due
substantially from October to January. The to the existence of the Tyee Golf Course and
downstream gains result from groundwater significant acreage of successional land that
discharge to the creek. The gains vary was historically residential but which was
substantially for different reaches. These acquired by the Port as part of Noise
data suggest large groundwater contributions Abatement Mitigation programs. In addition
upstream of South 18th Street, and little to these areas, Des Moines Creek has a
contributions downstream of that location, significant forested riparian corridor that is
Comparison between the area of gain and undeveloped. Wetland areas within the Des
the geologic map of Booth and Waldron (in
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Moines Creek watershed but outside the :--

project area include Bow Lake, and
numerous riparian wetlands associated with 4.3.1.3 FunetionalAssessment
Des Moines Creek that fall south of the

project area. Refer to Section 3.3.3.2 for a discussion of
the functional assessment presented as part i

Approximately 48.5 acres of wetlands are of Table 4-1.
present within the Borrow Areas, and Tyee
Golf Course (Parametrix 1999a). Based on

existing aerial photography, extensive 4.3.2 Comparison to Previous
riparian wetland complexes occur along Des Characterizations
Moines Creek on its course to Puget Sound.

Obviously, these all fall outside the bounds Biologists evaluated project area wetlands to
of the Port project area, and thus were not evaluate consistency with the wetland
included in the Parametrix report, delineations and qualitative assessment

completed as part of prior studies and
presented in the Wetland Delineation Report

4.3.1 Field and Literature Analysis (Parametrix 1999a). Based on the field
surveys completed for this project, which

As discussed in Section 3.3, field surveys represented a random sampling of wetlands
and a literature review were conducted to within the project area, the wetland
evaluate wetlands in the project area. delineations presented in the delineation

report provide an accurate representation of
4.3.1.1 Wetland Delineation the extent of wetlands that occur in the

project area. The USACE confirmed this !
As discussed in Section 3.3.2, E & E's field assessment.
survey verified that wetland boundaries as
flagged in the field reasonably depict the Refer to Section 3.6.7.2 for a comparison
extent of local wetlands, and that the relating to functional assessment
representation of these areas in existing evaluations.
reports is also reasonable. The field surveys
did not identify any wetlands that previously
had not been delineated. Figure 4-6 shows 4.4 Character of Fish Habitat and
the delineated wetlands andborrow areas. Populations

4.3.1.2 Wetland Characterization 4.4.1 General Watershed Description

Table 4-1 identifies wetlands that could be The Des Moines Creek watershed covers 5.8
directly impacted by excavation of on-site square miles and measures 3.5 miles long.
borrow areas as compiled by E&E. The creek drops from an elevation of
Expanded discussions of the wetlands are approximately 350 feet to Puget Sound at
provided in the Wetland Delineation Report Des Moines Creek Beach Park. The East

(Parametrix 1999a). Impacts to wetlands Fork of Des Moines Creek originates from
larger than 1/3 acre are shaded in the table. Bow Lake where it flows through subsurface
Discussion regarding the Ecology Class piping for approximately 1/2 mile. The
determination is provided in Section 3.3.3.1. West Fork of Des Moines Creek originates
In addition, wetlands in borrow area 3 may in the Northwest Ponds in the northwest
be indirectly affected by reduced water comer of the Tyee Valley Golf Course. The

flows as discussed in Section 4.5.4. confluence of the two forks of Des Moines i
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-- Creek is in the central portion of the Tyee watershed (DMCBC 1997, Masters 1999).

Valley Golf Course. Salmonid usage through the ravine reach is
limited because of a lack of gravel for

In addition to the Miller Creek Hatchery that spawning and food production and a lack of

releases age-0 coho throughout Des Moines slow water refuge from peak flow events
Creek, Trout Unlimited (TU) manages a net (Masters 1999). Most of the streambed
pen operation in the Des Moines Marina. gravels have been scoured from this area,
Annually, TU obtains 30,000 coho and leaving a substrate of hardpan clay.
30,000 chinook salmon (O. tshawytscha) Downstream of the ravine, the creek is
smolts from the WDFW. All WDFW fish channelized through the Midway Treatment
have received an adipose fin clip. TU feeds Plant. Below the treatment plant, the
the fish for approximately 6 months and topography widens and the creek flows
then releases them. These fish are believed through a floodplain with a meandering
to remain within Puget Sound during their channel and well developed riparian
ocean migration (Batcho 1999). Because of vegetation. The creek flows through a 225-
the proximity to Des Moines Creek, net pen foot long box concrete culvert under Marine
fish could use Des Moines Creek for View Drive that is impassable to salmonids

spawning, under most water conditions because the
combination of high water velocity and
shallow water depth is beyond adult coho

4.4.2 Watershed Development swimming ability. The remaining 1/2 mile
of creek flows through Des Moines Beach

Most of the watershed is heavily urbanized Park. This lower reach of Des Moines
with residential and commercial land uses Creek is utilized by anadromous salmonids:
throughout the cities of SeaTac and Des coho and chum salmon were observed in

_ Moines. Surface water runoff in the this reach during December, 1999.
watershed directly below Bow Lake has Steelhead are also rep6rted to use this creek
been greatly altered and is almost reach, but their presence was not verified
exclusively confined to culverts, roadside during this study. Adequate salmonid
ditches, and storm drain piping. The Des habitat reportedly exists between Marine
Moines Creek forks are not heavily utilized View Drive and the Midway Treatment
by satmonid species, especially in the Plant, however, usage is limited because of
summer months when water quality the Marine View Drive culvert (DMCBC
parameters such as low dissolved oxygen 1997).
and high temperature limit salmonid usage.
When water quality has been good, cutthroat

4.4.3 Water Quality Related to Fishtrout have been found in the upper
watershed (DMCBC 1997). Downstream of
the confluence of the two forks, the creek PGG measured in-situ water-quality
gradient increases, additional water enters parameters (pH, temperature, conductivity,
the creek, and riparian vegetation density turbidity, and dissolved oxygen) during base
increases; as a result, dissolved oxygen flow periods in October 1999 and January
increases and temperature decreases making 2000 at two locations in Des Moines Creek:
the creek more hospitable to salmonids, upstream of South 200_ Street at the Tyee
Downstream of South 200_ Street, the creek Valley Golf Course and near the intersection
flows through a large wetland complex with with 18thAvenue South (Tables 3-3 and 3-
well developed riparian vegetation. After 4). No water quality concerns related to fish
the wetland complex, Des Moines Creek production were identified. Water samples
enters a natural ravine that has substantially also analyzed for total metals, TSS,
eroded because of increased peak flows ammonia, nitrate, nitrite, total phosphorus,
caused by urbanization in the upper ortho-phosphorus, biological oxygen
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demand, and total oil and grease. Based on Creek watershed area that is comprised by ....
the calculated hardness in Des Moines Creek the airport. All other loading by the airport
of 83 to 100 rag/L, the detected to the Des Moines Creek watershed was
concentrations of copper and zinc are below reported to be less than 25 percent.
the Washington State standards (other heavy
metals were undetected). The maximum
TSS value was 3.8 parts per million (ppm), 4.4.4 Fish Populations
indicating minimal suspended particles (of
which sediment is one component) in the Despite habitat and water quality
water column. The total oil and grease degradation, anadromous and resident fish
results were below 2 ppm, indicating minor populations are present in Des Moines
inputs of petroleum constituents at the time Creek. Adult coho and chum salmon are
of sampling, known to utilize the stream reach from the

mouth to the Marine View Drive culvert.
Voss et al. (1999) reported the presence of Juvenile coho salmon are distributed

numerous pesticides in Des Moines Creek. throughout Des Moines Creek, likely
Diazinon was present at concentrations because of TU Miller Creek Hatchery
equal to the chronic aquatic life criteria release efforts. Steelhead (O. mykiss) and
recommended by the EPA(1998). Voss et pink salmon (O. gorbuscha) runs have been
al. (1999) noted that the ecological effects to reported on Des Moines Creek, but this was
the stream is unknown because the duration not field verified. A small population of
of exposure to pesticide concentrations at resident cutthroat trout is distributed
the aquatic life criteria is unknown, throughout much of the Des Moines Creek

watershed. Pumpkinseed sunfish and
Stormwater at the airport falls into one of largemouth bass (Micropterus salmoides)
two types'of catchments: the Stormwater reportedly have been introduced to lakes in .... .
Drainage System (SDS) and the Industrial the Des Moines Creek basin; however, the
Wastewater System ('IWS). This project did presence or distribution of pumpkinseed or
not independently review original SDS or largemouth bass in Des Moines Creek were
IWS water quality data or discharge data. not documented during this study.
The following brief discussion is from the
FEIS (FAA, 1996) and other sources. Refer

to Section 3.4.1.3 for more discussion. 4.5 Analysis of Selected Impacts

The Des Moines Creek watershed receives

discharge from the SDS that drains the 4.5.1 Des Moines Creek I:ISPF Model
taxiways and runways. Samples of SDS Review
discharge were analyzed by the Port for
seven water quality parameters (total

In the Des Moines Creek basin, flowsuspend solids, biochemical oxygen
demand, oil and grease, total phosphorus, volumes predicted by the HSPF model were
total copper, total lead, and total zinc) and compared to observed values for the water
the results were compared to the total basin years 1994, 1995 and 1996 at gages
loading for these parameters in Des Moines upstream of the Tyee pond and near the
Creek (FAA, 1996). According to that mouth of the creek. Table 4-2 compares the
analysis, discharge from the airport total flow volumes, expressed as equivalent
contributes between 3.5 percent and 39 inches of precipitation across the drainage
percent of the total basin loading for these area tributary to each gage.
water quality parameters. The total copper
contribution of 39 percent exceeds the The period offiow rate calibration data used
approximate 30 percent of the Des Moines for the Des Moines Creek HSPF model is ....
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- from October 1, 1995 to March 30, 1996. Groundwater Deep Fraction (DEEPFR)
This six-month period of time is not parameter defines how infiltrated
adequate to sufficiently calibrate the HSPF groundwater behaves when it reaches a soil
model. Normally a minimum of two years is horizon. The DEEPFR parameter specifies
required to adequately calibrate a watershed, how much of the infiltrated water continues

downward into the deeper aquifer and how

The calibration at each stream flow gage is much travels laterally through an upper
reasonable but may be improved. There are stratum. The DEEPFR parameter is set at
two rain gages established in the Des 0.7 for the pre-developed (target flow)and
Moines Creek watershed: the Sea-Tac gage calibration scenarios but is set to 0.6 for the
located at the airport and the Tyee Pond 1994 and 2004 land use scenarios. Within
gage located lower in the basin. Total the runway embankment fill area, the
precipitation recorded at the Tyee Pond gage DEEPFR parameter in the calibration
is approximately 94 percent of the rainfall scenario model was set to 0.9, and it was
recorded at the Sea-Tac gage and seasonal changed to a value of 0.8 in models of the
variations are similar. The HSPF model 1994 and 2004 land use scenarios. No

utilizes only the Sea-Tac rain gage record explanation is provided in the project
for precipitation input. The model's documentation for these apparent
calibration could be strengthened by discrepancies.
utilizing rainfall input from both gages,
applying the Sea-Tac gage record for the The significance of the DEEPFR parameter
upper reaches of the watershed and the Tyee in the Des Moines Creek model is that it
Pond data to the lower subbasins. This applies to the amount of groundwater that is
would allow better calibration at the upper transmitted to a deeper aquifer and becomes
gage site without overestimating volumes at unavailable to feed base flows in the stream.

- the lower,gage site. For outwash soils, all precipitation that
infiltrates through the soil is subject to this

A review of the Des Moines Creek HSPF parameter. This is over 99 percent of all
model did not reveal serious limitations, and runoff generated by outwash soils. For till
the calibration of the model appears to be soils, all precipitation that infiltrates through
reasonable for characterizing current surface the soils and eventually through the hard till
water flow conditions in the watershed, unit is subject to this parameter. This is
However, several changes were disclosed in usually less than half of the total runoff from
the input data between models developed to till soils. The documentation does not
simulate different land use scenarios, explain why different DEEPFR values were
Because the purpose of these models is to used for a single land type.
make relative comparisons of flow volumes
and rates under proposed and target flow Analyses with the slice groundwater models
conditions, the inconsistencies present a (Sections 3.2.4.1 and 3.6.4) suggest that the

"- significant limitation in the modeling. Four percent of recharge that percolates through
Des Moines Creek HSPF models, each the till would change from the current to the
representing a different land use scenario, built conditions. The current condition slice
were reviewed: model suggests 46.5 percent of recharge

flows down through the till and the built
DM-C - calibration land use conditions condition slice model suggests 53.5 percent
DM-PRE- pre-developed scenario (target of the (reduced) recharge flows down
flow conditions) through the till. The DEEPFR parameter
DM94- 1994 land use base scenario should be set accordingly and all airport fill
DM04-20041andusescenario parameters should be consistent for all

HSPF model scenarios for both the Des
Moines Creek and Miller Creek watersheds.
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of the FTABLEs the surface area of the
Total watershed area is not consistent reach decreases with increasing water depth.
between the four model scenarios as shown The suspect FTABLEs include those
in Table 4-3. There are also several numbered: 1, 2,25, 44,64, 100, 105, l l0,
changes between the models in defining the 115, 135, 140, 150, 190, 193, 198, 200, 203,
proportion of various soil types present 204, 205,206, 207, 222, 360, 390.
within the watershed. Watershed area is

greatest for the calibration scenario and
smallest for the 2004 land use scenario. 4.5.2 Proposed Flow Control Measures
When diversions to the IWS are accounted

for, the total watershed areas for the Discussion of the target flow regime is
calibration and 2004 scenarios still differ by presented in Section 3.6.2.2. The general
7.6 percent, approachto sizing flow control facilities for

the airport within the Des Moines Creek
All land types show changes between the watershed, as presented in the Preliminary
four models. For example, the pre- Comprehensive Stormwater Management -
developed condition has 2079 acres of till Plan, is appropriate. The proposed approach
soils, 1223 acres ofoutwash soils, and 375 includes applying the target flow regime
acres of impervious surface. This is concept, using Level 1 flow control facilities
changed under the 2004 land use scenario to in conjunction with regional facilities to
1002 acres of till, 851 acres of outwash and achieve Level 2 control, and utilizing the
1219 acres of impervious surface. Much of HSPF model to simulate the target, existing,
the shift is presumed attributable to the and proposed watershed conditions.
placement of fill for the airport and However, as noted above and in prior
diversion to..the IWS; however, there is no sections of this report, the technical
clear explanation provided for the changes, execution of the approach requires several
nor for the net change in gross watershed corrections if the modeling is to be used to
areahetweenthemodels, size flow control facilities that would

confidently achieve the desired conditions in
With a larger percentage of the watershed the stream systems.
assumed covered by till soils in the target
flow scenario, the model will simulate more Table 3-19 summarizes how the limitations

runoff volume and higher peak flows. With in the modeling, if not corrected, would
a larger percentage of outwash soils affect the sizing of flow control facilities.
assumed in the 2004 land-use scenario, the Because of the fundamental questions raised
model will simulate lower runoff volumes in the models' use of parameters and
and rates to he generated. When attempting differences in basin areas, the impact that
to size facilities that control runoff from the changes would have on facility size
future land use conditions to target flow could not be made without actually revising
rates, the impact of the shift from till to the model.
outwash soils between scenarios would be to

undersize thefacilities. The flow control plan relies on the
construction of the proposed regional

Another set of HSPF model values are detention facility (RDF) below the airport on
termed FTABLEs. FTABLEs define the Des Moines Creek. Implementation of this
relationship between the volume and flow project as part of the Des Moines Creek
rate of water within a reach of the stream or Basin Plan is to be a joint effort between the
within a facility. In reviewing the Port of Seattle, King County and the cities
FTABLEs in the Des Moines Creek model, of SeaTac and Des Moines. In the event the

several were found to have values that are RDF is not constructed, it is proposed that
suspected to be inaccurate because in some additional on-site detention vaults would be
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- constructed at the airport to provide Level 2 4.5.4 Effects on Water Balance and
control of airport runoff. No contingency Groundwater Flow
locations were specified for provision of

additional stormwater detention capacity in Analyses using recharge model results were
lieu of the Des Moines Creek RDF. performed to evaluate potential changes to

recharge resulting from excavation of the
borrow areas. The primary change in land

4.5.3 Accounting for the Industrial type would be conversion of forested
Waste System in I-ISPF Models outwash and till soils to barren or grassy

outwash. The reviewed Port documents did

Portions of the airport most susceptible to not indicate plans for post-mining
contamination by de-icing and other service reclamation or the promotion of vegetation.
chemicals are drained to the Industrial
Wastewater System (IWS). The IWS flows In borrow area 1, the excavated area covers
are conveyed to treatment lagoons which, in about 95 acres, and over 25 acres the glacial
turn, discharge directly to Puget Sound. The till would be removed to expose outwash.
IWS is, therefore, unconnected to the Based on these areas and recharge rates for
hydrology of the Des Moines Creek forested and barren conditions, a small
watershed except for the fact that the IWS amount of additional groundwater recharge
consumes potential runoff and groundwater (annual average of not more than 2800 cfd
recharge area. There have been occasions (0.03 efs)) to the Qva aquifer would be
where the IWS lagoons have overflowed to expected after excavation as compared to the
the Des Moines Creek system during current condition. The timing of discharge
extreme storm events, to Des Moines Creek may change over these

limited areas but was not analyzed. The
- The assumptions regarding diversion of removal of the vadose zone, including

stormwater to the IWS under each model perching layers, could cause faster or slower
scenario are difficult to track through the discharge to the creek as compared to the
SWMP. Table 4-3 presents the reviewers' current condition.
understandings of the acreage assumed
tributary to the industrial waste system in In borrow area 3, the excavated area covers
the Des Moines Creek HSPF models. The about 20 acres. Based on this area and
areas for the IWS increase from 292 acres to recharge rates for pre- and post-construction
315 acres from the 1994 land use scenario to conditions, not more than 500 efd (0.006
the calibration land use scenario. The areas cfs) of additional annual average
for the IWS increase from 315 acres in the groundwater recharge to the Qva aquifer
1994 land use scenario to 424 acres in the would be expected after excavation as
2004 scenario. The increases mean a compared to the current condition. The
corresponding decrease in area for either the timing of discharge to Des Moines Creek
Des Moines Creek watershed areas or the was not analyzed.
Miller Creek watershed areas. However,
confirmation that the IWS area is accurately The excavation at area 3 is designed to
accounted for is complicated by the fact that narrowly avoid seven slope and depressional
the total watershed areas for Des Moines wetlands (Figure 4-6) which are dependent
Creek and Miller Creek do not remain on water in the perched water-bearing zone
constant for all four model scenarios. (Figure 4-3). Independent interpretation of
Inconsistent accounting for areas to be water levels in the perched aquifer indicate
diverted to the IWS may be a source of that water moves to the wetlands from
modeled changes to total basin areas, generally the northwest, with considerable

uncertainty about the precise direction. The
perching horizon and perched water-bearing

Pacff/c
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zone are proposed to be removed to the 4.5.5 Comparison to Previous
north and east of the wetlands, but not to the Hydrogeoiogic Impact
west (Figure 4-6). This arrangement was Assessments
designed by Hart Crowser to avoid draining
water away from the wetlands. However, a Applied Geotechnology Inc. (1995)
seepage face would likely develop on the identified potential changes to groundwater
west wall of the northern excavated area, recharge resulting from borrow activities but
and perched groundwater would seep into did not quantify the changes. In an
the excavation. The change in discharge appendix to the Master Plan FEIS, AGI
location for some of the perched (1996) estimated 0.32 cfs additional
groundwater would cause groundwater recharge from borrow areas which is
elevations to decrease in the perched water- substantially above this project's estimated
bearing zone west of the seepage face. The maximum of less than 0.05 cfs. The basis

proposed design and existing analyses by for the difference is an unjustified
Hart Crowser do not provide high assumption by AGI that recharge does not
confidence that water flow to the wetlands occur in till-mantled areas.
would be maintained at their current rate.

Groundwater flow direction mapping has The modeling of borrow areas in the HSPF
relied in part on moisture content model of Des Moines Creek developed by
interpretations from soil borings as opposed Parametrix was not evaluated in detail;
to surveyed static water level elevations, and however, cursory review of the data
the methods of the impact analyses presented in the SWMP suggests the cover
indicating "a decline in groundwater level of type changes resulting from borrow
1.5 to 2 feet" of have not been provided activities were not modeled.
(Hart Crowser, 1999c). This magnitude of
water level change would likely have

substantial impacts to wetland water flow, 4.5.6 Impacts to Wetlands
andpossibly biota.

This analysis evaluates the size of the
The seepage into the excavation is likely to potential wetland impact, and the resulting
infiltrate through the bottom of the functional impacts.
excavation and recharge the Qva aquifer.
New wetland area may be created in the

bottom of the excavation in this process. 4.5.6.1 Acreage lmpaet
Timing of discharge to the creek was not

analyzed. Excavation of the borrow areas would result

in the permanent loss of 1.45 acres ofIn borrow area 4, the excavated area covers
about 35 acres and would remain within wetland in the Des Moines Creek watershed,
outwash soils. Based on the area of the and an additional temporary loss of 0.20 -_

acres of wetland that would be disturbed
footprint and removal of vegetation, an
additional 900 efd (0.01 cfs) of groundwater during the construction phase of the project
recharge to the Qva aquifer would be but restored to wetland conditions during
expected after excavation as compared to the operations. These totals are based on the
current condition. Although the perching information provided in previous reports

coupled with the field verification ofhorizon identified in area 3 extends into area

4, the proposed depth of excavation in area 4 wetland boundaries. Of the 6 wetlands
would not result in excavation of the impacted, only one loss is greater than 1/3

perching horizon. The timing of discharge acre.
to Des Moines Creek was not analyzed.
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Tables'4-4 and 4-5 present summaries of water table depression near wetlands in

direct impacts expected from borrow borrow area 3. Any water table reduction
excavation. These impacts are presented by would cause reduced flow to existing

hydrogeomorphic classification, as well as wetlands and possible impacts to biota. This
by cover type. effect was not identified by Hart Crowser,

although the excavation was designed to

4.5.6.2 Functionallmpact minimize wetland impacts. This project
concurs that perched water table depression

Wetland 52, which is associated with Des and reduced flow to wetlands is likely to
Moines Creek is recognized as offering occur, but has not quantified the effect. Hart
numerous functions in terms of water Crowser did not present the methods used in

quality, quantity and wildlife populations, its prediction and they were therefore not
As proposed, the airport projects would only reviewed. This project's findings disagree
minimally impact this wetland complex, with the findings in the wetland functional

Similarly the Northwest Ponds (Wetland 28) assessment (Parametrix, 1999b) that states
also would not be significantly impacted, that no wetland hydrologic impacts will
The wetlands on the golf course offer little occur.
functional value except for nutrient/sediment

trapping. The wetlands to be removed at
Borrow Area 1 provide a wider range of
functions since they are part of a larger
habitat system. However, these wetlands are
located in an area that historically was
residential, but was acquired as part of a
noise mitigation program. The functions of

- the wetlands that will likely receive reduced
water flows in borrow area 3 were not

reported by Parametrix (1999b) nor
evaluated for this project.

The large wetland complexes associated
with Des Moines Creek would remain

relatively unaltered, minimizing the impacts
within the watershed. The primary impacts
that would need to be compensated for are
nutrient/sediment trapping, and wildlife

populations.

4.5.6.3 Mitigation

The overall mitigation plan for the airport

impacts are discussed in Section 3.6.7.

4.5.6.4 Comparison to Previous Wetland
Impact Assessments

As discussed above in Section 4.5.4, Hart
Crowser estimates 1.5 to 2 feet of perched
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Table 3-1
Creek Base Flow Measurement Results

Station Total Discharge Rates (cfs)
10/22&23/99 11/7/99 1/27&28/00

Des Moines Creek
KC-11C + KC-11G 0.5 NM 1.7
KC-11F 1.0 NM 2.0

Des Moines Creek at Tyee 0.8 NM 1.8
Des Moines Creek at South 18th 1.4 NM 3.4
KC-11D 1.3 NM 3.4

Miller Creek
KC 42B 0.4 NM 2.0
Miller Creek at Lora Lake 0.4 NM 1.8
Miller Creek at S 156th St 0.9 NM 2.6
Miller Creek at 509 & Des Moines Memorial Drive 0.9 NM 2.8
MillerCreek at Kiwanis 1.5 NM 3.8
KC-42A 2.7 NM 6.0

Walker Creek
Walker Creek near head NM 1.0 0.8

__ _ Walker Creek at 1st Ave Retaining Wall 1.8 2.1 1.4
KC-42E ' NI 2 2.9
Walker Creek near mouth 1.9 2.4 2.4

NM = Not measured
NI = Station not instrumented

Tables 3-1 to 3-4.xls SeaTac Runway Fill
5/11/00 Hydrologic Studies
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Table 3-6

Optimal Habitat Preferences for Coho Salmon Survival

Habitat Parameter Optimal Range Benefit

Substrate Sedimentation <30% Sedimentation reduces water flow to Ueposited eggs
and reduces available dissolved oxygen levels. Higher
levels of sedimentation can be tolerated, but typically
results in lower survival rates and smaller size at
emergence.

Dissolved Oxygen Level 8-14.6 mg/L Oxygen is necessary for egg survival and growth.
Higher dissolved oxygen levels generally result in
faster egg development and growth.

Water Temperature 4-11°C Water temperature affects incubation time. Warmer
water temperatures (up to a maximum tolerable level)
generally result in shorter incubation times.

Adapted from Groot and Margolis (1991)

EETables-Draft2.doc SeaTac Runway Fill
05/11/00 Hydrologic Studies
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Table 3-7
Optimal Habitat Preferences for Juvenile Coho Salmon Survival

Habitat Parameter Optimal Range Benefit

Slack Water (Velocity) <1 foot/second Newly emerged salmon have limited swimming ability
and require low water velocity to remain stasis. As fish
grow, swimming ability increases and higher water
velocities can be tolerated. Off-channel pools and
stream ecige slack water also possess good
macroinvertebrate food sources for growth.

Instream Structure/Cover 30-70% Boulders, undercut banks, overhanging vegetation, and
large woody debris provide instream structure, cover
from predators, and low water velocities. Large woody
debris also traps organic matter and provides habitat
for macroinvertebrate production.

Food Source NA Adequate macroinvertebrate food sources are
necessary for growth and survival.

Adapted from Groot and Margolis (1991)

EETables-Draft2.doc SeaTac Runway Fill
05/11/00 Hydrologic Studies
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Table 3-8
Optimal Habitat Preferences for Adult Coho Salmon Spawning

Habitat Parameter Optimal Benefit

Range
Gravel Size 5-15 cm Gravel size provides interstitial pore space and allows for

adequate water flow through the gravel. Gravel size is
largely dependent on stream size and location within the
stream system. Proper gravel size is needed to substantial
depth because coho salmon have been documented to
bury eggs up 40 cm into the substrate.

Water Velocity 0.5-1 m/s Adequate water velocity is needed to keep the gravel free
of sediment and provide sufficient water flow, and hence
dissolved oxygen, through the gravel.

Water Depth 15-30cm Female coho choose redd locations with adequate depth to
insure sufficient water flow to eggs throughout incubation
period. In areas where freezing is a factor, adequate depth
insures water flow below the upper winter ice layer.

Adapted from Groot and Margolis (1991)

EETables-Draft2.doc SeaTac Runway Fill
05/11/00 Hydrologic Studies
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3-11

Walker Creek Carcass Survey

Fish No. Species Sex Adipose Eggs Location/Comments

(M/F) Fin Clip Present

(Y/N) (Y/N)

I u u u u 50 feet upstream of Miller Creek confluence

2 Cono M Y 20 feet upstream of 2ha wood foot bndge at Normandy Park Cove

3 U L, U U Adjacent to Normandy Park Cove parking area

4 U U U U Adjacent to Normandy Park Cove parking area

5 Coho F N Y Adjacent to Normandy Park Cove tennis courts

6 U U U U Adjacent to Normandy Park Cove tennis courts

7 Coho F Y Y Upstream edge of Normandy Park Cove tennis courts

8 Coho M U Upstream edge of Normandy Park Cove tennis courts

9 U" U b U Downstream of 13th Ave. bridge: live fish

10 U U U U Upstream of 13th Ave. bridge residential area

1'l U U U U Upstream of 13tn Ave. bridge, in braided log jam area

12 U U U U Upstream of 13th Ave. bridge, in braided log iam area

13 Coho M U GPS point N47 26 47.2, W122 20 58.7: residential area upstream of 13th Ave. bridge

14 U F U Y 100 feet upstream offish #12; residential area upstream of 13th Ave bridge

15 Coho M Y 110 feet upstream of fish #12; residential area upstream of 13th Ave. bridge

16 U U U U Residential area upstream of 13th Ave. bridge

17 Coho F Y Y (100%) Residential area upstream of 13th Ave. bridgeladipose missing

18 Coho M Y Adjacent to dnveway parallel to creek in residential area upstream of 13th Ave bridge

19 U U U U Location where creek turns NE away from driveway that parallels creek

20 Coho M Y Location where creek turns NE away from driveway that parallels creek

21 Coho F Y Y (10%) Location where creek turns NE away from driveway that parallels creek

22 Cono F Y Y (10%) Locabon where creek turns NE away from driveway that parallels creek

23 U U U U GPS point N47 26 44.2, W122 20 53.6

24 Cono U U U GPS point N47 26 44.2, W122 20 53.6; LIVE FISH

25 Coho M N Walker Preserve

26 U U U U Walker Preserve

27 U U U U Walker Preserve

28 U F U Y Walker Preserve

29 U F U Y Walker Preserve

30 U F U Y Walker Preserve

31 Coho M N Walker Preserve

32 U U U U Walker Preserve

33 Coho M N Walker Preserve

34 Coho M Y Walker Preserve

35 Chum M N Adjacent to first house in residential area upstream of Walker Preserve

36 Co_o F Y Y (5%) Residential area upstream of Walker Preserve

37 Cohe F N Y (5%) Residential area upstream of Walker Preserve

38 U U U U Upstream of large concrete retaining wall in residential area

39 Coho M Y Residential area adjacent to creek/adipose clipped

40 U U U U 100 feet upstream of 1st Ave. S retaining wall

4! U U U U Location where creek heads west away from 1st Ave S

42 Coho F Y Y (5%) 100 feet upstream of SW 171st St

Creek surveyed between confluence with Miller Creek and 1st Ave S culvert

One #ve fish observed in shallow sandy pool downstream of 13th Ave. Bndge at tributary inflow; fish unidentifiable

to 3-12.xls SeaTac Runway Fill
Hydrologic Studies
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Table 3-13
Miller Creek Juvenile Fish Survey

Station Fish Species Fork Station Description

Length

(mm)

I 1-I Cutthroat 220" Approximately 150 feet downstream of confluence with Walker Creek adjacent to Normandy Park Cove lawn
area; piunge pool below deadfall log; sample area is 28 by 14 feet: thalweg depth is 24 inches; substrate is 50%

gravel and cobble (plunge pool and thalweg) and 50% sand (left bank back eddy)

1-2 Cutthroat 186 *Estimated

1-3 Coho 40

1-.4 Coho 41

2 2-1 Coho 37 Approximately 100 yards downstream of 13th Avenue downstream of private lawn area; sample area is 22 by 12
feet; thalweg is 22 inches deep; substrate is pnmanly sand and silt with small amount of gravel

2-2 Coho 50

2-3 Coho 46

2-.4 Coho 41

2-5 Coho 37
2-6 Coho 48

2-7 Coho 39

2-8 Coho 37

3 3-1 Cutthroat 108 Upstream of Mr. Fish's property near large fallen cedar: sample area 15 by 10 feet; thalweg is 24 inches deep;
substrate is primarily gravel and cobble with 20% sedimentation

4 4-1 Coho 32 Downstream portion of Walker Preserve ; sample area is backwater area, 4 by 3 feet: thaiweg is 6 inches deep:
substrate is cobble and Boulder with approximately 15% sedimentation (fish captured with dipnet)

5 5-1 Cutthroat 91 Residential area upstream of Walker Preserve; sample location is slackwater pool below deadfalt log; area is 20

by 10 feet: thalweg is 24 inches deep; substrate is 100% silt and sand

5-2 Cutthroat 96
5-3 Cutthroat 95

5-4 Cutthroat 94
5-5 Cutthroat 90

5-6 Cutthroat 92

5-7 Cutthroat 94

5-8 Cutthroat 103

5-9 Cutthroat 94

5-10 Cutthroat 104

5-11 Cutthroat 101

5-12 Cutthroat 90
5-!3 Cutthroat 101

5-14 Cutthroat 95

-- 5-15 Cutthroat 103

6 6-1 Cutthroat 102 Residential area upstream of Walker Preserve: sample location is plunge pool upstream of large hardpan clay
slackwater area; area is 15 by 10 feet: thalweg is 20 inches deep; substrate is 50% gravel, 20% cobble, 5%
boulder, and 25% silt and sand

6-2 Cutthroat 129

6-3 Cutthroat 131

7 7-1 Coho 28 Confluence with small tributary (0.5 cfs) approximately 1/4 mile downstream of the First Avenue South retaining
wal!: sampfe location is small slackwater pool; area is 1 by 1 foot: thalweg is 4 inches deep; substrate is mostly
cobble with 20% sedimentation

7-2 Coho 34

7-3 Coho 26

7-4 Coho 27

Tables 3-13 to 3-15.xls SeaTac Runway Fill
5/11/00 Hydrologic Studies
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Table 3-14
Walker Creek Juvenile Fish Survey

Station Fish Species Fork Station Description

Length
(mm)

1 1-1 Coho 35 Downstreamof 13th Avenue culvert; sample area 15 by 20 feet; thalweg is 12 inches deep;
substrate is gravel and cobble with approximately 25% sand

1-2 Coho 35
1-3 Coho 26

2 2-1 Coho 40 Upstream of 13th Avenue, adjacent to dead end road/driveway; sample area 15 by 5 feet;
thalweg is 9 inches deep; substrate is pdmadly sand and silt with small amount of gravel

2-2 Coho 36
2-3 Coho 40
2.4 Coho 32
2-5 Coho 35
2-6 Coho 37
2-7 Coho 39

3 3-1 Cutthroat 82 DownstreamofWalker Preserve near housesat end ofdead end road/driveway;samplearea is
plunge pool (12 by6 feet) created bydown tree; thalweg is 24 inches deep; substrate is
primarily cobbleat depth inplunge pooland sand and siltinpool tailout

4 4-1 Coho 42 Downstreamportionof Walker Preserve ; samplearea is 11 by 6 feet; thalweg is 11 inches
deep; substrate is primarilycobbleand gravel withapproximately25% sand

5 5-1 Cutthroat 97 Residential area upstream of Walker Preserve; sample locationis upstream of private foot
bridge;area is 14 by 5 feet; thalweg is 11 inchesdeep; substrateis 2-5 inch cobbleswith
approximately30% sedimentation;dght bankis hard pan clay, leftbank is rip rap

6 6-1 Coho 38 Small plunge pool created bydeadfall logwith center notchfor waterflow inresidentialarea
upstreamof Walker Preserve; sample area 8 by 5 feet; thalwegis 12 inchesdeep; substrate
primarilysandand siltwith 10% gravel and 10% cobble

7 7-1 Coho 42 Residentialarea approximately200 yards downstreamof the FirstAvenueSouth retainingwall;
sample locationis adjacent to lawn;area is 9 by6 feet; thalweg is 22 inchesdeep; substrateis
90% silt, 5% gravel, and 5% cobble

7-2 Coho 42

7-3 Coho 43 Note: 28 additionalage-0 coho capturedand released
7.4 Coho 45 withoutanestheticor lengthmeasurement.
7-5 Coho 33
7-6 Coho 39
7-7 Coho 41
7-8 Coho 40
7-9 Coho 41
7-10 Coho 42
7-11 Coho 42
7-12 Coho 45
7-13 Coho 32
7-14 Coho 34
7-15 Coho 40
7-16 Coho 43
7-17 Coho 41
7-18 Coho 34
7-1g C0ho 38
7-20 Coho 32

8 8-1 Cutthroat 91 Downstream of South 176thSt., adjacent to cedartree and lawn area; sample area is 14 by 6
feet; thalweg is 28 inches;substrateis 100% silt and sand

Tables 3-13 to 3-15,xls SeaTac Runway Fill
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Table 3-15
Des Moines Creek Juvenile Fish Survey

Station Fish Species Fork Station Description
Length

(mm)

1 1-1 Coho 35 Approximately 200 yards downstream of Marine View Drive
retaining wall; sample area is 30 by 10 feet; thalweg is 6 inches
deep; substrate is cobble and gravel with 20% sedimentation

1-2 Cutthroat 111

2 2-1 Coho 34 Approximately 170 yards downstream of Marine View Drive
retaining wall; sample location is small slackwater pool
downstream of a series of boulders; area is 4 by 3 feet; thalweg is
12 inches deep; substrate is 70% cobble, 10% gravel, and 20%
sand

2-2 Coho 38
2-3 Coho 34
2-4 Coho 38
2-5 Coho 36

Tables 3-13 to 3-15.xls SeaTac Runway Fill
5/11/00 Hydrologic Studies
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Table 3-16

Walker Creek Rapid Bioassessment Results1

Station 1 Station2 Station 3 Station 4 Station 5
Characteristic Parameter Rkm 0.2 Rkm 0.7 Rkm 1.4 Rkm 2.2 Rkm 2.8

Water Quality Temperature (C) 7.6 6.5 7.1 7.2 7.6
pH 7.88 7.71 7.7 7.88 7.76
Dissolved Oxygen (mg/L) 12.14 13.32 12.78 12.42 12.41
Turbidity (NTU) 5 88 4 6 4
Conductivity (mS/cm) 0.2 0.258 0.234 0.213 0.202

Substrate Bedrock 0 0 3 0 2.5

(% composition) Boulder (>256 mm) 0 0 25 0 2.5
Cobble (64-256 mm) 0 2.5 30 0 0
Gravel (2-64 mm) 30 35 30 0 5
Sand (0.06-2 mm/gritty) 65 60 12 90 90
Silt (0.004-0.06 mm) 5 2.5 0 10 0
Clay (<0.004 mm/slick) 0 0 0 0 0

Habitat2 Epifaunal Substrate/Cover 14 12 14 4 9
Pool Substrate
(Embeddedness) 16 16 18 8 7

- Pool Variability (Velocity/Depth
Regime) 15 7 15 12 13
Sediment Deposition 9 7 13 5 4
Channel Flow Status 12 13 14 19 19
Channel Alteration 9 15 20 14 7

Channel Sinuosity (Frequency
of Riffles) 4 5 17 5 4
Bank Stability (L/R) 5/6 7/8 9/7 8/7 9/6
Vegetative Protection (L/R) 4/7 7/7 9/8 9/6 7/4

Riparian Vegetation Width (L/R) 1/9 9/5 10/10 10/2 6/2

Total Score 111 118 164 109 97

1 = Methods follow Rapid Bioassessment Protocols for Use in Wadeable Streams and Rivers (EPA 1999).
2 = Initial habitat parameter is for Low Gradient Stream; habitat parameter in parenthesis has been

modified for High Gradient Streams. Station 3 is the only high gradient stream section sampled
on Walker Creek. Values presented are on a scale of 1-20 with the following categories:
0-5 (poor), 6-10 (marginal), 11-15 (suboptimal), and 16-20 (optimal).

