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EXECUTIVE SUMMARY

This reportpresents the analysesperformedto estimate the timing andvolume of discharges to local
receiving stre_rn._and wetlands during low-flow periods fi'om Seattle-Tacoma lute'national Airport
(STIA) considering imp_vements defined in the Port of Se_flc's MasterPlan Update. This report
also presents a Flow hupact OffsetFacility Plan, which is the Port's proposal to offset impacts to
flows in the receiving waters during annual low-stream.flowperiods, typically experienc¢_ in late
summer/early fall. The plan is based on a detailed evaluation of the hydrologic impacts of the
proposed third runway mabanlanent and associated non-hydrologic impacts (cessation of water use
and removal of septic tanks on propertiespurchased by the Port) on strvandlow in Miller, Walker,
and Des Moines Creeks. This report is submitted in response to condition L1 of the Water Quality
Certification (#1996-4-02S25 [Amended - 1]) issued by the W_L_hingtonState Department of
Ecology ('Ecology)on September21, 2001. The report builds uponprevious reports byEarth Teeh
(December 2000), Paci_e Groundwater Group (June 2000, August 2001), and Parametrix
(December 2000, luly 200I). Earth Tech, Pacific Groundwater Group,Aqua Terra, HN'rB, Foster
Wheeler, and Pat-ametrixprepared maly_es presented in this report, and Hydroeomp contributed
technical review of modeling analyses. Ecology was consulted dm'ing the development of the plan
to ensure that agency concerns are addressed in this report.

Impacts to streamflow in the three streams were evaluatedusing a suite of modeling tools. The
Hydrologic Simulation Program - FORTRAN (HSPF) was used to develop overall stormwater
models of STIA (existing eonditiom and proposed conditions), as described in the Comprehensive
Stor'mwater Management Plan (SMP) (Parametrix 2000a, 2001a). These models were also used to
_¢aluate stormwater flows and volumes in the low-flow malysis. The hydrologic properties of the
propos_ third runway embankment were modeled using a eombimtion of Hydrus and a finite-
difference Sliee model. Hydrtmwas used to simulate the mow_m=xtof water between the root zone
and water table in the proposed embankment, and the Slice model was used to simulate the
movement of water through the satm'ated portion of the proposed emban]anent. Results of the
Hydras and Slice modeling were incorporated back into the HSPF model to _sfimate the post-
construction flows. By comparing these results to the pre-pmjeet conditions, the impacts of the
proposed embankment on streamflows were determinext Non-hydrologic impacts were then
included in th_ impacts analy_. Statistical analyses ofmodeI output, precipitation, and streamflow
data for the available period of record predicted a net low-flow impact to be mitigated during the
low-flow offsetperiod. The flow offset to be provided is 0.11 cubic feet per second (efs) in Walker
Creek and 0.08 efs in Des Moines Creek. The project impact in Miller Creek was completely offset
by seepage fi'om the third runway embankmenm.

The Port's proposal to offset impacts to low strcamflow is to detain exce_s stormwater rtmoffduring
the winter and release it to the streams during the pr_icted annual ]ow-slreamflow periods. Vault
sizes for the volume of water r_uired to offset the predicted impacts were detemained by
calculating the volume necessary to fulfill the required mitigation during the 92-day mitigation
period for each year in the period of record (1949 to 1995), and selecting the year requixmg the
largest vault volume as the "worst case" scenario. The resulting volumes of stormwam"(18.5 aere-
fd for Walker Crcek and I3.5 aere-fl for Des Moines Creek) were incorporated into supplemental

lA 19.0_-r_-ftvaultwasned fvr_heconceptd_gn.
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stormwater vaults in each watt, bed. These volumes.of stormwater will be collected during the
rainy season, stored, and discharged dm'ing the annual low-flow periods at rates equal to the
predicted impact in each _eam. Several considerations areproposed to be included in the design of
these vaults to allow the management of stormwater discharges to offset the predicted low-flow
impacts. Additional considerations in the d_gn and operation of the proposed stormwater vaults to
improve the water quality of discharges will also be included. An analysis of the availability of
stormwatcr required to fill the vaults showed that even during the driest years in the period of
re_ord,enough water can be collectedand stored to offset the impacts to s_'e,amflow during the
annuallow-streamflowperiod.

Key goals and objectives (performance standards) of the proposed Flow Impact Offs_ Facility
include:

• Provide flow at the rates required to offset the preddcted impacts of the proposed
embankment for the entire annual tow-streandlow period each v_ (approximately 92 days
from late JRlythroughthe end of October).

* Opm_ateand maintain the facility to maintain water quality during the annual low-
StreamflOW pta'iods.

• Design the facility and its operation, monitoring, and maintenance plan so that an adaptive
management s-_.egy canbeapplied.

As stated in Ecology's Stormwater Management Manual for Western Washington (F.,eology2001),
the objective of stormwater management is to "control the quautity and quality, of stormwater
produced by new development and redevelopment such that they comply with water quality
standards and contribute to the protection of beneficial uses of the receiving waters." Ecology has
determined that stormwater management activities in Washington do not require a water right.
Since the Port's proposal to offset flow impacts to the receiving watexs consists of stormwater
management activities, a water right is not required/'or theFlow Impact Offset Facilit3:

Low Swemnflow AnatyMs December 2001
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1. INTRODUCTION

1.1 PURPOSE

The purpose of this report is to evaluate impacts to streamflowsin Miller, Walker, andDes Moines
Creeks resulting from constructionprojects includedin theMaster PlanUpdate for Seattle-Tacoma
ht_TnationalAirport (STIA), and to propose a Flow Impact Offset Facility to mitigate potential
impacts during summer low-strcandlow periods. Placement of new impervious surfaces and
embankmentfill,combinedwithremovalofseptictanksandcessationofexistingwaterusesinthe

embankment area, will impact the timing and amount of groundwater flows to the streams. While
these impacts vary seasonally, they are expected to be most si_ificant during late summer/early
fall, when streamflows are typically at thdr lowest. This document presents the analysis that was
completedtodeterminetheimpacts(both positiveandnegative)tostreamflows,andtoproposea
facilityandmanagement/operationplantooffsetthoseimpactsduringtheannuallow-stre_mflow
periods.

1.2 ORGANIZATION OF REPORT

This reportis organized into six sections. Section 1 contains an introduction. Section 2 describes
"the_nalysis RDdcrtake_.to determine the impacts to stmamflows in each stream. Surfase water
modeling, embankment modeling, and the effects of"non-hydrologic" impacts are discussed. The
proposalforthe FlowhnpactOffsetFacilityisdescribedinSection3,includingdiscussionsofvault
sizing,waterqualitymanagement,performancestandards,andapilotprogram.Section4 contains
the Operation and Maintenance Plan for the Flow Impact Offset Facility. Section 5 contains the
monitozingplan, addressing both operationof the facility and its impacts to the streams. References
are listed in Section 6.

Ten appendices containing additional technical information are included. Appendix A is contained
in Volume 2, and Appendices B through J are located in Volume 1 behind the main text. Appendix
.A provides HSPF modeling information and data, including low-flow review of the HSPF model
calibration, land use tables, and HSPF input files. The technical report describing the embankment
modeling analysis is con_ed in Appendix B. Appendix C provides information on infiltration
into the embankment. Data used in the assessment of the non-hydrologic impacts is provided in
Appendix D. Appendix E contains HEC-RAS modeling results and stream cross-section field
survey data. Concept drawings of the reserved stormwater system (vaults, muting, discharge
locations, etc.) are contained in Appendix F. Appendix G presents additional information on
physical habitat monitoring protocol in sueams. A memorandum on low sm_amfiowfish behavior
is provided in Appendix H. Appendix I contains information on the determination of low-flow
quantity impacts and mitigation. The HSPF inpm files for the low-flow vault sizing are provided in
Appendix J.

1.3 RELATIONSHIP TO OTHER DOCUMENTS

This report, which replaces and updates the Low Streamflow Andyais prepared by Earth Tech, Inc.
in December 2000 (Earth Tech, Inc. 2000) and the Low Flow Analysis Flow Impact Offset Facility
Proposal prepared by the Port of Seattle in July 2001 (Port of Seattle 2001a), is refened to in
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Sections 6.2.1 and 7.7.5 of the Comprehensive StorrawaterManagement Plan, Master Plan Update
Improvements, Seattle-TacomaInternational Airport (SMP; Pararnetrix,Inc. 2000a, 2001a).

The Clean Water Act Section 401 water quality certification was issued by the Department of
Ecology on August 10, 2001, and amended on September 21, 2001, subsequent to the submittal of
the July 2001 Low Flow Analysis/Flow Impact Offset Facility Proposal (Water Quality
Certification #1996-02325 [Amended - I]). The amended certification required the submittal of a
revised Low Flow Analysis/Flow Impact Offset Facility Proposal addressing a number of issues
listed in Section I of the amended certification. Additional model runs were required to address
some of these issues. During the additional modeling, some errors in data handling were detected.
While corrections of these ca-mrsdo not change the modeling approach, the underlying assumptions,
or the calibration, they do impact the results of the modeling analysis. Discussions were held
between the Port, its consultants, Ecology, and King County to discuss the errors and their
resolution, which are strmrn_iz_ below:.

t. Different models were used to simulate different parts of the hydrology of the
embankment area, This required data to be tramferred back and forth between the
different models. In one data transfer, a conversion factor (from dally to hourly flows)
was inadvertently applied twice. The result was that modeled flow from the
embankment was 1/24 of what it should have been. This error was corrected by

applying the conversion factor once in the revised modeling.

2. In another data Iransfer, an incorrect file ("daily AGWO") was used, where another file

("hourly AGWr') should have been used. This error was corrected by transf_a-ing the
correct file.

3. When the origin_ model was developed, a amber of alternatives to model the
impervious areas tn'butm-yto the filter strips on top of the proposed embankment were
considered. With the change implemented in No. 2 above, a more direct way to model
this area became poss_le. In the original modeling, _nfall on the pervious area was
"sealed up" to address the impervious area and flow to the filter strips. In the revised
modeling, flow to the filter strips will be calculated based on the "AGWr' and "SURO"
time seriesdata.

4. In the original modeling, a two-dimensional version of the Hydrus model was used to
calculate one-dimensional (vertical) flows through the proposed embankment. Since the
revised modeling remits in more water flowing through the embankment, a one-
dimensional version of Hydrus was used because it is better able to simulate the more
varied saturation conditious.

5. In the original modeling, inftllration from infiltrationbasins was not simulated because it
was negligible. In the revised modeling, more water is available to the infiltration
basins; therefore, this flow is no longer negligible. The revised modeling will _mulate
and document this flow, which will be routed to the groundwater component of the
HSPF modeling.

6. In the original modeling, all groundwater from pervious areas in the SDSS, SDS6, and
SDS7 basins was inadvertently routed to Des Moines Creek in the pre-developed
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conditions model. In the post-developed conditions model, groundwaterfrom these
areas was correctly routed to Walker Creek. This error was correctedby routing the
groundwater in thes_ areas to Walker Creek in th_pre-devdop_ conditions model.

An additional revision to the modeling was discussed "_rithEcology and King County, but was not

incorporatedintother_dsedmodel.Thisrevisioninvolvedroutingthe"seepagetoEll"component
oftheembankmentflowdirectlytothestrum Thegroupconcludedthattheexistingapproachwas
amoreaccuratewaytomodelthisflowcomponent.

1.4 PROJECT DESCRIPTION

ThePort'sproposalistocollectexcessstormwaterduringtherainyseason,storeitinunderground
vaults,andreleasethestoredwatercontinuouslyintoeachstreamduringthed_'ignat_xisunmaer
low-streamflow period at a rate equivalent to the calculated summer low-stre,amfiow impact to that
stream from planned Port projects. The summer Iow-streamflow impacts in each stream were
determined through detailed modeling analyses. The summer Iow-stremnflow periods were
determined through statistical analyses of modeled streamflow :fixnnthe calibrated HSPF models
and consultations with biologists on the effects oflow-slzeamflow periods on stream biology.

The facility, asdesigned, consists of two stormwater vaults (one vault providing water.to offset flow
impacts in Walker Creek and one vault providingwat_ to Des Moines Creek). Each of these vaults
stores stormwater during the rainyseason to be released during the summer Iow-streamflowperiods
withJ_catm_sthatam uniquetolow-flowvaults.Theextrafeatur_ _nsist of additionaloutletsand
controls, floating dischargestructurestomaintain constantdischargerates, varyingconfi,,ourafionsto
manage sediments, and additional water quality management features (ventilation to facilitate
aeration,provisions for filtrationand mechanical aeration of discharges,and oilAvaterseparation,as
appropriate). Generally, water will be collected beginning in Januaryof each year, and discharged
fi-omlateJulythroughOctober(withdischargescontinuingthroughNovemberdependingonthe
availabiiityofwater).AnnualfacilitymaintenancewilltakeplaceinDecemberofeachyear,

LowStr_rnflowAnalysis December200]
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2. LOW STREAMFLOW ANALYSIS

2.1 APPROACH

2.13 Iatrodnction

The low-streamflowanalysisapproachincludedthedeterminationofthecriticalIow-streamflow
p=dodsforeachstream,det_zw_inationofc_istingstream/lowmagnitudes(targetstrsamflows),and
thedeterminationofimpactstoeachstzezmresultingfromconstructionprojectsintheMasterPlan
UpdateforSTIA.Theevaluationsofthesummerlow-stream.flowperiodsandratesaredescribedin
Sections 2.1.2 and 2.1.3. A detailed modeling analysis was used to determine the impacts to
streamflows during the summer low-meamflow periods. Modeling tools used include the
calibratedHydrologicSimulationProgram- FORTRAN (HSPF;EPA 1997)modelsforMiller,
Walker,andDesMoinesCreeks.I-ISPFmodelcah'brafionisdescribedinSection22,anddetailed
HSPF modelandcalibrationinformationiscontainedinAppendicesA andB (Volumes2 and3)of
the SMP (Parametrbc2000a, 2001a). The impacts of the proposed thirdrunway embankment were
modeledusingacombinationofHydzus(Simuncketal.1999)andSlicemodels.Theemba,kment
modelingisdescribedinSection2.3,andthecompleteembankmentmodelingreport(Pacific
GroundwaterGroup2001)iscontainedinAppendixB. Non-hydrologicimpacts,including
cessationofwaterwithdrawalsandremovalofseptictankdischarges,aredescribedinSection2.4.
The total net summer low-streamflow impacts are summarizedin Section 2.5.

2.1.2 Determination of Summer Low-Streamflow Period

Determinationofthelow-su'eamflowperiodforeachstreamwas doneby analyzingmodeled
stresmflow from the calibrated HSPF model for each stream, which used 1994 (existing) land use
conditions.Thisdeterminationissummsfi_edbelow,madsupportinginformationisprovidedin
Appendix I.

The 7-day low-flow period for each year (using 1994 flow conditions) in the 47-year period of
record (1949 to 1995) for eachsla'eamwas detem_ed at points of compliance near the airport
(200_ Street in Des Moines Creek, SR 509 in Miller Creek, and at the outlet of the wetland near Des
Moines Memorial Drive in Walker Creek). The 7-day low flow was selected as an indicator of
persistent dry season flow. For example, summer low stremnflows tend to decrease gradually,
therefore, a shorter low-streamflow period is unlikely to result in significantly lower average flows
or target flows. In addition, consultation with biologists concluded that summer low fows with
durations ofless than 2 weeks do not affect the carrying capacity of the streams or cause behavioral
changes in salmonids(Appendix H).

The occurrences of the annual 7-day low-flow periods were plotted and a bar graph showing the
distribution of the summer low-flow periods by date was developed for each stream. The summer
low-streamflow period for each stream was selected to include all the historical 7May low-flow
OCCUlTenCeS.
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2.1.3 Existing Summer Low S.tTeamllows

The magnitude of existing s_imrner low streamflow (target stream.flow) in each stream was
determined through analysis of the "]-day low-flow periods under existing (1994) conditions
describedabove. The manual7.day low flows for each streamwere ranked, and recurrence intervals
were determined based on this rat_k-ingusing a cumulative density function (see Appendix I for

supporting £nt'ormafion). The 7-day low flow with a 2-year (50 percent) recurrence interval was
selected as the s_eamflow target in each stream. The 2-year, 7-day low flow was selected because
them_nitude of theestimatedimpactto 7-daylow flowsgenerallydecreaseswithgreater
recu_u'enceinterval(i.e.,theestimatedreductioninthe7-day,2-year-Bequencylow-flowrateis
greaterthanthatforthe"/-day,10-year-frequencylow-flowrate).Therefore,providingmitigation
equivalent to the "/-day,2-year-frequency impact will provide mitigation sufficient to mitigate the
more extreme summer low-strearo.flowevents. Based on this analysis, the existing summer low
stream/lows (target stre_mflows) (7-day, 2-year fi-equency)were determined to be 0.33 cfs for Des
Moines Creak, 0.77 cfs for Walker Creek, and 0.73 c_ t:orMiller Creek.

2.2 HSPF MODEL CALIBRATION

2.2.1 OverallModel

The computer program HSPF was used to simulate continuous watershed hydrology and to design
stormwater detention facilities for the Port's Master Plan Update at STIA. Because the airport
encompasses three watersheds, separate HSPF models for Miller, Walker, and Des Moines Creeks
were developed. Hydrological modeling using HSPF requires the calibration of many parameters
that describe the different hydrologicprocesses. Theseprocesses include:

• RainCAIIrunofffrom pervious and impervious surfaces.
• Infiltration of rainfall to soils.

• Soilmoistureaccounting.
• Flowofgroundwaterfromsoilstostreams.

• Loss of groundwater to deep aquifers.

Each of thesephysicalprocessesiscontrolledby severalparameters.The calibrationprocess
adjusts model parameters to achieve a close match between recorded streamflows and simulated
streamflows for a period when stream/low data are available. Calibration of the HSPF models used
for Miller, Walker, andDes Moines Creek watersheds is described in detail in Appendix B (Volume
3) of the SMP (Parametrix2000a, 2001a).

2.2.2 Low-Flow Review

The overall HSPF model calibration effort did not focus specifically on low-gtsmmflow periods.
The low-flow analysis consisted of review of data from water-years 1991 through 1996, with the
low-flow period considered to be June through November. This section summarizes the results of
the overall HSPF model cah'orationfor Miller, Walker, and Des Moines Creek watersheds as related

to the low-flow analysis. Detailed information on the low-flow calibration review is provided in
• Appendix A.
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2.2.2.1 Miller Creek Low Streamflow

Two strean_ow gageslocated m the Miller Creek watershedwere used in the low-s_esmflow

analysiscalibrationreview(Figure2-1). One of these streamflow gages was locatednear the mouth
of Mffter Creek, and the other was located further upstream at the Miller Creek detention facility.

Average simulated and observed streamflows for each 7-day low-flow period during 1991 through
1996 are listed in Table 2-1 for the gage near the mouth and Table 2-2 for the gage at the Miller

Creek detention facility. In general, the observed 7-day low flows _ceeded the predicted 7-day low
flows at both gages, particularly for the gage located at the Miller Creek detention facility.

Table2-1. Miller Creekat themouth,7-daylow flowsfor water-yearsI99I throughI996.

Observed Calibrated
Water-Year AverageFlow(cfs) AverageFlew (efs) Difference(efs)

1991 1248 1,749 -0.40I

1992 1A57 1.390 0.067

1993 1.639 1.300 0339

1994 1361 1.I00 0161

1995 1.500 1.661 -0.161

1996 2.762 2.138 0.624

AverageDifference 2.517 2.335 0.182

Table 2-2. MillerCreekat thedetentionfacility,7-daylow flowsforwater-years1991through 1996.

Observed Cal_rated
Water-Year AverageFlow (efs) AverageFlow (efs) Difference(efs)

1991 0.400 0.150 0250

1992 0.127 0.124 0.004

1993 0.190 0.110 0.080

1994 0.000 0.090 -0.090 ,

1995 0.183 0.I37 0.045

1996 0.263 0.189 0.074

AverageDifference 0291 0.200 0.091

2.2.2.2 Walker Creek Low Streamflow

Two stream/lowgageslocatedintheWalkerCreekwatershedwere usedinthelow-streamflow

calibration review (see Figure 2-1). One of these streamflow gages was located near the mouth of
Walker Creek, and the otherwas located further upstream near a wetland.
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Average simulated and observed streamflows for each 7-day low-flow period are listed in Table 2-3
(t993 through1996) for the gage near the mouth andTable 2-4 (1991 through 1996) for the gage
nearthewetland.Ing_cral,withtheexertionof1995,theobserved7-¢laylowflowsexceeded
thepredicted7-daylowflowsatbothgag_.

Table 2-3. Walker Creek at the mouth, 7-day low flows for water-years 1993 through 1996.

Observed Calibrated

Water-Year AverageFlow(efs) AverageFlow(efs) Diltereuea(cfs)

1993 1.502 0.923 0.579

1994 0.987 0.833 0.154

1995 0.915 1.077 -0.163

1996 1.719 1.287 0.432

AverageDlfferesce 1.281 IJ}30 0.2._0

Table2-4.WalkerCreeknearwetland,%day km flowsforwater-years1991through1996.

Observed CaHbramd

Water-Year Average Flow (¢fs) Average Flew (efs) Difference (,_s)

1991 1.208 0.786 0.422

1992 1.098 0.682 0.416

1993 0.800 0.666 0.134

1994 0.670 0.614 0,056

1995 0.256 0.7_0 -0.494

1996 0.896 0.870 0.026

Average Differenre 0.656 0.725 -0.069

2.2.2.3 Des Moines Creek Low Streamflow

Two stream.flowgages located in the Des Moines CYeekwatershed wer_ used in the low-streamflow
calibrationreview(seeFigure2-I).Oneofthesestreamflowgageswas locatednearthemouthof
Des Moines Creek, and the other gage (I lc) was located furtherupstream.

Average simulated and obsc_'vedstreamflows for each 7-day low-flow period arc listed in Table 2-5
0992 through 1996) for the gage near the mouth and Table 2-6 (1991 through 1996) for gage I Ic.
In general, the observed 7-day low flows were close to the predicted 7-day low flows at the gage

near the mouth, while the observed 7-day low flows at gage 1Ic exceeded the predicted 7-day low
flows.

2.2.24 Summary.

Low-s_amflowanalysiscalibrationreviewwas performedfortwo gagelocationsinMiller,
Walker,andDes Moine_Creeks.Resultsg_n_allyindicatedthatcalibratedlowflowsatthemouth
o£eachstreamwerefairlygood,whilecalibratedlowflowsattheupstreamgagestypicallyshowed
lowerflowsthanobservedflows.Groundwam"conditionsineachofthewatershedsaresomewhat
speculativeandmay accountforthesediscrepanciesattheupstreamgagelocations.
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Table 2-5. Des MoinesCreek at the mouth, June throughNovember7-day low flows for water-years 1992
through 1996.

Observed Calibrated
Water-Year AverageFlow(e.fs) AverageFlow(efs) Difference(cfs)

1992 0.585 0304 -0318

1993 1205 0.900 0.305

1994 0.600 0.700 -0.100

1995 1.284 1.000 0.284

1996 1268 I_411 -0.144

AverageDifference 1,089 1.0(13 0.086

Table2-6. DesMoinesCreekat gage11c,JunethroughNovember7-day low flowsforwater-years1991 through
1996.

Observed Calibrated

Water-Year AverageFlow(cfs) AverageFlow (efs) Difference(efs)

1991 0,300 0.100 0,200

1992 0.172 0.090 0.082

1993 0.133 0.100 0.033

1994 0.046 0.100 .0.054

1995 0200 0.100 0.200

1996 030I 0.I00 0.201

AverageDifference 0.195 0.100 0.095

2.3 EMBANKMENT MODELING

This section summarizesthemodeling analysis done to estimate impacts of theproposed third
runway embankment on streamflows in Miller and Walker Creeks. The complete report is included
in Appendix B.

The third runway embankment will be constructed in the Miller and Walker Creek watersheds;
therefore, this anatysis was not conducted for Des Moines Creek. Impacts to the streamflows in

Miller and Walker Creeks from the embankment were estimated to determine the overall impacts of
the runway project. The HSPF modeIs alone are not capable of accurately simulating gromidwater
flows of this type; therefore, additional modeling tools (Hydrus and Slice) were used to simulate
flow through the proposed embankment in the Miller and Walker Creek watersheds. The

embardanent modeling expanded on a previous modeling effort (Pacific Groundwater Group 2000).

The approach used in areas to be covered by the embankment included; (1) calculating the recharge
from the HSPF models using regional parameters; (2) modeling the variable saturated yea'ileal flow
within the filI using Hydras; (3) modeling saturated, quasi-horizontal flow at the bottom of the

embankment using Slice; (4) integrating the Slice results across the fill embankment; and (5)
incorporating the results back into the Miller and Walker Creek HSPF models. This section
summarizes steps two through four. Specific tasks included:
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• Compiling model input, including:

- Fill thicknessandarealvxtenL

- Hydmgeologic data for the fill area.
- Embank-mentgeometries as represented by three hydrogeologic cross-sections.

• Calculating daily flux into the fill based on recharge estimates.

• Calculating daily flux through the fill using Hydrus models.

• Calculating daily flux through the =nbankment drain layer and the underlying fill using
Slice models applied to each basin.

Existing geographic information system (GIS) coverages were used to det=ufine pre-fill
topography, "built" (post-construction) topography, and pavement distribution for the third runway.
Fill thickness was calculated by subtracting Gig coverages of pre-fill topography 1_omthe "bullf'

topography. Thicknessesrangedup to 160 i_ andwere discmtizedinto 20-ff sectionsfor the
Hydras model.

Although the Des Moines Creek basin was not included in the analysis (because only a very small
amount of runway embankment is in the Des Moines Creek barn), its boundaries were used to
define the southern extent of the Walker Creek basin. Impervious areas comprised 35 and 38

percent of the modeled fill areas in Miller and Walker Creek basins, respectively.

l_cipitafion on the modeled fill area was used to calculate hourly nmoff (SURO) from impervious
surfaces (runway and taxiways) and hourly infiltration (AGW1) into pervious areas with a generic
application of HSPF. Pervious areas were modeled as grass on fiat outwash. This approach was
selected, with agreement from Ecology and King County, to take advantage of HSPF's superior
evapotranspirafion (ET) and runoff modeling capabilities. For pervious areas, the genetic HSPF
model yielded hourly volumes of water that infiltrate beyond the bottom of the root zone (AGWI)
and therefore constitute groundwater recharge. That calculation was applied to filter strips and
other pervious areas. A separate calculation then estimated the extent to which rtmoff from
impervious surfaces would also infiltrate, or conversely, runoff from, the filter strips. The total
amount of infiltration into filter strips (a portion of AGWI and SUKO) and other pervious areas

(AGWI only) was then used as input to the Hydros models. Calculated runoff was accounted for
but not used in groundwater modeling.

Hydros simulates the v_tical spreading of recharge fxontsas they are predicted to move downward
through the proposed embanlanent fill. Hydros models were set up to simulate a total of 12 vertical
profiles of varying thicknesses for the proposed ¢mbaukmcut (eight in the Miller Creek watm'shcd
and four in the Walker Creek watershed). Model fimesteps were optimized by Hydrus, which were
typically on the order of 0.1 day. The models were run for water-years 1984 through 1994, with
only the last 4 water-years comprising the test period. Hydrus results indicated that substantial
lagging and dampening (spreading) of seasonal recharge is likely within the fill, with the amount of
lagging and dampening increasing with increasing fill thickness. Discharge at thebottom of the fill
is predicted to occur throughout the year. Hydrus output was used as recharge input to the Slice
models.
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ThreeRuite-differenceSlicemodelsweredevelopedtosimulatehorizontalandverticalgroundwater
flowwithintheembankmentdrainlayerand existingsoilsbelowtheembankment. Slice
configurationswere basedon subsurfaced__t_containedin availablegeotechnicaland
hydrogcologicreportsandfromtheprc-fiUand"built"topographyofthethirdrunwayarea.Slice
ali_munentswerelocatedbasedon theavailabilityof subsurfacedatadescribingtherangeof

hydrogeologic and fill conditions in the cmbankm,nt area. The Slice models were used to
accumulate recharge in the shallow water table aquifer and move it downgradient to the Miller
Creek or Walker Creek wcdands underthe"built" conditions.

Slice1 islocatedthroughthethickestportionofthefillembankment.Slice2 islocatednearthe
northernendoftheproposedthirdrunwayandrepresentsanintermediatefillthickness.Slices1
and2 arcbothlocatedintheMillerCreekbasin.Slice3 islocatedintheWalkerCreekbasinand

represents an intermediatefill thickness.Locadonsand cross-sectionsof each Slice areprovided
Appendix B.

Model results show thatthelagtime(s_monal delay)betweendrainrechargepeaksand drain
outflowpeaksiscontrolledbythewidthoffillalongthegroundwatertowpathrepresentedby a
slice, and are alsoI/kelyinfluencedbythevaryingspatialdistributionand timingofrechargeinflow
alongeachslice.

Groundwater discharge quantifies for Miller and Walker Creeks were calculated by multiplying
unit-width flow quantities from each representative Slice model by an effective basin length. The
effective basin length associated with each slice depends on the length of the basin with
charaet_istics similar to the slice (i.e., thickness and lateral extent). This process integrated the
Slice results over the entire length of the embankment.

Estimated annual maximum drainoutflows from the fill in the Walker Creek basin for the test

period ranged from approximately 1,500 to 3,500 cubic feet per day (cfd). Maximum integrated fill
seepage rates from below the embankment in the Walker Creek basin range from approximamly
2,200 to 2,400 efd in the 4-year test period. Estimated annual maximum drain outflows from the ill]
in the Miller Creek basin for the test period range from approximately 8,000 to 18,000 cfd.
Integrated fill seepage rates from below the embankment in the Miller Creek basin range from
approximately 7,000 to 16,000 efd. All results of the embankment modeling analysis are discussed
in detail in Appendix B.

2.4 NON-HYDROLOGIC IMPACTS

The following subsections describe non-hydrologic impacts, including cessation of. water
withdrawals and removal of septic tank discharges. Additional supporting information for thenon-
hydrolo_e impacts is provided in Appendix D.

2.4.1 Cessation of Water Withdrawals

Based on assumptions regarding residential and farmpropertyuses of water rights described in the
SMP (Parametrix, Inc. 2000a, 2001a), it was concluded that historic irrigation season consumption
totaled 0.042 cfs within the Miller Creek buy-out area. Table 2-7 summarizes the withdrawal
estimates following consultationwith former owners.
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Table 7,-7. Updated estimate of historic Miner Creek water witbdrawsls.

Available Months Estimated Updated
Pumping of Use Pumping Usage

Rate Per Rate Estimate Comments from Owner

Parcel Last Name (gpm) Acres Year (gpm) (ds) Consultations

068R Genzale 2.5 4 5 0.52 0.001 4 acres, 15 gpm June to mid.
October

185R Berry 5 1 6 1.25 0.003 Less than 1 acre, summer only

244R Randall 5 0£ 6 1.25 0.003 Onlyin sutmaer/garden

097R Smith 20 0.6 a 3.33 0.007 Pump 4 months for orcha_
lawn and garden

311R Photon 5 1.7 6 1.25 0.003 Water in smnmer - unknown
qu_

]6R Ro_,l].rd 0 0.25 0.000 1940-1960 max_um, 1990%
no water usage

050R Eis_rn_nger 0 0,75 0.000 None to very little

m

246R Cmlando 0 3.5 0.000 Unknown- doesn't remember
pumpingwater

093R Raffo 0 0.000

055R Mason 0 0.000 Municipalwater

060R Vacca 0 0.000 Mtmicipalwater

061R Vacca 0 0.000 Municipalwat_

143R Brate 0 1 0.000 Water fight not used

182R Hies 0 I 0.000 Water right not used

253R Kobela 0 0.5 0.000 Water right not used

298R Warner 0 0.000 Water fight notused

302R Lopez 0 0.000 Water fight not used

062R Scarsella 0 1.2 0.000 Water right not used

142R Wind of the Willows 0 0.75 0,000 Waterrightnotuse, d

214R Kamp 20 6 5 0.011

321R Beaudin 20 6 5 0.011

088R Goodmamen 0.000 •

322R Longddge 4.5 6 1.12 0.003

TOTAL O.042

2.4.2 Removal of Septic Tank Disehar2es

Many of the residential properties in the buy-oat area within Miller and Walker Creek watersheds

woe served by active septic systems during the pre-project conditions in 1994. These septic

systems received water imported from outside of the watershed through water districts and

discharged effluent through drain fields that recharge groundwaters that contribute flows to the
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streams. Within the buy-out area, available records show that there were 41 residences actively
served by septic systems in the Walker Creek basin, and thee were 236 residences actively served
by septic systems in the Miller Creek basin. Table 2-8 summarizes septic system counts for the pre-
project condition analysis.

Table 2-8. Active buy-out area septic systems under pre-project conditions.

Miller Creek Walker Creek Total

Residences with s_oticsystems 249 42 291

Inac_ve systems (served by sewer) 13 1 14

Active septicsystems -236 41 "277

Based on consultation with water districts serving the buy-out area, it was concluded that winter
residential water consumption averaged approximately 975 cf per month, while summer
consumption averaged approximately 1,450 ef per month. The flow effectively discharged from
each septic system to groundwater was estimated to equal 90 percent of the average winter water
consumption, or 878 cf per month. Consistent with the hydrologic modeling of the Walker and
IvIiLlerCreek basins for the SMP, approximately 30 percent of this recharge would be lost to the
deeper aquifer and not available for discharge to the stream; therefore, the effective rate of base flow
contribution to a stream from a residential septic system in I994 was estimated to be 70 percent of
the 878-el-per-month septic-system discharge, or 614 efper month,

Applying this recharge rate to the 41 active septic systems in Walker Creek produces an average
daily contribution to streamflow of 0.0100 efs. For the 236 active septic systems in Miller Crc_k,
the resulting average daily conn-ibutionwould be 0.0574 efs.

2.4.3 Summary of Non-Hydrologic Impacts

For Miller Creek, the combined non-hydrologic impacts to low stream_flows from Port projects
includes a 0.06-e£sreduction (rounded livm 0.0574) from discontinued septic tank discharges, and a
0.04-cfs increase (rounded from 0.042) in low flows due to cessation of water withdrawals. The net
non-hydrologic impact for Miller Creek is a 0.02-cfs reduction in low streamflows. For Walker
Creek, the non-hydrologic impact to low streamflows from Port projects is a 0.01-efs reduction
from discontinued septic tank discharges.

2.5 SUMMARY OF NET IMPACTS TO CREEKS

2.5.1 Summary of Flow Impacts

The net effects to flow during the summer low-streamflow periods were determined by comparing
the modeled streamflow before project construction to modeled strearnflow after project
construction, with non-hydmlo_c impacts included as appropriate. Based on the analyses described
in Sections 2.1 through 2.4, total net summer low-stmamflow impacts that the Port proposes to
offset throughout the summer low-streamflow periods are shown in Table 2-9. The net flow impact
results are summarized in Sections 2.5.1.1 through 2.5.I.3 for each stream.
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Table2-9. Totalnetsummerlow-strmmflowimpacts.

TotalINet
Stream HydrologicImpact (cts) Non-HydrologicImpact(cfs) StreamflowImpact(cfs)

MillerCreek +0.03 -0.02 4-0.01

W_LkerCreek -0.10 -0.01 -0.11

DesMoincsC'reck -0.08 0.00 -0.08

2.5.1.1 Miller Creek Summary

HSPF was used to evaluate the change in low _ow from_!.994to 2006 conditiom. The Miller
CreekHSPF modelinginformationanddata,includinglandusetablesandHSPF inputfiles,are
providedinAppendixA. GroundwaterbasinboundariesforMillerCreekwerelocatedtoallocate
thegroundwaterflowconlzibufions(AppendixA).

InMi]lerCreek,theanalysisoflowstmamflowsne_ed toaccountfortheeffectsofdischarges
fromtheproposedrunwayembankmenttofullyaccountforfuturepost-projectconditions.Inareas
whereembankrnentisproposed,thequantityofprecipitationinfiltratingintotheombankm_twas
calculated using the 2006 condition HSPF model. The recharge was then input to the Hydrus and
Slice models, which simulated the spreading of recharge fronts vertically through the embankment
and laterally through the underdrain layer. Output from the Hydrus and Slice models was then input
back into the HSPF model to determine the quantity and timing of discharge from the underdraln
layer and the effects on conwibutions to low stream.flowsin Miller Creek. The embankment flU
modeling using the Hydrus and Slice technique is described in Section 2.3, and the complete
embankment modeling report (Pacific Groundwater Group 200t) is contained in Appendix B.

To assess the tow-streamflow impacts in Miller Creek, the pre- and post-project conditions were
modeled for 1991 through 1994. This period was selected as a representative dry period in the
precipitation record during which stream gage data is available for Miller Creel Output from the
HSPF model was analyzed to determine the annual 7-day low stream flows for each of the 4 years.
To determine the impact between 1994 low streamflows and 2006 flows, the 1994 and 2005 7-day

, low-flow values were plotted by their probability positions corresponding to the same probability
positions of the years 1991 through 1994 in the 1994 pre-projeet condition (the fullperiod of record
[1949 to 1995] was simulated to detea_e the 5@ percentile 7-day low flow). The separation of
the 1994 and 2006 plot positions at the 50 _ercent probability was used as the low-flow impact
requiring mitigation. The 1994 condition 50"' percentile 2-year, 7-day low streamfiow is 0.73 efs,
and the corresponding 2006 condition 50mpercentile low stremn_flowis 0.76 efs. Therefore, in
Miller Creek, the estimated low-streamflow hydrologic impact due to the Port's projects, including
effects of discharge fromthe embankment, is an increase of 0.03 cfs.

Combining the non-hydrologic impact (-0.02 cfs, as desen'bed in Section 2.4) with the hydrologic
impact results in a total net summer low-streamflow increase of 0.01 cfs for the Milier Creek basin.
Since there is not a reduction in low flows, no low-flow mitigation is proposed. However,
monitoring and contingencymeasures described in Section 5 will apply in Miller Creek.
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2.5.1.2 Walker Creek Summary

HSPF was used to evaluate the change in low streamflow from 1994 to 2006 conditions. The
Walker Creek HSPF modeling informationanddata, including land use tables andHSPF input files,
axe provided in Appendix A, Groundwater basin boundaries for Walker Creek were located to
allocate the groundwaterflow conm'butions(Appendix A).

Iu WaLkerCreek, the analysis of low stream/lows needed to account for the effects of discharges
fl'om the proposed runway cmbaukraent to fully account for future post-project conditions. In areas
where embankment is proposed, the quantity of precipitation infiltrating into the embankment was
calculated using the 2006 condition HSPF model. The recharge was then input to the Hydrus and
Slice models, which simulated the spreading of recharge fronts veaXieallythrough the embankment
and latemlty through the underdrain layer. Output fi-omtheHydros and Slice models was then input
back into the t-ISPF model to detemamethe quantity and timing of discharge from the underdrain
layer and the effects on contn'butionsto low strearnflows in Walker Creek. The embankment fill
modeling using the Hydrus and Slice technique is described in Section 2.3, and the complete
embankment modeling report (Pacific Groundwater Group 2001) is contained inAppendix B.

To assess ske low-streamflow impacts in Walker Creek, the pre- and post-project conditions w.ere
modeled for 1991 through 1994. This period was selected as a representative dry period in the
precipitation record during which stream gage d8t_is available for Walker Creek. Output from the
HSPF model was analyzed to determinethe annual 7-day low sireamflows for each of the 4 years.
To determine the impact between t994 low stream_flowsand 2006 flows, the 1994 and 2006 7-day
low-flow values were plotted by their pmbability positions corresponding to the same probability
positions of the years 1991 through 1994 in the 1994pre-pmject condition (the fullperiod of record
[1949 to 1995] was simulated to determine the 50± percentile 7-day low flow). The separation of
the 1994 and 2006 plot position at the 50 percent probability was used as the low-flow impact
requiring mitigation. The 1994 condition 50_ percentile 2-year, 7-day low streamflow is 0.77 cfs,
and the corresponding 2006 condition 50t_percentile low streamflow is 0.67 cfs. Therefore, in
Walker Creek, the estimated low-streamflow hnpact due to the Port's projects, including the effects
from discharge from the embankTnent,is 0.10 efs.

The combined hydrologic and non-hydrologic impact to low streamflows is the sum of the 0.10-efs
hydrologic reduction and a 0.01-cfs reduction from discontinued septic system discharges, for a
total reduction of 0.11 cfs. This flow rate equates to the magnitude of offset flow that will be
provided during the low-streamflow period for Walker Creek.

2.5.1.3 Des Moines Creek Summary

HSPF was used to evaluate the change in low streamflow from 1994 to 2006 conditions. The Des
Moines Creek HSPF modeling information and data, including land use tables and HSPF input files,
are provided in Appendix A. Groundwater basin boundaries for Des Moines Creek were located to
allocate the groundwater flow contributions (Appendix A).

In Des Moines Creek, 2006 land use conditions ("post-project") were modeled for the full 1949 to
1995 period of record. The 7-day low flow for each year was selected and ranked, and the

Iow StreanClowAnatysis December2001
STIAMasterPlanUpdateImprovements 2-12 5.f6-2912-001(28B)

019919L _



streamflow with a 2-year recurrenceinterval was detem_ed. In Des Moines Creek,.the2-year

post-project summer low strcamflow is 0.26 efs2. The impact to stmamflow from proposed Port
projects is the difference between this flow and the existing pro-project 2-year, 7-day summer low
streamflow described above, as determined from the modeled 199_ ("existing") land use conditions

(0,33 efs2). The difference between 1994 and 2006 flows is 0,08 efs=. This flow rate is the
magnitude of offset that will be provided during the summer low-streamflow period for Des Moines
Creek.

2.5.2 Summary of Water Level Impacts

I.fnot raJtigated,one impact of reduced streamflow duringthe summer low-rainfall season would be
reduced water depth ha the project area streams. To determine the estimated flow depth changes
during low-flow periods before and after eonstruotion of Master Plan Update projects, a I-IEC-RAS
modelwas prepared. Detailed I-IEC-RASmodeling information and associated field survey data are
provided in Appendix E.

The I-IEC-RAS model was used to predict the water depth in the streams at different flow rates.
Rating curves (flow rate versus flow depth) were developed for Miller, Walker, and Des Moines
Creeks (Fi_ma'es2-2, 2-3, and 2-4). These curves were used to predict the water depth for flows
before (!994) and after (2006) construction lo determine the potential impacts to the stream from
flow reduction during low-flow periods (if not mitigated).

The I-IEC-RASmodel was developed using representative surveyed cross-sections from Miller,
Walker, and Des Moines Creeks. The sections were repeated in the model at gradually higher
elevations (moving downstream to upstream) corresponding to the measured stream profile.
Dowustrearn water depths were calculated by the model using the normal depth routine. Flow rates
for each stream correspond to the general range of flows from the lowest modeled by the I-ISPF
model to the greatest 7-day low/low during the period of rainfall record. Channel roughness was
assumed to range from 0.025 to 0.035 based on observation of chazmelcharacteristics.

The estimatedaverage change in water depths between the 1994 and 2006 2-year, 7-day low flows
are stmamarizedhaTable 2-10. In addition, the corresponding estimated average change in stream
widths between the 1994 and 2006 2-year, 7-day low flows are summarized in Table 2-10. The
magnitude of these waterdepth and width changes are graphically illustrated, to scale, in Figure 2-5.

Table 2-10. Changes in average water depths and widths between the 1994 and 2006 2-year, 7-day low flows (not
accoanting for lowflow mitigation).

Total Net Depth Width

Streamflow Impact Average change Average change Average change Average change
Creek (cfs) (ft) (ram) fit) (nun)

Miller +0.01 +0.00 0 +0.02 +6

Walk= -0.i I -0,01 -3 -0.10 -30

Des Molnes -0.08 -0.03 -9 -0.33 -101

2Actualvaluesare0.334(1994)and 02.57 (2006),fora difference of 0.077,which was roundedto0.08.

.i
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Figure 2-2: Flow Rate Versus Depth Curve for Miller Creek
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Figure 2-3: Flow Rate Versus Depth Curve for Walker Creek
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Figure 2-4: Flow Rate Versus Depth Curve for Des Moines Creek
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3. MITIGATION PROPOSAL

3.1 INTRODUCTION OF APPROACH

HydrologicmodelingoftheairportdrainageareastodeterminethepotentialimpactsofMasterPlan
Updateprojects,combinedwiththeembankmentmodelingdescribedinSection1.3,demonstrate
the magnitude of potential Iow-strcamflow impacts due to the eonstraction of Master Plan Update
projects. To mitigate these impacts, the Port vial collect excess runoff from impervious surfaces
during winter storms and reserve that stonnwater for discharge during the deft.nedsummer low-flow
period. This mitigation plan includes the following eompon_ts:

• Low-flow mitigation performance standards.
• Determinationof the season and duration for low-flow mitigation,
• Sizing and location of storage vaults.
• Water quality design aspects.

The proposed mitigation plan is described in the following selections. In addition, a pilot program
to test the efficacy of this mitigation approachis described in Section 3.6.

3.2 PERFORMANCE STANDARDS

.The overall goat of theFlow Impact Offset Facility is to provide water to Walker and Des Moines
Creeks atrates and times equal to the impacts to streamilows calculated by the low-flow analysis.
The following measurable performance standards have been developed in order to facilitate meeting
this goal:

• To fill the vaults during the rainy season according to the analysis prodded in Section 3.3.

• To provide flow at the rates specified in Section 2.5.1 for the entire annual low-flow period
each year for each stream (July 24 through October 24 in Des Moines Creek; August 1
throughOctober 31 in Walker Creek).

• To provide flow for additional periods (throughout the month of November) using water
remaining in the vaults at the end of the low-flow period.

• To operate the facility in a manner to prevent instream water quality violations caused by
operation.of the facility.

• To design, operate, and maintain the facility so an adaptive management strategy can be
atrplied.

3.3 WATER QUANTITY- VAULT SIZING ANALYSIS

........... The vault sizing and vault_fill ".tirn__alyses arc surnLn.__.aJ-_,f_dbelow. Additional information and
data are provided in Appendices I and J.
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3.3.1 Vault SizinR

Vault size was determined by calculating the vault voltmae necessary to fulfill the required
mitigation daring the 92-day mitigation pexiod foreach stream for each year in the period of record
from 1949 to 1995, and selecting the year requi.d.ngthe largest vault volume as the 'worst case'
scenario. The vault size eq,,,*ion r_ums a daily update of constant mitigation flow accumulation
modified by any rainfall recharge. This calculation was repeated for each day in the mitigation

periodusingthepreviousday'stotalasastartingpoint.

TheHSPF hydrologicmodelwasusedm calculatetherainfallrechargevolumegeneratedbyrunoff
fi'om the impervious surface area tributary to the flow mitigation vaults. The intent of the
simulation was to account for the reduction in runoff volume due m surface retention and

evaporation effects. Flow routing also impacts the timing of the flow to the vaults. The hydrologic
parameters, precipitation data, and evaporation data developed for the Des Moines Creek eah'bration
model were used in the impervious surface runoff file. No pervious san-faceswere simulated in the
model. The HSPF vault sizing input file is included in Appendix J.

The mean, median, minimum, and maximum oflhe largest vault size necessary within a year were
calculated fi-omall years in the period of record from 1949 to 1995. The maximum value was used
to determine the size of the storage facility necessm'y to fulfill the mitigation needs for each stream
basin (Table 3-1).

Table3-1. Summerlowflowimpactoffsetmaximumvaultsizes.

Basin VaultSize(acre-R)

WalkerCreek 19.0"

DesMomesCreek 13.5

Analysisdctmmined1g.5aeTe-ft;conenp,tdesignused19.0acre-R.

3.3.2 Vault Fill Time

The vault fill time calculation records the number of days required to fill a vault to the storage
capacity needed on the first day of the mitigation period, for all years in the full record (1949 to
I995) using historical precipitation records and impervious surface areas. Fill time for storage
vaults was calculated as the number of days required to fill an empty vault from its dose date to the
fill ILmitdetermined in the vault size calculations. Beginning on the close date and using the
previous day's volume as a starting point (zero on the first day), runoff (as calculated by the HSPF
recharge model, see Appendix Y)was added to the vault. When nmoff from stoma events filled a
vault to the maximum fill volume, the number of days necessary to reach that volume was recorded.
The vaults in Des Moines and Walker Creeks were assumed to begin fiIling on January 2nd.

The mean, median, minimum, and maximum number of days were calculated from the number of
days necessary to fill the vault m the period of record from 1949 to 1995 (Table 3-2).

LowStrearnflowAnalyas D_ber 2001
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Table 3-2. Low flow vault fill time estimates.

Estimated Vault Fill Time (days)

Basin Mean Median Minimum Maximum

Walker Creek 71 60 22 213

Des Moines Creek I 1 8 1 38

3.4 WATER QUALITY DESIGN

3.4.1 Introduction

Ecologyhas defined standards forwater quality related to stormwater release, including periods of
low flow. _cotogy has jurisdiction to monitor and enforce these standards through their National
Pollution Discharge Elimination System OVPDBS) Permit. These standards include tm'bidity,
dissolved oxygen (DO), temperature, and dissolved metals. The Port's current stormwater design
plans for the third rtmway constructioninclude a stormwatersystem and operational procedures to
provide the storage and managed release of stormwatm-during low-flow periods. These stormwat_r

• storage facilities employ biofiltration strips, catchbasins, detention pond, and vaults to meet era-rent
King County water qna!ity r¢qtti_ements. In addition, the facilities are designed to be retrofitted
accordingto the Ecology StormwamrManagement Manual (Ecology 200I) if specific water quality
concerns are identified during post-construction monitoring. The Port's monitoring and reporting
program (see Section 5) is proposed to assess the performance of the facilities, allowing adaptive
management to be used in the implementation of additional water quality measures to ensure that
standardswill continueto be m_

Des Moines, Miller, and Walker Creeks are all assumed to be Class AA (extraordinary) waters
(WAC 173-201A-030). As such, the water quality standards discussed in this report are those Listed
for Class AA water bodies, which are the most stringent standards. Water quality standards for
metals arebased on toxicity, are independent of the receiving water classification, and are listed in
WAC 173-201A-040 (Toxic Substances). Ecology has started the process to potentially revise state
waterquality standards. The Port will continue to evaluate the proposed changes as part of the _mal
design processand make any neededchangesto the facility.

The state water quality staudards applicable to the managed release of stormwater to offset flow
impacts are discussed below, Specific design fern, assumptions, and other information
considered in the design of the facility are included. Operational and monitoring proposals are
presentedin Sections 4 and 5 of this report. References to stormwater vaults refer only to those
vaults proposed to detain stormwater to offset impacts to streamflows. Likewise, references to
stormwater and stormwater discharges refer onty to the managed release of stormwater to offset
flow impacts.

All of the stonnwater that will be released to offset the impacts during summer low-flow periods
will be collected from n_w and existing airfield areas. The airfield is a highly managed controlled-

........... accessarea,_andgenerates stormwat_er_._a_tis gen_ally _el_ean_er._than typical urban stormwater (Port
of Seattle 2000a). "......
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3.4.2 Turbidity

The state water quality standardfor turbidityin class AA waters is a two-tiered standard. For
receiving water with turbidity less than or equal to 50 NTU (background flow), discharged water
may not increase thereceiving watersmore than 5 NTU over background. For receiving water with
turbidity greater than 50 NTU, discharged water may not increase turbidity of the receiving waters
more than 10 percent. Turbidity levels in the _eams varybetween less than 5 NTU to over 1,000
NTU. The lowest turbidity levels in the streams generally occur during low stream.flow(base flow)
conditions, which correspond to the majorityof periods when the stormwater would be r_leased to
the su-eams to offset flow impacts. It is assumed that the releases of stormwater to offset flow

impacts would have to meet the 5 NTU standard most, if:not all, of the time. To _ninirrtizethe need
to provide constant background level monitoring of the stream above and below the release
locations, releases will be limited to 5 NTU or less to ensurecompliance at all times.

There are several operational considerations and water qlmlJly BMPs in place at the airportto
reduce the sediment and turbidity levels in rtmoff water going into stormwater storage. The Port
uses eatehbasim, the IndustrialWastewater System (1WS), and biofiltration strips as BMPs on the

existing airfield, and the SMP proposes to retrofit the existing airfield with additional sediment trap
BMPs in the bottom of each new detention vault facility. The new airfield surface wilt incorporate
similar BMPs to minimize the amount of sediment and suspended solids that could potentially get
into the stormwater vaults. The primary BMP consists of the construction of bioflltration strips in
the new and existing airfield areas that treat stormwater as it drains directly f_om imp=wious areas
of runways and taxiways. The Port will also maintain eatchbasim to ensure they continue to trap
sediments. Filter strips are already in place in the existing Taxiway "C" airfield area that drains to
the stormwater vault (SDS3A) located in the Des Moines Creek watershed (see Section 7 in the
SMP). In addition, the airfield is a controlled area subject to very tow levels of travel by ground
vehicles and frequent cleaning and impeetion for debris that could be harmful to aircraft.
Consequently, the airfield is generally much cleaner than most urban areas that generate stormwater
runoff.

There are also operational proceduresoutlined in the airport's Stormwater Pollution Prevention Plan
(SWPPP) that will minimize opportunities for sediment and suspended solids to enter the
stormwater vaults. These include:

• Sweeping ramp areas several times per week.

• Annual inspection of catehbasim and cleaning if the depth of sediment equals or exceeds
one-third the depth from the bottom of the basin to the invert of the lowest pipe.

• Proper storage and disposal of sediment removed from catchbasins.

• Hydroblasting of runway skid-mark rubber. Water and removed rubber is vacuumed by the
same machine, drained, and depositedat the decant station until disposed as solid waste.

All of these Blv_Ps will limit the amount of sediments and suspended solids that enter the
stormwater vaults, and therefore will_reduce the turbidity.of the water stored.in_the vaults and
discharged to thestreams.

LowStreamflowAnatwis December2001
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All of the proposed stormwatervaults, including those associated with the Flow impact Offset
Facility, employ f_tures designed to provide treatment (settling and removal) of suspended solids
andturbidity. Thee features include:

* Dividing the dead storage area (similar to the areas in the vaults where the stormwater
detained to offset flow impacts will be held) into several compartments by constructing
short walls within the dead storage area of each vault. The compartments provide areas for
suspended solids to settle out and be contained. Each compamuent's outlet will be
configured so that the suspended sol/& are captured in the compartments during low-flow
release periods. Design considerations of this type are typically included in stormwater
vaults. Details wilIbe provided atfinal design of the smrmwater vaults.

• The vaults will include an extra 6-inch depth for the first third of the bottom (minimum) to
facilitate trappingsediment that reaches the vault.

* The inlets and outlets in the vaults will be configured to minimize disturbance ofse.diments
and floatables within the vaults. This will be done by locating the inlets and outlets within
the middle third of the reserved storage depth. Outlets will incorporate a floating design to
accomplish this, as well as to maintain a consistent discharge rate.

. Maintenance of the vaults will remove and properly dispose of collected sediments outside
of the anticipated low-flow release periods.

* The vaults will be designed to allow installation of additional water quality measures, if
n_ded. Addit/onal water quality features may include filtration of the discharges, oil/water
separators, or aeration.

The design of the stormwater vaults, in combination with the operational and monitoring
considerations discussed below, will ¢mure that release of stormwater will not cause violations in
the turbidity standards. The Port is cuxrmxtlyinvestigating filtration of stomawater associated with
discharges fi:oma landside drainage basin. This research includes determining the effectiveness of
several filtration media in treating the stormwater. The results of this study will be completed
before final design of the flow offset facilities, and the data wilt be used to select the filtration
method most appropriate to treatthe stormwater discharge, if needed.

3A.3 Temperature

The state water qualitystandardfor temperaturein class AA waters is not to raise the temperatureof
the receiving water to over 16 degrees Celsius (°C). If the baseline temperature of the recdving
water is greater than or equal to 16°C, then discharges cannot raise the temperature more than
0.3°C. To date, Ecologyhas not applied these requirementsto stormwater discharges, although they
have required temperature monitoring of cmmin stormwater discharges. Ecology could apply the
temperature standard to future stormwater discharges.

The highest annual temperatures in the streams are usually reached during the summer months,
" which is the-_-6rindwhen theYl6w-Iffipact Offset Fficilityis expected tobe in-op_ratiolL-Solar -

radiation is the primary mechanism by which stormwat_rtemp_atures increase in detention ponds.
Since the stonnwater vaults are typically underground structures, there will generally be no direct

i
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solar warming. Underground s_orageprovides a constant te_nperatumthat will be lower than open
storage facilities, more closely matching a native groundwater seep temperature. Water released
from the Flow Impact Offset Facility is not expected to increase instrearn water temperatures. Since

the proposed underground stormwater vaults will result in relatively cool water being discharged, no
special design considerations are proposed to manage water temperatures in the vaults associated
with the Flow Impact Offset Facility.

The Port has begun to collect water temperature data from existing stormwater vaults and in the
streams in order to characterize the expected temperatures of the reserved stormwater discharges.
Commencing in the summer of 2001, average daffywater temperature data is being collected from
the NEPL vault and the SDS3A vault located near the south end of the airfield. Data will be
collected from June though October of each year from the dead storage area of each vault. These
existing vaults were selected because they are similar in size to the proposed stormwater volumes
associated with the Flow Impact Offset Facility. The NEPL vault is partially exposed to sunlight
(on its west side and top), while the SDS3A vault is completely underground. By collecting
temperature data from both vaults, a range of expected texiiperatures will be established.
Temperature data will be collected from the dead storage zone in each vault in order to approximate
the vaults associated with the Flow Impact Offset Facility. This data will be compared to stream

temperature data also being collected by the Port to characterize any cooling effects of stormwater
releases on water temperatures in the streams.

3.4.4 Dissolved Oxygen

The state water qualitystandard for DO in Class A.Av._atersis 9.5 milligrams per liter (rag0).Low
DO levels in streams during summer low-flow periods is a potential water quality concern. The
Flow Impact Offset Facility will be designed and operated in a manner that will not decrease the
DO levels in the streams, and under typical conditions, may act to increase DO levels in the streams.

It is anticipated that DO levels in the stormwater vaults should not be significantly reduced while
the water is stored, There should be little, if any, biological activity in the vaults that could consume
oxygen as a result of the lack of sunlight and the low biological oxygen demand (BED) typically
seen in stormwater runoff from the airfield ('Portof Seattle 2000a). The infrequent and short-lived
episodes of elevated BeD due to runway de-icing activities are not expected to impact the DO
concentrations of the stormwater detained in the Flow Impact Offset Facility because the
stormwater associated with these events moves through the stormwater management system in a
matter of hours, is replaced with runoff with the low BeD concentrations more typical of airport
runoff (Port of Seattle 2000b), and typically happens during the winter months when reserved
stormwater releases from the Flow Impact Offset Facility would not take place. In addition, the
Port operates BMPs to move snow containing de-icing chemicals (a potential source of BeD) from
the airfield to snowmelt areas that drain to the IWS, further reducing the BeD in water that drains to
stormwatervaults.

VentswillbeincludedinthestormwatervaultsassociatedwiththeFlowImpactOffsetFacilityto
allowforthecirculationoffreshair.Thiswillhelpmaintainthedissolvedoxygenconcentrationof
the stormwater.

An additional design consideration is the positioning of the inlet(s) to the stormwater vaults
associated with the Flow impact Offset Facility. The inlet(s) will be placed as low as possible in the
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vault (consistent with the inlet placement parameters in the turbidity section above) in order to
facilitate flushing of the vault each time there is sufficient rainfall to generate stormwater runoff.
Typically, stonnwater inlets in vaults areplaced at higher elevations within the vault. As a result,
water in the lower or dead storage areas may not be circulated and may stagnate. By placing the
inlet at a lower elevation, water already in the lower portions of the vault will be displaced by the
incoming water andwill not have the opportunity to stagnate. Continually replacing the water in the
stonnwatcr vaults should benefit the DO levels in the stormwater. Each stormwater vault associated

with the Flow ImpactOffset Facility will have its inletposition carefullyconsidered during the final
design phase, and placed to enhance this drculati_g effect asmuch as possibte consistent with other
requirements.

Passive aeration of stormwater can be achieved through natural turbulence or agitation of the
discharges. Steeply sloped pipes with periodic drop structures will be required to move the water
from the vault outlets to the stream elevation. An energy-dissipatingstructure will be required near
the release point at stream level to slow the velocity adequately for entering the stream safely,
without causing scour or erosion. Both the steeply sloped discharge pipes and the energy-
dissipating structures will provide the turbulence or agitation needed to provide passive aeration.
Where insufcient tall is available for this natural aeration process, the installation and operation of
aeration devices may be necessary. Other vaults are located near the level of the stream discharge
elevation such that active aeration measures may be required through the installation of some type
of aeration device. Active aeration sv_ems that could be utilized include microbubble diffusers, gas

injection, air injection, mechanical aerators, or aeration hoses. Microbubble diffusers consist of a
porous ceramic plate (similar to aquarium aeration stones) and a pump to inject air through the
plate. Gas and air injection s._ems inject a con_rolledamount of gas or air under pressure into the
discharge water pipe. Mechanical aerators physically agitate water and allow air to become mixed
with the water. Aeration hoses are flexible porous rubber hoses that have air pumped through them
similar to the microbubble diffusers. Information on each of these devices is included inAppendix
F. Although the selection of the device(s) to be ins,ailed will be made during the final design of the
:FlowImpact OfZsetFacility, it is likely that the microbubbte diffuser wii1be selected and installed
because of its simplicity, effectiveness, cost, and ability to be installed in the discharge pipes. Other
am-activefeatures of the microbubble diffuser include low maintenance requirements, the use of a
small compressor or pump to provide air instead of the use of compressed gas tanks, and the ability
to be automatedto function anytime the reserved stormwater discharge valve is open.

3.4.5 Nutrients

There are no water q,,lity standards for nutrients in the current water quality standards. However,
nutrients typically found in urban storrnwater could be of potential concern, tf nutrient-rich
stormwater is stored for long periods, exposure to solar radiation can potentially cause algae
blooms. However, it is expected that there will be no adverse water quality impacts associated with
nutrientsinthereleaseofreservedstormwaterforthefollowingreasons:

• There is no significant source of nutrients associated with the airfield areas identified as
sources of water for the Flow Impact Offset Facility. Primary sources for nutrients in urban
stormwater are fertilizers applied to lawns and landscaped areas. However, the grass infield

.... areasof-theairfieldar_notf_.;dlized orirrigatedbecauselushgrowthcould_iecomea
wildlifeattractantconcern.Any landscapedareastowhichfertilizersareappliedarelocated
neartheterminalanddraintostormwaterbasinsthatdo notcontributeflowtotheFlow
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Impact Offset Facility, The Port's use of fertilizers includes atrplyingthe BMPs listed in the
airport's SWPPP, which further reduces the amount of fertilizers and nu_ienm that enter
stormwater. With careful management of fertilizer use at the airport, there is no major
source of nutrients for the drainage areas that contribute stormwater to the How Impact
Offset Facility.

• The operation of"BMPs on the airfield (biofiltration swales) would reduce the opportunity
and concentrationsof anynutrients that exist prior to the stormwater entering the vaults.

• Since the vaults are underground facilities, there is no sunlight that would stimulate the
growth of algae often associated with elevatednutrient levels.

• tustream residence time for the stormwater discharged from the Flow Impact Offset Facility
is only a matter of hours (the time it takes water to flow fi:omthe discharge points in the
airport viciaity to the streams' discharge points in Puget Sound). Therefore, there will be
minimal opportunity for biological activity (algae blooms) in the streams. Such water
quality impacts from nutrients are typically associated with lakes and ponds, where long
residence time would provide the opportunity for excess algae growth to occur. Since no
lakes or ponds occur in the streams between the.airport and Puget Sound, this is not an issue.

Given the above, the Port does not propose any monitoring for nutrients in the discharges from the
Flow Impact Offset Facility. Through continued implementation of the SWPPP, the BlvlPs
currently in place that manage the use of fertilizers will continue to minimize the opportunities for
nutrients to enter stormwater runoff.

3.4.6 Metals

Metals of concern include copper, lead, and zinc. Washington State water quality standards for
these metals are based on the dissolved fraction, are dependent on the hardness of the water, and, as
with alI water quality standards, are applicable to the receiving waters. Chemistry data from
existing airfieldstonnwater discharges (which are typical of the stormwater that would be reserved
for release during low-flow periods) have been reported in the annual stormwater monitoring
reports. Metal concenlrations in these dischargesare reported as total recoverable metals, which are
not directly comparable to the dissolved fi'action listed in the water quality standards. However, this
data does serve as an indication of metal concentrations to be expected in the discharges of
stormwater from the Flow Impact Offset Facility. Median metals concentrations from airfidd
stormwater typically range from 0.012 to 0.031 rag/1 copper, 0.001 to 0.003 rag0 lead, and 0.020 to
0.051 rag/1 zinc (Port of Seattle 2001b). These values were obtained for stormwater sampled at
points prior to entering the receiving waters. Additional treatment that occurs in surface waterways
prior to entering the receiving waters will result in lower metals concentrations actually entering the
streams. In general, these metal concentrations are also less than zypical urban runoff, as discussed
in the Port's annual storrnwater monitoring reports (Port of Seattle 2000a, 2001b). In addition, the
Port has conducted whole effluent toxicity testing of stormwater discharges, as required by its
NPDES permit (see diseussiom in the annual monitoring reports). Stormwater associated with

airfield subbasim met the performance standards for w.hole effluent toxicity acc0rdin_gto Ecology
guidelines. All tiffs information indicates that the Ftow Impact Offset Facility can be managed to
meet the water quality standards for metals in the receiving waters.
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The following items should be eonsldered in the management oft.he Flow Impact Offset Facility for
compliance with state water quality standards:

• A large portion of metals in urban stormwater is attributed to motor vehicle activity. This is
illustrated in the annual stormwater monitoring reports, which show higher metal
concentrations are associated with the laudside basins where motor vehicle activity is
concentrated. Since access to the airfield is strictly controlled, motor vehicle activity is kept
to a minimum. Therefore, metal concentrations in stormwater runoff are minimized. The
airfield basins are the areas that will be providing stormwater to the Flow Impact Offset
Facility, and these areas typically have the lowest lead and zinc concentrations of all airport
storrnwater discharges (copper concentrations are more consistent in all airport stormwater
discharges, but are still reJativelylow in airfield stormwater).

• Data collected by the Port show that a large fi'action of the metal concentrations are
associated with particulates (i.e., the metal ions are bound to particulate matter). Therefore,
the design and management practices proposed to minimize or reduce particulates and
turbidity will also reduce total metal concentratiom in the stormwater discharges.
Biofiltration swales, settling in vaults, and (additional) fllWationare all effective in reducing
particulates, and therefore total metal concentrations will be reduced as well. Although
these BIV£Psmay not be effective in removing dissolved metals, the majority of the metals
are bound to particulates and will be removed. The design features proposed for the
reserved stormwater vaults (compartmentalized aorage, sloping the vault floor away from
the stormwater outlets, careful placement of the stormwater inlets and outlets, and the

provision for installation of filters) will ensure that the discharge of sediments and metals
bound to particles will be minimized.

• The Port is currently investigating filtration ofstormwater associated with discharges from a
landside basin. This research includes dete_,,i_i_g the effectiveness of several filtration
media in treating the stormwater. The results of this study will be completed before final
design of the flow offset facilities, and the data will be used to select the filtration method
most appropriate to treat the discharge from the Flow Impact Offset Facility, if'needed.

3.5 ADDITIONAL INFORMATION

There are several other considerations relating to the design and operation of the Flow Impact Offset
Facility, including the following items:

• The discharge points for the Flow Impact Offset Facility will be the same as the typical
("live") discharge point for eachvault or pond they are associated with. This eliminates the
need to permit and construct additional discharge points to the streams. The proposed
location of each stormwater discharge point for the Flow Impact Offset Facility is illustrated
in the drawings in Appendix F.

• All stormwater management facilities, including those associated with the Flow Impact
Offset Facility, will be located within the airport's perimeter fencing, thereby controlling

..... aeeess-t0ilaefacilities and re?166ingthe potential for dafnage to the facilities'frOmvandalism.
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• The Port will operate, inspect,monitor, and maintain the How Impact Offset Facility as long
as there is an airport at the site. tn addition, the Port will provide annual monitoring reports
to ensure tha_the Flow Impact Off,set Facility is meeting its performance goals. An adaptive
management method will be used to allow for needed adjustments in the operation of the
facilities, and to allow for the installation of new management/monitoring technology, if
needed.

• As stated in Ecology's Stormwater Management Manual for Western Washington (Ecology
2001), the objective of stormwater management is to "control the quantity and quality, of
stormwater produced by new development and redevelopment such that they comply with
water quality standards and contribute to the protection of beneficial uses of the receiving
waters." Ecology has determined that stormwater management activities in Washington
State do not require a water right Since the Port's proposal to offset flow impacts to the
receiving waters consists of stormwater management activities, a water right is not required
for the Flow Impact Offset Facility.

• The Port is incorporating BMPs into the embankment design to ensure infiltration into the
embankment rather than the embankment conveyance system. These BMPs include the use
of flatter than normal slopes in biofiltrafion swale,s, the use of materials (soils) with good
infiltration capacities, the incorporation of soil amendments to increase infiltration,
managing vegetation to enhance infiltration, and scarifying surfaces to eliminate barriers _o
ir_ltration.

