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1.0 INTRODUCTION"

1.1 PURI_SE AND BACKGROUND

ThisDes Moines CreekFlow Augmentation Plan describes the desiga, operation, and monitoring
of a streamilow augmentation facility that will be constructed on Port of Seattle (Port) pmpervy
at the Tyee Valley Golf Course near Seattle-Tacoma Imernauonal Airport. The flow
augmentationfacilitywillsupplyupto400gpm (0.88cfs)ofwatertoDes MoinesCreekfrom
an existing groundwaterwell on Port property. Inu-oducuonof the cool well wa_erto the stream
should improve wazer quality and aquatic habitat during critical low flow periods in mid- to late
b'UI11mer.

The plan forproviding flow augmentation to Des Moines Cr_k was originally proposed by King
County as part of the 1997 Des Momes Creek Basin Plan to mitigate existing or potential
cumulative impacts on Des Moines Creek baseflows. The Port subsequently incorporated the
plan m Section 2.1 of Amended Wetland Mitigation Plan and Supporting Documents, July 15,
1998, which was prepared in support of the Section 401 Water Quality Certification for the
proposed Master Plan projects. On July 20, 1998 the State of Washington Department of
Ecology (Ecology) issued Order 96-4-02325: Port of Seattle Master Plan Improvements (the
Order) requiring the Port to issue an operations plan to Ecology describing how the flow
augmentation will be implemented. This Plan was prepared m response to that Order.

King County is preparingfeasibility and engineering studies to implement this and other adopted
Basin Plan elements. This operations plan would be modified by King County as necessary to
meet Basin Plan objectives.

1.2 OPERATIONAL CRITERIA

The water supply for the flow augmentation facility will come from an existing well located on
Portproperty. Well water will be pumped to the stream at a location just below the confluence
of the East Branch and West Branch of Des Moines Creek based on the following criteria:

• When the streamflow rate immediately below the confluence drops below 1.0 cfs; or
• When the water temperature at that location is above a temperature considered

detrimentalto existing uses (16 ° C in the Order).
• Flow augmentationwill occur between May and October.

Stream monitoring data will be reviewed after the first full year of operation to determine the
effectiveness of these operationalcriteria, and modificationswill be made as appropriate(subject
to Ecology approval).
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To meet these objectives, a water supply of 400 gpm (0.88 cfs) is proposed. Streamflow
monitoring datacollected by King County during 1996 and 1997 reporteda mimmum flow in the
stream during this period of approximately 0.3 ¢fs. Thus, a 400 gpm well capacity should be
able to maintain the 1.0 cfs minimum flow. The 1996-97 momtormg data indicate that the pump
would need to operate between two and six weeks annually to maintain the 1.0 cfs minimum
flow.

Temperaun-emonitoring d_tt collected for the Basin Plan during 1996 showed that stream
temperann-esat South 200 thStreet exceeded 16° C on only a few days during the months of
April, May; on several days in June; and almost daily during July and August (the reporteddata
ended on September 6, 1996). High water temperatures did not necessarily correspond to low
streamflow rates, but appear to be more influenced by warm air mmperamre. During the period
April 1 to September 6, 1996 the water temperatureexceeded 16° C a total of 120 days, or about
75% of the days. Since the _ temperature probably exceeded 16° C during many days in
September and October, the well pump would have to be operated at least 120 days per year on
average to meet a 16° C temperatm-ecriteria.

The amount of pumping needed for keeping stream temperatures at 16° C may require a
significant volume of water from the aquifer,potentially exceeding the available water right. In
addition,a large amount of pumping may not be justified ff the benefit of flow augmentation for
temperaua-econtrol has only limited effectiveness downstream. As discussed below in Section
3.1, the monitoring plan includes testing during the first year of operation to determine the
effects of various temperature settings between 16° and 19° C on downstream temperatures and
the correspondingpumping requirements at those levels.