C = Celcius.

mgA_= Milligrams per liter.
mm = Millimeter.

mS/cm = Microsiemens per centimeter.
NTU = Nephelometric Turbidity Unit.
Rkm = River kilometer.

Table 3-16.xls SeaTac Runway Fill
5/11/00 Hydrologic Studies
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Table 3-17
Miller Creek HSPF Water Volume Comparison

Upper Gage (below Lake Reba)

Water Year Observed Flow Simulated Flow** Difference
(inches) (inches) (percent)

1993 6.49 9.44 45.45
1994" 4.23 5.86 38.53
1995" 7,81 11.75 50.45
1996 16.35 19.46 19.02

Total 34.88 46.51 33.34

Lower Gage (near mouth)

Water Year Observed Flow Simulated Flow** Difference
(inches) (inches) (percent)

1993 14.78 22.14 49.80

1994" 13.47 15.94 • 18.34
1995" 20.53 22.42 9.21
1996 36.27 40.44 11.50

Total 85.05 100.94 18.87

•Volumes adjusted to account for missing data due to gage malfunction.
•*Simulated flow from MILL-C calibration model

Tables 3-17 to 3-19.doc SeaTac Runway Fill
05/11/00 Hydrologic Studies
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Table 3-19
Effects of Model Limitations on Flow Control Facilities

Basin ModelLimitation EffectonFacilityRequirements

All Does not consider storage existing in the Increases target flow rates and reduces
watershed to attenuate low-development apparent size of flow control facilities needed
condition flows to meet target flow rates

All FTABLE inaccuracies Not determined

Miller Groundwater supply to stream flow Masks the effect of changes in groundwater
Creek represented by constant flow rate time recharge upon base flows in stream/reduces

series apparent need for maintaining low flows

Miller Inconsistent DEEPFR parameter settings Not determined, as settings vary widely
Creek between model scenarios

Miller Inconsistent soil type distributions across Reducing the area of outwash soils in the
Creek watershed target flow scenario increases target flow

rates and reduces apparent size of flow
control facilities needed

Miller Total watershed area reduced by 2.7 Reduces peak storm flows and volumes,
Creek percent from target flow regime model to thereby reducing apparent size of flow

2004 conditions model control facilities needed to meet target flow
rates

Walker Runway fill not reflected in land use for Reduces peak storm flows and volumes,
Creek 2004 conditions model thereby reducing apparent size of flow

control facilities needed to meet target flow
rates

Des Does not use Tyee Pond rain gage data May increase peak flows in lower reaches of
Moines for lower portion of watershed creek, creating apparent need for larger RDF
Creek to limit peak flow rates

Des Inconsistent DEEPFR parameter settings Reducing DEEPFR setting from calibration
Moines (0.9) to 2004 scenario (0.8) model increases
Creek groundwater available to supply stream and

reduces apparent effect to base flows

Des Total watershed area reduced by 7 Reduces peak storm flows and volumes,
Moines percent from calibration model to 2004 thereby reducing apparent size of flow
Creek model control facilities needed to meet target flow

rates

Tables 3-17 to 3-19.doc SeaTac Runway Fill
05/11/00 Hydrologic Studies
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- Table 3-20

Septic Discharge Calculations

Middle Reach of Miller Creek

Total number of septic systems decommissioned 380
Buy-out area contributory to middle Miller Creek 50%
Typical septic discharge per person 80 gpd
Persons per household 2.5
Percent of water supply that becomes secondary recharge 87% Solly and others, 1993
Estimated average daily discharge in middle Miller Creek basin 33,060 gpd
Potential contribution to baseflow in middle Miller Creek I cfd/f

Total Buy-Out Area

Total number of septic systems decommissioned 380
Buy-out area contributory 100%
Typical septic discharge per person 80 gpd
Persons per household 2.5
Percent of water supply that becomes secondary recharge 87% Solly and others, 1993
Estimated average daily discharge 66,120 gpd
Area of the buy-out area 12972434 ft2
Equivalent septic R inches over the buy-out area 3 inches

Table 3-20.xls SeaTac Runway Fill
6/12/00 Hydrologic Studies
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Table 3-22

Summary of Impacts to Wetlands within Miller Creek Watershed from
the Proposed Third Runway

Forested Scrub-shrub Emergent Total

Perm. Temp. Perm. Temp. Perm. Temp. Perm. Temp

Slope 2.34 0.56 1.00 0.13 1.10 0.05 4.44 0.74
Slope/Riparian 4.16 0.68 0.52 0.17 2.00 0.22 6.68 1.07
Depression 0.1 0.00 0.04 0.00 1.75 0.00 1.89 0.00
Depression/Riparian 0.09 0.01 0.09 0.01 0.56 0.03 0.74 0.05
Riparian 0 0 0 0 0.13 0.00 0.13 0.00

Total 6.69 1.25 1.65 0.31 5.54 0.30

Perm. = permanent
Temp. = temporary

A

Table 3-22.doc SeaTac Runway Fill
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Table 3-23
Wetland Fill Impacts Associated with the Proposed Third Runway

Wetland Classification Total Fill Temporary/ Vegetation Types Effected
Wetland Effect (Secondary)
Size Effect PFO PSS PEM

Miller Creek Watershed
Runway Safety Area

3 Slope 0.56 0.05 -/0.05 -
4 Slope 5.00 0.10 -/0.10 -
5 Slope 4.63 0.14 0.10 0.07/0.10 0.07

New Third Runway

9 Slope 2.83 0.03 0.03 0.01/0.01 - 0.02/0.02

12 Slope 0.21 0.04 - 0.17
13 Slope 0.05 - 0.05
14 Slope 0.19 0.19 -
15 Slope 0.28 - 0.28
16 Depression 0.05 - 0.05

21 Slope 0.22 0.22
- 22 SIo e 0.06 - 0.01 0.05

24 Depression 0.14 - 0.14
25 Depression 0.06 0.06
26 Depression 0.02 - 0.02

W1 Depress!on 0.10 - 0.10

A5 Depression 0.03 0.03
A6 Slope 0.16 0.16 -
A7 SIoe 0.30 0.30 -

A12 Slope 0.11 0.02 0.03(0.06) 0.02/0.03 -
A18 Depression 0.01 0.01 -
FW5 and 6 Depression/ 0.15 0.15

Riparian
R1 Riparian 0.17 0.13 0.04 0.13

a - All effects presented m acres.

PFO- Palustrine Forested PSS - Palustrine scrub shrub
PEM- Palustrine emergent

EETables-Draft2.doc SeaTac Runway Fill
05/15/00 Hydrologic Studies
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Table 4-2
Des Moines Creek HSPF Water Volume Comparison

Upper Gage 11C (upstream of Tyee pond)

Water Year Observed Flow Simulated Flow* Difference
(inches) (inches) (percent)

1994 13.32 12.3 -7.66
1995 21.03 22.84 8.61

1996 34.43 31.8 -7.64

Total 68.78 66.94 -2.68

Lower Gage 11D (near mouth)

Water Year Observed Flow Simulated Flow* Difference
(inches) (inches) (percent)

1994 9.2 7.96 -13.48
1995 14.8 16.21 9.53
1996 23.2 22.91 -1.25

Total 47.2 47.08 -0.25

*Simulated flow from DM-C calibration model

Tables 4-2 to 4-3.doc SeaTac Runway Fill
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Table 4-4

Wetland Impacts Associated with the On-Site Borrow Areas 1

Wetland Classification Total Fill Effect Temporary Vegetation Types Effected
Wetland Effect
Size PFO PSS PEM

Borrow Areas

28 Depression/ 35.32 0.07 - 0.07
Riparian

48 Slope 1.58 0.14 0.10 0.03/0,10 - 0.11

B11 Depression 0.18 - 0.18
B12 Slope 0.07 -- 0.07

B15a and Slope 2.05 0.21 0.10 - 0.21/0.1
b 0

Does not include Borrow Area 3 wetlands that may receive secondary impacts.

a - all effect totals presented as acres

PFO- Palustrine Forested
PSS - Palustrine scrub shrub
PEM- Palustrine emergent

EETables-Draft2.doc SeaTac Runway Fill
05/15/00 Hydrologic Studies
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Table 4-5
Summary of Permanent and Temporary Impacts to Wetlands within Des Moines
Creek Watershed from Proposed Third Runway

Forested Scrub-shrub Emergent Total

Perm. Temp. Perm. Temp. Perm. Temp. Perm. Temp

Slope 0.03 0.10 0.28 0.10 0.11 0.00 0.42 0.20
Depression 0.00 0.00 0.55 0.00 0.41 0.00 0.96 0.00
Depression/Riparian 0.00 0.00 0.00 0.00 0.07 0.00 0.07 0.00 -

Total 0.03 0.10 0.83 0.1 0.59 0.00

Perm. = permanent
Temp. = temporary

EETables-Draft2.doc SeaTac Runway Fill
05/15/00 Hydrologic Studies
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Figure 3-3
Hydrographs
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- Figure 3-7
Flow Duration Curves for Miller/Walker Creek - King County Gages
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Legend Figure 3-10
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Legend Figure3-11
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Figure 4-4
Flow Duration Curves for Des Moines Creek - King County Gages

Des MoinesCreekGage 11C
I000 .............

I bservedSh_ulated

]00

IOt

1

O.l
0.5 2 5 I0 20 30 50 70 80 90 95 98 99.5

Percent chanceFLOW exceeded
HOURLYMEAN FLOW at UPPER
DesMoines CreekatUpperC-age

C elibration Peric

Des Moines Creek Gage 11D

I0001' Obs'erv'ed..........

Smlulated

lOO
o_ 10

l

01. ................
0.5 2 5 I0 20 30 50 70 80 90 95 98 99.5

PercentchanteFLOW exceeded

HOURLY MEAN FLOW at MOUTH
Des Momes CreekatMouth

CalibrationPericd

Simulated values generated using "MILL-C" cafibration model

FIowplots2.doc SeaTac Runway Fill
05/12/00 Hydrologic Studies

AR 011754



_o0

E _'_
-_2

£ _ o
_ &.1

E_ &

-_ _o &
£ =o _

_ °o ,=o o_ @ 4=
o _ _- _'_ _

1 • •

l

S

1

-- l

l

i ,I
,_ ,

l

_, ,
_. ,

=m

¢_ ,

m

II1 '

L_ --

_ m

_''_ o _ o _n o _ o _ o ,,?
0

_ _ ,_o
m (SJO)MOgLUea.q£ -" ,-

u,,,n i..Z_

AR 011755



j SASA FOOTPRINT
MODIFIEDTO AVOID

RELOCATION OF DES MOINES

GREEKAND GROUNDWATER i
DISCHARGE WETLANDS I

]/ /"

SYSTEM (IWS)
LAGOONS

\ \

\ \ BRIDGE DF.S!GN
_, MINIMIZES WETLNdD AND

STREAM IMPACTS

-r

'--'_B.""_ LG=.'. '.'.'.'.'.'.':':

TYEE i': ............... DEVELOPMENT

PONO\ _:::............ ......... ... . . AREA

NORTHWEST (;5.Z.> FZ.Z.:.b :.> > } :::_"

Pot_ .':>:->FZ':-:':':':'I:'i

!.:...............
BORROW ...............

Slre __ i.Z Z,Z.:.bZ.Z.FF:.Z.Z.bb: " "_-FbF:-:.:.:.:.

#4 // i" [" .'.'.'.'.'. ".'.'.'.'.... "'" " '"'"'""'" "" SOUTH AVIATION
_'I'['I'_'Z'_'['_'_'_ ' SUPPORT AREA

_/ _ i'_........ i_ [ i [ Z _ Z [ " (SASA)

t,' .......... :' Z

// DEVELOPMENT
_ AREA S200THSTJ

_i BORROW

SITE "
#3

DEVELOPMENT.AREA MOC_RED ]
TO AVOID AND MINIMIZE JWETLAND IMPACTS

oEvopMENTAREA.OD, EO
TO AVOID AND MINIMIZE /

WETLAND IMPACTS -':,-J"_

B6

• >:'Z'FZ'Z'F: Z.FI S_OaTHST

DEVELOPMENT

• .'i'_.:_.:';';'_-:'.'.' AREA

SETBACK AVOIDS IMPACTS
•TO DES MOINES CREEK :;:Z_:: ::_:_[:::[:: :[:_[:

/,.._.,.._...,; ::::::::::::::::::::::::::"=q'_':':':':':':':':':': BORROW

f'" ::::::::::::::::::::::::
..... ............. ;: #1

_- : ........ "Bi4
"_,. .I

.... '._]._::.:.:.:.:.:.:

DESIGN MODIFICATIONS TO ...........

:-:

ELIMINATE OFF-SITE IMPACTS :. :

'-.end Figure 4-6

- _ _'_'" _ c_,_,,,,,_,,, WetlandAnd Stream Impacts
w.u_v_,o In The Des Moines

_ymeACOE , Pt_d Cre_

_-_'' Creek Basin
r--L_f 1 p,////__.,.w..= .... _,_IwACOE
o ,oo _ 112 _ N.m_ Sea Tac Runway Fill

source:_,,r=V= :m¢ HyclroIogic Studies

AR 011756



MEMORADUM
TO: File
FROM: Russ Prior

DATE: February 17, 2000

This memorandum describes a field trip completed by Russ Prior of Pacific Groundwater
Group on February 10, 2000. The purpose of the trip was to obtain preliminary
information regarding privately owned wells in the buyout area for the proposed

expansionof SeaTacAirport.

William Kleindl of Parametrix, Inc. was hired by the Port to accompany Mr. Prior during
this field trip. Mr. Kleindl knew the buyout area well and provided thoughtful insight.
Such insight included personal knowledge of the previous existence of older houses,
which had already been demolished. He had previously observed some wells in the areas
we traversed.

The two men covered approximately half of the area using a full day in the field. No

attempt was made to look at every house in the areas traversed. In general, they focused
on lots that had older (pre-1950) vintage houses. Although, it is known that some wells
occur in the basement of some houses in the area, no attempt was made to search the
basements of all houses visited. The attached maps indicate the general areas that were
traversed.

Wells and Other Subsurface Features

The following list describes the wells that were found by Mr. Prior and Mr. Kleindl on
February 10, 2000. The wells were located based on a map provided by Port consultants
that documents all parcels in the buyout area. The following list is organized based on
those parcel numbers. Please refer to the attached figures.

Parcel 088

This parcel, north of South 156th Way, is in an area which has already had all the houses

demolished. The streets still exist but extensive grading and reseeding has been
completed. We were led to this area because Port personnel indicated the existence of a
water well to Bill via cell-phone. We found several outbuildings in parcel 088 but could

== not find any evidence of a Water well.

Parcel 153

This parcel immediately south of South 156th Way still has a house on it. A dug well
exists along the eastern boundary line of the parcel. The well is rectangular and is made

of concrete casing. The water level in the well is approximately 2 feet below ground
surface.

Parcel 158

Immediately east of Parcel 153, this parcel had a dug well in the front yard. It is a
_ concrete case well approximately 36-inches in diameter with a loose steel lid over the

AR 011757



comer was visible from outside through an opened door. Nobody was home at the time
of our visit so no direct questions could be asked. It is believed that a water well of some
kind exists on this parcel.

Parcel 187

A hole was observed in the grassy back yard of this parcel. The hole had concrete
sidewalls and the remnants of wood cribbing on top. It is believed that this is a caved-in
dug well.

Parcel 215

A dug well exists in the northeast comer of the house on this parcel. The well is
accessible through a 3-foot high door that opens from the outside. The water level is
approximately 2 feet below the floor of the basement. The plumbing infrastructure is in
place and consists of 3-inch down-hole pipe with two (100-gallon?) pressure tanks.

Parcel 280

A rectangular dug well with concrete walls was observed in the patio area in back of the
house in this parcel. The water level was approximately 2 feet below grade.

Parcel 311

A 6-inch diameter drilled well was observed adjacent to a concrete walk just in front of
the garage on this parcel. The water level was measured at 55 feet below grade. The

- remnants of a jet pump were observed on top of the well, otherwise the well head is
unprotected at the surface. The stickup of the well is approximately 2 inches. The depth
of the well was not measured.

Parcel 312

A 3-foot by 3-foot, freestanding, wood-framed structure exists on this parcel near and
slightly higher than Miller Creek. It is not known if this is a pump house for a surface
water diversion or a well house. The house was locked and no observations inside could
be made.

Parcel 316

This parcel is part of a plant nursery and two wells (both along the southern boundary)
were observed on it. The first is located near the eastern end of the property. It is
apparently hand dug and is finished with 20-inch (?) concrete casing that sticks up
approximately 2 feet. The pressure tank and pumping hardware is still plumbed in and
immediately adjacent to the well. The water level in the well is approximately 6 feet
blow the top of the casing.

The second well is located on the western portion of the parcel in the fiat area close in
elevation to Miller Creek. It is a dug well and finished with 36-inch (?) concrete casing
that sticks up approximately 1 foot. The water level is about 3 feet below the top of the
casing.
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Appendix B
Pacific Groundwater Group Recharge Model

The following three computer-based groundwater models were used for this.project:

• Pacific Groundwater Group Recharge Model

• Hydms-2D
• Finite Difference slice model (slice model)

The recharge model was used to calculate groundwater recharge for the current and post
construction conditions at the proposed third runway fill and borrow sources south of the
runways. Hydrus was used to model the movement of water between the root zone and
the water table assuming construction of the runway fill. The slice model was used to
accumulate and move recharge downgradient under current and built conditions, to the
Miller Creek riparian wetlands. At the borrow source areas, only the recharge model was
used. This appendix describes the input and functions of the recharge model. The main
text presents basic characterization data, model results, and interpretation.

1 Method

A proprietary spreadsheet model developed by Pacific Groundwater Group was used to
estimate monthly and annual recharge. The spreadsheet model is based on algorithms

- used in the "Deep Percolation Model" developed by the USGS (Bauer, 1996 and Bauer &
Vaccar0, 1987). PGG's model employs a daily water budget to track soil moisture,
perched conditions over till, runoff, snow-pack storage, and interception loss. The model
estimates daily potential evapotranspiration using either the Blaney-Criddle (SCS, 1970)
or Priestly-Taylor (1972) method, and calculates actual evapotranspiration as a function
of soil texture and available moisture in the.root zone. All water passing through the root
zone is attributed to shallow recharge. When a till layer is included, the model tracks an
overlying, perched water table and allows for both downward vertical seepage through
the till ("deep recharge") and shallow "perched subflow" above the till. When the water
table extends into the root zone, shallow recharge equals additions or withdrawals to the
shallow aquifer. If the water table reaches the land surface, potential recharge is rejected
and routed to the runoff term. Runoff is also modeled based on a fixed percentage of
precipitation. Running the model for consecutive identical years allows simulation of a
cyclic steady state. The model can be calibrated to runoff, saturation above the till, deep
recharge, perched subflow, and snow-pack storage.

Observations of soil and cover conditions were used to identify five "recharge classes"
based on unique combinations of land cover and surficial geology at the proposed fill and
borrow areas. Land cover was broken into three categories (grass, mixed forest, and
barren). Mixed forest was modeled as half-coniferous trees and half-deciduous trees. A
surficial geologic map (Booth and Waldren, in press) and local boring logs were

Pacific
Groundwater Page B-1
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i __

considered in identifying three soil types for the proposed fill and borrow areas: glacial _
outwash, glacial till, and wetland.

At the fill area, the model was applied to a slice of ground proposed to change from
current conditions to fill. Along that slice, impervious surfaces were limited to 12th

Avenue for the current condition and the proposed third runway for the built condition.
Runoff was assumed to be 100 percent from these impervious surfaces, with no
secondary infiltration. No impervious surfaces were modeled at the borrow areas, where
the model was applied to the borrow area footprints.

The following five recharge classes for the proposed fill and borrow areas were used
(current and post construction conditions included, and impervious not included).

outwash till wetland

grass covet" class 1 not used class 5 (2/3 grass)
mixed forest cover class 2 class 4 class 5 (1/3 forest)
barren class 3 not used not used

The fill was modeled as grass on outwash. Wetlands were modeled as 1/3 forest and 2/3
grass growing on fine-grained soils with a high water table. Post-borrow conditions were
modeled as barren and grass on outwash.

i --

The recharge calculation methods for wetlands differed from the other classes. Because ;
portions of the root zone remain saturated year-round in the modeled riparian wetlands, _ __
water is always available for transpiration and is unimpeded by soil-moisture tension.
For this reason, wetland recharge was simply calculated as precipitation minus potential
evapotranspiration (R=P-PET for wetlands). Therefore, for wetland classes, negative
recharge was calculated during the summer months of low precipitation and high
potential evapotranspiration.

For all but the wetlands, the recharge analysis considered the water-holding capacities of
existing soils using a term called available water capacity (AWC). AWC is measured in
inches of water, and is the difference between field capacity and wilting point. Values of
AWC published in the King County Soil Survey (Soil Conservation Service, 1973) were
used for Alderwood and Everett soils, the prominent types derived from till and outwash
soils, respectively. AWC for wetland soils were derived from the Snohomish soil series
data. Another major discriminating factor is that Alderwood soils are underlain by a
consolidated till stratum, typically encountered 24 to 40 inches below land surface (Soil
Conservation Service, 1973) that may perch groundwater and therefore affect actual
evapotranspiration. Table B-1 summarizes the AWC profiles of the major soil types. For
each depth range, the modeled AWC value is the midpoint of the published AWC range.

Monthly precipitation and temperature averages were derived for Seatac Airport. Table
B-2 shows the climatic input data for the model.

Pacific
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Runoff was assumed negligible for recharge modeling of pervious surfaces. Factors
contributing to low runoff are the coarse fill texture, low slopes, and forest cover.

Although runoff is low, an assumption of zero for all pervious classes imparts some
inaccuracy to the recharge predictions.

Plant potential evapotranspiration (PET) was calculated with the method of Blainey-
Criddle. Grass was assigned a root depth of 24 inches in accordance with the USGS
Deep Percolation Model used for to southwest King County (Woodward et al, 1995).
Coniferous trees and deciduous trees were assigned rooting depths of 36 and 60 inches,

respectively, except on till where all rooting depths were specified at 30 inches. Soil
evaporation was calculated for the assumed barren borrow sites (down to a depth of 12
inches) with the method of Priestly-Taylor (1972).

Crop factors are used in the model to account for the plant-specific amounts of potential
evapotranspiration. Interception (capture of precipitation by leaves and needles) is a part
of actual evapotranspiration. Interception was not explicitly modeled because the
Blaney-Criddle equation does not accommodate interception parameters. However,

interception loss is known to be high in coniferous forests of the Pacific Northwest during
wintertime, when advective loss of intercepted moisture can dominate evapotranspiration

(Bauer & Mastin, 1997; pers. comm., Black, 1999). During the drier months (May
through September), crop factors can be derived for conifers by multiplying the crop
factor for grass by the ratio of Priestly Taylor "alpha" values measured for conifers and
grass (0.73 and 1.26, respectively). The "alpha" parameter was developed for dry leaf
transpiration based on stomatal resistance. Current methods of ET estimation have not
fully developed suitable means for estimating advective losses during winter months. For

these months, the best recourse for estimating forest ET is believed to be use of high-end,
measured crop factors (pers. comm, Black, 1999). In this case, Blaney-eriddle crop
factors for alfalfa were used between November and March, and for grass during April

and October. Alfalfa has one of the highest crop factors, and grass is also relatively high
(Dunne & Leopold, 1978).

Actual soil evapqration and plant evapotranspiration were calculated as a function of
daily soil moisture availability, soil texture, and potential ET based on functions

employed in the USGS recharge model (Bauer & Vaccaro, 1987). In general, reduced
soil moisture reduces evaporation and transpiration because the remaining moisture is

-- held with greater tension in the soil and unsaturated hydraulic conductivities are reduced.

Solar radiation data, required for the Priestly-Taylor method, were obtained from

measurements made at the Seatac station. The data are maintained and reported by the
National Renewable Energy Laboratory (NREL) as part of the National Solar Radiation

Database, and represent a period of 1961-1990. Maximum observed daily clear sky solar
radiation was not measured, but was derived from measured extraterrestrial solar

radiation by applying a ratio of 0.73 (ariel Giles and others, 1984) The radiation data are

presented in Table B-3. The recharge model employed a Priestly-Taylor alpha coefficient
of 1.0. While a value of 1.26 is considered standard for wet surfaces, evaporation from

soils (Es) is less than evaporation from free surfaces (Eo). EJEo ratios reported in the

_c/fi¢
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literature range from 60%-to 90% (Jensen et al, 1990). Sensitivity analysis showed that
varying the alpha coefficient by "*"0.27 around 1.0 resulted in PET values which varied _-:....
by +27% and -15%, however resulting recharge values varied by only +6% and -3%.

2 Recharge Estimation Results

PGG's recharge model was used to estimate monthly recharge for each recharge class.
Soil property, plant, climatic, and other pertinent data were input, and the model was run
for each recharge class independently. For classes with no underlying till a single model
run allowed definition of the daily, monthly, and annual soil-moisture water balance.
For upland till, multiple runs were required during which the vertical permeability (K,,)
of the till and the "Darcy flow coefficient" of the perched aquifer (a composite term for
horizontal permeability (Kh) times gradient (i) per unit-width) were adjusted to match
simplified site conditions (presence and absence of perched water).

Recharge for outwash areas is summarized as percolation to a presumed deep water
table, below the root zone. Roots cannot extract water from the saturated zone in that
case and recharge is therefore either positive or zero. Recharge in upland till areas is
summarized as percolation to a presumed perched water table, which may be within the
root zone. Recharge in till areas includes shallow perched subflow and deep percolation.
When the water table is within the root zone, negative recharge may occur because roots
may access water from below the water table (ie: more than the water stored in the
unsaturated-state above the water table). This condition occurred in the till upland,
where the root zone was modeled to extend down to the till layer, at a depth of 30 inches.

In the wetland areas where the water table is always within the root zone, recharge was
approximated as simply P-PET. This approach was appropriate because the recharge
model output was intended for use in the slice model, which rejects recharge when the
water table is at land surface, and correctly attributes the rejected recharge as runoff.

Table B-4 shows the monthly and annual estimates of recharge predicted by the model
and described above. Details of output from the recharge spreadsheet model for each
recharge class is provided in Tables B-5 through B-13. Recharge for the mixed cover
classes were calculated based on weighting of the discrete cover classes (example:
wetlands were calculated as one-third grass-covered wetland and two-third mix-forest
wetlands). Therefore, Tables B-5 through B-13 do not include the exact numbers used
for mixed-cover modeling. Figure 3-4, in the main body of the report, provides a
graphical representation of total recharge calculated for the different classes over time.

Table B-4 and Figure 3-4 (main text) show that predicted recharge for the wetter
months is similar between all classes, but that the presence of moisture and saturation
within the root zone causes negative recharge (net ET) for the till and wetland classes.
Recharge is greatest in the barren condition as a result of low AET.

The recharge estimates for grass on outwash were imported to the Hydrus-2D model
discussed in Appendix C for modeling of infiltration through the variably saturated third
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runway fill. All values except the barren condition were imported into appropriate
locations in the "current conditions" version of the slice model, which assumed no lag
for vertical flow to the water table.
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TableB-1
Available Water Capacities for Modeled Soils

Everett Series Alderwood Series Snohomish Series (wetland)

Depth Range AWC Depth AWC Depth Range AWC
Range

0-17 in 0.08-0.1 0-27 in 0.09-0.11 0-17 0.20-0.24
17-32 in 0.06-0.08 Below27 in till 17-27 0.35-0.40
32-60 in 0.02-0.04 27-60 0.80-0.1

PacificGroundwater Page B- 7 .
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Table B-2
Climatic Data for Modeling

Month Precipitation Average Daily Avgerage Daily
(inches) Max Temp (°F) Min Temp (°F)

Jan 5.64 44.6 34.6
Feb 4.16 49.0 36.7
Mar 3.69 52.2 38.1
Apr 2.53 57.4 41.2
May 1.63 64.3 46.4
Jun 1.44 69.4 51.3
Jul 0.77 75.1 54.5
Aug 1.10 74.7 54.8
Sep 1.77 69.4 51.3
Oct 3.41 59.4 45.3
Nov 5.87 50.4 39.5
Dec 5.85 45.4 35.8
Annual 37.86
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Table B-3
Solar Radiation Data for Modeling

Extraterrestrial solar Maximum observed daily Daytime incoming solar
Month radiation clear sky solar radiation radiation

(MJI m"2d"1) (MJ m2 d"1) (MJ m 2 d"1)

January 10.99 8.02 3.54

February 16.53 12.07 5.96
March 24.49 17.88 10.18

April 32.82 23.96 14.70
May 39.14 28.57 19.16
June 41.88 30.57 20.91

July 40.51 29.58 21.84
August 35.30 25.77 18.56

September 27.71 20.23 13.57
October 19.42 14.18 8.00

November 12.66 9.25 4.19
December 9.54 6.96 2.89
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Table B-4
Recharge for Cover and Soil Classes based on Recharge Model
for SeaTac Area

r.

Month Outwash Outwash Till Mixed Grass & Mixed Barren
Mixed Forest Grass Forest Forest Wetland Outwash

(and fill) (saturated)

January 5.26 5.17 5.18 5.23 5.58
February 3.58 3.49 3.56 3.55 3.75
March 2.62 2.44 2.60 2.55 2.45

April 0.78 0.52 0.75 0.68 0.30
May 0.00 0.00 -0.92 -1.14 0.00
June 0.00 0.00 -1.08 -2.19 0.00

July 0.00 0.00 -0.85 -3.56 0.00
August 0.00 0.00 0.06 -2.67 0.00
September 0.00 0.00 0.82 -0.55 0.00
October 1.29 0.63 2.22 1.95 2.03
November 5.20 4.95 5.22 5.15 5.68

December 5.46 5.30 5.46 5.42 5.84

Annual 24.19 22.50 23.04 14.43 25.64 ---

Q
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Appendix C
Proposed Third Runway Fill Vadose Zone Modeling with Hydrus-2D

The following three computer-based groundwater models were used for this project:

• Pacific Groundwater Group Recharge Model
• Hydrus-2D by Simunek and others (1999)

• Finite Difference slice model (slice model)

The recharge model was used to calculate recharge for the current and post construction conditions

at the proposed third runway fill and borrow sources south of the runways. Hydrus was used to
model the movement of water between the root zone and the water table assuming construction of
the runway fill. The slice model was used to accumulate recharge in the shallow water table aquifer

and move it downgradient under current and built conditions to the Miller Creek riparian wetlands.
This appendix describes the input and functions of the Hydrus model. The main text presents basic
characterization data, model results, and interpretation.

