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1 INTRODUCTION

I Consultants is the Port of Seattle in the
Kennedy/Jenks assisting (Port) preliminary design of

a facility to augment flow in Des Moines Creek. A flowaugmentation facility would provide
benefits to the aquatic ecosystem during summer periodsof stress caused by elevated

I temperature and lowflow.
Potable water from Seattle Public Utilities(SPU) is currentlythe preferred source of water

i for creek flow augmentation. An active well, currentlyused for irrigationof the Tyee GolfCourse, may be an alternative water source. Discussionsof fights to the well water are
underway, and the Port may not be granted the rightto water from the well.

I Chlorine levels in the potable supply prior to discharge creek.
water will be reduced to the A

dechlodnation system utilizing sodium sulfite tablets will be installed in a contact basin to be

i constructed near the creek. The dechlorinated water will be aerated prior to discharge tothe creek. The augmentation system will be controlledbased on downstream flow and
temperature conditions.

I This report introduces preliminary design concepts for a flow augmentation system includingsystem design, control and selection of dechlorinationagents.
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2 FACILITY CONFIGURATION

I Figure1 illustratesthe proposedlocationandlayoutof theflow augmentationsystem.Aprocessflowdiagramis presentedin Figure2. A pipelinefor potablewater willbe
connectedto anexistingwatermain(usedfor firesuppression)locatedat the endof the

I SouthSafetyZone of Runway34R. A dechlorinationbasinwill be constructedjustdownstreamof theconfluenceof the EastandWestbranchesof Des MoinesCreek.
Sodiumsulfitetabletssuspendedina basketinthecontactbasinwillbe used ;for

j dechlorination.A mechanicalaeratorlocatedneartheeffluentendof the contactbasinwillreplacedissolvedoxygen{DO) consumedby thedechlorinationagent. Effluentwillbe
furtheraeratedas itflowsthrougha rock-linedchanneltotheoutfall. The riprap-filled

, channelwillsupplementaerationwhileminimizingerosionof the creekbank.A monitoringstation,locatedat an existingdownstreamweir,willallowmeasurementof
flow,temperature,and DO levels. A downstreammonitoringstationwillprovidefeedback

I_ controlbasedon creekflowandtemperatureconditions.The systemwillbeprogrammedtomaintaincreekflowsat I cubicfeet persecond(cfs)atthe monitoringstation. A residual
chlorineanalyzer,locatedat theeffluentend of the dechlorinationbasin,willsignalan alarm

I and triggera controllerto closethemakeupwatervalvewhenresidualchlorinereachesasetpointlevel.

H The preliminarydesignwascheckedagainstwetlandsmaps(Parametrix 1999). Nodelineatedwetlandswillbe impactedbythe proposeddesign.

!
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3 PROCESS COMPONENTS

3.1 Back'flowPrevention

I An approved backflowpreventerand flow meterwillbe installedon the pipelineupstreamofthe dechlorinationbasin. The systemwill be constructedwith an air gap of at least two pipe
diametersbetween the potable water sourceand the contact basin high water level.

I 3.2 Dechlorination Basin
The preliminarydesignincludesa chlorinecontactbasinbaffledina serpentine

! configurationto facilitatecontactwith the dechlodnationagentand minimize shortcircuiting.A figure for a similarcontact basin,currentlyin designfor the City of Portland, isattached.
The basinwill be constructedof cast-in-placeconcrete,and the floors of the basin channels

I will be sloped to drain to the effluentend of thestructure. Interiorbaffle wallswillcontainholesto allowcompletedrainingof thebasin.

Sodiumsulfitetablets,containedinmeshcagessuspendednear the influentof thecontact

I basin,will serve as the dechlodnationagent.
As discussed in Section 3.4, a residual chlorinemonitorwill be located at the effluentend of

_1_ thecontactbasin. If chlorineisdetectedin excessof thesetpoint,a controllerwillclosethe

makeupwatervalveand alert maintenancepersonnelto reloadthebasketwith
dechlorinationtablets.The setpointfor controlof residualchlorineconcentrationswillbe
establishedto meetwaterqualitystandardsfor thestream,if possible. More detailed
informationon controlof chlorineresidualwillbeprovidedinthe nextsubmittalto Ecology.