1.3 WATER RIGHTS

The flow augmentation project will require a new or modified water right obtained from Ecology
for consumptive use of groundwater. Water for the project would be obtained fi'om either the
golf course well or a nearby inactive well (see Section 2.2). These wells were originally
constructed by King County Water District 75 (now Highline WaterDistrict) formunicipal water
supply. In addition, another abandoned KCWD 75 well is located on Port property, and an
abandoned well owned by the Port of Seattle is located in the vicinity of the terminal parking
garage. The KCWD 75 wells were abandoned several decades ago when the district was
connected to City of Seattle water.

A preliminary search of water rights records filed with Ecology provided information on existing
water rights that are associated with wells located on Port property. This information is
summarized in Table 1-1. Copies of the certificates and associated documents are contained in

Appendix A. In addition to these certificates, the Port has also filed a water rights claim for
groundwater used for irrigation at the Tyee Valley Golf Course. That claim, which has a priority
date of 1967, claimed an irrigationuse of 450 gpm and 244 ac-R/yr from the former KCWD 75
water supply well. According to Highline Water District there is no formal agreement between
the district and the Port foruse of the well for irrigation.
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Table1-I. Water rightson Port of Sesttle property

Water Right
Certificate Instant. Annual

Well N_...'--_r Rate Qnsnfi_ Status
Golfcourse 2369 400 gpm 560 ac-_yr Co_a-a_-_edin 1949by KCWD75

formunicipalwater supply.
Cm'rentlyusedfor golf course
imgauon.

Inactivewell near 2191 750 gpm 600 ac-ft/yr Co_d in 1953by KCWD75
golf coursewell for municipalwatersupply.C_=_,.tly inactive.Well capis

visible on 3ntfairway.

AbandonedPortof 5233 250 gpm 82 ac-ft/yr Conslructedin 1965by Portof
Seattlewell (under Sea_e for _ngation andcondenser
ter_-,*! parking wateruses. Currentlyabandoned.
garage)
Abandonedwell 2376 350 gpm 560 ac-_yr Consn'uctedin 1954 by KCWD75
(underRunway for municipalwatersupply.In 1962

thewaterrightsforthiswell were
34Rsafetyfill), assignedm Portof Seattle.

Ct=_=_flvabandoned.

It .appears from these water rights documents that the Port has a total potential water fight of 600
gpm from two abandoned wells (from certificates 5233 and 2376). The ownersl_p status of the
water rights from these two wells, as well as the other two KCWD 75 wells (whose land parcels
were purchased during previous land acquisition programs), would have to be clarified by
Ecology. Following this, documentation for transfer or change of water rights for the project
will be provided to Ecology. It is anticipated that the water rights fi'om one or more of these
wells would be transferred to the Port for the flow augmentation project and assigned the

"environmental quality" purpose of use designation.
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2.0 PROPOSED DESIGN

A descriptionof available wells, well modifications that are needed for the flow augmentation
system, and the control system to operate the system is provided below. The flow augmentation
system will be designed to be fully automated. It will al_ not interfere with the existing golf
course irrigation system, which would operate on a different pumping schedule. A conceptual
design plan of a flow augmentation system is shown on Figure 1.

2.1 EXISTING WELLS

Two wells having sufficient capacity for the project are located at the southern end of Tyee
Valley Golf Course. The well presently being used to irrigate the golf course (Certificate N,_
2369) is located at a pump house located just east of the 3TM fairway and north of South 200
Street. Based on the well log provided with the water right certificate, this well has a 12-inch
casingextendingfromthesurfaceto245feet,andan g-inchcasingfrom245 feetto545feet.
Wellperforations(I/4"x 4")extendbetweenthe72-footand160-footdepths,andbetweenthe
190-footand243-footdepths.

AccordingtoRoy Moore,thegolfcoursemanager,apreviouspump testshowedthegolfcourse
wellhasacapacityof1,200gpm withaneight-footdrawdown (documentationofthattestcould
notbe located).The waterlevelisapparentlynearthesurface.The maximum productionis
reportedtobe 350gpm,andislimitedby thesizeoftheirrigationsysteminstalledforthegolf
course.A turbinepump isinstalledinthewell,andtheheaderlinefromthepump iseight-inch
diametersteelThewellcasingappearstobeingoodcondition.