1 Method Overview

Eight independent models of variably saturated flow within the proposed fill were used to simulate
_- water movement between the root zone and water table below the fill. One of these models was

conceptual only: where the fill was less than 20 feet thick, and where it is proposed to be composed
entirely of Type 1 fill (adjacent to the proposed wall), the model consisted of assuming that
recharge below the root zone was immediately present at the water table or top of glacial till. The
other seven models used the computer code Hydrus-2D, and varied only in the assumed thickness of
fill (150, 130, 110, 90, 70, 50, and 30 feet). Figure 3-5 of the main text shows an idealized cross
section of the fill through the proposed west wall area, and the thickness variations that would be

present. The Hydrus-2D model scenarios were used to analyze lagging and dampening of the
recharge pulse between the land surface and a water table assumed to occur on top of a shallow till

aquitard (perching layer). A shallow glacial till aquitard is generally present throughout the
modeled section and areas north and south. At best, however, the model cross section is a

simplification of actual conditions; and in some areas the actual stratigraphy, slopes, and
permeabilities are different than modeled.

2 Characterization of Fill Texture

The characteristics of the fill modeled in Hydrus were selected based primarily on the specifications
for a small section of fill placed in 1998 and 1999 (Phase I fill - Port of Seattle Commission, 1998).

Field data from analysis of Phase I soil samples (Terra Associates, 1998) and samples of the
possible Maury Island fill source (Pacific Groundwater Group, 2000) were also examined.

Pacific
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The Port of Seattle Commission specified the particle size ranges shown in Table C-1 for three fill
groups that comprised the Phase I fill. Italicized bold values were calculated for this project based
on the specifications. The values for the No 10 sieve were calculated for this project based on
interpolations between the No 4 and 40 sieves, and the central values of the ranges were also
interpolated are therefore represented in bold italics. The requirement for modeling with Hydrus-
2D was to identify the percentages of gravel, sand, and silt according to the US Department of
Agriculture system.

Central values of the ranges passing the sieves were selected to represent the Groups' textures.
Groups 1 and 2 were combined to represent "Type 1" fill described by Hart Crowser (1999) in
designing the embankment where the Hydrus model was applied. "Type 2" fill of Hart Crowser was
assumed to have the texture of Group 3 fill in Table C-1. Type 1 soils have few fines, whereas
Type 2 soils are siltier. Passing ranges for sieve numbers 10 and 200 were interpolated from the
combined textures of Groups 1 and 2 to supply the modeling requirement for percent gravel (USDA
- retained by U.S. No 10 sieve) and percent silt and clay (passing U.S. No 200 sieve).

Hart Crowser (1999) reports that only Type 1 fill would be used near the west wall (main text
Figure 3-5). The remainder of the embankment (called "general embankment" in this report)
would be comprised of Type 1 and 2 fills, with Type 1 required below pavement and in certain
other areas. Overall, Hart Crowser reports that the relative proportions of Type 1 and 2 fills is 40%
and 60%, respectively. Considering the contribution of the volume of the Type 1 fill area near the
west wall, we estimated that the general embankment would have 30% Type 1 and 70% Type 2
fills. The calculations are summarized in the Table C-2.

Using the percentages of Type 1 and 2 fills in the general embankment; and the percentages of
fines, sand, and gravel calculated for Type 1 and 2 fills; we calculated the following average bulk
texture for the general embankment:

• General Embankment Percent Gravel 56%
• General Embankment Percent Sand 28%

• General EmbankmentPercent Silt and Clay 16%

These texture groups were further considered to form two media:

1. an inactive gravel fraction through which water typically does not move, surrounded by
2. an active matrix of sand and fines through which most unsaturated flow occurs.

The gravel fraction was rounded to 55 percent of the bulk general embankment volume from the 56
percent calculated above. The sand-plus-fines matrix was considered to be the remaining 45
percent. The sand-plus-fines matrix was calculated to be composed of an average of 63 percent
sand and 37 percent silt; clay was assumed to be absent.

Hydrus-2D supports the U. S. Soil Salinity Laboratory's "neural network" computer program
"Rosetta" to estimate soil-moisture characteristic curves and hydraulic conductivity distributions
based on grain-size distributions. Rosetta draws upon the USDA's "UNSODA" soil property

i@dlic
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database I to derive relationships between easily measured grain-size fractions, bulk density, and
other information and the key parameters required to approximate soil-moisture characteristic
curves and unsaturated hydraulic conductivity distributions using the methods of van Oenuchten

(1980) and Mualem (1976). The maximum allowable bulk density of 2.0 grams per cubic
centimeter (UNSODA 2.0) was used to represent the sand-plus-silt matrix. Appendix Figures C-1
and C-2 show the predicted soil-moisture characteristic curve and unsaturated hydraulic

conductivity distribution for the model of the general embankment fill matrix.

Appendix Figures C-3 and C-4 present plots of texture for soil samples collected from the Phase I
fill and the Maury Island gravel deposit. Figure C-3 presents analyses of whole samples from the

Phase I fill only and shows 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.

However, most samples were observed to be coarser than the modeled fill. Figure C-4 presents
analysis of the sand and fines fractions from Phase I and Maury Island samples, and shows that the
fraction of silt-plus-clay, as a percentage of the matrix, varied widely in the samples. The value of

36 percent (16/(16+28)) calculated for the general embankment by this method is near the middle of
the range observed in Phase I soils, and falls between the values for "type 1" and "type 2" fills asit
should. However, most field samples were measured to have a lower silt content than the modeled
fill.

3 Modeling of Active and Inactive Fill Portions

The sand and silt matrix was modeled as an evenly distributed 45 percent of the general fill and all
water flow was assumed to occur within this active matrix. To maintain a water balance while

modeling water flow only through the active matrix, recharge values for grass on outwash (from the
Hydrus model) were divided by 0.45 and used as the upper boundary condition flux in Hydrus. This
can be viewed as forcing any precipitation percolating into clusters of gravel particles to be
absorbed by the surrounding sand-and-silt matrix somewhere within the embankment. The output
at the bottom of the Hydrus model was then multiplied by 0.45 to maintain a long-term water flux
equal to grass-on-outwash recharge.

The gravel fraction was modeled as inactive because:

• the fill should remain unsaturated except in extreme conditions, and therefore unsaturated flow
should predominate,

• large diameter pores associated with gravels will be the first to desaturate as drying occurs,

• over the coarse of the flow path, water in saturated pores will be absorbed into the finer pores,

• percolation theory (Silliman and Wright, 1988) suggests that continuous paths of finer pores
will exist throughout the embankment at the modeled texture (it also predicts continuous course
pore paths which would be predominant in saturatedflow),

• it was not feasible for this project to characterize soil moisture retention characteristics of
gravels

The UNSODA database catalogs soil properties based upon textural and hydraulic property testing from 790 soil
samples.

Oac/flc
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Our method of characterization should be accurate for classical unsaturated flow modeling used by
Hydrus and nearly all other unsaturated flow prediction methods. However, it does not account for
the observation that "fingering" of flow can occur in coarse soils under very wet conditions.

Fingering occurs when saturation builds-up at one location and then rapidly drains downward
through large connected pores in a saturated finger. Such fingering flow will only occur during
recharge events when the ground surface, or a subsurface soil zone, becomes saturated. If fingering

flow occurs in the fill, the Hydrus model will overestimate groundwater travel times between

ground surface and the water table.

In a related model limitation, recharge is simulated as a constant for a given month. Recharge
actually occurs as discrete precipitation events. The Hydrus model developed for the embankment
fill does not predict saturation of the fill, whereas at least surface saturation could occur during

intense precipitation events.

4 Design of Hydrus-2D Model

The Hydrus-2D model was setup to simulate seven portions of the proposed fill that differ in

thickness only (see Figure 3-5 of the main text for thickness variation). The analyses required only
a one-dimensional Simulation, and Hydrus-2D's finite element grid was set up to most closely
approximate a purely 1-D solution. Two columns of nodes were specified with a horizontal

separation of 15 cm (6 inches). The upper and lower 150 cm (6 feet) of the profile were assigned
relatively detailed, nodal definition, with vertical nodal spacings gradually increasing from 1 cm (0,4
inches) at the land surface and water table to 5 cm (2 inches). Between these high-definition top ....
and bottom zones, vertical spacings transitioned to a maximum value of 15 cm (6 inches). Nodes ....

representing the land surface were specified flux boundaries. The bottom two nodes were assigned
the "water table" boundary condition, which is a constant head boundary equal to elevation head.
"Observation nodes" were specified every 50 feet in the vertical profile, from which hydrographs of
water content (or head) vs. time were extracted. Time-series data for volumetric flow rates exiting
the bottom of the model domain at the water table boundary nodes could also be extracted.

Modeled hydraulic properties for the fill matrix were generated with Rosetta, based on the

percentages of sand, silt and clay discussed in Section 2 of this appendix. Rosetta provides
estimates of five parameters used to generate the soil moisture characteristic curve of Figure C-l:

saturated water content, residual water content, "alpha", "N", and "M" (van Genuehten, 1980).
Rosetta also provides an estimate of saturated hydraulic conductivity and a factor "L" used to relate
the characteristic curve to the unsaturated hydraulic conductivity curve (Mualem, 1976). A default --
"L" value of 0.5 was assigned by Rosetta in Hydrdus-2D, and was used in this analysis. Table C-3
presents the hydraulic parameters generated by Rosetta for the general fill matrix. The saturated
hydraulic conductivity calculated by Rosetta was 1.35x 10-4 cm/sec. This value is near the middle of

the range presented in Freeze and Cherry (1979) for silty sand. It is near the high end of the

reported glacial till range and lower than the clean sand and gravel ranges reported by Freeze and
Cherry (1979).

Although the actual value(s) of hydraulic conductivity are not known for this proposed future
condition, the value calculated by Rosetta is reasonable for the anticipated texture and density of the

general embankment matrix, and is consistent with the two-matrix method of modeling unsaturated
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flow in the embankment. Experience with testing saturated hydraulic conductivity, of soils similar in
texture to the modeled fill suggests that the Rosetta-calculated value is too low for the general
embankment fill; however, the reason for this discrepancy is the presence of large pores associated
with gravels. Large pores associated with gravel deposits dominate saturated flow but are the first to
become inactive as drainage occurs.

5 Modeling Approach

A transient simulation was performed in order to reach a "cyclic steady state" of annual water-
content fluctuation within the fill. Cyclic steady state means that seasonal variations are the same
for each successive year. Monthly stress periods were used, and monthly recharge estimates were
applied to the top of the model. For each modeled fill thickness, hydrographs of water flux at the
water table were used to identify that recurrent fluctuations occurred and therefore that a cyclic
steady state had been reached (Figure 3-12 of the main text). The cyclic fluxes at the water tables
were multiplied by 0.45 to maintain mass balance (see Section 3 above), and exported to the Finite
Difference Slice Model (Appendix E).
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Table C-1

Particle Size Distributions Specified for Phase I Fill

Sieve Size Percent Passing Central Value

Lower Limit Upper Limit of Range

Group 1 6-inch 100

3-inch 70 97 i83.5

3/4-inch 50 77 63.5

U.S. No 4 30 50 40

U.S. No 10 (sand) 13 28 20.5

U.S. No 40 3 15 9

U.S. No 200 (siltand clay) 0 5 2.5

Group 2 6-inch 100
3-inch 70 97 !83.5

3/4-inch 50 85 67.5

U.S. No 4 30 65 47.5

U.S. No 10 (USDA sand) 14 43 28.5

U.S. No 40 5 30 17.5

U.S. No 200 (siltand clay) 0 12 6

Group 32 6-inch 100
U.S. No 4 50 95 72.5

U.S. No 10 (USDA sand) 131 73 52

U.S. No 40 120 60 40

U.S. No 200 (silt and clay) 112 35 23.5

Combined Groups I and 2_ U.S. No 10 (USDA sand) 24.5

U.S. No 200 4.25
(si/t and clay)

2Soil Group 3 is "Type 2" fill as defined in Appendix B to the Wetland Functional Assessment and Impact
Analysis by Parametrix in 1999 (Geotechnical Engineering Report, 404 Permit Support, Third Runway
Embankment Sea-Tat International Airport, Hart Crowser 1999).

3 Soil Groups l and 2 comprise "Type 1" soils as defined in Appendix B to the Wetland Functional
Assessment and Impact Analysis by Parametrix, 1999 (Geotechnical Engineering Report, 404 Permit
Support, Third Runway Embankment Sea-Tac International Airport, Hart Crowser 1999).
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Table C-2
Calculations on Embankment Composition

CrossSectionalAreaof Type 1 fillZone NearWestWall -18,000 sqft (insection)

CrossSectionalAreaof GeneralEmbankment -85,000 sq ft (in section)

Total EmbankmentType 1 fill 40% Hart Crowser, 1999

Total EmbankmentType 2 fill 60% Hart Crowser, 1999

WestWall Zone Type 1 fill content 100% Hart Crowser, 1999

WestWall Zone Type 2 fill content 0% Hart Crowser, 1999

General EmbankmentType 1 FillContent ~30% Calculated

General EmbankmentType 2 FillContent -70% Calculated

Page C-8
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Table C-3 Summary of Hydraulic Parameters Used for Fill Matrix
in the Hydrus-2D Model

Sand Fraction of matrix 0.63
Silt Fraction of matrix 0.37

Clay Fraction of matrix 0

Saturated Volumetric Water Content of matrix 0.25

Residual Volumetric Water Content of matrix 0.02

"alpha" (l/cm) 0.088

"N" 1.35

Saturated Hydraulic Conductivity (cm/sec) of matrix 1.35 x 10-4
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MEMORADUM
TO: File
FROM: Russ Prior
DATE: 4-12-00

RE: Geologic Interpretations by AESI

The purpose of this memorandum is to document a review of the SeaTac area geologic
interpretation by AESI. Their interpretation provides the conceptual model, which is the

basis for a proposed multi-layered groundwater model.

Russell Prior of Pacific Groundwater Group reviewed the following documents:

STIA Ground Water Study, Model Boundary Presentation, (No Date), Associated
Earth Sciences, Inc. and S.S. Papadopulos and Assoc., Inc (figures only)

Map ofbuyout area showing water supply wells

1999 Hydrogeologic Characterization Report, City of Auburn, by Pacific
Groundwater Group, Cross-section A-A' (based on USGS interpretation)

Geologic Map by Booth and Waldron (in press), digitized by AESI

- General Comments

In general, the geologic interpretation is made difficult because maps do not have labeled
wells. This is true for the contour maps showing the elevations and thicknesses of the
various units and also for the map (Figure 4) showing the location of the cross-section
lines. At the very least the maps should be presented with section lines for easier location
of wells used in the interpretation. Figure 4 should present topography rather than streets.

In several cases the contouring of the top of the hydrostratigraphic layers does not
coincide with the cross sections. It is not known how the contours were generated for
each layer. Were they generated based on top elevations picked off of the cross-sections
or were they generated directly from point data?

There are many instances where the cross-sections and the contour maps are not
consistent. Many of the inconsistencies exist near the ends of the cross-sections. Some

of these inconsistencies are indicated below but there is no attempt to document all of
them herein.

Specific Comments on Cross-Sections

Cross-Section B-B'

At the Des Moines Creek crossing, cross-section B-B' indicates that layer C2 crops out.
This is consistent with recent mapping completed by Booth and Waldron (in press).
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However, it is not consistent with USGS mapping and cross-sections (Woodward, et al)
where Vashon Advance is mapped.

Cross-section B-B' shows a general pinching-out of the upper horizons to the south.
Most notably, horizon CI is shown to pinch-out completely at KCWD75 Well #1. In
general, this pinching-out of horizon C1 is understood to be based on the Booth

interpretation. However, this interpretation presents some difficulties. For instance it
requires interpreting blue clay encountered in wells 23N4E22N1 and 22N4E09P1
differently. Both wells encountered blue clay at elevation 200 feet. In well 22N1, this
blue clay is interpreted to be F2 yet in 09P1 this blue clay is interpreted to be F3. Not
only are these two units encountered at the same elevation, they are also approximately
the same thickness.

There is also a problem with consistency between the southem portion of cross-section
B-B' and the contour map showing the thickness and top of Layer C1. Why do any
contours exist for unit C1 thickness in an area that is interpreted to have none on the
cross-section?

Cross-Section C-C'

On the west end of this section a deep boring log exists that has Layer C2 labeled on the
east side and Layer F2 labeled on the west. This is assumed to be a typographical error.

Cross-Section D-D'

On the Duwamish River bluff (middle to southern portion of the section) there must be a
typo. It indicates Layer C 1 overlaying Layer F 1. It is assumed that this is intended to be ......
Layer CO.

Cross-Section E-E'

The southern end of this cross-section indicates that layer C1 does not exist. This
interpretation is inconsistent with Booth and Waldron's mapping, which indicates the
presence of Qva underneath Vashon Till. If correctly interpreted to be Layer C1, then the
next layer down (Well 22N4E20L1) would be Layer C2 to be consistent with the
mapping.

Cross-Section F-F'

On the eastern end of this section, the top of Layer C2 reaches an elevation of over 400
feet. However, the contouring of the top of Layer C2 does not show this. The same
location in Figure 12 shows a maximum elevation of C2 at around 300 to 320 feet. It is
not clear if the contouring depicts the top of the water table in this vicinity.

Cross-Section H-H'

The western portion of cross-section H-H' does not appear to be consistent with the
geologic mapping of Booth and Waldron. On the bluff west of Miller Creek, the
geologic map indicates that the Pre-Fraser fine-grained deposit crops out. The cross-
section depicts this bluff as underlain by Layer F2, which correlates with Transitional
Beds.
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The implication of the geologic mapping is that the Vashon Advance (C1) does not exist
in the eastern portion of the upland west of Miller Creek. However, AESI's Figure 7
indicates a thickness on the order of 50 feet here.

Structure Contour Maps

The contour maps that depict the thickness and top elevation for the hydrostratigraphic
units appear to have been generated by computer and are based on limited point data.
The contours are characterized by many closed contours (highs and lows) around specific
data points. The effect is one of many independent "hills" and "holes" which are likely
not real. If the pre-Vashon topography looked similar to today then there should be a
general north-south system of ridges. Such is not the case with the contour maps. Use of
a purely digital process to generate the maps contributes to a non-geologic interpretation.

There appears to be an area where the contours are wrong. This area is in the southern
portion of cross-section B-B'. In comparing the contour maps for the top elevations of
units C1 and C2, the top of unit C1 is indicated as lower than that of C2. This
relationship is not possible and is likely a relict of the contouring technique.

Map Showing Location of Domestic Wells

A map provided by AESI shows the location of several domestic water supply wells in
the vicinity immediately west of the airport. Several of the wells shown are either
incorrectly located or incorrectly labeled. Two wells in Section 31 (T23NR4E) provide
examples. Well 23N4E31H1 is located in the NE ¼ of the NE ¼ of the section. This
well should either be relabeled or relocated to the SE ¼ of the NE ¼. A well, labeled
23N4E32F2, is in the SE ¼ of the NE ¼ of section 31. This well should be relabeled or
belongs in the SE ¼ of the NW ¼ of section 32.

This map was apparently generated from wells that have well logs on file with the
Department of Ecology. It is clear that AESI's map does not include all of the domestic
water supply wells. This finding is based on a one day field visit, which traversed about
half of the buyout area. During this visit, two drilled wells and eight dug wells were
located. The map provided by AESI indicates only two wells in the buyout area, one of
which is either mis-located or mislabeled.

This map shows only a small area of the total model domain. If a similar number of mis-
located or mislabeled wells exist in other parts of the model domain, then there could be
some problems with the geologic interpretation.
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Finite Difference Models of Proposed Third Runway Fill Area

The following three computer-based groundwater models were used for this project:

• Pacific Groundwater Group Recharge Model

• Hydms-2D

• Finite Difference slice model (slice model)

The recharge model was used to calculate recharge for the current and post construction conditions
at the proposed third runway fill and borrow sources south of the runways. Hydrus was used to

model the movement of water between the root zone and the water table beneath the runway fill.
The slice model was used to accumulate and move recharge downgradient under current and built

conditions, to the Miller Creek riparian wetlands. This appendix describes the input and functions
of the slice model. The main text presents basic characterization data, model results, and
interpretation.

1 Method Overview

The slice model was used to simulate groundwater flow for both the current and built conditions.

Two versions of the model were constructed to represent expected differences in flow system

- geometry and hydraulic properties. The slice model is based on a quasi-two-dimensional finite-
difference formulation of the partial differential equation describing transient groundwater flow
through a saturated medium. Model cells were only connected to laterally adjacent neighbors as
opposed to overlying or underlying cells -thus the quasi-two-dimensional nature of the model.
Each model cell can contain up to three different "soil layers", differing in thickness and hydraulic
conductivity. The bottom elevation of each cell is defined by the top of the till layer, 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 transmissivity) under
horizontal gradients defined by head differences between adjacent cells. The model was
implemented in Microsoft Excel, using direct (explicit) methods to solve the finite-difference
equation.

Recharge inflow to the slice model was estimated with the recharge and Hydrus models. The

recharge model calculates the amount and timing of shallow groundwater recharge percolating
through the root zone based on a daily soil moisture budget. Estimates of recharge from the
recharge model are appropriate to describe water-table inflows where the depths to water are
relatively shallow. This was the case for the current condition, where shallow till is modeled to

occur within 10 feet of the land surface, and wetlands (where present) maintain saturation at near
the land surface year-round. Monthly recharge estimates from the recharge model were used as

input to the slice model under the current condition. For the built condition, Hydrus-2D was used to

predict changes in the timing of recharge from the land surface as it moves downward through the
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embankment vadose zone. Hydros is a finite-element, variably saturated flow model which uses

Richard's Equation to simulate unsaturated flow. Output from the recharge model was used as
input to the Hydrus model, and output from Hydrus was used as input to the slice model.

2 Slice Model Geometry

Figures 3-5a and b of the main text show the geometry and simplified geology of the modeled
cross sections (slices). The bottom axis of that figure shows the model cell numbers. The current

condition geology has been simplified into the following layers and materials. The till and subsoil
layers are shown on main text Figure 3.5a.

• surface soils (2.5 feet thick everywhere)

• wetland and outwash subsoils (7.5 feet thick, not present on the east)

• glacial till (10 feet thick everywhere)

For estimating lateral flow and accumulation of recharge, the model explicitly simulated both soil
layers present above the till. The surface soil layers are derived from wetland conditions on the
west, outwash sediments in the center, and very shallow glacial till on the east. Subsoil materials
were not present in the eastern model domain, due to the shallow presence of till. The layers were
divided into model cells with a horizontal dimension of 25 feet.

To model the built condition, the surficial soils were removed and a 4-foot drain layer was added
above the scraped land surface as designed by Hart Crowser (1999). The drain was modeled as a

third soil layer present within each model cell. In the eastern model domain, only the drain layer
and the till was assumed present due to removal of surficial soils.

3 Material Properties

Material properties were assigned in accordance with the conceptual model presented in Section
3.2.2 of the main text.

Under the current condition, surficial soils derived from wetland conditions were assigned a
hydraulic conductivity of 1 ft/day, whereas soils derived from till and outwash were assigned

hydraulic conductivities of 4 It/day. These values are near the low end of permeability ranges
reported for Snohomish (wetland), Alderwood (till), and Everett (outwash) soils by the SCS for

KingCounty (Soil Conservation Service, 1973). Outwash subsoils were modeled with a hydraulic
conductivity of 6 feet per day. Wetland subsoils were assumed to consist of 33 percent sandy
outwash and 67 percent free-grained and peaty soils with a resulting hydraulic conductivity of 2.65

ft/day. Glacial till was modeled with a vertical hydraulic conductivity of 0.004 ft/day, except below
the wetlands where it was artificially set to zero to prevent deep percolation in that area where
groundwater discharges. The drain layer added for the built condition was modeled with a

hydraulic conductivity of 300 It/day. The embankment fill properties are not explicitly modeled in
the slice model because they are modeled in Hydrus-2D. Specific yield was equal to 0.3
everywhere.
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4 Inflow and Outflow

The explicit formulation of the finite difference equation calculates inflows and outflow to each
model cell for each time-step of the transient simulation. Under the current condition, the following
inflows and outflow were simulated for each model cell:

Inflows: Outflows:

• recharge to the water table • downward seepage through underlying till
• groundwater flow from adjacent (upgradient) • groundwater flow to adjacent

model cell (downgradient) model cell
• infiltration of surface flow from adjacent . surface flow to downgradient model cell

(upgradient) model cell

The slice model simulated the occurrence of surface flow when inflows to a cell during any time-
step were greater than maximum outflows plus available storage. The portion of available inflows
that could not be accommodated in the subsurface was passed on to the next downgradient cell as
surface flow. Because there was no term for surface storage, any surface flows generated were
assumed to pass through the model domain during a single time-step. Under the built condition, the
surface flow terms were removed because the drain layer could accommodate all predicted inflows.
Because the drain layer is buried beneath the embankment, all flow remains in the subsurface.

Recharge inflow to the water table was specified on a cell-by-cell basis based on the results of the
recharge model (for the current condition) and the results of the Hydrus model (for the built
condition). Table E-1 shows the recharge conditions assigned to the classes of model cells used for.
the current condition simulation. Also for the current condition, Table E-2 shows the classes
assigned to each model cell and Table E-3 shows the monthly recharge values assigned to each
class.

For the built condition, recharge inflows to the water table were based on Hydrus model output for
various embankment thicknesses. Each model cell was assigned to one of eight recharge schedules
depending on whether the overlying embankment thickness was closest to 0, 30, 50, 70, 90, 110,
130, or 150 feet. Table E-4 presents a summary of cell type information for the built simulation,
Table E-5 shows variables for individual model cells for the built condition including embankment
modeled thickness, and Table E-6 presents the monthly values of recharge for each generalized
category of embankment thickness. It should be noted that all model cells beneath the 225-foot
wide runway (cells 26 through 34) received zero recharge, and cells within the western retaining
wall of the embankment were assigned a recharge schedule consistent with zero time-lag through
the vadose zone. Recharge is assumed to pass quickly through the western Type-1 flUsection due
to its low fines content. It should also be noted that the recharge schedule for each model cell is
independent of its neighbor. Modeling in Hydrus did not include simulation of lateral interaction
between different portions of the fill.

Groundwater inflows and outflows were calculated based on effective transmissivities and gradients
between adjacent cells. Transmissivity was calculated for each cell by summing the product of the
saturated thickness and hydraulic conductivity of each soil layer. The transmissivity of a given cell
was used to calculate the groundwater outlow from that cell. Gradient was defined as the head
difference divided by the spacing between cells. More detailed explanation of calculation of
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groundwater flow is provided in Section 5 of this appendix. No groundwater inflow was assumed
into the eastern edge of the model. -

Outflow via downward seepage through underlying till was based on the till hydraulic conductivity
and variable heads below and above the till. Head at the top of the till was equal to the value
calculated for each model cell. Head at the bottom of the till was assumed equal to bottom
elevation of the till layer in the eastern upland portion of the model (cells 1-24) and the mid-point of
the till layer in the middle of the model slice (cells 25-33). These assignments lead to vertical
hydraulic gradients of about 1.0and 0.5, respectively, with the saturated thickness of each model
cell effecting the vertical gradient through the till. Instead of assigning a vertical gradient of zero in
the wetland, the hydraulic conductivity was set equal to zero.

Surface flow was calculated in the current condition simulation to accommodate the portion of
accumulated recharge that the groundwater system could not conduct. Each model cell has a
maximum flow capacity, based on its maximum hydraulic gradient (i.e. the gradient of the land
surface) and its maximum transmissivity. When the cell is fully saturated (i.e. to the land surface)
conditions may occur where the combined recharge and groundwater inflow estimated for that cell
cannot be accommodated or passed on to the next cell within the subsurface. In this case, the model
routes the excess portion of inflow to a surflcial flow term and passes it on to the next downgradient
cell as surface outflow. If the downgradient cell can accommodate the surface flow along with
recharge and groundwater inflows, then the surface flow is allowed to infiltrate. The surface inflow
for a particular time-step is limited by either the volume of surface flow available from the
upgradient cell,,die excess storage capacity of the downgradient cell, or the infiltration capacity of --.
that cell (as defined by the permeability of the surficial soil). Ira portion ofupgradient surface flow
does not infiltrate to a cell, it is passed on to the next downgradient cell. In this manner, surface
flow can accumulate over the length of the model, i

5 Modeling Approach

The explicit formulation of the transient finite difference equation for groundwater flow calculates
the various inflows and outflows for a model cell at a given time-step (t) based on conditions
defined in the prior time-step (t-l). The explicit finite difference equation can be viewed as a mass
balance, where inflows minus outflows equal the change in storage for the model cell. The
following mass balance representsthe terms included in the finite difference equation:

Rech + GWin + SWin - Till - GWout- SWo,,t= AS (1)

Recharge input (Rech) is calculated for each model cell by multiplying the recharge rate (applicable
to the time of year) by the length of the time-step and top areaof the cell. Lookup tables, presented
in Tables E-3 and E-6, were used to determine recharge rates for each time-step. The top area of
the cell is the product of its length (25 feet) and the width of the slice model (lfoot). By
multiplying the rechargerate by a time interval and area, a volume is calculated for the time-step in
question.

Groundwater inflows and outflows (GWin and GWout) were calculated using the same approach.
Inflow and outflow volumes were calculated by multiplying the length of the time-step by the rate
of groundwater flow between adjacent cells. Groundwater outflow was calculated by multiplying ....
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the cell's transmissivity by the hydraulic gradient between the cell and its downgradient neighbor.
For each cell, transmissivity is calculated by summing products of saturated thickness and hydraulic
conductivity for each of the soil layers included. Saturated thickness is determined from the head
values calculated in the previous time-step (t-l). Groundwater inflow is defined as the outlfow
from the cell's upgradient neighbor.

The volume of downward seepage through the till layer (Till) is equal to the product of the time-
step interval, the top area of the model cell, and the calculated flow rate through the till. This flow
rate is the product of the hydraulic conductivity of the till and the hydraulic gradient across the till,
where the hydraulic gradient defined as:

(h_l] - htb)/b (2)

where: hoe,= the head value of the model cell from the previous time-step
htb= the head value of the bottom of the till (assumed constant)
b = the thickness of the till (10 feet).

The mass balance, defined above in equation 1, is performed for every cell for every time-step of
the model simulation. For each time-step, mass balance proceeds in consecutive order from
upgradient to downgradient cells. In certain instances, when recharge and/or available storage are
low, adjustments were required to the till outflow term for the groundwater flow system to ensure
that predicted outflows did not exceed available inflows and storage. When such instances
occurred, till seepage was scaled back so as not to exceed available volumes.

For the current condition simulation, surface inflows and outflows were defined based on the
following set-up rules:

1. Surface flow is accumulated from cell to cell in a downgradient direction. Losses and gains to
surface flow calculated for a given cell are applied to the accumulated flow volume from the
adjacent, upgradient cell.

2. Surface inflow to a cell (SWin) Call only occur when cumulative surface flow exists from
upgradient, and when storage capacity still exists in the cell after all groundwater system
inflows (Rech and GWin) and outflows (Till and GWout) are applied.

3. The portion of the cumulative surface-flow volume allowed to infiltrate from'upgradient is equal
to the minimum value among the cumulative surface-flow volume, the maximum infiltration
volume allowable over the time-step, and the available cell storage after all the groundwater
inflows and outflows are accounted for. The maximum allowable infiltration volume is equal to
the product of the top area of the cell, the length of the time-step, and the hydraulic conductivity
of the surficial soils.

4. Surface outflow from a cell (SWo=) can only occur when there is no surface inflow, and the
groundwater terms in the mass balance (inflows minus outflows) exceed the available storage of
the cell.

5. Surface outflow is calculated as the groundwater system inflows minus the groundwater system
outflows minus the change in storage (AS) required to bring the model cell to full-thickness
saturation.
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6 _Time Steps, Initial Conditions, and Length of Simulation -

Time stepping within the model was designed to maintain numerical stability of the explicit finite

difference formulation, in accordance with recommendations by Anderson and Woesner, 1982). A
critical (maximum) time-step can be estimated based on the following formula:

tit = 0.5*S*a2/T (3)

where: dt = critical time-step length
S = storage coefficient

a = length of model cell (25 ft)
T = transmissivity

For the current condition, the critical time-step was estimated to be 1.7 days, and a value of 1 day
was used. For the built simulation, the critical time-step was estimated to be 0.4 days; however a
value of 0.1 day was required for stability. In the built case, it was necessary to rigorously define a
plausible initial condition before the time-step value of 0.1 day provided stable results. This was

performed by running the model over a long time period with a fixed recharge input and a time-step
of 0.1 days.

The model was run for a single year, over and over again, until a repeating cyclic pattern was
achieved. Repetition was confirmed by comparing the results of one year with the results of the
following year.. Model simulations were initiated on the first day of February. This date was ....

chosen because it follows the three months of highest shallow recharge (December through
January). For the current condition, a fully saturated initial condition was estimated at the onset of

model simulation and several years were required to achieve a repeating cyclic pattern. For the
built condition, zero saturation was assumed at the onset of simulation, using a time-step of 0.1 and
recharge rates for February. The stable head distribution calculated for February recharge was used
as an initial condition for the annual simulations. A minimum of three years was required to
achieve a repeating cyclic pattern for the built condition.
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Table E-1
ModelParametersfor the CurrentConditionSimulation

Model Parameters for Cells Types

Cell Type I Cell Type 2 Cell Type 3 Cell Type 4 Cell Type 5
Su_cial Soil Alderwood Everett Everett Everett peaty

Aquifer Materials till derived soil outwash stringers outwash stringers outwash s_ngers peat & outwash
Land Cover forest forest impermeable grass grass/forest

Wetland/Upland upland upland upland upland wetland
Bottom Layer Hydraulic Conductivity (ft/d) 4 6 6 6 2.7

Top of Bottom Layer (ft above till) 2.5 7.5 7.5 7.5 7.5
Middle Layer Hydraulic Conductivity (ft/d) 4 4 4 1
Top of Middle Layer (ft above till) 10 10 10 10
Upper Layer Hydraulic Conductivity (if/d)
Top of Upper Layer (ft above till)
Maximum Saturated Thickness (ft) 2.5 10 10 10 10

Gradient of Top of Till (ft/ft) 18.8% 18.8% 18.8% 18.8% 3.6%
Full Thickness Hydraulic Conductivity (ft/d) 4 5.5 5.5 5.5 2.2
Maximum Subsurface Flow (ofd) 1.9 10.3 10.3 10.3 0.8

Maximum Downgradient Flow (ofd) 10.3 10.3 10.3 0.8 0.0
Cell Length (ft) 25 25 25 25 25

Specific Yield 30% 30% 30% 30% 30%
Maximum Storage (cubic ft) 18.75 75 75 75 75

NOTE: All values are for a verlJcal slice of 1-foot width.