• The Port has investigated the potential for conveyance losses to seepage between the
discharge points of the reserved vaults and the streams. The portion of conveyance that
occurs in unlined ditches or swales occurs in close proximity to the streams, so that any
seepage to shallow groundwater is expected to discharge to the streams in a very short time,
thereby not impacting the amount of water delivered to the streams. The proposed water
quantity monitoring program will provide data to assess this performance characteristic. If
losses are detected that are impacting the quantity of water delivered to the streams, actions
will be taken to eo=ect the situation, such as conveying the water in pipes to a point where

' losses will not occur.

• The Port is currently assessing the ability to route the discharges from the Flow Impact
Offset Facility into wetlands that are hydraulically connected to the streams. This will be
implemented wherever possible in the final desi_ of each reserved stormwater vault. Note
that if this is implemented, it may require the construction of additional discharge points
(i.e., the reserved stormwater discharge point may have to be separate from the normal
("live") stormwater discharge point to achieve this goat). Analyses indicate that the
groundwater hydrology of wetlands hydraulically conneeted to the streams will be
maintained (Parametrix 200Ib). To determine if hydrologic conditions in the wetlands are
sufficient to maintain the existing vegetation types, the groundwater hydrology of the
riparian wetlands adjacent to the Master Plan Update improvements will be monitored for
up to 15 years as described in theNatural Resource Mitigation Plan (Parametrix 2000b).
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3.6 PILOT PROGRAM PROPOSAL

SectionL a)ix)oftheDepartmentofEcology'sWaterQualityCertification#1996-4-02325states:

"The Portshalldevelopa pilotprogramto testone reservestormwatervaultfor
performance.ThePortshallincludeaproposalfora pilotintherevisedplan.Thepilot
shallbecompletedwithinthreeyearsaRcrreceiptoftheSection404permitfromtheU. S.
Army CorpsofEngineers."

ThePortproposestomodifytheexisting'kaxiway"vault(SDS3A)intheDes MoinesCreek
drainagebasinasthepilotprogramfortheFlow ImpactOffsetFacility.The SDS3A vaultwas
selectedbecausemostofthevaultsproposedaspartoftheFlowImpactOffsetFacilitymay notbe
constructed within the time period required in the Water Quality Certification. The SDS3A vault
already exists, and can be easily reconfigured to include a reserved stormwatcr release function.
Modification of the disctmrge s'u'uctureand the addition of a separate reserved stormwater discharge
linewouldberequired.

BecausetheSDS3A vaultalreadyexists,k doesnotincludeseveralofthewaterqualitydesign
features of the proposed vaults, such as ventilation and optimal placsment of stormwater inlets.
However, this presents the opporumity to utilize the SDSBA vault as a baseline study, i.e_,the water
quality of the reserved discharge can be tested without the benefit of any of the proposed special
design features. If data collected during operation of the pilot program indicates potential water
quality problems, then the vault would be reconfigured to include the appropriate features, and
additional data would be collected to measure the effectiveness of the features. Examples include:

• The SDS3A vault does not have any special ventilation features to enhance dissolved
oxygen (DO) levels of the stored stormwater. Baseline information on DO within the vault
and reserved discharges as they enter the stream would be collected. IfDO levels are low,
additional aeration features (both passive and active) can be added and their effectiveness
measured through additional monitoring. The knowledge gained could then be applied to
the proposed vaults.

' • The SDS3A vault co]lects stormwatcr _om the airfield (controlled vehicle access area), and
employs typical sediment control BMPs (biofiltration swales, settling within the vault).
Baseline information on the turbidity of reserved stormwater discharges would be collected,
and modification to the vault would be made if turbidity problems are detected.
Modifications could include reeonfiguring the reserved storage area within the vault to
increase its sediment trapping capability, reeorzfiguring inlets/outlets, or filtration. The
effectiveness of these additional features would be measured, and knowledge gained could
then be applied to the proposed vaults.

The SDS3A vault will be reconfigured to test the reserved stormwater release concept so that one
full yea" of operational testing and monitoring will be completed within the time period set forth in
Section L a) ix) of the Department of Ecology's Water Quality Certification. After one full year of
operation and monitoring, the Port will develop a report describing the operation and its
performance. The report will be submitted to Ecology for review. If the SDS3A vault pilot

' program does not meet any of the performance smudahis listed in Section 3.2, the report will
includean analysisandrecommendationstoincreaseperformancetotherequiredlevels,These
recommendations will be implemented in all of the reserved storage vaults, as appropriate.
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4. OPERATION AND MAINTENANCE PLAN

4.1 PURPOSE AND SCOPE

4.1.1 Purpose of Plan

Thelow-flowimpactoffsetvaultsweredesignedtoprovidelong-termdetentionofrtmoff forslow
release during the summer low-flow period. The purposeofthls Operation and Maintenance Plan is
to set forth the procedures and schedules that Port maintenance staff will use for operating,
inspecting, and maintaining the low-flow vaults. These procedures will be necessary to ensure that
stored runoff water is available in adequate quantity and quality for release to the streams during
summer low-flow conditions. A well-implemented operations and maintenance plan will also help
the Port minimize long-term life cycle costs for the facilities.

4.1.2 Scope of Plan

The Operation and Maintenance Plan addresses the Low Flow impact Offset Facilities listed below
for Walker Creek (SDW2) and Des Moines Creek (SDS3). Detailed design information for each of
these vauIts is provided in Section 4.2. Facility operation information is contained in Section 4.3.
Section 4.4 describes procedures for Port staff to periodic,ally inspect the vaults and examine certain
components and potential conditions, such as the accumulationof sediment and debris, clogging of
pipes, or structural damage. Section 4.5 provides safety procedures that will be used by Port staff
during vaultoperation, inspection, and maintenance activities.

4.2 FACILITY DESCRIPTIONS

The operation, site layout, and desi_ features of the low-flow vaults are provided below. This
information is intended to provide background information to Port staffrcgarding the operation and
maintenance of these facilities.

t

4,2.1 Facilitn,Design and Operation Concept

Underground vaults will be used to detain stormwater for reserve discharge during the summer low-
flow period. Low-flow mitigation storage will be created in vaults adjacent to the SNIP detention
vaults. Water for low-flow mitigation storage will be captured and stored during the Janu&-y
through _lulyperiod and released slowly during August through Novc_nbcr (see Section 4.3, Facility
Operation). In addition to flow control, the vaults will also include water quality treatment
components (e.g., trash racks, oil-water separators, filters, etc.), as appropriate for the activities
within the areas contributing stormwater to each vault.

4.2.2 Facilities Overview

A totalof two low-flow vaultswill be used. Locations of the vaults on the airport site areshown in
Figure 4-I. Table 4-1 provides a list of the vaults and summarizes their major characteristics,
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includhag facility layout and access, hydraulic features, and water quality control and treamaen¢
features. Concept drawings of each facility arcprovided in Appendix F.

4.3 FACILITY OPERATION

4.3.1 System Schedtdes

The overall operating schedules for the Walker and Des Moines Creek low-flow vaults are shown in
Table 4-2 and in Figures 4-2 and 4-3. The fill rate (water storage) is shown in the figures as linear,
but in practice the fill rate is expected to be highly variable dcpmadingon the specific vault design,
capacity, and rainfall patterns.

If any water l'gn'lain._ill the vaults at the end of the summer low-flow period (madof October), the
Port shall continue to release the water at the existing rate until the vaults arc erupt3; or until
rainfalls occur that cause a significant increase in the base flows of the streams.

(
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Table 4-I. Summary of Low Flow Impact Offset Facilities.

SDW2 SDS3

General description

Location West ceawal side of new nmway North of South 188th Street

System Walker Creek Des Moines Creek

Drawing number C 131 C 141

Type Undergroua_ rectangular,concrete, single- Underground, rectangular, concrete, with
corr@az'm_ntvault with Idgh-level bypass two con_a.rlmmts: low-flow storage
pipe adjacent to pond F and short-termdetention

Plan dimensions Approximately 442 fl x 250 fl Low-flow storage compartment:.
apprux/mately 126 fix 700 ft

Access Approximately40 10xl0-fl accessgrates; Approximately 6 main access_ds
I down ramp.

Low-flow offset storage

Type Vault dedicated to low-flow offset storage Low-flow storage compartment aspart
ofoverallsu'ucture

Voiume 19.0 acre-ft' 13.5 acre-ft

Maximum water depth 8.0 R 7.2 fl

Hydraulic features

Inlet smlcturc Pipef2_rn_ SDW2-9 Pipe from_ 5DS3-592

Outlet structure Low-level outlet pipe Low-level outlet pipe

Outlet conu_l Valve Valve

Outlet conveyance Approximate 700-ft pipe Pipe to MH SDS3-197

Discharge m sn-eam Adjacent to pond F ouffall SDS3 ouffaU

Water quality features

Sediment trap Sloped vault floor with internal dividing Sloped vault floor with internal dividing
walls , walls

Aeration Passive air flow tln'ough grates Passive air flow ti_ou_h grates

Trash racks (detail for construction) (detail for conswaction)

Filters Optional sand or filter media filter Optional sand or filter media filter

Oil-water separators (detail for construction) (detail for construction)

MechanicalandEle_'ical

Monitoring and alarms (devil forcor_n'_ction) (detail for coasuucfion)

Ligh_ng (detail for ¢ons_'uct/on) (derail for consu'nction)

Washdown (demll for conslruction) (detail for consu'uc_on)

• Analysisdetem'_ined18.5a_e:_ conceptdesignused 19,0acre-_
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Table4-2. Summar7ofLow-FlowVaultsOperatingSchedules

WalkerCreek DesMoinesCreek

StartVaultFilling January2 January2

OpenOutlet/StartVaultDining August1 J_y 24

StammerLow-FlowPeriodEnds October31 October24

SummerLow-FlowPeriodReleaseRate 0.I1cfs 0.08cfs

4.3.2FaciHW-SpecificSchedules

As operatingexperienceisgainedbythePort,thefillandreleaseschedulesforthevaultsmay be
adjustedtoallowformoreeffectivesystemoperation.Facility-specificscheduleswillbeaddedto
thisOperationandMaintenancePlanastheyaredevelopedirathefuture.

4.4 INSPECTION AND MAINTENANCE

The objective of the inspection and mainte_aanceprogram is to ensure the reliability and consistent
performance of the Low Flow Impact Offset Facilities in providing water in sufficient quantity and
quality to the streams. In addition, the program will help to extend the life of the facilities and
reduce the overall life-cycle costs to thePort.

4.4.1 Procedures

Tigure 4-4 conceptually illustrates the inspection and maintenance program. The sample form
shown in Figure 4-5 Liststypical vault components that will be inspected. An inspection and
maintenance record form that is specific to each faciIity wi.Ube developed as final designs are
completed.

Inspectors will evaluate their observations with standards to determine if maintenance is required.
In many situations, it is expected that maintenance will be performed at the time of inspection. In
other situations, when additional staff or equipment is necessary, a work order request _ be

prepared and the maintenance will be performed at a later date.

4.4.2 Sediment Removal

Sediment is expected to accumulate in the bottom of the facilities below the low-flow outlet. Oil,
grease, and other types of debris may also accumulate with the sediment. Regular and proper
removal of sediment and debris is critical to ensure that water stored in the vaults will be of

satisfactory quality when it is discharged to the streams.

Depending on the facility's design and the quantity of sediment that has accumulated, sediment wilt
be removed with vaetor trucks, small front loaders, or manual tools. Washdown water may also be

required. Regardless of the methods used, the low-flow outlet will be closed during the sediment
removal process to prevent contaminated water from being discharged to the streams. The Port's
existing decant faci.liryshall be used for the disposal of all sediment and associated water that is
removed from the vault during the sediment removal process.
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4.4.3 Schedule

Vault facilities are projected to contain water ha var'ying amounts during the period from January

through 0etober for low-flow mitigation purposes. Therefore, in order to conduct inspection and
maintenance activities ha-the-dry, this work will need to occur during November and December of
each year. Specifically, as shown by the schedules in Figures 4-2 and 4-3, inspections will be
performed in earlyNovember, followed by maintenance activities asnecessary through December.

4.4.4 Documentation

An inspection and maintenance record form shall be completed for each inspection at each vault
facility.

4.4.5 Rel_orfin_

Inspection and maintenance activities shall be summarized in the Port's annual report to Ecology..

4.:5 SAFETY

Accumulated sediment, stagnant water conditions, and limited ventilation are typical conditions in
vaults and may cause noxious gases to form and accumulate in the vaults. Additional ventilation
will be provided in the low-flow vaults. Vault inspection and maintenance procedures must be in
compliance with OSHA con.fined-space entry requirements, which includes clearly marking
entrances to con.fined-spaceareas.
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5. MONITORING PLAN

5.1 WATER QUALITY AND FLOW MONITORING

The Port is proposing a comprehensive monitoring plan for the Flow Impact Offset Facilityto
ensure that the performance standards aremet and that no violations of state water quality standards
occur in the receiving waters, andto support an adaptive management strategy. Monitoring consists
of three elements: characterization of existing/expected water quality, monitoring of annual test
releases from the Flow Impact Offset Facility, and monitoring of the discharges and receiving
waters during operation of the facility. Each elemen_is discussed below.

5.1.1 Characterization of Existing/Expected Water Quality'

A great deal of water quality data already exists on the Port's stormwater discharges and on the
streams. This data has bean collected for a variety of purposes, including satisfying the Port's
NPDES permit requirements, basin planning activities, and other studies done in the area by the Port
and others. The data set includes water quality measm'ementswithin the slream systems during the

summer periods when theFlow Impact Offset Facility will be scheduled to discharge to the streams.
In addition, the Port has started to collect data to characterize the discharges from the Flow Impact
Offset Facility. Temperann'e data is being collected starling in 2001 from the existing NEPL vault
and the SDS3A vault in order to characterize the expected temperatures of the Flow Impact Offset

Facility. The NEPL vault is pardaUy exposed to sunlight (on its west side and top), while the
SDS3A vault is completely under,,m'ound.By collecting temperature data from both vaults, a range
of expected temperatures can be established for each type of vault (buried and partially exposed).
Temperature data will be collected from the dead storage zone in each vault in order to approximate
the Flow Impact Offset Facili_. The Port has collected some instream temperature data beginning
in September 2000. Other data that is being collected aspart of other Port water quality studies will
be used prior to the operation of the Flow Impact Offset Facility to characterize expected water
quality within the streams during the summer months (when the facility will be discharging). All of
this data wiI1be analyzed and presented in the final design of the facilities associated with the Tlow
Impact Offset Facility.

5.1.2 Monitoring of Annual Test Releases from the Flow Impact Offset Facility

Each year, prior to the operation of the Flow Impact Offset Facility, the Port proposes to conduct
sinai1test discharges from each outlet. The test discharges are intended to confirm the operation of
each discharge and to detect and respond to potential problems prior to the annual operation of the
Flow Impact Offset Facility. For example, because of the small orifices needed to control
discharges to the required rate, a small amount of debris in an orifice could potentially impact the
discharge rates. The discharge structures are being designed as floatable structures to maintain a
constant discharge rate and minimize the potential to clog with debris or sediment (see Appeadix F).
Floating debris would be removed at this time to prevent impacts to the annual operation of the
facility. Any other problems that may occur within the facility would be detected and corrected at
this time.
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WaterqualitysamplingofsmUt-volumetestdischargesisproposed.By conductingthissampling,
potential water qua]ity problems can be detected and corrective measures taken prior to scheduled
annualreleasestothe stream systems.Waterqualitydataobtainedfromthetestdischargeswillbe
comparedtothestreamcharacterizationdatatodeterminethepotentialforwaterqualityviolations.
Ifanyareindicated,thePortwillrakecorrectiveactionpriortotheannualoperationofthefacility,
suchasinstallingportableaeratorsoradditionalfiltrationinthedischargespriortotheirentryinto
thestreams.

Whereverpossible,thePortwillinstallautomateddataloggersand/orautosarnplerstocollectflow
dataandwaterqualitysamples.Thiswallallowthemorn'totingplantobeflexa_oleflitisdetenrfined
thatsamplesordataneedtobe collectedmornorlessfrequentlythanproposedatthistime.In
addition,itmay becomepossibletoautomatetheoperationoftheFlow ImpactOffsetFacility.
Valvescanbeautomatedtocloseoropenbasedonsignalsfi'omdataloggers,andotherlogiccanbe
programmedintoanelectronicmanagementsystem(forexample,thevalvecanbeprogrammedto
openon]yduringthelow-stmamflowperiod).Thesesystemswillbe evaluatedduringfinaldesign
ofthefacility.

Water quality sampling of the test discharges will include the following:

• Flow

• Turbidity
• DissolvedOxygen(DO)
• Temperature
• Metals

5.1.3 Operational Monitoring

The Port is proposing to monitor the operation of the Flow hnpac_ Offset Facility to provide
assurance that the facility is achieving its performance goals and not causing any water quality
violations in the receiving waters. This will be accomplished by periodic monitoring of both the
discharge and receiving waters during the annual operation of the facility, both while the vaults are
being Riled during the rainy season and while the vaults are discharging through the reserved
stormwater outlets. The monitoring proposal for the Flow Impact Offset Facility includes the
following monitoring components: wmer levels within the stormwater vaults, flow, turbidity, DO,
temperature, and metals. Additional in£onnationon these components is provided below.

5.1.3.1 Water Levels

Water levels within the stormwater vaults will be monitored through installation and operation of a
pressure transducer and datalogger in each vault. Average daily water levels will be calculated
based on more fi'equent measurements by the pressure transducer/logger. This data will then be
appliedto the vanlt geometryto calculate the volume of water in the stormwater vaults. In addition,
vault filling and emptying (average daily water levels) will be monitored throughout the year.
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5.13.2 Flow

Discharge from each vault will be measured upon opening of the Flow Impact Offset Facility
outlets and measured a minimum of weekly throughout annual operation of the facility. In addition,

stream gage data will be collected fi'om the King County,gages currently active in the Miner,
Walker, and Des Moines Creek watersheds in the airport facility and downstream to the mouth of
each stream. The Port will coordinate with King Countyto ensure that data from these gages will
continueto be collected in the future.

5.1.3.3 Turbidity

Turbidity data will be taken at discharge points, upstream in receiving waters, and downstream in
receiving waters (approximately 100 ft from where the discharges enter the streams). The turbidity
measurements will be taken upon opening of Flow Impact Off.set Facility outlets and taken a
minimum of weekly throughout operation of the facility.

5.1.3.4 Dissolved Oxygen

Dissolved oxygen dam wilt be taken at discharge points and approximately 100 fl downstream from
where the discharges enter thestreams. The DO measurements wilt be taken upon opening of Flow
Impact Offset Facility outlets and taken a minimum of weekly throughout operation of the facility.

5.1.3.5 Temperature

Water temperature will be measured within the vaults, at discharge points, and in the receiving
waters (streams). Temperature measurements within the vaults will be obtained using dataloggers
that will provide average daily temperature throughout the year. Instream temperature
measurements will be taken at the discharge points, upstream in receiving waters, and
approximately 100 ft downstream from where discharges enter the streams. The field temperature
measurements witl be taken a minimum of weekly upon opening of Flow Impact Offset Facility
outlets.

5.1.3.6 Metals

Samples will be analyzed for copper, lead, and zinc. The samples will be obtained from discharge
points and receiving waters (approximately 100 ft downstream from where discharges enter the
streams). The metals sampling and analysis wiI1occur upon opening of Flow Impact Offset Facility
outlets and a minimum ofmontldy throughout operation of the facility.

5.1.3.7 Schedule

Weekly monitoring of the discharges for the quality parameters (except metals) is proposed as a
starting point for mordtoring the Flow Impact Offset Facility. Once an adequate volume of data
exists, an analysis will be completed on the variability of the water quality parameters, and sampling
frequencies can be increased or decreased, as appropriate. Data collected during the pilot program
will be included in this analysis. Because the facility will be discharging from a gored volume of
water, the water quality of the discharges is not expected to change significantly, until runoff
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replenishes the vaults. In the event of a significant rainfall event during the operation of the facility
(greater than 0.5 inches in a 2_.hour period), the Port will conduct additional sampling to ensure
that the rainfall did not substantially change the character of the water within the How Impact

Offset Facility, which could potentially cause a violation of instream water quality, standards.
Monthly sampling for metals is sufficientbecause existing data shows that the metals concentrations
in stormwater runoff from the airfield is relatively consistent and low compared to stormwater
discharges l_om other urbanareas.

5.1.3.8 Locations

Specific monitoring locations, both of the discharges and instreaah will be cormistent with the
requirements of the Section 401 Water Quality Certification and will be precisely located and
included in the final design of faciIities associated with the Flow Impact Offset Facility. All water

quality data will be recorded and reported in an annual monitoring report that wilt be submitted to
Ecology by December 31 of each year. If the monitoring data show that the discharges from the
Flow Impact Offset Facility consistently meet water quality,standards within the receiving waters,
the Port may propose a modified monitoring plan for subsequent operation of the facility. If any
water quality problems were encountered during operation of the facilities, the annual report will
include a discussion of the immediate actions taken to address the problem and actions taken or

proposed to prevent a recurrence of the problem in the future. All sampling and analytical methods
used to monitor the Tlow Impact OffsetFaeility will conform to the latest revision of the Guidelines
Establishing Test Proceduresfor the Analysis of Pollutants contained in 40 CFR Part 136 or to the
latest revision of Standard Methods for the Examination of Water and Wastewater (American
Public Health Association [APHA] et at. 1998). This will ensure that the monitoring methods for

the Flow Impact Offset Facility are consistent with other water quality monitoring done under the
_TPDESpermit for the airport.

5.2 BIOLOGICAL MONITORING

Instream biological monitoring will be performed in Miller, Walker, and Des Moines Creeks to
assess the impacts of the Port's Flow Impact Offset Facihty. The biological monitoring will consist
of Benthic _dex of Biotic Integrity (B-IBr) monitoring and physical habitat monitoring. Biological
monitoring will occur four times per year and will continue through the fifth year after construction,
then annually until completion of a 15-year monitoring period. During the years when monitoring
is occurring four limes per year, monitoring events will occur in January/February, April/May,
June/July, and S_tember./October. If monitoring indicates potential adverse effects, the Port will
evaluate potential adaptive management strategies (see Section 5.4, Adaptive Management). The
biological monitoring protocols are discussed in the following subsections.

5.2.1 B-IBI Sampling Protocol

5.2.1.1 Approach

A measure of biotic integrity will be used to evaluate the existing and future low-flow conditions of
Des Moines, Miller, and Walker Creeks. The B-IBI for Puget Sound Lowlands (Kleindl 1995;Karr
and Chu 1997) quantifies the overall biotic condition of a stream based on measured attributes of
benthic macroinvertebrates compared to regional distn_butions. B-IBI scores have been shown to
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correlate well with levels of urbauization (Fore et al. I996; Homer et al. 1996). This analysis was
desimaed to analyze invertebrates collected in the fall ('Kleindl1995; Karr and Chu 1997) and will
be used to assess the September/October samples. Invertebrates collected during the other
monitoring periods will be assessed using several of the same metrics in the B-IBI, coupled with

professional judgement, and will be compared to the fall B-IBI score. The protocol described below
is from Biological Monitoring and Assessment: Using Mulametric Indexes Effectively (Karr and
Chu 1997) and will be applied to samples collected throughoutthe year.

5.2.1.2 Field Equipment

The following field equipment will be used for the B-IBI monitoring:

• 500-micron mesh Surber type sampler
• 500-micron (or smaller) mesh sieve
• Flagged weight to identify sample location
• Ethyl alcohol (95%)
• Two 1-litersquirt bottles for alcohol •

• Garden trowel or large spike to disturb substrate
• White bucket or white wash bin to empty sample from Surber
• Large cup with handle to rinse invertebrates off Surber
• Stop watch
• Forceps (tweezers)
• Plasticspatula
• Waterproof ("Rite-i-the-rain") paper
• Pencil, permanent marker (Sharpie), and grease pencil
• 250-ml screw-topjars (three per samplesite)
• Ziploc bags

5.2.1.3 Site Selection

' Sample sites wiUbe selected that are representative of the larger study areas. This determination
will be based on physiographic characteristics, including vegetation, soils, geology, land use,
gradient, riparian characteristics, and substrate. For each representative stream reach, a riffle long
enough to accommodate three replicate samples wiI1be identified. Ideal sampling locations will
consist of rocks 5 to 10 em in diameter sitting on top of pebbles. Substa'atesdominated by rocks
larger than 50 cm in diameter wi/] be avoided.

To the extent possible, sample sites will not be located directly downstream from anomalies such as
culverts, bridges, roads, landslides, or waterfalls (unless these are the conditions that the monitoring
program is evaluating). In situations where an anomaly cannot be avoided, sampling will occur at
least 50 meters upstream of a bridge and 200 meters downstream of a bridge. The location of each
sample site will be recorded.
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5.2.1.4 Data Management

During the B-IBI monitoring, site location data and site selection rationale will be recorded onto
electronic datasheets. This information can be collected in a field notebook and recorded onto the

B-IBI summary sheet later, or entered directly with the field computer,

5.2.1.5 Invertebrate Collection

Threetotal replicates will be taken from eachsamplelocation using the following methodology:.

1. Sample within the main flow of the stream. To the extent possible, sample at water depths
of 10 to 40 cm. Depending on low-flow conditions, the sampling may need to occur fi-om
shallower water depths. D_th, flow, and substrate type should be similar for the three
replicate samples collected in the riffle. Begin sampling downstream and proceed upstream
for the three replicates.

2. Place the Surber sampler on the selected spot with the opening of the nylon net facing
upstream. Brace the flame and hold it firmlyon the stream bottom.

3. Lift the larger rocks resting within the frame and brush off crawling or loosely attach_'d
org,a_isms so that they dfi_ into thenet. After "cleaning" the rocks, haspeetfor invertebrates
and discard from the samplingarea.-

4. Once the larger rocks are removed, disturb the substrate vigorously with a trowel or large
spike for 60 seconds. This disturbance should extend to a depth of about 10 cm to loosen
organisms in the interstitialspaces, washing them into the net.

5. Lift the Surber out of the water and flit the net up and out of the water while keeping the
open end upstream. "i'niswill help to wash theorganisms into the receptacle. Drop a piece
of weighted flagging tape to mark the location of the first rephcate sample. Do not step on
remaining sample areas while walking to the streambauk,

6. "Onthe streambank, empty contents of the Surber into large bucket or wash bin. Remove aI1
animals and debrisfrom the Surber sampler,

7. Separate benthic macminvertebrates from the substrate by stirring the contents of the plastic
wash pan. Pour floating organic matter into a 500-lain soil sieve, then transfer into a
sampling jar and preserve with ethanol (95 percent). Residual water in the sample will
dilute the ethanol to about 70 pexeent.

8. Repeat rinsing and pouring into the 500-_ma soil sieve until all apparent animals are
removed l_om gravel. Add a small amount of water to remaining gravel and set aside for a
few moments. Remaining invertebrates will begin to move among the substrate. Use a
magnif3cngglass and tweezers to remove the last animals and place directly into the sample
jar.

9. One important note: the density of invertebrates within a riffle can be variable, and there
maybe times when asample has low numbers ofhavertebrates. It is important that a sample
have at least 500 individuals (Fore 1999 personal communication). This number will be
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estimated in the field by looking at the density of invertebratesin the concentrated sample.
If'thedensity appears small, additional combinedsamples _ be necessary.

Archive Samite

Insert a sample label that contains the name of the team, date, location, sample number, and

r_licme number into thejar, Fill the samplejar to the top with alcohol and seal. Write the location
and date on top of the sample lid. Place thejar in a Ziploc bag labeled with thesame information.

Collect Replicate Samples

Return to the location of the first sample, walk upstream, and collect mother sample of
invertebrates. Leave another flagged marker and process the sample as above. Repeat this process
once more fora total of three replicate samples from each site location. Each replicate should be
labeled (e.g.,#I, #2, #3) and archived separately.

TRxonomv

Invertebrateswill be identified to the highest poss_le taxonomic level by a professional invertebrate
taxonomist.

5.2.1.6 Reporting

Information obtained from the B-IBI monitoring will be synthesized to evaluate potential impacts
associated with operation of the Flow Impact Offset Facility. All B-IBI data will be recorded and
reported in the annual monitoring report to be submitted to Ecology by December 31 of each year.
If any negative impacts were encountered during operation of the facilities, the annual report will
include a discussion of the immediate actions taken to address the problem, and actions taken or
proposed toprevent a reoccurrence of the problem in the future.

5.2.2 Physical Habitat Monitoring Protocol

Physical habitat monitoring will be used to evaluate the existing and future low-flow conditions of
Miller, WaLker,and Des Moines Creeks. Protocols for the physical habitat monitoring are provided
in Appendix G.

5.3 FILL MONITORING, IN-FILTRATION BIVlPS,AND I!NqCILTRATION
CONTINGENCY MEASURES

The hydrogeolo_c modeling by Hydrus and Slice described in Scction 2.3 modeled the movement
of precipitation that has infiltrated into the fill embankment. The properties of the fill (e.g., grain
size distribution) largely control the amount of water that will infiltrate and water movement
through the embankment. Additional factors include the methods of fill placement, final grading,
and revegetation. The following section describes the monitoring plan for confirming infiltration
properties of the in-place fill.
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5.3.1 Existin_ Fill Oualitv Control Testing

The embankment constn_ction specification (Specification P-152) establishes that proposed fill
sources be tested for acceptance by the Port at least 30 days prior to the proposed use of the fill
Submittal requirements include the following tests, which must all be performed in accordance with
American Society for Testing and Materials (ASTM) D 3740 (Minimum Requirements for
Agencies Engaged in the Testing and/orInspection of Soil and Rock as Used in Engineering Design
and Construction):

• Sieve analysis and natural moisture content (ASTM C 136)
• Specific gravity (ASTM D 854 or C 127)
• Moisture/densityrelationship (ASTMD 1557)
• Plasticity index for Group 4 soils (ASTM D 4318)
• Environmental certification report
• Direct sheartest for Group 5 soil (ASTM D 3080)

The data must be certified by a licensed geotechuical engineer ensuring that they accurately
represent material from the source site. Use of the fill is subject to approval by a Port engineer
(Specification P-152-2. I).

The density of in-place fill is tested in "lots" for approval of the lot by a Port engineer (a "lot" is
2000 tons of material in place) in accordance with ASTM D 1555, ASTM D 2157, or ASTM D
2922 (Specification P-152-2.3). In addition, ev_, other lot of Group IA must be tested by the
contractorfor fines content in accordancewith ASTM C 135.

5.3.2 New Infiltration Capacity Testing Protocol for Fill

In addition to established quality control testing proceduresfor the fail, tests will be performed to
evaluate infiltration capacity. The infiltration capacity measured in the field can be related to
_fi]tration capacity assumptions usedin embankment modeling, For modeling, infiltration capacity
and hydraulic conductivity were assumed equal and the fill was characterized as a uniform mixture
of two media: an inactive gravel fraction, and an active matrix through which unsaturated flow
occurred (Pacific Groundwater Group 2001). I.fmacm-pore flow is absent and entrapped air in the
soil is minimal during field testing, the following equations define the relationship between bulk
infiltration capacity measured in the field and modeled hydraulic conductivity of the fill matrix:

lb= :re(t-%G)

and Im=Km

where :Ib = bulkinfiltrationcapacitymeasuredinthefield
Im= matrix infiltration capacity
%G = fraction of the fill that is gravel
Km= saturated hydraulic conductivity of the soil matrix, appropriate as input for

modeling variably saturated flow

An important variable in the general water balance of the embankment is the infiltration capacity of
the surfieial soils. The general water balance is less sensitive to the character of soils buried within
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the embankment. Therefore, infiltration testing wilt only be performed when the embankment is
nearing completion, it is assumed for purposes of these calculations that no "_opsoiI" or other
distinct surficial layer will be placed on the embankment. If such a layer is decided upon in the
future, the timing, locations, and depth of infiltration tests may require alteration from the protocol
established below.

Infiltration testing will be performed upon substantial completion of the embankment, including
establishment of the various zones (fill types) that will comp_e the s'urfaceof the embankment. Up
to eight locations on top of the new embankment fill will be selected by the Port based on the
following criteria:

• Provide geograpl_c coverage of pavement subgrad¢, pavement support, and common
embankment zones of the new fill as shown in Figuze 7 of the Geotechnical Engineering
Report, 404 Permit Support, Third Runway Embankment, Sea-Tac Imemational Airport
(Hart Crowser 1999). Testing of the "MSE reinforcing" fill zone will not be performed.

• Remain safely away from air traffic operations.

• Remain safely away from utilities.

• Consider access for water trucks.

At each location, a modified Pilot Infiltration Test (PIT) described in the Stormwater Management
Manual for Western Washington (Ecology 200I) will be performed. An area of at least I00 ft: will
be accurately leveled and beamed to allow ponding of imported water (shallow excavations may be
used). Turbidity-free water at ambient temperature will be metered into the basin and discharged
onto a permeable geotexfile to prevent disturbance of the soil surface. Initial ponding may be
maintained at substantial depth but not to exceed 1ft. After at least 17hours of continuous ponding,
the pond depth will be decreased by reduction of discharge to the minimum pond depth necessary to
completely cover the basin bottom. The water discharge rate required to maintain a constant
minimal ponding depth will be measured. When that water flow rate has not changed substantially
over a duration of 1 hour, the test wiI1 be terminated. The foliowing equation will be used toA

calculate bulk infiltration capacity using the test data (in consistent units):

Ib = steady water flow rate / area of basin bottom

For instance, if the steady water flow rate is 25 of per hour into a basin of 100 ft2, the infiltration
capacity is 0.25 ft per hour (3 inches per hour or 2 x 10-3cm/sec).

To support interpretation of the infiltration tests, orthogonal photographs of the basin bottoms will
be taken with a visible scale. A large volume bulk soil sample will also be collected by digging into
the basin bottom. The sample will be retained as a contingency should questions about the test
arise. Data eollection and reporting guidelines supplied in Ecology's PIT procedures will also be
followed.
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5.3.3 Fill InFiltration Performance CHterion

The infiltration capacity of the built embankment will be considered substantially lower than tha_
used in modeling if the Km used in modeling (1.35 x 10.4 cm/sec) falls above the upper 95 pereen_
confidence interval of the infiltration test population (the Krn values, or a fitted population
distribution, calculated from the h-xfiltrationtest data). This approach will identify field conditions '
wherein the built embankrnent has an infiltration capacity substantially less than assumed in

modeling.

No similar criterion wiI1be applied to identify conditions whcrdu the built embankment has a
substantially higher _.filwation capacity than assumed for modeling. Reasons for this are: (1) the
greater concern is building an embankment that hnfiltrates too little water, and (2) the proposed
approach does not require correcting for macro-pore flow that will Iikely influence the field data_

5.3.4 Fill Inffitration BMPs

BMPs designedtopromoteinfiltrationintotheembankmentam describedintheOctober26,2000
memorandum(AppendixC).TheBMPs arelimitedtouseofflatterslopesontheairfield,

longerwatercoursesoverpervioussurfaces,anduseof a varietyof namrallyoccurringfill
materials.Othermeasuresweredeemedinappropriatebecauseof increasedriskofinstability,

constructioncomplexity,andcosts,andpossibleadverseimpacts.ThethreeacceptableBMPs are
usedinthecurrentdesignofthecmbatikment.

3_nadditiontothethreeBMPs discussedintheattachedmemo,a polyacrylamide(PAM) tackifier
hasbeen,andwillcontinuetobe,usedtoreduceerosionoftheembankmentsurfaces.A procedure
forapplicationoftheP._ isattached.P.AMhasbeenshowntoincreaseinfiltrationofirrigation
waterintosoilasa resultofstabilizationofsoilstructure.Also,ina partialdeviationfrom

SpecificationP-152,tracktrafficwillbe mutedacrossa minimalareaoftheembankmentupon
placementofthefinal2ftoffill.Thisdeviationwillnotaffectthedensit7 specificationrequiredfor
engineeringacceptanceoftheconstructedfill.

IfthemeasuredinffltralJoncapacit-yoftheconstructedembankmentissubstantiallylowerthanused
inmodelingandanticipatedby useoftheaboveBMPs, implementationofcontingencymeasures
may bewarranted,basedonlong-te,nmonitoringdataasdescribedabove.

5.3.5FillInfiltrationContingencyMeasures

Embankmentmodelingand infiltrationtestingarconlyproposedforthethirdrunwayfill.
Therefore,thecontingencymeasuresoutlinedbelowareonlyapplicabletothethirdrunwayfill.

Iftheinfiltrationcapacityof thethirdrunwayfillissubstantiallylowerthanassumedfor
embankmentmodeling,theinfiltrationtestswillbererunaRcrtheestablishmentofvegetation.The

post-vegetationtestswillbe conductedandinterpretedinthesame fashionastheprc-veg_mtion
tests, except that flat areas will bc beamed with soil for use as basins, and excavations will not be
used. Vegetation will be maintained within the bermed areas while preparing the basins for testing.

If the post-vegetation infiltration capacity .of the third runway fill appears substantially lower than
assumed for embankment modeling, long-term monitoring data will be interpreted to allow the Port
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to adapt water rnan_ement practices to the as-bulk condition. This approach is appropriate given
the fact that infiltration capacity is only one of many variables involved m determining the as-built
water budget, and responding solely to a =hanged condition in the irrfilmation capacity could be
unnecessary or even misguided given other potential differences between predicted and as-built
conditions. Collecting and responding to long-term monitoring data is preferable because it
considers the _gregated effects of all factors. Longqem_ hydrolo#c and environmental monitoring
is discussed in response to Condition I(e). Based on that monitoring, plans will be developed as
necessary to respond to adverse conditions not mitigated by existing designs.

5.4 ADAPTIVE MANAGEMENT

The Flow Impact Offset Facility and its Operation and Maintenance Plan are being developed to
facilitate an adaptive management strategy. Comprehensiveprograms are proposed to monitor the
facility's performance, and changes to the facility or its operation will be made to meet the
performance standards. Monitoring progra.,ns will address water qua/ify, water quantity, fill
parameters and infiltration performance, impacts to stream biology, and impacts to wetlands.
Monitoring pro6ams are discussed in Sections 5.1 and 5.2. Some potential adaptive management
strategies are discussed below.

Water quality will be extensively monitored. The discharges from the reserved vaults will be
monitored, as wel/as in_eam water quality in each stream. In addition, test discharges wilI be
monitored prior to activation of the facility each year. If any imtream water quality violations are
detected, or if it is determined that the potential to cause an instream water quality violation exists,
appropriate action will immediately be taken to correct the situation. Potential contingency actions
include unscheduled maintenance of BMPs or the addition of other BMPs (filtration, mechanical
aeration, etc.).

Water quantity wiI1be monitored, including vault filling rates, discharge rates, and instrcam flow at
gaging stations. Adaptive management strategies would include the development of modified
schedules for vault filling, adjustment of the impervious areas that contribute to filling the rescrved
vaults, and adjustment of the discharge structures to maintain the target flow.

Tests will be conducted to evaluate infiltration capacity of the embardcment fill. The measured
infiltration wi// be compared to the infiltration assumptions used in the low-flow analysis (see z

Section 5.3). If the assumptions are not being met, potential adaptive managemem strategies
include aeration (perforation)of infiltration surfaces, soil amendmen_ and regrading surfaces.

Wetlands and stream biology will be monitored during operation of the facility. If impacts are
observed, potential adaptive management strategies include revising the operating schedule of the
facility to optimize the timing and amount of discharge to the streams.
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1. Introduction

The Port of Seattle ('khe Pon") proposes to place a fill embankment in an area west of the
existing Sea-Tac Airport complex to build a third nmway. Pacific Groundwater work
analyzed selected hydrologic impacts for the Depamnent of Ecology in 1999 (Pacific

Groundwater Group, 1999). Hydrologic and hydrogeologic studies conducted by Earth
Tech, Inc., Pammetrix, Inc., Pacific Groundwater Group (PGG) and others then estimaled

m-oundwa_erand low-stream-flow impacts of the proposed flu embauk'mem (Earth Teck,
2000; Pacific Groundwater Group, 2000; and Parametrix, 2001). As part of a more
detailed study of low flow impacts to streams near the third runway, the Port contracted
Parametrix,Earth Tech and PGCr to reevaluate low-stream-flow impacts using a more
detailedevaluationofhydrogcologicconditionsandfillthicknessinthe embankment.
PGG'sroleinthemoredetailedevaluationwastomodelrechargeandredistributionof
•waterwithinthefillembankment.ThisisthefinalreportforPGG'sportionofthat
project.The overallprojectstudyareaincludestheMillerCreekand WalkerCreek
basihs,whereasPGG'sevaluationwaslimitedtoa smallerportionofthesebasinsthatare
proposedtobe underlainbyfl-drd-runwayfill.PGO'sevaluationwas alsolimitedm post-
constructionconditions,and didnotattempttosimulateexistingconditionsor use

. - existing conditions for calibration. PGG's study results were used by the HSPF modeling
team to evaluate low-stream-flow impacts in the two basins.

1.1 Scope and Approach

PGG'sscopeofworkwasauthorizedbythePortonMay I,2001.PGG's scopeinvolved
reapplicafionof previously-developedHydrosand Slicemodelsto post-conslxuction
conditionswithintheproposedembankmem asfollows:.

•t_oup'__-_

Calculate Calculatesite- "1_,_[ Modelvariably
pervious.area specificnmoffand [_.,_ saturatedvertical
rechargeand infiltrationon _ _I fl0wwithinthefill =
runwayrunoff perviousareasof [_ _i_[ruingHydrus.

fromHSPF newfill [_
usingregional _._'_'.vr_-_-',_--_._-_ _r_i,m'_-v_J_-w_

parameters. _ Model saturated, [_.__-u___..• .] , '. [ Incorporate

)/_ flowinshallow [_ _1 IntegrateSlice __ resultsintobasin-

['_[aquiferbelowfill_ _ resultsacrossfill specificHSPF

I_ withSlice. I_ _, erabankment, models.

Input to the modeling process consisted of the following two data sets provided to POG
by Aqua Terra Consultants:

Pactr¢
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1. direct infiltration from incidentprecipitationinto pervious areas of new fill as
calculated by HSPF (model parameter AGWI) for fiat outwash

2. runofffrom runways and taxiways as calculated by HSPF (model parameter SUP.O).

Output consisted of the timing and mamaitude of runoff from the pervious area,, water

movement through the shallow aquifer above the till, and downward flow through the till.
Output was provided to Aqua Terra and Paramewix Inc. as part of basin-wide simulation
of post-eonsmaction conditions, The regional HSPF models were modified to allow

replacement of regional-scale simulation with local-scale simulation (as described above)
in the third runway vicinity. Specifically, Hydrus and Slice models ("Hydrus-Slice:')
were used instead of the regional HSPF model for the runway filI area, because HSPF
was deemed incapable of simulating flow within the embankment. A simulation "test
period", consisting of water years 1991 through 1994, was established for Hydrus-Slice
modeling in discussions between the Port and the Department of Ecology ("Ecology").

The PGG scope consisted of the following r_asks:

* Compile model input using existing information ineiuding
Fill thickness and extent

Hydrogeologie data for the fill area

_- Embankment geometries as represented by three (3) hydrogeologic cross
sections

Hourly runoff and direct infiltration estimates provided bE Aqua Terra
Consultants

* Calculate fluxes into the 1511based on hourly recharge and rtmoff estimates
* Calculate dally fluxes through the fill using Hydrus models

) Calculate daffy z3ux through the shallow aquifer at 1:hebase of the embankment and
the underlying till using Slice models as applied to each basin

Original modeling using the Hydrus-Sliee approach was reported on August 8, 2001
(Pacific Groundwater Group, 2001). The modeling reported in this revised report was
performed because the original modeling used HSPF parameter AGWO as input instead
of the more appropriate parameter AGWI. In addition, the following improvements and
changes were made to the revised groundwater modeling:

• PGG adopted the HSPF basin boundary to define the eastern extent of new fill instead

of independently-derived boundaries. The independently-derived boundary used in
original modeling was similar to the HSPF basin boundary., but not exactly the same.
This is a smallmathematical change, not a conceptual change,

• PGO included the 1998 fill as third runway fill, Original modeling excluded the 1998
fill because the air-photo-based elevation contours used to calculate fill thickness

were flown after placement of the 1998 fill. This change results in a somewhat larger
Miller Creek fill area than was originally modeled.
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* PGG calculated runoff from pervious areas instead of assuming that all precipitation
and runon becomes groundwater recharge. The use of hourly infiltration (AGWI)
and runoff(SUROI data from HSPF results in prediction of rtmoff from filter strips (a
portion of the pervious area next to the runways) that simultaneously receive
precipitation and runway runoff. This is a more accurate accounting of water
performed for the proposed third runway fill area.

• Hydrus t-D was used to model variably-samrated flow in the _1 instead of Hydrus 2-
D that was originally used. Hydrus 1-D was required for the revised simulations
because it remains stable under the wetter and more variable conditions predicted by
the AGWI and SURO model input.

The work was performed, and this report prepared, in accordance with generally accepted
hydrogeologic practices, used at this time and in this vicinity, for sole application to the
simulation of low-flows under the built condition, and for the sole use of the Port of

Seattle. This is in lieu of other warrantees, express or implied.

2. Extentof Fill Modeledby Hydrus-Slice

The modeled fill area (MFA) represents a portion of third runway fill, wkhin the Walker

and Miller creek groundwater basins, that would receive precipitation in a post-
construction ("built") condition. This area was selected based on discussions with HSPF

modelers at the onset of the project. The area was modeled by Hydrus-Slice rather than
HSPF for the built condition.

2.I Geographic Extent of Fill

PGG used existing GIS coverages of pre-fil] topography, "built" topography, and third

runway pavement distribution to calculate areas for Hvdrus:Slice modeling. A graphical
approximation of the areas modeled by Hydrus-Slice (and therefore removed from the

HSPF model) is shown on Figure 2-1. The MFA includes proposed additional runway fill
in the Miller and Walker Creek basins minus the steep perimeter slopes along the western
and northern edges of the embankment. Steep perimeter slopes were not included in the
Hydrus-Slice MFA because surface runoffis assumed to dominate flow in these areas and

HSPF is better suited to model these hydrologic conditions. The eastern margin of the

MFA is defined by the limi_ of proposed third runway fill as previously determined by
HSPF modelers.

2.2 Thickness of Fill

Fill thickness was calculated by subtracting GIS coverages of pre-fill topography from the
"built" topography. A fill thickness of up to 160 feet occurs behind the West
Mechanically-Stabilized-Earth (MSE) wall with significantly less fill occurring over most
of the third runway area (Figure 2-1). For the purpose of Hydrus modeling, fill thickness
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was descdtizedinto representativevalues of 10,20, 30, 50, 70, 90, 110, 130, and 150
feet. Fill thickness in the area of the 1998 fill was approximated and not directly
calculated as the difference between two sets of elevations.

2.3 Basin Boundaries and Area Calculations

Groundwater basin boundaries for Miller, Walker and Des Moines Creeks were located

for purposes of allocating modeled groundwater flows in the MFA. The groundwater
basin boundary of greatest significance in this study is the Miller-Walker divide because
these are the receiving basins for groundwater discharge from the fill. A clashed line is
drawn on Figure 2-1 between the Miller and Walker Creek basins. The location of the
line is co-incident with the surface water and groundwater basin boundaries used in the
HSPF models of 1994 conditions (Parametrix, 2000, Figure B2-2 of Stormwater
Management Plan). The Walker-Des Moines m'otmdwater divide is south of the fill area,
thus groundwater discharge from the fill will not flow to Des Moines Creek under the
current or built condition. The fill areas presented in Table 2-1 are derived from the basin

boundary and model area perimeter shown on Figure 2-1. Areas are broken into
impervious areas (IA), filter strips (FS), and other pervious areas (OPA). Impervious
areas comprised 36 percent and 38 percent of the modeled fill areas in the Miller and
Walker Creek basins, respectively,

IA in Walker Creek consists of only the western half of the third runway because runoff
from the eastern half will drain to the east and wilt not flow onto new third runway fill.
Runoff from the eastern half of the third runway in Walker Creek was modeted by HSPF.

3. Modeling of Infiltration with Runoff and Evapotranspiration

Precipitation on the MIrA was used to calculate hourly runoff (SURO) from impervious
surfaces (runway and taxiways) and hourly infiltration (AGWI) into pervious areas with a
generic application of HSPF. Pervious areas were modeled as grass on fiat outwash. This

approach was selected, with agreement from Ecology.and King County,'to take advantage
of HSPF's superior evapotranspiration (ET) and runoff-modeling capabilities. For
pervious areas, the generic HSPF model fielded hourly volumes of water that infiltrate
beyond the bottom of the root zone (AGWI) and therefore constitute groundwater
recharge. That calculation was applied to filter strips and other pervious areas. A separate
calculation then estimated the extent to which runoff from impervious surfaces would
also infiltrate, or conversely: runoff, from filter strips. The total amount of infiltration
imo filter strips (a portion of AGW/and SURO) and other pervious areas (AGWI only)
was then used as input to the Hydrus models, Calculated runoff was accounted-for but
not.used in groundwater modeling.

3.1 ttSPF Input and Runoff Calculations

Aqua Terra accounted for precipitation, runoff, infiltration, and ET on an hourly basis
between 1984 and 1994 using HSPF and regional parameters for grass on outwash soils

aroun_,_ater Page 4
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with land slopesof lessthan five perccn:(JoeBrascher,pe_onal communication,May
17, 2001). HSPF model output (AGV_ provided daily est_ates of recharge below the
root zone considering the effects of runoff and evapotranspiration_

HSPF also calculated hourly volumesof runoff (SURO) from a typical acre of impervious
surface. Runoff from impervious surfaces will be routed into "filter strips" that treat the
water prior to storage and discharge. The filter strips are part of the pervious surface of
the new fiI1. Therefore, the SURO and AGWI water volumes were added together and
compared to the infiltration capacity of the filter strips. Water in excess of the infiltration
capacity of the filter strips was considered runoff, and remainhlg water was considered to
infiltrate and become groundwater recharge. For these calculations, areas of impervious
surface and filter su-/pswere based on GIS analysis of design data. Flow was assumed
uniform over the filter strip, and likely storage of water in surface irregularities was
ignore& The infiltration capacity was calculated as the saturated hydraulic conductivity
of the fill under a unit hydraulic gradient, over the area of the filter strip. The saturated
hydraulic conductivity of the sandy fit] matrix was assumed to be 1.35x10"4cm/sec, and
no flow was assumed to occur through the portion of the fill occupied by gravel particles,
consistent with assumptions throu_out PGG's involvement with this project. The total
volume of runoff from the filter strips was 28 and 21 percent of the summed AGWI and
SURO volumes for Miller and Walker Creek basins, respectively (water years 199t
through 1994- Table 3-I).

A small amount of runoff was also calculated for "other pervious areas" (pervious areas
that are not filter strips and therefore do not receive runoff) because AGWI exceeded the
calculated infiltration capacityof other pervious area on occasions. This presumably
occurred because of differences between HSPF predictions of runoff from fiat outwash,
and the runoff-evaluation method applied to the AGWI time series after receipt. The total
volume of runoff from the other pervious areas was 6 percent of the AGWI volumes for
both basins (water years 1991 through 1994- Table 3-1).

The Port collected water stage measurements in a sedimentation pond that collected
runoff from Phase I (1998) fill of the third runway fill embankment (Parametrix, 2000).
The data were collected over about a one-month period in February I999 and were later
used by ParametrLxto derive parameters for HSPF modeling of the fill. The interpretation
implies a soil infiltration capacity (related to vertical hydraulic conductivity) that is lower
than that of regional HSPF parameters for glacial till. The revised runoff calculations
summarized above arc in much better agreement with observed runoff volumes than the
negligible runoff volumes assumed for original modeling reported on August 8, 2001.
The observed and predicted runoff volumes are considered to be reasonably consistent
although differences in the details may exist for a variety of reasons. As described in
Section 4.3, the infiltration volume used in the current modeling could underestimate, and
is not likely to over-estimate, actual infiltration. Modeled volumes of groundwater
discharge from the fill may therefore be smaller, and are not likely to be larger, than
actual discharge. For the purposes of low-flow streamflow assessment, this condition is
considered conservative.
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3.2 Effective Recharge

Effective recharge ('ER) is the average downward groundwater flux over the entire

pervious area, just below the root zone. It consists of those portions of AGWI and SURO
that infiltrate. As discussed above, the filter su'ips and other pervious areas receive
different amounts of water. In order simpiify the analysis, the average effective recharge
for the entire pervious area was calculated as the summed volume of water infiltrated in
those two areas, divided by the total pervious area. Table 3-1 summarizes those water
volumes.

4. ModelingofVertical FlowThroughEmbankmentFill

Modeling of downward vertical flow through embankment fill describes water movement
in the unsaturated or "vadose" zone between the land surface and the proposed drain_e
layer at the base of the fill. Downward unsaturated flow is the intermediate step between
recharge at the land surface and saturated groundwater flow in the shallow aquifer
(simulated by the Slice model). An overview of the unsaturated flow modeling completed
for this study is presented in the following subsections.

4.1 Summar3' of Generic Hydrus Model

Vertical flow of effective recharge between the root zone and the water table within the
embankmem drainage layer was evaluated using the model Hydrus-lD, hereafter called
"Hydrus" (Simunek and others, 1999). Hydrus simulates the vertical spreading of
recharge fronts as they are predicted to move downward through the proposed
embankment fill. Modet results describe the lag_ng and dampening of the recharge pulse
for different thicknesses of fill material. Hydrus output was used as recharge input to the
Slice models (Section 5).

i

With the exception of using HSPF-derived recharge input values instead of values
derived from average monthly rainfall, the modeling approach used in this study was
conceptually identical to the Hydrus simulations completed for the Ecology study (see
Appendix C of PaeLfic Groundwater Group, 2000). Soil characteristics were unchanged.
Independent model runs were conducted for the Miller Creek basin using fill thicknesses
of 150, I30, 110, 90, 70.50, 30, and 10 feet. Model runs were conducted for the Walker

Creek basin using fill thicknesses of 50, 30, 20, and 10 feet. Hydras results indicate that
substantial lagging and dampening (spreading) of seasonal recharge is likely within the
fill, with the amount of lagging and dampening increasing with increased fill thickness.
Discharge at the bottom of the ffl_is predicted to occur throughout the year.

4.2 Characterization of Fill as Soft

The texture of the modeled fill was calculated based on specificauons for Phase I fill
(installed in 1998 and 1999) and proposed embankment composition described by Hart
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Crowser(1999). The calculationswerealsocomparedto the textureof Phase] fill based
on soil samples collected by Terra Associates (1998). Details of the characterization of
fill texture relative to Hydras model input is presented in Appendix C of the Ecology
study (Pacific Groundwater Group, 2000). Following are summaries of the two types of

fill proposed for use in the embanknnent and designated in this stud)'.

4.2.1 General Fill

Except for Type I softs used as fill in limited areas near the MSE walls and nmways, the
embankment will be comprised of imported material termed "general fill." Average bulk
texture for the general fill was estimated to be 55 percent gravel and 45 percemt sand-
plus-fines matrix. The sand-plus-fines matrix was further estimated to be comprised of an
average of 63 percent sand and 37 percent silt; clay was assumed to be absent. Soil-
moisture characteristic curves and hydraulic conductivity distributions were developed
for the Hydrus runs using Hydros' version of the U.S. Soil SaliniD' Laboratory's
computer program "Rosetta:' based on the main-size distribution of the matrix.

4.2.2 Type 1Fill

.... According to embankment designs presented by Hart Crowser (1999), Type I soils are
comprised of sand and gravel; they contain virtually no fines. These materials will be
used as backfill for the MSE walls and under runways where greater compaction and
drainage properties are required. Type 1 soils were assumed to be infinitely permeable
and therefore provide immediate delivery of recharge to the underlying drain layer in the
Shce models. Type I soils were therefore not modeled explicitly using Hydrus although
recharge to the drain layer was considered where Type I soils existed in modeled areas.

4.3 Representation of FiIl in Hydrus

The sand-plus-slit 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, effective
recharge values were divided by 0.45 and used as the upper boundary condition flux in
Hydrus. This matrix-scaled recharge rate used in Hydrus is called the "effective matrix
recharge." Logic for using this rate can be understood by considering that any
precipitation falling-on, or percolanng-into, clusters of gravel particles is likely to be
absorbed by the su=ounding sand-plus-silt matrix somewhere within the embankment.
The gravel fraction of the general fill is therefore treated as inactive. The output at the
bottom of the Hydras model was then multiplied by 0.45 to redistribute flux to the bulk
fill body and maintain a long-term water flux equal to the effective recharge rate.

Modeled hydraulic properties for the active fill matrix were generated with Roserm, based
on the percentages of sand and silt summarized in Section 4.2. Rosetta provides estimates
of five parameters used to generate the soil moisture characteristic curve; saturated water
content, residual water contenL "alpha": '_", and "M" (van Genuchten, 1980). Rosetta
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also provides an estimateof saturatedhydraulic conductivity,and a factor "L" used _o
relate the characteristic curve to the unsaturated hydraulic conductivity curve (Mualem,
1976). A default "L" value of 0.5 was assigned by Roserta in Hydrus, and was used in this
analysis. Table 4-1 presents the hydraulic parameters generated by Rosetta for the general
fill matrix. The saturated hydraulic conductiviD' calculated by Kosetta was 1.35xlO"4

era/see. 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 tiI1 range and lower than the
clean sand and gravel ranges reported by the same reference.

Although the actual value(s) of hydraulic conductivity are not known for the proposed
future embankment, the value calculated by Rosetta is reasonable for the anticipated
texture and density, of the general fill matrix, and is consistent with the active/inactive

matrix method of modeling unsaturated flow in the embankment. Experience with testing
saturated hydraulic conductivity of soils similar in texture to the modeled fill suggests
that the Rosetta-caleulated value is too low for the bulk (matrix plus graveIs) 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 can be reasonably assumed inactive under most unsaturated flow conditions
because:

• the fill should remain unsaturated except in extreme conditions, and therefore
unsaturated flow should predominate,

• large diameter pores associated win gravels will be the first to desarm'ate as dryi'ng
Occurs,

• over the course of the flow path, water in saturated pores ,,','ill be absorbed into the
finer pores due to matric tension,

• percolation theory (Silliman and Wright, t988) suggests that continuous paths of finer
pores within the matrix win exist throughout the embankment at the modeled texture

(it also predicts continuous coarse pore paths which would be predominant in
saturated flow),

• it was not feasible for this project to characterize soil moisture retention
characteristics of gravels

This representation should be accurate for classical unsaturated flow modeling used by
Hydrus and for 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 dov¥_awardrahrough large connected pores in a saturated finger. Such
fingering flow will only occur during recharge events when the gound surface, or a
subsurface soil zone, becomes saturated. If fingering flow occurs because of a saturated
ground surface, this modeling approach will underestimate infiltration. The likelihood of

underestimating infiltration has increased relative to the original modeling approach
reported on August 8 2001 because of the more variable moisture conditions predicted
using hourly precipitation dam and the explick calculation of volumes that will runoff. If

fingering flow occurs for substantial distances within the body of the fill, the Hydrus ....
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model will overestimategroundwatertravel timesbetweengroundsurfaceandthe water
table. The likelihood of overestimating vertical groundwater travel times for the wettest

conditions is also somewhat increased relative to the modeling reported on August 8 2001
because of the more variablemoisture conditions used in the currentassessment.

4.4 Spatial Diseretization of Hydrus Models

As described in Section 4.1, Hydrus models were set up to simulate a total of twelve
vertical profiles for the proposed fill Eight different thickness simula_ons were run for
Miller Creek fill and four different thickness simulations were run for Walker Creek flU.
Model runs for a given basin differ in fill thickness only. Separate runs were required for

the two basins because slightly different IA/PA ratios led to different effective recharge
rates.

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, simulating saturated conditions beneath the

embankment fill. Time-series data for flow rates (specific discharge) exiting the bottom
of the model domain at the water table boundary nodes were extracted and used as input

......... .tothe.Slice.models.

Discretization of the soil profile emphasized detail within the top and bottom six inches
of the column to accommodate dramatic changes in recharge and flow. Finer derail
within these portions of the soil column improves accuracy in variable flow and water
balance calculations as well as improving numerical model performance. Cell size
increased in from a minimum of 0.01 cm at the top of the soil profile to about 0.3 inch at
a depth of 6 inches. At a depth of 6 inches cells were a constant 6 inches down to 6 inches

above the water table, at which point the change in intervals reverted back to 5 percent
differences.

4.5 Temporal Diseretization

Daily stress periods were used_and daily effective mamx recharge estimazes were applied
to the top of each model. Model timesteps were automatically optimized by Hydrus, and
were r/pically on the order of 0.10 days. The models were run for water years 1984
through 1994, with only the last four water years comprising the test period. Output from
the initial six years was examined visually to assure that residual effecr.s from the initial

conditions (uniform moisture) were not present during the 1991-1994 test period.

4.6 Results

Figure 4-1 shows eight daily outflow graphs for the Miller Creek basin fill over the test
period. The outflow graphs represent the daily average flow of water to the embankment
drain layer (or the water table within the drain) for any one of eight modeled fill thickness

intervals. Figure 4-2 presents comparable results for the Walker Creek fill Fill thickness
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intervalscorrespondwith therangeof fill geometriesoccurringin eachbasin aspresemed
in Figure 2-1. Effective recharge into the fill (I-lydrusmodel inputl is not shown on these
figures because the input is very "spikey" and the lines obscure the model results.

Nonetheless: the character of the effective recharge input can be inferred from the 10-
foot-thick-fill output, which is only slightly damped and delayed relative to the input.

Figures 4-1 and 4-2 show that the recharge below the root zone is predicted to be lagged
and dampened as a function of the thickness of the fill. Lagging causes the arrival of the
recharge pulse to be delayed fi'om its introduction at the land surface to its arrival at the

bottom of the fill, Dampening causes a reduction in the overall range of flux in the deeper
fill. Lagging and dampening both increase with increasing fill thickness and decrease
with increasing annual recharge. These effects on the timing of recharge affect the arrival

of flow to the top of the slice model (i.e., to the water table in the embankment drainage
layer), and ultimately the arrival ofbaseflow to streams bordering the study area.

The Hydros models were marginally stable during times of maximum wemess. During
some model time steps, saturation was indicated at land surface as would be predicted by
the runoff analysis. Hydrus was setup to permanently exclude water that would not enter
the land surface at each time step. Water thus excluded was removed from the model and
accounted for as a small additional component of runoff (RO3 on Table 3-1). Also, to
increase model stability, recharge during one event was artificially lowered, with the
removed water accounted as a fourth runoff component (RO4 on Table 3-I). RO3 and
RO4 sum to less than 0.3 percent of total water and are insignificant. The runoff time

series provided HSPF modelers as a product of this work included all runoff components.

Quality assurance review included comparison of total outflow between runs, and
comparison of total inflow to the average total outflow. All model runs had the same
total outflow to within 3 percent and 1.6 percent, respectively, for Miller and Walker
Creek Hydrus models. For the Miller Creek models, total effective recharge was about 1.4
percen'_less than the averse total outflow, likely as a result of lower storage at the end of
the simulation than at the be_nning. For the Walker Creek Hydrus models, total
effective recharge was about 0.1 percent less than the average total outflow (for the same
reason).

Hydrus erroneously predicted zero flux at the bottom boundary in a handfull of time
steps. These time steps are apparent on Figures 4-1 and 4-2. Review of the time series

output and the good mass balance indicates that errors introduced are spurious and not
significant.

5. ModelingSaturatedFlowBeneaththe EmbankmentFill

Three simple finite difference slice models were developed to sirimlate lateral and vertical
groundwater flow wkhin the drain layer and existing soils below the embankment. Slice
configurations were based on subsurface data described in available geotechnical and

6mu_wattr Page 10
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hydrogeologicreportsand from the pre-fill and "built" mpom-_phyof the third runway
area as supplied by Parametrix and the Port. Slice alignments were located based on the
availability of subsurface dataand are considered to describ_ the range of hydrogeologic
and fill conditions that exist in the embankment area.

The slice model_ were used to aeeumulate recharge in the _hallow water t_ble aquifer mad

move it downgradient to the Miller Creek or Walker Creek wetlands under "built"
conditions. Slice 1 was originally developed for the Ecology study (Pacific Groundwater
Group, 2000). It was re-applied for this low-flow analysis using dally recharge data for
1984 through t994 and a more representative runway configuration, but otherwise
remained unchanged. Slices 2 and 3 were developed for the tow flow analysis using new
interpretations of existing hydrogeologic and fill data. The three different versions of the
model were constructed to represent a range of conditions that exist within the fill
embankment. The slice models are a simplification of subsurface conditions within each
hydrogeologie cross section. Figures 5-1 through 5-3 present simplified cross sections of
the slice models used in this study. Slice locations are shown on Figure 2-1. Slice 2 was
modified slightly from the version reported on August 8 2001 to include the 1998 (Phase

]) fill.

........ The-slice models are based on a quasi-.two-dimensional firfite-differenee 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 ceII is defined by the top of the till
laver, and downward flow through the till was simulated. For each cell, the model also
specified a uniform specific yield of 30 pereem. P,eeharge for each stress period (day) was
derived for each ceil from Hydrus output for the appropriate overlying fill thickness. The
model assumes unconfined flow (variable transmissivity) under horizontal gradients
defined by head differences between adjacent cells. The model was implemented in a
Microsoft Excel spreadsheet, using direct (explicit) methods to solve the finite-difference
equation. Details of the slice model input and functions are described further in Appendix
E of the Ecology study report (Pacific Groundwater Group, 2000).

Downward flow through till was calculated using Darcy's equation, a uniform hydraulic
conductivity of 4x10 "z f-t/day (1.4x10 "6cnv'see), a uniform thickness of 10 feet, and a
model-calculated gradient. To calculate the gradient, the head of groundwater above the
till was calculated by the model, and head at the bosom of the till was considered to be

one of three values. Groundwater head at the bottom of the till was assumed equal to the
elevation of that contact where groundwater in the underlying Qva aquifer was expected
to be unconfined (see Figures 5-1 through 5-3). This condition prevailed in the eastern
portions of Slices 1 and 2, and throughout Slice 3. Groundwater head below the till was
considered to be equal to groundwater head above the till where the conceptual model

predicted highly confined conditions. This "no vertical flow" condition was actually
implemented in the model by assigning a zero hydraulic conductivity to the till where

Ps_ Page 11Gmunr/water
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highly confined conditions were expected.That condition prevailed in the western
lowland portionsof Slices 1 and 2. Groundwaterhead at the bo=om of the till, in
locations of intermediate confinement of Qva groundwater, was assigned a value equal to
the elevation of the mid-point of the till.

5.1 Cross Section I and Slice 1

This cross section is located throu_ the thickest pomon of the fill embankment with a
fill thickness of up to 160 feet (Figure 2-1). A simplified cross section showing Slice I is
presented in Figure 5-I. Slice I is located at the same location as the original slice model
developed by PGG in the Ecology study. Hydrogeologic conditions were defined by eight
subsurface explorauons located along the 1,.320-footslice alignment. Fill located behind
the West MSE wall was modeled using Slice i.

The geometry and material types reprcsented in the cross section of Figure 5-1 were used
to construct the Slice I model. Tables 5-1 and 5-2 present Slice I model cell parameters.
Because the removed portion of the HSPF model does not include the steep slopes of the
embankment fill, results from Slice I were extracted from the portion cast of cell 43
("active model cells').

5.2 Cross Section 2 and Slice 2

Slice 2 is located through the northern portion of the fill embankment near the' northern

end of the third runway (Figure 2-1). A simplified cross section showing Slice 2 is
presented in Figure 5-2. The slice is located to represent an int=-mediate fill thickness of
up to 100 feet thick and crosses one taxiwav in addition to the third runway. Slice 2 was
developed from a generalized hydrogeotogic cross section originally created by Hart
Crowser through the northern toe of the fill embankment (see Section A-A' of Hart
Crowser, 1999a) with supplemental information from more recent borings and shallow
test pits (Hart Crowser, 2000a). The slice location is based on availability of suitable
subsurface data with seven explorations located near the 1,420-foot slice alignment. Slice
2 represents subsurface conditions for the bulk of Miller Creek embankment fill.

The geometry and material types represented in the cross section of Figure 5-2 were used
to construct the Slice 2 model. Tables 5-3 and 5-4 present Slice 2 model cell parameters.
Because the removed portion of the HSPF model does not include the steep slopes of the
embankment fill, results from Slice 2 were extracted from the portion east of cell 38
("active model cells").

5.3 Cross Section 3 and Slice 3

Slice 3 is located immediately north of the South MSE wall (Figure 2-1). A simplified

cross section showing Slice 3 is presented in Figure 5-3. A fill thickness of up to 40 feet
occurs in the western end of this slice. The slice location was chosen through fill of

._ intermediate thickness for the Walker Creek fill and mJ.nimal thickness for the Miller
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Creek fill. Although thisslice doesnot completelydescribethevm'ie_' of fill thicknesses
in Walker Creek basin, the thicker portion of the fill is of small areal extent and does not
justify an additional slice model. Slice 3 is partially based on a generalized hydrogeologic
cross section ori_.inally created by Hart Crowser through the northern end of the South
MSE wall study area (see Section E-E' of Hart Crowser, 2000b). The hydrogeologic
interpretation for this slice has been modified using geotechnical data (Hart Crowser,

2000a), existing and "built" topography, and available till mapping data (AESI, 1999).
Eight subsurface explorations occur along the 625-foot slice alignment.