Thesecondwell(CertificateNo.2191)isaninactivewelllocatedwithinthe3_efairway.Itwas
abandonedasa watersupplywellseveraldecadesago,butapparentlyisstillusable(itis
reportedtobeartesian).Thedrillinglogreportedapump testcapacityof750gpm fortiffswell,
butnootherinformationontheweU wasfound.Sincethiswellislocatedinthefairway,apump
houseforthewellwouldneedtobeconstructedundergroundtoavoiddisruptingthegolfcourse.

Basedonavailableinformation,itappearslikelythatbothwellshavesufficientcapacitytoserve
theflowaugmentationsystemonDesMoinesCreek.Furtherinvestigationsshouldbeconducted
duringthedesignphasetogathermoreinformationonthesewells.

2.2 WELL UPGRAGES, CONVEYANCE SYSTEM, AND STREAM DISCHARGE

Two alternativedesigns arediscussed below and shown on Figure 1. Selection of the preferred
alternative would be made during the design phase after the condition of the existing wells is
thoroughly investigated, the costs of upgrading the existing well versus installing new equipment
at the inactive well are compared,andwater rights permitting is addressed.
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Alternative 1 would use the exi,Cdng golf course well. Since the existing 350 gpm pump at that
well is at capacity for the irrigation needs of the golf come, the pump, motor, electrical service,
and control system would need to be upgraded. A pump with a flow capacity of 800-1,000

gallons per minute would be required. A turbine pump is recommended for this size and depth
of inlet pipe. The pump house may also need remodeling to contain the new equipment.

Alternative 2 would use the inactive well located in the 3'e fairway. To reactivate the well. and
not make the 3'd fairway unsuitable for goli_ a vault would be installed over the well. Access to

the underground vault would be through a small hatch of approximately two feet by four feet. A
variable speed submersible pump with a minimum capacity of 400 gpm is recommended for this
well. The variable speed pump would allow flexible operation of the flow auementation system.

The pump controls would be located m a new control house adjacent to the stream monitoring
station. This house would also contain all the sensors, gauges and readouts for the monitoring
station.

A new 8-inch PVC pipe would be inst_lled between the pump house and the flow augmentation
outlet. The pipe would be buried at least two feet below ground surface to protect the pipe fi'om
freezing and crushing. The outlet to Des Moines Creek would be located just below the
confluence of the West Branch and East Branch. The outlet would consist of a manhole-type

structure that acts as a stilling basin, followed by a 20-foot channel of small riprap or quarry

spalls leading to the stream. Water cascading down the rock channel would aerate the
groundwater before it enters the stream. The entry to the stream would be designed to prevent
erosion of the existing channel.

2,3 FLOW AND TEMPERATURE MONITORING

Three concrete weirs were constructed along Des Moines Creek above South 200 _ Street during
the 1960s to control erosion along this portion of the stream. Currently, King County operates a
stream gauging station at the furthest upstream weir, which is located about midway between the
confluence of the West and East Branches and South 200 th Street. It is proposed that a

monitoring station be located at that weir to measure stream stage and temperature, and possibly
contain the pump control equipment. The rectangular weir would be modified by adding a V-
notch plate or by installing a ParshaI1 flume to achieve more accurate flow measurement at low
flow. A trash rack would be installed to prevent debris from accumulating in the flow
measurement section, and a stilling well would be constructed at the weir to contain the sensors.

An ultrasonic sensor will be used to continually monitor the stream depth at the weir. Using a

streamflow rating curve that is established for the weir, the flow depth corresponding to a flow
rate of 1.0 cfs will be determined and used by the well control system to set the pump variable
speed rate for flow augmentation. A 4-20 ma signal fi'om the level sensor will automatically
adjust the variable speed pumping rate to maintain a 1.0 cfs minimum flow rate.

Temperature measurements would be made using a thermister probe at or near the stream gauge
stilling well. As with the streamflow measurements, temperatures would be converted to a 4-20
ma signal.The pump controlswould respondtothetemperaturereadingsina mannersimilarto

Sea_le-TacomalmernazionalAirport 6 Port of Seattle
DesMoines CreekFlowAugmemmionPlan Augu._ 18, 1998

AR 041737



that for the flow readings. When the water temperauae is above the tmtablished temperature
criteria, water would be pumped mm the stream at a rate proportional to the temperature
difference, up to a maximum of 400 gpm. When the stream temperature drops below established
temperature criteria, the pump flow would be ramped down while maintaining a minimum flow
rate of 1.0 cfs.