Model Constants

Till Thickness (ft) 10
Till Permeability Beneat_ Uplands (ft/d) 0.004
Till Permeability Beneath Wetlands (ft/d) 0
Outwash Permeability (ft/d) 6
Peat Permeability (ft/d) 1
Percent Outwash in Peaty Aquifer 33%

Peaty Aquifer Permeability (ft/d) 2.65
Drain Material Permeability (ft/d)
Till Derived Soil Permeability (ft/d) 4
Outwash Derived Soil Permeability (ft/d) 4
Wetland Surficial Soil Permeability (if/d) 1

Time Stepping
"delta X" (ft) 25
maximum transmissivity (ft^2/d) 55

== minimum storage coefficient 30%
maximum time step (d)* 1.70

user defined model timestep (d) 1.00

(from Anderson & Woesner, 1982: dt <= 0.5*S"'delta X"^2/T

Page E-9
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Table E-2
Model Parameters for Individual Cells inthe Current Condition Simulation

Maximum Maximum

Distance Top of Cell Head at Subsurface Runoff Land
from Till Length Recharge Bottom of Outflow Infiltration Specific Maximum Surface

Cell ID Outlet Elevation (It) Cell Type Class Till (cfd) (cfd) Yield Storage (ct_ Elevation
1 1137.5 385.0 25 1 A 375.0 1.9 100 30% 18.8 387.5
2 1112.5 380.4 25 1 A 370.4 1.9 1O0 30% 18.8 382.9
3 1087.5 375.7 25 1 A 365.7 1.9 100 30% 18.8 378.2
4 1062.5 371.0 25 1 A 361.0 1.9 100 30% 18.8 373.5
5 1037.5 366.3 25 1 A 356.3 1.9 100 30% 18.8 368.8
6 1012.5 361,6 25 1 A 351.6 1.9 100 30% 18.8 364.1
7 987.5 356.9 25 1 A 346.9 1.9 100 30% 18.8 359.4

8 962.5 352.2 25 1 A 342.2 1.9 100 30% 18.8 354.7
9 937.5 347.5 25 1 A 337.5 1.9 100 30% 18.8 350.0

10 912.5 342.9 25 1 A 332.9 1.9 100 30% 18.8 345.4
11 • 887,5 338.2 25 1 A 328.2 1.9 100 30% 18.8 340.7
12 662.5 333.5 25 1 A 323.5 1.9 100 30% 18.8 336.0
13 837.5 328.8 25 1 A 318.8 1.9 100 30% 18.8 331.3
14 812.5 324.1 25 1 A 314.1 1.9 100 30% 18.8 326.6
15 787.5 319.4 25 1 A 309.4 10.3 100 30% 18.8 321.9
16 782.5 314.7 25 2 B 304.7 10.3 100 30% 75.0 324.7
17 737.5 310.0 25 2 B 300.0 10.3 1O0 30% 75.0 320.0
18 712.5 305.4 25 2 B 295.4 10.3 100 30% 75.0 315.4
19 687,5 300.7 25 2 B 290.7 10.3 100 30% 75.0 310.7
20 662.5 296.0 25 2 B 286.0 10.3 100 30% 75.0 306.0
21 637.5 291.3 25 2 B 281.3 10.3 100 30% 75.0 301.3
22 612.5 286.6 25 2 B 276.6 10.3 100 30% 75.0 296.6
23 587.5 281.9 25 2 8 271.9 10.3 100 30% . 75.0 291.9
24 562.5 277.2 25 2 B 267.2 10.3 100 30% 75.0 287.2

25 537.5 , 272.5 25 2 B 267.5 10.3 100 30% 75.0 282.5 .
26 512.5 267.9 25 2 B 262.9 10.3 100 30% 75.0 277.9
27 487.5 263.2 25 2 B 258.2 10.3 100 30% 75.0 273.2 ....
28 462.5 258.5 25 2 B 253.5 10.3 100 30% 75.0 268.5
29 437.5 253.8 25 2 B 246.8 10.3 100 30% 75.0 263.8

31 387.5 244.4 25 4 C 239.4 10.3 100 30% 75.0 254.4
32 362.5 239.7 25 4 C 234.7 10.3 100 30% 75.0 249,7
33 337.5 235.0 25 4 C 230.0 0.8 100 30% 75.0 246.0
34 312.5 232.3 25 5 D 222.3 0.8 25 30% 75,0 242.3
35 287.5 231.4 25 5 D 221.4 0.8 25 30% 75,0 241.4
36 262.5 230.5 25 5 D 220.5 0.8 25 30% 75,0 240.5
37 237.5 229.6 25 5 D 219.6 0.8 25 30% 75.0 239.6
36 212,5 228.7 25 5 D 218.7 0.8 25 30% 75.0 238,7
39 187.5 227.8 25 5 D 217.8 0.8 25 30% 75.0 237,8
40 162.5 226.9 25 5 D 216.9 0.8 25 30% 75.0 236.9
41 137.5 226.0 25 5 D 216.0 0.8 25 30% 75.0 236.0
42 112.5 225.1 25 5 D 215.1 0.8 25 30% 75.0 235.1
43 87.5 224.2 25 5 D 214.2 0.8 25 30% 75.0 234.2 =_
44 62.5 223.3 25 5 D 213.3 0.8 25 30% 75.0 233.3
45 37.5 222.4 25 5 D 212.4 0.8 25 30% 75.0 232.4
46 12.5 221.5 25 5 D 211.5 99999.0 25 30% 75.0 231.5

Appendix-E-Tables.xls6/6/00 Page E- 10

AR 011804



000000000000 0
- _ o

E_

_ o=_o

IIiIiiI i|11

N

-- _ 000000000000
_ 000000000000

._ _ ooooo oo o oo o o

_o_
_ _00000000_I

_ oooooooooooo

i_ m o666666d6odd
o

_ 000000000000

2

AR 011805



r-

Table E-4
Model Parametersfor the BuiltSimulatiOn

Model Parameters for Cells Types
Cell Type 1 Cell Type 2 Cell Type 5

Surficial Soil removed removed removed i

Aquifer Materials fill outwash stringers peat & outwash
Land Cover embankment embankment embankment
Wetland/Upland upland upland wetland
Bottom Layer Hydraulic Conductivity (if/d) 300 6 2.65
Top of Bottom Layer (ft above till) 4 7.5 7.5
Middle Layer Hydraulic Conductivity (if/d) 300 300
Top of Middle Layer (ft above till) 11.5 11.5
Upper Layer Hydraulic Conductivity (ft/d)
Top of Upper Layer (ft above till)
Maximum Saturated Thickness (ft) 4 11.5 11.5
Gradient of Top of Till (ft/ft) 18.8% 18.8% 3.6%
Full Thickness Hydraulic Conductivity (if/d) 300 108.2608696 106.076087
Maximum Subsurface Flow (cfd) 225.0 233.4 43.9
Maximum Downgradient Flow (cfd) 233.4 43.9 124.2
Cell Length (ft) 25 25 25
Specific Yield 30% 30% 30%
Maximum Storage (cubic ft) 30 86.25 86.25
Bottom Layer Storage (cubic ft) 30 56.25 56.25

NOTE: All values are for a vertical slice of 1-footwidth. I

Model Constants

Till Thickness (ft) 10
Till Permeability Beneath Uplands (if/d) 0.004
Till Permeability Beneath Wetlands (if/d) 0
Outwash Permeability (if/d) 6 -
Peat Permeability (ft/d) 1 [
Percent Outwash in Peaty Aquifer 33% ;
Peaty Aquifer Permeability (ft/d) 2.65
Drain Matedal Permeability (if/d) 300 !
Till Derived Soil Permeability (if/d) 4 !
Outwash Derived Soil Permeability (if/d) 4
Wetland Surficial Soil Permeability (if/d) 1

Time Steppin,q
"delta X" (ft) 25
maximum transmissivity (ft^2/d) 236
minimum storage coefficient 30%
maximum time step (d)* 0.40
user defined model timestep (d) 0.10

(from Anderson & Woesner, 1982: dt <= 0.5*S*"delta X"^2/T

Page E-12 --
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Table E-5
Model Parameters for Individual Cells in the Built Simulation

, Modeled

Distance Top of Cell Heed at Maximum Actual Embankment

from Till Length Cell Till Parma Bottom of Subsurface Specific Maximum Embankment Thickness for

Cell ID Outlet Elevation (ft) Type ability Till Outflow (cfd) Yield Storage (cf) Fill Material Thickness (ft) Recharge(ft)
1 1137.5 385.0 28 1 0.004 375.0 228.00 30% 30.0 Type 2 3 0
2 1112.5 380.4 25 1 0.004 370.4 225.00 30% 30.0 Type 2 7 0

3 1087.5 375.7 25 1 0,004 368.7 225.00 30% 30.0 Type 2 11 0
4 1062.5 371.0 25 1 0,004 381.0 228.00 30% 30.0 Type 2 14 0

5 1037.5 386.3 25 1 0.004 356.3 225.00 30% 30.0 Type 2 1S 0
G 1012.5 35;1.5; 25 1 0.004 351 ,G 225.00 30% 30.0 Type 2 24 30
7 987.5; 356.9 25 1 0.004 346.8 225.00 30% 30.0 Type 2 27 30
8 982.5 352.2 25 1 0,004 342.2 225.00 30% 30.0 Type 2 32 30
9 937.5 347.5 25 1 0.004 337.5 225.00 30% 30.0 • Type 2 35 30

10 912.5; 342.9 25; 1 0,004 332.9 225.00 30% 30.0 Type 2 40 30
11 887.5 338.2 25 t 0,004 328.2 225.00 30% 30.0 Type 2 44 50
12 862.5; 333.5 25 1 0.004 323.8 225.00 30% 30.0 Type 2 49 50
13 837.5 328.8 25; 1 0.004 318.8 225.00 30%. 30.0 Type 2 54 50
14 812.5; 324.1 25 1 0.004 314.1 225.00 30% 30.0 Type 2 57 50
15 787.5; 319.4 25 1 0.004 309.4 225.00 30% 30,0 Type 2 60 50
15; 782.5 - 314.7 25 2 0.004 304.7 233.44 30% 86.3 Type 2 84 70
17 737.5; 310.0 25; 2 0.004 300.0 233.44 30% 88.3 Type 2 89 70
18 712.6 305.4 25 2 0.004 295.4 233.44 30% 88.3 Type 2 74 70
19" 687.5 300.7 25 2 0,004 290.7 233.44 30% 86.3 Type 2 78 70
20 5;(;2.5 295;.0 25; 2 0.004 285;.0 233.44 30% 85;.3 Type 2 84 90
2t 637.5 291.3 25; 2 0,004 281.3 233.44 30% 85.3 Type 2 90 90
22 612.5; 288.6 25 2 0.004 276,G 233.44 30% 86,3 Type 2 98 90
23 587.5 281.9 25; 2 0.004 271.9 233.44 30% 85;.3 Type 2 101 110
24 582,5; 277.2 25 2 0.004 267.2 233.44 30% 86°3 Type 2 105 110
28 537.5; 272.5 25 2 0.004 267.5 233.44 30% 85;.3 Type 2 111 110

35 287.5 23t .4 25; 5; 0 221.4 43.82 30% 88.3 Type 2 145; 150
35; 262.5 230.5; 25; 5; 0 220.5 43.92 30% 85;.3 Type 2 148 150
37 237.5 229.(; 25 5 0 219.8 43.82 30% 85;.3 Type 2 148 150
38 212.5; 228.7 25 5; 0 218.7 43.92 30% 85;.3 Type 2 148 150
39 187,5 227.8 25; 5 0 217.8 43.92 30% 8(;.3 Type 2 148 150
40 162.5; 228.9 25; 5; 0 215;.9 43.92 30% 86.3 Type 1 148 0
41 137.5; 226.0 25 5; 0 218.0 43.92 30% 86.3 Type 1 148 0
42 112.5 225.1 25; 5 0 215.1 43.92 30% 86.3 Type 1 145; 0
43 87.5; 224.2 25; 5; 0 214.2 43.92 30% 86.3 Type 1 115; 0
44 62.5 223.3 25 5 0 213.3 43,92 30% 86.3 Type 1 35 0
45 37.5 222.4 25 5; 0 212.4 43.92 30% 86.3 Type 1 7 0
48 12.5 221.5 25 5 0 211.5 9899.00 3(P/_ 8(;.3 Type I 0 0

Appendix.E-Tables.xJs616100 Page E-13
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Analytical Resources, Incorporated
Analytical Chemistsand Consultants

November10,1999

Inger Jackson
Pacific Groundwater Group
2377 Eastlake Ave. East, Suite 200
Seattle, WA 98102

RE: Pr_eet No. JE9907
ARIJob No. AX18

Dear Leslie:

Please find enclosed original Chain of Custody (COC) and analytical results for the above-
referenced project. Analytical Resources, Inc. (A_R.I)accepted four water samples in good
condition on October 25, 1999.

The samples were analyzed for total metals and hardness by EPA methods 6010/200.8, total
suspended solids by EPA method 160.2, ammonia by EPA method 350.1, nitrate plus nitrite
by EPA method 353.2, total phosphorus and ortho-phosphorus by EPA method 365.2,

- biological oxygen demand by EPA method 405.1, and total oil and grease by EPA method
413.1 as requested on the COC. Quality control analysis results are included for your review.

Lead was detected in the total metals method blank at .002 mg/L. Lead was undetected in
three of the samples and detected at .001 mg/L in the fourth. Lead is a common contaminant
at this low level and no corrective action was taken.

No other analytical complications were encountered. A copy of this report and all associated
raw data will remain on file with ARI. If you have any questions or require additional
information, please contact me at your convenience.

Sincerely,

ANALYTICAL RESOURCES, INC.

Mary Lou Fox
Project Manager
206-389-6155

MLF/mlf
Enclosure

333 Ninth Avenue North • Seattte WA 98109-5187 * 206-621-6490 • 206-621-7523 fax
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ANALYTICAL (_RESOURCES

INCORPORATED

INORGANICS ANALYSIS DATA SHEET Sample No= Method Blank

TOTAL METALS

Lab Sample ID: AXI8MB QC Repor_ No: A.XlS-Pacific Groundwater Group

LIMS ID: 99-16119 ProjecT: JE9907

Matrix: Water

Date Sampled: NA

Date Received: NA

Data Release Authorized:_

Reported: 11/08/99 U--

Prep Prep Analysis Analysis

Math Data Method Date C_ Nu_er Analyte RL mg/L

3010 10/26/99 6010 11/04/99 7440-38-2 Arsenic 0.05 0.05 U

200.8 10/27/99 200.8 i1/01/99 7440-43-9 Cadmium 0.0002 0.0002 U

3010 10/26/99 6010 11/04/99 7440-70-2 Calcium 0.05 0.05 U

3010 10/26/99 6010 11/04/99 7440-50-8 Copper 0.002 0.002 U

200.8 10/27/99 200.8 11/01/99 7439-92-1 Lead 0.00! 0.002

3010 10/26/99 6010 11/04/99 7439-95-4 Magnesium 0.02 0.02 U

3010 10/26/99 6010 11/04/99 7440-66-6 Zinc 0.006 0.006 U

U Analyze undetected at given RL

RL Reporting Limit

FORM- I
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ANALYTICAL (_RESOURCES

INCORPORATED /-.

INORGAN_CS ANALYSIS DATA SHEET Sample No= Miller Creek at Kiwanis

TOTAL METALS

Lab Sample ID: AXI8A QC Report No: AX18-Pacific Groundwater Group

LIMS ID: 99-16119 Project: JE9907

Matrix: Water

Date Sampled: 10/22/99

Date Received: 10/25/99

Data Release Authorized_..._._

Reported: 11/08/99

Prep Prep Analysis Analysis

Meth Date Method DaCe CAS Number Analy_e RL mg/L

3010 10/26/99 6010 11/04/99 7440-38-2 Arsenic 0.05 0.05 U

200.8 10/27/99 200.8 11/01/99 7440-43-9 Cadmium 0.0002 0.0002 U

3010 10/26/99 6010 11/04/99 7440-70-2 Calcium 0.05 24.8

3010 10/26/99 6010 11/04/99 7440-50-8 Coppe r 0,002 0.002 U

200.8 10/27/99 200.8 11/01/99 7439-92-1 Lead 0.001 0.001 U

3010 10/26/99 6010 11/04/99 7439-95-4 Magnesium 0.02 15.6

3010 10/26/99 6010 11/04/99 7440-66-6 Zinc 0.006 0.007

Calculated Hardness (mg-CaCO3/L) : 130

U Analyte undetected at given RL

RL Reporting Limit

FORM-I
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ANALYTICAL (_
RESOURCES

• INCORPORATED

INORGANICS ANALYSIS DATA SHEET Sample No: Miller Creek at S 156th

TOTAL METALS

Lab Sample _D: AXI8B QC Repor_ No: AXlS-Pacific Groundwater Group

LIMS ID: 99-16120 Project: JE9907

Matrix: Water

Date Sampled: 10/22/99

/_ . Date Received: 10/25/99

Data Release Authorized:___/

Reported: 11/08/99 /} _ --

t/

Prep Prep . Analysis Analysis

Meth Date Method Date CAS Number Analyte RL mg/L

3010 10/26/99 6010 11/04/99 7440-38-2 Arsenic 0.05 0.05 U

200.8 10/27/99 200.8 11/01/99 7440-43-9 Cadmium 0.0002 0.0002 U

3010 10/26/99 6010 11/04/99 7440-70-2 Calcium 0.05 27.8

3010 10/26/99 6010 11/04/99 7440-50-8 Copper 0.002 0.002 U

200.8 10/27/99 200.8 11/01/99 7439-92-1 Lead 0.001 0.001

3010 10/26/99 6010 11/04/99 7439-95-4 Magnesium 0.02 18.6

3010 10/26/99 6010 11/04/99 7440-66-6 Zinc 0.006 0.008

Calculated Hardness (mg-CaCO3/L): 150

U Analyte undetected at given RL

RL Reporting Limit

FORM- I
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INCORPORATED

INORGANICS ANALYSIS DATA SHEET Sample No: Des Moines at Tyee
TOTAL MZTALS

Lab Sample ID: AX18D QC Report No: AXlS-Pacific Groundwater Group
LIMS ID: 99-16122 Project: JE9907
Matrix: Water

Date Sampled: 10/23/99

Da_e Received: 10/25/99

Data Release Authorized._ J

Reported: 11/08/99

Prep Prep Analysis Analysis

Meth Dane Menhod Date CAS Number Analyte RL mg/T,

3010 10/26/99 6010 11/04/99 7440-38-2 Arsenic 0.05 0.05 U

200.8 10/27/99 200.8 11/01/99 7440-43-9 Cadmium 0.0002 0.0002 U

3010 10/26/99 6010 11/04/99 7440-70-2 Calcium 0.05 21.8

3010 10/26/99 6010 11/04/99 7440-50-8 Copper 0.002 0.004

200.8 10/27/99 200.8 11/01/99 7439-92-1 Lead 0.001 0.001 U

3010 10/26/99 6010 11/04/99 7439-95-4 Magnesium 0.02 12.2

3010 10/26/99 6010 11/04/99 7440-66-6 Zinc 0.006 0.010

Calculated Hardness (mg-CaCO3/L): 100

U Analyte undetected at given RL

RL Reporting Limit

FORM- I

AR 011814



ANALYTICAL (_
RESOURCES
INCORPORATED

INORGANICS ANALYSIS DATA SHEET Sample No: Des Moines Cr at S 18th

TOTAL METALS

Lab Sample ID: AXISC QC Report No: AXl6-Pacific Groundwater Group

LIMS ID: 99-16121 Project: JE9907

Matrix: Water

Date Sampled: 10/22/99

Date Received: 10/25/99

Data Release Authorize_/_"_

Reported: 11/08/99 _/_

Prep Prep Analysis Analysis

Meth Date Method Date CAS Number Analyte RL mg/L

3010 10/26/99 6010 11/04/99 7440-38-2 Arsenic 0.05 0.05 U

200.8 10/27/99 200.8 11/01/99 7440-43-9 Cadmium 0.0002 0.0002 U

3010 10/26/99 6010 11/04/99 7440-70-2 Calcium 0.05 20.7

3010 10/26/99 6010 11/04/99 7440-50-8 Copper 0.002 0.003

200.8 10/27/99 200.8 11/01/99 7439-92-1 Lead 0.001 0.001 U

3010 10/26/99 6010 11/04/99 7439-95-4 Magnesium 0.02 11.7

3010 10/26/99 6010 11/04/99 7440-66-6 Zinc 0.006 0.010

Calculated Hardness (mg-CaC03/L): 100

U A-nalyte undetected at given RL

RL Reporting Limit

FORM-I
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INORGANICS ANALYSIS DATA SHEET

TOTAL METALS RES
INCORPORATED

Lab Sample ID: A.XISLCS QC Reporz No: AXl8-Pacific Groundwater Group

LIMS !D: 99-16119 Project: JE9907
Matrix: Water

Data Release Au_horize_/.

Reported: 11/08/99

BLANK SPIKE QUALITY CONTROL REPORT

Spike Spike %

Analyte mg/L Added Recovery Q

Arsenic 2.60 2.50 104%

Cadmium 0.0241 0.0250 96.4%

Calcium 10.5 10.0 105%

Copper 0.106 0.100 106%

Lead 0.025 0.025 100%

Magnesium 10.4 I0.0 104%

Zinc 0.515 0.500 103%

'Q' codes: N = control limit not met

Control Limits: 80-120%

FORM-VII

AR 011816



ANALYTICAL (_
RESOURCES _/
INCORPORATED

QA Report - Method Blank Analysis

QC Report No: AX!8-Pacific Groundwater Group

Matrix: Water Project: JE9907

Auth°rized:' _ Date Received: NAData Release

Reported: 11/09/99 Dr. M.A. Perkins

METHOD BLANK RESULTS

CONVENTIONALS

Analysis

Dane & Batch Constituent Units Result

10/27/99 Total Suspended Solids mg/L < 1.0 U

102799#1

11/02/99 N-Ammonia mg-N/L < 0.010 U

110299#1

11/02/99 Total Phosphorous mg-P/L < 0,008 U

1i0299#i

10/25/99 Ortho-Phosphorous mg-P/L < 0.004 U

102599#1

11/03/99 Total Oil & Grease mg/L < !.0 U

110399#1

10/29/99 Nitrate • Nitrite (NO2+N03) mg-N/L < 0,010 U

102999#2

10/25/99 Biological Oxygen Demand mg/L < 1 U

I02599#1

- Water MB QA Report Page 1 for AX18 received 10/25/99
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ANALYTICAL
RESOURCES _/

Final Report INCORPORATED _-_

LaboraUory Analysis of Conventional Parameters

Sample No: Miller Creek aU Kiwanis

Lab Sample iD: AXISA QC Report No: AXlS-Pacific Groundwater Grou T
LIMS ID: 99-16119 Project: JE9907
Matrix: Water

_._ Date Sampled: 10/22/99Data Release Authorized: Date Received: 10/25/99

Reported: 11/09/99 Dr. M.A. Perkins

Analysis

Analyte Date & Batch Method RL Units Result

Total Suspended Solids 10/27/99 EPA 160.2 1.8 mg/L < 1.8 U
102799#1

N-Ammonia 11/02/99 EPA 350.1 0.010 mg-N/L 0.013
110299#1

Nitrate (NO2+NO3) 10/29/99 EPA 353.2 0.020 mg-N/L 1.3
102999#2

Total Phosphorous 11/02/99 EPA 365.2 0.016 mg-P/L 0.071
110299#1

Ortho-Phosphorous 10/25/99 EPA 365.2 0.004 mg-P/L 0.038
102599#1

Biological Oxygen Demand 10/25/99 EPA 405.1 3 mg/L < 3 U
102599#1

Total Oil & Grease 11/03/99 EPA 413.1 1.0 mg/L 1.2
110399#1

RL Analytical reporting limit

U Undetected at reported detection limit

Report for AXI8 received 10/25/99
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ANALYTICAL
RESOURCES

-- Final Report INCORPORATED

Laboratory Analysis of Conventional Parameters

Sample No: Miller Creek aU S 156Lh

Lab Sample ID: AXI8B QC Report No: AXlS-Pacific Groundwater Group

LIMS ID: 99-16120 Project: JE9907

Matrix: Water

Date Sampled: 10/22/99Data Release Authorized: Date Received: 10/25/99

Reported: I!/09/99 Dr. M.A. Perkins

Analysis

Analyte Date & Batch Me_hod RL Units Result

Total Suspended Sc!ids 10/27/99 EPA 160.2 I.I mg/L 5.0

102799#1

N-Ammonia 11/02/99 EPA 350.1 0.010 mg-N/L 0.058

110299#1

Nitrate _ Nitrite (NO2+NO3) 10/29/99 EPA 353.2 0.020 mg-N/L 1.3

102999#2

Total Phosphorous 11/02/99 EPA 365.2 0.016 mg-P/L 0.080

110299#1

Ortho-Phosphorous 10/25/99 EPA 365.2 0.004 mg-P/L 0.033

102599#1

Biological Oxygen Demand 10/25/99 EPA 405.1 2 mg/L 2

102599#1

Total Oil & Grease I1/03/99 EPA 413.1 0.9 mg/L < 1.0 U

110399#I

RL Analytical reporting limit

U Undetected at reported detection limit

Report for AXIS received 10/25/99
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ANALYTICAL (_RESOURCES

Final Report INCORPORATED

Laboratory Analysis of Conventional Parameters

SAm_le No: Des Moines Cr au S 18_h

Lab Sample ID: AX!8C QC Report No: AXl8-Pacific Groundwater Group

LIMS ID: 99-16121 Project: JE9907
Maurix: Water

_ Date Sampled: 10/22/99Data Release Authorized Date Received: 10/25/99

Reported: 1i/09/99 DrY M._. Perkins

Analysis

Analyte Date & Batch Me_hod RL Units Resul_

Total Suspended Solids 10/27/99 EPA 160.2 1.1 mg/L 1.2
102799#1

N-Ammonia 11/02/99 EPA 350.1 0.010 mg-N/L < 0.010 U
110299#1

Nitrate + Nitrite (N02+NO3) 10/29/99 EPA 353.2 0.010 mg-N/L 0.69
102999#2

Total Phosphorous 11/02/99 EPA 365.2 0.016 mg-P/L 0.043
110299#1

Ortho-Phosphorous 10/25/99 EPA 365.2 0.004 mg-P/L 0.025
102599#1

Biological Oxygen Demand 10/25/99 EPA 405.1 2 mg/L < 2 U
102599#1

Total Oil & Grease 11/03/99 EPA 413.1 1.0 mg/L < 1.0 U
110399#1

RL Analytical reporting limit

U Undetected at reported detection limit

Report for AXI8 received 10/25/99
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ANALYTICAL
RESOURCES _/

-- Final Report INCORPORATED

LaboraUory Analysis of ConvenUional Parameters

Sample No: Des Moines au Tyee

Lab Sample ID: AXISD QC Report No: AXlS-Pacific Groundwater Group

LIMS ID: 99-16122 Project: JE9907

Matrix: Water

Date Sampled: 10/23/99
Data Release Authorized: Date Received: 10/25/99

Reported: 11/09/99 Dr. M.A. Perkins

Analysis

Analyte Dane & Batch Method RL Units Result

Total Suspended Solids 10/27/99 EPA 160.2 I.I mg/L < !.i U

102799#1

N-Ammonia 11/02/99 EPA 350.1 0.010 mg-N/L 0.017

110299#1

Nitrate �Nitrite(NO2+N03) 10/29/99 EPA 353.2 0.010 mg-N/L 0.86

102999#2

Total Phosphorous 11/02/99 EPA 365.2 0.016 mg-P/L 0.040

110299#I

Ortho-Phosphorous 10/25/99 EPA 365.2 0.004 mg-P/L 0.017

102599#1

Biological Oxygen Demand 10/25/99 EPA 405.1 2 mg/L 2

102599#1

__ Total Oil & Grease 11/03/99 EPA 413.1 !.0 mg/L < 1.0 U
i10399#I

RL Analytical reporting limit

U Undetected at reported detection limit

Report for AXIS received 10/25/99
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ANALYTICAL (_)RESOURCES

QA Report - Laboratory Control Sa-_.les INCORPORATED ....

QC Report No: AXlS-Pacific Groundwater Group

Progect : JE9907

Date Received: NA

Data Release Authorized'_
Reported: I1/09/99 Dr.-MPA. Perkins

LABORATORY CONTROL SAMPLES

CONVENTIONALS

Measured True

Cons ti Uuent Units Value Value Rec every

Laboratory Control Sample

Total Oil & Grease mg/L 45.2 57.0 79.3%

Date analyzed: 11/03/99 Batch ID: 110399#1

Laboratory Control Sample

Biological Oxygen Demand mg/L 178 200 89,0%

Da_e analyzed: 10/25/99 Batch !D: 102599#1

'L_..

LCS QA Report Page 1 for AXIS received 10/25/99
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ANALYTICAL (_
RESOURCES

INCORPORATED

QA Report - SUandard Reference Material Analysis

QC Report No: AX18-Pacific Groundwater Grou_

Project: JE9907

Authorize_ _, _ Date Received: NAData Release

Reported: 11/09/99 Dr. _ MI_. Perkins

STANDARD REFERENCE MATERIAL ANALYSIS

CONVENTIONALS

True

Cons =i_uent UniUs Value Value Recovery

IV #1035

N-Ammonia m a-N/L 0. 815 0. 800 102%

Date analyzed: 11/02/99 Batch ID: 110299#1

SPEX #6-26

Total Phosphorous mg-P/L 5.14 5.00 103%

Date analyzed: I1/02/99 Batch ID: 110299#i

IV #1032

_. Ortho- Phosphorous mg- P/L 0.132 0.129 102 %

Date analyzed: 10/25/99 Batch ID: 102599#1

IV #1084

Nitrate _ Nitrite (NO2+NO3) mg-N/L 0.407 0.400 102%

Date analyzed: 10/29/99 Batch ID: 102999#2

f

-- SRM QA Report Page 1 for AXIS received 10/25/99
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ANALYTICALRESOURCES
INCORPORATED

QA Report - Replicate Analysis

QC Report No: AXlS-Pacific Groundwater Group

Matrix: Water Project: JE9907

:_ Date Received: 10/25/99
Data Release Authorized

Reported: I1/09/99 Dr._M.A. Perkins

DUPLICATE ANALYSIS RESULTS

CONVENTIONALS

Sample Duplicate

Consniuuent Units Value Value RPD

ARI ID: 99-16119, AX18 A Client Sample ID: Miller Creek at Kiwanis

N-Ammonia mg-N/L 0.013 0.014 7.4%

Total Phosphorous mg-P/L 0.071 0.068 4.3%

0rtho-Phosphorous mg-P/L 0.038 0.038 0.0%

ARI ID: 99-16122, AXIS D Client Sample ID: Des Moines aU Tyee

Nitrate �Nitrite(N02+N03) mg-N/L 0.86 0.89 3.4%

Biological Oxygen Demand mg/L 2 2 0.0%

Water Replicate QA Report Page 1 for AXIS received 10/25/99
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ANALMTICAL_
RESOURCES%_'

- INCORPORATED

QA Report - Matrix Spike/Matrix Spike Duplicate Analysis

QC Report No: AXlS-Pacific Groundwater Group

Matrix: Water Progect: JE990_

i_ Date Received: 10/25/99

Data Release Authorized_
Reported: 11/09/99 Dr_M.A. Perkins

MATRIX SPIKE QA/QC REPORT

CONVENTIONALS

Sample Spike Spike

Constituent Units Value Value Added Recovery

AR! ID: 99-16119, AXIS A Client Sample ID: Miller Creek at Kiwanis

N-Ammonia mg-N/L 0.013 0.447 0.400 108%

Total Phosphorous mg-P/L 0.071 0.469 0.400 99.5%

0rtho-Phosphorous mg-P/L 0.038 0.138 0.I00 100%

ARI ID: 99-16122, AXIS D Client Sample ID: Des Moines at Tyee

Nitrate + Nitrite (N02+N03) mg-N/L 0.857 1.23 0.400 93.2%

MS/MSD Recovery Limits: 75 - 125 %

_- Water MS/MSD QA Report Page ! for AXIS received 10/25/99
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Analytical Resources, Incorporated
AnalyticalChemistsandConsultants

February 14,2000

Inger Jackson
Pacific Groundwater Group
2377 Eastlake Ave. East, Suite 200
Seattle, WA 98102

RE: Project No. JE9907
ARI Job No. BF85

Dear Inger:

Please find enclosed original Chain of Custody (COC) and analytical results for the above-
referenced project. Analytical Resources, Inc. (ARI) accepted four water samples in good
condition on January 28, 2000.

The samples were analyzed for total metals and hardness by EPA methods 6010/200.8, total
suspended solids by EPA method 160.2, ammonia by EPA method 350.1, nitrate plus nitrite
by EPA method 353.2, total phosphorus and ortho-phosphorus by EPA method 365.2,
biological oxygen demand by EPA method 405.1, and total oil and grease by EPA method .....
413.1 as requested on the COC. Quality control analysis results are included for your review.

Magnesium was detected in the total metals method blank at .03 mg/L. Magnesium was
detected in all of the samples at levels greater than ten times the level in the method blank
and no corrective action was taken.

No further analytical complications were encountered. A copy of this report and all
associated raw data will remain on file with AR/. If you have any questions or require
additional information, please contact me at your convenience.

Sincerely,

ANALYTICAL RESOURCES, INC.