The geomet_, and material types represented in the cross section of Figure 5-3 were used
to construct the Slice 3 model. Tables 5-5 and 5-6 present Slice 3 model cell parameters.
Because the removed portion of the HSPF model does not include the steep slopes of the
embankment fill, results from Slice 3 were exu'acted from' the portion east of cell 25
("active model ceils").

5.4 Individual Slice Model Results

Figures 5-4 through 5-6 present individual Slice model results for Slices 1.throu_ 3 for
water years 1991 throug_h1994. Results are presented as daily time series plots for three
SIice model terms: Qvr/drain outflow flow downward through till, and recharge to the
drain layer from the fill The Qvr/drain outflow term is lateral groundwater flow at the

western edge of the fill embankment discharging through the shallow (Qvr) aquifer and
the constructed drain layer. The Qvr/dmin outflow term is exu'acted from the western-
most "active" cell in the slice, and represents subsurface flow towards downgradiem
receiving waters. Downward flow through till and recharge to the drain layer from the fill
are summed for all active cells in the slice. Downward flow through the till represents
vertical drainage to the deeper (Qva) aquifer below the flU. Recharge to the drain from the

fill is obtained by summing Hydrus output as it varies along the slice due to the varying
thickness of overlying fill. Model results r_resent flow for a one-foot-wide slice of the
embankment with units reported in cubic feet per day, per foot of width (f_/d or ft3/d-ft).

Kesults vary. substantially between the slices and indicate that a complex set of factors
control the relationship bem,een input (recharge to the drain) and output (Qvr/drain
outflow and downward flow through till):

• The timing of recharge to the drain layer is controlled by the type and thickness of fill
in the slice. More uniform fitl thickness in Slice 3 results in more seasonal

variability of recharge to the drain layer compared to Slices 1 and 2.

• Differences in the variability, of Qvr/drain outflow shows that the presence of Type 1
fill causes output to be nearly as variable as input on Slice 1 where Type 1 fill exists,
and to be rather smooth for the other slices where Type 1 fill is assumed to not exist.

Transition of flow from wholly within the moderately-transmissive Qvr during dry
and moderate periods, to a combination of the Qvr and the highly-transmissive drain

layer during wet periods, may also contribute to this effect at Slice 1. The spikiness
of modeled SIice l Qvr/drain outflow is likely greater than would actually occur.

/_c/flc
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• Longer flow-length pathsand lower gradientswithin the Qvr and drain layer should
contribute to longer horizontal travel time delays. However, longer flow lengflas and
steeper gradiems in SLices1 and 2 compare to shorter lengths and gender gradients in
Slice 3. This combination of gradient and flow paths for the two sets of slices causes

horizontal travel time delays are more similar between the slices than might otherwise
occur.

• Downward flow through the till is seasonal due to changes in aquifer saturation.
Downward flow through till is also greater on average than Qvr/drain outflow, and is

sensitive to till permeability. Qvr/drain ou_ow exceed downward flow throu_a till
during intense recharge events at SIice 1 (through Type 1 fill), and during some
seasonal maxima at Slices 1and 3.

• Seasonal maxima In Qvr/drain outflow are lagged more in dry years than in wet ),ears
(this be more a result of vertical flow delays than lateral flow delays).

Qualiv/assurance review of Slice model results included comparison of total inflow,
outflow and change in storage between runs. In all cases, the mass balance error in this
comparison was less than one percent.

5.5 Method for Integrating Slice Results Over Entire Fill Areas

Groundwater discharge quantities for Miller and Walker Creeks were calculated by
multiplying unit-width flow quantifies from representative Slice model ou_ut by an
effective basin width (EBW). This process inte_m'atesthe slice model results over the

entire basin. The EBW represents an idealized length over which groundwater within the
embankment will discharge to the respective downgradient receiving waters. EBWs were
measured (or calculated) parallel to the long axis of embankment ill1, an orientation
perpendicular to the slice models and expected groundwater flow lines. EBWs are
associated with each Slice model and depend on the width of the basin with

characteristics similar to the slice (i,e., thickness and lateral extent). For instance, the
, entire Walker Creek basin is best represented only by'Slice 3 because the embankment fill

in this basin is relatively narrow and has limited thickness variation (typically less than 40
feet thick). Walker Creek is therefore modeled by Slice 3 only and the results are
integrated over the basin using a single EBW. In contrast, Miller Creek is represented by
a combination of Slices l, 2, and 3 because of variable fill geometries that occur in this
basin (fill thickness ranging up to 160 feet over a variety of fill lengths). Figure 2-1
presens the approximate segments of the Miller and Walker Creek basins that are

represented by each of the Slice models. A summary of effective basin widths is
presented in Table 5-7.

The derivation of EBWs is discussed In the following sections followed by a summary of
the integrated flow results for each basin.

_re_,_ter Page 14
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5.6 Effective Basin Width for Walker Creek

The EBW for Walker Creek basin was calculated to maintain a water balance for the

modeled fili area (MFA) measured for the basin, where MFA=IA+FS+OPA as defined in
Section 2,3, To maintain a water balance, the integrated area of the slice models must

equal the MIrA of the basin. When this condition is met,. effective recharge for the basin
should equal the effective recharge of the integrated slice model results. In the Walker
Creek Basin, an EBW of 2..084 feet was calculated based on a Slice 3 len=-nhof 350 feet
and an MFA of 729,547 square feet.

5.7 Effective Basin Width for Miller Creek

The total EBW for Miller Creek basin is comprised of four segments that are represented
by Slices 1, 2 and 3 (Figure 2-I). Multiple slices were used to describe groundwater flow
to Miller Creek because of the variable fill width and fill thickness in this basin. Similar
to Walker Creek, the EBW for Miller Creek was adjusted to maintain a water balance for
the MFA measured previously for the basin. That is, the Miller Creek basin fill area (and
therefore basin recharge area) defined by the calculated total EBW was the same as the
MFA used for Hydrus and Slice modeling. Because the average fill length (east-west) is
considerably less than the Slice 2 modeled fill length (east-west) used to represent the
north and south ends of the basin, the Slice 2 EBW was reduced to achieve the desired
MFA.

The EBW for the segment represented by Slice 1 adjacent to the West MSE wall was
assimaed a value of 1.600 feet based on map measurements (Figure 2-1). The fill length
over this reach is relatively uniform at approximately 1,000 feet and is close to the 1,050-
foot Slice 1 model Ien=-nh.The map-measured length was therefore considered
representative for this reach of the basin and the map length was adopted as the EBW.

The Mil/er Creek basin reach located north of the West MSE wall is represented by Slice
2. The northeastern comer of the runway fill has an irre_lar shape where the aeuaai fill
length (east-west) is less than the Slice 2 model length. The basin reach immediately
south of the West MS5 wail is also represented by Slice 2. The combined map width of
the two Miller Creek reaches represented by Slice 2 is approximately 3,700 feet.
However, to maintain a water balance for the basin, the combined EBW for Slice 2
segments was reduced relative to map widths shown on Figure 2-1. The combined EBW
for Slice 2 sem'nents was adjusted to 2,699 fee_ to maintain the wa_er balance. By
adjusting the Slice 2 EBW in this manner, an MFA of 5;001,390 square feet was
calculated which is approximately equal to the GIS-measured MFA of 5,001,205 square
feet

The southern reach of the Miller Creek basin is represented by Slice 3 where the fill is
relatively thin and narrow (east-west). The EBW for this reach of Miller Creek was
assi_ed as the map-estimated length 930 feet. The .actual fill length (east-west) of 340
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f_t is closely approximatedby the modeledslice width of 350 feet.The map-measured
EBW is therefore considered representative for this reach of the basin as mass balance is
maintained.

5.8 Integrated Flow Estimates for Walker Creek Fill

Integrated estimates of Qvr/drain outflow and downward flow through till for the Walker
Creek fill area for water years 1991 through 1994 are presented in Figure 5-7. Also
shown is the effective recharge input to the Hydrus model. Thus, Figure 5-7 indicates
changes in timing of flows resuking from both vertical and lateral groundwater tmveI.
Integrated flows for Walker Creek are the product of the 2,084-ft EBW discussed in
Section 5.6 and the model results for Slice 3 discussed in Section 5.4. Figure 5-7 shows
that the timing and magnitude of Qvddrain outflow varies seasonally, with maximum
flows predicted during spring or early summer and minimum flows predicted during
winter. Estimated annual maximum Qvr/drain outflows through the fill range between
about 3,500 cubic feet per day (cfd) in water year 1991 with a peak flow predicted in late
March, and about I500 cfd in 1994 with a peak flow predicted in late April. Estimated
annual minimum Qvrldrain outflows are predicted to occur between October and

December, with some years experiencing a period of no flow from the Qvr/drain. High
flows tag behind the onset of recharge season because time is required for unsaturated
flow to transport recharge through the embankment fill and because time is required for
lateral flow from areas of recharge to the downgradient end of the model.

Integrated till seepage rates for the Walker Creek basin fill increase rapidly in November
or December when the downward moving recharge within the embankment reaches the
water table. This effect is accentuated in the Walker Creek case because of the narrow

range of fill thicknesses. After a long period of nearly constant discharge following the
suddenrise, a gradual decline occurs in late summer. Seepage through the rill is estimated
to occur at maximum armual rates of 2200 to 2400 cfd for the four year period shown in
Figure 5-7. Downward flow through the till is predicted to occur at some rate over the
entire year.

Quality assurance review included comparison of total inflow to total outflow. For

Walker Creek, integrated outflow was about 4 percent greater than total effective recharge
for the 11-year test period, likely as a result of lower groundwater storage at the end of the
simulation than at the beginning, and/or the coarseness of slice model cell resolution
which prevented exact replication of the GIS-measured IA and PA.

5.9 Integrated Flow Estimates for Miller Creek Fill

Integrated estimates of Qvffdrain outflow and downward flow through till for the Miller

Creek Fill area for water years 1991 through 1994 are presented in Figure 5-8. Integrated
flows are the sum of the products of the effective basin widths discussed in Section 5.7

and the model results for Slices 1, 2, and 3 presented in Section 5.4. Figure 5-8 shows
• . relatively constant Qvr/drain outflow rates from the Miller Creek fill embankment,

c,r_u._v,_r Page 16
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punctuatedby spikes duringrainstorms,anda seasonalmaximum in JuneandJuly of the
relatively wet year of 1991. The spikiness is to some extent a modeling artifact of the
infinite permeability assumed for Type I fill. Actual flow rates would likely be steadier.
Estimated annual maximum Qvr/drain outflows range from about 18,000 cfd in April of
1991 to about 8,000 cfd in late-July of 1994 following a year of low recharge.

Integrated downward flow through the till for the Miller Creek basin flu is relatively
constant, but with a smooth seasonal pattern. Model estimates of flow range l_om about
16,000 to 7,000 cfd, Maxima are in April to June. Minima are in October and
November.

Quality assurance review included comparison of total inflow to total outflow. For Miller
Creek, intem'ated outflow was 3 percent greater than total effective recharge for the I 1-
year test period, likely as a result of lower groundwater storage at the end of the
simulation than at the beginning, and/or coarseness of cell size resolution in the slices
which prevented exact replication of the GIS-measured ]_4.and PA.

5.10 Use of Integrated Flow Estimates

Integrated flow estimates for Miller and Walker Creek basins were transmitted to
Paramerrix and Aqua Terra for use in HSPF models of Miller and Walker Creeks. Time

series of total daily discharge (volume per day) from above the till (Qvr/drain outflow),
and total daily discharge through the till (downward flow through the till) were provided.
In addition, total runoff as an hourly rime series was provided. All volumes were for the

MFAS within the Miller Creek and Walker Creek basins. Parametrix and Aqua Terra used
the flow estimates developed in this modeling study as part of a low-stream-flow impact
evaluation.
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Table 2-1
Summaryof Areas Modeledby Hydrus-Slice

MillerCreek Basin Walker Creek Basin
squarefeet acres squarefeet acres

FilterStripArea (FS) 1,456,854 33.44 353,133 8.11
Other PerviousFillArea (OPA) 1,746,64g 40.10 99,342 2.28
RunwayandTaxiwayImperviousArea(IA) 1,797.702 41.27 277,072 6.36
Total ModeledFillArea (MFA) inBasin 5,001,205 114.81 729,547 16.75
INtotal perviousarea 0.56 0.61
FS/PA 0.45 0.78
INtotal Area 0.36 0.38

11/27/Ol Tables_2-1_4-15-7for..RelJott.xls.Ta.ble2-1
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Table 4-1
Summaryof HydraulicParameters Usedfor Fill Matrix in the Hydms-2DModel

SandFractionofmatrix 63%
SJItFractionof matdx 37%
ClayFractionof matrix 0
SaturatedVolumetricWater Contentof matrix 0.25
ResidualVolumetricWater Contentof matdx 0.02
"alpha"(llcm) 0.088
"N" 1,35
SaturatedHydraulicConductivity(crn/sec)of matrix 1.35x 104

11/27/01 Tables2.14-15.7_forReporLxls,Table4.1
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Memorandum
Tbr HNTB Co_n_es

600 108th Ave., Suite 400, Bellevue, WA 98004

(425) 455-3555 * Fax (425) 453-9179 • Archllectural Fax (425) 450-2597

To Michael Cheyne, PMP Date Octob= 26, 2000

Third Runway Program Lead=

From Jim Thomson, P.E., HN

Mike Barley, P.E., Hart Crowser
Michael Kan-ick, P.E.,HartCrows=

Subject Third Runway Fanbanlanont Infiltration

Summary

Sometimeago, theThirdRunwayDesignTeamwasaskedto considertakingstepstoward
providingenhancedinfiltrationwithintheembankment.Becauseof thestormwaterdetention
benefitinfiltrationprovides,the teamhadalreadyreviewedthepossibilitiesof enhanced
infiltrationandbelievedtheprojectcouldprovideopportunityin the followingways:

• Use of flattercrossslopesontheairfieldprovidinggreaterstormwaterresidencetime
onpervioussurfaces.

• Longerwater coursesoverpervioussurfacespriortostormsewercollectionalso
increasingresidencetime.

• Use ofa varietyof naturallyoccuringfillmatedalsallowingfor someinfiltrationwhile
continuingto providestability.

Recently,thedesignteamwasaskedto provideadditionalinfiltrationbeyondwhatwould
occurfromthe designapproachoutlinedabove. We haveevaluatedalternatives,which
wouldmeet bothdesigngoalsof enhancedinfiltrationandembankmentstability.The design
team believesthatartificiallyincreasingtheamountofinfiltrationbeyondstandarddesignand
constructionpracticefor an embankmentof this depthwouldincreasethe riskof instability,
increaseconstructioncomplexityand costs,andmay result in adverse impacts beyondthe
embankmentiimits. We believethe benefit,which might be providedthrough enhanced
infiltration,is out-weighedby the increasedrisks to the embankment.

Embankmentsthat are designedand constructedforstormwater retention,reservoirs,etc.
are typically built aszoned embankments,with different softmaterialzones used to control
seepageand providenecessarydrainageor strength to accommodatethe resultant pore
pressures.The proposedThird Runwayembankment is a type of zoned embankment, but its
zoneswere designedto optimizesupport of the airfield pavementsections with minimum long
term risk. The increasedrisksresultingfrom enhancedinfiltrationare:

• Increasedrisk of surficialslopestability problemsrelatedto seepage
• Increaserisk of subgradeliquefaction base stability
• Increasedconstructioncomplexity
• Longterm maintenanceissues

A moredetaileddiscussionof the increaseddsks follows in the next sectionof this
memorandum.
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Details of increasedRisk

1. IncreasedRisk of Surficial Slope StabilityProblemsRelatedto Seepage

Sideslopesfor the proposedembankmentaredesignedto be constructedof readityavailable
soil fill,whichcanachievethestrengthneededwithconventionalconstructionmethods.The
strengthnecessaryforthe filldependsona numberof factors,butmainlyor]theangleof the
sidestopes,drainageconditions,anticipatedseismicloadsandfoundationconditions.
Increasingtheamountof waterinfiltratedintotheembankmenthasthepotentialto reduce
stabilityby increasingporepressures,Thiswouldhavethreeadverseeffects:

• Increasedriskof pipinganderosion-relatedinstability("sloughing')of the
embankmentsideslopesdueto seepageforcesand lossof supportwheretheseep
exitstheembankmentsurface;

• Increasedsoilbulkdensitydueto theaddedweightofwater,whichwillcontributeto
the potentialforfailureofthe embankment;and

• Decreasedsoilstrengthnearthesurfaceof theslopebutwithintheembankment(the
effectivestrengthavailablefromsoilfrictionisJessthanthe unsaturatedtotalstrength
byan amountequalto the increaseJnporepressure).

Makinga commitmenttoa specificflowrateandflowtiming(duringlatesummer),would
requirea specificwatervolumeretained.Soilengineeringwouldneedto be basedonflow
rate andnotstability.

2, increasedRisk of Subgrade LiquefactionBaseStability

Nativesoilsthatprovidethefoundationfor theThirdRunwayembankmentgenerallyconsist
of a layerofrelativelylooseto moderatelydensesandsandinterbeddedcohesivesoils,
overlyingverydenseorhard,glaciallyoverriddensoils.Typicallythereis a layerof
groundwaterperchedontop ofthemoredenseglacialsoils,and insomeareas thissaturated
soilzoneIs subjectto significantstrengthlossduringseismicshaking- a processreferredto
as =liquefaction".The designteamHasdefinedsomeareaswheresubgradeimprovements
(i.e., densificationorreplacementof thenativesoil)are neededto mitigateliquefaction.

Artificiallyincreasingtheamountof infiltrationintotheembankmentwouldlikelyleadto an
increasein groundwaterlevelsbelowtheembankment,andthusincreasethe riskand area of
potentialliquefaction.The extentof thischangeis difficultto predictandthusan increasein
riskwouldresult.(A portionof theadditionalinfiltrationis expectedto dischargeviathe
underdrain.However,theunderdrainisdesignedto preventbuild-upof porepressuresinthe
ill]placedabovethedrainandwillnot preventthewatertable beneaththe embankmentfrom
risingtothe levelofthedrainitself;i.e., totheexistinggroundtevel).

Potentialadverseimpactsof liquefactionincludereducedembankmentstabilitydueto tossof
soilshearstrength,aswell as potentialverticaldisplacementor othergrounddisturbance
(e.g., "sandboils")alongtherelativelylevelgroundadjacentto the embankment.The
potentialforliquefactionof nativesoilsadjacentto theembankmentalreadyexists,butthe
riskof occurrenceandmagnitudewouldbe increasedbyraisingexistinggroundwatertevels,
as a directresultof increasedinfiltration.
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3. IncreasedConstructionComplexityandCost

Specificationsfor embankmentconstructiontodatehave includeda rangeof soil fill materials
inorderto obtaincostcompetitivebidswhilesupportingairfieldpavementsections.
Modificationof theembankmentto increaseinfiltrationwouldincreasecomplexityof
constructionandis anticipatedto increaseconstructioncostsinoneor all of the following
ways:

• Soilfillusedto enhanceInfiltrationwouldneedto bea selectmaterial,since
the infiltrationcapacityofsandandgraveldecreasesrapidlyas the percentage
of clayand siltincreasesevenmoderately.Usingbidsfromthe currentyear
forcomparison,thecostof theGroup1, non-silty(or "freelydraining")soilto
enhanceinfiltration,comparedwiththemoresiltyGroups2, 3 and4 soilused
as commonembankmentfill isabout200 percentmoreexpensive.

• Notethat thecostdifferencepresentedabovedoesnotpresentthe complete
picture. Restrictingthe gradationofthefillmaterialwouldrestrictthe number
of sourcesthatcouldsupplyit,andthat alongwithan increasein the total
amountof non-siltysoilthatneedsto beusedcouldpossiblyincreasetheunit
cost. Furthercostincreasesrelatedto constructionmanagementandsurvey
controlwouldalsoprobablyoccurintheeventthatplacementis requiredto
configurespecialinfiltrationzoneswithintheembankmenL

• Increasedporepressureswithinthe embankmentand liquefactionsusceptible
subgradesoilswouldneedto bemitigatedtoachievethesamefactorof safety
as obtainedfortheembankmentwithoutenhancedinfiltration.Thismitigation
couldincludeuseof higherstrengthembankmentmaterialand/orby increased
subgradeimprovements.Increasedcostswouldresultfromusinghigher
qualityor morehighlycompactedfillsoils;reinforcingthe fill;andincreasingthe
area of coverageand/orincreasingthedensityofsubgradeimprovements
withinexistingareas.

4. IncreasedNeed for Long-term Maintenanceand Associated Risks

Thereare a numberof altemaUvesavailablethatinitiallyappearto providesomeopportunity
to increaseinfiltrationintotheembankment,suchas increasinglengthbetweencatchbasins
ingrassedareasbetweenpavement;infiltrationswaies;perforatedpipesextendingfrom
catchbasins;a surficiallayerof platlngsand,etc. Allof theseapproachesarelikelyto
requiresomedegreeof maintenanceJnorderto preventsiltation,bacteriologicalclogging,
and/orotherproblemsto provideeffectivelong-termfunctioning.

Drainsingeneralneedto havesomemeansof beingcleanedout,andthisappliesequallyto
soilzonesusedtopromoteinfiltrationandtransmitseepage.There isvirtuallynowayto
maintainan infiltrationsystemdeepwithinanembankment,It isalsoworthnotingthatonce
theembankmenthas beenconstructed,therewillbenowayto detector "unclog"a failed
infiltrationsystemdeepwithintheinteriorof the embankment.Furthermore,a failedsystem
willincreasethepotentialfor a stabilityfailurewithintheembankment.
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APPENDIX D

NON-HYDROLOGIC IMPACTS SUPPORT DATA
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CERTIFICATE OF ENGINEER

The technical material and data containedin this appendixwere pv_a_ underthe supe_ision
and direction of the undersigned,whose seal, as a professionalengineerlicensed to practice as
such, is affixed below.

(affix seal here)

l_ichardL, Schaefer,P.E.

LowStreamflowAnaly_is December2001
MasterPl_ UpdateImprovements 556-2912-001(28t])
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Historic Water Withdrawals from Miller Creek

Documentation

Thisspreadsheetwascreatedforthe purposeof developinga timeseriesreprese_ngwater
withdrawalfromMillerCreekdueto pumping.Thistimeseriesisintendedto representcondBons
priorto theremovalof homesinthe buyoutarea,

Thework,sheet"AnnualTime Series"containsthe e_mated annualwaterwithdrawalfromMiller
Creek. ThetotalwaterwithdrawalisshadedinyetiowinColumnB. It isthesumat eachhourof
the es'dmatedwaterwithdrawalfrom each paine]containedinColumnsC- Y

Thetimeserieswasconstructedusingthe valuesandnotespresentedinTable2-7, Keynotes
fromTable2-7 usedto constructthe timeseriesarelistedbelow:

Thequantityofwaterwithdrawnwasestimatedasfollows:

AvailablePumpingRatexEstimatedMonthsof WaterUsePerYearx 0.5 (dailypumping
duration)

The time sedeswasconstructedusingtheavailabtepumpingratefor 12hoursperday(6 am
to6 pmeachday),

Estimatedmonthsofwateruseperyearwasassumedasfollows:

6 Months= April1 - Sep30
4 Months= June1 - Sep 30

Summaryof HistoricMiller CreekWithdrawal TimeSeries
Date From DateTo Time Time To Withdrawal

From (cfs)
1-Jan 31-Mar 12:00AM 12:00AM 0.000

6:00AM 6:00PM 0,033
1-Apr 31-May 6:00 PM 6:00AM 0.000

6:00AM 6:00PM 0.042
1-Jur_ 30-Sep 6:00 PM 6:00AM 0.000

6:00AM 6:00PM 0.001
1-Oct 16-0ct 6:00 PM 6:00AM 0.000
17-Oct 31-Dec 12:00AM 12:00AM 0.000
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Historic Groundwater Recharge of imported Water through Septic Systems

Documentation

This spreadsheetwas createdfor the purposeof developingtime sedes representingwater rechargefrom water importedinto
the buyoutarea via waterdistributionsystems. Rechargetakestwo potentialforms: 1. rechargefrom septicsystems;2,
rechargefrom infiltrationof irrigationwater. These time seriesis intendedto representconditionspriorto the acquisitionend
removalof homesin the buyoutarea.

The time serleson this worksheet(RechargefromSeptic)representswater rechargefrom septicsystemsinthe buyoutarea.
The rechargeto eachwatershedfrom septicsystemswasbasedon estimatedwaterconsumption,Rechargefrom septic
systemsis basedon winterwateruse. Additionalwaterusa duringsummermonths(aboveand beyondwinterwater use)is
providedin a separate time series,

The estimatedannual water rechargefrom septicsystems inthe buyoutarea to eachof the threewatershedsis provided
belowin ColumnsA - D. The modeltime sedeswasconstructedwithan hourlytime step. However, the rechargerates
shownbelowreflectestimateddailyrecharge.

Estimated Recharge Quantity
Des

Miller Walker Moines
Creek Creek Creek

Total of 291 homesweresewed bysepticin Walker and Miller
Creek Basinspriorto the buy--out.Some ofthese homes (14)
werealsoservedby sewer, and the septicsystemsware inactive.

NumberofActive 235 41 0 Basedoninventoryof septictanks removed,therewere 41 active
SepticTanks tanks intheWalker Creek basinbuy-outarea and 236 inthe Miller

Creekbasinbuy-outarea (total277 active tanks, 14 inactive),

WinterWater Usa Winterwater usewas usedto estimaterechargefrom septic

(gallonsper home 249 249 249 systems. Typical valuesfor winterwaterusewere providedby
perday) Water District#20 andWater District#125.

Rechargefrom Estimated rechargeto groundwaterwithin eachwatershed
SepticSystems 52,962 g,201 - expressedin gallonsper day (number of activetanksmultipliedby
(gallonsper day) 90 percentofwinterwater use rate).
Contributionto Estimatedportionof groundwaterrechargeavailableto support

streamflow (cfs) 0.0574 0.0100 streamflows(70 percentof rechargeto groundwater).
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APPENDIX E

HEC-RAS MODELING INFORMATION AND FIELD SURVEY DATA
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ParametrixInc. AverageChangein Flow DepthandWidth _WjLcox
Portof Seattle CheckedB_.
554-2912-28B _r December6, 2001

Average Average Average
Changein Changein Average Change in

Flow Flow Depth Change inTop Top Width
Depth(ft) (mm) Width (ft) (ram)

Miller CreekI 0.00 ft 0rnm 0.02 tl 6 mm
Walker CreekI -0.01 tt -3 mm -0.10 ft -30 mm

Des Moines CmekJ -0.03 f_ -9 mrn -0.33 ft -101mm

K:\working_2912_912(28B)_ecRasValues.xisAvemgeChangeJnWidth&Depth
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ParametrixInc..._.. B_. AngelaWilcox
PortotSeattle CheckedBy:._.
554-2912-28B _ December5, 2001

MilterCreek

y=-15.314x ,681122x-,123.83x * i':392_- . .

oo I i= I i :1 I ;;I

o= , I l t | J
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ParametrixInc. By:,AngelaWilcox
PortofSeattle CheckedBy:

December5, 2001554-2912-28B
Walker Creek

....... !-. ._- . • ..... ----1 ...........
I _ • "

I i J ,' 1

!
0.27 I ---

I

1 I i't ;

0.2.6

i
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L_L.
0.25 i

i I

i • : ! i

0.24 !
= [

_l-!l"

. i I ;. ,:i' _ iii
0,23

.... ' l J

' II- ; !" ,:T__-J--:'"l!li
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' 1 I',

0.22 : _

. . ,,, Ill

I

-- J " - j..... I • POly.(Water Depth vs Flow) |

L ! i! , ' I:=,'IiI-!I"!"I..... --y_.._-_0.027"J-.x_.0.0025_X-;--+-e.-1659=:LLb.{t322I

..... ,=.... i_-_= ' ,,i
0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

Flow Total (cfs)

K._wod_O_..91Z2912(2BB)_ ecRas Vn]uu._W JdkerCrook_ va H20 Dop_
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Start of 7-Day Low Flows with _ $tatisd_l Ranking of Average 7-Day Low Flows
Avm'age Flow Rates _ Period of R_ord: 1949-1995

," .q:.-

No F_ inflow J_,
1994 HSPF _ Average

WalkexCreek _,'_: 7-DayLows Return

Date W_and atPOC _i Date
OrderS' Rank Rank/H+1 Frequency

17-O_-49 0.66_ t994 0.60 1 0.02 2.1
13-Sep-50 0,83_ 1979 0.63 2 0.04 4.2
11-Sep-51 0.78_ 1987 0.64 3 0.06 6.3

15-Nov-52 0.65_ 1952 0.65 4 0.08 8.3
5-Sep-53 0.76_ 1993 0.65 5 0.10 10.4

30-Sep-54 0.87_ 1988 0.65 6 0.13 12.5
0.83_ 1986 0.66 7 0.15 14.623-Aug-55

2-Sep-56 0.85_/_f'_1949 0.66 8 0.17 16.7

2-Sep-57 0.80i ._,._"1977 0.66 9 0.19 18.8
10-Sep-58 0,70_ _ 1992 0.67 10 0,21 20.8

_4: 11 0.23 22.92-Aug-59 0.85 ! _: 1985 0.68
20-Sep-60 0.83_ _ 1980 0.68 12 0.25 25,0
4-8ep61 0.801_'-_1989 0.69 13 0.27 27.1

23-Aug-62 0.791_1958 0.70 14 0.29 29_.

6-Sep-63 0.74i _; 198] 0.70 15 0.31 32.5
8-Aug-64 0.90i _' 1990 0.71 16 0.33 33.3

24-Aug-65 0.78 _1976 0.73 17 0.35 35.4

25-Aug-66 0.77_._5 1995 0.73 18 0.38 37,5
15-Aug-67 0.75_.'. 1963 0.74 19 0.40 "39.6

28-Jun-68 0S4Fi 1973 0.74 20 0.42 41.7

0.82_'L982
26-Ju1-69 , 0.75 21 0.44 43.8

2-Sep-70 0.76_ 1967 0.75 22 0.46 45,8

N10-Jul-71 0.88 1970 0.76 23 0.48 47,9

25-Jul-72 0.94_ 1953 0.76 24 0.50 50.0
24-Jul-73 0.74_ 1991 0.76 25 0.52 52.1

22-Aug-74 0.77_ 1966 0.77 26 0.54 54.2

18-Jun-75 0.79_ 1974 0.77 27 0.56 56.3
15-Oct-76 0,73F_. 1984 0.77 28 0.58 5.8.3

, 19-Jun-77 0.66_I _: 1951 0.78 29 0,60 60.4
26-Jun-78 0.78i_ 1965 0.78 29 0.60 60.4

6-Aug-79 0.63 ,_1978 0.78 31 0.65 64.6
14-Aug-80 0.68 _-:-"1962 0.79 32 0.67 66.7
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3 0.19 11-75 12.00 0`_ lea 1./ID O.44 3.35 WA 0,79 11,4? 11.72 0,20 FLrA 1.80 0,44 0.34 i_A
3 0.80 11,75 12.00 0_ WA 1.79 0,45 _ WA O.6O 11,47 _1272 O_J N/A 1.8l O.44 3.54 N_

3 0.51 11.7_ 1ZOO 0.28 NVA 1.50 0`_ 3.36 WA 0111 11,47 1112 _ WA 1,81 0,45 _ lea

a3 0`02 11.'_ 12.00 0`_ 0`0_ 1.oo 0*40 0.a7 o,m 1 o_ 11_' 11.72 0.01 1,02 0._ 3.60 0.100JD 11,7E 12._ 0.63 _A 1-01 0.46 _ leA 1 _ 11.47 1172 _ NfA 1.63 0.48
I 0,8_ 11_r_ 11.73 0.3B NIA 1,84 O.4O 2.383 0.114 11.75 12.00 085 /MA _.tl_ 0.60 330 leA

0_162._ 11.7EI1'70 12,0112OO0_0_ ta4A IJ_ 0A7 3-40 lea 11 _ 11.47 11.72 0.25 WA 1,84 0.63 _ N/ANVA 1.1_I 0,47 341 lea _ 11-47 11./2 0.25 N/A I,_ 0,47 _ lea

3 0-07 11,?S 12.01 0.28 N/A 1-04 0.47 3.41 N/A 1 0.117 11,47 1!,./3 g.26 N_ l.IM 0.47 _0 N_I _ 11.47 11:/3 O-26 1,60 0.47 0.41
3 0.00 11,75 12.01 0._ WA 1,84 0-48 :L4g NtA
3 0,8_ 11.7_ IP.01 0,2_ WA 1,8S (148 343 NfA I 0._ 11_47 11.73 0.29 /#'A 1,07 _ 3.42 N_A

090 11.78 12.01 0,26 _A 1,86 _ 3.44 WA 1 0.1[Q 11.47 11.73 0.20 WA 1.60 0.48 3`4_ lea

_ o.oi 11.7_ _1 _2_ t.A I_ 0_ _ _A 1 0,_ 11_ 11._ _ WA I_ _ _ _VA

2 0.9./, 11,75 12.01 0`_ l_i'A 1JI7 0.49 _4_ lea _ 0.0_1 11.47 11.7] _ N_A I,N 0.40

3 0.84 t1,75 12.01 0,26 _A 1.63 OAo 3.47 _A 1 0JI4 11.47 11.73 0-21 WA I_ O.4O _ _A
Am_Chm_ml_¢mPm* _lllgl A_m63_it_in_lt_ 0.10ft

smm ;lOmm

AR 020037
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ParltmeMx Ir¢c. _ _ CrlIQ#

564-2912-283 _ _emi_ 6. 2881

Des re'Into Creek • 8R509 HSPP mode#rig

? Day Low Flmn (lg40-1B_

Q_,wm.: 0.17 dS

Qt..._: 0.51 m

Y_EC-RAS _: 0-10s0`3*/_lls.sJ_S I_lfi _JIMoh_m I_s_h: D*$ HR_.-I_S PI_: 1_19-A_ll_.sm RhmM[_4lMdlNll. P_ld¢ D-1
llrJmum Wirer cl1|nga Q1mgl ILlldmmm Wli" Chantla Claiqp)

Rlmr Q Chamwl Stm'_o Row In Ftow _ Row TOP M Top RIver Q Clmnm5 _ Mow kl Row V_ Top In Top
Stm_ Total Igev_1on Ig_llee Oop_ _ Clmnnel A,m Wldm Wldm SWJan _ IgeiIMn lae_aon oopm oe_m Chmmll FlowAme Wldth Wlde4

4 .26 0.15 O.72 0.12 1,42 4 .02 0.10 N/A

4 0.11 528 ' 5.44 0.16 N/A 0.73 0.15 t.47 f4'A 4 0.11 S.28 5.47 0.1(1 WA 0._I 0.10 t.64 WA
4 0,13 5.28 5.46 0.18 N/A 0.?9 0,17 |.31 WA 4 0.13 0.20 IL4.5 0.21 WA 0.00 0,22 1.61 WA

4 0.15 5.28, 5.48 0.10 N/A 0J_ 0.10 1.53 WA 4 0.15 5.,'28 5.50 _ N/A, 0J_ _ I.f_ N/A
4 0.17 5.23 5.40 0.20 0.05 0.88 0._ 1.57 0,15 4 0.17 5.21 5.51 0.23 0.09 O._5 0.2B t.88 0.18
4 0,10 0.23 5.40 0.20 _A 0._ 0.20 1.57 P_'A 4 0.10 5.23 _ 0.25 N/A 0.6_ 0 em 1.?_ I_A

4 0-21 5.28 5.49 0.21 N{A _ 0.21 1.00 WA 4 0.21 _ 5.54 0-28 N/A 0.70 0.30 1.75 I_A

4 0-23 5.28 5,49 0.21 _A 1.01 0.23 I,(12 NfA 4 0.23 5.28 5_6 0.27 WA 0.72 0.32 1.78 N/A
4 0.25 5.23 5,50 0.22 0.02 1.88 0.24 1.65 0.06 4 0.25 5.20 5,58 0.28 0.05 0.74 0.34 1,81 0.13
4 0.27 5.25 5.51 0.88 N/A 1.88 0.L_ 1.57 N/A 4 0.27 _ _ 029 NtA 0.78 O.3S 1._4 N/A

4 0.29 5,28 . 5.52 0.24 I_A 1,M 0.27 1.70 H/A 4 0.20 _'_ _ 0.50 W& 0.78 0.37 1.87 N/A

4 0.31 5.28 ; 5.53 0,25 _A 1.10 0.28 1.72 N/A 4 0,51 5.28 5.59 1131 WA 0.80 0.00 1.50 N/A
4 0.33 5.28 5.53 0-25 0.03 1.12 0,29 134 0.09 4 0.33 5.2_ 5.80 0.32 0.04 0.01 0.41 _ 0,t0

4 0,35 5.28 5.54 0.28 _A 1.14 0,31 1.76 F_A 4 0,35 _ 5.51 _ H/A 0.00 0.44 2.20 _A
4 0.37 5.25 : 5,55 0,37 _'A 1.16 0,02 1.79 N_A 4 0,37 5.28 5-153 0.3_ W& 0,77 0,43 2.1_ N/A

4 0.39 5 _a : 5.50 0.29 N/A 1.17 0,33 1,01 14_A 4 0.39 5.26 5.84 0.36 WA 0.?S 0.51 2.56 N/A

4 0.41 5.20 5.50 0.2_ 0.88 1,19 0.34 1.80 0.09 4 0,41 0.2_ _ D.27 0,05 0.?3 0.53 2.67 0.67

4 0.43 5.25 5.57 0.29 _A 1.21 0.38 1.85 N/A 4 0.43 5,28 5.85 O.37 tUA 0.79 O.56 0.67 N/A
4 O,45 _ 5.57 0.2,9 JWA _.,;_ 0.37 1.55 N/A 4 0.45 O.2B m _ N/A 0.00 0.55 288 NtA

4 0-47 5.23 5.5_ 0.30 _A 1.24 0,38 1.58 WA 4 0.47 5.2(1 5J6 0.38 WA 0.02 0.58 2.88 h0A
4 0`49 5,28 5.59 0.31 _ 1.21 0,41 1.25 0,18 4 0.49 _ 5.6'7 0.3_ 0.0_ 0.33 0.50 2J_ 0.0_

4 0.51 5.23 .5.01 0.33 N/A 1.13 0,43 2,22. N/A 4 0.51 528 5.67 0.3_ N/A 0.34 O.00 2.09 NtA
3 0.09 5.24 5.38 0.15 WA _ 0.13 1,4,3 W_ 3 0.00 5.24 _ 0.18 N;A 0.53 0.17 1.61 _A
3 0,1; 5.24 3.40 0.15 WA 0.78 O`15 1.40 N/A 3 0,II 5.24 5.43 0.19 W^ 0.81 0.10 I,-% N/A

3 0.13 5.24 5.42 0.18 P_A _ 0.17 1,52 N/A 3 0.13 5.24 5.40 0.21 N/A 0.01 0.21 I.(_ hVA
3 0.15 524 5.40 0.18 WA 0.RI 0.17 _,,51 WA 3 0.15 5`24 5Ae 0.22 _A 0.(_, 0.24 1.64 WA

3 0.17 5,24 5,44 0.20 0.0_ 0,85 0.20 1_7 0.14 3 0.17 5.24 5.47 0.23 0.G$ 0.67 _ 1.57 0,16
3 0.19 5.24 5.44 0.2_ _A 0.94 0._J_ 1,-58 hVA 3 0.19 0.24 S,lg O.25 WA 0.68 0.26 1,71 t#A
3 0.21 024 5.45 0.21 WA O.97 0,22 1.60 eVA 0 0.21 _4 _0 O.28 WA 0.71 _ 1.74 WA

3 0.23 524 5.40 0.22 WA 0.99 0,23 1.03 N/A 0 0.23 524 5.61 C.27 N/A 0.74 0,31 1.77 N/A
0 0.25 5,24 • 5.47 0.23 0.03 1.0,'2 0.25 1.68 0.I_ 3 0.25 5`._4 _ 0.28 0.05 0.76 0.33 1,80 0.13

3 0.27 5.24 ' 5.48 0.,9,4 N,'A 1.04 0.26 1,00 NtA 0 0.27 5.24 _ _ WA 0.T/ 0._; 1.33 PUA
3 0.29 5.04 5.40 0.24 N/A 1.06 0.27 1.70 N/A 3 5.2.6 5.24 5,54 0.30 N/A 0.79 0.37 1,86 N/A
3 0.31 5.24 5.40 0.25 N/A 1.0_ 0.29 1,73 N/A 3 0.31 5.24 5J_ 0.31 N/A 0.81 0.3_ 1.69 N_A

3 0.33 5.24 5,50 02_ 0.88 1.11 0.30 I.?,q 0,09 0 0.33 5,24 5.55 0.31 0.88 0.82 0.40 1,94 0.14
3 0.35 5,24 5.51 0.27 N/A 1.12 0.31 13"; H/A 3 0.35 5,24 5`87 0.3_ N_A 0.51 0.43 2.2:3 WA

0.37 5.24 5.51 0.2? _A 1.14 0.32 1.79 hVA 3 0.3"/ ,5.24 5,80 0.35 h;'A 0.79 0.47 2.53 WA
3 5.35 5.24 5.52 0.28 H/A 1.16 0.34 1.81 N/A 3 0.39 5.24 5.60 0.36 N/A 0.7"/" 0.50 2,_ N/A

3 0.41 5.24 5.53 0,29 0.00 1.18 0,35 1,83 0,03 3 0.41 5.24 5.81 0.37 0,_ 0.7_ 0._2 2.06 0.72
5 0.4-3 5.24 5._13 0.29 i_VA 1.18 0.,-_ 1.85 hYA 3 0.43 5.24 5.81 0.='7 WA 0.80 0.54 2.67 NfA

0 0.45 ;5,24 5.54 0.30 N/A 1.2t 0.37 1.37 WA 3 0.45 5.24. _ 0.3_ N/A 0.82 0`8_ 2.57 N/A
0 0.47 _4 5.55 0.31 _VA 1.23 0.38 1`8g N/A 0 0.47 _ SJ_ 0._ WA 0.88 0.$7 _ N/A

3 0.49 5.24 5.56 0.3_ O.O3 1.19 0.41 2J04 0.21 3 O,45 _ _ O.39 O.O2 0.54 0.58 2.69 0.030.51 5.24 0.$7 0.33 WA 1.17 0.44 2_6 WA 3 0.51 5.24 B.53 0.39 WA 0.06 0.60 2.6_ WA

2 0.09 521 5.36 0.15 WA 0.67 0.13 1.44 WA 2 0._ 5.21 5.38 0.17 WA 0.56 0.18 1-50 WA
2 0.11 5.21 5.38 0.15 NfA 0.70 0.14 |.45 WA 2 0.11 5.2I 5.38 0.10 WA 0.63 O.1(1 1..¢.2 httA

2 0.13 5.2I 5.38 0.]7 N_A 0177 0.17 1.51 WA 2 0.13 5.21 5.41 0.20 N,'A 0.82 0.21 1.59 WA

2 0.15 0.21 5.39 0.18 PUA 0.87 0.17 1,_° N/A 2 0.10 5.21 5.42 0.21 WA 0.65 0.23 IJ_ i_V_
2 0.17 5.21 5.41 0.20 0.05 0.03 0.20 1._ 0.14 2 0.17 5.21 0.43 0.22 0.05 0._ 0`20 1.66 0.16

2 0.19 5.21 5.41 0.20 N/A 0._ 0.01 1.38 WA 0.10 5.21 5.45 G.24 Ft.tA 0.70 0.27 1.70 WA
2 0.21 5.21 5`42 0.21 WA 0.95 0.22 1.61 WA 0.21 5.21 5.4e 0.25 WA 0.73 O.28 1.73 WA

2 0.23 5.21 5.43 5`oo WA 0.06 0.24 him WA 0.23 5.21 5.47 0.26 WA 0.75 0.01 1.7E WA

2 0.25 5.21 5_13 0.22 0.02 1.00 0.25 1.50 0.08 0.25 5.21 5.48 0.2? 0.05 0.77 _ 1.'r_ 0.13
2 5.27 5.21 ,5.44 0.23 WA 1.03 0.28 I_g WA 0.27 _I _ 0.20 WA 0.79 0.34 1J_ WA

3 0.29 5.2I 5.45 0.24 WA 1.00 0.20 1.71 WA 0.29 5.21 5.50 0.29 N/A 0.01 0.36 1.85 WA
2 0.31 5.21 5.46 0.25 ;_k'A 1.07 0.29 1.73 WA 0.31 5.21 5.51 0.30 WA 0.88 0.38 1.M WA
2 0.33 5.21 5.46 0.25 0.03 1.00 0.30 1.76 0,10 0.33 5.21 5`81 0.30 0.0_ 0.84 0.38 1.91 0.12

2 0_ .5,21 5.47 0.26 N/A 1.11 0.32 1.70 WA 0.35 5.21 _ C.32 WA 0.82 0.4_ 2,t7 N/A
2 0.37 521 5.48 0.27 WA 1.13 0.33 1.80 I_A 0.37 521 5.56 0.34 WA 0.80 0.4(I 247 NfA

2 0.39 5.21 5.49 0.2_ WA 1.15 0.34 1.00 WA 0,30 5.21 5J_ 0.35 WA 0.79 0.50 0.88 WA
2 0.41 6.21 5.40 0.2_ O.88 1.18 0.35 1J_4 0.08 0.41 0.21 5.EB 0.33 0.05 0.80 0.51 2._ 0:75

2 0.43 5`21 5.50 0.29 WA 1.10 0.38 IJ_ WA 0.43 0.21 S_7 0._ WA 0.82 0.53 0._I_ WA
2 0.45 _I 5._1 O`50 WA 1,20 O`35 1.2B WA 0.45 8-21 _ 0.37 WA 0_ 0.84 2.67 WA
0 0.47 0.21 5.51 0.30 P_YA 1.21 0.39 1.90 _VA 0.47 521 _ 0.37 WA 0,84 _ 2,68 hYA

2 0.40 5.21 5.53 0.32 0.04 1.18 0.41 2.08 024 0.49 5.21 5.1_ 0.38 0.03 0.88 0.07 2.08 0.02
3 0.51 5.21 5.54 0.33 WA 1,15 0.44 _ WA 0,51 8.21 _ 0.38 WA 0.87 0.88 2J_ WA

1 0.00 5.17 5.32 0.15 WA 0.71 0.13 1.43 WA 0_0 5.17 ¢34 0.t7 WA O`_ 0.10 1,48 N/A
I 0.11 5.17 5.3_ 0.1_ N/A 0.71_ 5`10 1.46 ;N_A 0.11 5.17 _ 0.10 WA O.(10 0.10 1.54 WA
1 0.13 5.17 5.34 0.17 N/A 0,30 0.1(1 1.50 N/A 0.13 B.17 5.37 0.20 WA 0.84 O.20 1.58 WA

1 0.15 5.17 5JI5 0.18 NtA 0.04 0.18 1.53 WA 0.15 5.17 5.38 0.21 WA 0.07 0.22 1.82 N/A
I 0._7 5.17 5.38 0.10 O.04 0.87 0.10 1.56 0.13 0.17 5.17 5..-_ 0.22 O.05 0Jm O.24 1.55 0.1(1
1 0.19 5.17 5.37 O.20 WA O._ 0.21 1,6O' WA 0.19 5.17 .5.41 0.24 N/A 0.72 0.28 1.09 WA

1 0.21 _.17 _ 0.21 N/A 0,88 0.22 1.88 H/A 0.21 5.17 5.42 0.25 N/A 0.74 ORB 1.72 WA

1 023 5._7 5.39 0,22 N/A 0.58 OJ_ 1.84 WA 0.23 5.17 5,40 0,26 WA 0.?6 0.30 1,70 WA
1 0.20 .5.17 SAO _ 0.04 _ 0.25 1.07 0.11 0.25 5.17 3A4 0.37 0.05 0.78 0.52 1.76 0.15

1 0.27 5,17 5.41 0.24 N/A 1.01 0.,T_ 1.(_ WA 0.27 _.17 5.45 0.28 WA 0.88 0-34 1,01 WA

1 0.29 5.17 5.41 0.24 WA 1_ 0,28 1.72 WA 0,29 ,5,17 $,A4S 0.29 N;A G_2 0._ 1,84 WA
1 0.31 5.17 0.42 0.25 WA 1.08 0.23 1,74 Nk_A 0.31 5.17 5.47 0.30 WA 0.88 0.37 1,87 WA

I 0.33 5.17 5.43 _ 0.03 1.88 0.31 1.78 .sJ_ 0.30 5.17 5.47 0.30 0.03 _ 0.38 1.50 0.12
1 0..18 5.17 5.44 0.27 WA 1.10 0_2 I.'/8 WA 0.35 0.17 5A9 0._ WA 0J4 0.42 0.11 WA

1 0.37 5.17 0.44 0.2? WA 1.11 O.3= 1.(11 I_A O.37 5.17 5.61 0.34 WA O.B1 0.44 2.41 N_A
1 0.0_ 5`17 SA8 _ WA 1.13 O.34 1.80 _ 0Je 0.17 5.02 0.15 WA OJO 0,40 2J4 WA
1 0,41 5.17 5.48 _ 5.03 1,1,5 0.30 1J5 0_ 0,41 ._,17 0._2 0.28 _ 0JI2 0.50 2,86 0.?6

1 0.,1_ S.17 _ _ WA 1.17 0.37 1J_7 N/A 0.,_ 5,17 _ 0.38 WA 0.83 0.52 2.58 WA
1 0.48 5.17 5.47 0,30 WA 1.1B 0.38 1_ WA 0.45 $.17 5.84 0.37 WA 0.54 0.53 2.57 _A

I 0.47 5.17 0.48 0_I NfA 1.20 _ I,_ N/A 0.4? 5.|? 5.04 0.37 N/A 0.1_ 0.5S 2,87 WA
1 0.411 5.17 5,40 0J2 0.03 1.17 0.42 2.12 0.27 _ 5.f7 5.SS _ 0.03 0.87 0J_ _ gJ_

0-51 5.17 5.50 0._ WA 1.14 0.48 2.34 N/A 0_1 5.17 0.u 0.38 NI(A OJ_ 0.50 2-68 N/A

..-.--,= ....... AR 020038
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PIl_OlrlX dUO, + " D_ _ _ _ _,,_,q_eMWMmc

_,_12-2118 _ De_n_r 0_g_o1

D_ Mok_es CrHk • 8R609 HSPF mod_Bg

7 _ly Low Flows (194Si-llm6)

Q_mm- 0,17 ds

G.,,,_= 0-91 ola

Qe*,w,,_,_" -O.Oe =Is
HEC-4_I_ PlAnc'l)-lSm0.1%llm0*l RP_T:.DmlMokml Rltllch=D-2

Mlldrmun WIIIIIW Glllmol

Q C_lmmd _ Row _nRow Vel_ Row ¥_ Is TOp
station Tom BovNIon EJove_m 0o_h Oem_ Chsm_ Anm _ Wldih

4 o=,........ 10 +,, %'P gl
4 0,11 7.77 7.95 0.11 HA 0.31 0-311 4.57 WA

• 4 0.13 7.77 7.89 0.12 NVA 032 0,41 4.88 N/A

4 0.+S 7.77 7+0 0.13 NIA _ 0.48 _ N/A

4 0.37 7.77 7.91 0.14 0.04 0.35 GAg 822 0.81
o. O.IS' 7,77 7.02 0.1S I_'A _ _ _ +A
+ 0.21 7.77 7.92 0.15 WA D.37 0_-7 5AS WA
4 0.23 7,77 7.93 0.16 I_A 0.30 0-81 5.56 WA

4 0.25 7.?'/ 7-94 0.17 0.00 0.3_1 0.84 506 0.44

4 0.27 7.77 7+04 0.17 N/A 0.4O oJm 0.48 WA
4 0.29 7.77 7.95 0.18 HA 0.41 0.71 0.50 NfA
4 0.31 7.77 7+9S 0.10 HA 0.42 0.?'_ m N/A

4 0.33 7.77 7.96 0.10 0.02 0.43 0,711 ¢61 0.93

4 0.35 7.77 7.06 0.19 _'#A 0.44 1_01 6.67 N/A
4 0.37 7.77 7.97 0.20 N/A 0.485 0.84 6.72 WA
4 0.39 7.77 7.97 0029 HA 0.48 0.a_ 6.?O N/A

4 0041 7.77 7.98 0.21 O.O2 0.47 0.91 0.81 0.20

4 0,43 7,77 7.9fl 0.21 HA 0.,_7 0,94 0.85 N/A
4 0.45 7.77 7+gg 0.22 HA 0.48 0.87 6._ t#A

4 0A7 "7.77 7.98 0.93 N/A 0.49 1.00 5..93 N/A
4 0.49 7.77 7.99 0.22 0.01 0,50 |°93 0..9? 0,16

4 0.5! 7.77 8,00 0,23 N/A 0.51 t.05 7.01 HA

3 O+O9 7.76 7.841 0.10 NSA 0.29 0.31 4.43 N/A
3 0.11 7,76 7.87 0+11 hVA 0.30 0.38 4.61 N/A

3 0.13 7.76 7.88 0.12 N/A 0.32 0041 4.90 N/A
3 0.15 7.76 7.89 0.10 rUA 0-33 0.48 5.12 WA
3 0.17 7.70 7.90 0.14 0.04 0.34 0.50 5.24 0.3!

3 0.10 7.70 7.9l 0.15 N/A 0.35 0.54 5.36 N/A
3 0._1 7.76 7.93 0.10 N/A 0._6 0.51 5048 tUA

3 0.23 7.76 7.02 0.16 N4A 0.37 OH 0._ N/A
3 0.25 7.76 7.93 0,17 0.3_ 0.38 _ 5.68 0.44
3 0.27 7.'/6 7.93 0.17 h_A 0.48 0.80 8.48 N/A

3 O.29 7.70 ?.04 0+18 l_A 0.41 0.72 0.51 N/A
3 03! 7.76 7+g.S 0.19 N/A 0.42 0.70 8.5"? t,VA
3 0.33 7.78 7.90 0.10 O.02 O,42 0.?O _ _08
3 0.35 7.76 7.g_ O2O hYA 0,48 0.82 6._ WA

3 0.37 ";+76 ?,_ 0.20 N_A 0.44 0.86 0.74 N/A

3 0-39 7.'/_ 7._6 0.20 ;v4A 0.48 0J_8 0.78 N/A
3 0.41 7.7t_ 7.97 091 0.93 0.45 0.93 0.93 0.18
3 0.43 7.710 7.97 0.21 N/A 0.47 0.05 0./)6 N/A.

3 0.45 7.76 7.98 0.22 N/A 0.48 0-30 8.01 WA
3 0.47 7.70 7.M O,22 N/A 0.48 ;.01 8.05 N/A

3 0.49 7.78 7,99 O.23 0.93 0,48 I_D_ 6.80 0J17
3 0.51 7.76 7.gg 0023 N/A 0.._0 1.043 7.03 WA

0.09 7.75 7.85 0.10 N/A 0.28 0.32 4.44 WA
0,1l 7.75 7._D' 0.12 N/A 0.80 C.37 4.65 WA

0.13 7.75 7.111 0.1_ N/A 0.31 0.42 4._5 WA
0.15 7.7S 7J_ 0.13 HA 0.32 0.48 5,14 N/A

0.17 7,75 7-89 0.14 0.04 0.34 0-31 5.27 0.11_
0.19 7.75 7,_0 0.15 WA 0-35 0.55 5.3g WA

0.21 7.7"5 7.91 0.16 WA 0.36 0 _m 5.50 WA
0.2_ 7:/5 7.gl 0.16 WA 0.37 0,62 5.01 WA

0.25 7.75 7.92 0.17 0.03 0.38 0.66 6.41 1.14
0.27 7.75 7.g_ 0.10 N_A 0.39 0.70 0.4? WA
0.29 7.75 7.93 0.18 HA 0.40 _.73 8J_3 HA

0.31 7.75 7.94 0.1tl N/A 0.41 0.77 0.,.5111 HA
0.23 7.76 7-34 O, lg 0+02 0.42 0._ 8.80 0.24
0.35 7.75 7.85 02O N/A 0.43 O.83 5.?O WA

0.37 7.75 7.06 02O N/A 0.4_ 0.87 6.?O HA
0.30 7.70 7.M 0.21 NeA 0.45 0-90 6.71) HA

0.41 7.75 7._1_ 0.21 0.02 0.46 _ 6.114 0.10
0.4,1 7.75 7.97 0_ N/A 0.46 0._ _ HA

0,48 7.75 7._7 01_ HA 0.4;' 0*00 _ WA
0.47 7.75 7.97 0._2 HA 0.48 1.02 82O N/A

0.49 7.75 7+98 0.23 0*02 0.49 1.05 7.00 0.141

0.51 ?.7_ 7-98 0.23 HA 0.50 1.107 7.04 HA
0.00 7.74 7.85 0.11 HA 0.27 _ 4.46 N/A
0.11 7.74 7.116 0.12 HA 0.29 0._ 4.?O HA
0+13 %74 7.87 0.1_ HA 0.30 0A_ 4._ HA
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*.:'-.J__',".',--_.StatisticalRankingofAverage7-DayLowRows
Startof7.DayLowFtows ..... r .... . 5•,', .- _',-;,_Pe_odofRecord:1949- 199AverageFlowRates .'.',. "L.-;- - "

1994HSPF .... _,_
DesMotnesCreekat -" Average
200th$1,l Flowc'fs ?'" ?-DayLows Return

Date Year On_ered Rank Ranld(47+l) Frequency

1949 SaD ? 0.18 1977 0,17 _ 0.02 2.1
1950 Sap 17 0.40 1949 0.18 2 0.04 4.2
1951 Aug 20 0.35 1952 0.21 3 0.06 6.3
1952 Oct 13 0.21 1994 0.22 4 0.08 6.3
1953 Sag 15 0.35 1979 0.22 5 0.10 10.4
1954 Aug 7 0.48 1988 0.25 6 0.13 12.5
1955 Sag 6 0.34 1985 0.25 7 0.15 14.6
1956 Sel:) 3 0.43 1986 0,25 5 0.17 15,7
1957 SaD 20 0.32 1993 0.27' 9 0.19 115.8
1958 Se_ 2 0.27 1973 0.27 10 0.21 20.8
1959 Aug 24 0.38 1958 0.27 1'; 0.23 22.9
1960 Aug 7 0.39 1981 0.28 12 0.25 25.0
196t Aug 23 0.40 !.g87 0.29 13 0.27 27,1
1952 Sag 2 0.33 19_0 0.31 14 0.29 29.2
1963 Sap 27 0.36 1974 ' 0.31 15 0.31 31.3
1964 Aug 3't 0.47 1992 0.31 16 0.33 33.3
1965 Aug 3 0.38 1955 0.32 1.7 0.35 35.4
1-q66 Aug 20 0.32 1957 0.32 I 8 0.38 37.5
1967 Aug 25 0.33 1970 0.33 19 0.40 39.6
1968 Aug 6 0.47 1975 0.33 20 0.42 41.7
1969 SaP 8 0.38 1962 0.33 21 0.44 43.8
1970 Aug 27 0.33 1980 0.33 22 0.46 45.8
1971 AUg 14 0.41 1991 0.33 22 0.46 45.8
1972 OCt 18 0.51 1967 0.33 24 0.50 ,50.0
1973 Sap 12 0.27 1978 0.34 25 0.52 52.1
1974 Oct 13 0.31 1955 0.34 28 0.54 54.2
1975 Aug 11 0.33 1951 0,35 27 0.56 56.3
1976 Oct 17 0.34 1995 0.35 27 0,56 55.3
1977 Aug 16 0.17 1953 0.35 29 0.60 60.4
1978 OCt 16 0.41 1989 0.35 30 0.63 62,5
I979 Aug 7 0.22 1984 0.36 31 0.65 64.6
1980 Aug 23 0.33 1963 0.36 32 0.67 66.'/
1981 Sap 12 0,28 1965 0.38 33 0,69 68.8
1982 Aug 6 0.41 1969 0.38 34 0.71 70.8
1983 Oct 10 0.45 1959 0.38 35 0.73 72.9
1984 Aug 29 0.36 1960 0.39 36 0.75 75.0
1985 Aug 30 0.25 1961 0,40 37 0.77 77.1
1986 $ep 10 0.26 1950 0.40 38 0.79 79.2
1987 Sap 7 0.29 1971 0.41 39 0,81 81.3
1998 SaI_ 11 0.25 1978 0.41 40 0.83 63.3
1989 Oct 3 0.35 1982 0.41 41 0.65 85.4
1990 Sap 25 0.31 1956 0.43 42 0.88 87.5
1991 Oct 9 0.33 1983 0.45 43 0.90 89.6
1992 8e!0 1 0.31 1984 0.47 44 0.92 91.7
1993 Sap 29 0.27 1968 0.47 44 0,92 91.7
1994 Aug 26 0.22 t954 0.48 48 0.86 95.8
1995 Sap 20 0.35 1972 0.51 47 0.98 97,9

Rank= Numericalpositionoforderedaverage7-daylowflow
valueswiththedriestyeareclu.alto one.
N=47
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APPENDIX F

RESERVE STORMWATER RELEASE STORAGE FACILITIES
CONCEPT DRAWINGS
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Seattle Tacoma InternationalAirport

Low Flow Analysis
Flow Impact Offset Facility Proposal

RESERVESTORMWATERRELEASESTORAGEFACILITIES
CONCEPTDRAWINGS

PreparedBy

CheckedBy

Alan D. Black P.E.
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Odfice Sizing CalcUlation

Seattle-Tacoma internationalAirport
Low FJowAnalysis
Flow Impact Offset Facility Proposal

Given: Facility SDW2 $DS3
MaxEnum Discharge (ots) 0.11 0.08

2" 1 314"

Design
Orifice Di& 2 1.75

Cd 0.62 0.62
A 0.021B 0.0167
H 1.00 1.00
Q 0.11 0.08

C" _ Flo=,.. Water Surface

_Support
H

Flexi_ls Discharge Pips _ Or_JceBox

FJoor

_ Sump

Depth = H+ 1 ft. (Min.}

o
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APPENDIX G

PHYSICAL HABITAT SURVEY AND MONITORING PROTOCOL
FOR WADABLE STREAMS
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PHYSICAL HABITAT SURVEY AND MONITORING PROTOCOL

FOR WADABLE STREAMS

RATIONALE

These protocols were desired based on the Tri-County Urban Stream Baseline Evaluation
Methodology (UEBEM) (R2 Resources Consultants et al. 2000). The protocols were designed to
provide year to year comparisons of several habitat attributes.

REACH SELECTION AND DELINEATION

A physical habitat survey wilI be conducted in 100 percent of M.iller Creek in the buyout area.
Additional surveys will be conducted in approximately 25 percent of the total length of each
reach type (palnstrine, floodplain, alluvial plain, large contained, moderate gradient mixed
control, moderate gradient contained, and high gradient contained [Panstian et al. 1992]) within
Des Moines, Walker, arid the remainder of Miller Creek, depending on site access. All surveys
will be conducted during the low-flow period of the year.

REACH UNIT LENGTH

To facilitate the development regulation appropriate to aquatic ecosystem conditions within the
Port of Seattle (Port), a standard survey reach length of approximately 30 bankfuI1 channeI
widths will be used. BankSall width (BFW) measured at the be_nnirtg of each unit reach will be
used to calculate the reach unit length. Lengths of less than 30 channel widths will only be
measured if the reach type changes before a len=-nhof 30 channel widths. If there is a significant
change in the stream system and/or channel characteristic (e.g., landform, floodplain width,
stream gradient, channel form, adjacent land use, and major cotdtuenee), the reach will end at
this point and a new reach assessment wiI1 begin. Reach assessments will begin at the
downstream end of each reach.

FIELD EQUIPMENT

The following equipment will be used for the physical habitat monitoring:.

• Field computer
• Stadia rod or wading stick (feet)

• Measuring tape
• I-Iipchain (feet)
• Flagging tape

• Thump tally
• Digital camera
• Abney level

• Off-channel habitat qualitative assessment forms (Attachment A)
• Culvert assessment data fonm (Attachment B)
• Global positioning system (GPS) unit

LowStrearaflewAnatysis December2001
STIAMasterPlanUpdateImprovements G-1 556-2912-001(28B)

• AR 020062



FIELD COMPUTERS AND FILE MANAGEMENT

During the survey, data will be entered into a spreadsheet database contained on a Juniper
Systems Allegro '_ Field PC. Detailed operating instructions for both hardware and soRware are
contained in the Allegro Field PC owner's manual, available to all field personnel. The
following section descn'bes the procedure each survey team shoutd follow to ensure all data are
stored in a useful and organized format.

Activate the Field PC by pressing the On/0ffbutton (as long as the batteries remain charged, the
field computers will revert to suspended mode when turned "off" or not used for a predetermined
amount of time). Once activated, most of the subsequent functions are easily achieved using the
touch screen. If for any reason during the survey the touch screen becomes inoperable, most
necessary functions can be accessed using the keypad in much the same way as on a desktop PC.

At the beg_iug of each reach unit, open (double-click) the shortcut to Str Datasheetl.l.pt, the
main database file. The file contains six worksheets: one header sheet containing the
information about the reach to be surveyed, five sheets for habitat parameter data entry, and a
compilation sheet that organizes data from each of the previous sheets into a single spreadsheet
(for data management purposes only). Before entering any data, use the Save As command in
the File menu to save the file as the designated reach identification number. Make sure the file
saves to the C drive, as this is the solid-state hard drive that stores data in the event power is lost.

A b_kup copy of the blank spreadsheet is located in C_MyDocs in case the original is saved
OVer.

Once thefileissavedasthereachidentificationnumber,checktomake surethecapslockis

engagedandbeginfillingallknown reachinformationintothespacesprovidedintheheader
sheet. Begin surveying the stream, switching back and forth between habitat parameter sheets by
tapping on the tab at the bottom of the screen and filling in appropriate information. Save the
file periodically to mi_iTnizepotential loss of data in the event of a computer lockup. At no time
should data be entered into the compilation sheet (while the sheet is protected, some data entries
are still possible). If data are entered inadvertently into the compilation spreadsheet, use the
Undo function under the Edit pull-down menu to remove entries (deleting the entry may also
delete equations built into the sheet). At the end of the reach, fill in all remaining blanks in the
header sheet and perform a final save before closing the file.

Completed reach files should he transferred to an office computer after each day of survey and
checked for invalid or missing data. Any anomalies should be recorded and communicated to
the data manager.

GENERAL PROCEDURE

Comment Field

There may be times when this protocol does not fully capture a situation encountered during a
survey. Comment fields are included as part of each spreadsheet in the database and are
intended as a means to document instances when a measurement or classification of a habitat

parameter is not completely clear. When these situations occur, surveyors are encouraged to

Low 5treamflow Analysis December2001
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make commentsbasedon theirbes_professionaljudgment.Recorda briefexplanationofthe
decision in the comment field associated with the parameter in question.

Station

At the start of each reach, fie offand zero the hip chain. Record astation ('myards) for each piece of
information gathered in the reach. The station designa_on provides an organizational record for
data entry into an extensive field computer database. While the hip-chain station reading is fairly
arbitrary on a subbasin scale, it allows the physical habitat information recorded to be analyzed, if
need be, on a site-specific level. The station designation also provides the opportunity for quality
cort_olsurveys.

ProtocolforDry Channels

Channelsthataredryatthetimeofthesurveywillbe surveyedforBFW andwood andbank
instability. If dry channels have standing water in pools and these pools meet the survey criteria,
they will also be recorded.

HEADER INFORMATION

Purpose:Headerinformation,likealldatacollectedwiththisprotocol, islinkedtoadatabasetab
within the dam sheet. These database tabs facilitate downloading data into Microsoft Access. From
there, the data can be organized, checked for quality, and imported into various analysis packages
suchasExcel and Analytica.

Procedure: The header information is arranged to organize the reach data. At the start of each
reach, obtain latitude and longitude from the GPS unit and record. Load additional information into
the appropriate are.as. An information box is available under the comment 'space that will
automatically calculate, after the initial BFW is measured, the minimum pool depth and size, large
woody debris (LWD) length and width, and the general locations of additional BFW measurements
(FigureG-l).

4

HABITAT PARAMETERS

Bankfull Width

Purpose: BFW is the primary measure of channel size and is used to determine the minimum
size of functioning pools and woody debris along the reach (explained below), as well as the
reach unit length.

Det'mition: BFW is the width of a stream channel at the point where over-bank flow begins

during a flood event. In entrenched channels with disconnected or undeveloped floodplains,
bankfull indicators may include: the top of deposited bedload (gravel bars), stain lines, the lower
limit of perenmal vegetation, moss or lichen, a change in slope or particle size on the
streambank, and undercut banks (USFS 1999).

LowStrearaflowAnalysis Decemb_2001
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Figure G-1. Example Data Entry for Reach Unit Header Sheet
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Procedure: For each 166-yard (rou_aly 500 ft long) reach, three BFW measurements will be
made. Measure BFW at the crest of the first riffle, at the crest of the fifties nearest a distance of

83 yards upstream, and at the crest of the last riffle nearest a distance of 166 yards upstream.
Straight, low-gradient riffles with tmiform banks are best for identifying bankful/stage and
therefore BFW. Locate bankfull stage by using any of the above indieator_ on at least one of the
sn'eambanks. Measure the width of the ehamael at the indicated point and record it in the
handheld compmer database (Figure G-2).

i

BANK CONDITIONS

Purpose: To assess charmet stability and response to watershed conditions. This protocol will
follow the definitions used by Bauer and Burton (1993):

Definitions:

• Bank Stability: Defined by the American Fisheries Society (Armantrout 1998) as the
resistance of a bank to erosion.