A d_m loggerlocatodatthemonitoringstationwillrecordcontinuous(i.e.,15-minuteinterval)

readings of mxeam stage, stream temperature, pumping rate, and pumping time. These data will
constitute the permanent monitoring rec,ord of the flow augmentation system.
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3.0 MONITORING AND MAINTENANCE

3.1 MONITORING PLAN

A monitoring plan will be implemented to collect streamflow and temperature data in Des
Moines Creek. The objectives of the monitoring plan are to:

• Obtain streamflow measurements at the monitoring station to calibrate the flow

gauging equipment.
• Obtain strcamflow and temperature data at several locations above and below the

flow auEffnentation point to evaluate the effectiveness of different pumping rates on
su-camflow levels, temperature control, and dissolved oxygen.

• Establish a permanent and continuous monitoring system to document groundwater

pumping rates, the total annual quantity of water used, and compliance with
Ecology's Order.

In addition, potential improvements to instream habitat due to increased low flows could be
evaluated using the Instrcam Flow Incren_ental Methodology (IFIM) model developed for Des
Moines Creek for the basin plan. This element of the re•rot•ring plan will be conducted by King

County as part of the con_nuing Des Momes Creek Basin Plan program.

A summary of specific monitoring activities is provided in Table 3-1. These elements of the
monitoring plan will be further detailed in the Inspection and Maintenance Manual (Section 3.2).

Table3-1. Monitoringplan

Activil'v l_.th_¢ andl__c__tions Period and Freqtiea_,"
1. Motor•ringstationrating Severalpointmeasurementsof su-eamflow Up to stxmeal_u,_.t_ afterweir
curve rateandstageatre•rot•ring_ttion weir. modificationsand gaugingstation

insudlation.

2. Firstyearmonitoring Pointmeas_ts of temperatureand Up to 12monitoringeventsto
andpumpflowtesting dissolvedoxygenat: evaluateeffectivenessof different

• Confluence temperaturecriteria(i.e., 16°, 17",
• South200" Street 18°, and 19° C)on six•amwa_-r
• South208* Sm:et quality.To be conductedin mid
• MidwayWWTP summerwhen sub.amflow is above1.0 cfs and weather isstable.

Continuousmonitoringof flowand
tL.mperamreat monitoringstation,pumping
ratesand volumeat pumpstation,

3. Permanentmotor•ring Continuousmotor•ringof flow and AnnuallyduringMay-Oct•be:flow
temperatureatmotor•ringstation,pumping augmentationperiod.
ratesand volumeatpumpstation.

5eanle-TacomaImemmional Airport 8 ,Donof Seattle
DesMoines Creek FlowAugmentation Plan August 18, 1998

AR 041739



3.2 INSPECTION AND MAINTENANCE MANUAL

Following construction of the flow augmentation facility, an inspection and maintenance manual
will be prepared to provide guidance for Port of Seattle employees who will inspect and maintain
the facility. The propose of the manualis to ensurethatthe facility is inspected and maintainedon a
regularbasis, and the facilityremainsfimctioning as designed. Similar manuals have been prepared
forthe Port's stormwaterdetentionfacilities, includingnearbyTyee Pond.

The inspectionandmaintenancemanualwill include the following sections:

• Facility description andoperation
• Site access

• Personnelandemergencycontacts
• Inspectionandmaintenanceprocedures
• Inspection and maintenanceschedule
• Inspection form and maintenance checklist
• Monitoringplan
• Monitoring station datadownloading

Regularinspection of the facility will occur monthly between May and Octoberof each year, and
twice monthly during July and August. The facility will be shut down between November and
April, when no flow augmentation is required and the pump and conveyance system are
dewateredfor the winter.