Fox
Project Manager
206-389-6155
marylou@arilabs.com

MLF/mlf
Enclosure ,

333 NinthAvenueNorth • SeattleWA98109r5187• 206-621-6490• 206-621-7523fax
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ANALYTICALRESOURCES
INCORPORATED ""

INORGANICS ANALYSIS DATA SHEET Sample No: Method Blank
TOTAL METALS

Lab Sample ID: BF85HB 0C Report No: BF85-Pacific Groundwater Group

LIHS ID: 00-877 Project: JE9907
Matrix: Water

Date Sampled: NA
Date Received: NA

Data Release Authorized_

Reported: 02/08/00 (J

Prep Prep Analysis Analysis

Meth Dane Method Dane CAS Number Analyte RL mg/L

3010 01/31/00 6010 02/03/00 7440-38-2 Arsenic 0.05 0.05 U

200.8 01/31/00 200.8 02/04/00 7440-43-9 Cadmium 0.0002 0.0002 U

3010 01/31/00 6010 02/03/00 7440-70-2 Calcium 0.05 0.05 U

3010 01/31/00 6010 02/03/00 7440-50-8 Copper 0.002 0.002 U

200.8 01/31/00 200.8 02/04/00 7439-92-1 Lead 0.001 0.001 U

3010 01/31/00 6010 02/03/00 7439-95-4 Magnesium 0.02 0.03

3010 01/31/00 6010 02/03/00 7440-66-6 Zinc 0.006 0.006 U

U Analyte undetected at given RL

RL Reporting Limit

FORM-I
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ANALYTICAL _'_
RESOURCES

- INCORPORATED

INORGANICS ANALYSZS DATA SHEET Sample No: Miller A_ Kiwanis

TOTAL METALS

Lab Sample !D: BF85A QC Report NO: BFB5-Pacific Groundwater Group

LIMS ID: 00-876 Progect: JE9907

Matrix: Water

Date Sampled: 01/27/00

Date Received: 01/28/00

Data Release Authorized_ /

Reported: 02/08/00 U

Prep Prep Analysis Analysis

Meth Dane Method Date CAS Number Analyte RL mg/L

30i0 0i/31/00 6010 02/03/00 7440-38-2 Arsenic 0.05 0.05 U

200.8 01/31/00 200.8 02/04/00 7440-43-9 Cadmium 0.0002 0.0002 U

3010 01/31/00 6010 02/03/00 7440-70-2 Calcittm 0.05 21.0

3010 01/31/00 6010 02/03/00 7440-50-8 Copper 0.002 0.004

200.8 01/31/00 200.8 02/04/00 7439-92-1 Lead 0.001 0.001

3010 01/31/00 6010 02/03/00 7439-95-4 Magnesittm 0.02 10.4

3010 01/31/00 6010 02/03/00 7440-66-6 Zinc 0.006 0.014

Calculated Hardness (mg-CaCO3/L): 95

U Analyte undetected at given RL

RL Reporting Limit

FORM-X
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INORGANICS ANALYSIS DATA SHEET ANALYTICAL _
TOTAL M_TALS RESOURCES

INCORPORATED

Sample No: Miller At Kiwanis

Lab Sample ID: BF85A QC Reporz No: BF85-Pacific Groundwater Group

LIMS ID: 00-876 Project: JE9907
Matrix : Water

Date Received: 01/28/00

Data Release Authorizer,s/

Reported: 02/08/00 /_/

MATRIX SPIKE QUALITY CONTROL REPORT

Sample Spike Spike %

Analyte mg/L mg/L Added Recovery Q

Arsenic 0.05 U 2.49 2.50 99.6%

Cadmium 0.0002 U 0.0244 0.0250 97.6%

Calcium 21.0 30.8 i0.0 98.0%

Copper 0.004 0.104 0.I00 100%

Lead 0.001 0.027 0.025 104%

Magnesium 10.4 20.2 10.0 98.0%

Zinc 0.014 0.504 0.500 98.0%

'Q' codes: N = control limit not met

H = %R not applicable, sample concentration too high
* = RPD control limit not met

NA = Not applicable - analyte not spiked

Control Limits: Percent Recovery: 75-125%

RPD: +/-20%

FORM-V
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ANALYTICAL (_RESOURCES

INCORPORATED

INORGANZCS ANALYSIS DATA SHEET Sample No: Des Moines at S 18th

TOTAL MZTALS

Lab SamPle ID: BF85_ QC Report No: BFS5-Pacific Groundwater Group

LIMS ID: 00-877 Progect: JE9907

Mazrix: Water

Date Sampled: 01/27/00

Data Release Authorized_/Date_

Received: 01/28/00

Reported: 02/08/00

Prep Prep Analysis Analysis

Meth Date Method DaUe CAS Number Analyte RL mg/L

3010 01/31/00 6010 02/03/00 7440-38-2 Arsenic 0.05 0.05 U

200.8 01/31/00 200.8 02/04/00 7440-43-9 Cadmium 0.0002 0.0002 U

3010 01/31/00 6010 02/03/00 7440-70-2 Calcium 0.05 19.1

3010 01/31/00 6010 02/03/00 7440-50-8 Copper 0.002 0.005

200.8 0!/31/00 200.8 02/04/00 7439-92-i Lead 0.001 0.001 U

3010 01/31/00 6010 02/03/00 7439-95-4 Magnesium 0.02 8.75

3010 01/31/00 6010 02/03/00 7440-66-6 Zinc 0.006 0.012

Calculated Hardness (mg-CaCO3/L) : 84

U Analyte undetected at given RL

RL Reporting Limit

FORM-I
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INORGANICS ANALYSIS DATA SHEET ANALYTICAL _1_
RESOURCES

TOTAL METALS INCORPORATED

Sample No: Des Moines a_ S iBth

Lab Sample ID: BFSSB QC Report No: BF85-Pacific Groundwater Group

LIMS ID: 00-877 Project: _E9907
Matrix: Water

Authorizer,S/ / Date Received: 01/28/00Data Release

Reported: 02/08/00

MATRIX DUPLICATE QUALITY CONTROL REPORT

Sample Duplicate Control

Analyte mg/L mg/L RPD Limit Q

Arsenic 0.05 U 0.05 U 0.0% +/- 0.05 L

Cadmium 0.0002 U 0.0002 U 0.0% +/- 0.0002 L

Calcium 19.1 19.1 0.0% +/- 20 %

Copper 0.005 0.005 0.0% +/- 0.002 L

Lead 0.00i U 0.001 U 0.0% ��”�\�0.001L

Magnesium 8.75 8.71 0.5% +/- 20 %

Zinc 0.012 0.012 0.0% +/- 0.006 L

-+

'Q' codes: * = control limit not met

L = RPD not valid, alternate limit = detection limit

FORM-V_
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ANALYTICAL
RESOURCES
INCORPORATED

INORGANICS ANALYSIS DATA SHEET Sample No: Miller at S 156th

TOTAL METALS

Lab Sample ID: BF85C QC Report No: BF85-Pacific Groundwater Group

LIMS ID: 00-878 Project: JE9907

Matrix: Wa_er

Date Sampled: 01/27/00

_ /-/Date Received: 01/28/00

Da_a Release Authorized_'_I/

Reported: 02/08/00

Prep Prep Analysis Analysis

Math Date Method DaLe CAS Number Analyte RL mg/L

3010 01/31/00 6010 02/03/00 7440-38-2 Arsenic 0.05 0.05 U

200.8 01/31/00 200.8 02/04/00 7440-43-9 Cadmium 0.0002 0.0002

3010 01/31/00 6010 02/03/00 7440-70-2 Calcium 0.05 21.0

3010 01/31/00 6010 02/03/00 7440-50-8 Copper 0.002 0.005

200.8 01/31/00 200.8 02/04/00 7439-92-1 Lead 0.001 0.004

3010 01/31/00 6010 02/03/00 7439-95-4 Magnesium 0.02 i0.2 _

3010 01/31/00 6010 02/03/00 7440-66-6 Zinc 0.006 0.022

Calculated Hardness (mg-CaCO3/L): 95

U Analyte undetected at given RL

RL Reporting Limit

FORM-I
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ANALYTICAL (_RESOURCES

INCORPORATED -_.

INORGANICS ANALYSIS DATA SHEET Sample No: Des Moines at Tyee
TOTAL M_TALS

Lab Sample ID: BF85D QC Report No: BF85-Pacific Groundwater Group

LIMS ID: 00-879 Project: JE9907
Matrix: Water

Date Sampled: 01/27/00

Date Received: 01/28/00

Data Release Authorized_/

Reported: 02/08/00 _

Prep Prep Analysis Analysis

Math Date Method Date CAS N,-.her Analyte RL mg/1,

3010 01/31/00 6010 02/03/00 7440-38-2 Arsenic 0.05 0.05 U

200.8 01/31/00 200.8 02/04/00 7440-43-9 Cadmium 0.0002 0.0002 U

3010 01/31/00 6010 02/03/00 7440-70-2 Calcium 0.05 19.3

3010 01/31/00 6010 02/03/00 7440-50-8 Copper 0.002 0.007

200.8 01/31/00 200.8 02/04/00 7439-92-1 Lead 0.001 0.001 U

3010 01/31/00 6010 02/03/00 7439-95-4 Magnesium 0.02 8.54

3010 01/31/00 6010 02/03/00 7440-66-6 Zinc 0.006 0.014

Calculated Hardness (mg-CaCO3/L): 83

r

U /_nalyte undetected at given P.L

RL Reporting Limit

FORM-I
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INORGANICS ANALYSIS DATA SHEET ANALYTICAL (_
TOTAL METALS RESOURCES

- INCORPORATED

Lab Sample ID: BF85LCS QC Report No: BF85-Pacific Groundwater Group

LIMS ID: 00-877 Project: JE9907

Matrix: Water

Data Release Authorized_

Reported: 02/08/0C (LJ_

BLANK SPIKE QUALITY CONTROL REPORT

Spike Spike %

AnalTte mg/L Added Recovery Q

Arsenic 2.47 2.50 98.8%

Cadmium 0.0232 0.0250 92.8%

Calcium 10.3 I0.0 103%

Copper 0.102 0.100 102%

Lead 0.024 0.025 96.0%

Magnesium i0.0 I0.0 100%

Zinc 0.486 0.500 97.2%

'Q' codes: N = control limit not met

Control Limits: 80-120%

FORM-Vli
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ANALY'I'ICAL_
RESOURCES_
INCORPORATED

QA Report - Method Blank Analysis

QC Report No: BF85-Pacific Groundwater Group

Matrix: Water Project: JE9907
Date Received: NA

Data Release Authorized:_
Reported: 02/10/00 Dr." M.A. Perkins

METHOD BLANK RESULTS

CONVENTIONALS

Analysis

Dane & Bench Constituent Units Result

01/28/00 Total Suspended Solids mg/L < 1.0 U
01280#1

01/28/00 Nitrate • Nitrite (NO2+N03) mg-N/L < 0.010 U
01280_2

01/31/00 Total Phosphorous mg-P/L < 0.008 U
01310#1

01/28/00 Ortho-Phosphorous mg-P/L < 0.004 U
01280W!

02/03/00 Total Oil & Grease mg/L < 1.0 U .......
02030#i

01/28/00 Biological Oxygen Demand mg/L < 1 U
01280#1

0!/31/00 N-A_nonia mg-N/L < 0.010 U
01310#3

Water MB QA Report Page i for BF85 received 01/28/00
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ANALYTICAL (_RESOURCES

Final Report INCORPORATED

Laboratory Analysis of Conventional Parameters

Sample No: Miller At Kiwanis

Lab Sample ID: BF85A QC Repcr_ No: BF85-Pacific Groundwater Grou_

LIMS ID: 00-876 Progect: JE9907

Matrix: Water

_ Date Sampled: 01/27/00Data Release Authorized: Date Received: 01/28/00

Reported: 02/10/00 Dr. M.A. Perkins

Analysis

Analyne Date & Batch Method RL Units Resul_

Total Suspended Solids 01/28/00 EPA 160.2 1.1 mg/L 4.1

01280#1

N-Ammonia 01/31/00 EPA 350.1 0.010 mg-N/L 0.013

01310#3

Nitrate - Nitrite (NO2+N03) 01/28/00 EPA 353.2 0.I0 mg-N/L 1.3

01280#2

Total Phosphorous 01/31/00 EPA 365.2 0.016 mg-P/L 0.060

01310#1

Ortho-Phosphorous 01/28/00 EPA 365.2 0.004 mg-P/L 0.029

01280#!

Biological Oxygen Demand 01/28/00 EPA 405.1 2 mg/L < 2 U

01280#I

Total Oil & Grease 02/03/00 EPA 413.1 0.9 mg/L 1.8

02030#1

RL Analytical reporting limit

U Undetected at reported detection limit

Report for BF85 received 01/28/00
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ANALYTICAL ,_RESOURCES

Final Report INCORPORATED

Laboratory Analysis of Conventional Parameters

Sample No: Des Moines at S 18=h

Lab Sample ID: BF85B QC Report No: BF85-Pacific Groundwater Grou F

LIMS ID: 00-877 Project: J_9907
Matrix: Water

_ Date Sampled: 01/27/00Data Release Authorized: Date Received: 01/28/00

Reported: 02/10/00 Dr. M.A. Perkins

Analysis

Analyte Date & Batch Method RL Units Result

Total Suspended Solids 01/28/00 EPA 160.2 1.1 mg/L 1.7

01280#1

N-Ammonia 01/31/00 EPA 350.1 0.010 mg-N/L < C.010 U

01310#3

Nitrate �Nitrite(NO2+NO3) 01/28/00 EPA 353.2 0.010 mg-N/L 0.54

01280#1

Total Phosphorous 01/31/00 EPA 365.2 0.016 mg-P/L 0.051

01310#1

Ortho-Phosphorous 01/28/00 EPA 365.2 0.004 mg-P/L 0.013

01280#1

Biological Oxygen Demand 01/28/00 EPA 405.1 2 mg/L 2
01280#1

Total Oil & Grease 02/03/00 EPA 413.1 0.9 mg/L 1.5

02030#I

RL Analytical reporting limit

U Undetected at reported detection limit

Report for BF85 received 01/28/00
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ANALYTICAL (_)
REESOURCES

Final Report INCORPORATED

Laboratory Analysis of Conventional Parameters

Sample No: Miller at S !56th

Lab Sample ID: BF85C QC Repor_ No: B_85-Pacific Groundwater Group

LIMS ID: 00-87E Project: JE9907

Matrix: Water

Date Sampled: 01/27/0C
Data Release Authorized , Date Received: 01/28/00

Reported: 02/10/00 Dr. M.A. Perkins

Analysis

Analyte Date & Batch Method RL Units Result

Total Suspended Solids 01/28/00 EPA !60.2 1.8 mg/L 17

01280#1

N-Ammonia 01/31/00 EPA 350.1 0.010 mg-N/L 0.066

0!310_3

Nitrate + Nitrite (NO2+NO3) 01/28/00 EPA 353.2 0.i0 mg-N/L 1.3

01280#2

Total Phosphorous 01/31/00 EPA 365.2 0.016 mg-P/L 0.098

0!310#!

Ortho-Phosphorous 01/28/00 EPA 365.2 0.004 mg-P/L 0.026

01280#1

Biological Oxygen Demand 01/28/00 EPA 405.1 2 mg/L 2

01280#1

_ Total Oil & Grease 02/03/00 EPA 413.1 1.0 mg/L 1.6

02030#i

RL Analytical reporting limit

U Undetected at reported detection limit

Report for BF85 received 01/28/00
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Final Report INCORPORATED
Laboratory Analysis of Conventional Parameters

Sample No: Des Moines at Tyee

Lab Sample ID: BF85D 0C Report No: BF85-Pacific Groundwater Group

LIHS ID: 00-879 Project: JE9907
Matrix: Water

:_j/ Date Sampled: 01/27/00
Data Release Authorized / Date Received: 01/28/00

Reported: 02/10/00 Dr. M.WA. Perkins

Analysis

Analyte Date & Batch Method RL Units Result

Total Suspended Solids 01/28/00 EPA 160.2 2.0 mg/L 3.8
01280#1

N-Ammonia 01/31/00 EPA 350.1 0.010 mg-N/L < 0.010 U
01310#3

Nitrate �Nitrite(NO2 �”�x�01/28/00EPA 353.2 0.010 mg-N/L 0.56
01280#2

Total Phosphorous 01/31/00 EPA 365.2 0.016 mg-P/L 0.060
01310#1

Ortho-Phosphorous 01/28/00 EPA 365.2 0.004 mg-P/L 0.005
01280#1

Biological Oxygen Demand 01/28/00 EPA 405.1 2 mg/L 2
01280#1

Total Oil & Grease 02/03/00 EPA 413.1 0.9 mg/L 1.4
02030#1

RL Analytical reporting limit

U Undetected at reported detection limit

Report for BF85 received 01/28/00
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RESOUR;C

QA Report - Laboratory Control Samples INCORPORATED

QC Report No: BF85-Pacific Groundwater Group

Project: JE9907

Date Received: NA

Data Release Authorized:_
Reported: 02/10/00 Dr. M.A. Perkins

LABORATORY CONTROL SAMPLES

CONVENTIONALS

Measured True

Constituent Units Value Value Recovery

Laboratory Conurol Sample

Total 0il & Grease mg/L 51.6 66.7 77.4%

Date analyzed: 02/03/00 Batch ID: 02030#I

LaboraUory Conurol Sample

Biological Oxygen Demand mg/L 163 200 81.5%

Date analyzed: 01/28/00 Batch ID: 01280#i

LCS QA Report Page I for BF85 received 01/28/00
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ANALYTICAL (_RESOURCES
INCORPORATED

QA Report - Standard Reference Material Analysis

QC Report No: BF85-Pacific Groundwater Group

Project: JE9907

Authorized:_ Date Received: NAData Release

Reported: 02/10/00 Dr. M.A. Perkins

STANDARD REFERENCE MATERIAL ANALYSIS

CO VEN IONALS

True

Cons tiuuent Units Value Value Recovery

SPEX #15-121

Nitrate + Nitrite (NO2+NO3) mg-N/L 0.429 0.400 107%

Date analyzed: 01/28/00 Batch ID: 01280#2

SPEX #6-26

Total Phosphorous mg-P/L 5.17 5.00 103%

Date analyzed: 01/31/00 Batch ID: 01310#l

SPEX #17-17

Ortho- Phosphorous mg-P/L 0. 122 0. 120 102%

Date analyzed: 01/28/00 Batch ID: 01280#i

SPEX #16-50

N-Ammonia mg-N/L 0. 794 0. 800 99.2%

Date analyzed: 01/31/00 Batch ID: 01310_3

r

SRM QA Report Page 1 for BF85 received 01/28/00 "_ "
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ANALYTICAL(_RESOURCES

INCORPORATED

QA Report - Replicate Analysis

QC Report No: BF85-Pacific Groundwater GrcuF

Matrix: Water Project: JE9907

Authorized: ^A_ Date Received: 01/28/00Data Release

Reported: 02/10/00 Dr. M.A. Perkins

DUPLICATE ANALYSIS RESULTS

CONVENTIONALS

Sample Duplicate

Constituent Units Value Value RPD

ARI ID: 00-876, BF85 A Client Sample ID: Miller At Kiwanis

Nitrate _ Nitrite (N02+N03) mg-N/L 1.3 1.3 0.0%

Total Phosphorous mg-P/L 0.060 0.060 0.0%

Or_hc-Phosphorous mg-P/L 0.029 0.029 0.0%

AR_ ID: 00-877, BF85 B Client Sample ID: Des Moines at S 18th

-- Biological Oxygen Demand mg/L 2 2 0.0%

ARI ID: 00-879, BF85 D Client Sample ID: Des Moines at Tyee

N-Ammonia mg-N/L < 0.010 U < 0.010 U NA

Water Replicate QA Report Page 1 for BF85 received 01/28/00
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INCORPORATED

OA Report - Matrix Spike/Matrix Spike Duplicate Analysis

QC Report No: BF85-Pacific Groundwater Group

Matrix: Water Project: JE9907

Auth°rized:_ _ Date Received: 01/28/00Data Release

Reported: 02/10/00 Dr. M.A. Perkins

MATRIX SPIKE QA/QC REPORT

CONVENTIONALS

Sample Spike Spike

ConsUituent Unins Value Value Added Recovery

ARI ID: 00-876, BF85 A Clienu S_--ple ID: Miller At Kiwanis

Nitrate �Nitrite(N02 �¸���€�mg-N/L1.31 5.10 4.00 94.8%

Total Phosphorous mg-P/L 0.060 0.461 0.400 100%

Ortho-Phosphorous mg-P/L 0.029 0.128 0.i00 99.0%

ARI ID: 00-879, BF85 D Client Sample ID: Des Moines at Tyee

N-Ammonia mg-N/L < 0.010 0.383 0.400 95.8% --

MS/MSD Recovery Limits: 75 - 125 %

Water MS/MSD QA Report Page 1 for BF85 received 01/28/00
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Appendix G
Ecological Evaluation of Maury Island Soil as Potential Fill

Gravel from a mine on Maury Island is being considered as fill for the proposed runway
expansion. The top eighteen inches of gravel at Maury Island contain high levels of
arsenic, cadmium, and lead originating from the former ASARCO smelter in Tacoma.
The top 18 inches of soil at Maury Island 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 Port and
Ecology are working to determine what screening methods and contingencies are
necessary to ensure that water quality criteria are met.

This project analyzed the potential effects to ecological receptors, such as the benthic
community and wildlife-consuming benthic organisms, if contaminants in the Maury
Island 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.

For screening purposes, concentrations of arsenic, cadmium, and lead in soil were

compared directly to Ecology's proposed Lowest Adverse Effects Thresholds (LAETs)
for sediment (Cubbage, 1997). Sediment concentrations would be expected to be much
lower than soil concentrations since contamination would need to leach or migrate from
soil to sediment. Therefore, this comparison represents a conservative initial screening
step, and exceedence of benchmarks does not imply that unacceptable ecological risks
would occur.

A summary of the benchmarks used for comparison is presented in Table G-1. In
addition to the LAETs, background concentrations for Washington State and MTCA
Method A, industrial and residential concentrations are included for comparison. In each
case, the ecological benchmarks are lower than the industrial human health MTCA levels

and above background concentrations. The ecological benchmarks are similar to the
residential human health MTCA Level A values.

Surface and subsurface soil data are presented in Tables G-2 and G-3, respectively. For
the purpose of this evaluation, surface soil was defined as samples collected less than 2
feet below ground surface (BGS); subsurface soil was defined as samples collected from
2 or more feet BGS. These data are as presented in Draft Environmentallmpact Statement
for Lone Star Maury lsland Mining Operation, Final Sampling Results NW Aggregates Maury
lsland Gravel Mine, and the Technical Memorandum on Environmental Soil Sampling, Arsenic,
Cadmium, and Lead, Lone Star Maury lsland Site, King County, Washington.

Pacific
Groundwater Page G-1

__'_::Group
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Sea Tac Runway Fill
Hydrologic Studies

As shown in Table G-2, surface soil samples frequently exceed ecological benchmarks,
particularly for arsenic and lead. Concentrations of these contaminants are highest in the
more shallow soils, although many samples from nine inches BGS exceeded the LAET

screening level for arsenic and a few samples from 18 inches BGS also marginally
exceeded the LAET screening level for arsenic.

Contamination in surface soils could pose an unacceptable risk if this contamination

migrates to sediments. If surface soils are to be used as fill, more comprehensive
modeling of contamination leaching and migration should be performed to estimate
potential sediment concentrations.

Table G-3 presents the available subsurface soil data. As indicated in this table, all
subsurface soil results are below ecological screening levels for all three analytes.
Cadmium and lead generally were not detected in subsurface soil, and arsenic

concentrations were generally an order of magnitude below the LAET screening level
and the MTCA Level A Residential level.

Based on the above analysis, use of subsurface soils as fill should not pose an
unacceptable risk to ecological receptors.

amun_r Page G-2 ....
Sd.d. Group
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- Table G-1

Summary of Benchmarksand ScreeningLevels

EcologyLAETs Background MTCAMethodA MTCAMethodA
Concentrations Industrial Residential

Arsenic 40 7 200 20
Cadmium 7.6 1 10 2
Lead 260 24 1000 250

All values expressed in mg/kg.

- Pacific
Groundwater

_._ Group
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- Table G-3

Comparison of Subsurface Soil Samples to Ecotoxicological Benchmarks

Depth Arsenic Cadmium Lead

(bgs)

9 4.3 0.58 U 5.8 U
10 4.5 0.54 U 5.4 U

8.5 2.7 0.61 U 6.1 U

10 2.4 0.53 U 5.3 U
10 3.9 0.54 U 5.4 U

10 2.4 0.54 U 5.4 U
10 3.5 0.54 U 5.4 U
10 3.1 0.54 U 5.4 U

10 4.6 0.54 U 5.4 U
10 6.9 0.58 U 5.8 U

10 3.1 0.54 U 5.4 U
10 3.3 0.54 U 5.4 U

10 4 0.56 U 5.6 U
10 2.2 0.52 U 5.2 U
NL 1.6 U 0.53 U 5.3 U
NL 2.2 0.53 U 5.3 U

NL 1.6 0.53 U 5.3 U
NL 1.8 0.54 U 5.4 U

95 1.9 U 0.63 U 6.3 U
270 2.4 0.67 U 6.7 U
55 3 U NA 7.7

190 1.7 U NA 6
140 3 U NA 8.9
220 3 U NA 5.3

2 8U 1U 10U

2 8U 1U 10U
2 8U 1U 10U

2 8U 1U 10U

Values expressed in mg/kg
U = Undetected

NA = Not analyzed.
NL = Not listed.

All samples are below proposed Ecology LAETs for freshwater sediment and
background concentrations.

h

Appendix-G-tables.xls
6/13/00
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?age i of 52
Permit No. WA-002465-I

Issuance Date: February 20, 1998

Effective Date: March I, 1998

Expiration Date: June 30, 2002
• Modification Date: May 29, 2001

NATIONAL POLLUTANT DISCHARGE ELI3AINATION SYSTEM

WASTE DISCHARGE PERMIT No. WA-O02465-1

State of Washington
DEPARTMENT OF ECOLOGY

NorthwestRegionalOffice
3190 - 160_ Avenue SE

Bellevue,WA 98008-5452

In compliance wi'.._the provisior_ of
The State of Washington Water Pollution Control Law

Chapter90.48 Revised Codeof Washing_n
and

The Federal Water Pollution Control Act
(The Clean W_ ACt)

Title 33 United States Code., Section 1251 _scq.

PORT OF SEATTII
SEATTLE-TACOMA INTERNATIONAL _RT

P.O. Box 68727
Seattle, Washington 98168

Facility Location IndustryTy_e ......
Sea-Tac International Airport Airport
Seattle, Washington
King County

Water Body I.D- No,
(i) WA-PS-0270 (i) Puget Sound (Industrial Wastewater)
(ii) WA-09-2000 (ii)DesMoincs Creek, (Stccmwater)
(iii) WA-09-2005 (ih') MillerCreek (S_nnwater)
(iv) WA-09-1020 (iv) City of SeaT_ Storm Sewer, In'burg7toGilliamCreek and the
(v0 1223370474523 Green River (St_mwl___n-r)
(vii) 1222552474518 (v) Midway Sewer District Sanitary Sewer (Miscellaneous Blowdown)

(,n') Walker Creek and m3nmu-ies(Consa'u_on St_,.-_tu)
(vh')Gilliam Creek and trtq_am-ics(CcmstructionStormwater)

i i i

is authorized to discharge in accordance with the special and senend conditions which follow.

@

Nonhwc_ ResiomdOffice
Wa.shinglonS_ Dcp_oment of Ecology
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Discharge Lo,catiom

f--.

(i) Puget Sound

Ouffall 00I Latitude: 47* 24' 07" N "
Longitude: 122" 20' 07" W

(ii) Des Moines Creek

Outfall 002 .Latitude: 47* 26' 13" N
(SDE4) Longitude: 122" 17' 38" W

Ouffall 003 Latitude: 47* 26' 00" N

(SDS1) Longitude: 122" 18' 01" W

ouffal1004 Latitude: 47* 25' 50" N
(.SDS2) Longitude: 122" 18' 42" W

Ouffall 005 Latitude: 47* 25' 58" N
(SDS3) Longitude: 122" 18' 30" W

Ouffall 009 Latitude: 47* 25'33" N
(SDS4) Longitude: 122" 18' 15" W

Ouffall 010 Latitude: 47* 26' 09" N

(SDW3) Longitude: 122" 18' 53" W

•Ouffall 014 Latitude: 47° 26' 07" N --,

(Sub-basin B) Longitude: 122* 18' 48" W

Ouffall 015 Latitude: 47 ° 26' 06" N
(Sub-basin D) Longitude: 122" 18' 46" W

(iii) Miller Creek

Ouffall 006 Latitude: .-47* 27' 56" N ........
(SDNI) Longitude: 122" 18'09" W

Outfal1007 Latitude: 47* 28' 00" N
(SDN2) Longitude: 122° 18'28" W

• Outfall 008 Latitude: 47* 27' 59" N
(SDN3) Longitude: 122" 18'45" W

Ouffall 011 Latitude: 47 ° 28' 00" N
(SDN4) Longitude: 122° 18' 38" W

(iv) City of SeaTac Storm Sewer

Ouffall 012 Latitude: 47* 27' 34" N

(Engineering Yard) Longitude: 122° 17' 50" W

Ouffall 013 Latitude: 47* 27' 37" N

(Taxi Yard) Longitude: 122" 17'43" W
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SUMMARY OF SCHEDULED PERMIT REPORT SUBMITTALS

Permit Submittal Frequency First Submittal Date
Section

S1.F IWS Collection System Integrity Scope Once/permit cycle June 30, 1999
of Work

S 1.F IWS Collection System Integrity Once/permit cycle December 31, 2001
Investigation Report

S2.B Procedures Manual for Stormwater Once/permit eycle Within three (3)
Sampling months of effective

date

$2.C Construction Stormwater/Dewatering As necessary Thirty (30) days prior
Monitoring Plan to start of construction

S2.D Glycol Usage Summary Report Annually J'tme 1, 1998

S2.E A_rmualStormwater Monitoring Annually October 1_1998
Summary Report

S2.F Annual Sanitary Sewer Discharge Annually January 15, 2000
Summary Report

S3.A Discharge Monitoring Report Monthly April I, 1998 _
(Industrial Wastewater) -_._

S3.B Discharge Monitoring Report Monthly, Quarterly, April 1, 1998
(Stormwater) Semi:annually, and

• Annually

$4 IWS Engineering Report Once/permit cycle Within two (2) months
of effective date

S5.A Operations and Maintenance Manual Annually Within one (1) year of
Update or Review Confirmation Letter effective date

$7 Spill Plan Once/permit cycle Within one (1) year of
effective date

S8.A [WS Acute Toxicity Characterization Quarterly for one Within sixty (60) days
Data (1) year of sample date

S8.A IWS Acute Toxicity Tests Once/permit cycle Within ninety (90) days
Characterization Summary Report of last test

S9.A IWS Chronic Toxicity Characterization Quarterly for one Within sixty (60) days
Data (1) year of sample date

S9.A IWS Chronic Toxicity Characterization Once/permit cycle Within ninety (90) days
Summary Report of last test
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- Permit Submittal Frequency First Submittal Date
Section

S10.A Stormwater Acute Toxicity 10/permit cycle Within sixty (60) days
Characterization Data of sample date

S10.A Stormwater Acute Toxicity Tests 1/permit cycle Within ninety (90) days
Characterization Summary Report of last test

m

S11.A Sediment Baseline Sampling and 1/permit cycle Within one (1) year of
Analysis Plan effective date

S11.B Sediment Data Report 1/permit cycle Within three (3) years
of effective date

S12.B Stormwater Pollution Prevention Plan 2./permit cycle November 30, 1998
for Airport Operations

S14 Lake Reba Operations and Once/permit cycle Within three (3)
Maintenance Plan months of effective

date

S15 IWS Hydrogeologic Study Scope of Once/permit cycle Within six (6) months
Work of effective date

S15 I'WS Hydrogeologic Study Final Report Once/permit cycle June 30, 2000

GI Notice of Claango in Authorization As necessary

G7 Application for Permit Renewal l/permit cycle One hundred and
eighty (180) days
before permit
expiration

AR 011857
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Permit No. WA-002465-1

:Y
SPECIAL CONDITIONS ....

S1. DISCHARGE LIMITATIONS

All discharges and activities authorized by this permit shall be consistent with the terms
andconditionsofthispermit.The dischargeof anyof the followingpollutants more
frequentlythan,orataconcentrationinexcessof,thatauthorizedbythispermitshall
constituteaviolationofthetermsandconditionsofthispermit.Compliancewiththis
permitisdeemedcompliancewiththeFederalWaterPollutionControlAct,alsoknown

astheCleanWaterAct(33U.S.C.§ 1251,_.) andtheWaterPollutionControlAct

A, Interim Effluent Limitations - Industrial Wastewater

Beginning on the effective date of this permit and lasting to the effective date of
the final effluent limitations, the P_imittee is authorized to discharge treated
industrial wastewater= to Puget Sound subject to meeting the following
limitations:

INTERIM EFFLUENT LIMITATIONs':: OUTFALL:00t .i. • _,:-

Pararnetcr AverageMonthl_ ': Maximum Dailf ....:Y

Flow -- 4,800gpma

pH -- Withintherangeof
6.0 to 9.0 Std. Units

, i

OilandGrease 8.m_/L= . I5m_.,=

TotalSuspendedSolids(TSS) 21m_=/L 33m_.,i

=Industrialwastewateriswaterorliquid-carriedwastefromindustrialor
commercialprocesses,asdistinctfromdomesticwastcwater,non-contact
coolingwater,orstormwatcrassociatedwithindustrialactivity.Industrial

wastewatcrmay resultfromanyprocessoractivityofindustry,man.ufactur¢,
tradeorbusiness,andincludes,butisnotlimitedto:waterusedforindustrial
processessuchaspipeintegritypressuretestingandvehicleandaircraftwash
water;stormwatcrcontaminatedwithfuel,oil,firefoam,cleaningagentsand

aircraftdeicing/anti-icingagents;contaminatedconstructiondewateringwaters;
excesswaterfromgroundwaterwellconstructionandmonitoring;andleachate
fromsolidwastefacilities.Industrialwastewaterdoesnotincludestorrnwater

runoffthatcontainsdeicin_anti-icingagentsthatshearordripfromaircraftin
thestormdrainage .system.,,

f
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S1. DISCHARGE LIMITATIONS (CONTINUED)

bTheaveragemonthlyeffluentlimitationisdefinedasthehighestallowable

averageofdailydischargesoveracalendarmonth,calculatedasthesum ofall

dailydischargesmeasuredduringacalendarmonthdividedbythenumberof

dailydischargesmeasureddurin_thatmonth.

cThehighestallowabledailydischargeofapollutant(orflow)measuredduring
a calendardayorany24-hourperiodthatreasonablyrcprcsentsthecalendar
dayforpurposesofsampling.Thedailydischargeiscalculatedastheaverage

measurement of the pollutant (or flow) over the day.

dFlow shall not exceed the discharge rate specified in the Midway Sewer
District discharge a_reemcnt. See Footnote S 1.Bd.

These oil and grease effluent limitations are based on Method 413.1, and are
subject to modification based on the outcome of monitoring with Method 1664.
The permit may be modified to establish equivalent effluent limitations after
the side-by-side monitoring outlined in Special Condition S2.A, footnote c, is
concluded.

B. Final Effluent Limitations - IndustrialWastewater

Beginning on the date of completion of startup of the P_mittee's approved
treatment system as required under Special Condition $4 and lasting through the
expiration date of this permit, the Permit-teeis authorized to discharge treatcd
industrial wastcwatcr* to Puget Sound subject to meeting the following
limitations:

_ _ ' : .._ .