, 3.3 Aerator

I A mechanicalaerator/mixer will be locatedatthe effluentend of the dechlodnationbasinto
helprestoreDO levels.The aeratorwillbe mountedat the effluentendof the dechlorination

I basinraceways. A catalogcutof a typicalmechanicalaerator/mixeris includedinAppendixA.

3.4 AerationChannel and Ouffall to Creek
Treatedeffluentfromthedechlorination/aerationbasinwillflow throughan engineered
channelpriorto enteringthecreek.

Thedesignof the aerationchannelremainsto be finalized.However,the channelwill
provideadditionalaerationanddissipatetheflowenergyofthe dechlorinatedwater. The
channelwillbe 50 to 100 feet inlengthandexcavatedwitha trapezoidalcrosssection.The
channelwillhavea depthof at least2 feet, a base dimensionof about3 feet, anda
minimumsideslopeof 3 to 1. The bottomofthe channelwillbe coveredwith4 inchesof
1.5 inchminusgravelto preventscouring. The channelwillbe filledwit_largehand-placed
riprap0NSDOT9-12.3), whichshallbe angledandas irregularas possible.Sixtypercentof
theriprapfillshallhavea volumeof notlessthan 1 cubicfoot. No stoneshallbe usedwhich
is lessthan6 inchesthick.

D With channellengthof 50 to 100feet and a maximumflowof 1 cfs, a velocityofaboutI toa
1.5feet persecondisanticipatedat the pointof dischargeto the creek. At thisvelocity,flow
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' energy will be sufficientlydissipated to eliminate the need for an engineered outfall at the _ j
creek.

3.5 Process Instrumentation and Controls

i The facilitywill be automated to help supplement creek flow with dechlorinated SPU water.Controls will be housed in a small buildingto be constructednear the dechlorination basin.
The buildingwill also include a storage area for dechlorinationagent and spare equipment.

J Port maintenance staff will be trained to operate the dechiorination facility and associatedequipment.

I 3.5.1 Programmable Logic Controller
The flow augmentation system will be equipped with a programmable logic controller (PLC)

I_' • Monitor residual chlorine levels

to:

• Monitorcreek flow readingsfrom a meter located at the downstream weir

I • Close makeup water valve at elevated residualchlorine levels• Alarm at high residual chlorine levels
• Regulate position of makeup water valve accordingto creek flow rate and/or creek

_1_ temperatures at the downstream monitoringstation

• Alarm at low creek flow (less than 1 cfs)
• Alarm at high creek temperature (greater than 16°C).

3.5.2 Residual Chlorine Analyzer

i The Operation and Maintenance Plan for the flow augmentation facility will requiremaintenance personnel to resupplydechlorination tablets before the supply is consumed by
makeup water flow. However, as a safeguard, a residual chlorine monitor will be located at
the effluentend of the contact basin. The setpointfor controlof residual chlorine

I will be determined and included in the final submittal. When
concentrations design residual
chlorinelevels exceed the setpoint, a controllerwill close the makeup water valve and alert
maintenance personnel to refill the supply of dechlorinationtablets. The alarm will be linked

I by telemetry to the airport Maintenance Duty Officer (MDO). An MDO is continuouslyon-dutyand has direct radio contact to all airport operations and maintenance personnel.

I 3.5.3 Creek Monitorinq Station
instrumentationwill be installed at an existingmonitoring station downstream of the flow

i augmentationfacility to allow collection of performance data and a feedbacksignal for flowcontrol. The monitoring facility will be constructed at an existing weir on the reach of Des
Moines Creek between the confluence of the east and west branches and South 200_

Street. King County recently modified the weir to achieve more accurate measurements

I during low flows. It may possible to monitoringstation without further
be install the

modificationof the existing weir. A streamflow ratingcurve will be developed for the
modifiedweir and depths correspondingto a 1 cfs flow rate. More detailed informationon

k the monitoringstation design will be provided in the next submittal to Ecology.

i September2000 3-2 006081.00AR 025079
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Bq I Taylor and Associates provides consulting to the Port for water quality monitoring. Taylor

I and Associates have experience in developing monitoring and control equipment on similarflow augmentation projects. Commercially available probes with 4 to 20 milliamp signals will
sense flow and DO. A programmable logic controller such as a Campbell Scientific CRIOX

i or CR500 will monitor the probes, record data, and regulate the position of the makeupwater valve. Such units can also be configuredto provide remote access, query, and
remote programming via cellular phone or hard-wiredtechnology;or alternatively,

i incorporated into the Port's telemetered maintenance/operation system.Temperature and flow data will be collected at 15-minute intervals. The final submittal to
Ecologywill include specificcontrol strategies. For instance, thenumber of deviations or

I duration of deviation from the control point necessary to activate the makeup water valve willbe established. The inclusion of a programmed delayed start would eliminate false starts
due to the system noise inherent in environmental monitoring and control systems.