3.3 ANNUAL REPORT

An annual reportdocumenting rates and volume of groundwater flow augmentation, streamflow
rates and temperature at the momtoring station, and a summary of the operations during the year
will be prepared at the conclusion of each season. The report will be issued the following
January.
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4.0 IMPLEMENTATION

4.1 S_ULE

An estimatedschedule for implementing the proposed Des Moines Creek flow aum'nentation

system is summarized in Table 4-1. Project startup and monitoring activities are contingent on

obtaining a water right from Ecology. Project delay would occur if the water right cannot be
secured by the planned stanup date.

Table 4-1. Implementation schedule

Aetivtrv Date Comments
1,0 Design
1.1 Flow augmentation plan August 20, 1998 This document.
1.2Preliminarydesign FebruaryI,1999 Preparedby.KingCounV
1.3WaterRightsapplication FebruaryI,1999 PreparedbyKingCounty
1.4Finaldesign June I,1999 Prepared by KingCounty

2.0 Construction

2.1Momtoringstation July1999 Constructedby KingCounty
2,2Flowaugmentationsystem July-August.1999 ConslructedbyKingCounty
2.3C.ah'bnmonandtesmag September,1999

2.4Stsrmp May I,2000 Contingentonobtainingwaternghts

3.0 Monitoring
3.1 Monitoring station ral_ngcurve July-September, 1999
3.2 Firstyear monitoring May-Ocwber, 2000
3.3 Operational review December, 2000 Review and possible revision of

ogx-mtional criteria

3.4 Start of permanent momtoring May 1.2000 Annual reports issued m January.

4.2 FUNDING OF MAINTENANCE AND OPERATIONS

Maintenance and operation of the Des Moines Creek flow augmentation facility will be funded
by the Port of Seattle.

4.3 CONTINGENCY

Should the flow augmentationprojectnot succeed,such as due to the inabilityto obtaina new

waterrightfrom the wellsdescribedabove,otheroptionsforflow augmentation willbe pursued.
Thiseffortwould be primarilydirectedatacquiringotherwaterrightsinthebasin.
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D';vi-.;on of Wa:er Resou:'ce=

De.Dar:men_ of Co.nserv_lon
0lS"mpia,

--s---n6-_n :-..

F--_: ._ili::g As,_-_r,me.-._Of Water Rig_,_s, : .'.'.:$: "For', oi" Seattle Re: -SEA-'2AC. FAA ....

Pro._ec- N:. '_= "

Dear Sir: - :

_-':_.io_edfor fL!I::,--.__-'_an ori_inal co.=:,"_f a._

Asclgnmen: of WaZer F_LE!'..:-_ b'.":._.e F_nZ Cc':n_2 Wazer Dis- .: " ""
tr'.:.,"_o. 75 :o _:ne Por_ of Sea:zie. . ,..

Erclcsed .:ou will also find a =neck i:: :he s.-.oun: ,..
Of $".CC' _O covet "-';.__ .-_-.._"_'"._-_... "- :

• ; "_. _'3. ,.
,'e.--."-._iy :;cur-,, ",":,-,,C-_

. .':_,r_.:'.
---0'.'-_--E,_OG TM & GA,'_ "_-" ....

,/

,.,, , .. • . ,,, j,_':.
__er_r_.-.L. Ne.-.=ger, Jr. . _'_"._"•.., "..-:

co: Pot- _-f Sea_'cle "':"'_*
A_n: _.L.-. Howarc M. _"'"" :-':"

P_r: C_rr.lsslonerz (6) .:.'."_-

• _-_'i.._,

c- _-"/m .,._ .'C,

7'-,("-%""'{-/

I_ L_ .I
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Oecc4n_erE6, _-_62

Bogle, Bogle & Gates
_.4_ Floor Norton Building
Se,'_.tle4, Washington

ATTE,_,rTIO_J:Bern'amL. l_,ef_er, Jr.

Gentlemen:

Re: GroundWater Certificate No. 2_376,
King CountyWater Dis_Jct No. 75

Rece!;:Lis acknow:edgedof your letter of Decm:ber2 ] containing a copy of an
assignmenttransferring King CountyDistrict's Interest in said water right to Lhe
Oortof Seattle, together with warrant in the amountof $4 to record the trar,sfer.