FINAL EFFLUENT LIM XhONS: 01JTF,3tLL001 >

,Parameter " .- . . i ::.Avcu'_o.MonthI_ "-IVla_!mumDai]yc

Flow 2,500[_,pm_

pH Withintherangeof
6.0to9.0Std.Units

Oil and Grease TBDc TBD e

TSS TBDe TBD c

Biochemical Oxygen Demand TBD_ TBD c
(BODs)
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S1. DISCHARGE LIMITATIONS (CONTINUED)

=Industrial wastewater is water or liquid-carried waste from industrial or
commercial processes, as distinct from domestic wastcwater, non-contact
cooling water, or stormwater associated with industrial activity. Industrial
wastewater may result from any process or activity of industry, manufacture,
trade or business, and includes, but is not limited to: water used for industrial
processes such as pipe integrity pressuro testing and v_hicle and aircraft wash
water, stormwatcr contaminated with fuel, oil, fire foam, cleaning agents and
aircraft deicing/anti-icing agents; contaminated construction dcwatering water,s;
excess water from ground water well construction and monitoring; and leachate
from solid waste facilities. Industrial wastewater does not include stormwater

runoff that contains deicing/anti-icing agents that shear or drip from aircraft in
the storm drainage system.

b The average monthly effluent limitation is defined as the hioJaestallowable
average of daily discharges over a calendar month, calculated as the stun of all
daily discharges measured during a calendar month divided by the number of
daily discharges measured during that month.

¢The highest allowable daily discharge of a pollutant (or flow) measured during
a calendar day or any 24-hour period that reasonably represents the calendar
day for purposes of sampling. The daily discharge is calculated as the average

measurement of the pollutant (or flow) over theday.

Flow shall not exceed 2,500 gpm whenever the combined flow from the IWS _
and Midway Sewer District exceeds ninety _recnt (90%) of the ouffall's
present capacity of twelve thousand five hundred (12,500) gpm. The 2,500
gpm limitation ma), be increased if the outfaU capacity is increased.

=Effluent limitations shall be determined by the Department after approval of
the AKART Engineering Report required in Special Condition $4. Final
effluent limitations will be set through a major modification of the permit and
will be subject to public comment.

C. Mixing Zone Description - Outfall 001

The boundaries of the mixing zone for Outfall 001 shall be defined by the
Department throu_ a major permit modification after the AKART determination
required by Special Condition $4.

D. Non-Contact Cooling Water

Discharge of non-contact cooling water to waters of the State is prohibited.
Cooling tower blowdown may be discharged to the sanitary sewer with
permission from the Midway Sewer District.

.,,J_
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S1. DISCHARGE LIMITATIONS (CONTINUED)

E. Stormwater DrainaKeSystem

Discharge of industrial wastewater to the Storm Drain System is prohibited.
Stormwater associated with industrial activity and construction activity may be
dischargedto the stormdrainagesystemin accordancewith the termsand
conditionsof this permit. Overflows of untreatedindustrial wastewaterfrom the
I'vVScollectionsystemsor lagoonsdueto stormwaterflows in excessof the
designcriteria are authorizedbypassesthat arenot subjectto this condition.

F. GroundWater Discharges

The Permittee shall apply the following known, available, and reasonable methods
• to prevent the unintentional release of industrial wastewater to groundwater:

1) The Permittee shall clean and line Lagoon No. 3 as part of the Compliance
Schedule set forth in Special Condition $4; and

2) On or before lune 30, 1999, the P_-mttee shall submit a scope of work to
Ecology to investigate the integrity of the IWS collection system by assessing
the structural integrity of a representative portion of the 1WS piping system.
The assessment shall provide an overview of the entire IWS Collection
System including the IWTP intereormeeting piping, and shall explain how the
"representative portion" of the system was selected. The assessment shall be
completed prior to December 31, 2001.

If the assessment detects significant leaks, the P=niiittee shall assess the
remaining portions of the represented system in the shortest practicable time
and, in consultation with the Department, shall assess whether any of the leaks
show a reasonable potential to violate ground water quality standards. If a
reasonable potential to violate ground water standards is shown, the Permittee

• shall, in consultation with the Department and within six (6) months of such a
showing, develop a schedule to repair, if feasible, the leaking portion of the
collection system. If it is not feasible to repair the leaking portion, the
Permit'tee shall propose an alternative. The Permit'tee may, at its discretion,
forego the reasonable potential analysis and elect to develop, within six (6)
months of detection of the leaks, a schedule to repair the pipeline. Cleanups
of residual contamination due to releases of industrial wastewater or

contaminants are regulated unde¢ the Model Toxics Control Act ("MTCA")
and are not regulated under this permit. Ongoing discharges of industrial
wastewater or contaminants are regulated under this permit.

Discharge of stormwater to ground water is permitted.

AR O_1861
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S1. DISCHARGE LIMITATIONS (CONTINUED) _::

G. Construction Related Dischar._es

This permit authorizes the discharge of stormwater associated with construction

and uncontaminated construction dewatering to waters of the stat ofW__

eli

construction activity, including construction dewatering, shall be prepared and
implemented prior to the commencement of any construction activity which
disturbs five (5) or more acres of total land area (or other minimum land area to be
determined by federal regulation), as required in Special Condition S13.

H. Municipal Sewer System Discharges

During the period beginning on the date of issuance and lasting througJathe
expiration date of this permit, the Permittee is authorized to discharge boiler
blowdown, cooling tower blowdown, rental car wash blowdown, and equipment
wash rack blowdown to the Midway Sewer District sewer system subject to the
following limitations:

FINAL LIMITATmNS- S=werWha z-
, :j j : i

• ..... _." "' " . - _" .,. .,, '._. ,'-'_"2-.

Flow ('Boiler Blowdown) 125 gpd 500 glxl

Flow (Cooling Tower Blowdown) 7,200 gl_ 200,000 gpd

Flow (Rental Car Wash Blowdown) 15,250 gpd 15,250 gpd
i

Flow (Equipment Wash Rack Blowdown) 1,000 gpd 1,000 glxl

Oil and Greasec - 100 mg/L

The average monthly effluent limitation is defined as the highest allowable
average of daily discharges over a calendar month, calculated as the sum of all
daily discharges measured during a calendar month divided by the number of
daily discharges measured during that month.

=

bThe highest allowable daily discharge of a pollutant (or flow) measured
during a calendar day or any 24-hour period that reasonably represents the
calendar day for purposes of sampling. The daily discharge is calculated as the
average measurement of the pollutant (or flow) over the day

i

¢The oil and grease effluent limitation applies to the rental car wash and "-
equipment wash rack blowdown waste streams.

AP,O't't862
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$2. MONITORING REQUIREMENTS

A. Industrial Wastewater

The Permittee shall monitor the effluent from the Industrial Wastcwater System
(IWS) prior to mixing with the Midway Wastewater Treatment Plant effluent
according to the following schedule:

- - Minimum Sampling Sample Type
Parameter Units : ._:Fi_diuency =

Maximum Daily Flow _;pm Daily continuous
pH. Standard Units 1/week grab

TSS m_/L I/week composite b
Oil and Grease c m_d_., I/week _Tab
BOD5 m_/I., I/month composite b
Total. Gl_'cols° m_/L I/month = composite b
Total Petroleum mg/L 1/month grab
Hydrgcarbon (TPH) r
Fecal Coliform #/100 mls 1/monthg _rab
Priority Poilutkuts _ mg/L annually grab/

composite
a If no discharge occurs in a given month, sampling is not required. "No
Discharge" shall be clearly stated on that month's discharge monitoring report. A
day shall be a calendar day and a month shall be a calendar month. A week shall

- be a period of time lasting seven consecutive days, beginning at 12:00 am onthe
first day of operation and ending at I 1:59 PM on the seventh day of operation
when the treatment plant is operated intermittently. Intermittent operation
includes start up and shut down.
i,Compositesamplesshallbea combinationofatleastfourrepresentativegrab

" samples of a fixed volume collected at equal timeintervals throughout the normal
•working day. Automatically timed composited samples arcpreferred over
manually collccted,..samples.
*The IWS effluent shall be monitored for oil and grease using Method 413.1.
When a laboratory in the greaterSeattle areais certified for Method 1664, the
IWS effluent shall be monitored foroil and grease using both Method 413.1 and
Method 1664 for a period of one (1) year or for as long asMethod 413.1 is
available but no longer than one year. During the one-year period of
side-by-side monitoring, compliance with the effluent limits for oil and grease
shallbebasedonMethod413.1.

oTotalglycolsequalsthesum ofethylene$I),¢oIandpropyleneglycol.
=The IWS effluentshallbemonitoredforbothethyleneandpropyleneglycol
oncepermonthuponbeingnotifiedbytheairlinesthataircraftdeicingor
anti-icinghasoccurred.BOD5 shallbesampledconcurrentlywithglycolsin
thosemonthsdeicin_occurs.
TotalPetroleumHydrocarbonsshallbemeasuredusingtheNWTPH-Dx method
oranequivalentmethodapprovedbYtheDepartment.
gThismonitoringrequirementmay beeliminatedwithDepa_t_aentapprovalifthe
Permitteecanshowthatfecalcoliformfromhuman sourcesarenotpresent.
_ Priority pollutant monitoring shall include: semivo'latiles (organic acid
exu'actables and organic base-neutral extractables), volatile organic analysis, and
total recoverable copper, lead, and zinc.
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$2. MONITORING REQUIREMENTS (CONThNUED)

B. _'_'_ Stormwater

The Permittee shall monitor stormwater discharges according to the following
monitoring schedule. No monitoring is necessary for reporting periods in which
there are no storm events that meet the criteria set forth in the ProceduresManual

for Stormwater Sampling. All samplesshall be collected according to the
proceduresoutlined in a Procedures Manual i'or Stormwater Sampling. The
Permit'tce shall submit an updated Procedures Manual to the Department for
review and approval within three (3) months of the effective date of this permit.

: The Permittee shall include the following data for each sampled storm event in the
Annual Stormwatcr Monitoring Summary Report required in Special Condition
S2.E: date, duration, the number of dry hours preceding the storm event, total
rainfall duringthe stormevent (inches),maximumflow rateduringthe rain event
(gallons per minute), and the total flow fi'om the rain event(gallons). The

- Permittceshallalsoincludeamonthlysummary ofdaffyrainfallintheAnnual
StormwaterMonitoringSummary Report.

1. The P_axittee shall monitor the stormwater discharges at Ouffalls 002,
005, 006=, and 011 according to the following schedule:

.Parameter !,. "Units.,.' ,'._ .m'.,.Samp!ing " Sample
"; :: "_ ':: : " - ' :! _;'-.... Freqiaeucy -:_ _ _Type

TPI-P' ra_ eight/year= grab
TSS mg/L eight/year= composite

Turbidity NTU eight/ycar= composite
Fecal Coliform #4100 mL ci_ht/ycm"= grab

BOb, mlVL eiaht/,/t_f-' 'comvosite
Ethylene Glycol and mg/L eight/year= composite
Propylene Glycol =

TotalRecoverableCopper mg/L ei6ht/),ear_ composite

Total Recoverable Lead n_ ,, ei_t/year= composite
TotalRecoverable Zinc m#L eighth/ear* composite

" ' The Permittee may request a reduction m monitoring frequency for Ouffal1006
after one year of monitoring. The Department may reduce the frequency to
quarterly, semi-armuall),, or annuall},.
bTotalPetroleumHydrocarbonsshallbemeasuredusingtheNWTPH-Dx method

or an equivalent method approved by the Department.
eThe P_.,fittee shall collect eight samples per year in the following manner: One
sample shall be collected during the months of Jm_e-August. The remaining seven
samples shall be collected during the remainder of the year with a minimum of one
per quarter. One year _om the permit modification effective date, stormwater
Discharge Monitoring Reports for Outfalls 002, 005, 006 and 011 shall be

•. submitted quarterly. .
dB'ODsmomtormg at Ouffal1005 shall occur, to the extent practicable, during a
precipitation event that coincides with a runway deicing event in those months in
which a runway deicin_ eventoccurs.
' Ethylene glycol and propylene glycol shall be measured monthly at Ouffalls 002,
005, and 011 except for the months of June, July, and August. Glycol monitoring
is not required at Outfall 006. Sampling shall occur, to the extent practicable,
during a precipitation event that coincides with a deicing or anti-icing event.
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.... $2. MONITORING REQUIREMENTS (CONTINUED)

2. The Permittee shall monitor the stormwater discharges at Outfalls 003,

004, 008, 009, 010, 014, and 015 according to the following schedule:

. Minimum Sampling Sample

Parameter Units Frequ,ency Type, ,,

TPH _ mg/L annually .... grab

TSS mg_/L annually composite

Turbidity NTU annuall)t composite

Fecal Coliform _ #/100 mL annually grab

Total Recoverable Copper m_/L annually composite

Total Recoverable Lead m_cq_ annually composite
Total Recoverable Zinc m_/L annually composite
' Total Petroleum Hydrocarbons shall be measured using the NWTPH-D_
method or an equivalent method approved by the Depa, U.ent.
This monitoring requirement may be eliminated with Depa, u.ent approval if

the Permittee can show that fecal coliform from human sources are not present.

3. The P_lmittee shall monitor the stormwater discharges from OutfaU 007,

the Port En_necring Yard (Ouffall 012) and the Taxi Yard (Outfall 013),
according to the following schedule:

., Parameter-._":_=" "= UnltS:._.:_:i:c;blhtlmum Sampling ,- Sample

• i'I. ':'_:. "._. " -_ ii:.__ .. :.. " 7 ._.'?-_'/ ,:_" .-""]Frequency Type

TPH" m_c/L semi-annually grab

TSS m_/I., semi-annually composite, i

'TotalPetroleumHydrocarbonsshallbemeasuredusingtheNWTPH-Dx
methodoranequivalentmethodapprovedby theDcpa_tangent.

4. The Permittee shall monitor the stormwater discharges from Outfall 003

and Ouffall 007 according to the following schedule:

' ._:_,...:.-... . :. .... ... :._ -._13:_'i:"_._._i..=:_um Sampling Sample
-. !•fieaaer • •:'.:..-:: ii_i ':-/•":•_..¥reqaen_:_ " • T_e-

Ethylene Glycol and rag/I, Quarterly' Grab*
Pmpylene Glycol

Flow (Outfall 007) Each bypass event Reporff
• Ethylene glycol and propylene glycol shall be measured at Ouffails 003 and 007
in the three quarters December - February, March - May, and September -
November. Sampling shall occur during a precipitation event that coincides with
a deicing/anti-icing event. For Ouffall 003, samples may be taken during base-
flow, snowrnelL or any precipitation event that coincides with a deicing/anti-
icing event. This monitoring requirement may be eliminated after four sampling
events at each ourfall with Depmianent approval....
SamplessfiMlbe collectedduringthefirstsixty(60)minutesof each discharge
event.The Permitteeshallrequestpermission to usedatagatheredarea"thefirst
sixty(60)minutesofthedischargeifitisnotposs_letograbasampleinthe
first sixw(60)minutes.
cThe Pemdttee shall report when a bypass from the SDN-2 I'WS pump station
occurs at Ouffall 007 by indicatin_ "yes" on the Discharge Monitoring Report.
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$2. MONITORING REQUIREMENTS (CONTIINUED) -

C. Construction Stormwater/Dewaterin_ MonitorinE

1. The Permittee shall submit a monitoring plan for stormwater and construction
dewatering discharges fi'om construction projects required to have a
Stormwater Pollution Prevention Plan in Special Condition S13 of this pea'mit.
The monitoring plan shall be submitted to the Department for review and
approval at least thirty (30) da},_ priorto the startof construction. The plan
shall be deemed approved if Ecology does not re,pond to the plan at least five
(5) days prior to the scheduled date of construction.

y

Minimum

Parameter Units Sample Point t Sampling Sample
•.-. Frequency Type

-- - T
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$2. MONITORING REQUIREMENTS (CONTINUED)

b.

D. Deicing/Anti-icing FI.uids Usage

All deicing and anti-icing events of either aircraR or runways shall be reported no

later than June 1 of each year, and shall include the volumes of each type of

deicing and anti-icing material used each day by each airline and the Permittee.
Anti-icing means measures taken to prevent ice accumulation on the surface of the
aircraft,airfield,orrunway.Deicingmeans removingicefromthesurfaceofthe
aircraft,airfield,orrunway.

E. AnnualStormwaterMonitoringSummary Report

On orbeforeOctoberI ofeachyear,theP_nittc_shallsubmita reporttothe

Departmentsummarizingtheresultsofthestormwatermonitoringconducted

pursuanttoSpecialConditionS2.BorS3.Eofthispermitduringthepreceding
twelve(12)month periodfromJulyIthroughJune 30.

The reportshallpresenttheanalyticaldata,thePort'sconclusionsastowhat is
being learned from the data, and any new initiatives to be undertaken as part of the
Stormwater Pollution Prevention Plan for Airport Operations required in Special
Condition S 12.

F. Annual Sanitary Sewer Discharge Summary Report

On or before January 15_ of each year, the Permit'tee shall submit a report to the

_ Department summarizing the following data for the previous calendar year:.
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$2. MONITORING REQUIREMENTS (CONTINUED)

1. Monthly average and maximum daily discharge flow rates for each waste _
stream; and

2. Quarterly oil and grease monitoring results for the rental car wash blowdown
and equipment wash rack blowdown.

G. Sampling and AnalyticalProcedures

Samples and measurements taken to meet the requirements of this permit shall be
representative of the volume and nature of the monitored parameters, including
representative sampling of any unusual discharge or discharge condition,
including bypasses, upsets, and maintenance-related conditions affecting effluent
quality.

Sampling and analytical methods used to meet the water and wastewater
monitoring requirements specified in this permit shall conform to the latest
revision of the Guidelines Establishing Test Procedures for the Analysis of
Pollutants contained in 40 CFR Part 136 or to the latest revision of Standard
Methods for the Examination of Waterand FFastewater (APHA), unless otherwise
specified in this permit or approvedin writing by the Department.

Ground water sampling shall conform to the latest protocols in the -

Implementation Guidance for the Ground Water Quality Standards -
(Ecology 1996).

H. Flow Measurement

Appropriate flow measurement devices and/or methods consistent with accepted
scientific practices shall be selected and used to ensure the accuracy and reliability
of measurements of the quantity of monitored flows. The devices shall be
installed, calibrated, and maintained to .ensurethat the accuracy of the
measurements areconsistent with theaccepted industry standard for that type of
device. Frequency of calibration shall be in conformance with manufacturer's
recommendations and at a minimum frequency of at least one (1) cah'bration per
year. Calibration records shall be maintained for at least three (3) years.

I. Laboratory Accreditation

AllmonitoringdatarequiredbytheDepartmentshallbeprepar_byalaboratory
registered or accredited under the provisions of Accreditation of Environmental
Laboratories, Chapter 173-50 WAC. Flow, temperature, settle-able solids,
conductivity, pH, and internal process control parameters are exempt from this
requirement. Conductivity and pH shall be accredited if the laboratory must
otherwise be registered or accredited.
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$3. REPORTING AuND RECORDKEEPIING REQUIRENIENTS

The Permittee shall monitor and report in accordance with the following conditions. The
falsification of information submitted to the Depa, ttllent shall constitute a violation of the
terms and conditions of this permit.

A. Reporting - Industrial Wastewater

The first monitoring period begins on the effective date of the permit. Monitoring
results shall be submitted monthly. Monitoring data obtained during the previous
month shall be summarized and reported on a form provided, or otherwise
approved, by the Department, and be received no later than the 30th day of the
month following the completed reporting period, unless otherwise specified in this
permit. The report(s) shall be sent to the Department of Ecology, Northwest
Regional Office, 3190 160th Avenue SE, Bellevue, Washington 98008-5452.

B. Reporting - Stormwater

The first monitoring period begins on the effective date of the permit. Monitoring
results shall be submitted monthly, quarterly, semi-annually, or annually as
required in Special Condition S2.B. Quarters shall be defined as: December -
February, March - May, June - August, and September - November. Monitoring
results obtained during the previous reporting period shall be reported on the
forms provided, or otherwise approved, by the Department, and be received no
later than the 30th day of the month following the completed reporting period,
unless otherwise specified in this permit. The report(s) shall be sent to the
Department of Ecology, Northwest Regional Office, 3190 160th Avenue SE,
Bellevue, Washington 98008-5452.

All lab reports for metal parameters shall be submitted with the Discharge
Monitoring Report. The following information shall be provided: sampling date,
sample location, date of analysis, parameter name, CAS number, analytical
method/number, method detection limit (MDL), lab practical quantitation limit
(PQL), reporting units, and concentration detected.

D. Records Retention

The Permit-tee shall retain records of all monitoring information for a minimum of
three (3) years. Such information shall include all calibration and maintenance
records and all original recordings for continuous monitoring instrumentation,
copies ofaU reports required by this permit, and records of all data used to
complete the application for this permit. This period of retention shall be

- extended du_dngthe course of any unresolved litigation regarding the discharge of
pollutants by the Permittee or when requested by the Director.
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$3, REPORTING AND RECORDKEEPING REQUIREMENTS (CONTINUED)

, • E. Recording of Results _ -_

For each measurement or sample taken, the Permittee shall record the following
information: (1) the date, exact place, method, and time of sampling; (2) the
individual who performed the sampling or measurement; (3) the dates the analyses
were performed; (4) who performed the analyses; (5) the analytical techniques or
methods used; and (6) the results of all analyses.

F. Additional Monitoring by the Permittee

If the Permittee monitors any pollutant more frequently than required by this
permit using the test procedures and the locations specified by Special Condition
$2 of this permit, then the results of this mom.'toringshall be included in the
calculation and reporting of the data submitted in the Permittee's self-monitoring
reports.

If the Permittee performs validated water quality monitoring or sediment
monitoring using methods and/or locations other than thos¢ specified in Special
Condition $2, the Permittee shall include notice of this monitoring with the
Discharge Monitoring Report for the month in which the monitoring data is
received and must provide the data to the Department upon request. MTCA

monitoring is excluded from reporting requirements under this permit. For .... _
purposes of this condition, the term "sediment" means settled particulate matter _,_,
located in the predominantly biologically active aquatic zone, or exposed to the ::_
water column. Sediment does not include vactor waste solids or street sweepings.

G. Noncompliance Notification

In the event the Pennittee is unable to comply with any of the permit terms and
conditionsduetoanycause,the Permitteeshall:

I. Immediatelytakeactiontostop,contain,andcleanupunauthorized
dischargesorotherwisestoptheviolation,andcorrecttheproblem;

2. Repeatsamplingandanalysisofanyviolationandsubmittheresultstothe
Department within thirty (30) days after becoming aware of the violation.
Repeat sampling and analysis is not required for any parameter that will be
sampled within thirty (30) days to satisfy the requirements of Special
Condition $2;
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$3. REPORTING A.ND RECORDKEEPING REQUIREMENTS (CONTINUED)

3. Notify the Department of the failure to comply, Spill events to waters of
the state shall be reported immediately to the Department's 24-Hour Spill
Response Team at (425) 649-7000 and to the NPDES permit manager
within 24 hours of becoming aware of the spill. Spills of less than or
equal to 20 gallons ofpetroleurn products that are contained by the IWS do
not need to be reported. All other spills of substances not permitted to be
discharged to the IWS, which are contained by the IWS, shall be reported
monthly to the NPDES permit manager, but not the Spill Response Team:
All other noncompliance shall be reported to the NPDES permit manager
within 24 hours upon becoming aware of the noncompliance; and

4. Except as specified in subparagraph $3.F(3) above, submit a detailed,
written report to the Department within thirty (30) days (five [5] days for
spills, upsets, and bypasses) unless requested earlier by the Department.
The report should describe the nature of the violation, corrective action
taken and/or planned, steps to be taken to prevent a recurrence, results of
the resampling, and any other pertinent information.

Compliance with these requirements does not relieve the Permittee from
responsibility to maintain continuous compliance with the terms and conditions of
this permit or the resulting liability for failure to comply.

$4. COMPLIANCE SCHEDULE

The Permittee shall submit an addendum to the Industrial Wastewater Treatment AKART
Engineering Report to the Department within two (2) months of the permit effective date
for review and approval.

The engineering report shall be consistent with all the requirements of chapter 173-240
WAC. The AKART engineering report shall review all known, available, and reasonable
methods of prevention and treatment, shall quantify the expected concentration of
pollutants from each identified treatment, and shall detail the cost of each identified
option: Fire control foam disposal shall be considered in the analysis. The engineering
report shall also include a schedule forproject design, construction, and startup.

The Permittee shall then submit a preliminary design report, plans and specifications to
the Department for review and approval, as required by chapter 173-240 WAC.

The Permit-tee shall take all available and reasonable means to implement the AKAKT
determination in the shortest practicable time, but no later than June 30, 2004.
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$5. OPERATION AND MAINTENANCE

The Permittee shall at all times be responsible for the proper operation and maintenance _:
of any facilities or systems of control installed to achieve compliance with the terms and
conditions of the permit.

A. IndustrialWastcwatcr System 0WS) Operations andMaintenance Manual

The existing IWS O&M Manual shall be reviewed by the Permit'tee at least
annually and the Permittee shall confirm this review by letter to the Department.
Substantial changes or updates to the O&M Manual shall be submitted to the
Department whenever they are incorporated into the Manual.

The O&M Manual shall be kept available at the permitted facility and all
operators are responsible for being familiar with and using this manual.

The O&M Manual shall include, but is not limited to, the following:

1. A baseline operating condition which describes the operating parameters and
procedures used to meet the effluent limitations of Special Condition S1.

2. In the event of flow rates which are below the baseline levels used to

establish these limitations, the plan shall describe the operating procedures
andconditionsneededtomaintaindesigntreatmentefficiency.The

monitoringandreportingshallbedescribedinthemanual. _ _
J_f:

3. In the event of an upset due to plant maintenance activities, severe
-stormwater events, cold weather operation (below 35 °F), summer algae
blooms, start ups or shut downs, or other causes, the plan shall describe
the operating procedures and conditions employed to mitigate the upset.
The monitoring and reporting shall be described in the manual.

4. A description of any regularly scheduled maintenance or repair activities at
the IWTP which would affect the volume or character of the wastes

discharged fi'om the wastewater treatment system and a plan for
monitoring and treating/controlling the discharge of maintenance-related
materials(suchascleaners,degreascrs,solvents,etc.).

5. A description of the regularly scheduled inspection and maintenance
program for the IWS conveyance system, including provisions for
handling of solids or wastewater removed during maintenance activities.

B. Bypass Procedures

The Permittee shall notify the Department of any spill, overflow, or bypass from
any portionof the collection or treatment system immediately at the time the
Pcrmitteebecomesawareofthespill,overflow,orbypass.

.-- ,.#t.
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_ $5. OPERATION AND MAINTENANCE (CONTINUED)

The bypass of wastes from any portion of the treatment system to surface water is
prohibited unless one of the tbllowing conditions (1, 2, or 3) applies:

1. Unavoidable Bypass - Bypass is unavoidable to prevent loss of life,
personal injury, or severe property damage. "Severe property damage"
means substantial physical damage to property, damage to the treatment
facilities which would cause them to become inoperable, or substantial and
permanent loss of naturalresources which can reasonably be expected to
occurinthe absenceofabypass.

Iftheresultingbypassfromanyportionofthetreatmentsystemresultsin
noncompliancewiththispermit,thePcrmitteeshallnotifytheDepartment
inaccordancewithSpecialConditionS3.F"NoncomplianceNotification.'"

2. Anticipated Bypass that has the Potential to Violate Permit Limits or
Conditions -- Bypass is authorized by an administrative order issued by the
Department. The Permittee shall apply to the Department for the
administrative order at least thirty (30) days before the planned date of
bypass. The written submission shall contain: (1) a description of the
bypass and its cause; (2) an analysis of all known alternatives which would
eliminate, reduce, or mitigate the need for bypassing; (3) a
cost-effectiveness analysis of alternatives including comparative resource
damage assessment; (4) the minimum and maximum duration of bypass
under each alternative; (5) a recommendation as to the preferred
alternative for conducting the bypass; (6) the projected date of bypass

• initiation; (7) a statement of compliance with SEPA; (8) a request for a
water quality modification, as provided for in WAC 173-201A-110, and
(9) steps taken or planned to reduce, eliminate, and prevent reoccurrence
ofthebypass.

Forprobableconstructionbypasses,theneedtobypassistobeidentified
asearlyintheplanningprocessaspossible.The analysisrequiredabove
shallbe consideredduringpreparationoftheengineeringr_ortorplans
andspecificationsandshallbcincludedtotheextentpractical:Incases
wheretheprobableneedtobypassisdeterminedearly,continuedanalysis
isnecessaryuptoandincludingtheconstructionperiodinaneffortto
minimize or eliminate the bypass.

The Department will consider the following prior to issuing an
administrative order:

a. Ifthebypassisnecessarytoperformconstructionor
maintenance-related activities essential to meet the requirements of
the permit.
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$5. OPEIL-kTION AND MAINTENANCE (CONTINUED)

b. If there are feasible alternatives to bypass, such as the use of :_
auxiliary treatment facilities, retention of untreated wastes,
stopping production, maintenance during normal periods of
equipment down time, or transport of untreated wastes to another
treatment facility.

c. If the bypass is planned and scheduled to minimize adverse effects
on the public and the environmenL

After consideration of the above and the adverse effects of the proposed
bypass and any other relevant factors, the Department will approve or deny
the request. The public shall be notified and given an opportunity to
comment on bypass incidents of significant duration, to the extent feasible.
Approval of a _quest to bypass will be by administrative order issued by
the Department under RCW 90.48.120.

3. Bypass for Essential Maintenance Without the Potential to Cause
Violation of Permit Limits or Conditions - Bypass is authorized if it is for
essential maintenance and does not have the potential to cause violations
of limitations or other conditions of the permit, or adversely impact public
health as determined by the Department prior to the bypass.

An overflow of untreated industrial wastewater from the Industrial Wastewater --_
System collection system or lagoons due to storrawater flows in excess of the
design criteria will not be considered a bypass and will not constitute a violation
of this'permit if the Department detcv_dnes that at the time the overflow occurred
the Industrial Wastewater Facility was operated in compliance with the approved
Operations and Maintenance Manual. The Industrial Wastewater Facility includes
the Industrial Wastewater Treatment Plant (IWTP), the Industrial Wastewater
System Lagoons, and the equipment used to collect, treat, and dispose of
industrial wastewater.

$6. SOLID WASTE DISPOSAL

A. Solid Waste Handling

ThePermittee shall handle and dispose of all solid waste material in such a
manner as to prevent its entry into state ground or surface water.

B. Leachate

The Permit'tee shall not allow leachate from its solid waste material to enter state

waters without providing all known, available, and reasonable methods of
prevention and treatment, nor allow such leaehate to cause violations of the State
Surface Water Quality Standards, Chapter 173-201A WAC, or the State Ground
Water Quality Standards, Chapter 173-200 WAC. j
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$7. SPILL PLAN

: The Permittee shall submit to the Department an update to the existing Spill Control Plan
within twelve (12) months of the effective date of this permit.

The updated spill control plan shall include the following:

• A description of the reporting system which will be used io alert responsible
managers and legal authorities in the ev_t of a spill.

• A description of preventive measures and facilities (including an overall facility plot
showing drainage patterns) which prevent, contain, or treat spills of these materials.

• A list of all oil, chemicals, and hazardous wastes used, processed, or stored by the
Permittee which may be spilled into state waters.

For the purpose of meeting this requirement, plans and manuals required by 40 CFR

Part 112 and contingency plans required by Chapter 173-303 WAC may be submitted.

$8. ACUTE TOXICITY - INDUSTRIAL WASTEWATER

A. Effluent Characterization

The Permittee shall conduct acute toxicity testing on the IWS final effluent to
determine the presence and amount of acute (lethal) toxicity. The three acute
toxicity tests listed below shall be conducted on each sample taken for effluent
characterization.

Effluent characterization for acute toxicity shall be quarterly for one (I) year.
Acute,toxicity testing shall follow protocols, monitoring requirements, and quality
assurance/quality control procedures specified in this section. A dilution series
consisting era minimum office concentrations and a control shall be used to
estimate the concentration lethal to 50% of the organisms (LC_). The percent
survival in I0(P/_effluent shall also be reported.

T_-ting shall begin within sixty(50) days after the startup date of the new IWS
Waste Treatment System required in Special Condition $4. A written report shall
be submitted to the Department within sixty (60) days after the sample date. A
final effluent characterization summary report shall be submitted to the
Department within ninety (90) days after the last monitoring test results are final.
This summary report shall include a tabulated summary of the individual test
results and any information on sources of toxicity, toxicity source control,
correlation with effluent data, and toxicity treatability which is developed during
the period of testing.

Acute toxicity tests shall be conducted with the foUowing species and protocols:

1) Topsmelt or Silverside minnow, Atherinops affinis or Menidia beryllina
- (96-hour static-renewal test, method: EPA/600/4-90/027F)
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$8. ACUTE TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

2) Mysid shrimp, Holmesimysis costata or Mysidopsis bahia (48-hour static
test, method: EPAJ600/4-90/027F).

B. Effluent Limit for Acute Toxicity

The Permittee has an effluent limit for acute toxicity if, alter completing one year
of effluent characterization, either:

t) The median survival ofany species in 100% effluent is below 80%, or

2) Any one test of any species exhibits less than 65% survival in 100%
effluent, and the test meets the Department's criteria for test acceptability
and is not considered anomalous by the Department.

If an effluent limit for acute toxicity is required by subsection B at the end of one
year of effluent characterization, the Permittee shall immediately complete all
applicable requirements in subsections C, D, and F.

If no effluent limit is required by subsection B at the end of one year of efflUent
characterization, then the Permittee shall complete all applicable requirements in
subsections E and F.

The effluent limit for acute toxicity is no acute toxicity detected in a test _-_

concentration representing the acute critical effluent concentration (ACECO. _

The ACEC means the maximum concentration of effluent during critical
conditions at the boundary of the zone of acute criteria exceedance assigned
pursuant to WAC 173-201A-100. The zone of acute criteria exeeedance will be
established per Special Condition S1.C of this permit. The ACEC shall be
defined by the Department through a majorpermit modification.

If the Permittee has an effluent limit foracum toxicity and the ACEC is not
'known, then effluent characterizationfor acute toxicity shall continue until the
time m ACEC is known. Effluent characterization shall be continued until an

ACEC has been determined and shall be performed using each one of the tests
listed in subsection A on a rotating basis, When an ACEC has been determined,
the Permittee shall immediately complete all applicable requirements in
subsections C, D, and F.

If no effluent limit is required by subsection B at the end of one year of efnuent
characterization, then the Permittee shall stop effluent characterization and begin
to conduct the activities in subsection E even if the ACEC is unknown.