• Bank Instability: Banks are considered stable unless they show indications of any of the
following fearares at or above bankfull (this list is for reference only, surveyors are not
expected to record the instability type):

- Breakdown: obvious blocks of bank broken away and lying adjacent to the bank
breakage,

Low Sweamflow Analysis Dec_nb_r 2001
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Figure G-2. Example Data Entry.for Start, Midpoint, and End BFW Measurements

Micza:oll Excel- IzzaquahStl f)sl.l.xt; J_ E

- Slumping or False Bank: bank has obviously slipp_ down, cracks may or may
not be obvious, but the slump feature is obvious.

- Fracture: a crack is visibly obvious on the bank indicating that the block of bank
is about to slump or move into the sin-earn.

- Vertical & Eroding: The bank is mostly uncovered as defined below and the
bank angle is steeper than 80° from the horizontal.

• Perennial vegetation ground cover < 50 percent.
• l_oots of vegetation cover < 50 percent of the bank.
• Rocks of cobble size or larger protect <50 percent of the bank surfaces.
• Logs of>__l0-cm diameterprotect < 50 percent of the bank surfaces.

• Bank Hydro-Modification: Tor hydro-modified banks, record the type of modification
and the material composition of the toe of the feature(at and below the bankfuI1elevation).
Seven categoriesof hydro-modification are listed below:

- DI: Dike/Levee/Berm
- RE: Revetment
- BU: Bulkhead

- BR: Bridge Footing
- BE: Beaver Dam

Low $treamflaw Analysis December2001
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- DA: Dam
- CU: Culvert

To capture the extent of beaver dams in the system, we have included them as a category distinct
from human-created dams. All dams (beaver or human) that are connected bank-to-bank and

impound water, as well as any abandoned dams that are encountered, will be noted.

The five categories of material composition are listed below:

• RI: Riprap - bank material > 10 inches (256 era) in diameter.

• RU: Rubble- bank material <10 inches (256 em) in diameter will be cousidered rubble.

• ST: Structural- other material such as wood (other then LWD), concrete, and gabion.

• EA: Earth - includes artificiallyplaced soil aswell as other "natural" toe materials.

• BE: Beaver Dam - material that was placed by beavers (used only for beaver dam
hydro-modification).

•Procedure: Stream bank instability and hydro-modification will be continuously measured

along both banks. When a portion of bank that meets the above criteria is encountered, identify
• whether it is on the right or left bank (facing downstream) andrecord the hip-chain reading in the

fidd computer database. Continue with the survey collecting data on any and all other required
stream features. When the end point of the bank feature is reached, record the hip-ehain reading
in the database. The length of the feature wiIl be calculated automatically. In instances when the
feature is small and more easily measured with a stadia rod or tape, do so and enter the length in
the end point column. If the channel is braided, then measure bank features along the banks
furthest to the right and left only. For beaver dams that extend from bank-to-bank, enter a "B" in
the bank cotumn, enter "Beaver Dam" in the hydro-modification column, measure the
downstream height and width of the dam, and place those measurements in the comments field.
Finally, measure the length of the hydrologic impoundment (Figure G-3).

WOOD STRUCTURE FREQUENCY (ADAPTED FROM W'FPB 1997)

Purpose: To measure the type and amount of wood providing habitat complexity and hydraulic
rou_s.

Definitions: Wood structures are classified into three categories (woody debris, stumps, and

jams) using the following definitions:

• Key Large Woody Debris (LWD) - defined as downed wood that intercepts banlffadlflow
in a substanlSalfashion and is large enough to influence the formation of habitats (USFS
1999). To be counted as key LWD, a piece of wood must meet the minimum criteria listed
in Table G-l, which are based on the average BFW for the reach surveyed. To qualify, a

piece of wood must have a minimum length of greater than 26 fl (for BFW of 0 to 16.4 It).
Additionally, the diameter of the wood must be greater than 1.3 It (again for BFW of 0 to
16.4 It). Wood that spans the bankfull channel and touches just above banlffull on both
sides is counted.

Low Streamflow Analy_s December 200I
$27A Master Plan Update Improvements G-6 555.2912-001(2 81])

AR 020067



Figure G-3. Example Data Entry for Stream Bank Condition

Table G-1. Minimumsize to qualifyLWD asa key.piece (WFPB1997).

Bankfull Width Diameter Length

Meters Feet Meters Feet Meters Feet
t

O- 5 O- 15 0.40 1.3 8 26
6- 10 15- 30 0.55 1.8 lO 33

11- 15 30- 45 0.65 2.1 18 60

16- 20 45 - 60 0.70 2.3 24 79

• Stamp - A rootwad with a diameter greater than or equal to 3 fl and a length and/or bole
diameter less than the minimum LWD criteria. The rootwad or attach_ bole mmct

significantly intercept bankf_ flow.

• Small Wood - If wood is more than 6 ft long and greater thin 4 inches in diameter at the
nan'owest end, then the wood is tallied with a hand counter and recorded on the header page
at the end of the reach.

Low Streamflow.4na.lvsis December2001
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In additiontoLWD dimensions,wood debrisisfurthercharacterizedby collectingdataon

rootwadpresence,wood type,decayclass,and associationwithajam. Theseat'tributesare
definedas:

• RootwadPresence- forarootwadtobecountedona pieceofwoody debris,therootwad
diametz'rmust beat least 3 R.

• Wood Type -Deciduous (D), evergreen/conifer (C), or unknown (U). A decay class of 5
"old" (see below) automatically enters a U into the proper field.

• Decay Class - characterizes each piece based on the condition of the wood from natural
decay, Table G-2 lists the criteria for three decay classes: '_conf" (I), "intermediate" (3),
and "old" (5).

TableG-2.Decayclasscriteria(Collinse_al.2001;Sahuett-HamesetaL1994).

DecayClass Bark Twigs Texture Shape WoodColor
I Intact Varies Intact Round Orig/nalColor

3 Trace Absent Smooth Round Darkening

5 Absent Absent Abrasion Pound/Oval Dark

* Jam - Threeormore touchingpiecesofwoody debrisand/orstumps(definedabove)
together producing a single structure significantly mterc_pRngbankfi_ flow.

Procedure: DctenTtine miz_imum length and diameter of key large woody debris based on
bank_ll width at the starting point of the reach. Measure the diameter of the key woody debris
wood at the minimum required length and record, Also record the general station of all wood
debris (including stumps) using the hip-chain, wood type, decay class., rootwad presence or
absence., and jam association 0am or single piece). Decay class and wood type information are
not required for stumps. Tally and record all small wood that meets the minimum size criteria as
defined above (Figure G-4).

Comments for wood structure may include but are not limited to general descriptions about stream
conditions caused by wood or lack of it and potential for future wood recruitment. Notations
concerning small wood that does not meet minimum criI_'ia can also be entered.

RIPARIAN AREA

Purpose: Riparian vegetation influences the productivity and habitat characteristics of a stream
reach. This protocol characterizes riparian vegetation following the Washington Department of
NaturalResources(WDNR) standardmethodologyforassessingriparianvegetationalong
streamsusingaerialphotographscombinedwithfieldverification(W'FPB1997).

LowStrearnflowAnalysis December2001
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Figure G-4. Example Data Entry. for Wood Structure
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Definition:

• Riparian Area - i00 _ on either side ofbank_l edge (ordinary high water mark) of the
stream.

Procedure: The WDN-Rmethod examines and verifies a riparian zone 100 ft on each side of the
stream and classifies the riparian condition units (RCUs) into categories depending on the trunk
diameter, canopy density, and vegetation composition of the trees in the zone (Tables G-3, G-4,
and G-5).

Vegetation on each bank will be assessed using photos. The riparian corridor will be categorized
using the variables in TabIes G-3, G-4, and G-5. For example, a riparian zone on the left bank
with a typical stand of 20-year-otd alder would get I-INID(for hardwood, medium, dense). I.t'the
right bank was a ma'mre, mixed-deciduous forest with at least 30 percent conifer understory
beginning to accede to the canopy, it would probably get MLD (for mixed large dense).
Observers should interpret the riparian canopy as it would appear from an aerial photograph.
Before going out in the field, at least one observer will practice delineating RCUs using aerial
photographs and a stereoscope. Before making riparian calls in the field, each observer will also
practice visually estimating the diamemr classesof trees (diameter at breast height [dbh], or
4.5 ft from the ground) and cheeldng the visual estimates with a diameter rape.
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TableG-3. Riparianvegetationtypes forKingCountystreamsurveys.

Type Code Description

Coniferdominated C Forested,more ths_ 70%of treesare conifer

Hardwooddomina_d H Forested,morethan70% ofthe n'ees arehardwood

Mixed M Foresmd,nodo_ucc greatertha_7(FA

Shrub S Domimtedbywoodyst_nedwgemfionthatdoesnotreach>40ftat
maturity,e.g.,willows(_al_),dogwood(Cornus),andsalmonb_ry
C._ubza).

Grassorcleared G Pasture,rowc_ops,maintainedrights-of-way,orchards,parkland,
landscapedareas,vacantfields, marshes, andwetlandsnot in open water.

Urban U Greaterthan70% ofRCU ispavedorbuilt-up.Includesroads,levees,
railroads,andbridges.

Table G-4. Sizeclassificationsfor ripariantrees.

Type Code Description

Smatl S Dominant_es intheRCU: DBH betw_-..n3"and12"

Med/um M Dominanttreesin the RCU: DBH between 12"and20"

Large L Dominant trees in the RCU: DBH greaterthan20"

Notapplicable X Valueappliedtotheshrub,grass,andurbanclasses

Table G-5. Densityclassesforripariantrees.

Type Code Description

Dense D MorethanI/3oftheRCU iscoveredbytrees

Sparse S Lessthan1/3oftheRCU iscoveredbytrees

Notapplicable X Valueappliedtotheshrub,grass,andurbanclass_

POOLS, RIFFLES, AND SUBSTRATE

Purpose: To characterizethestreamlongitudinalprofileasa measurementoffishhabitat,and

toquantifysubsirateconditionsinpotentialspawninglocationsasan assessmentoftheriskto

eggsandjuvenilesfzomentombment,oxygendepletion,gillabrasion,and foragingdifficulty.

Definitions:

• Pool- asectionofstreamchannelwherewaterisimpoundedwithina closedtopographical

depression(AbbeandMontgomery 1996).

• Riffle- definedby theAmericanFisheriesSociety(Armantrout1998)as:"...characterized

by smallhydrologicjumps of rough bed material,causingsrn_ riffles,waves, and
eddies..."
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• Substrate (bed load) - defined by the American Fisheries Society (Armantrout 1998) as a

genera] t=,tn that refers to the sediment moved by a stream at the bottom.

Procedure: Data are loaded in the Pools_Fines tab of the computer ('Figure G-5). Pool

parameters will be recorded for pools meeting the BFW, residual depth, and surface area criteria
descn'bed in Table G-6.

Figure G-5. Example Field Computer Data Entry for Pools, Riffles, and Substrate

Mic_osoltExcel- I._a[ uahSb_D_l.l.xk ?'_"_]_

TableG-6. Minimumpoolsize requirements.

Bank Full Width fit) Area (ft2) Residual PoolDepth fit)

o- s 5.4(0.5m2) o.33(o.1om)

8- 16 10.8(1.0 m:) 0.66 (0.20 m)

16- 33 21.5 (2.0 m2) 0.82 (0.2_ m)

33 -49 32.3 (3.0 m_') 0.98 (0.30 m)

49 - 66 43.1 (4.0 m2) 1.15 (0.35 m)

>66 ........... 0.2 x-BFW -- 0.0968 x BFW0,urn

Based on."SchueR-Hm_csct el, 1994.
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When a pool is encountered, the following will be done:

1. Measure the maximum pool depth and tailout depth using a stadia or wading rod.

2. Calculate the residual pool depth (maximum depth minus pool tailout) manually with a
calculator or automaticallyby entering the depth values into the appropriate database fields.

3. Maximum pool depths of more than 6.0 it rnay be entered into the spreadsheet as 6.0 with "over
6 fl" entered in the comment field.

4. If the calculated residual depth value falls within the eritca-iain Table G-6, measure the mean
wetted width and length of the pool, and the meanfun_'onal width and length. The ftmetional
area is the area of the pool most likely to be used by adult salmonids for holding, and is defined
by a minimum depth fi:om Table G-6 or the pool tailout depth, whichever is greater. This
definition captures the deeper areas of the pool and excludes the shallow margins as the pool
tapers toward the banks.

5. If the functional area meets the area requirements in Table G-6, the pool is of acceptable size. If
it does not, remove the entered measurements fi-omthe record an.dcontinue surveying.

6. When two or more pools occur in sequence, they should be sprit and measured separately
whenever there is a clear division (taiiout) between them.

Calculate the functional pool surface area (length x width) manually with a calculator or
automafieaUy by entering the functional pool length and width values into the field computer
database. If the calculated area fails within the criteria for the BFW (see Table G-6), enter all of the
rema_ing required information for the pool unit into the field computer database.

When a riffle is encountered, the survey team will do the following and enter data in the
Pools_Fines tab of the computer (see Figure G-5):

1. Enter "R" in the "Habitat Unit" colnmr)_

2. If"P," is entered, the "Riffle Hip-chain" start measurement wi.Uautomatically load.

3. In the "Riffle End" column, enter the hip-chain location of the end of the riffle.

4. In the "Spawning Potential (Y/N)" column, enter the appropriate response based on best
professional judgement.

If a spawning riffle is present, an assessment of substrate condition will be performed. The
surface substrate composition provides an indication of the habitat quality for salmon spawning.
A visual estimation can provide identification of potential spawning areas. Care must be taken in
identifying the dominant/subdominant substrate, particularly in the correct classification of
cobble and boulders. This will be aided by the use of a small ruler while in the field.
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If there is spawning potential, enter the dominant and subdominant substrate present in
the riffle/pool tailout. There are seven numerical choices, as follows (Bovee 1982):

I= Bedrock

2 = Silt/organic(<2ram)
3=Sand(2-4ram)
4 = Small gravel (4 - 25ram)
5 = Large gravel (25 - 74 ram)
6 = CobbIe (74 - 300 ram)
7 ffiBoulder (>300ram)

Embeddedness (the percent that interstitial spaces are filled with small grain particles) will also
be measured in all riffles that potentially support spawning. Embeddedness is also used as a
measure of fine seaiment concentrations in the substrate (May st al. 1997). Percent
embeddedness is measured based on visual estimation. Enter one of the following classes into

the computer for each potential spawning riffle.

L = Low: Grave1, pebble, cobble, and boulder particles have < 20 percent of their
surface covered by fine (sand, silt, clay) particles.

M = Medium: Gravel, pebble, cobble, and boulder particles have 20 to 40 percent of
their surface covered by fine (sand, silt, clay) particles.

H = High: Gravel, pebble, cobble, and boulder particles have > 40 percent of their
surface covered by fine (sand, silt, clay) particles.

SECONDARY CHANNEL HABITAT

Purpose: To quantify habitat in secondary channels and identify,sianificant off-channel features.

Definition: Secondary channels are defined as channels that are separated from the main channel
by a stable island and contain the smaller portion of the total flow. A stable island in a forested

, stream is defined by the United States Forest Service (USFS 1999) as supporting woody vegetation
(excl-dlr)g willows that do not meet the tree definition), which is estimated to be at least 5 years old
(and covers at least 50 percent of the island surface). Off-channel habitats include marshes, ponds,
and oxbow lakes that are outside the bankfi_ channel.

Procedure: Identify whether or not a potential secondary channel feature is separated from the
main channel by a stable island. If the feature is not separated by a stable island, then lump it in
with the main channel measurements. If the feaUtm is located outside the bankfull channel, then
describe the off-channel feature in the comments.

Side channels will be evaluated using the qualitative habitat assessment sheet (Attachment A). No
measurements will be Taken,but the location (reach number, hip_haindistance, bank location - RB
or LB) will be recorded on the sheet, with a brief description of any significant features, such as
amount of flow in channel. Determine whether the secondary channel within the bankfull channel
is dry, counected at one end (channel type SC1), or connected at both ends (channel type SC'2) at
the time of the survey, and record the corresponding code on the survey form. No data entry is
required for secondary channelmeasurements.
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FISH PASSAGE BARRIERS

Purpose: During field investigations, the teams may encounter potential fish blockages. In
these areas, the team will perform a rapid passage assessment based on the Washington

Department of Fish and WildIife's (WDFW) Level A approach for culverts and non-culvert
blockages (e.g. dams, bedrock-dominated shallow glides, cascades, ere) (W'DFW 2000).
Assessing potential fish barriers will help provide a list of potential capital improvement projects
(CIPs) and restoration projects.

Definition:

• Fish Barrier- defined by the American Fisheries Society (Amaantrout 1998) as: any
physical, physiographic, ehemieal, or biological obstacle to migration or dispersal of aquatic
orgartim_. For this assessment, only physical barriers will be examined.

Proeedure: During the survey, data will be entered onto hard copy datasheets (Attachment B).
The surveyors wiI1 use the WDFW Level A assessment to establish a fish passage database and
provide repair recommendations. The information will be loaded into an electronic database that
can be used for later Level B assessments. Level B assessments require instrument survey and
hydrologic analysis. The assessment team will not perform Level B assessment during this
project.

When a culvert is encountered, the assessment team will perform a WDFW Level A culvert
assessment. The Level A assessment is relatively simple and is explained in the dichotomous
key below. The key will determine if the culvert is a barrier, not a barrier, or unknown. I.fthe
determination leads to an unknown status, the assessment team will use their professional
judgment to determine the extent of a potential blockage and will recommend that future Level B
assessments occur on the culvert.

Prior to conducting this assessment, each team should download and print the WDFW manual
from the W'DFW website (www.wa.gov/wdfwPaab/engineer/fishbarr.htm ['PDF format]). Several

,portions oft.his protocol are taken directty from the -WDFW approach, and their manual provides
additional details and clarification.

Level A Barrier Analysis (3VDFW2000)

A. Is there natural streambed material throughout the culvert?

a. If yes, is the culvert width (span) at least 75 percent of the average streambed toe
width at the second riffle downstream of the culvert (representative riffle)?

i. If yes, the culvert is not a barrier and additional measurements are not required.

ii. In no, go to B.

b. If no, is there an outfall > 0.24 m?

i If yes, the culvert is a barrier and additional measurements are not required.

ii If no, is the culvert slope _>1 percent?

1. If yes, the culvert is a barrier and additional measurements are not required.

2. In no, go to B.
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B. Is there a grade break in the culvert?

a. I.fyes, then the barrier status is unknown and aLevel B analysis is not possible.

b. If no, then go to C,

C. Is the culvert tidally influc,nced or is there a large pond or wetland downstream of the
calvert making it difficult or impossible to obtain the downstream control cross-section
information?

a. If yes, then the barrier stares is unknown and a Level B analysis is not possible.

b, If no, go to D.

D. Barrier status is unknown and a future LeveI B analysis will be required.

Gradebreaksoccurincaseswhereculvertshavebeenextendedandthenew sectionisinstalled

ata differentelevationorslopethantheoldculvert.Thiscanalsooccurwhen a sectionof
cuivc_tsettlesorajointtails.IncaseswheretheslopeofanyportionoftheculvertexceedsI
percentorthedropinsidetheculvertexceeds0.24m, thenitcanbecategorizedasabarrier.If
theslopedoesnotexceedI percentorthedropdoesnotexceed0.24m, ofiftheseparameters
cannotbe measured,thenthebarriersmms ortheculvc'rtisunknown and a higherlevelof

analysisisrequired.

DATA ENTRY FOR FIELD CULVERT DATASIIEET

The field data,sheet rexluims the team to collect a suite of location and structural information that
will later be used for a culvert database and for future analysis. The header information of the
datashc_t provides location information. It is important that the culvert is located by street
crossing or by GPS. Once the location is acquired, all of the additional information required for
the WDFW database can be extracted from GIS databases.

Culvert stractural information is self-explanatory from the datasheet. This information is
important for the WDFW database and for future analysis.

a

Measurements Required in the Field

I. Messurethelengthof theculvertinm_ers.

2. Assessifnaturalstrcambedispresentthroughouttheculvm'k

3. Measurethehorizontalspanoftheculvertatthedownstreamside.

4. Measuretheaveragestreambedtoewidthatthesecondriffledownstreamoftheculvert.
The streambedtoeisdefinedby WDFW asthebottomofeachbank,andinsome cases
canbebelowthewettedsurfaceelevation.

5. Measure the ouffall drop from the top of the water in the culvert to the top of the water
downstreamoftheculvertto thenearest0.01m.
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6. Measure the slope of the culvert from the culvert upstream invert elevation to the culvert
downstream invert elevation in percentage (COSIE-DSIE)/Lcngth*100= Stope). This can
be done with an Abney level, or a bubble level and two wadin_stadia rods. The WDFW
manual states that clinometers are not acceptable for slope measurements.

Photol_ranhs

All culverts that receive an unknown or barrier status should have a photograph. These

photographs will help the teams later determine the significance of each blockage and provide an
eventual CIP needs list. Keep track of photograph and roll numbers on the datasheet.

FISHWAY AND DAM BLOCKAGES

Below is a brief description of fishway and dam blockages summarized from the W'DFW
manual. Again, the field teams should familiarize themselves with the WDFW manual. The
datasheets will also be useful for describing non-culvert barriers found in the field. These
datasheets, like the qualitative datasheets, will help the field teams develop and document the
rational for their professional judgment and determination of ClY lists.

• Fishways - A fishway is any human-made structure that facilitates the passage of fish
through or over a barrier. As fishways frequently fail or are poorly designed, WDFW
recommends that fishways be assessed as dams.

• Dams - A dam is any human-made structure that results in an abrupt change in water
marfaee elevation. WDFW states that a water surface difference greater than 0.24 m is a

block to chum and greater than 0.30 m is a block to all other fish. Dams with standpipes are
always barriers.

Photographs

All dams or fishways that receive an unknown or barrier status should be photographed. These
photographs will help the teams later determine the significance of each blockage. Record
photograph and roll r_umberson the datasheet.

AVAILABLE RESOURCES

The WDFW web site mentioned above provides useful information. Other resources include:

* A Catalog ofWast2ngton Slre,rn_ and Salmon Utilization (Williams et. al. 1975)
* Tri-County salmon informationweb site (http:/Aw_.salmouinfo.or_j)

, Forest Service Fish Xing web site 0attp://www.stream.fs.fed.us/fishxing/index.html)
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ATTACHMENT A

QUALITATIVE DATASHEET
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Port of Seattle Qualitative Assessment Field Form
Date: Team Name:
Sub Basin: Stream Name:

Rosgen Class: Reach 113Number:.
Site number Lat.: Long:

S_mple Location: Above Culvert (y/n)?
Photo Roll: Photo Numbers:

ill ii ,
._..._ ...... _=- ..-_.._.= .... ......... _ ......... _.:'--'-_--_='--7_ -_,'_''" ....... .._"'- ..... " ............. =" I -i"_i',?

Limiting Factors [Good(l)[ Fair(2) [ Poor(3) t Yes(Y) [ No(N)i

Habitat Trend:

Improving ttabitat
Deteriorating Habitat

Are the Foliowin_ Limitin_ Factors for Habitat?
;Unstable banks

Hydro-modifications
Lack ofShade

Eutrophication
Flx_hy Hydrology
Turbidity
Lack of Undercut banks

Habitat Ratings

;pawlfingAreas !_
'ool Abundance "__' ___

Pool Ouaiity _ __
Riffle abundance _

!Aquatic Invertebrate Quality _
Bank Cover (e.g.Brush and Roots] _

I parianCover
tLarge Woody Debris __

IEmbeddedmess ' _

Silt/Clay/ Small Large ICobble/

Dominant/Subdominant Organic Sand ]Gravel Gravel (1.25 IBoulder

Substrate (in mm)Check Box <0.059) 0.06-1) ](.25-1.25) !-2.5) [(>2.5)

IDominant

Subdominant .......
i

Approximate % Grade: iComments:
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ATTACHMENT B

FISH PASSAGE/CULVERT ASSESSMENT DATASHEET
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Pert of.Seattle Fish passage/Culvert Assessment Field Form
Date:. Team Name;

Sub Basin: Su'eamName:

Roseen Class: R_ach/D Numbs.
Photo Roll: Photo Numbers:

Feature Tvoe

Ca'aviv/Diwmic_ O_r (descn_e_Culvert Fishw'_. Dam Pump Dive's/on

FeatureLocation:

iLst: Long:

!Culvert Prev/ouslyAssessed(Y/N]? If yes then _op, ff uocontinue.

Culvert Shave .....
BottomlessArch IOther(OTH)describ_

Culvert Material

Precast e.cncrete Cast in Place CorrugatedSt_ Smooth Steel Corrugated Su-ucmralPlate Structural Plate
(PC.C} Cm-,crcto(CPC} !(CST) (SS'n Aluminmm(CAL} Steel_SPSI Aluminmm (SPA)

]
Pl_'lic (PVC) Tnnber('FMB) Masonry(MR_ Other(OTH)dcscrih_

Culvert Ass_sment

I. Culv_ i_g_ in Mmr_

I.Strcmnbedmaterialthroughoutthel_ngthof Culv_ (y/n)?
If2 is Yes, measure the following:

A. Culver_man in meters -
B. Streamb_d toe width of second riffle down su'earn f:_wnculvert in mczcrs-

If riffle not available, culvm status isunsown.

C.A/B" I00= %

IfC is _ 75% th_a culvert statm is not a bar_er,
otherwise culv_ is a bare,or.

Culw:rtSmrns Barrier Not a Barmer Unknown

If 2 is No, measure the following:

A. Ouffall Drop in mem-s (water surfacem watersurface-
If A is > 0.24 m_lers culvert is a barrier, if not go tc B.

B. Culvertslopereinsuredfrominvm m invertinpcrccnm!:e- %
IfB is > 1%culvert is a barrier, if not culvert stares is nnl_owa.

Culvert Smms Barter Not a Barrier Unlmown

Professionalopinionof cnlvem with unknown smzus,|eneral repairrecommendations,general comments:
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MEMORANDUM

to: Paul Feadt July 20, 2001

from: Don Weitkamp 556 2912 001 128

re: Low Stream Flow Fish Behavior and Stream Characteristics

The following are some thoughts on the isles raised in the e-mail message from KcUy Whiting
to Am: K_my of July 2, 2001 which we discussed at our meeting with the agencie.s.

I, Migrations of juvenile and adult salmonlds appear to be stimulated/regulated by a variety of
biological and physical factors of which flow is one. Young fish generally require growth to
a certain size range before migration will occur. The physiological processes (smolfification)
that ready them £ormigration also depend of a sequence of events that appears to be _ggered
by a combination of temperature, photoperiod, and phase of the moon that stimulate
hormonal mediated physiological changes. Once these fish arc prepared to migrate at
substantial change in flow will often wiggor the initiation of migration. However, flow
increases alone are not likely to initiate a t_ocess that depends on many factors.

Likewise the migrations of adult salmordds are commonly the remdt of a variety of factors.
._dults commonly do not approachstreams or prepare to move into headwat_s until specific
times apparmfly retaliated by photop_od, temperature, potentially food supply, etc. When
ready to mi_ate the adul= arecommonly stimulated by freshet conditions that involve both a
flow increase and runoff fi-omriparian areas. The chemicaI cues in the runoff appear to play
some role in triggering the migrations. The relationship to flow is far from certain.
Sometimes _minorincreases in flow will stimulate migrations, somctlmes minor increases are
ignored, and sometimes migrations occur in the absence of flow increases. A minor flow
supplemaentation during normal low flow periods is not likely to provide a trigger for
biological processes that would not normally occur during that time period.

2. Severe drought conditions are generally a habitat-limiting factor that oan severely limit the
carry capacity of a stream. In most Puget Sound lowland streams the low flow conditions of
late July to mid-September determine the minimum habitat available to support the resident
fish populations including juv_file salmon and trout. Prolonged low flows of s_eral weeks
to months during this period are commonly the factor that establishes thecarrying capacity of
a StTeam.

Protection or restoration of stream flows during the late July through September p_-iod will
maintain the habitat that sustains and controls fish populations remaining within the stream
through out the year. S_am flow supplementation during this period can have a substantial

Parametrb:, Jnc ] 07_3/0 ]
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influenceontheabundanceofresidentandanadromoussalmonids.Providingflowoutside
• this late summer low flow period is unlikely to provide an increase in the fish population t.hat

canbesustainedwithinthestream.Additionalhabitatprovidedbyflowin_'easespreceding
the1_rn_g lOW flOW_eriodisunlilmlytoprovidean increaseinthefishpopulation
followingthelowflowp_od. Thepotentialeffectsofprovidingadditionalhabitatoutside
thelimitingflowperiodwouldlikelybe negatedbythesubsequentlowflows,Maintaining
existingflowconditionsduringthecommon lowflowperiodwillensurethathabitatdoesnot
becomemoreofa1_tingfactorthanitisund_ existingconditions.

3. Watorq_ty canbe a criticalfactorindeterminingsahnonidhabitat.I-lowever,sudden
changesofa moderatedegr_arenaturallycommon insmallstreum_.Treshetconditions

(stormevents)cannaturallychangete_apexatureandch_'nicalparameterswithinhours,
depmdingon thenatureofthestormevent,thedrainagebasin,streamcharacteristicsand
ambientconditions.Generallyd_rcasingtemperatur_havelittleimmediateeffecton

salmouidsotherthanr_uc_ activityfora briefpeflockDecreasingtemperaturesrapidly
withintherangeofafewdegreescanbeabenefitiftemperaturesareneartheupperendof
the range of acceptable temperatures or greater. Decreases in DO appear to have little effect
on behavior when they remain within a range acceptable for survival and growth. The
relatively small amount of water provided during low flow mitigation together with the
proposed oxygenation techniques is likely to maintain adequate DO conditions.

Parametrix.Inc 2 07/23/01
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APPENDIX I

DETERMINATION OF LOW FLOW QUANTITY IMPACTS
AND MITIGATION
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MILLER CREEK

7-DAYLOW FLOW OCCURRENCES INMILLER CREEK (1994)

BAR GRAPH LOW FLOW OCCURRENCES INMILLER CREEK (1994)

7-DAYLOW FLOW OCCURRENCESl/_"MII.J.ER CREEK (1991-1994)

CALCULATION OF 50%RETURNFREQUENCYFOR MILLERCREEK

COMPARISON OF 7-DAYLOWFLOW BY YEAR
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7-DAY LOW FLOW OCCURRENCES IN MILLER CREEK (1994)
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Star_of7-Day LowFlowswith i _. _:Sta_tical Rankingof AverageT-DayLowFlows
AverageFlowRates _ _=_-Pertodof Record:1949- 1995 I J

l
I =,.o,Crea =S,6o, I7-o,,ow.t i I R=u
1

Flow/ors _!;" Year Or0ered ¢ Rank IRankJ(N+l)l
" "" - "" ' " Freauency

0.02 I 2.08

1980 s=l 17 066 _ 1952t 063 t 2 004 I 417
1951 i sap i 17 0.79 _ 1977I 0.53 / 3 0.06 t 6.25
1952 .o_ t 23 1 0.53 "_ 1979 0540.5_/ 4 0.10=0.08 t _0!_2.....
19,_ oct i 3 0.67 _ 1993 0.56 I 8 0.131 IZ50

0 " 0.83 1949 o. 9I 7 0.15I 14.58
1956 1 sap I 3 I 0.87 _ 19861 0.59 I 6 0.17 I 16.67"
1957 s.p 20 0.78 !_-'_ 1988I 0.60 I 9 0.19 t 18.76
1958 Sap 29 i 0.63 _ _: 1985 0.62 I 10 0.21 ] 20.83
1959 / Au_l 24 I 0,88 _._ _ 1956 0.63 ! 11 0,23 i 22.92
1960 / Sap I 29 0.84 _ 1973 0.65 i 12 0.25 I 25.00
1981 /sep 29 0.83 =<l_ _,_. 1992( 0.65 13 0,,27 27.08
1982 i o I 3 073 _-_','_' 1980 t 066 t 14 029 t 29.17
.... r Se_ _ • _._ ;..,, • . •

1983 s=>t 27 I o.71 _ 1989 0.67 t 15 o.31 31.25
1964 i Oct l 25 I 0.88 _ 19.761'0.69 4 16 0.33 I 33.33

1965 ! Se!o i 27 078 _ '_x. 1981 1 059 r 16 033
" : ...... " " I 33.33

1966 Sep 3 I 0.78 _ 1963 0.71 18 0.38 ! 37.50
1987 I Sep I 22 I 0.73 _,_., 1990 t 0.71 / 18 0.38 37.50
'1968 Aug 7 I 0.97 _"_ 19741 0.72 I 20 0.42 l 41.67

" i " " _'_ 2 '1969 Sep 8 0.82 .,_.-._'__. 1970 t 0.72 1 1 0.44 I 43.75
1970 Aug t 27 i 0.72 "_ lg62 I 0.73 t 22 0.46 t 45.83
1971 Aug 14 1 0.92 _'_ 1987 0.73 t 23 0.48 47.92
1972 Sap 11 I 1.01 _._ _ 1953 0.75 J 24 0.50 50.00
1973 Sap 12 I 0.65 _ _, 1995 0.76 1 25 0,52 52,08

1975 I Aug 11 0.78 _ _ 1957 0.78 27 0,56 I 56.25
1978 I Dec 10 t 0.69 q?,_._,,__.- 1975 0.78 27 0.56 J 56.25

1977 t AUg 16 tI 0.53 _'_ _._ 1965 0.78 29 0.60 , 60.42

1978 J Aug l"t 0.80 1984 0.78 29 0.50 I 60.42

1979 t Oct 7 0,54 _ 1951 0,79 31 0.65 64.58
1980 I Oct 17 0.66 F_'_J'.:__,i 1991 0.79 32 0.67 66.67

1981 Sap 12 0.69 _,'_._ 1978 0,80 33 0.59 68.75
1982 SaD 17 0.81 =_,,_ 1982 0.81 34 0.71 70.83
1983 Oct 10 0.90 _'_ 1989 0.82 35 0.73 72.92
1984 Oct 1 0.78 _ " 1961 0.83 36 0.75 75.00
1985 Sep 29 0.62 '_ _ 1955 0.83 37 0.77 77.08
1986 Oct 18 0.59 _Lp___ _- 1960 0,84 38 0.79 79.17
1987 OCt 24 0.58 _:._-_ _..i' 1956 0,87 39 0.81 81.25
1988 Sep 11 0.80 _ _ 1954- 0.87 40 0.83 83.337._ _ "1989 Oct 3 0;67 _:_ _ 1950 0.88 41 0.85 85.42
1990 Sep 25 0.71 _,', 1964 0.88 41 0.85 85.42
1991 Oct 9 0.79 t'_ _5 1959 0.88 43 0.90 89.58

1992 Sep 18 0.65 _'_,_ _F_. 1983 0.90 44 0.92 91.67

"1993 Nov 9 0.58 _'_-¢g'_'_'" 1971 0.92 45 0.94 93.75
1994 Oct 6 0.50 1968 0.97 46 0,96 95.83
1995 SeD 20 I 0.75 ,. _. 1972 %01 47 0.98 97.92

l Rank = NumemcolPositionof orcleredlowflowda1_withddestyeareaualto one. t
i N=,f7 t t
! I i. I
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BAR GRAPHLOW FLOW OCCURRENCESIN MILLER CREEK (1994)
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7-DAY LOW FLOW OCCURRENCES IN MIIJ.ER CREEK (1991-1994)
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CALCULATIONOF 50%RETURNFREQUENCYFOR MILLER CREEK
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1994 2O06
Mdier

IVblletCreekat Hwy _ at

Deto 509 Fiowlc_ D;lle I1v_/509 2006.1904

1901 Oct P n.79 1901 C_I 9 0.82 0.03
t992 SOp 16 0.65 1902 Seio 16 0JR 0.03
1993 Nov 9 0.58 1993 Nov 9 0,R_ 0.05
1994 Sep 24 ,0,54 1994 Aug 28 0`5B 0.04

_ANKEDA. ",+,,:..,.¥ear,_._:. ,"._'_oq :....; "'_.

1994 0.54 0`M OJ_4 .0.02 0.02
1983 6+;B 0,63 0.06 -0.02 0.03
1992 6.¢F, 0.68 DJ)3 ,-I)..02 0.01
t991 0`79 0.82 0.03 .0.02 OJO_

2yr8onl'J 07346 0,763 D.02..8
ell 4 ym 0,3322 0`762 D,030

Return modeled modeled mo_ll_

Frequency 1994 200S 2006-t994
2.08 t994 0.54 0.58 0.04
12.50 1993 9,,S6 0.153 0,05
27.08 1992 0.86 0.66 0.03
68.87 1991 0.79 0.82 D.03

50thReturn 1994 2006 1994 2008 1994 2006

Frequency slope slope intercept Inlmtumt # :==50 rf= 50
sg4 ye='_ 0.0039 0.0037 0,.53 0.56 0.73 6362
91and92Only 0.0036 0.00'36 0,56 D.59 0`73 0?63

SUMMARYOUTPUT

R,e_'uslon$_,.._=s
_g4_leR D.�D'/'?'36083
R.,_ nGt;54T'Z231
Acljgsle¢lRSqu; 0.993216847
.._,anoamError Q.G0922.213
O_senrabo_s 4

ANOVA
# $$ /,43 _= S_or_car_mF

Regrmuon '_ 0.037_85lL5 9.(_7438585 440,20569_ 9.002263947
Residual 2 0,0001700115 6_50477__5
Total 3 0.037008681 +

CoefP_em.$ _._q_ _ t smr P-val_ Low__ U_er95"_ LOWe_'95.D'_UDDer�$ 0%
IntBf_O_ 0,,r_4017591 0.006870607 77.85._51 0.D00184936 0.505_7_ 0,5844797070.£)015355470._6447971
XV_Olol 0.0039450 0.000188089 20.98111038 0.002283947 0003138703 g.004755097 0003136?' 0,0047551

SUMMARYOUTPUT

Re,ms,/on S._t/..,t_
Mulh_:leR D.998691931
R Square 0.997385573
A_JuOtI_RSqt 0.996078359
Standl.dError 0.0O6526423
O_sewalm_e

ANOVA

Rwesm 1 0_3246_ 0`03246682 762.9659383 0,.001,300059
Residmd 2 8.61623E_5 4#.5812_-05
Total 3 0.032573962

_ents SmnammEn_r t Smt P.va_ue Lower96'_ U+=p_re5% L.ov_rSS.0'tIURoer_._
Jnterc_pl 0.570199727 0`OD4881tS60 118.9227615 7,06889E.05 0.6572B2073 0.599117381. 0.5572821 0.5991174
X Vadaldel 0,00_1675B12 0.000133075 27.6222001 O.O0130BO(F30,00310323_ 0.004248368 0.0031032 0.0(]42411M
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COMPARISON OF 7-DAY LOW FLOW BY YEAR
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WALKER CREEK

7-DAYLOW FLOW OCCURRENCESIN WALKERCREEK (1994)

BAR GRAPH LOVCFLOWOCCUP,REI_CES IN WALKER C_EK (1994)

7-DAYLOW FLOW OCCURRENCESIN WALKER CREEK (1991-1994)

CALCULATIONOF 50%RETURNFREQUENCYFOR WALKER C]_EK

SUMMARY OF LOW STREAMFLOW MITIGATIONVAULT STORAGE AND FILLING

PLOTTED MINIMUM VOLUME IN WALKER CREEK VAULT AUG 1 - OCT31,1949-1995

HISTOGRAM VAULT VOLUMEREMA/NI1WGON OCT 31, 1949-1995
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%DAYLOWFLOW OCCURRENCESIN WALKF._ CREEK (1994)
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!Startof 7-Day Low Flows with ! ;3,; StatisticalRanking of Average 7.-Day Low Flows I
Average Flow Rates I I _._.1;Perioclof ReCOrd:1949-1995 1 I

.¢1,o

•": Average

1 1994 HSPF _-_-._: 7-Day Lows i ReturnDate Walker Creek at POC _,..=_., Date Ordere_i Rank Rank/N+1 I Frequency

1949 o= 17 0.55 _,: 1994 065 1 l 0.02 _ 2.1
19s0 s.p , 13 0.83 _ 1_9 o= 2 _ 0.04 ¢ 4._
1951 Sap 11 I 0,78 '_' 1987 0.64 3 I 0.06 6,3
1952 Nov 15 t 0.55 ;,_. 1952 0.65 4 I 0.08 8.3

1953 Sep 5 J 0.76 _ 1993 0,65 1 5 I 0.10 10.4
1954 Sep 30 { 0.87 _¢ 1988 0,65 6 0.13 12.5
1955 Aug 23 l 0.83 _,_ 1986 0.66 7 0.15 14.6
1956 Sep 2 } 0.85 ;_ 1949 0.66 8 0.17 16.7

1957 Sep 2 I 0,80 _,. 1977 0.66 9 0.19 18.8
1958 Sap 10 1 0.70 _ 1992 0.67 10 0.21 20.8
1959 Aug 2 J 0.85 _,_ 1985 0.68 11 0.23 22.9
1960 Sep 20 ] 0.83 _ 1980 0,68 t 12 0.25 25.0

1961 Sep 4 } 0.80 _._,_. 1989 0.59 113 0.27 27,1
19o'2 Au9 23 0,79 _- 1958 0.70 = 14 0.29 29.2
1963 Sep 6 0.74 Z':._.- 1981 0.70 15 0.31 .... 31.3

1964 Au9 8 0.90 .i__,_''t-, 1990 0.71 18 0.33 33.3
1965 _g 24 0.76 _ 1976 0.73 17 o._s 35.4
1966 Aug 25 0.77 1995 0.73 18 0.38 37.5. ,-_,

195"7 Aug 15 0.75 _ 1963 I 0,74 19 0'.40 39.6
1968 Jun 28 0.94 ,_ _ 1973 0.74 20 0.42 41.7
1989 Jul 26 0.82 '._-:-" 1982 0.75 2I 0.44 43.8

1970 Sap 2 0,76 ,_._._ 1967 0.75 22 0.46 45.8
1971 Ju] 10 0.88' .._ 1970 0,75 23 0.48 47.9
1972 Jut I 25 0.94 '_;t_ 1953 0.76 24 0.50 50.0
1973 Jul I 24 0,74 _"_:'_- '_991 0.76 25 0,52 52.1
1974 Au_ [ 22 0,77 -_,_,. 1966 0.77 . 26 0.54 ' 54.2
1975 Jun I 18 0.79 _!; 1974 0.77 27 0.56 56.3
1976 Oct 15 0,73 _,-_ 1984 0.77 28 t 0.58 58.3
1977 Jun 19 0.66 _;_-:
1978 Jun I 26 _ 0.78 _ 1951 0.78 29 I 0.50 60.4

l_._I 1965 0.7B 29 1 0.80 1 60.4
1979 Aug ] 6 t 0.63 " ,' 1978 0,78 31 0.65 64.6
1980 Aug I 14 0,68 ;,_, 1962 0.79 32 0.67 66.7

1981 Jui [ 8 0.70 _ 1975 0.79 33 0.69 68.8
1982 Jul 23 0.75 _._' 1981 0.80 34 0.71 70.8
1983 Aug 1 0.90 L,_ 1957 0.80 35 0.73 72.9

1984 Ju] 21 0.77 _ 1969 0.82 36 0.75 ,, 75.0 '
1985 Jul 27 0,68 _:- 1960 0.83 37 0.77 77.1

1986 Aug 3 0,68 _ 1950 0.83 38 [_.79 792.
1987 Aug 16 0.64 _ 1955 0.83 I 39 0.81 81.3
1988 Jul 18 0,65 1959 0.85 I 40 0.83 83.3

1989 I Jul 13 0.69 _'_:'_ 1956 0.85 _ 41 0.85 85.41990 Jul 3 0.71 ;_+ 1954 0.87 42 0.88 87,5
1991 Au_l 3 0.76 _;_.. 1971 0.88 43 0,90 89.6
1992 Jul 28 0.67 _..- 1954 0.90 44 0.92 91.7

1993 Aug 11 0.65 .._" "" 1983 0.90 44 0.92 91,7
1994 Jul 18 0,80 _ 1972 0.94 46 0.96 95.8

1995 Jun 18 0.73 __ J 1968 0.94 I 47 0.98 97.9
Rank = NumericalDosltlonof or0ered low flow data with the

:ldestyearequaltoona. I 1
IN --47 t
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BAR GRAPHLOW FLOW OCCURRENCESIN WALKER CREEK (1994)
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7-DAY LOW FLOW OC_NCES IN WALKER CREEK (1991-i994)
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Startof7-DayLowFlowswith ;:_,_!StatisUcalRankingofAverage7-DayLowFlows
AverageFlowRates _-_'.-.'PeriodofRecord:1991-1994

_'_'_''

1994 _ Average

WalkerCreek..._'_ 7-DayLows Return
Ordered Rank RanWN+lFre_uencvDate atP._.._OC Date ....

1991 Oct 9 0.77 _ 1994 0.64 1 02 20
1992 Oct 22 0.67 _ 1993 0.65 2 0.4 40

1993 Nov 9 0.65 _° 1992 0.67 3 0.6 60
1994 Sep 24 0.64 _.__ 1991 0_77 4 0.8 80

Rank= Numericalpositionoforderedlowflow datawiththe
driestyearequalto one.
N=4
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CALCULATIONOF :50%RETURNFREQUENCY FOR WALKER CREEK
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SUMMARY OF LOW STREAM FLOW MITIGATION VAULT STORAGE AND FILLING
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Reserve Storage Vaults for Walker Creek ...... { I I

!i 11 ,
Vault sizes (dead storage in acre ft) required for 92-day release of I I

0.1!{=f=(194s-less), i i i I

1{ SDS3a
Mean I 1?..79

Median I 12.83
Max I 18.41

Min i 5.40

Contributing Drainage Areas IIm!oervloumAres t I

Subb_in I Vault A iAcre i }$DS3A SDS3a-LF 14.6 {

SUM 26.1

Rll time for 19.5 acre foot volume I Days to fill startin_ on January 2, !
Mean 7_ { t / I

Median 60 I { I {

Min 22 I ......

, ' {
Remaining volume in vaults on Oct 31 t t {

Volume 1 I Remain.ing l
sc ft I Days } I ,, ,

Mea_ 8.49 ( 77.19 { !
Median 8.05 { 73.19 {

Max I 18.6B { 169.84 i

Min 0.65 5.94 t
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PLOTTED MINIMUMVOLUMEIN W_ CREEK VAULT AUG 1 - OCT31, 1949-1995

_t
t
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HISTOGRAMVAULTVOLUME REMAININGON OCT31,1949-1995
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DES MOINES CREEK

7-DAYLOW FLOW OCCURRENCESIN DES MOI_'ESCREEK (1994)

BAR GRAPH LOWFLOW OCCURRENCESIN DES MOINES CREEK (1994)

7-DAYLOW FLOW OCCURRENCESIN DF._MOINF._CREEK(2006)

BAR GRAPH LOWFLOW OCCURRENCESIN DES MOINES CREEK (2006)

LOWFLOW OCCURRENCESIN DES MOINES CREEK (WITH MITIGATION)

BAR GRAPH LOWFLOW OCCURRENCESIN DES MOINES CREEK
(WITH MITIGATION)

S_Y OF LOW STREAMFLOW MITIGATIONVAULT STORAGE AND FILLING

PLOTTED MINIMUMVOLUMEIN DES MOINESVAULT JUL 24-0CT 24, 1949-1995

HISTOGRAM VAULTVOLUMEREMA_"ING ON OCT 24, 1949-1995
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?-DAYLOW FLOW OCCURRENCESINDES MOINES CREEK (1994)
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,Stanof7-DayLowFlows I ,_,_. ,Sta_sticalRank_ o_Averege7-[_/Low Flows
wilhAvenageFIowRazes ' _,._L_"_J,_ Perio_ofRecord:1949- 1995 J ]

t 1994HSPF _= _.

I DesMoirte.s_at _ Avera_e

I
200thSt. 1FlowCfS _,_C.p___"I. "/'-DayLOWS I Return

t Dale Averacje?.DayLowF_ _,_" Year Ordered Rank RardV(47_-l_ Freauenc_

1949 Sep 7 0.18 _'_-_ 1977 0.17 I 0.02 2.1
1950 Sep I7 " 0.40 _ 1949 0.18 2 0.04 4.2
1951 Aug 20 0.35 ' _._=. 19,52 0.21 3 0.06 I 6.3
1952 0._ 13 0.21 ___ 1_e4 0.22 4 o.os 8.3
195'3 $ep 15 0=35 _._._=z_ 1979 0.22 5 0.10 10.4
1954 Au_ 7 0.48 _- 1988 0.25 6 0.13 12.5
less seD a 0.34 ¢_'_ 1985 0.29 7 0._6 14.6
1956 Sep 3 0.43 _I_ 1985 9.26 8 0.17 16.7
1857 Se_ 20 0.32 ,_ lg93 0.27 9 0.19 18.8
1955 Sap 2 0.27 _. 1973 0.27 10 0.21 20.8

1959 Aug 24 0.38 _i;'S • 1956 0.27 11 0.23 22.9

1960 AU_ 7 0.39 _._ ._ 1981 0.28 _2 0.25 25.0
1961 Aug 23 0.40 . ._ 1987 0.29 13 0.27 27.1
1962 Se_ 2 0.33 - -. :y 1990 0.3_ 14 0.29 2S.2
1963 S_o 27 0.36 _.:_"_. 1974 0.31 15 0.31 31.3
1964 Aug 31 0.47 _¢_"_ " 1992 0.31 15 0.33 33.3
1965 Au, 3 0.35 __' 1986 0.32 , 17 0.35 35.4
1966 Au, 20 0.32 _"_ 1957 0.32 , 16 0.35 37.5
1967 I Aug 25 r 0.33 _ .... ,1§70 0.33 19 0.40 39.61965, 0 0.47 1,,5 033 =0, 0,2
1969 t $eD 5 1 0.36 _._' 1982 0.33 21 t 0.44 43.6

1970 I At_ 27 t 0.33 __ _._,, 1980 0.33 22 i 0.46 45.8
1971 Au_ 14 0.41 _" " 1991 0.83 22 0,46 45.5
1972 Oct 18 , 0.51 "_._-_% 1967 0.33 24 0.50 50.0

1973 1 Sap 12 t 0.27 _ 1975 0.34 25 t 0,52 52.11974 i Oct 13 t 0.31 ' - __:_; 1955 0.34 26 0.54 54.2
19751 Aucj 11 i 0.33 _ =_';: 1951 0.35 27 0.56 56.3
19"/6 _[ Oct 17 j 0.34 ._7_ _¢" 1995 0.35 27 0.56 58.3
1977 AUg 16 ] 0.17 ._._ _ 1983 0.35 29 0.60 '60.4

197B Oct 16 f 0.41 __. i_.". 1989 0.35 30 0.53 62.5

954 o_ 3_ o.65 _.5
19_9 A_ 7 _ 0.22 _ _ ,_'_ 198_ 0._ 32 0.67 6571980 A_ 23 t 0.33 _ ., ,_-

._-'_,_; 1965 0.38 33 0.69 68,81981 Se_ 12 t 0.28 _ _"_-_'
1982 Aul 6 0.41 ,_;,, 1969 0.38 34 0.71 70.5_,_ _._-_'
1983 Oct I 10 0.45 , , _ ,- _, 1959 0.3_ 35 0.73 72.9

1984 Aucj J 29 0=36 :_ _ 1960 0.39 38 0.75 75.0

1955 Au_ j 30 0.25 _._=_.. 1961 0.40 37 0.77 77.1
1985 Sso 10 0.26 _,_ 1950 0.40 38 0.79 79.2

Sap 7 0.29 _ 1971 0.41 39 0.81 81.31987

198 , ,1 0.2, 1978 ,0 053 638
1969 o= _ 3 0=36 .,_ 19_ 041 41 ,0.85 _s_
1990 sap 25 0.11 _;_ _ _,_ 1956 oA3 42 6_i_'s 87,6

1991 oct 9 0.33 _ 1963 oA5 43 0.90 89.61992 sep 1 0.31, ,'._ _'_ 1964 0.47 44 0.92 91.7
1993 8ep 29 0.27 t..'_ "_t._,'._._. 1968 0.47 44 0.92 BI,7

_'_ :'-_, 1_4 0.46 48 o.9_ 95.5
1995 1 Sep 20 0.35 lg72 0.51 ! 47 0.98 97.9

..... IRanl_=Nurnertcaiposit,ond oKleredavemcje7-de)/lowflow
I Ivalueswttlttl_ driestyearaqualtoone. I I
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BAR GRAPH LOW FLOW OCCURRENCES IN DES MOINES CREEK (1994)
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7-DAY LOW FLOW OCCURRENCES IN DF_ MOINES CREEK (2006)
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I, _ _@;StatisticatRardongofAvera_7-DayLowFtows I

withAverageFlowRates - _]Z"_..' '""

t 2006HSPF ;' z.,,=,t,.* _': t I |2oo=,sLi _o.=Is _ _ - I _.DayLow=I l J R=,,m
Date Averaoe7-DayLowFlow _ _,_.=_" Year I Order_ I Rank RanVJ(47+l}t FreQuenc7I

i t " = ,1 1 ' '
-195o s., 17 o,, "_._ 1_9 t 214 t 2 I 0.94 ,.2

1951 _ 20 0.?.5 _,_.. 1952 I 0.15 I 3 I 0.08 I 5.3,9_ o= _3 o_s _ 12, ) o.1_ I ' i o.o81 8.,
_9_ _ _ 0.38 _ 1988t 019 ; s 01_ i 175
1955 Seg 6 0.25 _ 1986 0.19 ] 7 0.15 14.5
_956 _,_ 3 0.= _': 192 I 0.20 I 8 i 017 $ 1_7
1957 Sep 20 0.25 _ 1985 I 0.20 t 6 0.17 I 16.7
1958 $eo 2 0.20 f_,_;. 1993 I 0,20 I 8 0.17 I 16.7
1959 _=_ =4 o_ _ 1973 0.20 I 1_ I o.z_ i =.9
1960 AU9 7 0.20 _4._,_- 1981 0.21 ] 12 I 0.25 25.0
1961 t Aug 23 0.31 r_,_,_'_. _• 1987 I 0.22 t 13 t 0.27 } 27.1
19_ l s,o _ o.=8 _ 1974/ 0._3 t _4 t 0._ I 29.2
_983_ s_ 27 0._ _,_:_:. 19_o_ o.2_ 15 _ o.31 31.3

19_, _ 2o o._, _.._._._1992,0.23_ 1_ , o._8_ _7.5
1_ I A,.,_ 7 O.38 _' _7 I 0.,5 I 2° I 0_2 I 41.7
1969 I $ep 6 0.29 _" 1951 I 0.25 I 21 j 0.44 I 43,8197o -,,,_ 18 ' 0.25 #_-" 1970 0.26 _1 0.,_ ,_.8
19_ t Au_ 1, 0.31 _'_@r_" _99_ 0.26 _ 2_ t o_ I 47.9
1972 Au_ 8 0.42 ._'_,_',_'_ 1955 0.26 J 24 'j 0.50 I 50.0

1974 Oct 13 0.23 _' 1976 0.27 _ 26 f 0.54 ( 54.2
1975 Au_ 11 o_s t_'_-,_" 19_ o_ I 28 I o_4 I 54.2
,97_ o_ 1_ o_ __ 1_ 0.= r 23"1 9.68 I "_-_
1977 Aug 18 0.12 _.?;, 1959 0.2g I 29 I 0.60 t 60.41978 .,u, 9 0.34 t_ 195-', 0.29 _ _o I o5_ / _35
"1980 AucJ 23 0.26 j_'_'_ 1969 0.29 t 32 I 0.57 66.7

"1961,.o 12 o2, _ 1_ o= , 3_ _ o_, o8_1982 AUg 8 033 _'_,_ 1965 0.30 34 J 0.71 70.8
1983 Oct 10 0.41 _._'_: 1989 0.30 35 0.73 72.9
1984 Au; 29 0.27 _ 1961 0.31 t 36 l 0.75 75.0
1966 _,,_ 30 o._o ,_ 1_e3 o,a_ / 33 0.77 77._
1986 Seo I 6 0.19 _,_ 1971 0.31 _ 38 0.79 79.2

leS_ Seo o.19 ' '_ 1952 o._ 1 40 0.83 63.3
1989 Au_ 171 0.30 _"_'_'_?-: 1978 0.34 J 41 0.85 85.4
19_o s,_ 25 0.24 _ 1958 0.38 , 42 o.5, ST.S1991 oo, 9 028 --_._ 198, 038_ ,_ o9o _9._
1992 Sep 16 0.25 _' 1954 0.38 I 44 0.92 91.7
1993 Sep 29 ___ :,_,__,,,_,. 1964 0 0 J . 93.5

_,;,:_--.,_ • ,lg94 Aug 26 0.16 :_':_".'_S_ ' 1963 0.41 46 0.96 95.8
..,_ ...... t 07.9"1995 Sgp 20 0.30 ' _;_j'_ 1972 042 47 0.98

f l

j Rank= Numericalpos_n ofnn:tereclaverageT-claylowflow

' IvalueawiththeariestYear_lual t° °he" f I "l I IN =--47 l J,
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BAR GRAPH LOW FLOW OC_NCES IN DES MOINES CREEK (2006)
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LOW FLOW OCCURRENCES IN DES MOINF..S CREEK (WITH MITIGATION)
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,Low Flows f i , Low Flows 1
I _ Racine 1949 - 1995 I

I Des Mamas Greek at I
I 2001h 5L I Flow cfs Average

j Average 7-DaYReleaseLow0.08Ftow_ Year Omem0
i Date ! iJul2.4-_.4

I I i1949 Se_ 7 0.22 0.20 0.02

1950 Sep 17 0.41 1949 0.22 0.04

1951 AW 20 0.33 _ 0,23 0.06

19_ Oct 13 0.23 1 0.23 0.061953 SeD 15 0,37 0.24 0.10

1954 Aug 7 ( 0A6 ,_ 1985 0.24 0.13

1955 J Seo 6 t 0.34 _ 0.26 0.151956 Se_ 3 0.44 _ 0.27 0,17

lg57 SeD 20 0.33 _ 0.27 0.19
1958 SeD 2 0.26 ?_ 0.27 0.21

1g5g Aug 24 0.37 _ 0.28 0:23 I 22.9
1960 Au9 7 0.37 _ 1993 0.26 0.23 22.g
1961 Au_ .23. 0,39 _." 0.26 27.1

1962 Sep .3.... 0.36 ._ 0.29 0.2.g 29.2
1963 $ep 27 0.39 1974 0.31 0.31 31.3

1964 Aug 31 0.48 ; 0.32 0.33 33.3
1965 Jul 13 0.36 I_, 1-q66 0.32 0.65 35.4
1966 Aug 20 1 0.32 == 1967 0.32 I 16 0.38 37.5

1967 Aug 2.5" _ 0,32 i 0,33 _ 19 0.40 39.6
1968 Aug 7 F 0.46 _, 0.33 i 20 0.42 41.7
1969 Sep I 6 0,37 _ 0.33 _ 21 0.44 43.6

1970 Jut I "17' 0.26 "' ._ 0.33 22 0.46 45.61971 t _Aug 14 0.39 .... lg91 0.34 23 0.48 47.9
1972 ! Aug J B 0.50 _ '1965 0.34 24 0.50 50.0

0.28 0.34 24 0.50 50.0

1974 I 13 0.31 0.34 24 0.50 50.0
Auq I 11 0.33 0.34 24 0.50 50.0

1976 Nov ( 30 0.34 0.35 0.58 58.3
6.20 0,36 0.60 60.4
0.34 0.36 0,60 60.4

23 037 o65 546

i 198o t 23 I o.34 o`37 o.65 6,.6
t981 Se_ ] 12 1 0.29 0.37 0.69 68.8
1982 Jun, I 1_ ! 0.37 0.37 0.71 70.8

I 1983 Oct ] 10 ] 0.49 0.37 0.73 72.9
1984 29 I 0.35 0.38 0.75 75.0
1985 Jul 17 I 0.24 0.36 0.77 77.1
1986 0.27 0.39 0.79 79.2
1987 0.27 1963 0.39 0.81 51.3

0.27 0.39 0.83 83.3

0.38 1950 0.41 0.85
0.32 1958 0.44 0.88
0.34 0.46 13.90
0.-q3 0.46 O.92
0.26 1964 0.48 0.94
0.24 0.4g 0.96

Sap 0.38 0.50

Rank = Nume_ca_positionof orclere_ avera�e 7-oar w,v flow
valtmswith the clnestyear eClUa_to one.

1 iN=47 t
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BAR GRAPH LOW FLOW OCCURRENCESIN DES MOINES CREEK(WITH
MITIGATION)
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SUMMARY OF LOW STREAM FLOW MITIGATION VAULT STORAGE AND FILLING
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ReserveStorage Vaultsfor DesMoinesCreek

Vault .sizes(deadstorage inacre ft) requiredfor92-dayreleaseof 0.08 c_ (1949. 1995).
SDS3

Mean 5.86
Median 5.40

Max 13.47
Min 3.17

ContributingDrainageAreas
Subbasin Vault Area

SDS3 SDS3-LF 195.9

Fill time for 13.5 acre footvolume / Daysto fill starting onJanuary2,
Mean 11

Median 8
Max 38
Min 1

Remainingvolume in vaults on October24
Volume Remaining

ac ft Days
Mean 12.51 79

Median 13.20 83
Max 13.50 85
Min 4,79 30

AR 020130



PLOTTED MINIMUMVOLUME_ DES MOINESVAULT JI./L24-0CT 24,1949-1995
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HISTOGRAM VAULT VOLIJ'ME REMAINING ON OCT 24, 1949-1995
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APPENDIX J

HSPF INPUT FILES FOR LOW FLOW VAULT SIZING
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implow
RUN
GLOBAL

*** FILE: IMPFiLL.INP
*** Based on calibration file for Des Moines Creek
*** HSPF Model of runoff from impervious surface
SEATAC AIRPORT HSPF MODEL
START 3_948/10/01 00:00 END ]_996/09/30 24:00
RUN INTERP OUTPUT LEVEL 4
RESUME 0 RUN 1

END GLOBAL

FILES
MESSU 24 C:\HSPF\ZMPLOW.MES
WDM 25 C:\HSPF\IMPLOW.WDM
END FILES

OPN SEQUENCE
INGRP INDELT 01:00

PERLND 16
PERLND 26
PERLND 34
PERLND 44
PERLND 54
IMPLND t4

'COPY 20
COPY 30
COPY 40

END INGRP
END OPN SEQUENCE

PERLND
GEN-INFO

<PLS > Name NBLKS unit-systems Printer ***
# - # User t-series Engl Herr ***

in out ***
16 TFM- TILL FOR MOD 1 1 1 1 60 0
26 TGM- TILL GR HOD 1 1 1 1 60 0
34 OF - OUTWASHFOR 1 i I 1 60 0
44 OG - OLFRNASHGR 1 1 1 1 60 0
54 SA - WETLANDS 1 1 I 1 60 0

END GEN-INFO
ACTIVITY

<PLS • **=********** ACtive Sections *****************************
# - # ATHP SNOW PWAT SED PST PWG PQAL MSTL PEST NI'TR PHOS TRAC ***

14 54 0 0 I 0 0 0 0 0 0 0 0 0
END ACTIVITY
PRINT-INFO
<PLS • ********************* Print-flags ************************* PIVL PYR
# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC *********

14 54 0 0 6 0 0 0 0 0 0 0 0 0 I 9
END PRINT-INFO
PWAT-PARNLI

<PLS • ***************** Flags ********************
# - # CSNO RTOP UZFG VC5 VUZ VNN VIFW V!RC VLE ***

14 54 0 0 0 0 0 0 0 0 0
END PWAT-PARM1

PWAT-PARM2
<PLS > ***
# - # ***FOREST LZSN ZNFILT LSUR SLSUR KVARY AGWRC

16 4.5000 0.2000 200.00 0.t000 0.5000 0.9960
26 4.5000 0.0750 400.00 0.1000 0.5000 0.9960
34 5.0000 2.0000 200.00 0.0500 0.3000 0.9960

Page I
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implow
44 5.0000 0.8000 200.00 0.0500 0.3000 0.9960
54 4.0000 2.0000 200.00 O.0010 0.5000 0.9960

END PWAT-PARM2
PWAT-PARM3

<PLS >***
# - #*=* PETMAX PETMIN _NFEXP INFILD DEEPFR BASETP AGWETP

16 2.0000 2.0000 0.55 0.00 0.0
26 2.0000 2.0000 0.55 0.00 0.0
34 2.0000 2.0000 0.55 0.00 0.0
44 2.0000 2.0000 0.55 0.00 0.0
54 10.000 2.0000 0.55 0.00 0.7

END PWAT-PARM3
PWAT-PARM4

<PLS > ***
# - # CEPSC UZSN NSUR _NTFW IRC LZETP***

16 0.2000 0.5000 0.3500 3.000 0.5000 0.7000
26 0.1000 0.2500 0.2500 3.000 0.5000 0.2500
34 0.2000 0.5000 0.3500 0.000 0.7000 0.7000
44 0.1000 0.5000 0.2500 0.000 0,7000 0.2500
54 0.2000 3.0000 0.5000 1.000 0.7000 0.8000

END PWAT'PARM4

PWAT-STATE1
<PLS • PWATER s:ate variables***
# - #*** ' CEPS SURS UZS IFWS L7-.5 AGWS GWV$

16 0.078 0. 0.0010 0. 0.075 0.267 0.026
26 0,051 O, 0,0350 O. 1.928 0.680 0.049
34 0.078 O. 0.0010 O. 0.090 0.676 0.038
44 0.051 O. 0.0040 0. 1.127 0.614 0.152
54 0.051 O. 0.3330 0. 0.622 0.000 0.000

END PWAT-STATE1
END PERLND

IMPLND
GEN-INFO

<ILS • Name uni:-sys_ems PrinTer ***
# - # User c-series Engl Me_r ***

14 IMPERVIOUS 1 1 1 60 0
END GEN-INFO
ACTIVITY

<ILS > ***********_* Acl:ive Sections ****
# - # ATMP SNOWiWAT SLD IWG IQAL ***

14 0 0 I 0 0 0
END ACTIVITY
PRINT-INFO

<ILS • ******"* Print-flags _**_**** PIVL PYR
# - # A374P SNOWiWAT SLD IWG IQAL *********

14 0 0 6 0 0 0 1 9
END PKINT-_NFO
IWAT-PARMI

<ILS • Flags *** ***
# - # CSNO RTOP YES VNN RTL! *** ***

14 0 0 0 0 0
END IWAT-PARM1
IWAT-PARM2

<ILS > ***
# - # LSUR SLSUR NSUR RETSC *_*

14 500.0 .0.0100 0.i000 0.I00
END IWAT-PARM2
IWAT-PARM3

<!LS • ***
# - # PErMAX PETMIN ***

Page 2
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implow
14
END IWAT-PARM3
IWAT-STATEI

<ILS > IWATER sta_e variables ***
# - # RETS SURS ***

14 1.0000E-3 1,0000E-3
ENDIWAT-STATE1

END IMPLND

COPY
TIMESERZES
Copy-opn ***
# - # NPT NMN ***
I 60 1

END "_MESERIE5
END COPY

EXT SOURCES
<-Vo]ume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> # <Name> # tem strg<-factor->strg <Name> # # <Name> # # ***
WOM 1 EVAP ENGLZERO 0.B PERLND 14 54 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0.8 IMPLND 14 EX_L PETINP
WDM 2 PREC ENGLZERO PERLND 14 54 EXTNL PREC
WDM 2 PREC ENGLZERO IMPLND 14 EXTNL PREC
END EXT SOURCES

EXT TARGETS
<-volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name> # <Name> # #<-factor->strg <Name> # <Name> tem strg strg***

*** MultiplicaZion Factor of 12.1 applied for unit conversion
*** from acre-ft/hr to cfs

*** Des Moines creek Impervious Surface
********************************************************************************
coPY 20 OUTPUT MEAN 1 12.1 WDM 20 FLOW ENGL REPL
********************************************************************************

*=* walker Creek Impervious Surface
********************************************************************************

COPY 30 OUTPUT MEAN 1 12,1 WDM 30 FLOW ENGL REPL
********************************************************************************
*** Miller creek Impervious surface********************************************************************************
COPY 40 OUTPUTMEAN 1 12.1 WDM 40 FLOW ENGL REPL

END EXT TARGETS

NETWORK
*"* <MEMBER>SSYSSGAP<--MULT-->TRAN<-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEM STRG<-FACTOR->STRG<NAME> # # <-GRP> <NAME># # ***

*** Mul¢iplication Factor of 0.08333 applied to total area for unit conversion
*** from inches to feet

*** Des Moines Creek zmpervious Surface
*** 299.17 ac EIA for SDS-3 minus 3.27 ac area unable to plumb
*** Result is 295.90 ac impervious surface

IMPLND 14 IWATERSURO 16.325 COPY 20 INPUT MEAN 1

*** walker creek Impervious Surface

"" IMPLND 14 IWATER SURO 1.383 COPY 30 INPUT MEAN i
Page 3
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implow

*** Miller Creek Zmpervious surface . ********'***********************************************************************-- _, =_

_MPLND _4 IWATER SURO 2.191 COPY 40 _NPUT MEAN

END NETWORK

END RUN

Page 4
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APPENDIX A

HSPF MODELING INFORMATION AND DATA

CONTENTS

• HSPF Model Low Flow Cah'lration Review

• Land Use Tables (SurfaceWater Subbasins, Contiguous GroundwaterSubbasius, andNon-
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* HSPF Input Files (1994 and 2005 Conditions) for Miller, Walk¢_, and Des Moines Creek
,": Watersheds

• HSPF Non-Contiguous C-roundwat_Information
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1, INTRODUCTION

The comput_ program HSPF was used to s/mulatecontinuous w_h_ hydrology and to design
stormwater detmtion fac_ties for Port of Seattle's Master Plan Upda_te at Seattle-Tacoma
International Airport (ST/A), The HSPF modeling and cah'brafion are described in detail in the
Comprehensive Stormwater Management Plan (SMP) (Parametrix, Inc. 2000, 2001). The overall
HSPF model cah'bration effort did not specifically focus on the low-streamflow period, which is
considered to be June through November. Tiffs app_dix provides detailed information on the
HSPF model cah'brafion as related to the low-flow analysis for the Miller, Walker, and Des Moines
Creek watersheds.
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2. MII,LER CREEK LOW STREAMFLOW

Two strea_flowgageslocatedintheMillerCreekwatershedwereusedinthelow-stmamfiow
calibrationreview(seeFigure2-Iinthemaintextforgagelocations).One ofthesaean'dlowgages
waslocatednearthemouthofMillerCreek,andtheotherwaslocatedfurtherupstreamattheMiller
Creekdetentionfacility.Datafortheslzeamflowgageswerecollectedby theKing County
DepamnentofNaturalResources(DNR). The analysisperiodcoverswater-years1991through
1996.The modelingteam selectedthisperiodbecause itappearedtocontainthe mostreliabledata.
However,theobserveddam fromthesewateryearscontainsev_xlgaps.Thedatesofthemissing
dataarelistedinTableB2-1(AppendixB,Volume3 oftheSMP).