Oleasebe advlse_ that Section 90.03._10 RCW authorizes the transf_ of
applications and permits only and once the apwoprlaJLionhas rlpeneO into a certl,_icmLe
of water right, It becomesapm,_.enantto the propertyand title to the water right
passesamtomalLicallywith the title to the W,apes'ty. For that reasonwe would not be
able to foemaJty process the assignment and change ownership as shown on the
certificate. Howe'.'er, we w|lJ pJ,_e the col_j of the assignment in file No. 2376 to
show Uutt the Pert ot: Seattle now has title to the water dght and any future correspondence
wJJlbe directed to their atttentJon.

Your warrant in the amountof $4 Is ret=_ed herewith.

Very Uuly yours,

DEPARTMENT OF CONSERVATION
EAR" COE, DIRECTOR

ROSERT H. RUSSELL, Asst. Supervlsnr
Division of Water Resources

RHR: jo
Enc.

L
L_ _/
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CI:_CA_ R'_'o:_ _'c. 11 . PA_ No., ;r_'.'._.?_.t

ST^T¢ or W_.sx_cro_. Coc_r:-Yor. _ ........................

Certcste of Ground Wa;er Right
V |r_uec: .P. ,,-*cOr,'_n¢_ w:|h I1,_ r,Yorurtort.q of C.'_aoter _ ]L,llWS of WaJl+tdnlrtcm h.r II),l_. +l.,'l¢lamtmo,.'nt_,_ "..ber_. and the

IPj|leS ltn_ rl,,-'_._;J:|ot_; o,' the. bt&te SLIp/'PYMIOT Of _'IIIRT. ][_IIOUI%'I$ tJl=_Ct".UttRl&q'.

Tins Is vo Cx:_" T_r _ _ ¢r st,¢_ _¢o_2=I ........................

o.f_ .c,,¢_.t.1,l.,,,_ ........................ _ _.._.-"_oo+

¢o tn¢ ._a:L+.fart,o,ao+zhe SzazcSup_ez'L+e-of W'ozeyR¢+'ourcesoj Wa._hrngtm'..oSa _ch: to zhe u_e o.f

¢ he _OU " d tat _S Oy a" _ ................................................ ........................

+oc_:edu,++h:, li_ll_ ...........................................................

See... 33 ,7'u_. _ N.. R... h Z. W.M......................................

zmdeyand ,_zb_,ectto proz.Lsionseontnmed :e: Ground W'etePPe_'nzi:._o... 6_ ..... i._'-,ed by :he 3==:e

Ruperruoy of Wnter Resources and that ._cz_righ: re the uJc of _oid ground wa:ers ha_ bee+'._u_'/ecte ,+

inaccordanceu':th:helawsofWashmgzor,.and isherebl/con#treedby r.heSza_eSupe'rv_w'.oyWater

Resources of _'cxhmg=o_ and entered o: --co_-_ i_ Volu_ ...... J_ ...... aZ poge. _

¢tza:+he_gh_ hcrcbli confirmed dates ._ro_,. ..... _. 5, _._i,_.... ; that the qumzt_j oy ground

wcr._" under _};c r_yh: hereb?j confi_ed -: the purpose.+ a_Foye.+ni_,is lL-_n+Jed¢o an o_m,-n.+ ac¢,,_II_/

be'ne_cml;, ;t._e_.for sn_dpurposes, c?z_; ..::: not e=:ceed....._...la3J,_-I_JPm_...._.A..a2..__an_lk

......j_+j,m_.,.t_..._.t_+..._tA._e- .2..m,...t=e..a,_._.4e,_.+_..mm._

Speem'+pPoriaion.sreqmred b_jtheSu_c.t+'_o'ro_Wat_ Reso_cez:................................................

A deserz_t:o_ of :he |_nd,_"Zo tchzc_:_,+"_ grou,zd zL':.'zer_g_z L_c_,'_u,'z¢_qanz:

Ike_..la,-_/aeem Y_dmmatt_nl CLrlm_, IJ.tll_ T. 23 l., I. • Z.W.I.

+
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