I.
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4 DECHLORINATIONCHEMICALALTERNATIVES

I 4,1 General

A numberof chemicalscanbe usedas dechlorinationagents. Sodiumbisulfite,calcium

I thiosulfate,sulfurdioxide,ascorbicacid,sodiumsulfite,and sodiumthiosuffateareevaluatedbelow.

I 4.2 Calcium Thiosulfate
The reactionof calciumthiosulfateis morecomplexthanthe sodiumbisulfiteor sulfur
dioxidereactions.The threemostcommonreactionsareas follows:

I CaSzOs+ CI2+ H20 -->CaSO4+ S + 2HCI

CAS203+ 2CI2+ 3H20 _ Ca(HSO3)2+ S + 4HCI

I, CAS203+ 4CI2+ 5H20 _ CaSO4+ H2SO4+ 8HCI

Thirty percent calcium thiosulfate is a clearsolutionwith little odor and a pH of 6.5 to 7.5. It

isa NSF60-approvedchemical. Calciumthiosulfatedoesnotbreak down or crystallizeandthushasa longshelf life. Becauseit isnon-toxic,accidentaloverdosingwouldnotcause
waterqualityproblemsinthe receivingwaters. Furthermore,calciumthiosulfateisnotan

oxygenscavenger.

The chemicalis readilyavailablefromBestSLJlfurProductsand wouldbe shippedfrom
Fresno,California. The manufacturerrecommendsa 1- to 2-minute contacttimeforchlorine /

residuallimitationsnear zero. An alternativefor thisapplicationisto overdosethechemical
so that contacttimesof I minuteorlesswillsuffice.Continuousoverdosingof calcium
thiosulfatecan leadto thiobacillusgrowthinthe receivingwater, but onlyin continuous

I dechlorinationapplications.

4.3 Sodium Bisulfite

I Sodiumbisulfitereactswithchlorine asfollows:

NaHSOz+ CI2+ H20 -_ NaHSO4+2 HCI

I Twenty-fivepercentsodiumbisulfitehasa pH range of4.2 to 5.5, is nearly25 percent
heavierthanwater,and is considereda hazardouschemical.As sodiumbisulfite

I, decomposes,it formssulfur dioxideas an offgas. The reactiontimerequiredto completethedechlorinatlonreactionis estimatedat 15 to 20 seconds,whichis longerthan forsulfur
dioxidebutshorterthanforcalciumthiosulfate.The requiredchlorine-to-sodium-bisulfite

I ratiois 1 to 1.46. Sodiumbisulfiteisusedfor dechlorinationin manymunicipalinstallations,especiallywastewatertreatmentplants,and is producedat variouslocationsincluding
TacomaandSalt Lake City. Traditionalsodiumbisulfiteinstallationsuse a 38 percent

i solution.A concentrationof 25 percentsodiumbisulfitemay sufficeforthis application.Thirty-eightpercentsodiumbisulfitehassignificantlygreater off-gassingandcrystallization
problemsthan 25 percent.
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4.4 Sulfur Dioxide

I! Sulfur dioxide is a toxic, hazardous gas that is storedand fed in a similar manner to chlorine.
Historically, it has been the most commonlyused method of dechlorination. It can be
withdrawn from ton containers in liquidor gas form. Sulfur dioxideis covered bythe Risk

I Plan (RMP) Rule, and its use would require a scrubber Because of
Management system.
the safety risks associated with gaseous chemicals,sulfur dioxide is not a viable alternative.

I 4.5 Ascorbic Acid
Ascorbic acid, also known as Vitamin C, is used for dechloramination by kidney dialysis

I patients and is generally available in powder form in 50-lb. bags. Use of the powderedchemical would require more handling by operators than a liquidproduct. Two
disadvantages of ascorbic acid are that it has a biological oxygen demand component, and

i it significantly lowers the pH of the water. Because a liquid ascorbic acid solution loses its, strength after I to 2 days of storage, ascorbic acid must be stored in powdered form. Due to
its short shelf life, frequent batching of small volumes of ascorbic acid would be necessary.