2J MILLER CREEK AT THE MOUTH

The sUeamflow gage was down for4 months during water-year 1995. Examination of the recorded
dataaRera gage malfunctioninDecemberand January of water-year 1995 indicatedpossible
disruption in the reliab_ty of the recorded data for the months of January through May. In June of
I995, the gage again malfunctioned. This malfi.mction lasted untiI the middle of October 1995.
Thesechronicprobtcms during water-year1995callintoquestiontheoverallreiiabilityofthegaged
s_eamflowdataforthiswater-year.

Observedandcalibratedlow flowsforthegagenearthemouth ofMillerCreekareshown in
Figures2-Ithrough2-6.Averagesimulatedandobservedstreamflowsforeachlow-flowperiodare
listedinTable2-I.Averagesimulatedandobservedstreamflowsforeach7-<laylow-flowperiod
arelistedinTable2-2.The 7-daylow-flowperiodforeachobservedwater-yeardidnotoccur
duringthesame7-dayperiodasthesimulatedlow-flowperiod.Water-years1991,1992,1994,and
1995allhavegapsmissingfromtheobserveddata.Water-year1994appearstohavea.qbiffinthe
ratingcurve.CloseinspectionofthemonthofSeptembershowsa dramaticshiftintheobserved
baseflowconditions.BetweenSeptember4_'andSeptemberIIth,twofloodeventsoccurred.The
baseflowenteringtheseeventswas about1.4cubicfeetpersencond(ors).ARer theevents,the
baseflowincreasedtoapproximately2.5cfsandstayedatornearthisleveltherestofthelow-flow
period.The7-daylowflowforwater-year1994concludedon September3rd.Thiswastheearliest
7-daylow-flowpgriodofthe6 yearsofdata,withtheexceptionof1996.Thelow-flowanalysis
periodendedSeptember30_,1996.Thisabruptjumpinobservedbaseflowswasnotmatchedby
simulatedbaseflows.Thecauseofthejumpinbaseflowhasnotbeendetermined,norisitknown
if this impactedlater water-years.

SweamflowAnaty.rls December2001
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Table 2-1. M_ler Creek at the mouth, June through November low-flow average flows for water-years 1991
through1996.

Observed Calibrated

Water-Year AverageFlow (era) AverageFlow (cfs) Difference(cfs)

1991 3/;29 3.756 -0327

1992 3.034 3287 -0354

1993 2.914 2.792 0.122

1994 3.865 3.001 0.864

1995 10.433 9.775 0.658

1996 3.607 3.537 0.070

AverageDifference 6.820 6.562 0.258

Table2-2. Miller Creekatthe month,7-daylowflows forwater-years1991 throughL996.

Observed Calibrated

Water-Year AverageFlow (_s) Averagel¢low{cfs) Difference (cfs)

1991 1248 1.749 -0.401

1992 1A57 1290 0.067

" 1993 1.639 1.300 0.339

1994 1.361 1.100 0.26I

1995 1.500 1.661 -0.161

1996 2762 2.138 0.624

AverageDifference 2.517 2.335 0.182

LowStreanglowAnalysb December 2001
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2.2 MILLER CREEK AT THE DETENTION FACILITY

Observed and calibrated low flows at the Miller Creek detention facility arc shown in Figures 2-7
through 2-12. Average simulated and observed streamflows for each low-flow period are listed in
Table 2-3. Average simulated and observed streamflows for each 7-day low-flow period are listed'
in Table 2-4. The 7-day low-flow period for each observed waterwear did not occur during the

same 7-day period as the simulated low-flow period. Water-years 1993 and 1994 have gaps
missing _om the observed data, and in 1994, it is difficult to determine when there is a gage
malfunction and when the streamgoes dry.

In June 1991, the observed base flow suddenly dropped from about 2.5 cfs to 0.8 cfs. This is
probably due to a change in the gage or the rating curve. At the end of Scpts-mbcr 1992, the gage
malfunctioned. Prior to the malfunction, the observed base flow was about 1 c_ after the gage was
r_aircd_ the base flow was about 0.1 cfs. This change in the basic behavior of the observed base
flow is not matched by the simulated s_mmflow. Tot these reasons, water-years I991 and 1992
were not used to determine the accuracyof the simulated low-flow data. Following this period, the
simulated average streamflows are within 0.25 cfs of the observed average sU'eamflows and the

_mulated 7-day low flows arewithin 0.09 cfs of the observ.ed 7-day low flows. The general shape
and magnitude of the simulated low flows is slightly lower than that of the observed low flows.
This is due to the simulated routing of groundwater from some subbasins upstream of the Miller
Creek detention facih'ty. In an effort to match overall volumes at the Miller Creek detention facility,
some of the groundwaterupstream of the Miller Creek dctsntion facility was routed to the Vacca
Tarm area. While this assumption improved the accuracy of the overall HSPF modeling, it is
possible that some of this groundwater does in fact con_'bute to _ow at the Miller Creek
detention facility. This is not an issue for this analysis since the point of compliance for the low-

flow study is downstream of Vacca Farm (therefore, all of the conm'buting groundwater was
included).

zowStrea_,O_low_4nal_is Decern_ 2001
SIYAMasterPlanUIMateImprovements A-I0 $56-2912-00I(28B)
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Table 2-3. Miller Creek at theMiller Creek detention facility,June through Novemberlow-flow average _ows
for water-years1991through1996.

Observed Calibrated

Water-Year AverageFlow(efs) AverageFlow(efs) Difference (ds)

1991 1.556 0.887 0.670

1992 0.860 0.873 -0.013 "

1993 0577 0.467 0.109

1994 0.900 L132 -0.232

1995 1298 1.813 -0.7.15

"1996 0.522 0.753 -0.231

AverageDifference 1.503 1.481 0.022

Table 2-4. Miller Creek at the Miller Creek detention fa¢ility_7-day low flows for water-years 1991 through1996.

Observed Calibrated

Water-Year Average Flow {efs) AverageFlow (efs) Difference(efs)

1991' " 0.400 0.150 0.250

1992 0.127 0.124 0.004

1993 0.190 0.110 0.080

1994 0.000 0.090 -0.090

1995 0.183 0.137 0.045

1996 0.263 0.189 0.074

AverageDifference- 0.291 0.200 0.091

Low SweumflowAnalysis December 2001

STIAMaaterPlan UpdateImprovements A-I 7 536-2912-001(28B)
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3. WALKER CREEKLOW STREAMFLOW

Two streamflowgageslocatedintheWalkerCreekwatershedwereusedinthelow-stmamflow
calibrationreview(seeTigure2-Iinthemaintextforgagelocations).One ofthestreamflowgages
wasloomednearthemouthofWalkerCreek,andtheotherwas locatedfurtherupstaeamneara

wetland.DataforthestreamflowgageswerecollectedbyKingCountyDNR. The analysisperiod
coverswater-years1993through1995.Themodelingteamselectedthisperiodbecauseitappeared
tocontainthemostreliabledata.However,theobserveddatafi'omthesewater-yearsstillcontain

several gaps. The dates of the missing d,t_ are listed in Table B2-2 (Appendix B, Volume 3 of the
SMP).

3.1 WALKER CREEK AT _ MOUTH

Observed and calibrated low flows for Walker Creek at the mouth are shown in I;igmes 3-1 through
3-4. Average simulated and observed stzeamflows for each low-flow period are listed in Table 3-1.
Average simulated and observed streamflows for each 7-day low-flow period are listed in Table 3-
2. The 7-day low-flow period for each observed water-year did not occur duP.ng the same 7-day
period as the simul.ated low-flow period. Water-years 1994 and 1996 have gaps missing from the
observed data, and water-year 1995 has some odd behavior in the months of August through
October. The observed base flow on August I6_ was 1.4 ds. On August 17_, a flood event
occurred with a maximum flow of 22.5 efs. On August 18_, the event ended and flowsdropped

• back down to base flows. However, the new base flow was 0.9 efs, which was a drop of 0.5 cfs
relative to the previous base flow. The base flow remained relatively flat until a flood event
occurred on October 9t_. When this event was over, the base flow jumped up to 1.9 cfs. The sharp
decrease and subsequent increase in base flow was not matohed by simulated data. The cause of
these changes is not known.

Table3-1. WalkerCreekat themouth,JunethroughNovemberlow-flowaverageflowsforwater-years1993
through1996.

Observed Calibrated
Water-Year AverageFlow(efs) AverageFlow(cfs) Difference(cfs)

1993 1.879 1.442 0.437
1994 1.584 1283 0.301

I995 2318 1.937 0.380
1996 2.034 2.723 0.3I0

AverageDifference 1.953 1.596 0.357

Tabi.e3-2. WalkerCreekat themouth,7dtaylowflowsforwater-years1993through1996.
T

Observed Calibrated
Water-Year AverageFlow(cfs) AverageFlow(cfs) Difference(cfs)

1993 I,.502 0.923 0,579

1994 0.987 0.833 0.154

1995 0.915 1.077 -0.163

I996 1.719 1.287 0A32

AverageDifference 1.28I 1_30 0.2fd)

LowSe'eamflowAaa_,_ D,c_ 200I
5]ZdMasterPlanUpdateImprovements A-IS 556-2912-001(28B)
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3,2 WALKER CREEK NEAR THE WETLAND

Observed and calibrated low flows for Walker Creek near the wetland are shown in Figures 3-5
through 3-10. Average simulated and observed streamflows for each low-flow period are listed in
Table 3-3. Average simulated and observed streamflows for each 7-day low-flow period are listed

in Table 3-4.. The 7-day low-flow period for each observed wam'-year did not occur dttring the
same7-dayperiodasthesimulatedlow-flowperiod.Water-year1994hada smallgapmissing
fromthe observeda_

Table 3-3, Wnlker Creek near wetland, June through November low-flow average flows for water-years 1991
through 1996.

Observed Calibrated

Water-Year Average Flow (efs) Average Flow (ds) D/fference (c.fs)

I991 1,667 1.065 0.601

1992 1.458 0.956 0.502

1993 1.189 0.978 02.10

1994 1203 0.898 0306

1995 1.103 1=232 -0.129

1996 1,515 1.213 0.402

AverageDifference 1.252 1.055 0.197

Table 3-4. Walker Creek near wetland, 7-day law flaws for water-years 1991 through 1996.

Observed Calibrated

Water-Year Average Flow (de) Average Flow (©fs) Difference (efs)

1991 1.208 ,0.786 0.422

1992 1.098 0.682 0,416

1993 0.800 0.666 0.134

,1994 0.670 0.614 0.056

1995 0.256 0.750 -0.494

1996 0.896 0.870 0.026

Average Difference 0.656 0.725 -0.069

The 1995low-flowperiodisnotconsistentwiththeotheryears.The 7-day obsc_rvedlowflowfor
this year was 0.25 cfs, compared to the simulated low flow of 0.75 cfs. The cause of this diffc_en_

is unlmown. However, this is the only year in which the simulated low flow was higher than the
observed low flow. Furthe,,,ore, 7-day observed low flows at the mouth for years 1994 and 1995
were nearly identical (0.987 cfs and 0.915 cfs). The primary source of base flow for the Walker
Creek watershM is the off-site groundwamr area, which is routed into the wetland and is therefore

upstream of both gage sites. Base flow at the wetland contributed on average 65 percent of all base
flow at the mouth. A correlation between the gage near the wetland and the gage at the mouth
helped determine the accuracy of this information. Average flows for both gage sites are listed in
Tables 3-5 and 3-6. The yearwith the highest average annual flow atthe mouth was 1995, and the
year with the lowest average annual flow atthe mouth was 1994. The year with the highest average

Low Streamflow Ana_,da December 2001
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armual flow near the wetland was 1996, while the year with the lowest average annual flow was

1995. Given that 65 percent of the base flow for Walker Creek was recorded at the upstream gage

near the wetland, it is di_eult to uudergand why the year of maximum flow at the mouth was also

the year of minimum flow at the upstream gage. Table 3-6 indicates that the 7-day low flow for
1995 at the downstream gage was not consistent with the other years.

Table3-5. Walker Creekcorrdafionof averageannual gageflow at themouth and nearthe wetlua.

GAGE ATTHE MOUTH

Observed Calibrated
AverageFlow AverageFlow Difference

Water-Year (_) (_s) (efs)

1993 1,879 1,442 0,437

1994 1,584 1.283 0301

1995 2.318 1.937 0380

1996 2,034 1,723 0310

Average Difference 1,953 1._96 0.357

GAGENEAR THE

Observed Calibrated
Average Flow AverageFlow Difference

Water-Year (cfs) (cfs) (¢fs)

1993 1.189 0.978 0.210

1994 1.203 0,898 0.306

I995 1,103 1.232 -0.129

1996 1,515 1.I13 0.402

AverageDifference 125"2 1,055 0.197

DIFFERENCEBETWEENGAGES

Observed Calibrated
Aver'ageFlow AverageFlow Difference

Water-Year (cfs) (if,s) (ds)

1993 0,690 0.464 0,226

1994 0381 0.385 -0.005

1995 1.215 0,706 0,509

1996 0.519 0.6I 0 -0,091

•AverageDifference 0.701 0.541 0.160

Low Sn'eamfiowAnalysis December200l
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Table 3-6. Walker Creek correlation of 7-day low-flow gage flow at the mouth and near the wetland.

GAGE AT THE MOUTH

Observed Calibrated

Average Flow Average Flew Difference
Water-Year (efs) (el's) (ofs)

1993 1.502 0.923 0.579

1994 0.987 0.833 0.1.54

1995 0.915 1.077 -0.163

1996 1319 1287 0A32

Average Difference 1.281 1.030 0.250

GAGE NEAR THE WETLAND

Observed Calibrated

Average Flow Average Flaw Differenee
Water-Year (cfs) (efs) (eft)

1993 0.800 0.666 0.134

I994 0.670 0.614 0.056

1995 0.256 0.750 -0.494

1996 0.896 0.870 0.026

Average Difference 0.656 0.725 -0.069

DIFFERENCE BETWg_EN GAGES

Observed Cah'brated

Average Flew " Average Flow Diflerence
Water-Year (efs) (efs) (efs)

1993 0.702 0.257 0.445

1994 0.316 0.219 0.097

1995 0.658 0.327 0.331

1996 0.823 0.417 ' 0.406

Average Difference 0.625 0.305 0220

Low 3trmmflow Andya8 Dec_Coer 2001

_TA Master Plan Update Im_ents A-31 $56-2912-001 (281t)
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4. DES MOINES CREEK LOW STREAMFLOW

Two stmm'nflowgages located in the Des Molnes Cr_mkwatershed wm-eused in the low-stream_ow
calibration renew (see Figure 2-1 in the main tc_t for gage locations). One of the streamflow gages
was located flear the mouth of Des Moines Creek, and the other gage (11c) was locatedfurther
upstream. Data for the stream/low gages were collected by King County DNR. The analysis period
covers water-years 1992 through 1996. The modeling team selected this period because it appeared
to contain the most reliable data. However, the observed data from these water-years contain
several gaps.

4.1 DES MOINES CREEKAT THE MOUTH

Observed and calibrated low flows for Des Moines Creek at the mouth are shown in Figures 4-1
through 4-5. Average simulated and observed strean_ows/'or each low-flow period are listed in
Table 4-I. Average simulated and observed streamflows for each 7-day low-flow period are listed
in Table 4-2. The 7-day low-flow period for each observed water-year did not occur during the
same 7-dayperiod as the simulated low-flow period. Water-year 1992 exhibited some odd behavior
in the month of July, as the observed base flow jumped up and down erratically. For example, on
July 15_, the base flow ranged from 0.1 cfs to 1.8 cfs (Table 4-3). This type of flashiness is
duplicated throughout the observed data and was not duplicated by the simulated data. In general,
low flow at the mouth r_resc'nts the general behavior of the observed flows. Average simulated
flows for water-years 1994 through 1996 were within 0.26 cfs of observed flows, while average

• : simulated flows for water-years 1992 and 1993 were within 0.5 cfsof observed flows. Calibra_d 7-
day low flows were within 0.32 cfs of observed low flows for all years.

Table4-1.DesMoinesCreekatthemouth,JunethroughNovemberlow-flawaverageflowsforwater-years1992
threugh1996.

Observed Calibrated
Water-Year AverageFlow(c/s) AverageFlow(cfs) Differenee(efs)

1992 3.370 2.909 0.461
t

1993 2.726 2.198 0.528

1994 3.146 3.068 0.078

1995 5.754 5.623 0.131

1996 2.534 2.785 -0.251

AverageDttterenee 3.540 3A18 0.122

LowSweanrflowAnalysis Deceral_r2001
SI'IAMaswrPlanUpdateImprovements A-32 .f56..2912-OOl(28B)
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Table 4-2. Des Molnes Creek at the mouth, June through November ?-day low flows for water-years 1992
through1996.

"'" Observed Calibrated

Water-Year AverageFlow (efs) AverageFlow(efs) Difference (efs)

1992 0.585 _..... 0.904 "0.318

1993 1205 0.900 0305

I994 0.600 0.700 -0.100

1995 1.284 1.000 0284

1996 I268 1All -0.144.,
AverageDifference 1.089 1.003 0.086

t

Table 4-3. Des MoinesCreeklow flewat themouth,recordedSuly15, 2992base flow.

Date/Hour Flow(efs) Date/Hour Flow (cfs)

1992JUL 1501 0.6 I992 JUL15 I7 1.8

1992JUL1502 0.4 1992JUL15I8 1.5

1992JUL1503 0A 1992JUL 1519 0.6

1992JUL1504 0.2 1992JUL 1520 02

19923UL1505 0.1 19923UL 1521 0.2

"" 1992JUL1506 0.2 1992JUT-.,1522 02

I992 JUL1507 0.2 1992JUL1523 02

19923UL1508 0.2 1992JUT-1524 0.8

1992JUL1509 0A

1992JUL1510 0.4

1992JUL15 11 0.7

1992JUL1512 0A

1992]UL 15 13 0.9

1992_ 1514 1.6

1992JUL15I5 13

1992JUL15 16 0.9

4.2 DES MOINESCREEKAT GAGE11C

ObservedandcalibratedlowflowsforDesMoinesCreekatgage1IcareshowninFigures4-6
_xrough4-II.Averagesimulatedandobservedstreamflowsforeachlow-flowperiodarelistedin
Table4-4.Averagesimulatedandobservedstreamflowsforeach.7-daylow-flowperiodarelisted
inTable4-5.The7-daylow-flowperiodforeachobservedwamr-yeardidnotoccurduringthe
same7-dayperiodasthesimulatedlow-flowperiod.Water-year1991hadasmallgapmissing
fromtheobserved,.l.t_=

Thesimulatedaverage7-dayIow flow for all yearswas consistentlylowerthantheobservedlow
flow. The averaged_ffercncewas0.61 cfs, with the maximumdifferenceof 1.09 cfs occurringin

Low_ _ab,_._ December2ool
3TId MasterPlan Upa,..lmpmvem_ ,4-38 ,556-2912-001(28B)
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1995. Calibrated base flows were generally very flat and ranged between 0.1 and 0.2 cfs, while the
observed base flow was more flashy and gmaoraUyranged between 0.3 and 1.0 cfs. The simulated
7-day low-flow values were within 0.2I efs of the observed 7-day low-flow values. The obsea'vcd

maximum 7-day low flow for the period of study was 0.3 efs, while the simulated maximum 7-day
low flow for the period of study was 0.2 efs.

Table 4-4. Des Molnes Creek at gage llc, .lane through November low-flow average flows for water-years 1991
through 1996.

Observed Calibrated

Water-Year Average Flow (efs) Average Flow (cfs) Difference (cfs)

1991 1..549 0.954 0.596

1992 1,346 0.948 0.398

I993 1.009 0,581 0,428

1994 1.516 1,043 0.472

1995 3.008 1,923 1.085

1996 1.112 0.652 0.460

Average Difference 1.661 1.050 0.611

Table 4-,5. Des Moines Creek at gage lle, June through November 7-day low flows for water-years 1991 through
1996.

Observed CaLibrated

.- Water-Year AverageFlow(cfs) AverageFlow(cfs) Difference(el's)

1991 0200 0.100 0200

1992 0.172 .. 0.090 0.082

1993 0.133 0,100 0,033

1994 0.046 0,100 -0.054

1995 0300 0,100 0.200

1996 0.301 0,100 02.0I

Average Difference 0.195 ' 0.100 0.095

Low 3treamflow Analysis December 2001

37I/1 Master Plan Update Improvements A-45 556-2912-001('2 8B)
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5. SUMMARY

Low-flow unalysis was performed for two gage locations in Miller, Walker, nnd Des Moines
Creeks, Results indicate that calibratcd low flows at the mouth of each stream arc.good, while
calibrated lo_v flows at the upstreamgages show lower flows than obsorved flows. Groundwater
conditionsin eachof thewatershe,ds aresomewhatspeculativeand may acoount.forthese
discrepancies at the upstream gage locations. •

Low8treamflowAnalysis December2001
STIAMoaterPlanUpdateImprovements A-46 55_-2912-00!(2EB)
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Descriptionof LowFlowLanduseSummaryTables

A-la MillerCreekSurfaceWater SubbasinCharacteristics-1994 (STIAbasins)
A-lb MillerCreekSurfaceWater SubbasinCharacteristics-2006 (STIA basins)

A-2a MillerCreek Contiguous(_roundwater,_ubbaslnCharacteristics- t 994 (_"1"IAbasins)
A-2b MillerCreek ContiguousGroundwaterSubbasinCharacteristics-2006 (STIAbasins)

A-3a MillerCreekNon-ContiguousGroundwaterSubbasinCharacteristics- 1994 (STIAbasins)
A-3b MillerCreek Non-ContiguousGroundwaterSubbaslnCharacteristics- 2008 (STIAbasins)

A-4a Walker CreekSurfaceWaterSubbasJnCharacteristics- 1994 (STIAbasins)
A-4b WalkerCreekSurfaceWaterSubbasinCharactedsUcs-2006 (STIAbasins)

A-5a WalkerCreek ContiguousGroundwaterSubbasinCharacteristics-1994 (STIA basins)
A-5b WalkerCreekContiguousGroundwaterSubbasinCharacteristics- 2006 (STIA basins)

A-6a Walker CreekNon-ContiguousGroundwaterSubbasinCharacteristics-1994 (STIA basins)
A-6b Walker CreekNon-ContiguousGroundwaterSubbasinCharacteristics-2006 (STIA basins)

A-7a Des MoinesCreekSurfaceWaterSubbasinCharacteristics- 1994 (STIA basins)
A-7b Des MoinesCreekSurfaceWaterSubbasinCharacteristics-2006 (STIA basins)

A-Sa Des MoinesCreekContiguousGroundwaterSubbasinCharacteristics-1994 (STIA basins)
A-8b Des MoinesCreek ContiguousGroundwaterSubbasinCharacteristics-2006 (STIA basins)

A-9a Des MoJnesNon-ContiguousGroundwaterSubbasinCharacteristics- 1994 (STIA basins)
I_. A-gb Des MoinesNon-ContiguousGroundwaterSubbasinCharacteristics-2006 (STIA basins)

/
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Legend for Miller and Walker Surface Water Subbasin Tables
A-la, A-lb, A-4a,andA-4b

Soil Types:
M Till Modifiedland (Holocene)
Qb Outwash 5each deposits(Holocane)
Qpf Outwash Sedimentarydepositsof pre-Fraserglaciationage (Pleistocene)
Qu Outwash Sufficia]deposits;undivided-(HoloceneandPleistocene)
Qvi Outwash Ice-contactdeposits
Qw Outwaeh Recessionaloutwashdeposits
Qvd Till Silt-dominateddeposits
Qvt Till Till
Qvu Outwash Vashondrift, undivided
Qw Outwash Wetland deposits(Holocene)
Qyal Outwash YoungeraFluvium(Holocene)
SA Wetland
Fill Airportfill
TIA Total imperviousarea
EIA Effectiveimperviousarea

Land Use Types:
COMM Commercial
F Forest
HD Highdensityresidential
LD Lowdensityresidential

• " MF Multi-family
OG Grassor open
STIA Commercialairportand measuredEIA
TRANS Transport

PERLNDnumbersrefer tothe uniquesoil perviouslandsegmentinHSPF.
IMPLNDnumbersreferto theimperviouslandsegmentinHSPF.

AR 020196 -



Legend for Des Moines Surface Water Subbasin Tables
A-7aandA7b

Soll Types:
OFF Outwashforest,flat
OFM Outwashforest,moderate
OFS Outwashforest,steep
OF Outwashforest(allslopes)
OGF Outwashgrass,fiat
OGM Outwashgrass,moderate
OGS Outwashgrass,steep
OG Outwashgrass(allslopes)
LAC Lacustrine(till)
TFF Till forest,flat
TFM Till forest,moderate
3"FS Till forest,steep
TF Till forest(allslopes)
TGF Till grass,flat '
TGM Till grass,moderate
TGS Tillgrass,steep
TG Tillgrass(allslopes)
SA Wetland
iMP JrhpervJousarea
TIA Total imperviousarea

". LandUse Types:
AP CommercialairportandmeasuredEIA
C Commercia.I
TR Transport

•. MF Multi-family
HD Highdensityresidential
LD Lowdensityresidential
G Grassor open
F Forest

$

PERLNDnumbersreferto the uniquesoilperviouslandsegmentinHSPF,
IMPLNDnumbersrefertothe imperviouslandsegmentin HSPF.
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Legend for Groundwater Subbasin Tables
A-2a,A-2t),A-3a,A-3b,A-5a,A-Sb,,_-6a,A-6b,A-Sa,A-8b,A-9a,andA.-9b

PERLNDAreas:
, Foreach groundwatersubbasin,landusesandsoiltypescorrespondto thoselistedfor

the respectivesurfacewatersubbasin.PERLNDsubtotalsarecalculatedseparatelybased
onthe landuse andsoiltypesthatapplyto a givensubbasin.Resultsof thosecalculations
havebeensummarizedonthe groundwatersubbasintablescontainedinthisappendix.

IMPLNDAreas:
Imperviousareas have beenincludedon thegroundwatersubbasintablesfor tracking
purposesonly. Imperviousareashavenot been includedingroundwatermodets.

J

.°
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Explanation of Calculation of Effective Impervious Area

For all STIA basins:

EffectiveImpervious Area
- LanduseAP/STIA andTR/['RANS: imperviousacreagefromGIS analysis
- All otherlandusecategories:totalacreagewithinthe basinfor a givenland

useandsoiltypemultipliedbythe EIApercentage

PerviousArea
- Land useAP/STIA andTR/TRANS:perviousacreagewithinthe basinfor

a givenland useandsoiltypefrom GIS analysis
- All otherlanduse categorJes:totalacreagewithinthebasinfor a givenJand

useandsoiltypemultipliedby theperviouspercentage
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File Mlowflo4,inp, Printed Monday, December i0, 2001
RUN
GLOBAL

*_* 5EATAC A_RPORT HSPF BASIN MODELOF HILLER CREEK
*** FILE: Mc23inif.INP - 2006 future condition
*** USED FOR LOW FLOW. 12/06/01 BY ATC JTB
*** MADE The following changes to input file to deal with fill inflow: ***
*** Combined infiltration from sdwla and sdwZb ponds into one file
*** BASED'ON MILL65.1NP FILE FROM AQUA TERRA
*** Mlowflow.WDM:
*** REMOVED FILL AREAS FOR PGG CUT ()UTAREA
*** USING FULL LENGTH OF RECORD TO SET STATE VARIBLES
*** END CHANGES ***
*** ADDED PERLND 47,57,
*** ADDED GROUNDWATER INFILTRATION TO WDN FOR USE WiTH MCAGWO.INP
*** FK revised SDWIA and SDWlB with flow splitters, storages at SDN3/3X,

SDN2X/4X;
**= FK revised MC-I and SDN-2X ]and uses, added POC at Lake Reba, removed

run-of-river _ables
*** FK added POC downstream of faci]ities SDWIA and SDWlB
MILLER CREEK BASIN HSPF MODEL

*** START 3.994 1 1 0 0 END 3_996 8 30 24 0
START 1990 i0 1 0 0 END 1994 9 30 24 0
RUN INTERP OUTPUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FILES
<type> <fun>***< ............ fname ............................................. >
MESSU 24 d:\PARA\SEATAC\MI LLER\LOWFLOW\MLOWFLO4. MES
WDM 2.5 d:\PARA\SEATAC\MILLER\LOWFLOW\MLOWFLOW. WDM

61 d:\PARA\S EATAC\MILLER\ LOWFLOW\ PER.L61
62 d:\PARA\SEATAC\MILLER\LOWFLOW\RCH. L62

END FILES

OPN SEQUENCE
INGRP I'NDELT 01:00

PERLND 16
PERLND 26
PERLND 34
PERLND 44
PERLND 45
P_RLND 54

*'**SPECIAL PERLND FOR 7NFLOW OF GROUNDWATERFROM PGG
PERLND 80
IMPLND 14
RCHRES 1
RCHRE5 23
RCHRES 24
RCHRES 2
RCHRES 3
RCHRES 33
RCHRES 4
RCHRES 5
RCHRES 50
RCHRES 242
RCHRES 240
COPY 61
COPY' 44
RCHRES 31
RCHR£S 43
RCHRES 451
RCHRES 452
COPY 45

Page 1
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File Mlow_o4.inp, Printed Honday, December 10, 2001
COPY 645
RCHRES 46
RCHRE5 552
RCHRES 52
RCHRES 53
COPY" 53
RCHRES 54
RCHRE5 37
RCHRE5 237
COPY 37
RCHRES 147
RCHRES 247

.COPY 66
COPY 69
RCHRES 47

***PERLND FOR INFILTRA_-_ON POND 47 OUTLET
PERLND 47
COPY 62
COPY 63
COPY 67
COPY 6B

*** --> output SDWlA inf-Jltrat_on discharge ¢o WDHdazasez S in in/ac <--
COPY 47
COPY 70
RCHRES 34
RCHRES 135
RCHRES 570
RCHRES 57
RCHRES 257

*=* PERLND FOR INFILTRA3-_DN POND 57 OUTLET
PERLND 57

:" COPY 64
COPY 65
COPY 357
COPY 56
COPY 57
COPY 71
RCHRES 35
COPY 55
RCHRES 10
RCI-IRES 16
RCHRES ,1.1
RCHRES 13
RCHRES 12
RCHRES 15
RCHRES 14
RCHRES 17

END INGRP
END OPN SEQUENCE

PERLND
GEN-!NFO

<PLS > Name NBLKS Unit-systems Printer ***
# - # User z-series Engl Me_r ***

in out ***
16 TFM- TILL FOR MOD 1 1 1 1 61 0
26 TGM- 3-_LL GR HOD 1 1 1 1 61 0
34 OF - OUTWASHFOR 1 1 1 1 61 O
44 OG - OUTWASHGR 1 1 1 1 61 0

***PERLND FOR NEW AIRPORT FILL; NONE IN CALTBRAT_ON
45 AIRPORT FILL 1 1 1 1 61 0
47 OG - INFILTRATION i 1 i I I 61 0

.. 54 SA - WETLANDS 1 I i I 61 0
Page 2
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57 OG - INF_LTRA'_ON3 1 1 1 1 61 0
80 LOW FLOW I 1 1 1 61 0
END GEN-INFO
ACT_V_-_Y
<PLS > ************* Ac'cive'Sec'cions*****************************
# - # ATHP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC ***
14 200 0 0 1 0 0 '0 0 0 0 0 0 0
END ACTIVITY
PR!NT-INFO
<PLS > *********************Prin:-flags*************************PIVL PYR
# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC *********

14 200 0 0 5 0 0 0 0 0 0 0 0 0 1 9
END PRINT-INFO
PWAT-PARM1

# - # CSNO RTOP UZFG VCS VUZ VNN V_FW VIRC VLE _**
14 200 0 0 0 0 0 0 0 0 0

END PWAT-PARM1
PWAT-PARM2

<PLS > ***
# - # ***FOREST LZSN IN_ILT LSUR SLSUR KVARY AGWRC

16 9.0000 0.3200 400.00 0,1000 0,5000 0.9960
26 9.0000 0.1200 400.00 0.1000 0.5000 0.9960
34 10.0000 2.0000 400.00 0.0500 0.3000 0.9960
44 10.0000 0.8000 400.00 0.0500 0.3000 0.9960
45 7.5000 0.0200 300,00 0.0700 0.0000 0.9960
47 10.0000 0.8000 400.00 0.0500 0.3000 0.9960
54 8.0000 2.0000 100.00 0.0010 0.5000 0.9960
57 t0.0000 0.8000 400.00 0.0500 0.3000 0.9960

'80 9,0000 0.1200 400.00 0.1000 0.5000 0.9960
END PWAT-PARM2
F'WAT-PARH3

<PLS >***

# - #*** PE-_ PEI'MZN INFEXP INFILD DEEPFR BASETP AGWETP
16 2.0000 2.0000 0.33 0.00 0.0
26 2.0000 2.0000 0.33 O. O.
34 2.0000 2.0000 0.33 0.00 0.0
44 2.0000 2.0000 0.33 O. O.
47 2.0000 2,0000 0.33 O. O,
45 2.0000 2.0000 0.33 O. O,
54 !0.000 2.0000 0.33 O. 0.7
57 , 2.0000 2.0000 0.33 0. 0.
80 2.0000 2.0000 0.33 0. 0.

END PWAT-PARM3
PWAT-PARM4

<PLS > .**
# - # CEPSC UZSN NSUR _NTFW IRE LZETP***

16 0.2000 0.7500 0.3500 9.000 0.7000 0.7000
26 0.1000 0.3750 0.2500 9.000 0.7000 0.2500
34 0.2000 • 0.7500 0.3500 0.000 0.7000 0.7000
44 0.1000 0,7500 0,2500 0,000 0.7000 0,2500
47 0.1000 0.7500 0,2500 0.000 0.7000 0.2500
45 0.1000 0.2800 0.2500 6.000 0.1500 0.6000
54 0.1000 2.2500 0.5000 1.000 0.7000 0.8000
57 0.1000 0,7500 0.2500 0.000 0.7000 0.2500
80 0.!000 0.3750 0.2500 9.000 0.7000 0.2500

END PWAT-PARM4
PWAT-STATE1

<PL5 > PWATERState variables***
# - #*** CEPS SURS UZS IFWS LZS AG'WS GWVS

16 0.000 0. 0.0010 0.00 0.941 3.108 0.048
26 0,000 0. 0.0010 0.00 7.672 3.341 0.071
34 0.000 0. 0,0010 0.00 1,187 3.776 0.052
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44 0.000 0. 0.0040 0.00 9.402 4.905 0.104
45 0.000 0. 0.0000 0.00 2.000 2.000 0.000
54 0.000 0. 0.0960 0.00 3.211 0.000 0.000
47 0.000 0. 0.0000 0.00 2.000 2.000 0.000
57 0.000 0. 0.0000 0.00 2.000 '2.000 0.000
80 0.000 0. 0.0000 0.00 7.672 3.341 0.071

END PWAT-STATE1
END PERLND

IMPLND
GEN-INFO

<ILS > Name Unit-systems Printer ***
# - # User t-series Engl Metr ***

in out ***
14 IMPERVIOUS 1 i 1 60 0

END GEN-INFO
ACTZVITY

<IL5 > **********_** ACtive Sections ****
# - # ATMP SNOW iWAT 5LD IrWG IQAL ***

14 0 0 1 0 0 0
END ACTIVITY
PRINT-!NFO

<ZLS > ******** Print-flags ******** PIVL PYR
# - # ATMP SNOW_AT SLD IWG IQAL *********

14 0 0 6 0 0 0 1 9'
END PKINT-INFO
IWAT-PARM1

<ILS > Flags *** _**
# - # CSNO RTOP VRS VNN RTLI *_* ***

14 0 0 0 0 0
END IWAT-PARMI
IWAT-PARM2

<ILS > ***
# - # LSUR SLSUK NSUR RET5C *.*

14 100.00 0.0100 0.I000 0.I000
END IWAT-PARM2
!WAT-PARM3

<IL$ > ***
# - # PETMAX PETMIN ***

14
END IWAT-PARM3
IwAT-STATE1

<ILS > IWATER state variab]es ' ***
# - # RET5 5UKS ***

14 I.O000E-3 1.0000E-3
END IWAT-STATE1

END IMPLND

EXTSOURCE5

*** NOTE: The only RCHRE5 that precip and PET are applied to are lakes and ponds
*** FOLLOWING RCHRE5 ARE POND5: 57, 247, 237

<-volume-> <Member> 5sys5gap<--MUlt-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> # <Name> # _em strg<-fac_or->strg <Name> # # <Name> # # ***
**= PRECIP/EVAP TO PERVIOUS/IMPERV SURFACES

WDM 1002 PREC ENGLZERO 1.00 PERLND 14 46 EXTNL PREC
WDM 1002 PREC ENGLZERO 0.00 PERLND 47 EXTNL PREC
WDM 1002 PREC ENGLZERO 0.00 PERLND 57 EXTNL PREC
WDM 1002 PKEC ENGLZERO 1.00 PERLND 48 56 EXTNL PREC
WDM 1002 PREC ENGLZERO 1.00 PERLND 58 79 EXTNL PREC
WDM 1002 PREC ENGLZERO 1.00 PERLND 80 EXTNL PREC
WDM 1002 PREC ENGLZERO 1.00 IMPLND 14 EXTNL PREC
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WDH 1 EVAP ENGLZERO 0.8 PERLND 14 46 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0.0 PERLND 47 EXTNL PET!NP
WDM 1 EVAP ENGLZERO 0.0 PERLND 57 EXTNL PE'F/NP
WDM 1 EVAP ENGLZERO 0.8 PERLND 4B 56 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0,8 PERLND 58 79 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0.8 PERLND 80 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0.8 IMPLND 14 EXTNL PETINP
*** PRECIP/EVAP TO LAKES
WDM 1002 PREC ENGLZERO RCHRES 1 EXTNL PREC
WDM '1 EVAP ENGLZERO 0.8 RCHRES 1 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 4 EXTNL PREC
WDM 1 EVAP ENGLZERO 0,8 RCHRES 4 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 11 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES !1 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 13 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 13 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 23 EXTNL PREC
WDM 1 EVAP ENGLZERO 0,8 RCHRES 23 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 34 EXTNL PREC
WDM 1 EVAP ENGLZERO 0,8 RCHRES 34 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 53 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 53 EXTNL POTEV
WDH 1002 PREC ENGLZERO RCHRES 54 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 54 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 237 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 237 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 247 EXTNL PREC
WDH 1 EVAP ENGLZERO 0.8 RCHRES 247 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 57 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 57 EXTNL POTEV
*** Fill flow directly to stream:
*** Conversion factor from cu. ft./day to acre-fl:/interval
_** divide by 43560*24
WDM 7000 FLOW ENGL .000000957SAME RCHRES 35 INFLOW IVOL
*** till seapage groundwater flow from Fill area. PGG time series
*** Conversion factor from cu. ft./day to inches
_** (I/(43560"24) * 12)/area (114.81ac)
*** finally convert for deepfr of .33 by multiplying by .67
WDM 7001 FLOW ENGLZERO.000000067SANE PERLND 80 EXTNL AGWLI
*** surface runoff to infiltration facilities
*** conversion factor from cu. fc./hr to acre-fz/interval
*** divide by 43560*24
*** converted for contributing area ratios.
*** 22.35 ac
WDM 7002 FLOW ENGL .O00004561SAME RCHRES 237 INFLOW !VOL
*** 31.22 ac
WDM 7002 FLOW ENGL .000006371SAME RCHRES 47 INFLOW IVOL
*** 58.93 ac
WDM 7002 FLOW ENGL .000012025SAME RCHRES 257 INFLOW IVOL

"END EXT SOURCES

EXTTARGE'_

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-volume-> <Member> Tsys Tgap Amd ***
<Name> # <Name> # #<-factor->strg <Name> # <Name> tem strg strg***
***PROJECT CONDITION FLOWS
*** RCHRES=LOCATION:
**_ 54=MCDF 47=5DWlA INFILTRATION TANK 43=SDNBX 247=SDW1A POND G
*** 17=MOUTH 49=5DW2 44=SDN4X 52=SDN1 451= EXISTING NEPL
*** 61=SDN2X 57=SDWIB 51=SDN2X+SDN4X 53=Lake Reba 452=NEW NEPL
*** 45=NEPL POC 55=SR509 39=SDN3A/SDWlA POC
*** 46=CARGO 37=SDN3AI VAULT 237=SDN3AO POND
*** GAUGE POINTS (17=MOUTH, 54=MILLER RDF, 55=SR509)
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RCHRES 35 HYDR RO 1 1
***RCHRE$ 17 HYDE RO 1 1 WDM 133 FLOW ENGL REPL
**_COPY 55 OUTPUT MEAN I 1 12.1 WDM _11B FLOW ENGL REPL
*_RCHRE5 54 HYDR RD I I WDM 114 FLOW ENGL REPL
*** DETENTION POND FLOWS
***COPY 61. OUTPUT MEAN 1 I 12.1 WDM 101 FLOW ENGL REPL
***RCHRES 552 HYDR RO 1 1 WDM 102 FLOW ENGL REPL
***RCHRES 451 HYDE RO 1 1 WDM 105 FLOW ENGL REPL
***RCHKES 452 HYDE RO 1 I WDM _19 FLOW ENGL REPLWDM 106 FLOW ENGL REPL
***RCHRES 46 NYDR RO 1 1
****** write SDW_-AZnf.Tank # 1 outlets to WDM107 and 108 like so:
***coPY 62 OUTPUT MEAN 1 1 12.1 WDM 107 FLOW ENGL REPL
***_OPY 63 OUTPUT MEAN 1 1 12.1 WDM 108 FLOW ENGL REPL

• **=*** write SDWlA def. pond G outlets to WDM files:
***COPY 66 OUTPUT MEAN I 1 12,1 WDM 112 FLOW ENGL REPL
4**COPY 69 OUTPUT MEAN 1 1 12.1 WDM _%20 FLOW ENGL REPL
****** write SDWIA def. vault G1 to WDM files:
*_*COPY 67 OUTPUT MEAN 1 1 12.1 WDM 109 FLOW ENGL REPL
*_*COPY 68 OUTPUT MEAN 1 1 12.1 WOM 1090 FLOW ENGL REPL
****** write flow splitter outlets to WDM files:
***RCHRE5 570 HYDR RO 1 1 WDM 210 FLOW ENGL REPL
**_COPY 64 OUTPUT MEAN 1 112.1 WDM 110 FLOW ENGL REPL
**_COPY 65 OUTPUT MEAN 1 1 12,1 WDM 115 FLOW ENGL REPL
****** write SDWlB inf. tank outlets to WDM files:
***COPY 56 OUTPUT MEAN 1 1 12.1 WDM 121 FLOW ENGL REPL
***COPY 57 OUTPUT MEAN 1 1 12.1 WDM 120 FLOW ENGL REPL
****'* write SOWIB pond D ou:leZ ¢o WDM file:
***COPY 357 OUTPUT MEAN 1 I 12.1 WDM 211 FLOW ENGL REPL
****** write SDNBA v_ults tO WDM files:
***RCHRES 37 HYDR RO 1 1 WDM 111 FLOW ENGL REPL

: ***RCHRES 237 HYDR RD 1 1 WDM 122 FLOW ENGL REPL
, ****** write SDN3/BX, SDN4/4X, and SDN4X/2X vaults to WDM files:

***RCHRES 43 HYDE RO I I WON 103 FLOW ENGL REPL
***COPY 44 OUTPUT MEAN 1 1 12.1 WDM 104 FLOW ENGL KEPL
*_*RCHRES 51 HYDE RO i I WDM 139 FLOW ENGL REPL
****** DETENT'ZONSTAGES
***RCHRES 47 HYDR STAGE WDM 652 STAG ENGL REPL
***RCHRE5 147 HYDR STAGE WDM 657 STAG ENGL REPL
***RCHRES 247 HYDE STAGE WDM 654 STAG ENGL REPL
***RCHRES 552 HYDR STAGE WDM 601 STAG ENGL REPL
***RCHRES 57 HYDR STAGE WDM 651 STAG ENGL REPL
***KCHRES 257 HYDR STAGE WDM ,655 STAG ENGL REPL
***RCHRES 237 HYDE STAGE WDM 656 STAG ENGL REPL
***RCHRES 37 HYDE STAGE WDM 650 STAG ENGL REPL
**_RCHRES 54 HYDE STAGE WDM 61 STAG ENGL REPL
***RCHRES 451 HYDR STAGE WDM 662 STAG ENGL REPL
***RCHKES 452 HYDR STAGE WDM 667 STAG ENGL REPL
***RCHKES 46 HYDE STAGE WDM 663 STAG ENGL REPL
***RCHRES 43 HYDE STAGE WDM 664 STAG ENGL REPL
***RCHRES 44 HYDR STAGE WDM 665 STAG ENGL REPL
***RCHRES 51 HYDR STAGE WDM 666 STAG ENGL REPL
-** DETENTION VOLUMES
*_RCHRES 47 HYDE VOL WDM 752 VOL ENGL KEPL
***RCHRES 147 HYDE VOL WDM 757 VOL ENGL REPL
***RCHRES 247 HYDR VOL WDM 754 VOL ENGL REPL
***RCHRES 552 HYDR VOL WDM 602 VOL ENGL REPL
***RCHRES 57 HYDR VOL WDM 751 VOL ENGL REPL
**_RCHRES 257 HYDE VOL WDM 755 VOL ENGL REPL
***RCHRES 237 HYDE VOL WDM 756 VOL ENGL REPL
***RCHRES 37 HYDE VOL WDM 750 VOL ENGL REPL
***RCHRES 54 HYDR VOL WDM 62 VOL ENGL REPL
***RCHRES 451 HYDE VOL WDM 762 VOL ENGL REPL

***RCHRES 452 HYDR VOL Page 6 WDM 767 VOL ENGL KEPL
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*_*RCHRE5 46 HYDR VOL WDM 763 VOL ENGL REPL
***RCHRES 43 HYDR VOL WDM 764 VOL ENGL REPL
=_***RCHRES 44 HYDR VOL WDM 765 VOL ENGL REPL

**_RCHRES 51 HYDR VOL WDM 766 VOL ENGL REPL
***3** POINT OF COMPLIANCE (POC)FLOWS
***COPY 37 OUTPUT MEAN I i 12.1 WDM 125 FLOW ENGL REPL
***COPY 45 OUTPUT MEAN I 1 12.1 WDM 3.99 FLOW ENGL REPL
***COPY 53 OUTPUT MEAN i 1 12.1 WDM 399 FLOW ENGL REPL
***COPY 70 OUTPUT MEAN 1 1 12.1 WDM 7000 FLOW ENGL REPL
*=*COPY 71 OUTPUT MEAN 1 1 12.1 WDM 7001 FLOW ENGL REPL
END EXT TARGETS

SCHEMATIC
<-Source-> <--Area--> <-Target-> MBLK ***
<Name> # <-factor-> <Name> # Tbl# ***

*** SUB-CATCHMENT 1 all agwo goes to sound
PERLND 16 3.41 RCHRES 1 6
PERLND 26 232.36 RCHRES 1 6
PERLND 34 3.07 RCHRES I 6
PERLND 44 38.03 RCHRES 1 6
PERLND 54 3.87 RCHRES 1 6
_MPLND 14 56.14 RCHRES 1 2

*** SUB-CATCHMENT 2 10_ Of area GW goes to vaca 90% goes to sound
PERLND 16 5,56 RCHRES 2 6
PERLND 26 200.05 RCHRES 2 6
PERLND 34 0.46 RCHRF___ 2 6
PERLND 44 38.71 RCHRES 2 6
PERLND 16 0.56 RCHRF.5135 7
PERLND 26 20.00 RCHRES 135 7
PERLND 34 0.05 RCHRES ]35 7
PERLND 44 3.87 RCHRES 135 7
_MPLND 14 42.22 RCHRES 2 2

*** SUB-CATCHMENT 23 New subbasin 15 _ OF GW GOESTO VACCA 85% TO SOUND
PERLND 16 3.09 RCHRES 23 6
PERLND 26 156.15 RCHRES 23 6

" PERLND 34 2.25 RCHRES 23 6
PERLND 44 45.84 RCHRES 23 6
PERLND 16 0,46 RCHRES 135 7
PERLND 26 23.42 RCHRES135 7
PERLND 34 0.34 RCHRES 135 7
PERLND 44 6.88 RCHRES 135 7 ,
IMPLND 14 58.44 RCHRES 23 2

*** SUB-CATCHMENT 24 New subbasin 60 % OF GW GOESTO 11 40% TO SOUND
PERLND 26 135.43 RCHRES 24 6
PERLND 34 2.02 RCHRE$ 24 6
PERLND 44 69.29 RCHRE$ 24 6
PERLND 26 8t,26 RCHRES 11 7
PERLND 34 1.21 RCHRES 11 7
PERLND 44 41.57 RCHRES il 7
IMPLND 14 79.98 RCHRES 24 2

*** SUB-CATCHMENT 3 agwo goes to vaca(135)
PERLND 16 8.26 RCHRES 3 6

PERLND 26 108.38 RCHRES 3 6
PERLND 34 16.02 RCHRES 3 6
PERLND 44 102.89 RCHRES 3 6
PERLND 54 0.04 RCHRES 3 6
PERLND 16 8.26 RCHRES 135 7
PERLND 26 108.38 RCHRES 135 7
PERLND 34 16,02 RCHRES 135 7
PERLND 44 102.89 RCHRES 135 7
PERLND 54 0.04 RCHRES 135 7
IMPLND 14 27.30 RCHRES 3 2
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*** SUB-CATCHMENT 4 10_ of agwo goes to rchres 9C_ goes _o sound

PERLND 16 2.95 RCHRES 4 6
PERLND 26 85.95 RCHRES 4 6
PERLND 34 3.75 RCHRES 4 6
PERLND 44 92.06 RCHRES 4 6
PERLND 16 0.30 RCHRES 4 7
PERLND 26 8.59 RCHRES 4 7
PERLND 34 0.38 RCHRES 4 7
PERLND 44 9.21 RCHRES 4 7
IMPLND 14 18.43 RCHRES 4 2

**= SUB-CATCHMENT 4a 70_ of agwo goes _o rchres 30% goes to sound
PERLND 16 8.66 RCHRES 4 6
PERLND 26 61.64 RCHRE5 4 6
PERLND 34 22 06 RCHRE5 4 6
PERLND 44 78 09 RCHRES 4 6
PERLND 54 12 50 RCHRES 4 6
PERLND 16 6 06 RCHRE5 4 7
PERLND 26 43 15 RCHRE5 4 7
PERLND 34 15 44 RCHRES 4 7
PERLND 44 54 66 RCHRE5 4 7
PERLND 54 8 75 RCHRE5 4 7
IMPLND 14 29.14 RCHRES 4 2

*** SUB-CATCHMENT 5
PERLND 26 10.29 RCHRES 5 1
PERLND 44 50.05 RCHRES 5 1
PERLND 54 10.74 RCHRES 5 1
IJ4PLND 14 16.31 RCHRES 5 2

*** SUB-CATCHMENT 6
PERLND 16 1,42 COPY 645 26
PERLND 26 20.38 COPY 645 26
PERLND 34 13.44 COPY 645 26
PERLND 44 11.79 COPY 645 26
PERLND 54 0.82 COpY 645 26
PERLND 16 1.42 RCHKE5 53 7
PERLND 26 20.38 RCHRES 53 "7
PERLND 34 13.44 RCHRES 53 7
PERLND 44 11.79 RCHRE5 53 7
PERLND 54 0.82 RCHRES 53 7
IMPLND 14 6.23 COPY 645 22

*** SUB-CATCHMENT8
PERLND 44 22.21 RCHRES 35 I
IMPLND 14 6.60 RCHRES 35 2 =

*** SUB-CATCHMENT 9
PERLND 16 4.98 RCHRES 34 1
PERLND 26 14.38 RCHRES 34 1
PERLND 34 0.05 RCHRES 34 1
PERLND 44 56.71 RCHRES 34 1
PERLND 54 0.01 RCHRES 34 1
IMPLND 14 22,47 RCHRES 34 2

*** SUB-CATCHMENT 10
PERLND 16 4.15 RCHRES 10 1
PERLND 26 31.94 RCHRES 10 t
PERLND 44 95.22 RCHRES I0 1
IMPLNO 14 71.98 RCHRES I0 2

*** SUB-CATCHMENT ii 25% OF AGWO GOES TO 15
PERLND 16 0.89 RCHRE5 11 6
PERLND 26 217.92 RCHRES ll 6 ,
PERLND 34 1.32 RCHRES _ 6
PERLND 44 65.65 RCHRES 11 6
PERLND 16 0.67 RCHRES 11 7
PERLND 26 163.44 RCHRES Ii 7
PERLND 34 0.99 RCHRES Ii 7
PERLND 44 49.24 RCHRE5 11 7
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PERLND 16 0.22 RCHRES 15 7
PERLND 26 54.48 RCHRES 15 7
PERLND 34 0.33 RCHRES 15 7
PERLND 44 16.41 RCHRES 15 7
IMPLND 14 230.80 RCHRES _ 2

*** SUB-CATCHMENT 32
PERLND 16 0.39 RCHRES 12 1
PERLND 26 101.18 RCHRF.5 12 1
PERLND 34 5.64 RCHRES 12 i
PERLND 44 54.98 RCHRE5 12 1
PERLND 54 0.64 RCHKE5 12 1
IMPLND 14 79.83 RCHRF.5 12 2

*** SUB-CATCHMENT 13
PERLND 16 0.79 RCHRES 13 I
PERLND 26 11.97.68 RCHRES 13 i
IMPLND 14 27.66 RCHRES 13 2

*** SUB-CATCHMENT 14 50% OF AG_O GOES TO SOUND
PERLND 16 0.24 RCHRES 14 6
PERLND 26 118.67 RCHRES 14 6
PERLND 34 13.46 RCHRES 14 6
PERLND 44 41.91 RCHRES 14 6
PERLND 16 0.12 RCHRES 14 7
PERLND 26 59.34 RCHRES 14 7
PERLND 34 6.73 RCHRES 14 7
PERLND 44 20.95 RCHRES 14 7
IMPLND 14 20.66 RCHRES i4 2

*** SUB-CATCHMENT 15
PERLND 16 6.59 RCHRES 15 1
PERLND 26 49.55 RCHRES 15 1
PERLND 34 50.09 RCHRES 15 1

- PERLND 44 86.52 RCHRES 15 1
IMPLND 14 19,47 RCHRES 15 2

*** SUB-CATCHMENT 16
PERLND 16 10.93 RCHRES 16 I
PERLND 26 29.93 RCHRES 16 i
PERLND 34 20.03 RCHRES 16 I
PERLND 44 31.83 RCHRES 16 1
IMPLND 14 15.58 RCHRES 16 2

*** SUB-CATCHMENT 17 AGWOGOES TO SOUND
PERLND 16 0.90 RCHRE5 17 6.
PERLND 26 16.31 RCHRES 17 6
PERLND 34 34.82 RCHRES 17 6 ,
PERLND 44 82.11 RCHRES 17 6
PERLND 54 2.19 RCHRES 17 6
IMPLND 14 10.49 RCHRES 17 2

*** SUB-CATCHMENT MC-1
PERLND 26 0.14 RCHRES 52 1
PERLND 44 9.44 RCHRES 52 1
PERLND 45 0.14 RCHRES 52 1
PERLND 54 0.27 RCHRE5 52 1
IMPLND 14 1.98 RCHRES 52 2

*** SUB-CATCHMENTMC-2
PERLND 16 0.08 RCHRES 53 1
PERLND 26 0.53 RCHRES 53 1
PERLND 34 3.60 RCHRES 53 1
PERLND 44 9.20 RCHRES 53 1
PERLND 45 2.22 RCHRES 53 I
PERLND 54 15.14 RCHRES 53 1
IHPLND 14 2.54 RCHRES 53 2

*** SUB-CATCHMENTHC-3
PERLND 34 3.70 RCHRES 54 1
PERLND 44 4.91 RCHRES 54 1
PERLND 45 1.07 RCHRES 54 1
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PERLND 54 1.84 RCHRE5 54 1
IJvIPLND 14 1.42 RCHRE5 54 2

*_* SUB-CATCHMENT Me-4
PERLND 34 0.27 RCHRES 135 1

• PERLND 44 16.51 RCHRES 135 1
PERLND 45 4.23 RCHRE5 _.35 1
PERLND 54 11.98 RCHRES 135 1
IMPLND 14 3.31 RCHRES 135 2

**_ SUB-CATCHMENT MC-5
PERLND 26 13.43 RCHRES 35 1
PERLND 44 33.84 RCHRES 35 1
PERLND 54 7.44 RCHRES 35 1
IMPLND 14 0.02 RCHRES 35 2

*** SUB-CATCHMENT MC-6
PERLND 44 14.10 RCHRE5 35 1
PERLND 45 0.09 RCHRES 35 1
PERLND 54 0.90 RCHRES 35 1
IMPLND 14 0.26 RCHRES 35 2

**_ SUB-CATCHMENT MC-7
PERLND 26 11.26 COPY 55 21
PERLND 44 31.80" COPY 55 21
PERLND 54 3.20 COPY 55 21
_MPLND 14 O.OB COPY 55 22

_*"note: SDN AGWOTO VACCA FARMS (135)NOT TO PONDS

*** SUB-CATCHMENT SDN-1
PERLND 26 1.97 RCHRES 552 6
PERLND 44 1.29 RCHRES 552 6
PERLND 54 0.20 RCHRES 552 6
PERLND 26 1.97 RCHRES 135 7
PERLND 44 1.29 RCHRES135 7
PERLND 54 0.20 RCNK£5 135 7
!MPLND 14 12,68 RCHRES 552 2

*** SUB-CATCHMENTSDN-1-LWR
PERLND 44 4.79 RCHRES 552 6
PERLND 54 0.07 RCHRES 552 6
PERLND 44 4,79 RCHRES 135 7
PERLND 54 0,07 • RCHRES135 7
IMPLND 14 0,56 RCHRES 552 2

a

*** SUB-CATCHMENT SDN-t-OFF
PERLND 26 23,01 RCHR£S 52 6
PERLND 44 3.58 RCHKE5 52 6
PERLND 54 1.67 RCHRES 52 6
PERLND 26 23.01 RCHRES 135 7
PERLND 44 3.58 RCHRES 135 7
PERLND 54 1.67 RCHRES 135 7
IMPLND 14 8.00 RCHRES 52 2

*** SUB-CATCHMENT SDN-2X CTO POND)
PERLND 26 0.63 COPY 61 26
PERLND 44 2,40 COPY 61 26
PERLND 45 0.86 COPY 61 26
PERLND 26 0.63 RCHRES 135 7
PERLflD 44 2.40 RCHRES 135 7
PERLND 45 0.86 RCHRES 135 7
IMPLND 14 0.36 COPY 61 22

*** SUB-CATCHMENT SDN-3 (TO POND_
PERLND 26 23.56 RCHRES 43 6
PERLND 26 23,56 RCHRES 135 7
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File Mlow_o4.inp, Printed Monday, December 10, 2001
24.30 RCHI_S 43 2IMPLND 14

*** SUB-CATCHMENT SDN-3X (TO POND)
PERLND 26 1.61 RCHRES 43 6
***original PERLND area
***PERLND 45 "' 23,77 RCHRES 43 6
***PERLND AREA TO BE REMOVED= 0.45 AC
PERLND 80 00.45 RCHRES 43 7
PERLND 45 23.32 RCHRE5 43 6
PERLND 26 1.61 RCHRE5 135 7
PERLND 45 23.77 RCI'IRE5135 7

*_ SUB-CATCHMENT SON-4 (TO POND)
PERLND 26 15.75 COPY 44 26
PERLND 44 1.31 COPY 44 26
PERLND 45 0.99 COPY 44 26
PERLND 26 15.75 RCHRES 135 7
PERLND 44 1.31 RCHRES 135 7
PERLND 45 0.99 RCHRES 135 7
IMPLND 14 12.26 COPY 44 Z2

*** SUB-CATCHMENT SDN-4X (TO POND)
PERLND 26 1.92 COPY 44 26
PERLND 44 0.73 COPY 44 26
PERLND 45 8.31 COPY 44 26
PERLND 26 1.92 RCHRES 135 7
PERLND 44 0.75 RCHRE5 135 7
PERLND 45 8.31 RCHRES 135 7
IMPLND 14 4.21 COPY 44 22

**_ SUB-CATCHMENT IWS-NCP5 (TO POND)
;"" PERLND 26 4.78 RCHRES 242 6

PERLND 26 4.78 RCHRES 135 7
IMPLND 14 30.93 RCHRES 242 2

*_* SUB-CATCHMENT ZWS-NSMP5 CTO POND)
PERLND 26 2.69 RCHRES 240 6
PERLND 44 1.97 RCHRES 240 6
PERLND 45 0.01 RCHRES 240 6
PERLND 26 2.69 RCHRES 135 7
PERLND 44 1.97 RCHRES 135 7
PERLND 45 0.01 RCHRES 135 7
_MPLND 14 1.95 RCHRES240 2

*** SUB-CATCHMENT NEPL (TO POND)
PEKLND 26 10.00 RCHRES 452 6
PERLND 26 10,00 RCHRES 135 7
IMPLND 14 6.00 RCHRES 453 2
IMPLND 14 26.29 RCHRES 452 2

*** SUB-CATCHMENTCARGO (TO POND)
IMPLND 14 8,12 RCHRE5 46 2

*** SUB-CATCHMENTSDN3Ai {TO VAULT)
***original IMPLND area
***IMPLND 14 5.87 RCHRES 37 2
***IMPLND AREA TO BE REMOVED= 5.62 AC
_MPLND 14 0,25 RCHRES 37 2
PERLND 80 5.62 RCHRES 37 7

*** SUB-CATCHMENT SDN3AO (TO POND_
PERLND 26 0.08 RCHRES 237 6
PERLND 44 0.03 RCHRE5 237 6
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File Mlowf_o4,inp, Printed Monday, December i0, 2001
***PERLND AREA TO BE REMOVED = 10.63 AC
***PERLND AREA TO BE REHOVED = 4.55 AC
***original PERLND area
***PERLND 45 22.12 RCHRF_ 237 6
PERLND 80 10.63 RCHRES 237 7
PERLND B0" 4.55 " RCHRES 237 7
PERLND 45 6.94 RCHRES 237 6
PERLND 26 0.08. RCHRE5 135 7
PERLND 44 0.03 RCHRES 135 7
PERLND 45 22.12 RCHRE5 135 7
***original IMPLND area
*'*_MPLND 14 2,35 RCHRES 237 2
_**IMpLND AREA TO BE REMOVED_ 1.66 AC
IMPLND 14 0.69 RCHRES 237 2
PERLND 80 1.66 RCHRES 237 7

*** SUB-CATCHMENT 5DW10 CTO POND)SDW1A0. +PERLND FOR 5DW]AI
,4, SUB-CATCHMENT SDW10 (TO POND)MZS NAMED

PERLND 26 4.28 RCHRES 247 6
PERLND 44 0.69 RCHRES 247 6
***PERLND AREA TO BE REHOVED= 17.08 AC
*4*PERLND AREA TO BE REMOVED= 1.53 AC
***original PERLND area
*4*PERLND 45 32.44 RCHRES 247 6
PERLND B0 17.0B RCHRES 247 7
PERLND 80 1.53 RCHRES 247 7
PERLND 45 13.83 RCHREE 247 6
PERLND 26 4.28 RCHRES 135 7
PERLND 44 0.69 RCHRES 135 7
PERLND 45 32.44 RCHRES 135 7

_- IMPLND 14 1.64 RCHRES 247 2

*** SUB-CATCHMENT SDWIAI (TO VAULT}CORRECT NAME
*** SUB-CATCHMENT SDNIAI (TO VAULT) *.4 M.ISNAMES

**_original IMPLND area
***!MPLND 14 13.78 RCHRES 147 2

'. ***IMPLND AREA TO BE REMOVED - ].2.6AC
IMPLND 14 l.iB RCHRES 147 2
PERLND 80 12.6 RCHRES 147 7

*** SUB-CATCHMENTSDWIB (TO POND)
44, AGWOTO 35, AS 57 I5 D/S OF VACCA FARMS (135)

PERLND 26 21.25 RCHRES 570 6
PERLND 44 2.39 RCHRES 570 6
***PERLND AREA TO BE REMOVED= 35.32 AC
***PERLND AREA TD BE REMOVED = 2.92 AC
***original PERLND area
***PERLND 45 46.26 RCHRES 570 6
PERLND 80 35.32 RCHRES 570 7
PERLND 80 2.92 RCHRES 570 7
PERLND 45 8.02 RCHRES 570 6
PERLND 26 21.25 RCHRE5 35 7
PERLND 44 2.39 RCHRES 35 7
PERLND 45 46.26 RCHRES 35 7
***original IMPLND area
***IMPLND 14 26.95 RCHRE$ 570 2
***IMPLND AREA TO BE REMOVED= 20.69 AC
IMPLND 14 6.26 RCHRES 570 2
PERLND 80 20.69 RCHRES 570 7
**4ADD SDW2 FROMWALKERCREEK
PERLND 80 1.06 RCHRES 570 7
,,4 this impervious does not go _o miller hue walker
IMPLND 14 *** 0.70 RCHRES 570 2
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File Mlowflo4.inp, Printed Monday, December I0, 2001
PERLND 80 0.70 RCHRES 570 7
*** FIND OUT WHERE'[I'IIS GOES?????
***NEW AREAS ADDED __l/19/01
***5DSBA
PERLND 26 1.72 RCHKES 37 7
IMPLND 14 0.70 RCHRF_.SB7 2
***SDW-2

• PERLND 26 II.06 RCHRES 35 7
PERLND 45 1.09 RCHRES 35 7

*** SPECIAL INFILTRATZON PERLNDS
PERLND 47 2.0 RCHRES 35 7
PERLND 57 2.0 RCHRES 16 7
***SDE4 0.04 ACRES OF PERLND 26
PERLND 26 0.04 RCHRE5 35 7

*** ADD SUB-CATCHMENT I'WS-PR_MARY TO PREDEVELOPEMENTONLY

***ROUTING FOR MILLER CREEK
*=* H.1.TO M2 TO M3 TO STORAGE 50. M4 TO M5 TO STORAGE 50

RCHRES t RCHRES 2 4
RCHRES 23 RCHRES 24 4
RCHRES 24 RCHRE5 3 3
RCHRES 2 RCHRE5 3 3
RCHRES 3 RCHRES 33 3
RCHRES 33 RCHRES 50 3
RCHRES 4 RCHRES 5 4
RCHRES 5 RCHRES 50 3
*** PONDS TO 52, 53 & 54

RCHRE5 242 RCHRES 240 S
_** OVERFLOWONLY TO 61

RCHRES 240 RCHRES 51 5
COPY 61 RCHRES 51 12
COPY 44" RCHRES 51 12
RCHRES 51 RCHRES 52 "3
RCHRES 43 RCHRES 54 3

*** 2 NEPL VAULTS* (FK-Changed to eliminate run-of-river _ables}
RCHRES 451 COPY 45 II
RCHRES452 COPY 45 11
COPY 45 COPY 645 I0
COPY 645 RCHRES 53 12
RCHRES 46 RCHRES 53 3
**_ NEW STREAM REACH 52 TO LAKE REBA 53 TO RDF 54 (FK-changed to insert new POC at

Lake Reba)
RCHRES 552 RCHRES 52 3
RCHRES 52 RCHRES 53 3
RCHRES 53 COPY 53 11
COPY 53 RCHRES 54 12
RCHRES 50 RCHRE5 54 3

*** RDF 54 TO'35
RCHRES 54 RCHRES 135 3
<-Source-> <--Area--> <-Target-> MBLK ***
<Name> # <-factor-> <Name> # Tbl# ***
*** PoNDs TO B4

RCHRES 37 COPY 37 ii
RCHRES 237 COPY 37 _t
COPY 37 RCHRES 135 12

*** SOWZAflow to bypass added (FK, June 2001)
SDWIAI VAULT FLOW TO INFILTRATION 1 *"*
RCHRES 147 RCHRES 47 4
SDW1AI VAULT FLOWTO BYPASS ***
RCHRES 147 COPY 70 15
STORMWATERQ 1ST EXIT AT POND G CBypass) *_*
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File M]owflo4.inp, Printed Monday, December 10, 2001
RCHRES 247 COPY 70 14
RCHRE5 247 COPY 66 14
2NO EX_TTTO INFILTRATION TANK-MILLER CREEK ***
RCHRES 247 RCHRE5 47 5
RCHRES 247 COPY 69 15
STORMWATERQ IST _TO BYPASS ***
RCHRE5 47 COPY 70 14
2ND EX:i-[TO SOIL AND HILLER CREEK ***
**=REMOVE CONNECTION FOR INFILTRATION OUTLET. THIS FLOW I$ NOWGOING TO AGWLI FOR
INFILTRATION PERLND
RCHRES 47 COPY 70 15 _*_
COPY BLOCK FOR OUTPUT PURPOSES *_*
RCHRES 47 COPY 62 14
RCHRES 47 COPY 63 35
RCHRES 147 COPY 67 14
RCHRES 147 COPY 68" 15

*** --> output SDWlA infiltration discharge to WDMdataset S <--
*** SEND FLOWTO PERLND 47 FOR INFILTRATION OF SECOND OUTLET
"** 2 acre area for infiltration before stream reach
***REDUCED FOR DEEP FRAC FROM0,5 TO 0.335
RCHRES 47 0.335 PERLND 47 2B
COPY 70 RCHRES 135 12
RCHRES 34 RCHRES 135 4
RCHRES 34 RCHRES 135 5
RCHRES 135 RCHRES 35 3
RCHRES 10 RCHRES 16 3

*** PONDSTO 35
*** configuration changed _o flow splitter to Pond D and InfiIIraTion BaSi_ 3 CFK,

June 2001)
STORMQ - 1ST EXTT OF FLOW SPLITTER TO POND D ***

,_ RCHRES 570 RCHRES 57 4
INFILTRATION Q - 2ND EX_TTOF FLOWSPLI'_'ER TO SOIL ***
RCHRES 570 RCHRES 257 5
STORMQ EXIT OF PONDD TO MILLER CREEK ***
RCHRES 57 COPY 71 11

COPY BLOCK FOR OUTPUT PURPOSES ***
RCHRES 57 COPY 357 11
RCHRES 570 COPY 64 14
RCHRES 570 COPY 65 15

*** --> output SDWIB infiltrationdischarge to WDM dataset 6 <--
RCHRES 257 COPY 56 14
***ROUTE WATERTO AGWLI FOR PERLND 57 INFILTRATION PERLND
***2 ACRE AREA for infiltration before stream reach
**_REDUCED FOR DEEP FRAC FROM 0.5 TO 0.335
RCHRES 257 .335 PERLND 57 28
RCHRE5 257 COPY 71 14
***REMOVE INFILTRATION FOR SECOND OUTLET ROUTEWATER TO AGWLI
RCHRES 257 COPY 71 15 _*
COPY 71 RCHRES 35 12
RCHRES 35 COPY 55 11
COPY 55 RCHRES 16 12
RCHRES 11 RCHRES 15 3
RCHRES 13 RCHRES 12 4
RCHRES 13 RCHRES 12 5
RCHRES 12 RCHRES 15 3
RCHRES 16 RCHRES 15 3
RCHRES 14 RCHRES 17 3
RCHRES 15 RCHRES 17 3
END SCHEMATIC

NETWORK
*** <MEMBER>SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEM STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # ***
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1'LIB _

M,,_o-,6w N_.__w
f- "._ /"-'_.,,-o,_._K-". _ ."".