In the event of failure to pass the test described in subsection C of this section for
compliance with the effluent limit for acute toxicity, the Permittee is considered to
be in compliance with all permit requirements for acute whole effluent toxicity as
long as the requirements in subsection D are being met to the satisfaction of the
Department.
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38. ACUTE TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

" C. Monitoring for Compliance With an Effluent Limit for Acute Toxicity

Monitoring to determine compliance with the effluent limit shall be conducted
monthly for the remainder of the permit term using each of the species listed in
subsection A above on a rotating basis and performed using at a minimum 100%
effluent, the ACEC, and a control. The Permit-tee shall schedule the toxicity tests
in the order listed in the permit unless the Department notifies the Permittee in
writing of another species rotation schedule. The percent survival in 100%
effluent shall be reported for all compliance monitoring.

The Permittee may petition for less frequent testing if both species demonstrate
low sensitivity, ff one species demonstrates more sensitivity, the Permittee may
petition to limit testing to this species and discontinue the rotational testing
schedule between species.

Compliance with the effluent limit for acute toxicity means no statistically
significant difference in survival between the control and the test concentration
representing the ACEC. The Permittee shall immediately implement
subsection D if any acute toxicity test conducted for compliance monitoring
determines a statistically significant difference in survival between the control and
the ACEC using hypothesis testing at the 0.05 level of significance (Appendix H,
EPA/600/4-89/001). I.fthe difference in survival between the control and the
ACEC is less than 10%, the hypothesis test shall be conducted at the 0.01 level of
significance.

D. Response to Noncompliance With an Effluent Limit for Acute Toxicity

If the Permittee violates the acute toxicity limit in subsection B, the Permit'tee
shall begin additional compliance monitoring within one week from the time of

•receiving the test results. This additional monitoring shall be conducted weekly
for four consecutive weeks using the same test and species as the failed
compliance test. For intermittent discharges, testing shall be conducted on the
next four discharge events using the same test and species as the failed
compliance test. Testing shall determine the LCso and effluent limit compliance.
The discharger shall return to the original monitoring _equency in subsection C
after completion of the additional compliance monitoring.

If the Permit-tee believes that a test indicating noncompliance will be identified by
the Department as an anomalous test result, the P_,mittee may notify the
Department that the compliance test result might be anomalous and that the
Permittee intends to take only one additional sample for toxicity testing and wait
for notification firomthe Department before completing the additional monitoring
required in this subsection. The notification to the Department shall accompany
the report of the compliance test result and identify the reason for considering the
compliance test result to be anomalous, The Permittee shall complete all of the
additional monitoring required in this subsection as soon as possible after
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$8. ACUTE TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

notification by the Depa,hnent that the compliance test result was not anomalous. :_
If the one additional sample fails to comply with the effluent limit for acute
toxicity, then the Perrnittee shall proceed without delay to complete all of the
additional monitoring required in this subsection. The one additional test result
shall replace the compliance test result upon determination by the Department that
the compliance test result was anomalous.

If all of the additional compliance monitoring conducted in accordance with this
subsection complies with the permit limit, the P_c, fittee shall search all pertinent
and recent facility records (operating records, monitoring results, inspection
records, spill reports, weather records, production records, raw material purchases,
pretreatment records, etc.) and submit a report to the Department on possible
causes and preventive measures for the transient toxicity event which triggered the
additional compliance monitoring.

If toxicity occurs in violation of the acute toxicity limit during the additional
compliance monitoring, the Permit'tee shall submit a Toxicity
Identification/Reduction Evaluation (TURE) plan to the Department within
sixty (60) days after test results are final. The TI/RE plan shall be based on
WAC 173-205-100(2) and shall be implemented in accordance with
WAC 173-205-100(3). _

E. Monitoring When There Is No Permit Limit for Acute Toxicity -_

If the IWS effluent has been characterized as specified in subsection A and no
permit'limit for acute toxicity is required, then the Permittee shall test final
effluent once in the last summer and once in the last winter prior to submission of
the application for permit renewal. All species used in the initial acute effluent
characterization or substitutes approved by the Department shall be used and

• results submitted to the Department as a part of the permit renewal application
process. If less than one summer and winter are available between final
characterization and the due date of the permit renewal application, the Permittce
shall contact the Department for clarification of further effluent WET testing.

F. S.ampling andReporting Requirements

1. All reports for effluent characterization or compliance monitoring shall be
submitted in accordance with the most recent version of Department of
Ecology Publication # WQ-R-95-80, Laboratory Guidance and Whole
Effluent Toxicity Test Review Criteria in regards to format andcontent.
Reports shall contain bench sheets andreference toxicant results for test
methods. If the lab provides the toxicity test data on floppy disk for
electronic entry into the Department's database, then the Permittee shall
send the disk to the Department along with the test report, bench sheets,
and reference toxicant results.
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$8. ACUTE TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

2. Testing shall be conducted on composite effluent samples. Samples taken
for toxicitY testing shall be cooled to 4 degrees Celsius while being
collected and shall be sent to the lab immediately upon completion. The
lab shall begin the toxicity testing as soon as possible but no later than
36 hours after sampling was ended.

3. All samples and test solutions for toxicity testing shall have water quality
measurements as specified in Department of Ecology's Publication
# WQ-R-95-80, Laboratory Guidance and Whole Effluent Toxicity Test
Review Criteria or most recent version thereo£

4. All toxicity tests shall meet quality assurance criteria and test conditions in
the most recent versions of the EPA manual listed in subsection A and the

Depa_iment of Ecology Publication # WQ-R-95-80, Laboratory Guidance
and Whole Effluent Toxicity Test Review Criteria. If test results are
determined to be invalid or anomalous by the Department, testing shall be
repeated with freshly collected effluent.

5. Control water and dilution water shall be laboratory water meeting the
requirements of the EPA manual listed in subsection A or pristine natural
water of sufficient quality for good control performance.

6. The whole effluent toxicity tests shall be run on an unmodified sample of
final effluent, except modifications required by testing protocol.

7. . The Permit-tee may choose to conduct a full dilution series test during
compliance monitoring in order to determine dose response. In this case,
the series must have a minimum of five effluent concentrations and a
control. The series of concentrations must include the ACEC, if known.

8. ALl whole effluent toxicity tests, effluent screening tests, and rapid
screening tests that involve hypothesis testing and do not comply with the
acute statistical power standard of 29% as defined in WAC 173-205-020
must be repeated on a fresh sample with an increased number of repLicates
to increase the power.

$9. CHRONIC TOXICITY - INDUSTRIAL WASTEWATER

A. Effluent Characterization

The Perrnittee shall conduct chronic toxicity testing on theIWS final-effluent.
The three chronic toxicity tests listed below shall be conducted on each sample
taken for effluent characterization.

Testing shall begin within sixty (60) days after the startup date of the new IWS
Waste Treatment System required in Special Condition $4. A written report shall
be submitted to the Department within sixty (60) days after the sample date. A
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$9. CHRONIC TOXJCITY - INDUSTRIAL WASTEWATER (CONTINUED) ....

final effluent characterization summary report shall be submitted to the
Department within ninety (90) days after the last monitoring test results are final.

This summary report shall include a tabulated summary of the individual test
results and any information on sources of toxicity, toxicity source control,
correlation with effluent data, and toxicity treatability which is developed during
the period of testing.

Effluent testing for chronic toxicity shall be conducted quarterly for one (I) year
or until an acute critical effluent concentration (ACEC) is determined, if that
determination takes longer than one year (see $8.C, Effluent Limit for Acute
Toxicity, for a definition of the ACEC). The Permittee shall conduct chronic

toxicity testing during effluent characterization on a series of at least five

concentrations of effluent in order to determine appropriate point estimates. The
chronic no observed effects concentration (NOEC) will also be determined for
comparison to the ACEC when the ACEC is known. I.t'the ACEC is determined
before the one year of characterization is over, the Permittee shall include the

ACEC in the concentration series ofaU subsequent tests and compare the ACEC

to the control using hypothesis testing at the 0.05 level of significance as
described in Appendix H, EPM600/4-89/O01. If the ACEC is unknown at the end

of one year of effluent characterization, the Permittee shall continue the effluent
characterization until an ACEC has been determined. Toxicity testing conducted
during an effluent characterization extended past one year until an ACEC has
been determined shall be performed using each one of the tests Listed below on a .-;

rotating basis.

Chronic toxicity.tests shall be conducted with the following three species and the

most recent version of the following protocols:

SaltwaterChronicToxicityTestSpecies , Method• i i i IH i

Topsmelt or Atherinop$ affinis or EP A/600/R-95/136 or
Silverside minnow Menidia beryllina EPA/600/4-91/003

|,

Mysid shrimp Holmesimysis costata or EPAJ600/R-95/136 or
Mysidopsis bahia EPA/600/4--91/003

Pacific oyster or Crassostrea gigas or EPAJ600/R-95/136
Mussel Mytilus sp.

The Permittee shall use the West Coast fish (Topsmelt, Atherinops affinis) and
Mysid (Holmesimysis costata) for toxicity testing unless the lab cannot obtain a

sufficientquantityofa West Coastspeciesingood conditioninwhich casethe
EastCoastfish(Silversidenninnow,Menidiaberyllina)orMysid (Myaidopsia

bahia) may be substituted. . ,:
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$9. CHRONIC TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

The Pacific oyster andmussel tests shall be run in accordance with

EPA/600/Ro95/136 and the bivalve development test conditions in the
Departmentof Ecology Publication # WQ-R-95-80, Laboratory Guidance and
Whole Effluent Toxicity Test Review Criteria or most recent version thereof.

B. Effluent Limit for Chronic Toxicity

After completion of effluent characterization, the Permittee has an effluent limit
for chronic toxicity if any test conducted for effluent characterization shows a
significant difference between the control and the ACEC at the 0.05 level of
significance using hypothesis testing (Appendix H, EPA/600/4-89/001) and shall
complete all applicable requirerncnts in subsections C, D, and F.

If no significant difference is shown between the ACEC and the control in any of
• the chronic toxicity tests, the Perndttee has no effluent limit for chronic toxicity
andonlysubsections E and F apply.

The effluent limit for chronic toxicity is no toxicity detected in a test
concentration representing the chronic critical effluent concentration
(CCEC).

The CCEC means the maximum concentration of effluent allowable at the

boundary of the mixing zone assigned in Special Condition S 1.C of this permit.
The CCEC shall be defined by the Depmhucnt upon approval of the Engineering
Report required in Special Condition $4.

In the event of failure to pass the test described in subsection C of this section for
compliance with the effluent limit for chronic toxicity, the Pennittec is considered
tobe in compliance with all permit requirements for chronic whole effluent
toxicity as long as the requirements in subsection D arc bring met to the
satisfaction of the Department

C. Monitorinjzfor Compliance With an Effluent Limit for Clm_nic Toxicity

Monitoring to determine compliance with the effluent limit shall be conducted
monthly for the remainder of the permit term using each of the species listed in
subsection A above on a rotating basis and performed using at a minimum the
CCEC, the ACEC, and a control. The Permittee shall schedule the toxicity tests
in the order listed in the permitunless the Departmentnotifies the Permittec in
writing of another species rotation schedule.

The Permitteemay petition for less frequent testing if all species demonstrate low
sensitivity. If one species demonstratesmore sensitivity, the Permit'teemay
petition to limit testing to this species and discontinue the rotational testing

- schedule between species.
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$9. CHRONIC TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

Compliance with the effluent limit for chronic toxicity means no statistically ::/
significant difference in response between the control and the test concentration
representing the CCEC. The Permittee shall immediately implement subsection D
if any chronic toxicity test conducted for compliance monitoring determines a
statistically significant difference in response between the control and the CCEC
using hypothesis testing at the 0.05 level of significance(Appendix H,
EPA/600/4-89/001). If the difference in response between the control and the
CCEC is less than 20%, the hypothesis test shall be conducted at the 0.01 level of
significance.

In order to establish whether the chronic toxicity limit is eligible for removal from
future permits, the Permit'tee shall also conduct this same hypothesis test
(Appendix H, EPA/600/4-89/001) to determine if a statistically significant
difference in response exists between the ACEC and the control.

D. Response to Noncompliance With an Effluent Lirnit for Chronic Toxieiw

If a toxicity test conducted for compliance monitoring under subsection C
determines a statistically significant difference in response between the CCEC and
the control, the Permittee shall begin additional Compliance monitoring within one
week from the time of receiving the test results. This additional monitoring shall
be conducted monthly for three (3) consecutive months using the same test and
species as the failed compliance test. Testing shall be conducted using a series of
at least five effluent concentrations and a control in order to be able to determine

appropriate point estimates. One of these effluent concentrations.shall equal the
CCEC and be compared statistically to the nontoxic control in order'to determine
compliance with the effluent limit for chronic toxicity as described in subsection
C. The discharger shall return to the original monitoring frequency in subsection
C after completion of the additional compliance monitoring.

If the Permittee believes that a test indicating noncompliance will be identified by
the Depa_Uuent as an anomalous test result, the Permitt_ may notify the
Department that the compliance test result might be anomalous and that the
Permittee intends to take only one additional sample for toxicity testing and wait
for notification from the Department before completing the additional monitoring
required in this subsection. The notification to the Department shall accompany
the reportof the compliance test result and identify the reason for considering the
compliance test result to be anomalous. The Permittce shall complete all of the
additional monitoring required in this subsection as soon as possible after
notification by the Department that the compliance test result was not anomalous.
If the one additional sample fails to comply with the effluent limit for chronic
toxicity, then the Permittee shall proceed without delay to complete all of the
additional monitoring required in this subsection. The one additional test result
shall replace the compliance test result upon determination by the Department that
the compliance test result was anomalous.

• : _
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$9. CHRONIC TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

If all of the additional compliance monitoring conducted in accordance with this
subsection complies with the permit limit, the Permittee shall search all pertinent
andrecent facility records (operating records, monitoring results, inspection
records, spill reports, weather records, production records, raw materialpurchases,
pretreatment records, etc.) andsubmit a reportto the Department on possible
causes and preventive measures for the transient toxicity event which triggered the
additional compliance monitoring.

If toxicity occurs in violation of the chronic toxicity limit during the additional
compliance monitoring, the Permittee shall submit a Toxicity
Identification/Reduction Evaluation (TI/RE) plan to the Department within
sixty (60) days aRer test results are final. The TI/RE plan shall be based on
WAC 173-205-100(2) and shall be implemented in accordance with
WAC 173-205-100(3).

E. Monitorin_ When There Is No Permit Limit for Chronic Toxicity

If the 1W'Seffluent has been characterized as specified in subsection A and no
permit limit for acute toxicity is required, then the P=_mittee shall test final
effluent once in the last summer and once in the last winter prior to submission of
the application for permit renewal. All species used in the initial chronic effluent
characterization or substitutes approved by the Department shall be used and
results submitted to the Department as a part of the permit renewal apphcation
process. If less than one summer and winter are available between final
characterization and the due date of the permit renewal application, the Permittee
shall contact the Department for clarification of further effluent WET testing.

F. Sampling and Reportin._Requirements

I. All r_ports for effluent characterization or compliance monitoring shall be
submitted in accordance with the most recent version of Department of
Ecology Publication # WQ-R-95-80, Laboratory Guidance and Whole
Effluent Toxicity Test Review Criteria in regards to format and content.
Reports shall contain bench sheets and reference toxicant results for test
methods. If the lab provides the toxicity test data on floppy disk for
electronic entry into the Depa_ti_ent's database, then the Permit'tee shall
send the disk to the Department along with the test report, bench sheets,
and reference toxicant results.

2. Testing shall be conducted on composite effluent samples. Samples taken
for toxicity testing shall be cooled to 4 degrees Celsius while being
collected and shall be sent to the lab immediately upon completion. The
lab shall begin the toxicity testing as soon as possible but no later than
36 hours aRer sampling was ended.
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$9. CHRONIC TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

3. All samples and test solutions for toxicity testing shall have water quality _
measurements as specified in Department of Ecology Publication
# WQ-R-95-80, Laboratory Guidance and Whole Effluent Toxicity Test
Review Criteria or most recent version thereof.

4. All toxicity tests shall meet quality assurance criteria and test conditions in
the most recent versions of the EPA manual listed in subsection A. and the

Department of Ecology Publication # WQ-R-95-80, Laboratory Guidance
and Whole Effluent Toxicity Test Review Criteria. If test results are
determined to be invalid or anomalous by the Department, testing shall be
repeated with freshly eoUected effluent.

5. Control water and dilution water shall be laboratory water meeting the
requirements of the EPA manual listed in subsection A or pristine natural
water of sufficient quality for good control performance.

6. The whole effluent toxicity tests shall be run on an unmodified sample of
final effluent, except modifications required by testing protocol.

7. The Permittee may choose to conduct a full dilution series test during
compliance monitoring in order to determine dose response. In this case, the
series must have a minimum of five effluent concentrations and a control.

The series of concentrations must include the ACEC and the CCEC. :;_

8. All whole effluent toxicity tests, effluent screening tests, and rapid
•screening tests that involve hypothesis testing and do not comply with the
chronic statistical power standard of 39% as defined in WAC 173-205-020
must be repeated on a fresh sample with an increased number of replicates
to increase the power.

Sl0. ACUTE TOXICITY- STORMWATER

A. Effluent Characterization

The Permittee shall conduct acute toxicity testing on stormwater to determine the
presence and amount of acute (lethal) toxicity. The two acute toxicity tests listed
below shall be conducted on each sample taken for effluent characterization.

Effluent characterization for acute toxicity shall be conducted twice at each of the
following ouffalls: Outfall 002, 005, 006, and 011. Alternative outfaUs with
similar drainage basin characteristics may be substituted with Department's :
approval. Acute toxicity testing shall follow protocols, monitoring requirements,
and quality assurance/quality control procedures specified in this section. A
dilution series consisting of a minimum of five concentrations and a control shall
be used to estimate the concentration lethal to 50% of the organisms (I.,C5o). The ....
percent survival in 100% effluent shall also be reported.
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$9. CHRONIC TOXICITY - INDUSTRIAL WASTEWATER (CONTINUED)

Testing shall be completed within one (1) year of the permit effective date. A
written report shall be submitted to the Depa_tinent within sixty (60) days alter
each sample date. A final effluent characterization summary report shall be
submitted to the Department within ninety (90) days after the last monitoring test
results are final. This summary report shall include a tabulated summary of the
individual test results and any information on sources of toxicity, toxicity source
control, correlation with effluent data, and toxicity treatability which is developed
during the period of testing.

Acute toxicity tests shall be conducted with the following species and protocols:

1. Fathead minnow, Pimephales promelas (96-hour static-renewal test,
method: EPA/600/4-90/027F)

2. Daphnid, Ceriodaphnia dubia, Daphnia pulex, or Daphnia magna
(48-hour static test, method: EPA/600/4-90/027F). The Permittee shall
choose one of the three species and use it consistently throughout effluent
characterization.

B. Sampling and Reporting Requirements

1. All reports for effluent characterization shall be submitted in accordance
with the most recent version of Depa_ianent of Ecology Publication
# WQ-R-95-80, Laboratory Guidance and W'holeEffluent Toxicity Test
Review Criteria in regards to format and content. Reports shall contain
bench sheets and reference toxicant results for test'methods. If the lab

provides the toxicity test data on floppy disk for electronic entry into the
Department's database, then the Permitte¢ shall send the disk to the
Department along with the test report, bench sheets, and reference toxicant
results.

2. Testing shall be conducted on composite stormwater samples. Composite
samples shall be taken over the first one-inch of the storm event or the
entire storm event if the total rainfall is less than one inch. Samples taken
for toxicity testing shall be cooled to 4 degrees Celsius while being
collected and shall be sent to the lab immediately upon completion. The
lab shall begin the toxicity testing as soon as possible but no later than
36 hour,s after sampling was ended.

3. All samples and test solutions for toxicity testing shall have water quality
measurements as specified in Department of Ecology Publication
# WQ-R-95-80, Laboratory Guidance and Whole Effluent Toxicity Test
Review Criteria or most recent version thereof.
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SI0. ACUTE TOXICITY - STORMWATER (CONTINUED)

4. All toxicity tests shall meet quality assurance criteria and test conditions in
the most recent versions of the EPA manual listed in subsection A. and the

Department of Ecology Publication # WQ-R-95-80, Laboratory Guidance
and Whole Effluent Toxicity Test Review Criteria. If test results are
determined to be invalid or anomalous by the Department, testing shall be
repeated with freshly collected effluent.

5. Control water and dilution water shall be laboratory water meeting the
requirements of the EPA manual listed in subsection A or pristine natural
water of sufficient quality for good control performance.

6. The whole effluent toxicity tests shall be run on an unmodified sample of
final effluent, except modifications required by testing protocol.

7. All whole effluent toxicity tests, effluent screening tests, and rapid
screening tests that involve hypothesis testing and do not comply with the
acute statistical power standard of 29% as defined in WAC 173-205o020
must be repeated on a flesh sample with an increased number of replicates
to increase the power.

Sll. SEDIMENT MONITORING (MARINE)

A. Sediment Sampling and Analysis Plan - _

The Permittee shall submit to the Depa_iaaent for review and approval a Sediment
Sampling and Analysis Plan for sediment monitoring no later than one (1) year
after p_,mit effective. The purpose of the plan is to re-characterize sediment-
quality in the vicinity ofOutf_ 0_1. The Permittee shall follow the guidance
provided in the Department of Ecology's Sediment Some Control Standards
User Manual, Appendix B: Sediment Sampling and Analysis Plan (1995).

The Permittee may either cooperate with the Midway Sewer District to perform
this baseline study or conduct its own study.

B. Sediment Data Report

Following Department approval of the Sediment Sampling and Analysis Plan,
sediments will be collected and analyzed. The Permittee shall submit to the
Department a Sediment Data Report containing the results of the sediment
sampling and analysis within three (3) years after p_,mit effective. The Sediment
Data Report shall con.formwiththeapproved Sampling and Analysis Plan.
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S12. STORMWATER POLLUTION PREVENTION PLAN (SWPPP) FOR AIRPORT
OPERATIONS

The Permittee shall continue to maintain the existing SWPPP in accordance with the
relevant and appropriate requirements of this special condition, including, but not limited
to, maintaining a Pollution Prevention Team, self-inspections, annual review of the
SWPPP, and updates as necessary, employee training, and recordkeeping.

A. Objectives

1. To eliminate the discharges of unpetmitted industrial wastewater,
domestic wastewater, non-contact cooling water, or other illicit discharges
to the storm drainage system;

2. To implement and maintain Best Management Practices (BMPs) to
identify, reduce, eliminate, and/or prevent the discharge of stormwater
pollutants;

3. To prevent violations of water quality, ground water quality, or sediment
management standards; and

4. To prevent adverse water quality impacts on beneficial uses of the
receiving water by controlling peak rates and volumes of stormwater
runoff at the Permittec's ouffalls and downstream of"the outfalls.

B. General Requirements

1. .Submission and Retention

The Permittee shall submit an updated SWPPP to the Department for
review and comment at least twice during the term of this permit. An
updated SWPPP shall be submitted no later than November 30, 1998, and
again with the application for permit renewal required in General
Condition G7. The Permittec shall include an evaluation of whether

measures to reduce pollutant loading# identified in the SWPPP are
adequate and properly implemented in accordance with the terms of the
permit or whether additional controls areneeded. The evaluation shall
speeifieaUy include, but is not limited to, fecal coliform, copper, lead, and
zinc. The updated SW'PPP shall include a summary of the results of the
inspections required in subsection C, any incidents of noncompliance, and
a certification, in accordance with General Condition GI, that the facility
is in compliance with the plan.

The Permittee shall also submit that portion of the SW'PPP which
addresses the discharge to the City of SeaTac stormwater system to the
City of SeaTac if it is modified.

The SWPPP shall be retained on-site or within reasonable access to the site.
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S12. STORMWATER POLLUTION PREVENTION PLAN (SWPPP) FOR AIRPORT

OPERATIONS (CONTINUED) .;:

2. Modifications

a. The Permittee shall modify the SWPPP whenever there is an
alteration of airfield facilities or their operation or maintenance which
causes the SWPPP to be less effective in controlling pollutants.

b. Whenever a self-inspection reveals that the description of potential
pollutant sources or the pollution prevention measures and controls
identified in the SWPPP are inadequate, due to the discharge of, or
the potential to discharge, a significant mount of pollutant, the
SWPPP shall be modified, as appropriate, within two (2) weeks of
such inspection for noncapital BMPs, and within six (6) months of
such inspection forcapital BMPs. The proposedcapital
modifications shall be submitted to the Department at least thirty
(30) days in advance of implementing the proposed changes in the
plan unless the Depm'tment approves immediate implementation.
The Permittee shall provide for implementation of any
modifications to the SWPPP in a timely manner.

3. The Permittee may incorporate applicable portions of plans prepared for _.
other purposes. Plans or portions of plans incorporated into a SWPPP
become enforceable requirements of this permit. If other plans are -_.i_
referenced in the SWPPP, they must be made available per the

•requirements of Special Condition S3.G.

4. The Permittee shall prepare the SWPPP in accordance with the guidance
provided in the Stormwater Pollution Prevention Planning for Industrial
Facilitiea. The plan shall contain the following elements:

a. Assessment and description of existing and potential pollutant sources,

b. A description of selected operational BMPs,

c. A description of selected source-control BMPs,

d. A description of selected erosion and sediment control BMPs,

e. A description of selected treatmentBMPs, and

f. An implementation schedule.

5. Applicability of CurrentandFuture Editions of the Stormwater
Management Manual for the Puget Sound Basin (SWMM):

_¢

' .:f
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$12. STORMWATER POLLUTION PREVENTION PLAN (SWPPP) FOR AIRPORT
OPERATIONS (CONTINUED)

BMPs shall be selected from the most recent published edition of the
SWM2Vl,or other manuals determined to be equivalent by the Department,
available at least one hundred twenty (120) days before the selection of the
BMPs. The Permittee may develop site-specific BMPs that are
appropriate for airport industrial activities with approval of the
Dep= ent.

C. Implementation

The Permittee shall Conduct at least four inspections per year:, three during the
wet season (October 1 - June 30) and one during the dry season
(Iuly 1 - September 30).

1. The wet season inspections shall be conducted during a rainfall event by
personnel named in the Stormwater Pollution Prevention Plan (SWPPP) to
verify that the description of potential pollutant sources required under this
permit is accurate; the site map as required in the SWPPP has been
updated or otherwise modified to reflect current conditions; and the
controls to reduce pollutants in stormwater discharges associated with
industrial activity identified in the SWPPP arebeing implemented and are
adequate. The wet-weather inspections shall include observations of the
presence of floating materials, suspende d solids, oil and grease,
discolorations, turbidity, odor, etc., in the stormwater discharges.

2. •The dry season inspection shall be conducted by personnel named in the
SWPPP. The dry season inspection shall determine the presence of
unpermitted non-stormwater discharges such as domestic wastewater,
non-contact cooling water, or industrial wastewater to the stormwater
drainage system. If an unp_Lmitted,non-stormwater discharge is
discovered, the Permittee shall immediately notify the Depa_ttuent.

S13. STORMWATER POLLUTION PREVENTION PLAN (SWPPP) FOR
CONSTRUCTION ACTIVITIES

A SWPPP for construction activity, including construction dewatering, shall be prepared
and implemented prior to the commencement of any construction activity which disturbs
five (5) or more acres of total land area (or other minimum land area to be determined by
federal regulation). Construction activities included in this requirement include clearing,
grading, filling, and excavation activities except operations that result in the disturbance
of less than five acres of total land area which are not part of a larger common plan of
development or sale. For construction projects that discharge solely to ground water, the
SWPPP for construction activities shall be protective of ground water quality. With

_ approval of the Depashuent, a SW'PPP shall not be required for construction projects that
discharge to the IWS.
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$13. STORMWATER POLLUTION PREVENTION PLAI'q (SWPPP) FOR

CONSTRUCTION ACTIVITIES (CONTINUED) ._.

A. Obiectives

1. To implement Best Management Practices (BMPs) to minimize erosion
and sediments from rainfall runoff at construction sites, and to identify,

reduce, eliminate, or prevent the pollution of stormwater.

2_ To prevent violations of surface water quality, ground water quality, or
sediment management standards.

3. To prevent, during the construction phase, adverse water quality impacts
including impacts on beneficial uses of the receiving water by controlling
peak rates and volumes of stormwater runoff at the Pcrafittee's outfalls
and downstream of the outfalls.

4. To eliminate the discharges of unpvr_ttcd process wastewater, domestic
wastewater, illicit discharges, and non-contact cooling water to stormwater
drainage systems and surface waters of the state.

B. General Requirements

1. The Permittvv shall be respons_le forthe implementation of a SWPPP.
The Erosion and Sediment Control Pla_ shall be attached to bid packages _
when seeking contractors to allow the contractor sufficient time to plan -i_
implementation. At construction sites for which a lease, easement, or
.other use agreement has been obtained from the Permittee, the Permittee
shall be responsible for the implementation of a SWPPP.

2. The P_mittvv shall implement procedures for reviewing the SWPPP with
contractors and subcontractors prior to initiating construction activities.
The Pemfittv¢ shall implement procedures for addr_osing changes in plans
and construction activities andresolving disagreements on the
interpretation of the SWPPP.

3. The Permitter shall designate a contact person who will be available
24 hours a day to respond to emergencies, and to inquiries or directives
fi:om the DepartmenL The contact person shall have authority over the
SWPPP implementation. For consUmction of projects identified in the
Proposed Master Plan Update, the Permittee shall establish and fund an
independent qualified construction pollution control officer to advise on
and determine compliance with applicable water quality standards. These
names shall be .listed in the SWPPP.

4. The Permittee shall retain the SW'PPP on-site or within reasonable access

to the site and make it available per the requirements of Special Condition
S3.G. -;:
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- S13. STORlVlWATER POLLUTION PREVENTION PLAN (SWPPP) FOR
CONSTRUCTION ACTIVITIES (CONTINUED)

5. The Permittee shall retain the SWPPP and copies of inspection reports and
all other reports required by this permit for at least three (3) years after the
date of final stabilization of the construction site. The Permittee shall

make these documents available per the requirements of Special Condition
S3.G.

6. Reports on incidents, such as discharge of spills and other noncompliance
notification, shall be included in the records.

7. Modifications

a. The Department may notify the Permittee when the SWPPP does
not meet one or more of the requirements of this special condition.
Upon notification by the Department, the Permittee shall take
appropriate action(s) to come into compliance with this special
condition.

b. The Department may require SW'PPP and BMP modifications if
compliance with State of Washington Surface Water Quality

_ Standards (chapter 173-201A WAC), Sediment Management
Standards (chapter 173-204 WAC), Ground Water Quality
Standards (chapter 173-200 WAC), and human health based
criteria in the National Toxics Rule (Federal Register, Vol. 57, No.
246, Dee. 22, 1992, pages 60848-60923) is not being achieved.

c. The Permit'tee shall modify the SW-PPP whenever there is a change
in design, construction, operation, or maintenance of any BMP
which cause(s) the SWPPP to be less effective in controlling the
pollutants.

d. Whenever a self-inspection reveals that the description of pollutant
sources or the BMPs identified in the SW'PPP are inadequate, due
to the actual discharge of or potential to discharge a significant
amount of any pollutant, the SWPPP shall be modified, as
appropriate. The Permittee shall provide for implementation of
any modifications to the SW'PPP in a timely manner.

8. BIV[Psshall be selected fi:omthe most recent published edition of the
Stormwater Management Manual for the Puget Sound Basin (SWMM),
that has been available for at least one hundred twen_/(120) days prior to
BMP selection, or other equivalent manuals available at the time of BMP
selection or when the selection of additional BMPs is necessary.
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S13. STORaMWATER POLLUTION PREVENTION PLAN (SWPPP) FOR ,
CONSTRUCTION ACTIVITIES (CONTINUED)

a. Stabilization Practices

The Erosion and Sediment ControlPlan shall include a description
of stabilization BMPs, including site-specific scheduling of the
implementation of the practices., Stabilization practices may
include: temporary seeding, permanent seeding, mulching,
geotextiles, sod stabilization, vegetative buffer strips, protection of
trees, preservation of mature vegetation, commercially available
soil stabilization products, and other appropriate measures. A
record of the dates when major grading activities occur, when
construction activities temporarily or permanently cease on a
portion of the site, and when stabilization measures are initiated
shall be included in the plan. Stabilization measures shall be
initiated as soon as practicable in portions of the site where
construction activities have temporarily or permanently ceased.

The plan shall ensure that the following requirements are satisfied:

i) All exposed and unworked soils shall be stabilized by
suitable and timely application of BMPs.

ii) Existing vegetation should be preserved where attainable.
Areas which are not to be disturbed, including setbacks,

sensitive/critical areas and'their buffers, trees and drainage -
courses, shall be marked or flagged on site before >"
construction activities are initiated. These areas should not
be harmed when measures under the SW'PPPand/or
construction activities are undertaken.

iii) Cut and fill slopes shall be designed and constructed in a
manner that will _e erosion. Slopes shall be stabilized
in accordance with the requirements of this subsection.

iv) Stabilization adequate to prevent erosion of outlets and
adjacent stream banks shall be provided at the outlets of all
conveyancesystems.

v) All storm drain inlets made operable during construction
shall be properly maintained

vi) Whereverconstructionvehicleaccess routes intersectpaved
roads, provisions must be made to minimize the transport
of sediment (mud) onto the paved road. If sediment is
transported onto a road surface, the roadsadjacent to the
construction site shall be cleaned on a regular basis. Street
washing shall be allowed only after other methods to
prevent the transport or removal of the sediments are .
unsuccessful. '....

/
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813. STORMWATER POLLUTION PREVENTION PLAN (SWPPP) FOR

CONSTRUCTION ACTIVITIES (CONTINUED)

b. Structural Practices

In addition to stabilization practices, the Erosion and Sediment

Control Plan shall include a description of structural BMPs to

divert flows fi'om exposed soils, store flows, or otherwise limit

runoff and the discharge of pollutants from exposed areas of the
site to the degree attainable. Such practices may include silt

fences, earth dikes, drainage swales, sediment traps, check dams,

sub-surface drains, pipe slope drains, level spreaders, storm drain

inlet protection, rock outlet protection, reinforced soil retaining

systems, gabions, and sediment basins. Structural practices should

be placed on upland soils to the degree attainable. The installation

of these devices may be subject to Section 404 of the Federal Clean

Water Act. The plan shall ensure that the following requirements
are satisfied:

i) Prior to leaving the site, stormwater runoff shall pass

through a sediment pond or sediment trap, or other

appropriate BMPs.