I 4.6 Sodium Thiosulfate

Sodiumthiosulfate, which is available in bothdry and liquidforms, is commonly used as a

I dechlorinating agent in the laboratory and in pulp and paper dechlorinating applications. Inhis Handbook of Chlorination, White indicates that while satisfactory for laboratory work,

,_ sodium thiosulfate reacts slowly with chlorine and is not amenable to metering control
situations. It is significantly more effective at low pH levels.

4.7 Sodium Sulfite

I Sodium sulfite, which is used in tablet form, is commonly used to dechlorinate hydrantflushes. It is available with tablet feeders for use with continuous flows. Two significant
disadvantages of sodium sulfite are lack of control and its hygroscopic nature.

I Kennedy/Jenks has participated in projects with large flows in which dechlorination tabletsare contained in mesh cages. Mesh cages containing sodium sulfite are also proposed for
the Des Moines Creek flow augmentation project. The primary advantage of sodium sulfite is

I its passive nature (no pumping required).
Kennedy/Jenks conducted dechloramination field tests with sodium sulfite tablets for the

i San Francisco area's East Bay Municipal Utility District. The study showed that the tabletswere effective in removing chl_ramines in 1 minute or less. The study also showed that
increased sodium sulfite concentrations (above stoichiometricquantities) did not have an
apparent effect on contact time requirements. Recently Kennedy/Jenks and the Portland

I Bureau of Water Works conducted additional testing as part of an American Water Works
Association Research Foundation (AWWARF) funded study. The AWWARF study, which
did not include multipledosing, confirmed that a contact time of 1 minute would likely be

I adequate.

4.8 Summary of Dechlorination Alternatives

Sodium sulfite is the most feasible alternative for dechlorination of the Des Moines Creekflow augmentation stream. Sodium sulfite offers the advantage of not requiringany pumps

, or controls. However, it would be necessary for the sodium sulfite tablets to be installed

I September2000 4-2 006081.00AR 025082
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le
and/orreplacedpriorto operationof thedechlorinationbasin. Whenthe systemis notin

I operation,the tabletswill adsorbmoisturefromthe airand need to be replaced periodically.With properaerationof-theeffluentstreamandinstrumentationsignalingthe needto
rechargethe supplyof tablets,,sodiumsulfiteappearstobe the mostappropriate

I dechlorinationagent for thisapplication.

I
I
m.

I
I

I
I
I
I
I
I
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le 5 SUMMARY

I A systemfor dechlorination of SPU potable water is proposed. A baffled concrete basin willprovide contact time for dechlorination. The dechlorinationagent, in the form of sodium
sulfitetablets, will be contained in mesh cages suspendedat the inlet of the contact basin.

I A mechanical aerator will be placed at the effluentend of the basin to restore the DO saginduced by the dechlorination agent. A riprap-filledchannel will provide passive aeration
and dissipate the energy of makeup water flow intothe creek. A PLC will regulate flow and

J signal maintenance personnel to recharge the sodium sulfite.

I
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AIRE-O2® ASPIRATOR• MICROFLOAT ®.

Famous for over 25 years of unequaled performance, aerosoling and superior 02 transfer. The compact
Aeration Industries has expanded its line of quality MICROFLOATsystem incorporates micron-sized bubbles

products, some of which are shown here. Clockwise to achieve 95% FOG removal at half the cost of DAF.

from top left is the new AIRE-O2 Slow Speed MIXER, a And our flagship product - the AIRE-O2 Aspirator

powerful unit with a very large, low RPM PowerMix Aerator, the industry work horse, delivers high efficiency,
propeller for high-rate, low cost mixing.The UNISYSTEM reliability, dependability and affordabillty from 2 to

an expandable, smallfoot print, continuous-flow 100 HP sizes. You know us as the leader and the
_ological treatment system. The AIRE-O2TURBO TM company you can depend on when you need solutions.
produces a high volume, low spray pattern with less If¥ou need a custom solution, give us a call.

_ AERATION
w WW. a i re 0 :. c 0 m ][N]D_ Toll-free: 1-800-328,8287Phone: 612-44R-6789

©1..99_9.A.e.ratlonIndustriesIntl, Inc. _I]LPIO_ INC. Fax: 612.448-7293
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