OUTLET 1 OIOLUIll.E.T I OUTLET IONLY __
VERFLOW ONLY OVERFLOW OUTLET 2 LO •

OUTLET 2 LOST 2 LOST ST

F-. .JC- .-L (, _._. .o.,,.o_
/" % M24 / \ ._ [ _ _, J P.O.C. ,.''*t _N14.,WR, NO GW

k" =)NO_w _,'= ) N_W ( " ) _ " / _.,6 :=._o,.o_w ,'"',,
"_ .<" '% J \ / . • ,, = RSS2 ,

Cq Y M6 -" _.. /

_ _ _ _ Oun.Er_,os'rIo_
DETENTION I _ M6 _1_ OUTLET 2 ONLY /':
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.....,-_/ ,.--.,_ SC:)No_w
LORA LAKE RDF t" - =-
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_,.,,,,,.. / / SDN3X, NO GW

/ _ SON,4, NO GW .-.
VACCA FARMS _ I SN_X,NOGW l" •
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IWSNSMPSGWl00% SDN4XGWlO_Y= _ _ OUTLET /r _-- _'-_,_ ,..,
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M23 GW100% \ / _ v
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SDWIAGWIO0% MC4 I _'_ J_[ _u= _ R247 USDW1A-O NOGWs_ GW_,_._, I "-L._"-.,, _, _ '' "_ _" . .,_ POND "G"

III_FF IWlI 0_/: I _'_ _¢"¢_

so_w_oo_,o I \ _ "_ _
.. SDN3XGw_o0% I _ _ k OUTLk-r

SDN3"GW100% _ _ _ _ • / . ..

t,/" "_ "_. _ I INFILTRATION I .,./," ",
..___F_s) PC_O "-._ "- _ _ R147,
M C5 _ " ;O-_ "_ I R47 I _,. ."

SR509 _ '_ _-_fL_"T
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.,,%._._?oNv "1" ,

BURIENLAKE _""_ _"'_f 15 M I °
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CERTIFICATE OF ENGINEER

The technical material and data for theMiller Creekwatt,'shed and Walker Creek wate_21edlow
flow-specific .I-ISPFmodeling wer_ prepared under the supervisionand direction of the undersigned,
whose seal, as a professionalentfineerlic.zamedto practiceas such, is affixed below.

Low $trearnflow dnalFsts December 2001

SlTA Master Pian Update Improvementa 556-2912.001(28B)
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85% AGWO 100%AGWO 90% AGWO
15%TO 135 TO SOUND TO SOUND TO SOUND

TO SOUND

FT23 FT1
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File mil165tc.inp, Printed Monday, DeceMber 10, 2001
RUN
GLOBAL

*** FILE: mil165,inp REVISED Aug 2000. Joe BrascherCat¢)
*** for parameterix
*** SEATAC AIRPORT HSPF BASIN MODELOF MILLER CREEK
*** - POST-MILLER CK DETENTION FACYITY 10/92-6/93
*** m23 AND M24 new area west of m2, F_OWSto rdf
_** calibration file run for FOUR YEARS using full length calibration run 1990
*** data for initial conditions
MILLER CREEK BASIN HSPF MODEL
START 1990 I0 1 0 0 END :L994 9 30 24 0
RUN INTERP OUTPUT LEVEL 3
RESUME 0 RUN i

END GLOBAL

FILES
<type> <fun>***< ............ fname -->
MESSU 24 D: \PARA\SEATAC\MI LLER\1 owf_OW\MZLL, MES
WDM 2 S D: \PARA\S EATAC\MZLLER\] OWT_ow\M] OR OW,wdm

61 D: \PARA\S EATAC\MZLLER\] owl_ ow\PER. L61
62 D: \PARA\SEATAC\MILLER\] owT_OW\RCH,L62

END FILES

OPN SEQUENCE
INGRP INDELT 01:00

PERLND 14
PERLND 16
PERLND 18
PERLND 24
PERLND 26
PERLND 28
PERLND 34
PERLND 44
PERLND 54
IMPLND 14
RCHRES 1
RCHRES 23
RCHRES 24
RCHRES 2
RCHRES 3
RCHRES 33
RCHRES 4
RCHRES 5
RCHRES 50
RCHRES 52
RCHRES 53
RCHRES 54
RCHRES 34
RCHRES 135
RCHRES 35
RCHRE5 10
RCHRE5 16
RCHRES
RCHRES 13
RCHRES 12
RCHRES 15
RCHRES 14
RCHRES 17

END INGRP

END OPN SEQUENCE ***

COPY
TIJ_ESERIES
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File mil]65tc.inp, Printed Monday, December 10, 2001

co y:op; **,• NPT NMN ***
1 5 1

END 3"IMESERIE5
END COPY

PERLND
GEN-INF0

<PL$ > Name NBLKS unit-systems Printer **_
# - # User t-series Engl Metr ***

in OUt _**
14 TFF- TILL FOR FLT 1 1 1 1 61 0
16 TFM- TiLL FOR NOD 1 1 1 1 61 0
18 TFS- TILL FOR STP 1 ! 1 1 61 0
24 TGF- TILL GR FLT 1 1 1 1 61 0
26 TGM- TILL GR MOD 1 1 1 1 61 0
28 TGS- TILL GR STP 1 1 1 1 61 0
34 OF - OUTWASHFOR 1 1 1 1 61 0

" 44 OG - OUTWASHGR 1 1 1 1 61 0
***PERLND FOR NEW AIRPORT PILL; NONE IN CALIBRATION

45 AIRPORT FILL 1 1 1 1 61 0
54 SA - WETLANDS 1 1 1 l 61 0
64 RES- GROUNDWATER 1 1 1 l 61 0

END GEN-INFO
ACTIVITY

<PLS > ************* ACt:ire sections *****************************
# - # ATMP SNOW PWAT SED PIT PWG PQAL MSTL PEST NITR PHOS TRAC _**

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END ACTIVrI'Y

.PRINT-INFO

<PLS > ********************_ Print-flags ************************* PIVL PYR
"' "' # - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NI-I'RPHOS TRAC *_*_**_*

14 200 0 0 5 0 0 0 0 0 0 0 0 0 1 9
END PRINT-INFO
PWAT-PARMI

<PLS > ***************** Flags **********=*********
# - # CSNO RTOP UZFG VCS VUZ VNN VIFW VIRC VLE ***

14 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0
26 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0
34 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0. 0 0
4S 0 0 0 0 0 0 0 0 0
54 0 0 0 0 0 0 0 0 0
64 0 0 0 0 0 0 0 0 0

END PWAT-PARM1
PWAT-PARM2

<PLS • *_*

# - # ***FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC
14 9.0000 0.3200 400.00 0.0500 0.5000 0.9960
16 9.0000 0.3200 400.00 O.lO00 0.5000 0.9960
18 9.0000 0.3200 200.00 0.2000 0.5000 0.9960
24 9.0000 0.1200 400.00 0.0500 0.5000 0.9960
26 9.0000 0.1200 400.00 0.!000 0.5000 0.9960
28 9.0000 0.1200 200.00 0.2000 0.5000 0.9960
34 10.0000 2.0000 400.00 0.0500 0.3000 0.9960
44 10.0000 0.8000 400.00 0.0500 0.3000 0.9960
45 7.5000 0.0200 300.00 0.0700 0.0000 0.9000

- 54 8.0000 2.0000 I00.00 0.0010 0.5000 0.9960
END PWAT-PARM2
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File mil165tc.inp, Printed Monday, December I0, 2001
PWAT-PARNt3
<PLS >***
# - #*** PETMAX PETMIN INFEXP INF-_LD DEEPFR BASETP AGWETP

14 2.0000 2.0000 0.33 0.00 0.0
16 2.0000 2.0000 0.33 0.00 0.0
18 2,0000 2.0000 0,33 0.00 0.0
24 2.0000 2.0000 0.33 0.00 0.
26 2.0000 2.0000 0.33 0. 0.
28 2.0000 2,0000 0.33 0. 0.
34 2.0000 2.0000 0.33 0.00 0.0
44 2.0000 2.0000 0.33 0. 0,
54 10.000 2.0000 0.33 0. 0,7

END PWAT-PAPJ43
PWAT-PARM4

<PLS • ,,,
# - # CEPSC UZSN NSUR INTFW IRC LZETP***

14 0.2000 1.5000 0.3500 9.000 0,7000 0.7000
16 0.2000 0.7500 0.3500 9.000 0.7000 0.7000
18 0.2000 0.4500 0,3500 9.000 0.3000 0.7000
24 0.1000 0.7500 0.2500 9.000 0.7000 0.2500
26 0.1000 0,3750 0,2500 9.000 0.7000 0.2500
28 0.1000 0.2250 0.2500 9.000 0.3000 0.2500
34 0.2000 0.7500 0.3500 0.000 0.7000 0.7000
44 0.1000 0.7500 0.2500 0,000 0.7000 0.2500
54 0.1000 2.2500 0.5000 2.000 0.7000 0.8000

END PWAT-PARH4
PWAT-STATE1

<PLS > PWATERstate variables***
# - #*** CEP5 SUPS UZS IFWS 175 AG'WS GWV5

16 0,000 0. 0.0010 0.00 0.941 3.108 0,048
26 0.000 0, 0.0010 0.00 7.672 3.341 0.071
34 0,000 O. 0.0010 0.00 1,187 3,776 0.052
44 0.000 0. 0,0040 0.00 9.402 4.905 0.104
45 0.000 0. 0.0000 0.00 2.000 2.000 0.000
54 0.000 0. 0.0960 0.00 3.211 0.000 0.000
14 0.078 O. 0.2500' 0.10 2.000 2.000 0.000
18 0.078 O. 0.2500 0,i0 2,000 2.000 0.000
24 0.051 O. 0,2500 0.I0 2.000 2,000 0,000
28 0.051 O. 0.2500 0,i0 2.000 2,000 0.000
64 0.051 0. 0.2500 0.10 2.000 2.000 0,000

END PWAT-STATE1
END PERLND
IMPLND

GEN-INFO
<ILS > Name Unit-systems Printer ***
# - # user t-series Engl Me_r ***

in OUt ***
14 IMPERVIOUS 1 1 1 60 0

END GEN-INFO
ACTIVITY

<ILS > ************* Active Sections ****
# - # ATMP SNOW IWAT 5LD IWG IQAL ***

14 0 0 1 0 0 0
END ACTIVITY
PRINT-INFO
<ILS > ,,****** Print-flags ***"**** PIVL PYR
# - # ATMP SNOW IWAT SLD IWG IQAL _*_******

14 0 0 6 0 0 0 1 9
END PRINT-INFO
IWAT-PARM1

<ILS > Flags *** ***
# - # CSNO RTOP VRS VNN RTLI *** ***

14 0 0 0 0 0
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File mi1165zc.inp, Printed Monday, December 10, 2001
END IWAT-PARNLI
IWAT-PARM2

<IL5 > _**
# - # LSUR SLSUR N5UR RETSC *_*

14 I00.00 O.0100 0.10O0 0.I000
END IWAT- PARM2
IWAT- PARM3

# - # PETMAX PETMIN "**
14
END IWAT-PARM3
IWAT-STATEI

<IL5 > IWATER state variables ***
# - # RETS SURS ***

14 l. O000E-3 1.0000E-3
END IWAT-STATE!

END IMPLND

EXTSOURCES

*** NOTE: The only RCHRES _ha_ precip and PET are applied to are lakes.

<-Volume-> <Member> 5syssgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> # <Name> # tem strg<-fac_or->strg<Name> # # <Name> # # ***
*-* PREC'ZP/EVAP TO PERVIOUS/IHPERV 5URFACES
WDM 1002 PREC ENGLZERO 1.00 PERLND 14 200 EXTNL PREC
WDM 1002 PREC ENGLZERO 1.00 IMPLND 14 EXTNL PREC
WDM 1 EVAP ENGLZERO 0,8 PERLND 14 18 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0.8 PERLND 24 28 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0,8 PERLND 34 54 EXTNL PETINP
WDM 1 EVAP EflGLZERO O.B PERLND 64 EXTNL PETINP

" WDM 1 EVAP ENGLZERO 0.8 IMPLND 14 EXTNL PETINP
*** PRECTP/EVAP TO LAKES
WDM 1002 PREC ENGLZERO RCHRE5 1 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 1 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 4 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 4 EXTNL POTEV
WDM 1 EVAP ENGLZERO 0,8 RCHRES 1 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 1 EX'FNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRE5 4 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 4 EXTNL PREC
WDM 1002 PREC ENGLZERO RCHRE5 11 EXI_L PREC
WDM 1 EVAP ENGLZERO 0,8 RCHRE5 11 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRE5 13 EXTNL PKEC
WDM 1 EVAP ENGLZERO 0.B RCHRES 13 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRE$ 23 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 23 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRE5 34 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 34 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 53 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 5_ EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 54 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRE5 54 EXTNL POTEV

END EXT SOURCES

EXTTARGET5
<-VoTume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name> # <Name> # #<-fac_or->s_rg <Name> # <Name> tem strg strg***
**_ UPPER MILLER CREEK GROUNDWATER PUMPING
COPY *** 1 OUTPUT MEAN 1 12.1 WDM 18 FLOW ENGL KEPL
*** GAUGE POINTS {17=MOUTH, 54=MILLER RDF, 50=SR 518, IB=WALKER CK)
RCHRES 35 HYDR RO WDM 8035 FLOW ENGL REPL
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RCHEES 17 HYDE. RO , WDM 33 FLOW ENGL REPL
RCHEES 54 HYDR RO WDM 34 FLOW ENGL REPL
ECHRE5 50 HYDE RO *** WDM 35 FLOW ENGL REPL
ECHRES 18 HYDE E0 *** WDM 36 FLOW ENGL REPL
*** RISE C20=WALKER WETLANP, 55=SE509, 56=_-T AVE, I=ARBOR LAKE}
ECHRES 23 HYI)E STAGE *_* WDM 91 STAG ENGL REPL
RCHRES 20 HYDE RO *** WDM 37 FLOW ENGL REPL
RCHRES 55 HYDE RO *** WDM 38 FLOW ENGL "REPL
RCHRE5 62 HYDE RO *** , WDM 39 FLOW ENGL EEPL
RCHRES 1 HYDE RO *_* WDM 80 FLOW ENGL REPL
<-Vo]ume-> <-Grp> <-Member-><--Mult-->Tran <-volume-> <Member> TSys Tgap Amd ***
<Names # <Name> # #<-factor->s_rg <Name> # <Names tem strg strg***
***MOUTH

ECHRES 54 HYDE" KO 1 I 0.000419 =** WDM 60 SIMQ ENGL REPL
RCHRES 17 HYDE RO 1 1 0.000213 *** WDM 70 SIMQ ENGL EEPL

END EXTTAEGETS _**

SCHEMATIC
<-Source-> <--_rea--> <-Target-> MBLK ***
<Name> # <-factor-> <Name> # Tbl# ***

*** SUB-CATCHMENT1 all agwo goes ¢o sound
PERLND 16 3,41 RCHRES 1 6
PERLND 26 232,36 RCHRES 1 6
PERLND 34 3.07 ECHEES 1 5
PERLND 44 38.03 RCHRES 1 6
PERLND 54 3.87 ECHRES I 6
IMPLND 14 56.14 RCHEES 1 2

*** SUB-CATCHMENT 2 10% of area GW goes to vaca 90% goes to sound
PERLND 16 5.56 RCHRES 2 6
PERLND- 26 200.05 RCHRES 2 6

.z PERLND 34 0.46 RCHRES 2 6
/' PERLND 44 38.71 RCHRES 2 6

PERLND 16 0.56 ECHRES 135 7
PERLND 26 20.01 RCHRES ]35 7
PERLND 34 0.05 RCHEES 135 7
PERLND 44 3.87 RCHRES 135 7
ZMPLND 14 42.22 RCHRES 2 2

*** SUB-CATCHMENT 23 New subbasin !5 _ OF G_ GOESTO VACCA 85_ TO SOUND
PERLND 16 3.09 RCHRES 23 6
PERLND 26 156.15 RCHRE5 23 6
PERLND 34 2.25 RCHEE5 23 6
PERLND 44 45.84 RCHRES 23 6 ,
PERLND 16 0.46 RCHRE5 135 7
PERLND 26 23.42 RCHKES135 7
PEELND 34 0.34 RCHEES 135 7
PEELND 44 6.88 ECHEES 135 7
IMPLND 14 58.44 RCHEE5 23 2
*** SUB-CATCHMENT 24 New subbasin 60 % O; GW GOES TO 11 40%TO SOUND

PERLND 26 135.43 RCHEES 24 6
PERLND 34 2.02 RCHRES 24 6
PERLND 44 59.29 RCHRES 24 6
PERLND 26 8Z.26 RCHRES 11 7
PERLND 34 1.21 RCHEES 1"1 7
PERLND 44 41.57 REHRES 11 7
IMPLND 14 79.98 RCHRE$ 24 2

*** SUB-CATCHMENT3 agwo goes to vaca(_35)
PERLND 16 8.25 RCHRES 3 6
PERLND 26 108.38 RCHRES 3 6
PERLND 34 16.02 RCHRES 3 6
PERI.ND 44 102.89 ECHRES 3 6
PERLND 54 0.04 RCHRES 3 6
PERLND 16 8.26 RCHRES 135 7
PERLND 26 108.38 RCHRES 135 7
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PERLND 34 16.02 RCHRES 135 7
PERLND 44 102.89 RCHRES _5 7
PERLND 54 0.04 RCHRE5 135 7
IMPLND 14 27.30 RCHRE5 3 2

*** 5UB-CATCHHENT 4 10% of agwo goes to rchres 90% goes to sound
PERLND 16' 2.95 RCHRES 4 6
PERLND 26 85,95 RCHRES 4 6
PERLND 34 3.75- RCHRES 4 6
PERLND 44 92.06 RCHRES 4 6
PERLND 16 0.30 RCHRES 4 7
PERLND 26 8.60 RCHRES 4 7
PERLND 34 0.38 RCHRES 4 7
PERLND 44 .9.21 RCHRES 4 7
IMPLND 14 18.43 RCHRES 4 2

*_* SUB-CATCHMENT 4a.70% of agwo goes _o rchres 30% goes zo sound
PERLND 16 8.66 RCHRES 4 6
PERLND 26 61.64 RCHRES 4 6
PERLND 34 22.06 RCHRES 4 6"
PERLND 44 78.09 RCHRES 4 6
PERLND 54 12.50 RCHRE5 4 6
PERLND 16 6.06 RCHRE5 4 7
PERLND 26 43.15 RCHRES 4 7
PERLND 34 15.44 RCHRES 4 7
PERLND. 44 54.66 RCHRES 4 7
PERLND 54 8.75 RCHRES 4 7
!MPLND 14 29.14 RCHRES 4 2

*** SUB,CATCHMENT 5
PERLND 26 10.29 RCHRE5 5 1
PERLND 44 50.04 RCHRES 5 1
PERLND 54 10.74 RCHRES 5 1
INPLND 14 16.31 RCHRES 5 2

*** 5UB-CATCHMENT 6
PERLND 16 10.66 RCHRES 53 1
PERLND 26 41.08 RCHRES 53 1
PERLND 34 21.75 RCHRES 53 1
PERLND 44 13.39 RCHRES 53 1
PERLND 54 0.82 RCHRES 53 1
IHPLND 14 7.14 RCHRES 53 2

*** SUB-CATCHMENT 8
PERLND 44 22.21 RCHRES 35 1
IMPLND 14 6.60 RCHRES 35 2

*** SUB-CATCHMENT9
PERLND 16 4.94 RCHRES 34 1
PERLND 26 14,32 RCHRES 34 1
PERLND 34 0.05 RCHRES 34 1
PERLND 44 56.70 RCHRES 34 1
PERLND 54 0.01 RCHRES 34 1
IMPLND 14 22.46 RCHRES 34 2

*** 5UB-CATCHMENT i0

PERLND 16 4.15 RCHRE5 I0 1
PERLND 26 31.94 RCHRES 10 : 1
PERLND 44 95.23 RCHRES 10 1
IHPLND 14 71.97 RCHRES 10 2

*** SUB-CATCHHENT 11 25_ OF AGWOGOES TO 15
PERLND 16 0.89 RCHRES 11 6
PERLND 26 217.92 RCHRE5 31 6
PERLND 34 1.32 RCHRES 11 6
PERLND 44 65.65 RCHRES 11 6
PERLND 16 0.67 RCHRES 11 7
PERLND 26 163.44 RCHRES 11 7
PERLND 34 0.99 RCHRE5 II 7
PERLND 44 49.24 RCHRES 11 7
PERLND 16 0.22 RCHRES 15 7
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54.48 RCHRE5 15 7PERLND 26

PERLND 34 0.33 RCHRF.5 15 7
PERLND 44 16.41 RCHRES 15 7
IMPLND 14 .230.80 RCHRF_ 1"1 2

=** SUB-CATCHMENT 12
PERLND 16 0.39 RCHRES 12 1
PERLND 26 101.18 RCHRE5 12 1

• PERLND 34 5.64 RCHRE5 12 1
PERLND 44 54.98 RCHRE5 12 1
PERLND 54 0,64 RCHRES 12 1
IMPLND 14 79.83 RCHRES 12 2

*** SUB-CATCHMENT 13
PERLND 16 0.79 RCHRES 13 1
PERLND 26 " 197.68 RCHRES _ 1
IHPLND 14 27.66 RCHRES 13 2

*** SUB-CATCHMENT 14 50% OF AGWOGOESTO SOUND
PERLND 16 0.24 RCHRES 14 6
PERLND 26 118.67 RCHRES 14 6
PERLND 34 13.46 RCHRE5 14 6
PERLND 44 41.91 RCHRE5 14 6

,- PERLND 16 0.12 RCHRE$ 14 7
PERLND 26 59.34 RCHRE5 14 7
PERLND 34 6.73 RCHRES 14 7
PERLND 44 20.95 RCHRES 14 7
_MPLND 14' 20.66 RCHRES 14 2

*** SUB-CATCHMENT 15
" PERLND 16 6.59 RCHRES 15 1

PERLND 26 49.55 RCHRES 15 i
PERLND 34 50,09 RCHRES _ 1
PERLND 44 86.52 RCHRES 15 1
IMPLND 14 19,47 RCHRES 15 2

*** SUB-CATCHMENT16
PERLND i6 10.93 RCHRES 16 1
PERLND 26 30.30 RCHRES 16 1
PERLND 34 20.03 RCHRES 16 "1
PERLND 44 31.42 RCHRES 16 1
IMPLND 14 15.54 RCHRES 16 2

*** SUB-CATCHMENT 17 AGWO GOES TO SOUND
PERLND 16 0,90 RCHRES 17 6
PERLND 26 16.31 RCHRES 17 6
PERLND 34 34.82 RCHRES 17 6
PERLND 44 82.11 RCHRE5 17 6 '
PERLND 54 2.19 RCHRES 17 6
IMPLND 14 10.49 RCHRES 17 2

_* 5UB-CATCHMENTMC-1
PERLND 26 0.17 RCHRES 52 1
PERLND 4-4 8.21 RCHRES 52 1
PERLND 54 0.27 RCHRES 52 1
!MPLND 14 0.09 RCHRES 52 2

*"* SUB-CATCHMENT MC-2
PERLND 16 O.OB RCHRES 53 1
PERLND 26 0.64 RCHRES 53 1
PERLND, 34 6.72 RCHRES 53 1
PERLND 44 10.43 RCHRES 53 1
PERLND 54 15.25 RCHRES 53 1 '
YJ_PLND _4 0.27 RCHRES 53 2

*** SUB-CATCHMENTMC-3
PERLND 34 5.44 RCHRES 54 1
PERLND 44 5.03 RCHRES 54 1
PERLND 54 2,28 RCHRES 54 1
IMPLND 14 0.11 RCHRE$ 54 2

*** SUB-CATCHMENT MC-4
PERLND 44 17.32 RCHRE5 135 1
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PERLND 54 14.41 RCHRE5 135 1
ZMPLND 14 1.77 RCHRES 13S 2

_** SUB-CATCHMENT MC-5
PERLND 26 13.49 RCHRE5 35 1
PERLND 44 31.06 RCHRES 35 1
PERLND 54 5.95 RCHRES 35 1
ZMPLND 14 2.50 RCHRE5 35 2

_*= SUB-CATCHMENT HC-6
PERLND 44 17,75 RCHRES 35 1
PERLND 54 6.54 RCHRES 35 1
IMPLND 14 0.95 RCHRES 35 2

**_ SUB-CATCHMENT MC-6B
PERLND 26 34.94 RCHRES 35 1
PERLND 34 7.81 RCHRES 35 1
PERLND 44 52.91 RCHRES 35. 1
PERLND 54 4.61 RCHRES 35 1
IMPLND 14 3.14 RCHRES 35 2

*"_ SUB-CATCHMENT MC-7
PERLND 26 12.66 RCHRE5 16 1
PERLND 44 33.53 RCHRES 16 1
PERLND 54 4.16 RCHRE5 16 1
iMPLND 14 3.88 RCHRES 16 2

*_* SUB-CATCHMENTMC-7B
PERLND 26 36.16 RCHRES 16 1
PERLND 44 8.46 RCHRES _6 1
PERLND 54 1.92 RCHRES 16 1
_HPLND 14 2.12 RCHRE5 16 2
***all sdn basin agwo goes to 35

*** SUB-CATCHMENT 5DN-I
PERLND 26 3.23 RCHRES 52 6
PERLND 44 2.11 RCHRES 52 6
PERLND 54 0.20 RCHRES 52 6
PERLND 26 3.23 RCHRES 135 7
PERLND 44 2.!I RCHRES 135 7
PERLND 54 0.20 RCHRE5 135 7
.IMPLND 14 8.29 RCHRES 52 2

*-* SUB-CATCHMENT $DN-1-LWR
PERLND 44 4.97 RCHRES 52 6
PERLND 54 0.07 RCHRES 52 6.
PERLND 44 4.97 RCHRES 135 7
PERLND 54 0.07 RCHRES 135 7
IMPLND 14 0.38 RCHRES 52 2

*** SUB-CATCHMENT 5DN-1-OFF
PERLND 26 29.12 RCHRES 52 6
PERLND 44 3.62 RCHRES 52 6
PERLND 54 1.67 RCHRES 52 6
PERLND 26 29.12 RCHRES 135 7
PERLND 44 3.62 RCHRES 135 7
PERLND 54 1.67 RCHRES 135 7
ZMPLND 14 11.50 RCHRES 52 2

*** SUB-CATCHMENTSDN-2
PERLND 26 10.41 RCHRES 52 6
PERLND 44 3.04 RCHRES 52 6
PERLND 26 10.41 RCHRES 135 7
PERLND 44 3.04 RCHRE5 135 7
ZMPLND 14 33.22 RCHRF.S 52 2

*** SUB-CATCHMENTSDN-2X
PERLND 26 1.37 RCHRES 52 6
PERLND 44 5.84 RCHRES 52 6
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PERLND 26 1.37 RCHRES135 7
PERLND 44 5.84 RCHRE5 135 7
IMPLND 14 0.28 RCHRES 52 2

*** SUB-CATCHMENTSDN-3
PERLND 26 49.79 RCHRES 54 6
PERLND 26 49.79 RCHRE$ 135 7
IMPLND 14 15,82 RCHRE5 54 2

=** 5UB-CATCHMENT SDN-3X
PERLND 16 0,65 RCHRES 54 6
PERLND 26 5,17 RCHRE5 54 6
PERLND 34 13.64 RCHRES 54 6
PERLND 44 5.34 RCHRE$ 54 6
PERLND 54 0.57 RCHRE5 54 6
PERLND 16 0.65 RCHRE5 135 7
PERLND 26 5.17 RCHRES 135 7
PERLND 34 13.64 RCHRES135 7
PEKLND 44 5.34 RCHRES 135 7
PERLND 54 0.57 RCHRES 135 7

*** SUB-CATCHMENTSDN-4
PERLND 26 24.43 KCHRES 52 6
PERLND 44 3.19 RCHRE5 52 6
PERLND 26 24.43 RCHRES_-_5 7
PERLND 44 3.19 RCHRES135 7
IMPLND 14 2,61 RCHRE5 52 2

*** SUB-CATCHMENT SDN-4X
PERLND 26 1,57 RCHRE5 52 6
PERLND 34 1.16 RCHRE5 52 6
PERLND 44 10.01 RCHRES 52 6
PERLND 26 1.57 RCHRES I_5 7
PERLND 34 1.16 RCHRES 135 7
PERLND 44 10.01' RCHRES 135 7

***new areas added 11/19/01
***SDE4
PERLND 26 0.04 RCHRES 35 7
***sdwlbl
PERLND 26 10,14 RCHRES 35 7
***sdw2
PERLND 26 4.06 RCHRES 35 7

***ROUTING FOR MILLER CREEK
*** M1 70 M2 TO M3 TO STORAGE 50. M4TO M5 TO STORAGE 50
RCHRE5 1 RCHRE5 2 4
RCHRE5 23 RCHRES 24 4 ,
RCHRES 24 RCHRES 3 3
RCHRES 2 RCHRES 3 3
RCHRES 3 RCHRES 33 3
RCHRES 33 RCHRES 50 3
RCHRES 4 RCHRES 5 4
RCHRES 5 RCHRE5 50 3
*** NEW STREAM REACH 52 TO LAKE REBA 53 TO RDF 54
RCHRES 52 RCHRES 53 3
RCHRE$ 53 RCHRES 54 3
RCHRES 50 RCHRE5 54 3
*** RDF 54 TO 35
RCHRE5 54 RCHRES135 3
RCHRES 34 RCHRES 135 4
RCHRES 34 RCHRE5 135 5
RCHRES :].35 RCHRES 35 3
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RCHRES 10 RCHRES 15 3
RCHKES 35 RCHRES 16 3
RCHRES 11 RCHRES 15 3
RCHRES 13 RCHRES 12 4
RCHRES 13 RCHRES 12 5
RCHRES 12 RCHRES 15 3
RCHRES 16 RCHRES 15 3
RCHRES 14 RCHRES 17 3
RCHRES 15 RCHRES 17 3
END SCHEMATIC

NETWORK

*** <MEMBER>SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEM STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # *Y'_

END NETWORK

RCHRES
GEN-INFO

RCHRES Name Nexits Uni= Sysl:ems Printer ***
# - #<.................. ><---> User T-series Engl Metr LKFG ***

il] OU'l: ***
1 Arbor rake M 1 2 1 1 1 62 0 0
2 Arbor Ck -03710 M 2 1 1 1 1 62 0 0
3 Arbor ck M 3 1 1 1 1 62 0 0
4 Tub Lake M 4 2 1 I l 62 0 0
5 Miller Ck SR518 MS 1 I 1 1 62 0 0

S0 Trib (0371G) M I0 1 1 1 1 62 0 0
ii MI1 Ambaum Deten=ion 1 1 1 1 62 0 0
12 Trib(0354) M 12 1 1 l 1 62 0 0
13 Burien Lake M 13 2 1 l 1 62 0 0
14 Trib (0353) M 14 1 I I 1 62 0 0
15 M/S U/S OF 17 1 1 1 l 62 0 0
16 U/S OF 15 M/5 1 i i 1 62 0 0
17 GAGE 1 1 1 1 62 0 0
23 BASIN M23 2 1 1 1 62 0 0
24 BASIN M24 i 1 I 1 62 0 0
33 detention m3 1 1 1 1 62 0 0
34 LORA LAKE 2 1 1 I 62 0 0
35 D/5 OF VACA FARM 1 1 1 1 62 O 0
38 MC basins 1 1 1 1 62 0 0
50 sr 518 1 1 1 1 62 0 0
52 U/S OF LAKE REBA 1 1 1 1 62 0 0
53 Reba out.fl ow 1 1 1 1 62 O 0
54 Miller RDF out'flow 1 1 1 1 62 0 0

135 VACA FARMS 1 1 1 1 62 0 0
END GEN-INFO
ACTIVITY

RCHRES _**_'*********** ACtive Secl:ions *****************
# - # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
1 999 1 0 0 0 0 0 0 0 0 0

"END ACTIVITY
PRINT-INFO

RCHRES *"***********"* Printout Flags *****************_' PIVL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB *********
i 999 5 0 O 0 0 0 0 0 0 0 1 9

END PRZNT-INFO
HYDR-PARM1

RCHRES Flags for each HYDR Secl:ion *-*
# - # VC A1 A2 A3 ODFVFG for each *** ODGTFG for each FUNCT for each

FG FG FG FG possible exil: "** possible exil: possible exil:
_ _ _r _ _ _t _t _: @: _ _r ¢t _r _ _t_
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I 0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
2 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
3 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
4 0 1 0 0 4. 5 0 00 0 0 0 0 0 2 2 2 2 2

,5 12 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
13 0100 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
14 22 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2. 2 2
23 0 1 0 0 4 5 0 0 .0 0 0 0 0 0 2 2 2 2 2
24 33 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
34 0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
35 999 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2

ENDHYDR-PARM1
HYDR-PARM2
RCHRES ***
# - # FTABNO LEN DELll_ STCOR KS DB50 -_**

<......><........><--......><........>< ><........x ........> _e
1 1 O.010 O.3
2 2 0.776 0.3
3 3 0.980 O.3
4 4 0.010 0.3
5 5 0.380. 0.3
lO I0 O.380 O.3
11 11 O. 010 O.3
12 12 I.000 O.3
13 13 O.015 O.3
14 14 0.450 0.3
15 15 0.735 0.3
16 16 O.587 O.3
17 17 O.379 O.3
23 23 0.379 300.0 0.3
24 24 0. 379 0.3
33 33 0. 200 0.3
34 34 0.852 0.3
35 35 0.663 0.3
38 38 O.010 O. 3
50 50 O.010 O.3
52 52 O.010 O. 3
53 53 O. 010 O.3
54 54 O,010 0.3

135 135 0.350 0.3
ENDHYDR-PARM2
HYDR-INIT
RCHRE5 znitial conditions for each HYDR sec=ion "**
# - # *** VOL Initial value of COLIND Initial value of oLrrD_r

*** ac-ft for each possible exit for each possible exit
<......><........> ,---,---,,---,,---,,---, *** ,___,,___,___,,___,,___,
1 2.0 4.0 5.0
2 0.0 4.0
3 0.0 4.0 5.0
4 2.0 4.0
5 0.0 4.0

I0 0.0 4.0
11 0.0 4.0
12 0.0 4.0
13 I0.0 4.0 S.O
14 0.0 4.0
15 O.0 4.0
16 O.0 4.0
17 0.0 4.0
23 6.0 4.0 5.0
24 0.0 4,D
33 0.0 4.0
34 9.0 4,0 5.0
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35 0.1 4.0
38 0.1 4.0
50 0.0 4.0
52 0.0 4.0
53 0.1 4.0
54 2.25 4.0

235 0.00 4.0
END HYDR-INIT

END RCHRE5

FTABLE5
_*_UPPER BASIN

FTABLE 1
ROWSCOLS ***

11 5
DEPTH AREA VOLUME OUTFLOWOUTFLOW2*_*
0.00 3.00 0.00 0.00 0.00
2.50 3.00 7.50 0.00 0.11
3.00 3.00 9.00 1.80 0.Ii
3.50 3.30 10.58 5.00 0.11
4.00 3.60 12.30 10.90 0.ii
4.50 3.90 14.18 17.50 0.ii
5.00 4.10 16.18 25.20 0.Ii

• 5.50 4.30 18.28 32.50 0.Ii
6.00 4.50 20.48 35.90 0.11
7.00 5.00 25.23 38.10 0.ii
8.00 5.50 30.48 46".40 0.II

• END F'TABLE 1

F'TABLE 2
ROWScoLs ***

9 4"
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.100 0.2571 0.0129 0.16
0.500 0.3873 0.1417 6.53
1.000 0.5501 0.3761 25.95
1.500 0.7128 0.6918 59.86
2.000 0.8756 1,0889 110.67
3,000 1.2011 2.1273 272.24
3.500 1.3639 2.7685 387.38
4.000 1.5266 3.4912 528.19

END F'TABLE 2

F'TABLE 3
ROWS COL5 **"

12 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.I00 0.9669 0.0483 0.13
0.500 1.0637 0.4545 4.92
1.000 1.1846 1.0165 17.12
1.500 1.3055 1.6390 34.92
2.000 1.4264 2.3220 57.95
2.500 1.5473 3.0654 86.14
3.000 1.6682 3.8693 119.53
3.500 1.7891 4.7336 158.24
4.000 1.9100 5.6584 202.41
4.500 2.0294 6.6310 251.52
5.000 2.1488 7.6624 306.28

END FTABLE 3
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FTABLE 4
R0WS CDLS ***

7 5
DEPTH AREA VOLUME OUTFLOWOUTFL0W2***
0.00 3.00 0.00 0.00 0.00
2.50 4.50 9.38 0.00 0.31
3.00 "6.00 12.00 6.00 0.11
4.00 10.00 20.00 13.00 0.11
5.00 15.00 32.50 20.00 0.II
6.00 20.00 50.00 26.00 0,11
7.00 25.00 72.50 168.00 0.11

END FTABLE 4

FTABLE 5
ROWSCOLS***

10 4
DEPTH AREA VOLUME OUTFLOW***
0.000 0.0000 0.0000 0.00
0.i00 0.i010 0,0051 0.03
0.500 0.1754 0.0603 1.46
1.000 0.2684 0.1713 6.16
1.500 0.3614 0.3288 14.89

2.000 0.4544 0.5327 28.48
2.500 0.5474 0.7832 47.70
3.000 0.6404 1.08D2 73.29
3.500 0.7334 1.4236 105,94
4.000 0.8264 1.8136 146.33

ENDFTABLE 5

FTABLE I0
ROWSCOLS***

9 4
DEPTH AREA VOLUME OUTFLOW***
0,000 0.0000 0.0000 0.00
0.I00 0.I010 0.0051 0.06
0.500 0.1660 0.0585 2.27
1.000 0.2472 0.1618 9.32
1.500 0.3285 0.3057 22.08
2.000 0.4097 0.4902 41.66
.2.500 0.4909 0.7154 69.09

, 3.000 0.5722 0.9811 105.37
4.000 0.6887 1.6116 209.70

END FTABLE iU

POST AMBAUM DETENTION ***
FTABLE II

ROWSCOLS***
11 4

DEPTH AREA VOLUME OUTFLOW***
0.000 0.0000 0.0000 0.00
1.000 0.1000 0.2300 3,90
2.000 0.2000 0.6000 6.30
3.000 0.3000 0.9700 8.I0
4.000 0.4000 1.3400 11.10
5.000 0.5000 1.8200 16.00
6.000 0.6000 2.2700 19.10
7.000 0.7000 2.8300 21.60
8.000 0.8000 3.3700 30.80
9.000 0.9000 4.0000 38.10

10.000 1.0000 4.6500 74.10
10.500 I.I000 5.2000 133.00
11.000 1.1500 5.3000 500.00
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END FTABLE 11

FTABLE 12
ROWSCOLS ***

6 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.100 0.6327 0.0316 0.15
0.500 0.7960 0.3174 5.87
!.000 1.0002 0.7664 21.53
1.500 1.2043 1.3176 46.43
2.000 1.4085 1.9708 81.20
3.000 1.8168 3.5834 183.79
4.000 2.2251 5.6044 336.22
5.000 2.6335 8.0337 545.30
6.000 3.0418 10.8713 817.51

END FTABLE 12

FTABLE 13
ROWSCOLS ***

7 5
DEPTH AREA VOLUME OUTFLOW OUTFLOW2***
0.000 40. 000 0.0000 0.00 0.00
1.000 41.400 40.000 0.00 0.ii
1.500 42.000 601000 i0.00 0.11
2.000 42.700 80.000 16.00 0.11
2.500 43.300 100.00 20.00 0.13.
3.000 44.000 120.00 28.00 0.1"1
5.000 45.000 210.00 45.00 0.1.1.

END FTABLE 13

FTABLE 14
" ROW5 COLS *_*

6 4

DEPTH AREA VOLUME OUTFEOW ***
0.000 0.0000 0.0000 0.00
0.100 0.3361 0.0168 0.24
0.500 0.3809 0.1602 9.04
1.000 0.4370 0.3647 31.61
1.500 0.4930 0.5972 65.00
2.000 0.5491 0.8577 108.85

, 2.500 0.6051 1.1462 163.33
3.000 0.6612 1.4628 228.78

END FTABLE 14

FTABLE 15
ROWS COLS ***

4 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 0.10 0.00 0.00
1.00 1.00 0,55 91.00
2.00 I.I0 1.60 268.00
3.00 1.20 2.75 493.00

END FTABLE 15

FTABLE 16
ROWSCOLS ***

4 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 0.I0 0.00 0.00
1.00 1.00 0.55 74.00
2.00 1.10 1.60 219.00
3.00 1.20 2.75 403.00
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END F'FABLE 16

I_J'ABLE 17
ROWSCOL5 ***

5 4
DEPTH • AREA VOLUME OUTFLOW _*
0.00 0.10 0.00 0.00
i.O0 I.O0 O.55 59.O0
2.00 1.10 1.60 173.00
3.00 1.20 2.75 318.00
4,00 1.30 4.00 484.00

END FTABLE 17

FTABLE 23
_OWSCOLS *_* HERMES

9 5
DEPTH AREA VOLUME OUTFLOW OUTFLOW ***

0.00 0.00 0.00 0.00 0.00 0.00
5.00 0.50 1.91 0.00 0.00 305.00

:1.1..00 0.79 5.79 0.00 0.00 311.00
15.00 1.13 9.64 0.50 0.01 315.00
19.00 1.72 15.34 0.50 0.05 319.00
29.00 2.86 38.25 0.50 0.10 329.00
39.00 4.40 74.55 0.50 0.20 339,00
50.00 6.22 132,98 0.50 0.30 350.00
60.00 10.00 1212.98 0,50 0.40 360.00

END FTABLE 23

Ft"ABLE 24
ROW5 COLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.I00 0.2571 0.0129 0.16
0.500 0.3873 0.1417 6.53
1.000 0.5501 0.3761 25.95
1.500 0.7128 0.6918 59.86
2.000 0.8756 1.0889 110.67
3.000 1.2011 2.1273 272.24
3.500 1.3639 2.7685 387.38
4.000 1.5266 3.4912 528.19

END F'FABLE 24

FTABLE 33
ROWSCOLS ***

II 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 1.00 0.00 0.00
0.50 1.20 0.55 2.00
1.00 1.40 1.20 6.00
1.50 1.60 1.95 9.00
2.00 1.80 2.80 13.00
2.50 2.00 3.75 16.50
3. O0 2.20 4.80 20. O0
3.50 2.40 5.95 23. O0
4.00 2.60 7.20 26.00
5.00 2.80 9.90 104.O0
6.00 3.00 12.80 246.00

END F'FABLE33

FTABLE 34
ROWSCOLS *** REVISED 11/19/97 BASED ON HEC-RAS MODEL

6 5
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DEPTH AREA VOLUME OUTFLOW OUTFLOW2***
0.00 3.00 0.00 0.00 0.00
3.00 3.05 9.08 0.00 0.11
4.00 3.10 12.15 0.00 0.11
5,00 3.15 15.28 0.00 0.11
6.00" 3.20 18.45 72.0 0.3.1
7.00 3.25 21.68 225.0 0.11

END FTABLE 34

FTABLE 35
ROWSCOLS *** REVISED 11/19/97 BASED ON HECRAS MODEL

5 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 0.I0 0.00 0.00
1.00 1.10 0.60 38.00
2.00 1.20 1.75 108.00
3.00 1.30 3.00 194.00
4.00 1.40 4.35 290.00

END FTABLE 35

FTABLE 38
ROWS COLS **_

7 4
DEPTH AREA VOLUME OUTFLOW **_
0.000 0.0000 0.0000 0.00
1.000 0.4000 0.4000 2.00
1.500 0.5000 1.0000 4.00
2.000 0.9000 1.3000 11.00
2.500 1.3000 1.6000 15.00
3.000 1.6000 2.0000 18.00
3.500 1.9000 2.5000 20.80

END FTABLE 38

F-TABLE 45
ROWS COLS ***

NORTH EMPLOYEE PARKING LOT VAULT (AS-BUILT) _**
12 4

DEPTH AREA VOLUME OUTFLOW ***
0.000 0,2200 0.0000 0.00
2.000 0.2200 0.4500 1.20
4.000 0.2200 0.9000 1.70
6.000 0.2200 1.3400 2.10
8.000 0.2200 1.7900 2.40

10.000 0.2200 2.2400 2.70
12.240 0.2200 2.7400 3.00
14.000 0.2200 3.1400 6.90
15.440 0.2200 3,4600 8.30
16,000 0,2200 3.5800 10.30
18.000 0.2200 4.0300 13.60
20.O00 0.2200 4,4800 30.79

END F-I'ABLE 45

F'TABLE 50
ROWS COLS ***

I0 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 1.00 0.00 0.00
0.50 i.I0 0.53 5.00
1.00 1.20 1.I0 15.00
1.50 1.30 1.73 25.00
2.00 1.40 2.40 35.00
2.50 1.50 3.13 52.00
3.00 1.60 3.90 70.00
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3.50 1.70 4.73 87.00
4.00 1.80 5.60 105.00
6.00 1.90 9.30 165.00

END FTABLE 50 l

FTABLE 52
ROWSCOLS ***

6 4
DEPTH AREA VOLUME OUTFLOW **_
0.000 0.0000 0.0000 0.00
0.100 0.3680 0.0184 0.25
0.500 0.3717 0.1664 9.39
1.000 0.3763 0.3534 31.06
2.000 0.3819 0.7325 94.37
3.000 0.3874 i.I171 174.33

END FTABLE 52

FTABLE 53
OLD LAKE REBA ***
MAX DEPTH = 4.9 FEET _**
30" C/4P, 40 CFS DISCHARGE AT MAX DEPTH ***
ROWSCOL5 ***

7 4
DEPTH AREA VOLUME OUTFLOW ***
0,000 2.4000 0.0000 0.00

.. 1.000 2.5800 2.5000 18.00
2.000 2.9400 5.3000 26.00
3.000 3.4100 8.4000 31.00
4.000 3.8800 12.100 36,00
4.900 4.3000 15.800 40,00

.'" 6.000 4.3000 15.810 500.00
END FTABLE 53

FTABLE 54

EXISTING MILLER CREEK DETENTION FACILITY*** REVISED STORAGE/Q DATA
GATE SETTING: 2.0 FEET**_
ROWSCOLS ***

12 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.00 0.00 0.00
1.300 0.01 0.01 i0.00
2.000 0.01 0.02 20.00
2.900 0.70 0.40 30.00
4.000 1.50 1.50 40.00
5.400 3.50 4.90 50.00
7.000 8.60 13.30 60.00
8.800 15.60 34.80 70.00

I0.000 19.90 57.30 76.00
10.500 21.50 68.00 92.00
11.000 23.10 78.80 179.00
11.500 24.70 88.60 303.00

END FTABLE 54

PRE AMBAUMDETENTION _**
FTABLE 111 •

ROWSCOLS ***
3.2 4

DEPTH AREA VOLUME OUTFLOW *_*
0.000 0.0000 0.0000 0.00
0.500 0.2160 0.0750 5.30
1.000 0.2730 0.1990 21.10
1.500 0.2890 0.3410 43.90
2.000 0.2900 0.4830 68.80
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2.500 0.2910 0.5070 89.10
3.000 0.2950 0.6820 90.00
3.500 0.3000 2.1000 i00.00
4.000 0.3050 2.5000 105.00
4.500 0.3100 3.0000 110.00
5.000 0.3200 3.5000 120.00
5.500 0.3300 4.0000 130.00

END FTABLEllt

FTABLE 135
ROWSCOLS **_ VACA FARM

6 4
DEPTH AREA VOLUME OUTFLOW ***

0,00 0.I0 0.00 0.00
1.00 0.I0 0.10 4.00
2.00 0.11 0.21 8.00
2.50 1.00 0.48 13.00
3.50 6.50 4.23 86.00
4.50 13.00 13.98 235.00

END FTABLE135

END FTABLES
=

MASS-LINK

<Volume> <-Grp> <-Member-><--Mult--> <Target> <-Grp> <-Member->***
<Name> <Name># #<-factor-> <Name> <Name> # #***

•" MASS-LINK 1

conversion from acre-inches to acre-_c Ci/12) ***
PERLND PWATER PERO 0.0833333 RCHRE5 INFLOW IVOL

END MASS-LINK 1

MASS-LINK 2
iMPLND IWATER SURO 0.0833333 RCHRES INFLOW IVOL

END MASS-LINK 2

MASS-LINK 3

RCHRES ROFLOW RCHRES INFLOW
END MASS-LINK 3

MASS-LiNK 4

RCHRES OFLOW OVOL 1 RCHRE5 INFLOW IVOL
END MASS-LINK 4

MASS-LINK 5

RCHRES OFLOW OVOL 2 RCHRE5 INFLOW IVOL
END MASS-LINK 5

MASS-LINK 6

PERLND PWATER SURO 0.0833333 RCHRE5 INFLOW IVOL
PERLND PWATER IFWO 0.0833333 RCHRES INFLOW IVOL

END MASS-LINK 6

MA55-LINK 7

PERLND PWATERAGWO 0.0833333 RCHRES INFLOW IVOL _
END MASS-LINK 7

MASS-L/NK 8

PERLND PWATERPERO 0.0833333 COPY INPUT MEAN
END MASS-LINK 8
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MASS-LINK 12

PERLND PWATER AGWO 0.0833333 COPY INPUT MEAN
END MASS-LINK 12

MASS- LINK 9

IMPLND IWATER SURO 0.0833333 COPY INPUT MEAN
END NASS-L'rNK 9

MASS-LINK i0

COPY OUTPUT MEAN RCNRES INFLOW IVOL
END MASS-LINK i0

END MASS-LINK
END RUN
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ENDNETWORK

RCHRES
GEN-INFO
RCHRE5 Name Nexits Unit Systems Printer **_
# - #<..................><---> User T-series Engl Mezr LKFG ***

in out ***
1 Arbor Lake M 1 2 1 Z i 62 0 0
2 Arbor ck -03710M 2 1 1 I 1 62 0 0
3 Arbor ck M 3 1 1 1 1 62 0 0
4 Tub Lake M 4 2 1 1 1 62 0 0
5 Miller Ck SRSI8 M5 1 1 1 1 62 0 0
20 Trib (0371G) M Z0 1 1 1 1 62 0 0
11 Mll Ambaum Detention 1 I 1 1 62 0 0
12 TribC0354) M 12 I 1 1 1 62 0 0
13 surien Lake M 12 2 1 1 1 62 0 0
14 Trib (0353) M 14 1 1 1 1 62 0 0
15 M/5 U/S OF 17 l l 1 1 62 0 0
16 U/S OF 15 M/5 1 1 1 1 62 0 0
17 GAGE 1 1 1 1 62 0 0
23 BASIN M23 2 'I 1 1 62 0 0
24 BASIN M24 1 1 1 1 52 0 0
33 dezen_ion m3 1 1 1 1 62 0 0
34 LORALAKE 2 1 1 1 62 0 0
35 D/S OF VACA FARM 1 1 ! 1 62' 0 0
37 sdn3ai vault 1 1 1 1 62 0 0
38 MC basins 1 1 1 1 62 0 0

_** 39 SDN3A/SDWIA POC 1 1 1 1 62 0 0
43 sdn3 pond 1 1 1 1 62 0 0

**e 44 sdn4 pond 1 1 1 1 62 0 0
*** 45 nepl poc • 1 1 1 1 62 0 0

46 cargo pond 1 1 1 1 62 0 0
47 sdwla infiltration 2 1 1 l 62 0 0
50 sr 518 1 1 1 1 62 0 0
51 SDN2X+SDN4X 1 "I 1 1 62 0 O
52 U/S OF LAKEREBA 1 1 1 1 62 0 0
53 Reba outflow 1 1 1 1 62 0 0
54 Miller RDF outflow 1 1 1 1 62 0 0
57 sdwlb pond 1 1 1 1 62 0 0

135 VACAFARMS 1 t 1 1 62 O 0
147 sdwla vault 2 t 1 1 62 0 0
237 sdnBao-pond c 1 1 1 1 62 0 0
240 iws-ncps 2 1 1 1 62 0 0
242 lws-nsmps 2 1 1 1 62 0 0
247 sdwla pond g 2 1 1 1 62 0 0
257 sdwlb infiltration 2 1 1 1 62 0 0
451 nepl VAULT 1 1 1 1 62 0 0
452 nepl VAULT 1 1 1 1 62 0 0
552 5DNI POC 1 1 1 1 62 0 0
570 5DWIB flow splitter 2 1 1 1 62 0 0

,3. 645 nepl POC 1 1 1 i 62 0 0
ENDGEN-INFO

ACTIVITY
RCHRES************3**ACtiVe Sections ***************_*
# - # HYFGADFGCNFGHTFGSDFGGQFGOXFGNUFGPKFGPHFG ***
1 999 1 0 0 0 0 0 0 0 0 0

ENDAC'VIVITY

PRINT-INFO

RCHRES ***************Printout Flags ******************PIVL PYR
# - # HYDRADCACONSHEAT SED GQLOXRXNUTRPLNK PHCB*********
1 999 5 0 0 0 0 0 0 0 0 0 1 9

Page 15

AR 020314



File Mlowf_o4.inp, Printed Monday, December 10, 2001END PRINT-INFO

HYDR-PARN1
RCHRES Flags for each HYDRSecTion ***
# - # VC A1 A2 A3 ODFVFGfor each *** ODGTFGfor each FUNCT for each

FG FG FG FG possible exit *** possible exit possible exit .

i "0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
2 0 0 0 0 4 0.0 0 0 0 0 0 0 0 2 2 2 2 2
3 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
4 0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
5 12 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2

13 0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
24 22 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
23 0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
24 33 0 0 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
34 0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
35 46 0 1 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
47 0 1 0 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
50 54 0 1 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
57 0 1 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2

100 135 0 1 1 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
147 0 1 1 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
237 0 1 1 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
240 300 0 1 1 0 4 5 0 0 0 0 0 0 0 0 ' 2 2 2 2 2
301 552 0 1 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
570 0 1 1 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2END HYDR-PARM1

HYDR-PARM2
RCHRES

# - # FTABNO LEN DELTH STCOR KS DB50 ***
< ....... >< -------_--->< ......... >< --_----.>< ................>< ><- ....... _ _

1 1 0.010 0.3
2 2 0.776 0.3
3 3 0.980 0.3
4 4 0,010 0,3
5 5 0.380 0.3

10 10 0.380 0.3
II ii 0.010 0.3
12 12 1.000 0.3
13 13 0.015 0.3
14 14 0.450 0.3
15 15 0.735 0.3
16 16 0.587 0.3
17 17 0.379 0.3
23 23 0.379 0.0 0.3
24 24 0.379 0,3
33 33 0.200 0.3
34 34 0. 852 O. 3
35 35 0.663 0.3
37 37 0,010 0.0 0.3
38 38 O.OlO 0.3
43 43 0.010 0.3
46 46 0.010 0.3
47 47 0.010 0.0 0.3
50 50 0. 010 0.3
51 51 O.010 O.3
52 52 O. 010 0,3
53 53 0.010 0.3
54 54 0.010 0,0 0.3
57 57 0.010 0.0 0.3

135 135 0.350 0.3
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147 147 O.010 0.0 O,3
237 237 0.010 O.D 0.3
240 240 0.010 0.3
242 242 0.010 0.3
247 247 0,010 0.0 0,3
257 257 0.010 0,0 0,3
451 "451 0.010 0,0 0,3
4"52 452 O.010 O.0 0.3
552 552 0.010 0.0 0.3
570 570 0.010 0.0 O.3
ENDHYDR-PARN2

HYDR-INIT
RCHRES Initial conditions for each HYDR seCcion ***
# - # *** VOL :Cni_ial value of COLIND Initial value of OUTDGT

*** ac-ft for each possible exi'c for each possible exi'c
<......><........> .---..---..---..---..---.*** .__...___..__...___..___.
I 2.0 4.0 5.0
2 0.0 4.0
3 0.0 4.0
4 2.0 4.0 5.0
5 0.0 4.0
10 0.0 4.0
11 O.0 4.0
12 0.0 4.0
13 10.0 4.0 5.0
14 0.0 4.0
15 0.0 4.0
16 0.0 4.0
17 0.0 4.0
23 6.0 4.0 5.0
24 0.0 4.0
33 0.0 4.0
34 9.O 4.0 5.0
35 0.I 4.0
37 0.0 4.0
38 0.1 4.0
43 0.0 4.0
46 0.0 4.0
47 0.0 4.0 5.0
50 0.0 4,0

,51 0.0 4,0
52 0.0 4.0
53 0.i 4.0
54 2.25 4.0
57 0.0 4.0

237 0.00 4.0
147 1.00 4.0 5,0
135 0.00 4,0
240 0,0 4.0 5.0
242 0.0 4,0 5.0
247 0.0 4,0 5,0
257 0,0 4.0 5.0
451 0.0 4.0
452 O.0 4,0
552 0.0 4.0
570 0.0 4.0 5,0
ENDHYDR-INIT

ENDRCHRE5

FTABLES
***UPPER BASIN
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FTABLE 1
*** REVISED 8/16/00 ADDED 2ND OUTFLOW

ROWS COLS ***
11 5

DEPTH AREA VOLUME OUTFLOWOUTFLOW2***
0.00 3,00 0.00 0.00 0,00
2.50 3.00 7.50 0,00 0.11
3. O0 3. O0 9. O0 1.80 O. 11
3.50 3.30 10.58 5.00 0.13.
4,00 3.60 12.30 10.90 0.11
4.50 3.90 14.18 17.50 0.11
5 .O0 4.10 16.18 26.20 0.13.
5.50 4.30 18.28 32.50 0.11
6.00 4.50 20.48 35.90 0.II
7.00 5.00 25.23 38.I0 O.ll
8.00 5.50 30.48 46.40 0.II

END FTABLE 1

F'FABLE 2
ROWS COLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.00O0 0.00

. 0.100 0.2571 0.0129 0.16
0.500 0.3873 0.1417 6.53
1.000 0.5501 0.3761 25.95
1.500 0.7128 0.6918 59.86
2.000 0.8756 1.0889 110.67
3.000 1.2011 2.1273 272.24
9.500 1.3639 2.7685 387,38
4.000 1.5266 3.4912 528.19

END F'FABLE 2

FTABLE 3
ROWS COLS ***

12 4
DEPTH AREA VOLUME OUTFLOW' ***
0.000 O.O000 0.0000 0.00
0.I00 0.9669 0.0483 0.13
0.500, 1.0637 0.4545 4.92
1.000 1.1846 1.0165 17.12
1.500 1.3055 1.6390 34.92
2.000 1.4264 2.3220 57.95
2.500 t.5473 3.0654 86.14
3.000 1.6682 3.8693 119.53
3.500 1.7891 4.7336 158.24
4.000 1.9100 5.6584 202.41
4.500 2.0294 6.6310 251.52
5,000 2.1488 7.6624 306.28

END F'I'ABLE 3

FTABLE 4
*** REVISED 8/16/00 ADDED 2ND OUTFLOW

ROWSCOLS ***
7 5

DEPTH AREA VOLUME OUTFLOWOUTFLOW2***
O. O0 3. O0 O. O0 O. O0 O. O0
2.50 4.50 9.38 0.00 0.11
3.00 6.00 12.00 6.00 0.II
4.00 10.00 20.00 13.00 0.1.1
5.00 15.00 32.50 20.00 0.11
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6.00 20,00 50.00 26.00 0.11
7,00 25.00 72.50 168.00 0.11

END FTABLE 4

FTABLE 5
ROWSCOLS ***

10 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0,0000 0.00
0.I00 0.I010 0.0051 0.03
0.500 0,1754 0.0603 1.46
1.000 0.2684 0.1713 6.16
1.500 0.3614 0.3288 14.89
2.000 0,4544 0.5327 28.48
2.500 0.5474 0.7832 47.70
3.000 0.6404 1.0801 73.29
3.500 0,7334 1.4236 105.94
4.000 0.8264 1.8136 146,33

END FTABLE 5

FTABLE 10
ROWS COLS ***

9 4

.DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.100 0.1010 0.0051 0.06
0.500 0.1660 0.0585 2.27
1.000 0,2472 0.1618 9.32
1.500 0.3285 0.3057 22.08
2.000 0.4097 0.4902 41.66
2.500 0.4909 0.7154 69.09
3.000 0.5722 0.9811 105.37
4. 000 0. 6887 1. 6116 209.70

END FTABLE 10

POST AMBAUMDE'TEN'F/ON ***
FTABLE iI

ROWSCOLS *=*
12 4

DEPTH AREA VOLUME OUTFLOW ***
.0.000 0.0000 0,0000 0.00
1.000 O.IOOQ 0.2300 3.90
2.000 0.2000 0.6000 6.30
3.000 0.3000 0.9700 8.10
4.000 0.4000 1.3400 11,10
5.000 0.5000 1.8200 16,00
6.000 0.6000 2.2700 19.10
7.000 0.7000 2.8300 21.60
8.000 0.8000 3.3700 30.80
9.000 0.9000 4,0000 38,10

i0.000 1.0000 4.6500 74.10
10.500 I.I000 5.2000 133.00
11.000 1.1500 6.0000 500.00
11.500 1.3000 11.000 1300.00

END FTABLE Ii

FTABLE 12
ROWSCOLS ***

6 4
DEPTH AREA VOLUME OUTFLOW **_
0.000 0.0000 0,0000 0.00
0.100 0.6327 0.0316 0.15
0.500 0.7960 0.3174 5.87
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1.000 1.0002 0.7664 21.53
1.500 1.2043 1.3176 46.43
2.000 1.4085 1.9708 81.20
3.000 1.8168 3.5834 183.79
4.000 2.2251 5.6044 336.22
5.000 2.6335 8.0337 545.30
6.000 3.0418 10.8713 817.51

END FTABLE 12

F'TABLE 13
_*_ REVISED8/16/00 ADDED2ND OUTFLOW

ROWSCOLS ***
7 5

DEPTH AREA VOLUME OUTFLOW OUTFLOW2***
0.000 40.000 0.0000 0.00 0.00
1.000 41.400 40,000 0.00 0.!I
1.500 42.000 60.000 IO.00 0.;LI
2,000 42,700 80.000 16.00 0,11
2,500 43,300 100.00 20.00 O.Ii
3.000 ,44.000 120.00 28.00 O.Ii
5.000 45.000 210,00 45,00 0.ii

ENDFTABLE 13

FTABLE 14
ROWSCOL5 ***

6 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.100 0.3361 0.0168 0.24
0.500 0.3809 0.1602 9.04
1.000 0.4370 0.3647 31.61
1.500 0.4930 0.5972 65.00
2,000 0.5491 0.8577 108.85
2.500 0.6051 1.1462 163.33
3.000 0.6612 1,4628 228.78

END FTABLE 14

FTABLE 15
ROWS COLS ***"

4 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 0.i0 0.0q 0.00
1,00 1,00 0.55 91.00
2.00 l.lO 1.60 268.00
3.00 1,20 2.75 493.00

ENDFTABLE15

F'TABLE 16
ROWSCOLS***

4 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 0.10 0.00 0.00
1.00 1.00 0.55 74,00
2,00 I,I0 1.60 219.00
3.00 1.20 2.75 403.00

ENDFTABL£16

F'TABLE 17
ROWSCOL5 ***

5 4
DEPTH AREA VOLUME OUTFLOW***
0.00 0.I0 0,00 0.00
1.00 1.00 0.55 59.00
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2.00 1.10 1.60 173.00
3,00 1.20 2.75 318.00
4.00 1.30 4.00 484.00

END F'rABLE 17

FTABLE 23
ROWS COLS *** HERMES

9 5

DEPTH AREA VOLUME OUTFLOW OUTFLOW ***
0.00 0.00 0.00 0.00 0.00 0.00
5.00 0.50 1.91 0.00 0.00 305,00

11.00 0.79 5.79 0.00 0.00 311.00
15.00 1.13 9.64 0.50 0.01 315.00
19.00 1.72 15.34 0.50 0.05 319.00
29.00 2.86 38.25 0.50 0.10 329.00
39.00 4.40 74.55 0.50 0.20 339.00
50.00 6.22 132.98 0.50 0.30 350.00
60.00 I0.00 1212.98 0.50 0.40 360.00END FTABLE 23

FT'ABLE 24
ROWS COLS ***

9 4

DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.i00 0.2571 0.0129 0.16
0.500 0.3873 0.1417 6.53
!.OOO 0.5501 0.3761 25.95
1.500 0.7128 0.6918 59.86
2.000 0.8756 1.0889 110.67
3.000 1.2011 2.1273" 272.24
3.500 1.3639 2.7685 387.38
4.000 1.5266 3.4912 528.19

END FTABLE 24

FTABLE 33
ROWS COL5 ***

11 4

DEPTH AREA VOLUME OUTFLOW ***
0.00 1.00 0.00 0;00
0.50 1.20 0.55 2.00
1.00 1.40 1.20 6.00
1.50 1.60 1.95 9.00
2.00 1.80 2.80 13.00
2.50 2.00 3.75 16.50
3.00 2.20 4.80 20.00
3.50 2.40 5.95 23.OO
4.00 2.60 7.20 26.00
5.00 2.80 9.90 104.00
6.00 3.00 12.80 246.00

END F'TABLE 33

FTABLE 34

ROWSCOL5 *** REVISED 11/19/97 BASED ON HEC-RAS MODEL
**" REVISED 8/16/O0 ADDED 2NO OUTFLOW

6 5

DEPTH AREA VOLUME OUTFLOWOUTFLOW2***
0.00 3.00 0.00 0.00 0.00
3.00 3.05 9,08 0.00 0.11
4.00 3.10 12.15 0.00 0.11
5.00 3.15 15.28 0.00 0.Ii
6.00 3.20 18,45 72.0 0.II
7.00 3.25 21.68 225.0 0.11
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END FTABLE 34