.... ii) Properties adjacent to the project site shall be protected

from sediment deposition.

iii) Sediment ponds and traps, perimeter dikes, sediment

barriers, and other BMPs intended to trap sedimenton-site
shall be constructed as a first step in grading. These BMPs

shall be fimctional before land disturbing activities take
place. Earthen structure, s used for sediment control such as
dams, dikes, and diversions shall be stabilized as soon as

possible.

iv) Properties and waterways downstream from the

construction site shall be protected from erosion due to
increases in volume, velocity, and peak flow of stormwater

runoff from the project site.

v) All temporary erosion and sediment control BMPs shall be

removed within thirty (30) days after final site stabilization

is achieved or after the temporary BMPs are no longer

needed. Trapped sediment shall be removed or stabilized

on-site. Disturbed soil areas resulting from removal shall
be permanently stabilized.
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S13. STORI_fWATER POLLUTION PREVENTION PLAN (SWPPP) FOR

CONSTRUCTION ACTIVITIES (CO_D)

c. Inspection and Maintenance

All BMPs shall be inspected, maintained, and repaired as needed to
assure continued performance of their intended function. All
on-site erosion and sediment control measures shall be inspected at
least once every seven days and within 24 hours after any storm
event of greater than 0.5 inches of rain per 24 hour period.

d. Recordkeeping

Reports summarizing the scope of inspections, the personnel
conducting the inspection, the date(s) of the inspection, major
observations relating to the implementation of the SW'PPP, and
actions taken as a result of these inspections shall be prepared and
retained as part of the SWPPP.

e. Format

The Erosion and Sediment Control Plan shall consist of two parts:
a narrative and a set of site plans. The Permitte¢ may refer to
Chapter H-4 oft.he Depat_lent's SWM/vl for guidance on the .....
content and format.

2. "Control of Pollutants Other Than Sediment on Construeti0n Sites

All pollutants other than sediment that occur on-site during construction
shall be handled and disposed of in a manner that does not cause
contamination of stormwater. Chapter 1I-3 ofthe S MM can be
referenced for guidance in controlling other potential pollutants.

3. Coordination with Local Requirements

This permit doesnotrelievethe Pcrmitteeof compliancewith anymore
stringent requirements of local government.

Also, as required by the Puget Sound Water Quality,Management Plan.
local governments within the Puget Sound Basin are to adopt requirements
for construction which are at least equivalent to the requirements listed in
Chapter I-2 of the Department's SWMM. Where the Department has
determined such requirements to be equivalent, compliance with these
requirements meets the SWMM requirements of this permit.
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S13. STORMWATER POLLUTION PREVENTION PLAN (SWPPP) FOR
CONSTRUCTION ACTMTIES (CONTINUED)

4. Construction Stormwater/Dewatering Monitoring

A monitoring plan for stormwater and construction dewatering discharges
shall be submitted to the Department for review and approval at least thirty
(30) days prior to the start of construction. The plan shall be deemed
approved if Ecology does not respond to the plan at least five (5) days
prior to the scheduled date of construction.

5. _ _ .........

.__-_-_-_';"_Om_. m __,____,._ ._-r _-. =_ - ............

S14. STORMWVATER DRAINAGE DETENTION

All construction actions taken by the Permit'tee shall provide sufficient detention and/or shall
use existing available detention capacity, in accordance with the Stormwater Management
Manual for thePuget Sound Basin or its approved equivalent, to provent an increase in the
peak flow rate or flooding frequency of Millcr Creek and Des Moines Creek. All detention
facilities owned and/or operated by the Pcrmitt_ shall be inspected, maintained, and
repaired as needed to assure continued performance of their intended function.

The Permitte¢ shall submit to the Department within three (3) months of the effective date
of this permit an Operations and Maintenance Plan for the Lake Reba Detention Facility.

S15. IWS HYDROGEOLOGIC STUDY

The Permit-tee shall perform a hydrogeologic study in the vicinity of the Industrial Waste
Treatment Plant and Lagoons to evaluate the potential for the Industrial Wastewatcr
Facility operations to impact ground water quality. The IW'S Hydrogeologic Study shall
include an assessment of the current condition of the hydrogeologic environment in the
vicinity of the Industrial Waste S_tem Treatment plant and lagoons. The IWS
Hydrogeologic Study shall comply with the requirements contained in WAC 173-200 and
make appropriate reference to the Implementation Guidance for the Ground Water
Quality Standards (Ecology Publication # 96-02).
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S15. IWS HYDROGEOLOGIC STUDY (CONTINUED)

The Permittee shall submit a scope of work for the IWS Hydrogeologie Study to the :_
Department for review and approval within six (6) months of the effective date of this
permit. A report of the study results shall be submitted to the Department no later than
twenty-one (21) months from Ecology's approval of the scope of work, but in no event
later than September I, 200l. This condition is not applicable to any cleanup of residual
contamination due to releases of industrial wastewater or contaminants, which are
regulated under the MTCA and are not regulated under this permit. Ongoing discharges
of industrial wastewater or contaminants are regulated under this permit.

S16. SANITARY SEWER PROHIBITED DISCHARGES

A. General ProbSbitions

The Permittee shall not introduc_into the POTW pollutant(s) which cause pass
through or interference.

B. Specific Prohibitions

In addition, the following shall not be introduced into the POTW:

1. Pollutants which create a fire Orexplosion hazard in the POTW, including,
but not limited to, waste streams with a closed cup flashpoint of less than
600C (140*F) using the test methods specified in40 CFR 261.21;

2. Solid or viscous pollutants in amounts which will cause obstruction to the
.flow in the POTW resultingin interference;

3. Any pollutant,includingoxygen-de,handingpollutants(BOD, etc.),
releasedin a dischargeat a flowrateand/orpollutant concentrationwhich
will causeinterferencewith thePOT_r;•

4. Heat in amountswhichwill inh_it biologicalactivityin thePOTW
resulting in interference, but in no case heat in such quantities that the
temperature at the POTW treatment plant exceeds 40° C (104 ° F) unless
the approval authority, upon request of the POTW, approves alternative
temperature limits;

5. Petroleum oil, non-biodegradable cutting oil, or products of mineral oil
origin in amounts that will cause interference or pass through;

6. Pollutants which result in the presence of toxic gases, vapors, or fumes
within the POTW in a quantity that may cause acute worker health and
safety problems;

7. Any trucked or hauled pollutants, except at discharge points designated by .-.

the POTW; _-_
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S16. SANITARY SEWER PROHIBITED DISCHARGES (CONTINUED)

8. Pollutants which will cause corrosive structural damage to the POTW, but

in no case discharges with pH lower than 5.0 or greater than 12.0, unless
the works is specifically designed to accommodate such discharges.

C. Prohibited Unless Approved

I. Any of the following discharges are prohibited Unless approved by the

Depaxtment under extraordinary circumstances (such as a lack of direct

discharge alternatives due to combined sewer service or a need to augment

sewage flows due to septic conditions):

a. Non-contact cooling water in significant volumes.

b. Stormwater and other direct inflow sources.

c. Wastewaters significantly affecting system hydraulic loading,

which do not require treatment or would not be afforded a

significant degree of treatment by the system.

2. Unless specifically authorized in this permit, the discharge of dangerous

wastes as defined in Chapter 173-303 WAC, is prohibited.
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GENERAL CONDITIONS

G1. SIGNATORY REQUIREMENTS

All applications, reports, or information submitted to the Depathnent shall be signed and
certified.

A. All permit applications shall be signed by either a principal executive officer of at
least the level of vice president of a corporation, a general partner of a partnership,

or the proprietor of a sole proprietorskip.

B. All reports required by this permit and other information requested by the

Department shall be signed by a person described above or by a duly authorized
representativeof thatperson. A person is a duly authorized representative only if:

1. The authorization is made in writing by a person described above and

submitted to the Department, and

2. The authorization specifies either an individual or a position having

responsibility for the overall operation of the regulated facility, such as the
position of plant manager, superintendent, position of equivalent
responsibility, or an individual or position having overall responsibility for
environmental matters. (A duly authorized representative may thus be
either a named individual or any individual occupying a named position.) --_

C. Changes to authorization. If an authorization under paragraph B.2. above is no

longer accurate because a different individual or position has responsibility for the
overall operation of the facility, a new authorization satisfying the requirements of
B.2. must be submitted to the Dep_,tment prior to or together with any reports,

information, or applications to be signed by an authorized representative.

D. Certification. Any person si..tming a document under this section shall make the
following certification:

'7 certify under penalty of law, that this document and all attachments were

prepared under my direction or supervision in accordance with a system designed

to assure that qualified personnel properly gathered and evaluated the

information submitted. Based on ray inquiry of the person or persons who
manage the system or those persons directly responsible for gathering

information, the information submitted is, to the best of my knowledge and belief,

true, accurate, and complete. I am aware that there are significant penalties for

submitting false information, including the possibility of fine and imprisonment
for knowing violations. ""

BgB
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- G2. RIG (. F ENTRY

The 7..-tee shall allow an authorizedrepresentative of the Department, upon the
pres :i n ofcredentials andsuch other documents as may be requiredby law:

A. " enter upon the premises where a discharge is located or where any records
st be kept under the terms and conditions of this permit;

B. - have access to and copy at reasonable times any records that must be kept
:,: Jer the terms of the permit,

C. _ inspect at reasonable times any monitoring equipment or method of
T _rdtoring required in the permit;

D. i, inspect at reasonable times any collection, treatment, pollution management, or
_,;charge facilities; and

E. -_" sample at reasonable times any discharge of pollutants.

G3. P_ I ACTIONS

TI :r .it shall be subject to modification, suspension, or termination, in whole or in
pa _e Department for any of the following causes:

A. ', '.olation of any permit t_m or condition;

B "btaining a permit by misrepresentation or failure to disclose all relevant facts;

C ,, mat_-ial change.in quantity or type of waste disposal;

E material change in the condition of the waters of the state; or

E "onpayment of fees assessed pursuant to RCW 90.48.465.

": ,ez_._xtmentmay also modify this permit, including the schedule of compliance or
c :_ ditions, if it determines good and valid cause exists, including promulgation or
r ._. •ofregulatiom or new information.

G4. 1 5, TING A CAUSE FOR MODIFICATION

'e. __itte¢shall submit a new application, or a supplement to the previous
::_ on, along with required engineering plans and reports, whenever a material
:'. ,. the quantity or t'ypeof discharge is anticipated which is not specifically
r: -:dby this permit. This application shall be submitted at least sixty (60) days
-,., :ny proposed changes. Submission of this application does not relieve the

.iv e of the duty to comply with the existing permit until it is modified or reissued.
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G5. PLAN REVIEW REQUIRED
¢

Prior to constructing or modifying any wastewater control facilities, an engineering report
and detailed plans and specifications shall be submitted to the Department for approval in
accordance with Chapter 173-240 WAC. Engineering reports, plans, and specifications
should be submitted at least one hundred and eighty (180) days prior to the planned start
of construction. Facilities shall be constructed and operated in accordance with the
approved plans.

G6. COMPLIANCE WITH OTHER LAWS AND STATUTES

Nothing in the permit shall be construed as excusing the Pcrmittee from compliance with
any applicable federal, state, or local statutes, ordinances, or regulations.

G7. DUTY TO REAPPLY

The Permit'tee must apply for permit renewal at least 180 days prior to the specified
expiration date of this permit.

GS. PERMIT TRANSFER

This permit is automatically transferred to a new owner or operator if:

A. A written agreement between the old and new owner or operator containing a ....

specific date for transfer ofpeiu,it responsibility, coverage, and liability is 4
submitted to the Depa_iment; _

B. A copy of the permit is provided to the new owner; and

C. The Department does not notify the Pcrmittec of the need to modify the permit.

Unless this permit is automatically transferredaccording to section A. above, this permit
may be transferredonly if it is modified to identify the new Permittee and to incorporate
such other requirements as dete,-_,finednecessary by the Department.

Gg. REDUCED PRODUCTION FOR COMPLIAnCE

The Permittee, in order to maintain compliance with its permit, shall control production
and/or all discharges upon reduction, loss, failure, or bypass ofthe treatment facility until
the facility is restored or an alternative method of treatment is provided. This
requirement applies in the situation where, among other things, the primary source of
power of the treatment facility is reduced, lost, or fails.

G10. REMOVED SUBSTANCES

Collected screenings, grit, solids, sludges, filter backwash, or other pollutants removed in
the course of treatment or control ofwastewaters shall not be resuspended or reintroduced
to the final effluent stream for discharge to state waters.
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Gll. TOXIC POLLUTANTS

If any applicable toxic effluent standard or prohibition (including any schedule of
compliance specified in such effluent standard or prohibition) is established under
Section 307(a) of the Clean Water Act for a toxic pollutant and that standard or
prohibition is more stringent than any limitation upon such pollutant in the permit, the
Department shall institute proceedings to modify or revoke and reissue the permit to
conform to the new toxic effluent standard or prohibition.

G12. OTHER REQUIREMENTS OF 40 CFR

All other requirements of 40 CFR 122.41 and 122.42 are incorporated in this permit by
reference.

G13. ADDITIONAL MONITORING

The Department may establish specific monitoring requirements in addition to those
contained in this permit by administrative order or permit modification.

G14. PAYMENT OF FEES

The Permit-tee shall submit payment of fees associated with this permit as assessed by the
Department. The Department may revoke this permit if the permit fees established under
Chapter 173-224 WAC are not paid.

G15. PENALTIES FOR VIOLATING PERMIT CONDITIONS

Any person who is found guilty ofwillfuUy violating the terms and conditionsof this
permit shall be deemed guilty of a crime, and upon conviction thereof shall be punished
by a fine of up to ten thousand dollars and costs of prosecution, or by imprisonment in the
discretion of the court. Each day upon which a willful violation occurs may be deemed a
separate and additional violation.

Any person who violates the terms and conditions of a waste discharge permit shall incur,
in addition to any other penalty asprovided by law, a civil penalty in the amount of up to
ten thousand dollars for every such violation. Each and every such violation shall be a
separate and distinct offense, and in case of a continuing violation, every day's
continuance shall be and be deemed to be a separate and distinct violation.
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PORT OF SEATTLE, SEATTLE-TACOMA INTERNATIONAL AIRPORT ..... i_
NPDES PERMIT NUMBER WA-002465-I . _

ADDENDUM TO FACT SHEET
MAJOR MODIFICATION

MAY 29, 2001

This is an addendum to the fact sheet accompanying NPDES Permit No. WA-002465-1
issued to the Port of Seattle for the discharge of treated industrial wastewater and
stormwater from Seattle-Tacoma International Airport to waters of the State of
Washington.

MODIFICATIONS IN RESPONSE TO REQUEST FROM THE PORT OF
SEATTLE

On October 20, 2000, the Port of Seattle submitted to the Department of Ecology a
request for a major permit modification to NPDES Permit No. WA-002465-1 (Port of
Seattle, Seattle-Tacoma International Airport). The Port of Seattle requested the permit
modification to extend permit coverage to stormwater and uncontaminated construction
dewatering discharges associated with construction projects at Seattle=Tacoma
International Airport and the Third Runway and Master Plan Update projects. The _-.

modified permit will authorize discharges from construction activities to Walker Creek .
and its tributaries, Gilliam Creek and its tributaries, Des Moines Creek, the City of _)
SeaTac storm sewer, the IWS and Miller Creek.

The Department modified the NPDES Permit No. WA-002465-1 as follows and as a
response to public comment.

NPDES Permit

Page 1, Receiving Water
The listing of receiving water has been modified to include new water bodies (vi), (vii):

(i) Puget Sound (Industrial Wastewater)
(ii) Des Molnes Creek, (Stormwater).
(iii) Miller Creek (Stormwater)
(iv) City of SeaTac Storm Sewer, tributary to Gillian Creek and the Green River

(Stormwater).
(v) Midway Sewer District SanitarySewer, (Miscellaneous Blowdown)
(vi) Walker Creek and tributaries (Construction Stormwater)
(vii) Gilliam Creek and tributaries (Construction Storrnwater)
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• Watershed Determinants of Ecosystem Functioning

Richard R. Homer _'2,M. ASCE; Derek B. Booth_; Amanda Azous3; and

Christopher W. May 2

• ...

Abstract -
• . • s '

By the mid-1980s it was clear that urban stormwater runoff was strongly implicated "
in the alteration of streams and freshwater wetIands in the Puget Sound Basin of

Washington state to ecosystems lower in biologically diversity and pioductivity Of
the species most valued by society. It was also apparent that the Causes of these
modifications were rooted in watershed hydrology and sediment transport as well as
reduced water quality. Recognition of these connections and the rapid pace of
development in the region stimulated research to define the linkages among stream
and wetland habitatstructure, conditions in the surrounding l_indscapes, and the
_sociated biological responses. One project monitored watershed and riparian

zone conditions, flow, physical habitat characteristics, water quality, benthic
macroinvertebrates, and fish in 31 reaches on 19 low-order streams, representing a
gradient of urbanization, over a three-year period. A second project followed 19
palustrine wetlands during an eight-yearperiod whenurbanization began or
increased in the watersheds of about half, while the remainder were essentially
unchanged. O_¢erall, the findings of these projects agree that the effects of modified:

hydrology accompanying-urbanization exe.g the earliest and, at least initially, the
strongest deleterious influences on the freshwater ecosystems studied. Further-

more, the results agree that the steepest •rates of decline in biological functioning of
both streams and wetlands, and the conditions necessary to support that function-

ing, occur as urbanization increases total impervious land cover from 0 to about 6
percent, unless mitigated by'extensive riparian protection, management efforts, o/"
both. Thereafter, the decline proceeds at a slower rate as impervious cover
increases further. Functioning at the highest level (e. g., stream benthic index of
biol:ic integrity, B-IBI, > 35) with very low imperviousness drops by roughly half

1230 NW 55th Street, Seattle, WA 98107; _Center for Urban Water Resources

Management, University of Washington, Box 352700, Seattle, WA 98195-2700;
3p. O. Box 530, Olga, WA 98279.
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In analyses of"aquatic ecosystem impacts, watershed urbanization has been

expressed most commonly in terms of the proportion of watershed a/'ea covered by
: impervious surface. Some past work has identified impervious cover of I0 +/-

several percent as the level at which stream ecosystem impairment becomes
evident. For example, Klein (1979) used a variety of hydrologic, water quality,
biological •information to conclude that serious stream quality impairment can be
prevented if watershed imperviousness does not exceed 15 percent, or 10 percent
for more sensitive ecosystems with self-sustaining trout populations. Booth and
Reinelt (1993) found a very similar relationship for Puget Sound Basin lowland
streams. Shaver et al. (1995) found decline in macroinvertebrate community
indices in Delaware creeks with 8 percent watershed imperviousness and sub-
stantially more decrease above 15 percent. They demonstrated that the impact was
linked more to physicalhabitat than water quality degradation.

Toward a Systematic Approach to Managin_ Wat.er_hec1and Aquatic Ecosys.tem
Change

With recognition of the web .tyingtogether landscapes and aquatic habitats and their
inhabitants has come an interest.in defining the functional relationships between
discharges from watersheds and aquatic resources well enough to avoid or
minimize resource losses through management_intervention. In this scenario there
would be reasonable confidence that a goal to maintain a given organism or

__ community at.a specified level could'be met by sustaining a certain set of habitat.
•measures, which in turn depend on established values of pai'ticular watershed
measures. To realize the promise of this approach, of course, it will be necessary to
set well conceived goals that set the direction and parameters of the entire
management thrust.

Needed for progress in system,atically managing watersheds and their aquatic
7 resources are meaningful and convenient me_isuresof watershed conditions,

biological "health," and the habitat conditions on which biota depend. Moreover,
these measures must be suitable for defining the linkages among these ecosystem
components. For expressing watershed conditions, the traditional use of
impervious cover must be supplemented by measures that express other facets of
the landscape (e. g., riparian zone and drainage system characteristics). Perhaps
most critical to progress in describing habitat structure is to identify on an
ecoregional scale the variables with the most utility for assessing habitat
relationships with watershed circumstances on the one hand and biological
responses on the other. The work reported here makes an attempt to advance the
measurement and interpretation of both watershed and habitat conditions.

The last 15 years have seen substantial progress in expressing biological com-
munity attributes in useful forms for comprehensive watershed studies. Major
developments include the index of biotic integrity (IBI; Karr 198I; Karr and Dudley

.._ 1981: Karr et al. 191R6.Karr lqql' l('e.r_n_. _n,:'t k"_rr IQQd. l:;',",,ro ,_,t _I .; ..... : .... "_ ,-l.._
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Exoerimental Designs

_tream Research

The design of the stream study was to establish attributes of the watersheds con-
tributing to selected stream reaches and then to make a number of measurements of

the riparian, habitat, and biological conditions within those reaches. The concept :!
underlying the study, simply illustrated as follows, was that watershed and riparian "
characteristics determine habitat conditions, which, in relation to evolved organism iill

preferences and tolerances, set the composition of the biological communities: j

Watershed and =, Habitat =- Biota 'i

riparian characteristics conditions i!
;',

Data analysis was directed at establishing the linkages represented by the arrows, as
well as the less direct connections between watershed characteristics and biota.

Researchers and governmental participants in the research selected streams and
• study reaches from over 100 candidates that best met 15 criteria expres_;ing such
factors as representativeness of Puget Sound lowland stream conditions and
resources, ability, to cover a range of watershed urbanization from near zero to more
than 50 percent imperviousness, and data availability. All study reaches are of the Ji,i
same general scale, being of first, second, or third order. They have mean annual J_:_.r.

discharges in the approximate range 0.1-1.7 m3/s (3.5-60 ft3/second); lie at altitudes ill:

• it. i"

of less than 150 meters abovesea level; and have average stream gradients under 5 ii ipercent, i!,

Site selection emphasized contributing catchments in .the early stages of urbaniza- i'!

tion, when it was hypothesized that the most rapid change in ecological conditions
occurs., or with very little to no urbanization. These latter catchments represent _;

what is considered to be the max'imum attainable ecological function in Puget !i.i

Sound lowland streams. Until recently, these "reference" sites have experienced' iliirelatively little human activity after being logged approximately 100 years ago. ,, •

Watersheds contributing to the 31 study reaches monitored since 1994 exhibit the r_i!
following.distributions of TIA: 0-5%--8 sites, 5-10%--7 sites, 10-20%--3 sites, 20- ii!.
30%--3 sites, 30-50% 6 sites, and > 50%--4 sites. 1,_

• The study watersheds cover two distinctly different geologic conditions. All but if!":

two are underlain by glacial till, in which continental glaciation (15,000 years b.p.) !ji.,deposited a dense hardpan, now approximately 1 meter beneath the surface and ,.,
overlain by a loamy soil. The other watersheds are underlain by glacial outwash, :i
with surface coarse material providing direct hydraulic communication between the ::!
surface and the regional aquifer. In the undisturbed forested condition glacial till

,i

catchments are capable of providing precipitation storage on the Order of 15 cm in !;
the overlying soil, and the outwash areas much more (Wigmosta et al. 1994). " i

iJ

['.

. _.
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..

' Research Results and Interpretations
f
I _tream Research
I

: _tream Biology in Relation to Watershed and Riparian Characteristics
I
b

This discussion considers observed linkages between the source and response
! components of the system, letting aside for the moment the intermediate habitat
i component:
a

Watershed and =" Habitat = Biota

, riparian characteristics conditions

Throughout this paper watershed condition is characterized by impervious cover.
Analyses demonstrated that the relationships discussed are very similar if watershec
condition is alternatively expressed by road density (km/km _of watershed area,
May 1996).

The ecological condition and functioning of the benthic macroinvertebrate
community was expressed in terms of a Benthic Index of Biotic Integrity (B-IBI),
which accounts for the relative presence in the respective reaches of certain taxa
and trophic groups with varying •tolerances to stress (Kleindl 1995). Figure 1

• portrays the relationship betweenB-IBI values computed in 1994 and 1995 and
urbanization level, expressed by total impervious area as a percentage of the total
watershed (% TEA). Only reaches with TIA < 3.9 percent exhibited an index of 35
or greater. All B-IBI values of at least 25 were associated with watersheds having
no more than 11 percent impervious, with eight notable exceptions. These eight
points (B-IBI 25-31) were computed.for reaches on two streams having
contributing catchments with 25,34:percent TEA. Despite the moderately high lev_
of urbanization in these cases, these streams have more of their riparian areas in
intact wetlands (17.2-21.5 percent) than all but one of the 19 streams and have••
overall wider riparian zones (- 60 percent > 30 meters wide) than most cases of
similar urbanization level. These observations give an indication that maintenanc_
of the adjacent stream buffer zone may help ameliorate the effects of more'distanti

, urbanization. ,_
r

Setting aside these eight points, the general shape of the curve in Figure 1 indicate
a relatively rapidrate of decline in biological function as impervious area increase
to about 8 percent, following which the rate of decline appears to slow as urbanize
tion increases further. It appears from these data to be probable that Puget Sound
lowland streams would have a B-IBI of 15 or less with more than 45 percent

! imperviousness.

Among the salmonid fish, the research concentrated on the coho salmon
.d,,... (Oncorhynchus kisutch), the species arguably most vulnerable to iarban runoff
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Figure 2. -- Ratio of Coho Salmon to Cutthroat Troutin Puget Sound Lowland
Streams Over a Gradientof Watershed Impervious Land Cover

Water quality was examined in wet and dry season base flow and during runoff
from small (0.6-1.2 cm precipitation), medium (1.2-1.8 cm), and large (> 1.8 cm)
rain storms. Figure 3 illustrates a representative result, showing total zinc
concentrations versus TIA for all three storm sizes. •Alsoshown are acute and
chronic criteria for protection of aquatic life for the hardness prevailing in these
streams. The concentration was well below both criteria under all conditions until
TIA rose above 40 percent. The gaps between measured concentrations and
regulatory criteria were even greater for other metals. The distributions of storm
flow concentrations were similar for total suspended solids and Other contaminants.

•Base flow concentrations were generally lower. It does not appear that measured
water quality effects are strongly associated with the biological responses seen with
rather small.impervious proportions, in Figures. 1 and 2.

Figure 4 plots sediment zinc concentrations over the % TIA gradient. All were
• below the "lowest effect threshold" of the W.ashingtonDepartment of Ecology

(1991) freshwater sediment criteria and far below the "severe effect threshold." ,_.
The low measured concentrations relative to advisory or regulatory criteria were _0' r'-_t_t.
found with other metals as well. As with water quality, it appears that sediment _._ i_ ax_
quality does not change appreciably until urbanization reaches the vicinity of 50 •
percent impervious. Again, there is no sign of a strong association between

sediment quality and the biological changes that occur much earlier .during the .....
onset of urbanization, i

In contrast to the absence of associations between water 'and sediment qualitywith
relatively low and moderate levels of urbanization, increasing hydrologic
fluctuation seems to be an early harbinger of rising impervious cover. Discharge

/
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T.he ratio expresses the relative siream power, and thus physical stress on habitats'
and biota, exerted by storm runoff in relation to interevent conditions. The ratio is

consistently < 20 with TIA < 15 percent, mostly 20-30 with TIA = 20-40 percent,
and usually above 40 thereafter.
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Figure 5. Ratio of 2-Year Peak Flow to Winter Base Flow in Puget Sound
Lowland Stream Sediments Overa Gradient of Watershed Impervious Innd Cover

Several other habitat features have been related to urbanization as expressed by
impervious cover. Figure 6 shows, for example, the resuRs for large woody debris
quantity. This feature is particularly important in Northwest streams, providing
roughness that regulates velocities, cover tOfish, and aid in forming pools in which
fish feed and rest (McMahon and Hartman 1989). LWD moie numerous than 300

pieces/kin nevei" occurred when TIA was more than 9 percent, with two exceptions
where, respectively, Wood was •added to the channel in a habitat improvement
project and a culvert prevents wood movement downstream. Numbers were alway,

• below 100/kin.with TIA > 40 percent..As a second example, not illustrated, the
proportion of fines (< 0.85 mm) in the stream bed surface (top 10 cm) did not
exceed 16 percent until TIA went above.20 percent. Values were in the range 22-
27 percent fines with TIA at 45 percent or above, except where flushed by high
flows.

A major reason, probably the leading one, for the death of salmonid embryos in the
egg is ineffective dissolved oxygen (DO) interchange through fines that cover the
spawning grounds. Measurement of both water column and int_:agravel DO gave
the opportunity to assess this risk in relation to urbanization, as pictured in Figure
7. The ratio of intragravel to water column DO was above 90 percent in about halt
of the cases where TIA was 5 percent or less and above 80 percent for all but one c
the remainder. Values generally fell below 70 percent above 10 percent TIA, but
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attributes, it is reasonable to suppose that associations of similar form exist between
habitat conditions• and biology. This discussion explores those linkages:

• Watershed and =, Habiiat -- Biota

riparian characteristics conditions

Figure 8 illustrates how B-IBI varies in relation to the ratio of 2-year peak flow to
winter base flow. All indices of 35 or above were found in reaches where the

hydrologic ratio was below 20. With ratios of 39 and above all but one B-IBI value
was less than 20.
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FlguR 8. -- BenthicIndex of Biotic.Integrity in Relationto Ratioof 2-YearPeak
Flow to Winter Base Flow in Puget Sound Lowland Streams

Figure 9 shows the influence of the riparian zone on the biotic index. The highest
indices (>/= 35) were all found where at least 60 percent of the riparian buffer zone

• upstream of thesampling point was at least 30 meters wide, and the lowest (< 20)
where less than 50 percent of the buffer was that wide.

Also investigated, but not shown, was B-IBI versus percent fines (< 0.85 ram) in
the bed substratum. All indices >/= 35 were consistent with no more than 15

percent fines, whereas reaches with 22 percentor more fines all had B-IBI < 20.
The benthos thus appear to be quite sensitive to a relatively small alteration of the
substratum.

Finally, Figure 10 shows B-IBI and coho salmon/cutthroat troutratio in relation to a
Qualitative Habitat Ifidex. This index,was derived by assigning scores of 1-4 to 15
attributes and summing (May 1996). Coho salmon dominance is consistent with ]3-
IBI > 35 and a habitat index > 50. At the other extreme, cutthroat trout dominance
is absolute with B-IBI under 20 and habitat index less than 40.
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of hyd'rology further (Reineh and Homer I990). The widely recognized primacy of"

hydroperiod (inundation pattern, specifically its depth, frequency, and duration) as a
determinant of wetland ecosystem character (Mitsch and Oosselink 1993) produced
an interest in finding a convenient means of measuring and expressing hydroperiod
and investigating its relationship to biological communities on the one hand and

attributes of contributing watersheds on the other. Instantaneous and crest

(maximum since preceding measurement) water level readings were taken and used
in computing water level fluctuation (WLF) aS the difference between the crest and
the average instantaneous depth in a time period (Azous 1990, Taylor 1993).

Plant species richness (number of species represented) was found to decline with
increased mean annual WLF in the emergent (Figure 11) and scrub-shrub zones

(not shown). Richness differed Significantly (Mann-Whitney test, p < 0.002)
between areas with mean annual WLF above and below 22 cm in both zones. No

emergent are_ had more than 14 species if WLF exceeded 22 cm, whereas 30

percent of the areas with WLF < 22 cm had at least 16 species. In the higher WLF
group 33 percent had five or less species, in contrast to only 8 percent in the group
subject to less fluctuation. Very similar distinctions pertained to scrub-shrub zones.
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Figure 11. -- Emergent Zone Plant Species Richness in Relation to Mean Annlml
Water Level Fluctuation in Puget Sound Lowland Wetlands

Being restricted to wetlands for reproduction, amphibians represent a biological
indicator useful in assessing wetland condition. Figure 12 graphs richness in this
communi.ty during the baseline years of the study versus mean annual WLF and
presents a picture similar to the plant community. Of the wetlands with WLF <22
cm, 62 percent had five or more species, and all had at least three. Of the wetlands
in the group with WLF >/= 22 cm, 83 percent had four or less species. In later
years amphibians declined in all wetlands, whether affected by urbanization or not.
The reason for this decline is not known but may be the result of natural variation,
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Amphibians responded negatively to urbanization in a pattern similar to the
variation of WLF with imperviousness (Figure 13). Of the in.stances of highest

, amphibian richness (5 or more species), all were in water:sheds with 22 percent or
less impervious area, and 78 percent had watersheds with TIA < 6 percent. Another
observation for this group of wetlands, although not graphed, was that watershed
forest cover was at least 35 percent in 88 percent of the cases.
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Figure 13. -- Amphibian Species Richness in Puget Sound Lowland Wetlands
Over a Gradient of Watershed Impervious Land Cover

Conclusions and Implication_ for Watershed Management

Research in representative sets of Puget Sound lowland streams and wetlands has
shown that a host of physical habitat and biological characteristics change with
increasing urbanization in a continuous rather than threshold fashion. Although the
patterns of change differ among the attributes studied and are more strongly
evidenced for some than for others, physical and biological measures generally
were seen to change most rapidly from levels lightly affected by urbanization as

• : total impervious area increased to 5-8 percent. With greater urbanization, the rate
of alteration of habitat, and biology usually slowed. There was direct evidence in
both stream and wetland cases that altered watershed hydrology was at the source o
the overall changes observed.

Water quality measures and concentrations Ofmetals in sediments did not follow
this pattern. They did not change much o,/er the urbanization gradient until
imperviousness approached 50 percent. Even then water column Concentrations di
not surpass aquatic life criteria, and sediment concentrations remained far below

p freshwater sediment criteria.

, Thus, physical and biological change were seen to start early, almost immediately,
- ; in the urbanization process. Chemical pollutants did not exhibit a role in these

,,c.d.a=,,=.--.
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left..Holding the line can be successful if changes with negative tendencies are

compensated by actions that maintain the overall status in about the same position.
, Another management objective should be to use any available opportunities to

enhance the ecosystem structure and functioning. One of the leading strategies, on
the basis of both its feasibility and probably effectiveness, should be to protect the

riparian ,zone and, whenever _ossible, acquire riparian property and return it to a
natural condition.

\ RESOURCE

.u
01

__.O NON-D EGRADATI ON,
O

ENHANCEMENT

' "' Urbaniz_o_n Measure •

Figure 14. -- General Patternof Physical Habitat Characteristics in Puget Sound
Lowland Streams and Wetlands Over a Gradientof Urbanization, with Regions
Representing Different Watershed Management Objectives and Challenges

In the region on the left of the graph, resources have not be.onsubstantially affected •
and are likely to be highly valued. Here, a relatively small modification outside of

the aquatic system is likely to create a proportionately bigger change within. The
management objective would probably be to pr.eserve the resources. Accomplish-
ing this objective would requireintense management to control the amount and
location of impervious surfaces, maintain existing runoff storage capacity, prevent
disruption of riparian areas, and the like, avery difficultchallenge technically, and
perhaps even more so, politically. The only way to meet such an objective is
through strong preservation and regulation that allows very little and only certain -
typesof watershed alteration: Implementing this program may be possible only
with extensive property-owner incentives, government purchase of a large portion
of the contributing catchment, transfer of development rights to an already highly
degraded watershed, or some combination. Obviously, government could not mov,
in such a fi/shion, nor justify the political and economic costs, without a strong case
for the value of the resource thereby saved.
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