FTABLE 35
ROWS COLS 4.4 REVISED 11/19/97 BASED ON"HECRAS MODEL

5 4
DEPTH" AREA VOLUME OUTFLOW ..4
0.00 0.10 0.O0 0.00
I.00 i.1O 0.60 38.00
2.00 1.20 1.75 108.00
3.00 1.30 3. O0 194.00
4.00 1.40 4.35 290.00

END F-FABLE35

FTABLE 38
ROWSCOLS ***

7 4
DEPTH AREA VOLUME OUTFLOW_**
0.000 0.0000 0.0D00 0.00
1.000 0.4000 0.4000 2.00
1.500 0.5000 1.0000 4.00
2.000 0.9000 1.3000 i1.00
2.500 1.3000 1.6000 15.00
3.000 1.6000 2.0000 18.00
3.500 1.9000 2.5000 20.80

ENDFTABLE38

FTABLE 45
ROWS COLS **4

4 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0010 0.0000 0.00
0.000 0.0100 0.0100 10.00
0.100 0.I000 0.I000 I00.00
1.000 1.0000 1.OO00 1000.00

10.000 10.0000 10.0000 10000.00
END FTABLE 45

F'TABLE 645
ROWSCOLS***

4 4
DEPTH AREA VOLUME OUTFLOW *.4 &

0.000 0.0010 0.0000 0.00
0.000 0.0100 0.0100 I0.00
0.i00 0.I000 0.1000 100.00
1.000 1.0000 1.0000 1000.00

I0.000 10.0000 I0.0000 i0000.00
ENDFTABLE645

F'TABLE 50
ROWSCOLS***
10 4

DEPTH AREA VOLUME OUTFLOW **4
0.00 1.00 0.00 0.00
0.50 1.10 0.53 5.00
1.00 1.20 I.I0 15.00
1.50 1.30 1.73 25.00
2.00 1.40 2,40 35.00
2.50 1.50 3.13 52.00
3.00 1.60 3.90 70.00
3.50 1.70 4.73 87.00
4.00 1.80 5.60 105.00
6.00 1.90 9.30 165.00
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END FTABLE 50

FTABLE 52
ROWS COLS ***

6 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.100 0.3680 0.0184 0.25
0.500 0.3717 0.1664 9.39
1.000 0.3763 0.3534 31.06
2.000 0.3819 0.7325 94.37
3.000 0.3874 1.1171 174.33

END F'TABLE 52

F'TABLE 552
ROWS COL5 *** SDN1 VAULT EFFECTIVE DEPTH=12 FT RISER=24 ENCHES

1.5 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.4308 0.0000 0.00
1.290 0.4308 0.6520 0.111
2.130 0.4308 1.0760 0.143
3.530 0.4308 1.7830 0.184
4,640 0.4308 2.3430 0.211
5.200 0.4308 2.6260 0.223
6.320 0.4308 3.1920 0.246
7.430 0.4308 3.7530 0.267
8.200 0.4308 4,1410 0.280
9.220 0.4308 4.6570 0,407

10.190 0.4308 5.1460 0.567
," 11,250 0.4308 5.6820 0.954

_. 12.100 0.4308 6.1110 2.130
• 12.300 0.4308 6.2120 4.730

13.700 0.4308 6.9190 21.360
END FTABLE552

F'TABLE 53
OLD LAKE REBA ***
MAX DEPTH = 4.9 FEET ***
30" CMP, 40 CFS DISCHARGE AT MAX DEPTH ***
ROWSCOLS _**

7 4
DEPTH AREA VOLUME OUTFLOW =**
0.000 2.4000 0.0000 0.00
1.000 2.5800 2.5000 18.00
2.000 2.9400 5.3000 26.00
3.000 3.4100 8.4000 31.00
4.000 3.8800 12.100 36.00
4.900 4.3000 15.800 40.00
6.000 4.3000 15.810 500.00

END FTABLE 53

FTABLE 54

EXISTING MILLER CREEK DETENTION FACILITY*** REVISED STORAGE/Q DATA
GATE 5E'_'ING: 2.0 FEET*** BASED ON CALIBRATION FILE
ROWSCOLS ***

12 4
DEPTH AREA VOLUME OUTFLOW *=*
0.000 0.00 0.00 0.00
1.300 0.01 0.01 10.00
2.000 0.01 0.02 20.00
2.900 0.70 0.40 30.00
4.000 1.50 1.50 40.00
5.400 3.50 4.90 50.00
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7.000 8.60 13.30 60.00
8. 800 15.60 34.80 70. O0

10.000 19.90 57.30 76.00
10.500 21.50 6B.O0 92.00
II.000 23.10 78.80 179.00
11.500 24.70 88.60 303.00

END FTABLE 54

FTABLE 104
MILLER CREEK DETENTION FACILITY*** WITH ADD'L AREA 1+AREA 2 55.5 ACFT @ lOFT
GATE SE-I'FING:2.0 FEET*** EXISTING OUTLET NO LOW FLOW CONTROL
ROWS COLS ***

17 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.500 0.0100 0.0100 2.50
1.500 0.0300 0.2800 14.29

. 2.500 1.1100 1.3900 24.88
3.500 2.6100 4.0000 34.51
4.500 4.6100 9.1400 43.20
5.500 7.1200 19.600 50.98
6.000 8.3600 21.180 54.53
6.500 11.870 30.060 57.87
Z.000 15.370 38.930 61.00
7.500 18.870 47.800 63.91
8.000 21.860 59.160 66.62
8.500 24.850 70.510 69.12
9,000 27.340 84.160 71.42
9.500 29.820 97.820 73.53

10.000 32.050 112.83 75.44
10.500 34.275 127.84 90.74
11.500 38.220 161.54 320.00

END FTABLEI04

FTABLE 69
PRE-IVU:LLERCREEK DETENTION FACILITY***
"ROWS COLS ***

12 4
DEPTH AREA VOLUME OUTFLOW _**
0.000 0.0000 0.000D 0.00
Q.IOO 0.1860 0.0093 0.12
0.50D 0.2552 0.0975 4.84
1.000 0,3417 0.2467 18,49
1.500 0.4282 0.4392 41.30
2.000 0.5148 0,6750 74.40
2.500 0.6013 0.9540 I19,01
3.000 0.6878 1.2763 176.30
3.500 0.7744 1.6418 247.41
4.000 0.8609 2.0506 333.43
4.500 0.9470 2.4992 434.59
5.000 1.0331 2.9905 552.33

END FTABLE 69

*** PROJECT CONDITION PONDS/VAULTS
F'TABLE 452

ROWS COL5 ***
*** NEW NORTH EMPLOYEEPARKING LOT VAULT (NEPL)
*** PARALLEL VAULT BASED ON KCRTS E;FECTIVE DEPTH=20 FT

20 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 3.214 0.000 0.000
I.II 3.214 0.826 0.129
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1.57 3.214 1.168 0.154

• 3.43 3.214 2.551 0.227
4.83 3.214 3.593 0.269
8.08 3.214 6.010 0.348

10.41 3.214 7.743 0.395
12.74 3.214 9.476 0.437
14.00 3.214 10.413 0.458
14.65 3.214 10.897 0.557
16.09 3.214 11.968 0.665
16.23 3.214 12.072 0.754
17.92 3.214 13.329 1.140
18_22 3.214 13.552 1,310
18.81 3.214 13.991 1.860
19.11 3.214 14.214 2.190
20.00 3.214 14.876 3.350
20.20 3.214 15.025 5.110
20.70 32.14 15.397 14.820
21.00 32.14 15.620 18.560

END FTABLE452

FTABLE 451
ROWSCOLS ***
*** NORTH EMPLOYEE PARKING LOT VAULT (NEPL)
#** EXISTING VAULT W/MODIFIED OUTLET EFFECTIVE DEPTH= 18.0 FT

14 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.2240 0.0000 0.00
2.170 0.2240 0.4860 0.031
4.260 0.2240 0,9550 0.043
5.930 0.2240 _.3290 0.051
8,030 0.2240 1.8000 0.059

10.120 0.2240 2.2680 0.066
12.210 0.2240 2.7360 0.073
14,040 0.2240 3.1460 0.109
15.510 0.2240 3.4760 0.166
16.220 0.2240 3.6350 0.295
18,000 0.2240 4,0340 1.080
18.400 0,2240 4.1240 5.400
19.000 0.2240 4.2580 12,680
19.900 0.2240 4.4500 17.080

END FTABLE451
J

FTABLE 46
ROWSCOLS ***

SDN-6: 24TH STREET CARGOVAULT "** EFFECTIVE DEPTH=14 FT RISER DIA=12 IN
20 4

DEPTH AREA VOLUME OUTFLOW ***
0.00 0.35 0.000 0.000
0.37 0.35 0.t31 0.021
1.19 0.35 0.421 0.037
3.39 0.35 1.3.98 0.063
5.03 0.35 1.778 0.077
7.23 0,35 2.556 0,092
9.15 0.35 3.235 0,104

10.25 0.35 3.624 0.110
10.53 0.35 3.723 0,iii
10.92 0.35 3.861 0.128
12.00 0,35 4.242 0.165
12.13 0.35 4.288 0.190
12.95 0.35 4.578 0.245
/3.77 0.35 4.868 0,282
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14.00 0.35 4.949 0.291
14.10 0.35 4.985 0,910
14.20 0.35 5.020 2.040
14.30 0.35 5.056 3.500
14.50 0.35 5.126 7.200
14.70 0.35 5.197 11.720

END F-FABLE46

*** SDW-IA: 3RD RUNWAY POND G TO MILLER CREEK CLEVEL 2): ***
F'TABLE 47
*** PROJECT SDWIA EFFECTIVE DIAMETER=3.0 FT

ROWS COLS *** INFILTRATION TANK TO OBTAIN 0.3 CFS
14 5

DEPTH AREA VOLUME STORMQ INF_LTRQ ***
0.000 0.000 0.000 0.000 0.000
0.250 0.002 0.002 0.000 0.027
0.500 0.004 0.004 0.000 0.054
1.000 0.012 0.012 0.000 0.109
1.500 0.020 0.020 0.000 0.164
2.000 0,029 0.029 0.000 0.218
2.500 0.036 0.036 0.000 0.272
3.000 0.041 0.0406 0.000 0.327
.3.100 0.041 0.0419 0.596 0.338
3.200 0.041 0.0420 1.685 0.349
3.300 0.041 0.0421 3.096 0.360
3.400 0.041 0.0422 4.766 0.371
3.500 0.041 0.0423 6.661 0.382
3.750 0.041 0.0424 12.237 0.409

END FTABLE 47

*** SDW-1A: 3RD RUNWAYNORTH POND G TO MILLER CREEK (LEVEL 29: **=
FTABLE 147
*** PRO3ECT SDW1A EFFECTIVE DEPTH=I4.0 FT RISER DIA' 24 INCHES

ROWS COLS *** VAULT BASED ON INF_LTRAI'ION=0.15CFS
17 5

DEPTH AREA VOLUME _NFIL1-RQ BYPASS Q***
0.000 0.689 0.000 0.0000 0.0000
0.010 0,689 0.007 0.1400 0.0000
1.000 0.689 0.689 0.1408 0.0000
2.000 0.689 1.377 0.1417 0.0000
4.000 0.689 2.755 0.1432 0.0000
6.000 0.689 4.132 0.1446 0.0000
8.000 0.689 5.510 0.1461 0.0000

10.000 0.689 6.887 0.1475 0,0000
12.000 0.689 8.264 0.1489 0.0000
14.000 0.689 9.642 0.1503 0.0000
16.000 0.689 11.019 0.1517 0.000D
16.750 0.689 11.536 0.1517 10.7600
16.900 0.689 11.639 0.1517 13.9600
17.000 0.689 11.708 0.1517 16.1000
17.100 0.689 11.777 0.1517 18.5700
17.300 0.689 11.915 0.1517 23.8600
18.000 0.689 12.397 0.1517 45.5400

END FTABLEI47

*** 5DW-1A:.3RD RUNWAYNORTH POND G TO MILLER CREEK (LEVEL 29: **"
F'TABLE 247

*** PROJECT SDWlA EFFECTIVE DEPTH=12.0 FT RISER DIA 12 INCHES
ROWSCOLS *** POND BASED ON INFILTRATION=0.15CFS

17 5

DEPTH AREA VOLUME STORMQ INFILTRQ *=*
0.000 1.300 0.000 0.00 0.00
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0.010 1.310 0.010 0.001 0.15
1.000 1.320 1.320 0.007 0.15
2.000 1.342 2.650 0.010 0.15
3.000 1.363 4.000 0.012 0.15
4.000 1.385 5.370 0.013 0.15
5.000 2.672 8,000 0.015 0.15
6.000 2.739 10.700 0.017 0.15
7.000 2.807 13.470 0.018 0.15
8.000 2.876 16.300 0.019 0,15
8.300 2.896 17.176 0.031 0.15
9.000 2.945 19.210 0.041 0.15

i0.000 3.014 22.180 0.051 0.15
II,000 3.084 25.228 •0.058 0.15
i_.I00 3.092 25.540 0.675 0.15
11.300 3.106 26.162 3.260 0.15
12.000 3.155 28.340 15.190 0.15

END FTABLE247

•2. SDN3A; 3RD RUNWAY VAULT TO MILLER CREEK (LEVEL 2): ***
FTABLE 37
• ** PRO3ECT C SDN3A EFFECTIVE DEPTH=If.OFT RISER DIA=24 INCHES

ROWS COLS *** VAULT BASED ON IMPERVIOUS TOP SURO
14 4

DEPTH AREA VOLUME OUTFLOW ***
0.000 '0 644 0.000 0.000
0.010 0 644 0.006 0.001
1.000 0 644 0.643 0.016
3.980 0 644 2.558 0.033
6.030 0 644 3.876 0.041
9.010 0 644 5.792 0.050

- I0.00 0 644 6.428 0.052
10.46 0 644 6.724 0.072
ii.00 0 644 7.071 0.082
11.10 0 644 7,135 0.699
11.20 0.644 7.199 1.830
11.30 0.644 7.264 3.290
11.40 0.644 7.328 5.020
11.60 0.644 7.456 9.140

END FTABLE 37

• ** $DN3A: 3RD RUNWAYPOND C TO MILLER CREEK CLEVEL 2): ***
FTABLE 237
• ** PROJECT C SDN3A EFFECTIVE DEPTH= 9.0FT RISER DIA=24 INCHES

ROWSCOLS _** POND BASED ON INTERFLOW AND PERVIOUS TOP SURO
19 4

DEPTH AREA VOLUME OUTFLOW ==*
0.000 1.3090 0.000 0.00
0.020 1.3120 0.026 0.009
1.020 !.3550 1.358 0.070
2.070 £.4030 2.806 0.I00
3.130 1.4530 4.320 0.123
4.020 1.4980 5.632 0.139
5.070 1.5460 7.229 0.156
7.750 _.6720 11.549 0.193
7.800 1.6800 11.633 0.199
7.850 1.6840 11.718 0,213
8.250 1.7050 12.395 0.249
8.340 1.7090 12.549 0.270
8.570 1.7210 12.944 0.313
8.950 1.7410 13.601 0.354
9.500 1.7690 14.567 0.399
9.600 1.7740 14.744 0.714
9.800 1.7850 15.100 2.020
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10.300 1.8110 15.999 3.840
10.900 1.8430 17.095 4.960

END FTABLE237

*** 5DN-3X: 3RD RUNWAY NORTH VAOLT (LEVEL 2): **©
FTABLE 43

ROWS COL5 *** EFFECTIVE DEPTH=20 FT RISER DIA=24 INCHES
21 4

DEPTH AREA VOLUME FLOW ' ***
(FT) CACRES) CACRE-FT) (FT3/S) ***
0.00 1.288 0.00 0.00
0.14 1.288 0.180 0.067
1.39 1.288 1.790 0.216
3.35 1.288 4.314 0.336
5.31 1.288 6.839 0.423
8.06 1.288 10.380 0.521
8.84 1.288 11.385 0.545

10.02 1.288 12.905 0.580
11.98 1.288 15.429 0.635
12.37 1.288 15.931 0.645
14.00 1.288 18,030 0.686
14.10 1.288 18.159 0.705
14.91 1.288 19.202 0.757
16.09 1.288 20.722 0.810
18.00 1.288 '23.182 0.881

. 18.32 1.288 23.594 1.150
18.76 1.288 24.161 1.360
20.00 1.288 25.758 1.680
20.10 1.288 25,886 2.320
20.50 1.288 26.402 8.620
20.80 1.288 26.788 15.370

END FTABLE 43

*** SDN-4X/2X: 3RD RUNWAY NORTH VAULT (COMBINED FACILITY)
FTABLE 51

ROWS COLS *** EFFEC"_VE DEPTH=19FT RISER DIA=24 INCHES
20 4

DEPTH AREA VOLUME OUTFLOW ***
(FT) (ACRES) (ACRE-F-F) (FT3/S) ***
0.00 0.789 0.000 0.000
0.16 0.789 0.126 0.056
1.51 0.789 1.192 0.169
3.28 0.789 2.588 0.249
5.49 0.789 4.332 0.322
7.26 0.789 5.729 0.370

10.35 0.789 8.168 0.442
12.12 0.789 9.564 0.478
13.44 0.789 10.606 0.503
14.33 0.789 11.308 0.520
15.57 0.789 12.287 0.654
16.72 0.789 13.194 0.828
17.19 0.789 13.565 0.950
17.63 0.789 13.913 1.030
18:00 0.789 14.205 1.080
19.00 0.789 14.994 1.960
19.10 0.789 15.073 2.580
19.40' 0.789 15.309 6.930
19.60 0.789 15.467 11.080
20.00 0.789 15.783 17.190

END F'TABLE 51

*** 5DW-1B:3RD RUNWAYCENTRAL 50LITH POND D TO MILLER CREEK (LEVEL 2): ***
FTABLE 57
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ROWS COLS *** EFFECTIVE DEPTH = 14.0 _I"

17 4
DEPTH AREA VOLUME STORMQ ***
(F'T) (ACRES) (ACRE-F'T) (FT3/5) ***
0.00 2.430 0.000 0.000
0.01 2.430 0.041 0.010
1.00 2.680 2.411 0.183
2.00 " 2.760 4.860 0.257
3.00 2.818 7.370 0.319
4.00 3.079 9.945 0.366
5.00 5.832 15.320 0.411
6.00 5.927 20.742 0.450
7.00 6.022 26.264 0.481
8.00 6.118 31,888 0.518
9.00 6.210 37.613 0.550

I0.00 6.311 43.441 0.583
II.00 6.408 49.372 0.609
12.00 6.607 55.406 0.634
13.00 6.405 61.543 0.764
14.00 6.504 67.786 1.320
15.00 7.000 70.000 16.600

END FTABLE 57

*** SDW-IB:3_D RUNWAY CENTRAL SOUTH POND D TO MILLER CREEK (LEVEL 2): ***
FTABLE 257
_** PRO3ECT SDWIB EFFECTIVE DIAMETER=3.0 FT

ROWSCOLS *** INFILTRATION TANK TO OBTAIN 0.2 CF5
15 5

DEPTH AREA VOLUME STORMQ INFILTRQ ***
0.000 0.001 0.000 0.000 0.000
0.010 0.001 0.001 0.000 0.002
0.250 0.002 0.002 0.000 0.017
0.500 0.004 0.004 0.000 0.035
1.000 0.012 0,012 0.000 0.071
1.500 0.020 0.020 0.000 0.106
2.000 0.029 0.029 0.000 0.142
2.500 0.036 0,036 0.000 0.178
3.000 0.041 0.0406 0.000 0.213
3.100 0.041 0.0420 0.596 0.220
3.200 0.041 0.0421 1.685 0.227
S.300 0.041 0.0422 3.096 0.233
3.400 0.041 0.0423 4.766 0.241
3.500 0.041 0.0424 6.661 0.248
3.750 0.041 0.0425 12,237 0.266

END FTABLE257

FTABLE 570
*** PRO3ECT 5DW1B FLOW 5PLI't"TER (tO 257 and 57)

ROWSCOLS *_*
15 5

DEPTH AREA VOLUME STORMQ INFILTRQ ***
0.000 0.00 0.000 0.000 0.000
0.I00 0.01 0.0002 0.000 0.050
0.400 0.01 0.0009 0.000 0.II0
0.600 0.01 0.0014 0.000 0.130
0.750 0.01 0.0017 0.000 0.150
0.800 0.01 0.0018 0.720 0.150
1.000 0.01 0.0023 8.050 0.170
1.100 0.01 0.0025 13.330 0.180
1.200 0.01 0.0027 19.440 0.190
1.300 0.01 0.0030 26.270 0.190
1.400 0.01 0.0032 33,750 0.200
1.420 0.01 0,0033 35.320 0.200
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1.440 0.01 0.0033 36.910 0.200

- 1,450 0.01 0.0034 37.920 0,200
1.460 0.01 0.0035 38.530 0.200

END F-I'ABLE570

FTABLE 61
-ROWS COLS ***
*** SDN-2X: DETAIN OVERFLOWFROMNCPS AND NSMPS-

17 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0,5740 0.0000 0.00
1.200 0.5740 0,7710 0.151
Z.220 0.5740 1.4270 0.205
3.240 0.5740 2.0830 0.247
3.650 0.5740 2.3460 0.262
4.260 0.5740 2.7380 0.283
4.660 0.5740 2.9950 0.296
5.680 0.5740 3.6510 0.327
6.640 0.5740 4.2680 0.517
7,650 0.5740 4.9170 0.644
8.670 0.5740 5.9710 0.739
9.810 0.5740 6.3570 0.836

10.700 0.5740 6.8780 0.894
12.000 0.5740 7,7130 0.978
12.100 0,5740 7.7780 1.600"
12.300 0.5740 7.9060 4.200
12.800 0.5740 8.2280 14.560

END F'TABLE 61

PRE AMBAUM DETENTION ***
FTABLE Iii

ROWS COLS ***

_. 15 4DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.'00
0.500 0.2160 0.0750 5.30
1.000 0.2730 0.1990 21.10
1,500 0.2890 0.3410 43.90
2.000 0.2900 0.4830 68.80
2.500 0.2910 0.6070 89.t0
3.000 0.2950 0.6820 90.00
3.500 0.3000 2.1000 100.00
4.000 0.3050 2.5000 105.00
4.500 0.3100 3.0000 110.00
5.000 0.3200 3.5000 120.00
5.500 0.3300 4.0000 130,00
6,000 0.3800 5.0530 166.48
6.500 0.3980 5.9430 225.31
7.000 0.4150 6.9040 320.10

END F-rABLE111

FTABLE 135
ROWS COLS *** VACA FARM

6 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 0.I0 0.00 0.00
!.00 0.I0 0.10 4.00
2.00 0.11 0.21 B.O0
2.50 1,00 0.48 13,00
3.50 6.50 4.23 86.00
4.50 13.00 13.98 235.00

END FTABLEI_5
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FTABLE 240

*** NORTH SNOWMELTPUMP STATION (SDN-2) (INSTALLED IN LATE 1997/1998}
ROWS COLS ***

14 5
DEPTH AREA VOLUME (lWS) (SDS) ***
(FT} (ACRES) (ACRE-F-F) CCF5) CCFS} ***
0.0 0.002" 0.00 0.D0 0.00

1.00 0.002 0.0023 0.00 0.00 ".
2.00 0.002 0.0046 1.67 0.00
3.00 0.002 0.0069 1.67 0.00
4.00 0.002 0.0092 1.67 0.00
5.00 0.002 0.0115 1.67 0.00
5.25 0.002 0.0121 1.67 _,53
5.50 0.002 0.0126 1,67 6.06
5.75 0.002 0.0132 i.67 12.65
6.00 0.002 0.0138 1.67 19.83
6,25 0.002 0.0144 1.67 25.66
6.50 0.002 O.0149 1.67 25.70
6.75 0.002 0.0155 1.67 26.70
7.00 0.002 0.0161 1.67 50.00

END FTABLE240

FTABLE 242
*** NORTH CARGO PUMPSTATION (SDN-2) (INSTALLED IN OCTOBER 1997)
ROWS COL5 ***

14 5
DEPTH AREA VOLUME (IWS) CSDS) ***
(FT) (ACRES) {ACRE-F'F} (CFS} (CFS) ***
0.0 0.002 0.00 0.00 0.00

1.00 0.002 0.0023 0.00 0.00
2.00 0.002 0.0046' 6.13 0.00
3.00 0,002 0.0069 6.13 0.00
4.00 0.002 0.0092 6.!3 0.00
5.00 0,002 0.0115 6.13 0.00
5.25 0.002 0.0121 6.13 0.28
5.50 0,002 0.0126 6.13 I.!6
5.75 0.002 0.0132 6.13 2.53
6.00 0.002 0.0138 6.13 4.23
6.25 0.002 0.0144 6.13 6.05
6.50 0.002 0.0149 6.13 7.72
6.75 0.002 0.0155 6.13 8.50
7.00 0.002 0.0161 6.13 20.0

END FTABLE242

END FTABLES

MASS-LINK
<Volume> <-Grp> <-Member-><--Muir--> <Target-> <-Grp> <-Member->***
<Name> <Name> # #<-fac'_or-> <Name> <Name> # #***

MASS-LINK 1
conversion from acre-inches zo acre-ft (i/12) ***

PERLND PWATER PERO 0.0833333 RCHRES INFLOW IVOL
END MASS-LINK 1

MASS-LiNK 2
IMPLND IWATER SURO 0.0833333 RCHRE5 INFLOW IVOL

END MASS-LINK 2

MASS-LINK 3
RCHRES ROFLOW RCHRES INFLOW

END MASS-LINK 3

MASS-LINK 4
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RCHRES OFLOW OVOL 1 RCHRES INFLOW IVOL

END MASS-LINK 4

MASS-LINK 5
RCHRES OFLOW OVOL 2 RCHRES INFLOW _VOL

END M_SS_LINK 5

_ASS-LINK 6
PERLND PWATER SURO 0.0833333' RCHRES INFLOW IVOL
PERLND PWATER IFWO 0.0833333 RCHRES INFLOW TVOL

END MASS-LiNK 6

MASS-LINK 7
PERLN'D PWATER AGWO 0.0833333 RCNRES INFLOW IVOL

END MASS-LINK 7

MA_S-LINK 10
COPY OUTPUT MEAN ,COPY INPUT MEAN

END MASS-LINK 10

MASS-LINK 11
RCHRES ROFLOW COPY INPUT MEAN

END MASS-LINK 3_1

MASSLLINK 12
COPY OUTPUT MEAN RCHRES INFLOW TVOL

END MASS-LINK 22

MASS-LINK 14
RCHRES OFLOW OVOL 1 COPY INPUT MEAN

END MASS-L_ENK 14

MASS-LINK 15
RCHRES OFLOW, OVOL 2 COPY INPUT MEAN

END MASS-LINK 15

MASS-LINK 21
PERLND PWATERPERO 0.0833333 COPY INPUT MEAN

END MASS- LINK 21

MASS-LINK 22
IMPLND :]:WATERSURO 0.0833333 COPY INPUT MEAN

END _SS-LINK 22

MASS-L!NK 26
PERLND PWATERSURO 0.0833333 COPY INPUT MEAN
PERLND PWATERIFWO 0.0833333 COPY INPUT MEAN

END MASS-LINK 26

MASS-LINK 27
PERLND PWATERAGWO 0.0833333 COPY INPUT MEAN

END _SS-LINK 27

MASS-LINK 28
RCHRES OFLOW OVOL 2 12 PERLND EXTNL AGWLI

END I_SS-LINK 28

END MASS-LINK

COPY
"TIMESERIES

~, Copy-opn ***
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# - # NPT NMN

37 71 1
240 242 1
357 357 1
645 645 1
END I'/MESERI E5

END COPY

END RUN
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RUN
GLOBAL

*** COPY COMMAND ADDED
_** FILE: WCPREDT.inp REVISED OCTOBER2000
*** 5EATAC AIRPORT HSPF BASIN MODELOF WALKER CREEK
*_* CAL_BR_T'£ON FILE USING FULL LENGTH RUN 1990 DATA FOR INTITIAL CONDI]-£ONS
WALKERCREEK BASIN HSPF MODEL
START 1990 10 1 0 0 END 1994 9 30 24 0
RUN INTERP OUTPUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FILES
<type> <fun>***_ ............ fname................ >
MESSU 24 D:\PARA\SEATAC\MILLER\LOWFLOW\wpredt.MES
WDM 25 D:\PARA\SEATAC\MILLER\LOWFLOW\m]ow_ow.WDM

61 D:\PARA\$EATAC\MILLER\LOWFLOW\wPER.L61
62 D: \PARA\SEATAC\MILLER\LOWFLOW\wRCH. L62

END FILES

OPN SEQUENCE
INGRP INDELT 01:00

PERLND 14
PERLND 16
PERLND 18
PERLND 24
PERLND 26
PERLND 28
PERLND 34
PERLND 44
PERLND 45
PERLND 54
PERLND 64
PERLND 65
!MPLND 14
COPY 2
COPY 1
COPY 3
RCHRE5 20
RCHRE5 19
RCHRES 18

END INGRP
END OPN SEQUENCE

COPY
1-£MESERIES
Copy-opn *_*
# - # NPT NMN *_*
1 5 1

END TIMESERIES
END COPY

PERLND
GEN-INFO

<PLS > Name NBLKS unit-systems Printer ***
# - # User t-series Eng] Metr ***

iR OUt ***
14 TFF- "FILL FOR FLT 1 1 1 1 61 0
16 TFM- T_LL FOR MOO 1 1 1 1 61 0
18 TFS- TILL FOR STP 1 ! 1 1 61 0
24 TGF- TILL GR FLT 1 1 1 1 61 0
26 TGM- TiLL GR MOD 1 1 1 1 61 0
28 TGS- TiLL GR STP 1 1 1 1 61 0
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34 OF - OUTWASH FOR 1 1 1 1 61 0
44 OG - OUTWASH GR 1 1 1 1 61 0

**_PERLND FOR NEW AIRPORT FILL; NONE IN CALIBRATION
45 AIRPORT FILL 1 1 1 1 61 0
•54 SA - WETLANDS 1 1 1 1 61 0
64 "[GM DE5 MOINE5 1 1 1 1 61 0
65 OG DES MOINES 1 1 1 1 61 0

END GEN-INFO
ACTIV1-W

<PLS > *******_***** ACtiVe Sections *****************************
# - # ATMP SNOWPWAT 5ED PST PWG PQAL MSTL PEST NITR PHOS TRAC ***

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END AL"_VI'TY
PRI_-INFO

<PLS > ********************* Print-flags ************************* PIVL PYR
# - # ATHP SNOWPWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC *,t,******

14 200 0 0 5 0 0 0 0 0 0 0 0 0 1 9
END PRINT-INFO
PWAT-PARM1

<PLS > ***************** Flags *********.*****t****
# - # CSNO RTOP UZFG VCS VUZ VNN VIFW VIRC VLE ***

14 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0
26 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0
34 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0
45 0 0 0 0 0 0 0 0 0
54 0 0 0 0 0 0 0 0 0
64 0 0 0 0 0 0 0 0 0

END PWAT-PARM1
PWAT-PARM2

<PLS • ***
# - # ***FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC

14 4. 5000 O. 0800 400.00 0. 0500 O. 5000 O. 9960
16 4. 5000 0. 0800 400.00 0,1000 0,5000 0. 9960
18 4,5000 0. 0800 200.00 0. 2000 0. 5000 0. 9960
24 4. 5000 0,0300 400.00 0. 0500 0. 5000 0. 9960
26 4,5000 O. 0300 400.00 0.1000 0. 5000 0. 9960
28 4,5000 0. 0300, 200.00 O. 2000 0. 5000 O. 9960
34 5. 0000 2. 0000 400.00 0,0500 0. 3000 0. 9960
44 5,0000 0. 8000 400.00 O. 0500 O. 3000 O. 9960
45 7.5000 0.0200 300.00 0.0700 0.0000 0.9960
54 4. 0000 2. 0000 100. O0 O. 0010 O. 5000 0. 9960
64 4.5000 0.1200 400.00 0.1000 0. 5000 0. 9990
65 5. 0000 0. B000 400,00 0.0500 0. 5000 0. 9960

END PWAT-PARM2
PWAT-PARM3

_" " <PLS >***
#- #*** P_ P_N INFEXP INFOLD DEEPFR BASE-rP AG_RETP

14 2. 0000 2. 0000 0. O0 0. O0 O. 0
16 2. 0000 2. 0000 0,00 0.00 0.0
18 2. 0000 2. 0000 O. O0 O. O0 O. 0
24 2. 0000 2. 0000 O. O0 0. O0 O.
26 2.0000 2. 0000 0,00 0, 0.
28 2. 0000 2. 0000 0.00 0. 0.
34 2.0000 2.0000 0.00 0.00 0.0
44 2.0000 2.0000 0. O0 0. 0.
45 2.0000 2.0000 0. O0 0. O.

• 54 10.000 2.0000 0.00 0. 0.7
64 2.0000 2.0000 0. O0 0. O. 0
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END PWAT-PARM3
PWAT-PARM4

<PLS > ***
# - # CEPSC UZSN , NSUR ZNTFW IRC LZETP***

14 0.2000 1.0000 0.3500 2.000 0.1500 0.7000
' 16 0.2000 0.5000 0.3500 2,000 0.1500 0.7000

18 0.2000 0.3000 0.3500 2.000 0.1500 0.7000
24 0.1000 0.5000 0.2500 2.000 0.1500 0.2500
26 0.1000 0.2500 0,2500 2.000 0.1500 0.2500
28 0.!000 0.1500 0.2500 2.000 0.1500 0.2500
34 0.2000 0.5000 0.3500 0.000 0.5000 0.7000
44 0.1000 0.5000 0.2500 0.000 0.5000 0.2500
45 0.1000 0.2800 0.2500 6.000 0.1500 0.6000
54 0.1000 3,0000 0.5000 1.000 0.7000 0.8000
64 0.1000 0.2500 0.2500 3.000 0.5000 0.2500
65 O. 1000 O. 5000 O. 2500 O.000 O. 5000 O. 2500

END PWAT-PARM4
PWAT-STATE!

<PLS > PWATER state variables***
# - #*** CEPS SURS UZS ZFWS LZS AGWS G_S

14 0.000 0. 0.0200 0.00 0.020 3,50 0.045
16 0.000 0. 0.0010 0.00 0.020 3.51 0.047
18 0.000 0. 0.0000 0.00 0.020 3.49 0.047
26 0.000 0. 0.0000 0.00 1.758 2.90 0.043
28 0.000 0. 0.0000 0.00 1.598 2,81 0.041
34 0.000 0. 0.0000 0.00 1.516 2.74 0.039
44 0,000 0, 0.0000 0.00 2,756 6.25 0.134
45 0.000 0. 0.0000 0.00 0.373 3.01 0.000
54 0.000 0. 0.3650 0.00 0.561 0.00 0,000

64 0.000 O. 0.0000 0.00 1.978 22.28 0,000
65 0,000 O. 0.0000 0.00 0,000 20.00 0,000
80 0.000 0. 0.0000 0.00 1.75B 2.90 0.043

END PWAT-STATE!
END PERLND
IMPLND

GEN-INFO
<IL5 > Name uni¢-systeJns PrinCer *_*
# - # User t-series Engl Metr ***

in OUt ***
!4 IMPERVIOUS 1 1 1 60 0

END GEN-_NFO
ACTIVZTY

<ILS > ************* ACtive Sections ****
# - # ATMP SNOW_WAT SLD IWG IQAL ***

14 0 0 1 0 0 0
END AC'_
PRINT-INFO

<ZLS > ******** Print-_lags **,***** PIVL PYR
# - # ATMP SNOW IWAT SLD IWG IQAL *********

14 0 0 6 0 0 0 1 9
EN_ PRINT-INFO
IWAT- PARMZ

<ILS • Flags *** ***
# -" # CSNO RTOP VRS VNN RTLZ *** ***

14 0 0 0 0 0
END IWAT-PARM1
IWAT-PARM2

<ZLS • ***
# - # LSUR SLSUR NSUR RETSC *_*

14 I00.00 0.0100 0.3-000 0.i000
END IWAT-PARM2
_AT-PARM3

<ILS • ***
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# - # PETMAX PETMIN ***

14
END IWAT-PARM3
ZWAT-STATE1

<ILS > IWATER sCare variables ***
# - # RETS SURS ***

14 1.0000E-3 1.0000E-3
END IWAT-STATE1

END _MPLND

EXT SOURCES

*** NOTE: The only RCHRES _ha_ precip and PET are applied _o are lakes.

<-volume-> <Member> SsysSgap<--Mu]t-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> # <Name> # _em strg<-fac_or->strg <Name> # # <Name> # # ***
_* PRECIP/EVAP TO PERVIOUS/IMPERV SURFACES
WOM 1002 PREC ENGLZERO 1.00 PERLND 14 200 EgCTNL PREC
WDM 1002 PREC ENGLZERO 1.00 IMPLND 14 EXTNL PI_EC
WDM 1 EVAP ENGLZERO 0.8 PERLND 14 65 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0.8 IMPLND 14 EXTNL PETINP
**_ PREC!P/EVAP TO LAKES
WON 1002 PREC ENGLZERO RCHRES 20 EXTNL PREC
WDM I EVAP ENGLZERO 0.8 RCHRE5 20 EXTNL POTEV

END EXT SOURCES

EXTTARGETS
<-Volume-> <-Grp> <-Member-><--Mu]t-->Tran <-Volume-> <Member> Tsys Tgap Amd _**
<Name> # <Name> # #<-factor->szrg <Name> # <Name> _em strg strg***
***WALKER NR M'rH
RCHRES 18 HYDR RO *** WDM 96 FLOW ENGL REPL
*** MiSt C20=WALKER WETLAND, 55=SRS09, S6=IST AVE)

• RCHRES 20 HYDR RO WDM 8097 FLOW ENGL REPL
COPY *** 2 OUTPUT MEAN 1 1 12.1 WDM 89 FLOW ENGL REPL
END EXTTARGETS

SCHEMATIC
<-Source-> <--Area--> <-Target-> MBLK ***
<Name> # <-factor-> <Name> # Tbl# ***

***WALKER CREEK
*** SUB-CATCHMENT ME 8

PERLND 26 4,10 COPY 1 8
PERLND 44 18.57 COPY 1 8
PERLND 54 2.72 COPY 1 8
IMPLND 14 1.34 COPY 1 9
*** *** SUB-CATCHMENT SDW2 I0-75-15 PREDEVELOPMENTW/1994 IMP
***PERLND 16 30.91 COPY 2 I0
***PERLND 26 7.16 COPY 2 10
***PERLND 34" 1.69 COPY 2 10
***PERLND 44 0.39 COPY 2 I0
***PERLND 54 1.13 COPY 2 i0
***PERLND 16 30.91 COPY 1 J_l
***PERLND 26 7.16 COPY i II
***PERLND 34 1.69 COPY 1 Ii
***PERLND 44 0.39 COPY 1 11
***PERLND 54 1.13 COPY I II
***IMPLND 14 3.31 COPY 2 9

*** SUB-CATCHMENT SDW2 i0-75-15 PREDEVELOPMENTW/1994 IMP
***PERLNO 26 4.37 COPY 2 I0
***PEKLND 34 16.47 COPY 2 I0
***PERLND 44 4.39 COPY 2 i0
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***PERLND 54 1.05 COPY 2 10
***PERLND 16 16.38 COPY 1 11
***PERLND 26 4.37 COPY 1 ll
***PERLND 34 16.47 COPY 1 11
***PERLND 4.4 4.39 COPY 1
_**PERLND54 1.05 COPY 1 11
***IMPLND 14 2,20 COPY 2 9

*** SUB-CATCHMENT 5DW2 10-75-15 PREDEVELOPMENTW/!994 IMP
PERLND 26 37.84 COPY 2 10
PERLND 44 2.32 COPY 2 10
PERLND 54 1.13 COPY 2 10
IMPLND. 14 3.31 COPY 2 9

• ***add sdw2-b area from cont_g and non-contig
***subtract from noncon_ig area just pervious
***sdw2-a
PERLND 26 10.64 COPY 2 3ZL
PERLND 44 2.31 COPY 2 11
PERLND 54 0.68 COPY 2 31
_MPLND 14 *** 1.14 COPY 2 9
***non-contig sdw2-b
PERLND 26 13.74 COPY 2
PERLND 54 0.45 COPY 2 11
IMPLND 14 *** 0.8B COPY 2 9

*** SUB-CATCHMENT MC 9
PERLND 26 9.44 COPY 1 8
PERLND 44 0.74 COPY 1 8
PERLND 54 *** 0.00 COPY 1 8
IMPLND 14 0,24 COPY ! 9

*** SUB-CATCHMENT18
PERLND 16 0,76 RCHRES 18 1
PERLND 26 16.08 RCHRES 18 1
PERLND 34 20.95 RCHRES 18 1
PERLND 44 49.22" RCHRES 18 1
IMPLND 14 3.30 RCHRES 18 2

"m *_* SUB-CATCHMENT 19
PERJ-ND 16 3.2.72 RCHRES 19 1
PERLND 26 92.07 RCHRES 19 1
PERLND 34 8.39 - RCHRES 19 1
PERLNO 44 95.55 RCHRES 19 1
IMPLND 14 30.53 RCHRES 19 2 ,

*** SUB-CATCHMENT 20
PERLND 26 3.2.53 RCHRES 20 1
PERLND 44 53.43 RCHRES 20 1
PERLND 54 33.43 RCHRES 20 1
IMPLND 14 52.83 RCHRES 20 2
*** DOWNSTREAM OF WALKER CREEK GAGE

*** SUB-CATCHMENT 21 33% OF GW GOES TO GAGE REST GOES TO SOUND
PERLND 16 2.54 RCHRES 18 7
PERLND 26 44.30 RCHRES 18 7
PERLND 34 2.03 RCHRES 18 7
PERLND 44 41.13 RCHRES 18 7
PERLND 16 2.54 RCHRES 21 6
PERLND 26 44.30 RCHRES 21 6
PERLND 34 2.03 RCHRES 21 6
PERLND 44 41,13 RCHRES 21 6
PERLND 16 5.07 RCHRES 21 1
PERLND 26 88.61 RCHRES 2! 1
PERLND 34 4.06 RCHRES 21 1
PERLND 44 82.26 RCHRES 2! 1
IHPLND 14 33.09 RCHRES 21 2
ZMPLND 14 16.54 RCHRES 21 2
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*** SUB-CATCHMENT 22

PERLND 34 4.30 RCHRES 22 1
PERLND 44 19,49 RCHRES 22 1
PERLND 54 3,21 RCHRES 22 1
IMPLND 14 3.95 RCHRES 22 2

***sds7a - contig
PERLND 26 0.22 RCHRES 20 1 •

IMPLND 14 0.08 , RCHRE5 20 2
--*sdsTb - non-contig *** test change to surface also from gw
PERLND 26 23.06 RCHRE5 20 1
PERLND 44 4.59 RCHRES 20 1
PERLND 54 0.37 RCHRES 20 t

_**GROUNDWATER FROM OUTSIDE OF WALKERCREEK
*** subtract sdw2 non-contig area from the 630
PERLND 64 615.81 RCHRES 20 7
PERLND 65 *** 130.00 RCHRES 20 7

*_* changes to contig and non-conIig groundwater based on 11/19/01 analysis
*-*see walker creek 2006 model for changes to future conditions
***STREAM ROUTING
COPY 2 COPY 3 14
COPY 1 COPY 3 14
COPY 3 RCHRES 20 13

'RCHRES 20 RCHRE$ 19 3
RCHRE5 ].9 RCHRES 18 3

END SCHEMATIC

NETWORK

*** <MEMBER>SSY$SGAP<--MULT-->TRAN <-TARGET VOL$> <-MEMBER->
<NAME> # <NAME> TEN 5TRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # ***

END NETWORK

RCHRES
GEN-INFO

RCHRE5 Name Nexi_s unit Systems Printer ***
# - #<.................. ><---> User T-series Engl Me_r LKFG ***

_n OUt ***
18 Trib (0371A) M 18 1 1 1 1 62 0 0 '
19 Trib (037/A) M 19 1 1 1 1 62 0 0
20 Tri b M 20 1 1 1 1 62 0 1
21 Trib (0371H) M 21 1 1 1 1 62 0 0
22 Trib (0371A) M 22 1 1 1 1 62 0 0

END GEN-iNFO
ACTIVITY

RCHRE5 *************** Active Sections *****************
# - -# HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
1 63 1 0 0 0 0 0 0 0 0 0

END ACTIVITY
PRINT-INFO

RCHRES *********_***** Printout Flags ****************_* PZVL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB **t**_***
1 63 5 0 0 0 0 0 0 0 0 0 1 9

END PRINT-INFO
HYDR-PARM1
RCHRES Flags for each HYDR section ***
# - # VC A1 A2 A3 ODFVFG for each *** ODGTFG for each FUNCT for each

FG FG FG FG possible exit *** possible exiz possible exit
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.Fle wc d.t.in Printed Monday, December 10, 2001. i pre p,. . . . . . . . ***

1 99 0 1 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
ENDHYDR-PARM1
HYDR-PARM2
• RCHRES ***

# - # ' FTA,BNO LEN DELTH STCOR KS DBS0 ***
<......><........><........><........><........><........><........> _*_
i8 18 0.,800 O. 3
19 19 Oo568 0o3
20 20 O. 379 0.3
21 21 0.450 0.3
22 22 0. 300 O.3

END.HYDR-PARM2
HYDR-INI'T

RCHRE5 Ini1:ialconditionsfor each HYDRsection ***
# - # *** VOL Ini1:ial value of COLIND Ini'cial value of OUTDGT

*** aC-_ for each possible exi'c for each possible exit
<......><........> .---,,---,,---,,--.,,---,_ ,---,,----,,---,,---,,---,
IS 0.1 4.0
19 0.1 4.0
20 I0.0 4,0
21 0.I 4.0
22 0.1 4.0

ENDHYDR-INIT
ENDRCHRE5

FTABLE5

FTABLE 18
ROW5 COL5 ***

3 4
DEPTH AREA VOLUME OUTFLOW***
O.O0 1.30 O.O0 O.O0
1.O0 !.30 1.30 166.O0
2.00 1.40 2.65 490.00

END FTABLE18

FTABLE 19
ROWS COLS ***

3 4
DEPTH AREA VOLUME OUTFLOW***
O.O0 i.I0 O.O0 O.O0
I.O0 i.i0 I.i0 65.O0
2.00 1.20 2,25 223.00

ENDFTABLE19

FTABLE 20
*** WALKERCREEKWETLAND
ROWS COLS ***
I0 4

DEPTH AREA VOLUME OUTFLOW OUTFLOW ***
O. O0 0.00 0. O0 0.00
1.00 2.50 1.25 7.04
2. O0 " S.O0 5. O0 17.84
3.00 12.00 13.50 32.17
4.O0 19.O0 29.O0 45.13
5.00 22.O0 49.50 54.95
6.00 23.00 72.00 61.62
6.10 23.00 74.30 62.15
7.00 23.50 95.25 67.00
7.24 24.i0 I01.lO I00.O0

END FTABLE20
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File wcpredt.inp, Prin=ed Monday, December 10, 2001
F-TABLE 21

ROWSCOLS _**
8 4

DEPTH AREA VOLUME . OUTFLOW ***
0,000 0.0000 0.0000 0.00
0.100 0.2259 0.0113 0.11
0.500 0.2707 0.1106 4.27
1.000 0.3268 0.2600 15.13
1.500 0,3828 0,4374 31.67
2.000 0.4389 0.6428 54.02
2.500 0.4949 0.8763 82.52
3.000 0.5510 1.1377 117.55

, END FTABLE 21

F'TABLE 22
ROWSCOLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.100 0.3680 0,0184 0.25
0.500 0.3717 0.1664 9.39
1.000 0.3763 0.3534 31.06
2.000 0.382.9 0.7325 94.37
3.000 0.3874 1.1171 174.33
4.000 0.3930 1.5073 265.38
5.000 0.3985 1,9030 364.68
6.000 0.4040 2,3043 470.60

END FTABLE 22
END FTABLE5
_S-LINK
<Volume> <-Grp> <-Member-><--MUir--> <Target> <-Grp> <-Member->***
<Name> <Name> # #<-facTor-> <Name> <Name> # #***

MASS-LINK 1
conversion from acre-inches _o acre-f_ (1/12) _**

PERLND PWATER PERO 0.0833333 RCHRES INFLOW IVOL
END MASS-LINK 1

MASS-LINK 2
IMPLND IWATER SURO 0.0833333 RCHRES INFLOW !VOL

END NASS-L!NK 2

MAS5-LZNK 3
RCHRE5 ROFLOW RCHRES INFLOW

END MASS-LINK 3

MASS-LINK 4
RCHRES OFLOW OVOL ! RCHRES INFLOW IVOL

END MASS-LINK 4

MASS-LINK 5
RCHRES OFLOW OVOL 2 RCHRES' INFLOW IVOL

END MASS-LINK 5

MASS-LINK 6
PERLND PWATER SURO 0.0833333 RCHRES INFLOW IVOL
PERLND PWATER IFWO 0.0833333 RCHRES INFLOW _VOL

END MASS-LINK 6

MASS-LINK 7
PERLND PWATERAGWO 0.0833333 RCHRES INFLOW IVOL

END MASS-LINK 7

MASS-LINK 8
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Fi]e wcpred1:.inp, Printed Monday, December 10, 2001
PERLND PWATER PERO 0.0833333 COPY INPUT MEAN

END MS-LINK 8

MASS-I "rNK 9

IMPLND IWATER SURO D, 0833333 COPY INPUT MEAN
END MASS- LZNK 9

MASS-LINK 10

PERLND PWATER SURO 0.0833333 COPY INPUT MEAN
PERLND PWATER ZP#O 0. 0833333 COPY INPUT MEAN

END MASS-LINK 10

MASS-LINK 11

PERLND PWATERAGWO 0. 0833333 COPY INPUT MEAN
END _LASS-LINK 31

MASS-LINK 12

PEKLND PWATER AGWO 0,0833333 COPY INPUT MEAN
END MASS-LINK 12

MASS-LINK 13

COPY OUTPUT MEAN RCHRES INFLOW IVOL
END MASS-LINK 13

MASS-LINK 14

COPY OUTPUT MEAN COPY INPUT MEAN
END MA_S- LINK 14

END MASS-LINK
END RUN
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File wclof]o2.inp, Printed Monday, December 10, 2001
RUN
GLOBAL

_** FILE: WClowf]o.inp REVISED 3uly 2001. ATE
*** SEATAC AIRPORT HSPF BASIN MODEL OF WALKER CREEK
*** 2006 FUTURE PRO3ECT CONDITION S_ZING BASED
... CHANGED PREC DSN 2 TO NEW PREC DSN 1002
¢_* WALKER CREEK FOUK YEAR RUN USING CALIBRATION INITIAL CONDITIONS
WALKER CREEK BASIN HS_F MODEL
START 1990 10 1 0 0 END 1994 9 30 24 0

RUN iNTERP OUTPUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FILES
<type> <fun>***< ..... i ...... fname ...................... >
MESSU 24 D:\PARA\SEATAC\IVLILLER\LOWFLOW\WALKER.MES
WDM 25 D:\PARA\SEATAC\MILLER\LOWFLOW\mlowflow.WDM

61 D:\PARA\SEATAC\MILLER\LOWFLOW\wPER.L61
62 D:\PARA\SEATAC\HILLER\LOWFLOW\WRCH.L62

END FILES

OPN SEQUENCE
iNGRP INDELT 01:00

PERLND 14
PERLND 16
PERLND 18
PERLND 24
PERLND 26
PERLND 28
PERLND 34
PERLND 44
PERLND 45
PERLND 54
PERLND 64
PERLND 65
PERLND 80
IMPLND 14
RCHRES 49
RCHRES 20
RCHRES 19
RCHRES 18

END INGRP
END OPN SEQUENCE

COPY
TIMESERIE5
Copy-opn ***

# - # NPT NMN **_
i 5 I

END TIMESERIE$
END COPY

PERLND
GEN-INFO

<PLS > Name NBLKS Unit-systems Printer ***
# - # user t-serles Eng] Metr *_*

in out ***
14 TFF- TILL FOR FLT 1 1 1 1 61 0
16 TF74- T_LL FOR HOD 1 1 1 1 61 0
18 TFS- TiLL FOR STP 1 1 1 ! 61 0

'24 TGF- TILL GR FLT 1 1 1 1 61 0
26 TGM- TILL GR MOD 1 1 1 1 61 0
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File wcloflo2.inp,lPrin_ed M_nday i December lO, 200128 TGS- "rILL GR 5q'P • 61 0
• 34 OF - OUTWASH FOR 1 1 1 1 61 0

44 OG - OUTWASHGR 1 1 1 1 61 0
• **PERLND FOR NEW AIRPORT FILL; NONE IN CALIBRATION

45 AIRPORT FILL 1 1 1 1 61 0
54 SA - WETLANDS 1 1 1 1 61 0
64 TGM DES MOINES 1 1 1 1 61 0
65 OG DE5 MOINE5 1 1 1 1 61 0
80 F_ll AGWO 1 1 1 1 61 0

END GEN-INFO
ACTIVITY

<PL5 • ************* Active Sections *****************************
# - # ATMP SNOWPWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC ***

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END ACTIVITY
PRINT-INFO

<PLS > ****************_**** Prinl-flags ************************* PIVL PYR
# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC *********

14 200 0 0 5 0 0 0 0 0 0 0 0 0 t 9
END PRINT-INFO
PWAT-PARM1

<PL5 > ***************** Flags ********************
# - # CSNO RTOP UZFG VC5 VUZ VNN VIFW VIRC VLE .4.

14 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0
26 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0

• 34 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0

" 45 0 0 0 0 0 0 0 0 0
54 0 0 0 0 0 0 0 0 0
64 0 0 0 0 0 0 0 0 0
80 0 0 0 0 0 0 0 0 0

END PWAT-PARM1
PWAT-PARM2

<PL5 > *"*

# - # ***FORE5T LZSN ENFILT LSUR SLSUR KVARY AGWRC
14 4.5000 0.0800 400.00 0.0500 0._000 0.9960
16 4._000 0.0800 400.00 0.1000 0.5000 0.9960
18 4.5000 0.0800 200.00 0.2000 0.5000 0,9960
24 4.5990 0.0}99 409.90 9,9590 0,5000 0,9960
26 4,5000 0.0300 400.00 0,1000 0.5000 0,9960
28 4.5000 0.0300 200.00 0.2000 0.5000 0.9960
34 5.0000 2.0000 400.00 0.0500 0.3000 0.9960
44 5.0000 0.8000 400.00 0.0500 0.3000 0.9960
45 7.5000 0.0200 300,00 0.0700 0,0000 0.9960
54 4.0000 2.0000 I00.00 0.0010 0.5000 0.9960
64 4.5000 0.1200 400.00 0.1000 0.5000 0,9990
65 5.0000 0.8000 400.00 0.0500 0.5000 0.9960
80 4.5000 0.0300 400.00 0.1000 0,5000. 0.9960

END PWAT-PARM2
PWAT-PARM3

<PLS >***
# - #*** PETMAX PETMIN INFEXP ENFOLD DEEPFR BASETP AGWETP

14 2.0000 2.0000 0.00 0.00 0.0
16 2.0000 2.0000 0.00 0.00 0.0
18 2.0000 2.0000 0.00 0.00 0.0
24 2.0000 2,0000 0.00 0.00 O.
26 2.0000 2.0000 0.00 0. 0.
28 2.0000 2.0000 0.00 0. O.
34 2.0000 2.0000 0.00 0.00 0.0
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File wcloflo2.inp, Printed Monday, December 10, 2001
44 2.0000 2.0000 0.00 0. 0,
45 2.0000 2.0000 0.00 O. O.
54 10.000 2.0000 0.00 0. 0.7
64 2.0000 2.0000 0.00 0. 0.0
80 2.0000 2.0000 0.00 0. 0.

END PWAT-PARM3
PWAT-PARM4

<PLS • ***
# - # CEPSC UZSN NSUR INTFW IRC LZETP***

14 0.2000 1.0000 0.3500 2.000 0.1500 0.7000
16 0.2000 0.5000 0.3500 2.000 0.ZS00 0.7000
18 0.2000 0.3000 0.3500 2.000 0.1500 0.7000
24 0.1000 0,5000 0.2500 2.000 0.1500 0.2500
26 0.1000 0.2500 0.2500 2.000 0.1500 0.2500
28 0.1000 0.1500 0.2500 2.000 0.1500 0.2500
34 0.2000 0.5000 0.3500 0.000 '0.5000 0.7000
44 0.1000 0.5000 0,2500 0.000 0.5000 0.2500
45 0.1000 0.2800 0.2500 6.000 0.1500 0.6000
54 0.1000 3.0000 0.5000 1.000 0.7000 0.8000
64 0.1000 0.2500 0.2500 3.000 0.5000 0.2500
65 0.1000 0.5000 0.2500 0.000 0.5000 0.2500
80 0.1000 0.2500 0.2500 2.000 0.1500 0.2500

END PWAT-PARM4
PWAT-STATE1

<PLS • PWATER state variables***

# - #*** CEPS SURS UZS IFWS LZS AGWS GWVS
14 0.000 0. 0.0200 0.00 0.020 3.50 0.045
16 0.000 0. 0.0010 0.00 0.020 3.51 0.047
18 0.000 0. 0,0000 0.00 0.020 3.49 0.047
26 0.000 0. 0.0000 0.00 1.758 2.90 0.04B
28 0.000 0. 0.0000 0.00 1.598 2.81 0.041
34 0.000 0. 0.0000 0.00 1.516 2.74 0.039
44 0.000 0. 0.0000 0.00 2.756 6.25 0.134
45 0.000 0. 0.0000 0.00 0.373 3.01 0.000
54 0.000 0. 0.3650 0.00 0.561 0.00 0.000
64 0.000 0. 0.0000 0.00 1.978 22.28 0.000
65 0.000 0. 0.0000 0.00 0.000 20.00 0.000
80 0.000 0. 0,0000 0.00 1.758 2.90 0.043

END PWAT-STATE1
END PERLND
IMPLND

. GEN-INFO
<IL5 • Name unit-systems Printer ***
# - # User t-series Engl Metr ***

in out ***
14 IMPERVIOUS 1 1 1 60 0

END GEN-INFO
ACTIVZ'TY

<ILS • ***********=* ACtive Sections ****
# - # ATMP SNOW IWAT SLD IWG IQAL ***

14 0 0 1 0 0 0
END ACT_VI-FY
PRINT-INFO

<ILS > ******** Print-flags *******_ PIVL PYR
# - # ATMP SNOW IWAT SLD IWG IQAL ********_

14 0 0 6 0 0 0 1 9
END PRINT-IN FO
IWAT- PARM1

<!LS > Flags *** ***
# - # CSNO RTOP VRS VNN RTLI *** ***

14 0 0 0 0 0
END IWAT-PARM1
IWAT-PARM2
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File wcloflo2.inp, Printed Monday, December 10, 2001
<ILS > ***
# - # LSUR SLSUR NSUR RETSC ***
14 100.00 0.0100 0.1000 0.I000

END IWAT-PARM2

IWAT-PARMB ***
<ILS >
# - # PETMAX PET_N ***

14
END IWAT-PARM3
IWAT-STATEI

<ILS • IWATER state variables ***
# - # RETS SURS ***

14 1.0000E-3 1.0000E-3
END IWAT-STATE1

END IMPLND ***

EXT SOURCES ***

*** NOTE: The only RCHRF-Schat precip and PET are app]ied to are lakes. 4..

<-Volume-> <Member• ssyssgap<--Mult--•Tran <-Target vols> <-Grp> <-Member-• 4,,
<Name• # <Name> # tern strg<-factor->sZrg <Name> # # <Name• # # 4,,
*** PRECSP/EVAP TO PERVIOUS/IMPERV SURFACES
WDM 1002 PREC ENGLZERO l.O0 PERLND 14 65 EXTNL PREC
WDM 1002 PREC ENGLZERO 0.00 PERLND 80 EXTNL PREC
WDM 1002 PREC ENGLZERO 1.00 IMPLND 14 EXTNL PREC
WDM ! EVAP ENGLZERO 0.8 PERLND 14 65 EXTNL PETINP
WDM I EVAP ENGLZERO 0.0 PERLND 80 EXTNL PETINP
WDM 1 EVAP ENGLZERO 0.8 IMPLND 14 EXTNL PE'TINP
*** PRECIP/EVAP TO LAKES
WDM 1002 PREC ENGLZERO RCHRES 20 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 20 EX'TNL POTEV
WDM I002 PREC ENGLZERO RCHRES 49 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 49 EXTNL POTEV

*** Fill flow directly to stream
*** Conversion factor from cu. ft./day to acre-ft/interval
*** divide by 43560*24
WDM 7100 FLOW ENGL .000000957 RCHRES 20 INFLOW iVOL
*** _i33 seapage groundwater T-low from .Fil] area. PGG time series
*** Conversion factor from cu. ft./day to inches
*** (1/(43560"24) * 12)/area (16.74AC)
WDM 7!01 FLOW ENGLZERO.000000686 PERLND 80 EXTNL AGWLI
*** Fill surface flow to sdw2 pond
WDM 7102 FLOW ENGL .000022957 RCHRES 49 ZNFLOW IVOL
END EXT SOURCES

4**

EXTTARGETS
<-volume-> <-Grp> <-Member-><--Mu]t-->Tran <-Volume-> <Member> Tsys Tgap Amd 4,,
<Name• # <Name> # #<-factor->strg <Name> # <Name• tem strg strg***
RCHRE5 18 HYDR RO *** WDM 7196 FLOW ENGL REPL
RCHRES 20 HYDR RO WDM 7197 FLOW ENGL REPL
**_PROIECT CONDITION FLOWS

RCHRES 49 HYDR RO i 1 *** WDM 109 FLOW ENGL REPL
**" DETENTION STAGES
RCHRES '49 HYDR STAGE *** WDM 649 STAG ENGL REPL
*** DETENTION VOLUME
RCHRES 49 HYDR VOL ,4, WDM 749 VOL ENGL REPL
*** 39=SR509 37=5DW2
END EXT TARGETS

SCHEMATIC
<-Source-> <--Area--• <-Target-> MBLK ***

Page 4

-==" AR 020350



File wcloflo2.inp, Printed Monday, December 10, 2001
<Name> # <-facT.or-> <Name> # Tbl# ***

***WALKER CREEK
• *** SUB-CATCHMENT ME 8

PERLND 26 3.93 RCHRES 20 1
PERLND .44 18.73 RCHRES 20 1
PERLND 54 2.70 RCHRES 20 1
ZMPLND 14 0.01 RCHRE5 20 2
*** **_ SUB-CATCHMENT SDW-2
***PERLND 26 26.82 RCHRES 49 6
***PERLND 44 1.42 RCHRES 49 6
***PERLND 45 6,70 RCHRES 49 6
***PERLND 26 26.82 RCHRES 20 7
***PERLND 44 1.42 RCHRES 20 7
**_PERLND 45 6.70 RCHRE5 20 7
***IMPLND 14 9.51 RCHRE5 49 2
***REPLACE SUBCATCHMENT SDW-2 WITH NEW 50W-2 SUBBASIN
_**SUBBASIN SDW-2 ROUTING AS OF 4/19/01
PERLND 26 26.88 RCHRES 49 6
PERLND 44 1,51 RCHRES 49 6
*** old fill area
***PERLND 45 6.700 RCHRE5 49 6
=** area removed = 4.09 ac
PERLND 45 2,610 RCHRES 49 6
*** old fill area
**_IMPLNO 14 9.51 RCHRES 49 2
*** area removed = 2.00 ac
IMPLND 14 7.51 RCHRES 49 2
*** ELL AGWO PERLND 80 ALL TO GROUNDWATER RCHRES 20
PERLND 80 16.74 RCHRES 20 7

: *** 10.66 ACRES OF SDS7 NOT CONTRIBUTION AND NOT INCLUDED
*** From Miller surface flow for walker.used to be mc7b
*** sdwlb basins
*** cut out groundwater flow from sdw2 from fill and imp
***ADD 5DW2A AND SDW2B GROUNDWATER
***sdw2-a
PERLND 26 2.16 RCHRES 20 7
PERLND 44 1.51 RCHRES 20 7
PERLND 45 1.52 RCHRES 20 7
IMPLND 14 *** 5.49 RCHRES 20 2
***sdw2-b
PERLND 26 , 13.67 RCHRES 20 7
IMPLND 14 *** 1.14 RCHRE5 20 2

*** SUB-CATCHMENT MC 9
PERLND 26 9.28 RCHRES 20 1
PERLND 44 0.76 RCHRES 20 1
IMPLND 14 0,40 RCHRES 20 2

*** SUB-CATCHMENT 18
PERLND 16 0.76 RCHRES 18 !
PERLND 26 16.08 RCHRES 18 1
PERLND 34 20.95 RCHRES 18 1
PERLND 44 49.22 RCHRES 18 !
IMPLND 14 3.30 RCHRES 18 2

*** SUB-CATCHMENT 19
PERLND 16 12.72 RCHRES 19 1
PERLND 26 92.07 RCHRES 19 1
PERLND 34 8.39 RCHRES 19 1
PERLND 44 95.55 RCHRES 19 1
IMPLND 14 30.53 RCHRES 19 2

*** SUB-CATCHMENT 20
PERLND 26 12.54 RCHRES 20 1
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File wc]of'lo2.inp, printed Monday, December I0, 2001
PERLND 44 53.42 RCHRES 20 1
PERLND 54 33.43 RCHRES 20 1
IMPLND 14 52.83 RCHRES 20 2
*** DOWN STREAM OF WALKER CREEK GAGE

*** SUB-CATCHMENT 21 33_ OF GW GOES TO GAGE REST GOES TO SOUND
PERLND !6 2.54 RCHRES 18 7
PERLND 26 44.30 RCHRES 18 7
PERLND 34 2.03. RCHRES 18 7
PERLND 44 41.13 RCHRES 18 7
PERLND 16 2.54 RCHRES 21 6
PERLND 26 44.30 RCHRES 21 6
PERLND 34 2.03 RCHRF._ 21 6
PERLND 44 41.13 RCHRE$ 21 6
IMPLND 14 16.54 RCHRES 21 2
PERLND 16 5.07 RCHRES 2.!. 1
PERLND 26 88.61 RCHRES 21 !
PERLND 34 4.06 RCHRES 21 1
PERLND 44 82.26 RCHRES 21 !"
IMPLND 14 33.09 RCHRES 21 2

*_* SUB-CATCHMENT 22
PERLND 34 4.30 RCHRES 22 1
PERLND 44 39.49 RCHRES 22 i
PERLND 54 3.21 RCHRES 22 1
IMPLND. 14 3.95 RCHRES 22 2

***GROUNDWATER FROM OUTSIDE OF WALKER CREEK

PERLND 64 *** 615.81 RCHRES 20 7
*** reduce non-contig pervious area based on non-contig that becomes contig below
PERLND 64 529.39 RCHRES 20 7
*** changes to contig and non-contig groundwater based on 11/19/0Z analysis

PERLND 26 *'* 4.32 RCHRES 20 7
PERLND 26 3.5 RCHRE5 20 7 '
PERLND 44 3.93 RCHRES 20 7
PERLND 45 *** 5.48 RCHRES 20 7
IMPLND 14 *** 36.02 RCHRES 20 2
***CON'I-IG SDSTA
PERLND 26 0.17 RCHRES 20 1
IMPLND 14 0.Z3 RCHRES 20 2

6

***STREAM ROUTING
RCHRES 49 RCHRES 20 3
RCHRES 20 RCHRES 19 3
RCHRES 19 RCHRES 18 3

END 5CHEMAT!C

NETWORK

*** <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEM STRG<-FACTOR->$TRG <NAME> # # <'GRP> <NAME.> # # ***

END NETWORK

RCHRES
GEN-ZNFO

RCHRES Name Nexits unit Systems printer ***
,# - #< .................. ><---> User T-series Engl Metr LKFG ***

in out ***
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File wclof'lo2.inp, Printed monday, December 10, 2001
18 Trib COBTIA) M 18 1 1 I 1 62 0 0
19 Trib C0371A) M 19 1 1 1 1 62 0 0
20 Trib M 20 I 1 I 1 62 0 1
21 Trib (0371H) M 21 1 1 1 1 62 0 0
22 Trib C0371A) M 22 1 1 1 1 62 0 0
39 SR509 1 1 1 1 62 0 0
49 SOW2 POND 1 1 1 I 62 0 0

END GEN-INFO
ACTIVITY

RCHRES *************** ACl:jve Sections **************"**
# - # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
1 63 I 0 0 0 0 0 0 0 0 0

END ACTIVITY
PRINT-INFO

; KCHRE5 *************** Print:out:Flags **_*************** PIVL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB *********
1 63 5 0 0 0 0 0 0 0 0 0 1 9

END PRINT-INFO
HYDR-PARM1

RCHRES Flags for each HYDR section ***
# - # VC A1 A2 A3 ODFVFG for each *** ODGTFG for each FUNCT for each

FG FG FG FG possible exit *** possible exit possible exic

1 99 0 1 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
END HYDR-PARMI
HYDR- PARM2

RCHRES ***
# - # FTABNO LEN DELTH STCOR K5 DBSO ***

< ...... >< ........ >< ........ >< ........ >< ........ X ........ >< ........ > **'_"

18 iB 0. 800 0.3
19 19 0. 568 0.3
20 20 0.379 O. 3
21 21 0.450 0.3
22 22 0.300 0.3
49 49 0.010 0.0 0.3

END HYDR-PARM2
HYDR-INI"T

RCHRES Initial conditions for each HYDR section ***
# - # *** VOL Initial value of COLIND Initial value of OUTOGT

*** ac-f-t for each gossible exit for each possible exit
<......><........ > ,---,,---,,---,,---,,---, *** ,___,,___,,___,___,,___,
18 0.1 4.0

0.1 4.0
20 10.0 4.0
21 0.i 4.0
22 0.I 4.0
49 0.0 4.0

END HYDR-INI"T
END RCHRE5

FTABLE5

FTABLE 18
ROWSCOLS' ***

3 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 I.30 0.00 0.00
1.00 1.30 1.30 166.00
2.00 1.40 2.65 490.00

.END FTABLE 18
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F_]e wclof]o2.inp, Prin;ed Monday, December 10, 2001P'TABLE 19
ROWSCOLS_

3 4

DEPTH AREA VOLUME OUTFLOW ***
0.00 1.10 0.00 0,00
1.00 1.10 1.10 65.00
2.00 1.20 2.25 223 O0END F-TABLE19

FTABLE 49
*_* PRO3ECT"PONDF SOW2ROWSCOL5 ***
12 4

DEPTH AREA VOLUME OUTFLOW***
0.000 0.8880 0.0000 0.00
1.000 0.9270 1.0823 0.25
2.000 0.9690 2.2096 0.35
3.000 1.0450 3.3828 0.42
4.000 1.0450 4.6027 0.49
5.000 1.0860 5.8726 0.55
6.000 1.1260 7.1935 0.60
7.000 1.1670 8.5645 1,20
8.000 1.2!30 9.9861 2.69
8.300 1.2560 10.454 3.09
9.000 1.2560 11.459 7.57

10.000 1.3000 22.987 16.88END F'TABLE49

F'TABLE 20
_** WALKERCREEKWETLANDROWSCOLS*"*

10 4

' DEPTH AREA VOLUHE OUTFLOWOUTFLOW***
O. O0 0.00 0.00 0.00
1.00 2.50 1.25 7.04
2.00 5.00 _.00 17.84
3.00 12.00 13.50 32.17
4.00 19.00 29.00 45.13
5.00 22.00 49.50 54.95
6.00 23,00 72.00 61.62
6.10 23.00 74.30 62.15 ,
7.O0 23.50 95.25 67.00
7.24 24.10 101.10 100.00ENDF'TABLE20

FTABLE 21
ROWSCOLS ***

8 4

DEPTH AREA VOLUME OUTFL_V ***
' 0.000 0.0000 0.0000 0.00

0.100 0.2259 0.0113 0.11
0.500 0.2707 0.1106 4.27

-1.000 0.3268 0.2600 15.13
1.500 0.3828 0.4374 31.67
2.000 0.4389 0.6428 54.02
2.500 0.4949 0.8763 82.52
3.000 0.5510 1.1377 117.55ENDFTABLE21

F-TABLE 22
ROWSCOLS ***

9 4
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File wcloflo2.inp, Printed Monday, December 10, 2001
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.i00 0.3680 0.0184 0.25
0.500 0.3717 0.1664 9.39
1.000 0.3763 0.3534 31.06
2.000 0.3819 0.7325 94.37
3.000 0.3874 1.1171 174.33
4.000 0.3930 1.5073 265.38
5.000 0.3985 1.9030 364.68
6.000 0.4040 2.3043 470.60

END FTABLE 22
END FTABLES
MASS-LINK
<Volume> <-Grp> <-Member-><--Mult--> <Target> <-Grp> <-Member->"**
<Name> <Name> # #<-factor-> <Name> <Name> # #***

NASS-L_NK 1
conversion from acre-inches _o acre-f-t (i/12) ***

PERLND PWATER PERO 0.0833333 RCHRES INFLOW IVOL
END MASS-LINK 1

MASS-LINK 2
IMPLND IWATER SURO 0.0833333 RCHRES INFLOW IVOL

END MASS-LINK 2

MASS-LINK 3
RCHRES ROFLOW RCHRES INFLOW

END MASS-LINK 3

MASS-LINK 4
RCHRES OFLOW OVOL 1 RCHRES INFLOW IVOL

END MASS-LINK 4

•MASS-LINK 5
RCHRES OFLOW OVOL 2 RCHRES INFLOW IVOL

END MASS-LINK 5

MASS-L_NK 6
PERLND PWATER SURO 0.0833333 RCHRES INFLOW IVOL
PERLND PWATER!FWO 0.0833333 RCHRES INFLOW IVOL

END MASS-LINK 6

MASS-LINK 7
PERLND PWATERAGWO 0.0833333 RCHRES ' INFLOW IVOL

END MASS-LINK 7

MASS-LINK 8
PERLND .PWATER PERO 0.0833333 COPY INPUT MEAN

END MASS-LINK 8
MASS-LINK 12

PERLND PWATERAGWO 0.0833333 COPY INPUT MEAN
END MA_S-I'rNK 12

MASS-LINK 9
IMPLND IWATER SURO 0.0833333 COpY INPUT MEAN

END MASS-LINK 9

MASS-LINK 10
COPY OUTPUT MEAN RCHRES INFLOW IVOL

END MASS-LINK 10

END MASS-LINK
END RUN
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HSPF INPUT FILE

(USED FOR INPUT TO THE HYDRUS/SLICE
EMBANKMENT MODELING)
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OUTWASH
RUN
GLOBAL

*** FILE: OutwasH.inp 3oe Brascher ATC
*** MILLER ana walker CREEK Outwash runoff generation.
WALKERCREEK BASIN HSPF MODEL
START 1983 i0 1 END 1994 9 30
RUN INTERP OUTPUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FILES
<type> <fun>*_*< ............ fname.............................. >
MESSU 24 D:\PARA\SEATAC\M!LLER\RELOW\MILLOUT.mes
WDM 25 D:\PARA\SEATAC\MILLER\RELOW\MLOWFLOW.WDM

61 D:\PARA\SEATAC\MZLLER\RELOW\MILLOUT.L61
END FILES

OPN SEQUENCE
INGRP INDELT 00:60

IMPLND 14
PERLND 44
COPY *** 1

END INGRP
END OPN SEQUENCE

***

COPY
TZMESERIES
Copy-opn ***

# - # NPT NMN **_
1 5 l

END TIMESERIES
END COPY

PERLND
GEN-INFO

<PLS > Name NBLKS unit-systems Printer ***
# - # user t-series Engl Metr ***

in out ***
44 OF - OUTWASH GRA 1 1 1 1 61 0

END GEN-INFO
ACTIVITY

<PL5 > ***=*=******* ACl:ive Sections *****************************
# - # ATHP SNOWPWAT SED PET PWGPQAL MSTL PEST NITR PHOS TRAC ***

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END ACTIVITY
PR!NT-!NFO

<PLS > ********************* Print-flags ************************* PIVL PYR
# - # ATMP SNOWPWAT SED PST PWGPQAL MSTL PEST NITR PHOS TRAC *******_*

14 200 0 0 5 0 0 0 0 0 0 0 0 0 1 9
END PRINT-INFO
PWAT-PARM1
• <PLS> ***********_***** Flags **.3_*****_*********
# - # CSNO RTOP UZFG VC5 VUZ VNN ViFW VIRC VLE ***

44 0 0 0 0 0 0 0 0 0
END PWAT-PARMI-
PWAT-PAPJ42

<PLS > ..3
# - # ***FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC

44 5.0000 0.8000 400.00 0.0500 0.3000 0,9960
END PWAT-PARM2
PWAT-PARM3

<PLS >..3
# - #*** PETMAX PETAEN INFEXP INFILD DEEPFR BASETP AGWETP
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OUTWASH
44 2.0000 2.0000 0.O0 0.00 O.0

END PWAT- PARM3
PWAT-PARM4

<PLS • ***
# - # CEPSC UZSN NSUR INTFW IRE LZETP***

44 0.1000 0. 5000 0. 2500 0,000 0. 5000 O. 2500
END PWAT-PARM4
PWAT-STATEI"

<PLS > PWATER SCare variables***
# _ #*** CEPS SURS UZS IFWS LZS AGWS GWVS

44 0.000 0. 0.0000 0.00 2.756 6.25 0.;134
END PWAT-STA'I'E1

END PERLND

IMPLND
GF,N-!NFO

<TLS > Name unit-systems Printer ***
#- # User t-series Engl Metr ***

i n o_ ***
14 IMPERVZOUS 1 1 1 60 0

END GEN-iNFO
ACT_IT7

<ILS • **'_********** AcCivE SeCl::ions ****
# - # ATMP SNOW!WAT SLD IWG ZQAL ***

• 14 0 0 l 0 0 0
END ACTIVITY
PR_NT-TNFO

<ZLS > *******" Print-flags ******** PZVL PYR
# - # ATMP SNOWI%VAT SLD _WG IQAL *********

14 0 0 6 0 0 0 1 9
END PRINT-INFO
IWAT- PARM1

<ILS > Flags *** ,_,
# - # CSNO RTOP VRS VNN RTLT *** **_,

14 0 0 0 0 0
END IWAT- PARH1
TWAT-PARM2

<ILS > ***
# - # LSUR SLSUR NSUR RETSC ***

14 100.0O O.0100 0.10D0 O.I000
END IWAT-PARM2
ZWAT-PARM3

<IhS • ***
# - # PETMAX PETMIN ***

14
END IqNAT-PARM3
IWAT-STATE1

<ILS > I_VATER state variables ***
# - # RETS SURS ***

14 i.0000E-3 1.0000E-3
END _WAT-STATEI

END :[MPLND

EXT SOURCF,S ***

<-Volume-> <Member> 5syssgap<--Hult-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> # <Name> # tem strg<-faccor->sCrg <Name> # # <Name> # # ***
*** PREC!P/EVAP TO PERVIOUS/_MPERV SURFACES
WDM 1002 PREC ENGL 1.00 PERLND 44 EXTNL PREC
WON 1002 PREC ENGL 1.00 IMPLND 14 EXTNL PREC
WDM 1 EVAP ENGL 0.8 PERLND 44 EXTNL PETINP
WOM 1 EVAP ENGLZERO 0.8 IMPLND 14 EXTNL PETINPEND EXT SOURCES
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OUTWASH
EXTTARGETS

<-volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name> # <Name> # #<-factor->strg <Name> # <Name> tem s_rg s_rg***
COPY I OUTPUT MEAN I I *** WDM 6104 FLOW ENGL REPL
***converts inches of runoff to cubic inches of runoff.
PERLND 44 PWATERAGWI 6272640 WDM 6102 FLOW ENGL REPL
IMPLND 14 IWATER SURO 6272640 WDM 6103 FLOW ENGL REPL
END EXTTARGETS

SCHEMATIC
<-Source-> <--Area--> <-Target-> MBLK ***
<Name> # <-factor-> <Name> # Tb]# ***

_MPLND 14 ,,, 1.00 PERLND 44 23
PERLND 44 *** 0.714248 COPY 1 17
END SCHEMATIC

NETWORK

*** <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEM STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # ***

END NETWORK

MASS-LINK

<Volume> <-Grp> <-Member-><--Mult--> <Target> <-Grp> <-Member->***
<Name> <Name> # #<-fac_cor-> <Name> <Name> # #***

MASS-LINK !7
PERLND PWATERAGWI 0.0833333 COPY INPUT MEAN

END HASS-LINK 17

MASS-LiNK 23
IMPLND IWATER SURO PERLND EXTNL SURLI

END MASS-LZNK 23
MASS-L_NK 24

IMPLND IWATER SURO PERLND EXTNL AGWL!
END MASS-LINK 24

END MASS-LINK "
END RUN

6
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DES MOINES CREEKWATERSHED
HSPFINPUT FILES

1994 CONDITIONS
2006 CONDITIONS
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CERTIFICATE OF ENGINEER

Themctmicalmamrialanddatafoi"_ DesMoinesCr_ wa_rshedlow flow-spec/ficHSPF
modellnzwere preparedunderthesupervisionanddirectionof theundersigned,whoseseal, asa
professional_ licensedto practic_assuch,is af_ed below.

0

(.rex sealhere)

FelixC.K.nstanovich,Ph.D.,P.E.

LOW8_'earnflowArla_$tx December2001

Mast_ PlanUl__n_teimprovements 5_6-2912-001('28B)
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., 1994 CONDITIONS
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RUN
CLOBAL

*-* FXLE: _L94LOW.INP (MQDiFY DMPRER5H.INPI

"'" 1994 conditions low flow analysis file
*'- MSPF MODEL OF DE_ MOZNES CREEK

_'" _PDATE MODEL TO CREATE DOWNSTREAM EVALDATION P01MT !OR SDS TO WEST BP,A_CH
*'- Land uses based on 1994 condition_ future basi_

*'- Land uses adjusted a_ per Para_rix correspondence on 11/09/01, all othez land uses Edjusted uo
mauch 1994 calibra=ion mode!.

... Groundwater routing for IWS Primary and ZWS Wesz were excluded from the _odel.

-_- RouTui_g scheManio and all other elememts are same as in _he Des Mo_nes Creek predevelopment
condit_Lon model (some WDM files are ad3U_ed

"'* to match 1994 designationsJ
DES MOINES CREE_ B_.SIN RSPF MODEL
START 1948/I0/01 0O:O0 END 1996/09/30 24:0D

START 1992/01/01 00:00 END 1996/09/30 24:00"**
ROW IMTERP OUTPUT 5EVEL 4

•BESOM_ n REN 1

END GLOBAL

FILES
MESSU 24 DM94R,MES
WDM 25 DM94RL. WDM

F,WD FILES

OPN SEQUENCE
_NGRP INDELT 01:00

PERLND 16

PERLND 26
PERLND 34
PERLND 44

PERLND 54
_MPLND 14

RCHRES 360
ECHOES 36

RCHRES 39
COPY 20
COPY 42

COPY 9
RCHRES 4
COPY 41
COPY 10

RCHKES 366
COPY 50
COPY

ECHRES 7
RCHKES 9

COPY 4
RCHRE$ 43

COPY !5
RCHRES 34

RCHBES 35
RCHRES 37

COPY 14
COPY 16
RCHRES 38

RCHRES 5
RCHFLES 40

RCHRES 12
COPY 5

RCHRES 13
RCHRES 14

RCHKES 177
RCHRES 46

RCHRES 47

RCHRDS 17
COPY 48

KCHRES 18
RCHRES '193

COPY 1
RCKRES 19B

END INGRP

_,ND OPN SEODENCE

_ERIaD

GEN-IM;O
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<PL3 > Name NBL._3 Dni-.-sys_ems Printer --*
# - '# Use,- t-series Engl MS=_ **-

An out t..
16 T_- TILL F_R MOD I i i _ 60 0

26 TGM- TILL GR MOD 1 _ 1 1 60 0
34 OF - OUTWASH FOR t _ 1 1 60 0
44 OG - OOTWASH GR I i 1 1 60 0
54 SA - gETLANDS 1 i 1 l 50 0

END GEN-_NFO
ACTIVITY

| - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC ***

14 54 0 0 i 0 0 0 0 0 0 0 0 0
END ACTIVITv

PRINT-INFO

<PLS > ********************* Pr_n_-__lags ************************* PIVL PYR
- % ATMP SNOW PWAT SED PST PWG POAL MSTL PEST N_TR PHOS TRAC ,_*t*,*_*

14 54 0 0 6 0 0 0 0 0 0 0 0 0 2 9
END PRINT-_N¥O
PWAT-PARMI

<PLS > ***'*_*****_**** Flags *,t**,_*t_**********
# - ._CSNO RTOP UZFG VCS VOZ VNN V_}'W VIRC VLE **-

14 54 0 0 0 0 0 0 0 0 0
END PKRT-,=ARMI

PWAT-PAtL_2
<PLS • "**

# - # "_*FOREST LZSN _UF.rLT LSUR SLSER KVARY AG_RC

116 4.5000 0.2000 200.00 0.!000 0.5000 0.9.960
26 4.5000 0.0350 400.00 0,1000 0.5000 0,9960
34 5,0000 2.0000 200.00 0.0500 0.3000 0._960
44 ._.0000 0.S000 200,00 0.0500 0.3000 0.9960
54 4,0000 2,0000 200.00 0.0010 0.5000 0,9960

END PWAT-PARM2
PWAT-PARM3

<PLS >***

i- #*_* PETMAX PET_IN _NFEXP INFILD DEEPFR BASETP AGWETP
26 2.0000 2.0000 0.55 0.00 0.0
26 2.0000 2.0000 0,55 0.00 0.0

34 2.0000 2.0000 0.55 0,00 0.0
44 2.0000 2.0000 0.55 0.00 0.0
54 I_).000 2.0000 0.55 0.00 0.7

END PWAT-PARM3

PWAT-PARM4
<PLS • **.

# - # CEPSC DZSN NSUR INTFW IRC LZETp t**
15 0.2000 0.5000 0.3500 3.000 0.5000 0.'7000
26 0.1000 0.2500 0.2500 3.000 0.5000 0.2500
34 0,2000 0.5000 0,3500 0.000 0.7000 0.7000
44 0,1000 0.5000 0.2500 0.000 0,7000 0,2500
54 0._2000 3.0000 0.5000 1.000 0.7000 O.BO00

END PWAT- PARM4

PWAT-STATE1

<PLS • PWATER ata_e variables**-

# - #*** CEPS SURS QZS IFNS LZS AGWS GWVS
16 0,078 0. 0°0010 0. 0.075 0,267 0,026

26 0.051 0. 0,0350 0, 1.928 0,6B0 0,04_)
3_ 0,078 0, 9,0010 D. 0,090 0.676 0.038
44 0.051 O. 0,0040 O. 1.127 0.614 0.152
54 0,051 0. 0.3330 0, 0,622 0,000 0,000

END P_T-STATEI

END PERL_D

_M_LND

GEN-IN_'O

<_LS • Name Oni_-systems Prln_er **_

° _ User _-series Engl Me_r ***

13 140 IMPERVIOUS .1 l 1 60 0
END GEN-INFO
ACTIVITY

<ILS > *''***'****** AcEive Sections *_*
- _ ATMP SNOW _WAT SLD IWG 1OAL *"*

13 140 0 0 1 0 0 0
END ACTIVITY
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pRINT-INFO
<_LS > .._t..o. Print-flags ,_*_.._ PIVL PYR

.%- _ ATMP SNOW IWAT SLD IWG IQAL "*_*"''*"
13 140 0 0 6 0 D 0 1

END PRINT-INFO

IWAT-._AR_

<TL$ > Flags *_" "_"
% - % CSNO RTOP VRS VNN RTL! _ "'"

13 140 0 0 0 0 0

END IWAT- FA_!
IWAT-pARM2

<ILS > "'_

- % LSUR SLSUR NSUR RETSC "*_
i_ 500.0 0.010_ D,I000 0.100

140 !00,00 0°0500 0.1000 0.0500
END IWAT-PARM2
IWAT-FARM3

<ILS > *_*

- # PETMAX PETMIN *_*
13 140

END IWAT-PARM3

IWAT-STATEI
<IL$ > IWATER state variables *_*

- % R_T$ SURS * =*
13 140 1.0000E-3 1.0000E-3

END IWAT-STATEI
END _MPLND

RCHRES

GE_-INFO

• _CHRES Name Nexi_s Uni_ Systems Prizt_er _'*
., # - #< ><-_> Us_.r T-serles Engl Met= LKFG ._t

4 SDS-3 Outlet Swale I 1 1 1 0 0 0

5 E.Branch above TyeeP 1 ! 1 ,i 0 0 0

7. DM_ & DM8 Conveyance 1 i 1 1 0 0 0
9 DM9 Conveyance i i 1 i 0 (_ 0

12 Lower W. Branch 1 _ i 1 0 0 0

13 Co_fl. tO 200_h SO, i _ 1 1 0 0 0
14 200th _o EXec. Trib. 1 I 1 1 0 0 0

27 Execu_el Tributary 1 1 i I 0 0 0
18 Ex_o.Con._l. uo 208th 1 i ! I 0 0 0

34 Bow Lake 1 ! 1 1 0 0 i

25 Pipe A _ow LK O_len 1 1 1 1 0 0 0
36 $DE-4 Combined Dlacb ! ! 1 I 0 0 0

37 Pipe _ 60" INT,,! B!vd 1 1 1 1 0 0 0
38 Dpper E. Branch 1 ! 1 1 Q D 0

39 SDS-1 Storm Only 1 1 1 .l 8 0 0
40 Tyee Pond Reach i ! 1 ! Q 0 0
43 Northwest Ponds Rch 1 1 1 1 0 0 1
46 Exacu_al Pond Re&c_ ! 1 1 ! O 0 0
4_ Pipe _ Exe¢.Pond Dis ! i 1 1 0 0 0

177 North Branch Ravine 1 ! 1 l 0 0 0

193 Dpper Ravine 1 i 1 1 0 0 0
198 Lower Ravine 1 ! 1 I D 0 0
360 SDE-4 NSPS 1 1 ! 1 _ 0 0

366 OTF SSMPS 1 ! ! I 0 0 0
•ND GEN--_NFO

ACTIVITY

RCHRES '*"_"*"*'"""'*_*"* Active Se,'tions _'""*"_',,_",,_,_,,,*_*'_
# - # _YFG ADFG CNFG HTFG 5DFG GQFG C_XFGNOF_ PKFG FHFG *'*
1 366 1 0 0 0 0 0 0 0 0 0

END ACTIVITY

PRINT-ZNFO

# - _ HYDR ADCA CONS HEAT SED G_L OXRX NUTR PLNK PHCB *_****"'*

1 366 6 0 0 0 0 0 0 0 0 0 ! 9
END PRINT-iNFO
HYDR-PARMI

RCHRES Flags for each HYDR _ec_ion _-.

# - # VC A1 A2 A3 ODFVEG for each *_ OEGTFG for each FUNCT fo_ each

FG _G FG FG possible exit "'" possible exit possible exi_

4 17 O 1 1 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
18 34 0 1 1 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
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35 42 0 1 1 C 4 O 0 0 0 0 O 0 0 0 2 2 2 2 2
43 D .l 1 0 4 5 O 0 D 0 0 0 0 0 2 2 2 2 2
46 15'6 D 1 1 C, 4 D O 0 0 0 0 0 D 0 2 2 2 2 2

360 366 O 1 1 O 4 0 O 0 0 0 0 0 0 0 2 2 2 2 2
END HYD/_-PARMI

HYDR-pARM2

*'_Nodifled by _ no include 40 and 46 in the model
RCHRE$ 4**

,_- _ FTA3NO LEN DELTH STCOR KS DBSC **"
<._._.>< ...... ><_____><__ __>< ..... ><__><____> t t4

4 4 0,530 0,3
5 .5 0.380 0.3
"7 3 0.341 O.3

9 .9" 0.1B9 0.3
12 12 0.273 0.3
13 13 0.218 0.3
14 14 0.21B 0.3
17 13 0.246 0,3
18 1B 0.303 0.3

34 34 0.208 0,3
35 35 0.123 0,3
36 I 0.100 0.3

37 3.7 0.381 0.3
38 38 0.142 0,3
39 i 0.100 0.3
40 40 0.159 0.3

43 43 0.189 0.3

46 46 0,043 0.3
47 '4"7 0.41_ 0.3

17.7 177 O.407 0.3
193 !93 0.795 0.3
!98 19B O. 631 0.3
360 i 0.100 0.3

366 1 0,100 0.3
END HYDR-PARM2

H¥DR-INZT

RCHRES In!_!al conditions ft._ each HYDR secr.lon ***
# - _ *** VOL Znl_al va/ue of COLiND _nit/al val_e of O_TEGT

*'_ ac-ft for each possible exi_ for each possible exin
< ..... ><........ > ,---,,---,,---,,---,,---, ,_. <__><__.><__.><___><_->

3 0.1 4.0
4 0.1 4.0
5 0.1 4.D
7 0.I 4.0
9 0,! 4.0

12 0.1 4.0
.13 _.I 4.0
14 0.1 4.0
17 0.I 4._
18 0.1 4.0
34 35. 4.0

35 0,0 4.0
36 0.0 4.0
3.7 0.0 4.0

38 0.0 4.0
39 0,0 _.0

40 0.0 4.0
43 0.1 4,0 5.0
46 0.0 4,0
47 0,0 4,0

17.7 0.0 4.0
193 0.0 4.0
198 0.0 4,0

360 0,0 4.0
366 0,0 4.0
END HYDR-INIT

END RCHRE$

FTAESES

FTABLE 1
RO_qS CQL$ "'"

8 4

DEPTH AREA VOLUME DISCH OgT_LOW2 "**

---_-
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{E'T) (ACRES} (AC-FT) (CFS} (CE_). ---
0.00 0.000 0.000 0.0
0,50 0.016 0.006
1.00 0.016 0.011 4
1.50 0.024 0.025 12

2.00 0.032 D.0#5 30
2,50 0.040 0,0_0 50
3,00 0.048 0.101 80
5.00 0.064 0.22-= 250

END FTARLE 1

E'TABLE 4
*** SDS-3 OUTLET SWALE

ROWS COLS *t*
7 4

*'* DEPTH AREA VOLOME OUTFLOW O0T FI_'2

(FJ'} (RCP.ES) {ACRE-eTI (CF£} (CFS) *-*
.000 .000 0.0 0.0
.500 .198 0.1 9.0 °

1.000 .236 0.5 30.9

2.000 .306 1.0 115,B
3.000 .376 1.5 265.5
4.000 .446 5.0 491.B
5.000 .517 20._) B06.3

=..ENDFTABLE 4

FTABLE 5
I,,.,EAST BRANCH ABOVE TYEE POND

ROWS COLS ***
13 4

*** DEPTH AREA VOLU_ OUTFLOW ODT_LOW2

[ _!'.) (ACRES) (AC_-FT) (cPs) [CFS) *'-
.000 .000 .000 .000
.550 .290 .100 4,900

1.100 .543 .200 20.800
1.650 .609 .300 46.500
2.200 .671 .400 60.000
2,7.50 .732 0.500 lIB ."] O0
3.300 ._7_ 0.600 159.500
3.850 .819 0.700 198.400
4.400 .B49 0.801 231.900
4.950 .B66 1.000 252.900
5,500 .865 1.200 253.000
8.200 .973 1.500 400.000

", i0.200 1.043 2.000 520.000
Et;D PTABLE 5

FTABLE 7

"*" DM? ; DM8 CONVEYANCE
ROWS COLS "**

8 4
*** DEPTH AREA VOLUME OUTFLOW OUTFLOW2

{E_} (ACRES) (ACRE-_T 1 {CPS) (CPS) *"*
,000 .000 .000 .000
.500 .360 .120 6.200

1.000 .416 .276 20.800
2.000 .520 .694 "/5.400

3,000 ,626 1.252 168.700
4.000 .']32 1.950 306.900
5.000 .B36 2.790 496.100
6,000 .942 3.768 742.300

END PTABLE 7

FTABLE 9
"*" DM9 CONVEYANCE

ROWS COI_ ***

S 4
**" DEPT}_ AREA VOLUME OUTFLOW OUTFLOW2

(F/') (ACKES) (ACRZ-._2) {C.FS} ICF.SJ -*-

.000 .00 0.0 ,0

.500 .20 0._ 9.7

1.000 .23 3. I 32.6
2.000 .29 14.9 118

3.000 .35 38.4 265 T_
4.000 .41 77 482
5.000 .47 135 "7"78
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6.000 .52 2J4 1165
END FTABLE 9

FTABLE 12
*'" LOWER WEST BRANCH

"** REVISED BASED ON HEC-KA5 MOD "I,

ROWS COl.,5 **"
13 4

"_" DEPTH AREA VOLtIM_ OOTFLOW 0UT,V3_OW2

[FT} (ACRES) [ACRE-FT} [CFS! (CFS) **"
,000 .000 0,000 ,000
.500 .291 0,030 0,150

3.000 .346 0,260 6.600
2.000 .450 0,430 14.100
3,000 ,554 0.650 25.000
4.000 .656 1,180 50.000
5.000 .753 2,170 35,000
6,000 .796 3.820 100.000
_,000 .83_ 8,_20 150,000
8,000 ,837 16.200 200.000
9,000 .037 27,920 250.000

i0,000 .037 33.530 350.000
11,000 .837 35°380 450.000

END FTABLE 12

FTABLE 13
_** CONFLDENC_ TO 200T_,."ST._KEET

RO_S COLS *'*
9 4

*'* DE_TH AREA VOLUME OUT}'LOW OUTFLOW2

(,_T} (ACRES) 4ACRE-FTI (CFS) (CFS) *_
.000 .000 .000 .000

.500 .153 .051 4,300
1.000 .272 .132 14.400
2.000 .31_ ,312 50.400
3.000 .360 .544 109.600
4.000" ,404 .826 !95.000
5,000 ,450 1.163 309,500
6,000 ,497 1,548 456.300
3.000 .542 !.984 638,000

END ='TABLE 13

FTABLE 14
"*" 200TH STREET TO EXECETEL T,%ZBUTARY

"_* REACH !90 _OM TR-20/KiNG COUNTY BASIN PLAN MODEL:
ROWS COLS ***

5 4

*** DEPTH AREA VOLOME OUTFLOW OO T,_'LOW2

(.='T) [ACRES) (ACRE-F2) (CFS) (CFSI "'"
0.000 0.000 0.000 0.000
0.900 0.70 0.4000 30.00 4
1.800 0.60 1.1000 115,60

2.700 !.10 2,1000 269.80

4.200 1.30 4.3000 707.10
END FTABLE 14

FTABLE 13

*** EXECUTEL TRIBUTARY
ROWS COLS ***

10 4
_t, DEPTH AREA VOLUME OUTFLOW O_TFLOW2

(FT) ACRES) (_CRE-FI') {CFS_ {CFS} ***
.000 .000 °000 ,000

.300 .169 .034 2.900

.600 .192 .076 9.800

.900 .215 .128 20.400
1.200 ,238 .189 35,100

1.500 .259 .258 54.100
1,900 '.282 ,336 _?.700

2.100 .303 .423 106,200

3,100 .376 .779 245.000
3.600 .412 .988 335.000

END FTABLE 17

FTABLE 18
°'" CONFLOENCEWITH EXECOTEL TRIBUTARY TO 209TH STREZT
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='* REPRESENTS GW LOSS ZN WETLAHD BELOW 200TH

ROWS COLS "'"
14 5

"* DEPTH AREA VOLUME OUTFLOW oOTFLO_2

(FT) (ACRES] (ACRE-FT) {CFS) (CFS) *'_
.000 .000 .000 .000 0.00
.500 .572 ,191 7.300 0.00

1.000 .799 .438 10.000 0.00
2.000 .965 1.001 20,3D0 O.OD
3.000 1,155 1.727 100.000 0.00
4.000 1.317 2.542 262.700 0.00
5.000 1.4_8 3.4_5 400.300 0.00
6.000 1.643 4.545 570.200 0.00
7.000 1.791 5,688 774.400 0.00

8.000 1,932 6.822 1015,100 0.00
9.000 1.945 7.025 1294.500 O.OO

10,000 1.958 7,244 1614.500 ' 0,00

11.000 1.970 3.481 1977.000 0.00

12.000 1,983 7.734. 2384,700 0.00
END FTABLE IB

FTABLE 34
_*" BOW LREZ
"'" BASED ON ENTRANCE CONTROL FOR 36 INCH OUTLET PIPE
ROWS COL5 ***

B 5
**" DEPTH AREA VOLDICE OUTFLOW ODTFLOW2

(PT) (AC.,Z_S) (ACRE-FT.) [CFS) (CTS) "**
0.000 14.000 0.000 0,000 0.00

' 1.000" 14.000 14,000 _.000 O.OO
1,500 14.000 21.000 13.000 0.00

2.000 !4.000 28,000 17.000 0.00
3.000 ,!4.000 42.000 35.000 0.00
4.000 14.000 56,000 49.000 0.00
5.000 14.000 70.000 60.000 0.00
6,000 14.000 84,000 70.000 0,00

E_D }'TABLE 34

FTA_LE 35

.*** 36" BOW LAKE DISCHARGE PIPELINE {A)
ROWS COLS **"

16 4

*'" DEPTH AREA VOLOIdE OUTFLOW OUTI_OW2

(.1:"/) (AC._Y.S)(ACKE-FT_ ICPSI (CFS) "'*
.000 .boo .000 .000
.30o .020 ,0006 1.000
.600 .026 .0026 4.200
.900 .032 .O06B 9.400

i.200 .034 .0134 16.200

1.500 .037 .0226 24,000
1.800 .039 .0346 32.300
2.100 .040 .0492 40.100
2.400 .040 ,066_ 46,900
2.700 .039 .0857 51.200

3.000 .037 .1000 55,300
"'* SORCHARG_NG-

3.300 .038 .2500 60.300
4.000 .036 ,4000 90.000
5.000 ,038 ,6000 100.000
6.000 .036 1.0000 i50,000

10,000 .038 10.0000 300.000
END F'2A,_LE 35

FTA_LE 37

**" 60" INTERN&TZDNAL BLVD PZPELINE (B}
ROWS COLS *'"

13 4
"** DEPTH AREA VOLUME OUTFLOW ODTFLOW2

(FT} (ACKES) (ACRE-PT) {c_3_ (CFS) ***
,000 .000 .000 .000
.450 .134 .04_ 4.800
,900 .190 ,100 20.300

1.350 .225 .150 45.400
1.800 .249 .200 7B.ODO
2.250 .266 .250 115.900

2.700 ,27! .300 155.800

mm
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3.150 .264 .350 193.B00
3.600 .251 .400 226.500
4.050 .238 . 450 247.0{)0

" 4.50(} .234 .500 2#7.100
6.500 .195 .600 340.000
8.500 .266 /700 43-5.000

END =-TABLE 33

FTABLE 38
"** UPPER EAST BRRNCH

"ROWS COL$ "'*
9

*'" D__PTH AREA VDLU_ GDT_LOW OUTFLOW2

(TT} (ACRES) (ACRE-FT) (CF3) (CF_) -'*
.000 .ODO .000 .DO0
.500 .176 ,I00 9.200

1.000 .194 0.150 30.400
2.000 .232 0.200 105.B0n

3.000 .271 0.250 228.900
4.000 .310 Q.350 4D5.800

5.000 .349 0.450 642.700

6.000 .387 0.600 945.700
7.000 .426 n.800 1320.700

"'_ END .--TABLE38

FTABLE 40

*** TYRE POND

_** BASED ON TYRE POND AS-BUTLTS AND A_TOMATED GATE OPERATION MANOAL
*** K RZTLAND 2/4/98

*,, Znser_ed by FK co reflect KC com_en_s [03/22/2001)
ROWS COLS **"

.. 20 4
_* DEPTH AREA VOLUME O_TTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-.-'T) (CFS_ (CFS) -**
0.00 0.00 0.00 0.00
0.90 0.01 0.01 IO.DD
1.65 0,02 0 •02 2D,Q0
3.11 0.07 0.07 30.00

4.56 0.22 0.29 40.00
6.02 0.63 0.89 50.00
7.48 O.B_ 2.02 60.00

B.62 • 1.06 3.18 70.00

9,'79 I.IB 4,29 80,00
!O.BB 1.34 5.83 90.00
11.99 1.48 7.20 i00.00

1.3.12 I. 69 _.17 ii0o 00
i_.12 2.04 12.90 120.00

16.10 2.20 14.92 124.10
16,30 2,24 15.40 129,65

_6.57 2.2S 15.SB 150.36
16.64 2.32 16.36 155.00

16.80 2.36 16,84 208.74
13.03 2.40 I_.32 293.59
13.26 2.43 17.79 428.11

END FTA_LE 40

FTABLE 43
*** NORTHWEST PONDS

"*'* I_ASED ON KING COUNTY BASIN PLANNING MODEL
ROWS COLS ***

1_ 5

"_" DEPTH AREA VOLUME OUT ._'LOW OUTFLC_2

(FT) (ACRES_ (ACRE- _'_'_ {CFS) (CFS) ---
0.000 . 12.000 0.000 0.000 0.00
0.100 12.000 18.800 0.000 0.00
1.000 12.000 24.000 0.200 0.00
2.000 12.000 30.000 0.500 0.00
3.000 !2.000 37.000 1=000 0.00

3.500 13.000 41.000 5.000 0.00
4.000 13.000 45.700 15.000 0.00

4._00 13.000 51,000 35.000 0.00
.5.000 14.000 56.500 150.000 0.00
5.500 14.000 62,900 200.000 0.00
6.000 I_.DO0 69,000 300,000 0.00
6.500 14.000 63.500 350.000 0.00
3,000 15,000 99.900 400.000 0.00
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8.000 37,000 119.00 500,D00 D.O0
9.000 20,000 141.50 550,000 0.00

10,000 23,000 190,00 600.D00 0.00
11.000 2_,000 200.00 650,000 0.00

END F/ABLE 43

F_LE 46
*'" EXECgTEL POBD

***Inserted by F_ Co ref!ec_ KC co_men_s I03/22/2001_

ROWS COL5 *''
20 4

*'' DEPTH AREA VOLOME OUTFLOW OOTFLOW2
(FT_ (ACRZS_ (ACRE-Ft) (CFS_ (CFS) "'"
.000 .000 . .000 ,000

1,000 .090 .080 24,420
2.000 .230 .310 34,540
3.000 .393 .703 42.300
3,500 .494 .950 45.690
4.000 °508 1.204 48.850
4.500 .532 1.470 51.810

5.000 .540 1.740 54,610
5.500 .540 2.010 57.280

6.000 .580 2,300 59,B20
6,500 .600 2.600 62.270
7.000 .600 2,900 64.620
7,500 .600 3.200 66,900
8.900 .620 3.510 69,100
8,500 °640 3.830 71.200
9,000 .740 4.200 82.220

10.000 .650 4.850 I19oa30

11.000 .720 5.570 169.000
12.000 .750 6.320 250.900
13.000 1.000 7.320 500.900

EN_ FTA_LE 46

FTABLE 47

..--*_*EXECUT _,T,POND DISCHARGE PIPELINE (C)
_0WS COLS "'*
11 4

,,, DEPTH AREA VOL_M_ OOT_OW OOTFLO_2

(I'¢) (ACIU_,S](ACRF-,-Pr) (CFS) (CP$) "*"
.000 .000 .000 .000
.350 .069 .020 4.600
.700 .096 .056 19.200

1.050 .I12 .099 42.800
1.400 .124 .150 73.400
1.750 .125 .203 109.000

2.100 .121 .240 146.600

2.450 .110 .264 182,400

2,600 .096 .284 213.200 ,
3.150 .090 .290 232.400
3,500 .086 .293 232,600

END FTABLE 43

FTABLE 177
"'" NORTH BRA,NCH RAVINE

ROWS COLS ***
14 4

"_" DEPTH AREA VOLUME OOT_LOW OUTFLOW2

(FT) _CRES; (ACRE-F_} (CFS_ (CFSl *_"
.000 .000 .000 .0
.500 .572 .19_ 7.3

1.000 .799 .438 23.2

2.000 .968 1,001 75.7
3.000 1.155 1.727 155.!
4.000 i.317 2.542 262.7

5.000 1.478 3.475 400.3

6°000 1.6_3 4,545 370.2
7.000 1.791 5.688 774.4

8.000 1.932 6.822 1015.1

9.000 1.945 7.025 1294.5
10.000 1.958 7.24_ 161_.5

ii.000 1.9_0 7.48! 1977.0

12.000 1.983 7.734 2384.7
END FTABLEIT_

m|
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FTABI_ 193
"_* DP_ER RAVINE
:OWS COLS *'*

14 4

4._., DEPTH AREA VOLUME OUTFLOW OUT._'LOW2

(FT) (ACKES) (ACKE-FTI (CF$) (CFS} _'"
0.00 0.00 0.00 0.0

0,35 0.72 0,'25 3.8

0,70 0,72 1,51 23.5

1.05 0,72 2.28 44.3
1,40 0.72 3.03 68.2

1,75 0,72 3.81 95.8
2,10 0.72 4.56 125,2

2.45 0.75 5,36 169.0
2.80 0,89 6.30 171,5

3.15 1.00 7.35 247.6
3.50 1.08 8,49 332.7
3.85 !.21 9,7,_ 396.5

4,20 1.32 11.13 521,2

4.55 1,41 12.60 655.5

END FTABLEI93

FTABLE 198
ROWS COLS t .

*'" LOWER RAVINE

_** ROUGH ESTIMATE BASED ON FIELD VISIT DF 12/20/95
"** ._LOW WAS 6 TO _ CFS WITH DEPTH OF 8"

"*" NEAR OUTLET.
"** DRIVE WHICH REPRESENTS A REST_CTION ACCORDZNG TO OBSERVATION

8 "4
*"" DEPTH AREA VOLUME OUTFLOW OUT FLOW2

(Y!'_) [ACRES) (ACRE-._'T) (CFS) (CFS) "'_
0.00 0,00 0.00 0.0
1.00 0.50 0._0 10.0
2.00 0.55 1.30 25.0
3.00 0.60 I.S0 50.0
5.00 0.70 2.50 100,0

*" 5OBMERGENCE OF CULVERT
i0.00 2.50 12,00 245.0

** OVERBANK STORAGEp .

"* FIJDWS BASED ON 243', .03 D-W FACTOR, PLUS LOSS OF I. VELOCITY HEAD

15.00 !0,00 40.00 325.0
20.00 ii.00 90.00 390.0

E_D :-TABLE_9S

END _'TABLES

COPY

TIMESERIES

Copy- opn * _* j
# - # NPT NMN _ *
i 59 1

END TIMESERIES

END COPY

EXT SOORCES

<-Volume-> <Member> SsysSgap<--Mul:-->Tran <-Target vols> <-Grp> <-Member-> "*t

<Name> 0 <Name> % tem strg<-Zac',oz->s_=g <Name> # # <Name> # # _**
WDM 2 PREC ENGLZERO PERLND 14 54 EXTNL pREC

WDM 2 PREC ENGLZERO IMPLND 14 EXTNL FREC

WDM 2 PREC ENGLZERO RCHRES 34 EXTN5 PREC
WDM 2 PREC ENGLZERO RCMRES 40 EXTNL PKEC

WDM 2 PREC ENGLZERO RCHRES 43 EXTNL PREC
WDM 1 EVAP ENGLZERO 0,8 PERLND 14 440 EXTNL PET_NP

WDM i EVAP ENGLZERO 0.8 IMPLND 14 140 EXTNL PETINP

WDM 1 EV_P ENGLZERO 0.8 RCHRES 34 EXTNL POTEV
WDM 1 EVAP ENGLZERO 0.8 RCHRES 43 EXTNL POTEV

WDM i EVAP ENGLZERO 0 •B RCHRES 40 EXTNL POTEV
END EXT SOURCES

EXT TARGETS

<-Volume-> <-Grp> <-Mem_er-><--Mult-->Tzan <-Volume-> <Member> Tsys Tgap Amd ***

]ame> # <Name> # #<-factor->strg <Name> # <Name> tern strg s_rg *_*

"*" SDS
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t,,,, SDE-4 (TOTAL)
"CHRE$ 36 HYDR RO WDM 21 _ ENGI, P,EPL

*- .c0S-1 _TOTAL)
RCHRES 39 HYDR RO RDM 22 FLOW E_GL REPL

"*"_ $D,S-3
COPY 42 OUTPUT MEAN 1 12.1 WON 23 _0_ ENGL KEPL

"*" SOS-4
COPY 10 OUTPUT MEAN I 12.1 WDM 2B FLOW EWGL REPL

*** SDS-3A TAXZWAY VAULT

COPY 20 OUTpDT MEAN 1 12.1 WDM 24 FLOW ENGL REPL

" SDS-_ 3RD RUNWAY VAD-LT
COPY 3 OUTPUT MEAN I 12,1 WDM 26 FLOW " ENGL P,EPL

*'_ WE_T 5RANCH

"*• NORTHh_ST PONDS REACH

RCHRES 43 HYDR RO WDM 31 FLOW EHGL REPL

*"_ LOWER WEST BRANCH
RCHRES 12 HYDR RO WDM 35 FLOW EHGL REPL

"** EVALUATZON POINT FOR SOS OZSCH/_GE TO WEST BRANCH - POC-Z

COPY 41 OUTPUT MEAN ! 12.! WDM 160 FLOW ENGL KEPL

_*• EVALUATION POINT FOR SDS DISCHARGE TC WEST BRANCH - POC-2
COPY 4 OUTPUT MEAN 1 12.1 WDM 16! FLCW ENGL REPL

_"* EAST BRANCH

• "" BO_; LAKE OUTFLOW
'*RCHRES 35 HYDK KO WDM 136 FLOW ENGL B_PL

"RCHRES 37 HYDR KO WDM _ _LOW ENGL REPL
• *• SASA POC
_*_COPY 16 OUTPUT MEAN i 12,1 WDM 438 :-LOW ENGL REPL

"_* EXISTING UPPE_ _,2&STBRANCH (,_UTU_ SASA DE_'ENT_ON SITE}
RCHRES 38 HYDR RO WDM 37 FLOW ENGL REPL

**" TYPE 2NFLOW (GAUGE 11C)
RCHRES 5 HYDR RO WDM 38 _LOW ENGL REPL

*'* MA/N STEM

"'" BELOW CONFLUENCE AT TYEE GOLF COURSE WEIR (GAUGE I!F)
COPY 5 OUTPUT MEAN 1 12,_ WDM 40 FLOW ENGL BEPL

•*• BELOW CONFLUENCE AT SOUTH 200TH STREET

RCHRES 13 HYDR RO WDM 41 FLOW ENGL REPL

**" LOWER DE-* MO_NES CREEK NEAR MOUTH (GAUGE liD)
RCHRES 198 HYDR RO WDM 42 FLOW. ENGL KEPL

END EXT TARGETS

NETWO_

*'* <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->

<NAME> # <N_ME> TEM STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME) # # _'_

_'" AXRPORT SEBBASXNS

**" (DM23) SDE-4
PERLND 26 PWRTER SURO 4.229 RCHRES 36 EXTh_ I_OL

"AKLNO 26 _WATER XFWO 4,229 RCHRES 36 EX.TNL IYOL
_RLND 26 PWATER AGWO 0.142 _CHRES 36 EXTNL IVOL

._MPLHD 14 IWATER SURO 9.62_ RCHRES 36 EXTNL Z_OL
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*** (DM241 SDS-I
_EKLNO 2_ PWATER SURO 0.077 &CHRE/ 39 EXTNL IVOL
"RLND 26 PWATER IFWO 0.077 RCHRE5 39 EXTNL !VOL

_RLND 26 PWATER AGWO Q.032 RCHKES 39 EXTNL IVOL

IMPLND 14 IWATER SURD I.401 RC_.KES 39 EXTNL IVOL

*** (DM25) $DS-3A

pERLND 26 PWATER SURO 5.227 COPY 20 INPUT MEAN 1

PERLND 26 PWATER IFWO 5.227 COPY 20 _NPUT MEAN I

IMPLND 14 IWATER SURO 0.588 COPY 20 2NPUT MEAN 1

°'* (D.M25) S05-7
PERLND 26 PWATER SURO 6.522 COPY 2 INPUT MEAN 1

PERLND 26 PWATER I_WO 6.522 COPY 3 INPUT MEAN 1
PERLND 44 PWATER SURO 0.383 COPY 3 INPUT MEAN I

PERLND 44 PWATER _FWO 0.383 COPY 3 INPET MEAN 1

PERLND 5_. PWATER SDRO 0. 033 COPY _ _NPUT _ 1
PERLND 54 PWATER II_O 0.033 COPY _ INPUT M_ 1
IMPLN_ 14 !WATER SURO O. 66_ COPY 3 INPUT MEAN 1

*_* (DM25) SDS-3
_ER_ 26 PWATER SURO 13.791 COPY 42 INPUT MEAN 1
PERLND 26 _WkTER IFWO 13.79! COPY 42 • INPUT MEAN 1

PERLND 25 PMATER AGWO 0.2S8 COPY 42 _NPUT MEAN 2
IMPLND 14 _W_TER SURO 14.816 COPY 42 _NPUT MEAN 1

*=* (New watershed SD5-6)

PERLND 26 PWATE.K SUE0 1.038 COPY 50 INPUT MEAN !
_ERLND 2_ PWATEE __FWO i.038 C_PY 50 INPUT MEAN !

PEKLND 26 2WATER AGWO 0.!48 COPY 5D INPUT MEA_ I
!MPLND _4 IWATER S_RO 0.356 COPY _0 INPUT MEAN I

_'* [New wa_.ershe_ SOS-5}

PERLND 26 PWATER SURe 2,5_2 COPY 41 _.NPUT _ 1
PEKL'ND 26 .=WATER I-vwo 2. 672 COPY 41 _NPUT MEAN !
PERLND 26 PWATER AGWO O,B?B COPY 41 _NPUT .MEAN !

IMPLND 14 IWATER SURO 0.0_2 COPY 41 INPUT MEAN 1

"* (New watershed SOS-2)
.E.RLND 16 PWATER SURO 0.23_ COPY 4 INPUT MEAN I

PERL}_D 16 PWATER _}'_O 0.130 COPY 4 INPUT MEAN 1
PERLND 16 PWATER Ag_O • 0.230 COPY 4 INPUT MEA_ 1

PERLND 2 _ PWATER SURO 0.014 COPY 4 INPUT .MEAN 1
PERLND 26 PWATER IFWO 0.014 COPY 4 INPUT .MEAN 1
PERLND 26 PWATER AGWO 0.014 COPY 4 INPUT M_i%N 1

PERLND 34 PWATER SURO 0.338 COPY 4 INPUT MEAN 1
PERLND 34 PWATER I:-WO _._38 COPY 4 INPUT MEAN !

PERLND 34 PWATER AGWO 0.338 COPY 4 INPUT MEAN 1
PERLND 44 PWATER SURO 0.012 COPY 4 INPUT MEAN 1

PERLND 44 PWATER IFWO O.012 COPY 4 _NPUT MEaN 1

P_-q_LND 44 PWATER AGWO 0.012 COPY 4 INPUT MEAN 1
PERLND 54 PWATER SURO 0.043 COPY 4 INPUT MEAN 1
PERLND 54 PWATER _FWO 0.043 COPY 4 INPUT MEAN 1

PERLND 54 PWATEE AGWO _.043 COPY 4 INPUT MEAN 1
IMPLND 14 IWATER SURO D.124 COPY 4 _NPUT MEAN 1

*** (DM27) $DS-4

PERLND 16 _WATER S_RO "'*'" COPY 10 INPUT MEAN 1

PERLND 16 PWATER IFWO "**** COPY i0 XNPDT MEAN i

.PERLND 16 PWATEK AGWO *''*" CO._Y 5 INPUT MEAN " !
PERLND 26 PWATER SURO 0.761 COPY i0 _NPUT MEAN !

9ERLND 26 PWATEK IPWO 0.761 COPY i0 INPUT MEAN 1
PERLND 26 PWATER AGWO 0.761 COPY 5 INPUT MEAN i

PEBIaD 3_ PWATER SURO 0.011 COPY 10 _NPUT MEAN 1

PEBLND 34 PWATER _._WO 0.011 COPY I0 _NPUT MEAN 1
PERLND .34 P_ATER AGWO O.01! COPY 5 INPUT MEAN 1
PERLND 44 PWATER SURO 3.009 COPY I0 INPUT MEAN 1

PERLND 44 PWATER I._WO _.009 COPY i0 _NPUT MEAN I

PERLND 44 PWATER AGWO 3 •009 COPY 5 INPUT MEAN i
IMPLND 14 IWATER SERO 1.599 COPY I0 INPUT MEAN 1

**t SASA STORM

"_q_ND 16 PWATER SURO 1.899 COPY 15 INPUT MEAN 1

ZRLND 16 PWATER IFWO 1.899 COPY 15 INPUT MEAN i
PEBLND 16 PWATER AGWO 1.899 COPY 5 INPUT MF_ I
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PERIOD 26 PWATER $DRD 0.146 COPY !5 INPUT MEAN I
_ERLND 26 PWATER IFWO 0.146 COPY !5 INPUT MEAN 1
3RL_D 26 PWATZR AGWO 0,146 CO-"Y 5 INPUT M_AM 1

_KLND 34 pWATER SURO 0.319 COPY 15 INPUT MEAN 1
PERLND 34 PWATER IFWO O. 019 COPY 15 INPUT MEAN I

PLRLND 34 PWATER AGWO 0,0!9 COPY 5 INPUT MEAN 1
pERLND 44 PWATER SURO 0,00! " COPY 15 INPUT MEAN i

• pEELeD 44 PWATER IFWO 0.001 COPY 15 INPUT _ I

EERL_|D 44 PWATER AGWO 0,001 COPY 5 INPUT MEAN i

pERLND 54 PWATER SURO 0•045 COPY 15 INPUT MEAN 1

,SEKLND 54 PWATER ZFWO 0,045 COPY 15 INPUT MEAN i
PERLND 54 PWATER AG_O 0.045 COPY 5 IHPUT I_ I

IMPLND 14 IWATER SURO 0,745 COPY 15 IRpITr I_LEAN 1

_* !WS SYSTE)_ PRIMARY S_STEM AND PLUMP 5TATI_D_S

**_ I-3" NORTH SATELLITE pUM,,pSTATION _NSP_) TO _W_

_* OVERILOK TO SDE-4
"_*'* INSTALLED ZN I_95

PERLND 16 pWATER S_RO "'_* RCHRES 360 EXTNL IVOL

PERL_D 16 PWATER IFWO _**_ RCHRE$ 360 EXTNL ZVOL
PERLND 26 PWATER SDRO 0.026 RCHRES 360 EXTNL _YOL
PEKLND 26 PWATER IFWO _.026 RCHKES 360 EXTNL _VOL

7/4PLND 14 IWATEE SURO 1.120 RCHRES 360 EXTNL IVOL

:_* I-5: SOUTH SNOWMELT (OLYMPIC TANK SARM) P_P STAT__ON TO INS

_" OVERFLOW TO DES MO!NES EAST BRANCH
*_* INSTALLED IN LATE 1997/1998"_*areas no_ changed
ZMPLND !4 IWATER SURO 0.001 RCHRES 366 EXTNL TVOL

_ i-7: IHS -PRIMARY

PERLND !6 PWATER SDRO "'_ COPY 1'] INPUT blEAN !
_ERLND 16 _WATER IFWO _*''" COPY 14 INPUT MEAN 1

..' _ERLND 26 PWATER SURO 1,1!7 COPY 14 INPUT MEAN 1
_KLND 26 PWATER ,_,_WO 1.11_ COPY 14 ZNPDT MEAH !
"*PERL_D 26 PWATER AGWO 0_I15 COPY 14 INPUT MEAN 1

/MPLND 14 IWATER SURO 19 °456 COPY 14 INPUT MEAN i

_ SASA _S

PERLND 16 PWATER SURO 3. 047 RCHRES 5 EXTNL IVOL
PERL_D 16 PWATER _.--WO 3,047 RCHRES 5 EXTN L -_VOL

PERLND 16 Ph_TE_ Ag_O 3.047 COPY 5 INPUT M_,d%N 1
PERLND 26 ._WATER SURO 0._37 REHRES 5 EXTNL IVOL
PERLND 26 PWATER I.vWO _.837 BEHRES 5 EXTNL !VOL

P_RLND 26 9_ATER AGWO 0.B37 COPY 5 INPUT MEAN 1
PERLND 34 PRATER 3URO O. 020 RCHRES 5 EXTNL ,_VOL
PERLND 34 P_ATER !}-dO 0. 020 ROHP_S ,_ EXTNL ZVOL

PERLND 34 PWATER AGWO " 0.020 CO-_Y 5 _NPUT MEAN 1
PERLND 44 PWATER SURO 0.302 RCHRES 5 EXTNL "VOL

PERLND 44 PWATEE _}'_O 0,302 RCHRES 5 EXTNL _VOL
PERLND 44 PWATER AGWO 0,302 COPY 5 INPUT ME_ !

PERLND 54 PWATEK SURO 0.i13 RCHRES 5 -_D(TNL IVOL

PERLND 54 PWATER IFWO 0.113 RCHRES 5 EXTNL IVOL
PERLND 54 PWATER AGWO 0.113 COPY 5 INPUT MEAN i
IMPLND 14 IWATER SURO 0,548 RCHRES 5 EXTNL IVOL

*'" IWS WEST

PERLND 16 PWATER SURO D. 222 RCHRES 43 EXTNL IVOL

_ERLND 16 PWATER _FWO 0.222 RCHRES 43 EXTNL IVOL
*''PERLND 16 PWATER AGWO 0.222 RCHRES 43 EXTNL IVOL

PERLND 26 PWATER S_RO 0.226 RCHRES 43 EXTNL IVOL

PERLND 26 PWATER IFWO 0.226 RCHRES 43 EXTNL IVOL
*''PERLND 26 PWATER AGWO 0.091 RCHB_S 43 _XTNL IVOL

PERLND 34 PWATER SgRO 0,512 RCHRES 43 EXTNL IVOL

PERLND 34 PWATER _FWO D.512 RCHRES 43 EXTNL _VOL
*'*PERLND 34 PWATER AGWO 0.512 RCHRES 43 EXTNL IVOL
_MPLND 14 XWATER SaRO 0.03_ RCHRES 43 EXTNL IVOL

*'" MC-9 GW added (from Mlller Creek)
ERLND 26 PWATER ASWO 0,005 RCHRES 43 E'XTNL ZVOD
"* EAST BRANCH OF CI%EEK
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*'" DMI
=ERLND 16 PWATER SURO 0.860 RCHRE,_ 34 EXTNL IVOL

RLND 16 PWATER I_O 0,860 RCHRES 34 EXTNL IVOL
o,'.RLND 16 PWATER AGWQ 0,238 RCHRES 34 EXTNL IVOL

PERLND 26 PWATER SURO 11.03B RCHR_$ 34 EXTNL IVOL
PERLND 26 PWATER I:-WO 11.07B RCHRE_ 34 Ek"TNL IVOL

pEKLBD 26 PWATER AGWO 2. 069 RCHRES 34 EXTNL IVOL

_ERLND 34 _AT_ SURO 0.599 RCHRE$ 34 EXTNL IVOL

¥EBLND 34 PWATER IFWO 0.599 RCHB_S 34 EXTNL ZVOL

PEBLND 54 PWATER AGUO 0.166 RCHRES 34 EXTNL _VOL

PERLND 44 PWATER SURO 7. 597 RCHRKS 34 EXTNL 2V07,
PERLND 44 PNATER IFWO 7. 693 RCHRE_ 34 EXTRL IVOD

PERLND 44 PWATER AGWO 2.132 RCHRE$ 34 EXTNL IVOL
PERLND 54 PWATER _ 1.1H8 RCHRES 34 EXTND ZVOL

PEBLND 54 PWATER IFWO" 1,176 RCRRES 34 EXTNL IVOL
PERLND 54 PWATER AGWO 0.326 RCHKES 34 EXTNL IVOL

IMPLND 14 _WATER $URO 14.274 RCHRE$ 34 EXTNL IVOL

_ DM2

: PERLND 16 PWATER SURO * _ ,_CHRE$ 37 EXTNL IVOL"

PERLND I_ PWATER IFWO _ RCHRE$ 37 EXTNL _VOL
PERLND 26 PWATER SURO 1.232 RCHRE$ 37 EXTNL _VOL

PEBLND 26 PWATER IFWO 1,232 RC_LRE_ 37 EXTNL _VOL
IMPLND 14 I_ATER S_RD 0.821 RCHRES 37 EXTNL IVOL

_'" DM3

P_LND 26 _°WATER SU_O 3.645 RCHRES 5 EXTNL /VOL
PERLND 26 PWATER ._FWO 3.64_ RCHRE$ 5 EXTNL IVOL

PERLND 26 PWATER AGWO _, 628 RCH_S 5 EXTNL IVOL

PERLND 5_ PWATER S_RO 0,013 KCHRES ._ EXTNL _V.OL
PERLND 54 PWATER _FWO 0_0!3 RCHRES 5 EXTNL _VOL

PERLND 54 PWATER AGWO 0,01-_ RCh_ES 5 EXTNL iVOL
IMPLND 14 IWATER SURO 5. 030 RCHKE_ 5 "_XTNI -VOL

_Add rlon-con_ig_o_s GB basin _**
PERLND 26 PWATER AGWO 0.016 KCHRES 5 EXTNL IVOL

_RLND 16 PWATER PERO 0,291 RCHRES 5 EXTNL IVOL
,PJA_D 26 PWATER PERO 0.589 RCHRES 5 EXTNL IVOL

,_ERLND 54 PWATER PERO 0.005 RCHRES 5 EX_L IVOL

_2I_D 14 I_ATER SURO 3.340 RCHRES 5 EXTNL IVOL

&"*Add non-contiguous GW basin-*-
PERLND 26 PWATER AGWO 0,001 RCHKE$ 5 EXTNL _VOL
*_* DM5

PERLND 18 PWATEK PERO 0.173 RCHRES 5 EXTNL IVOL
PERLND 26 P_ATER ,_ERO 0. 493 RCHRE$ 5 EXTNL IVOL

PERLND 34 _TER PERO 0 •074 RCHRES 5 EXTNn TVOL
PERLND 44 PWAT_.R PERO 0,080 RCHRES 5 EXTNL IVOL

PERLND 54 PWATER PERO 0.11_ RCHRES 5 EXTN_. IVOL
_-MPLND 14 IWATER SURO 0 . 812 RCHRES 5 EXTNL 7VOL

"_* DM6

PERLND 16 PWATER PERO 0,000 RCHKES 40 E_,TNL _VDL
PE_LND 26 PWATER PERO 0.534 RCH,_ES 40 EXTNL _VOL

PERLND 34 PWATER PERO 0,002 RCHRES 40 EXT}|L IVOL
PF_ 44 PW_TER PERO 0.709 ._CH_ES 40 E_L IVCL

PERLND 54 PWATER PERO 0,312 RCHRES 40 EXTNL _VOL
XMPLND 14 2WATER SURO 0,008 RCHRES 40 EXTNL IVOL

*** WEST BRANCH OF CREEK

"** DM7

P_/2_D " !G PWATER SURO 2,190 RCHRES 3 EXTNL IVOL

PERLND 16 PWATER XFWO 2.190 RCHRES 7 EXTNL IYOL
PERLND !_ PWATER AGWO 1,701 RCHRES 7 EXTNL IVOL

PERLND 26 PWATER SURO 2,944 RC:4RES _ EXTNL _YOL
PEBLND 26 PWATER IFWO 2.944 RCHRES 7 EXTNL 2VOL

PERLND 26 PW&TER AGWO 0,759 RCHRES _ EXTOL IVOL

PERIRD 34 PWKTER SURO 1.969 RCHRES ? EXTOL IVOL

PERLND 34 _ATER _FWO 1.969 RCHRES 7 EXTNL IYOL
_ERLND 34 PWATER AGWO 0.681 RCHRES 7 EXTNL IVOL
'RLND 44 PWATER SURO 4.142 RCHRES H EXTNL IYOL

"KLND 44 PWATER iFWO 4,142 RCHRES 7 EXTNL IVOL

PERLND 44 PWATER A_WO 0,_3 RCHRES 7 EXTNL IVOL
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PERLND 54 PNATER SURO 0,551 RC/4KES ? EXTNL 7VDL
EP,LND 54 PWATE._ !FWO Q,551 RCHRES 7 EXTNL IVOL

kCtLND 54 ,"WATER AGWD 0.370 RCHRES 7 EXTNL IVOL
,MPLND 14 _WATEE SURO 2,399 RCHKE3 7 EXTNL IVOL

""° DM8
pERLND 16 PWATEE SURD 0.20_ RCHKE$ 3 EXTNL !VOL

PEBLND 16 ,"WATER TFWO 0.203 RCHRE$ 7 EXTNL IVOL

pEBLND 16 PWATER AGWO **'*'* RCHRES _ EXTNL IVOL

gERLND 26 PWATEE S_RO D. 60% RCHKES 7 EXTNL IVOL
PERLND 26 PWATER _FWO 0.60_ RCHRE$ 7 EXTNL IV_L

PERLND 26 PWATER AGWO 0. 098 RCHBE$ _ EXTNL IVOL
PE_LHD 34 PWATER SURO 0._15 RCHRE$ 3 EXTNL I_OL

PERLND 34 _WATER IFWO 0.715 RCHRES 7 EXTOL IV_L

9ERLND 34 PWATEK AGWO 0.226 RCHRES 7 EXTNL IVOL
PERLND 44 .PWATER SURO 1.132 RCHRE$ 7 EXTNL IV_L

PERL_D 44 PWATER IFWO 1,132 RCHKES 7 EXTOLL _OL
PEBL_D 44 PWATER AGWO 0 •154 RCHRES 7 _,XTNL IVOL

PEBLND 54 PWATER SDRO 0.161 RCHRES _ EXTNL IVOL

_EKLND 54 PWATEK IFWO _ ,161 RCHRES 7 EXTNL IVOL
PERLND 54 PWATER AGWO 0.i!6 RCHRES 7 EXTNL _VOL
_MPL_D 14 _WATER SURO 2. 420 RCHRES _ EXTNL _VOL

•** DM9

_ERLND 16 9WATER SD'RO 0.0_2 ECHRES "9 Ek"2NL IVOL

PERI2_D 1_ PWATER _FWO 0,__2 RCHBES ,_ EXTNL _VOL
PERLND 16 PW_TER _%GWO 0 .002 RCHBES 9 EXTNL !VOL
PERLND 26 PWATER SURO !.200 RCHRES _ EXTNL _VOL

PERLND 26 PWATER IFWO 1.200 RCHRES 9 EXTNL" _VOL

PERLND 26 PWRTER AGWO 0.435 RCHRES S EXTNL IVOL
PERLND $4 PWATER S_RO 0•016 RCHRES 9 EXTNL _VOL

PERLND 34 PWATER 2FWO 0.016 RCHRES 9 EXTOL IVOL
PERLND 34 9WATER A_'WO 0.016 RCHRES 9 EXT_rL -_VOL
PERLND 44 PWATER SURO 3.040 RCMRES 9 EXTNL ._VOL

PERLND 44 PW_TER _FWO _.040 RCHRES 9 EXTNL IVOL

• PY,d_LND 44 PWATER AGWO !,512 RCSRE$ 9 ZXTNL _VOL
_RLND 54 PWkTE.% SURO 0.010 RCHRES 9 EXTNL IVOL

, _BLND 54 pW;&TE._!FWO _.Ol0 RCHRES 9 EXTNL IVOL

PERLND 54 PWATEE AGWO 0,010 RCHRES S EXTNL IVOL
'_M_LND 14 _WATER SURO 0._3_ RCHRE5 9 EXTNL IVOL

PEP,LND 16 PWATER YERO 0.945 RCMRES 43 EXTNL IVOL

PERLND 26 PWATER PERO _.73% RCHRE$ 43 EXTNL IVOL
?ERLND 94 PWATER PERO !,935 RCH._ 43 EXTNL IVOL

9ERLND 44 PWATER PERO 0,510 RCHRES 43 EXTNL _VOL

PERLND 54 pWATER PERO 0.712 RCMRES 43 EXTNL IVOL
IMPLND 14 IWATER SURO 0 •185 RCHRES 43 EXTNL _VOL

PERLND 16 PRATER PERO 0,321 RCHRES 43 EXTOLL IVOL
PERLND 26 PWATER PE._O 0.408 RCHRES 43 EXTNL _VOL

PERLND 34 PW_TER PK_O 1.024 RCHKES 43 EXTNL _VOL

pERLND 44 PWATER PERO 0,453 RCHRES 43 EXTNL _VOL
pERLND 54 PWATER PERO 1,036 RCBRES 43 EXTNL _VOL
IMPLND 14 _WATER SURO 2,726 RCHRE$ 43 EXTNL _VOL

"'* DMI2

PERLND 16 PWATER PERO 0.510 RCRRES 12 EXTNL !VOL

PERLND 26 PWATER PERO 0.001 RCHRES 12 EXTNL 2VOL
PERLND 34 PWATER PERO 0.375 RCHRES 12 EXTNL IVOL
PEBLND 44 PWATER PERO 1,740 RCH'KES 12 EXTNL IVOL

pERLND 54 PWATER PERO - 0.5_3 RCHRES 12 EXTNL IVOL

"'" DMI3

PERLND 16 PWATE._ PERO 0.961 RCHBES 13 EX."q_L _VOL

PEKLND 26 PWATER @EBO 1.562 RCHRES 13 EXTNL IVOL
PERLND 34 PW;LTER PERO 1.203 RCHRES 13 EXTNL IVOL

PERLND 44 PWATER P_RO 1,842 RCHRES _ EXTNL _VOL

PERLND 54 PWATER PERO 0,025 RCHRES 13 EXTNL IVOL
_MPLND 14 _WATER SURO 1,259 RCHRES 13 EXTNL _YOL

•" LOWER BASIN
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--" DM14

DERLND 16 PWATER PERO 0.48! RCH_ 14 EXTNL IVOL
=RLND 26 PWATEK PERO D.295 RCHRES 14 EXTNL _VOL
_RL?|D 34 PWATFEK PEEO 1.940 RCHRE$ 14 EXTNL IVOL

PERLND 44 PRATER PERO I.!%5 RCHRES 14 EXTNL _VOL
IMPL_D 14 IWATF,R SURO 0.340 RCHRE$ 14 EXTNL IVOL

*'* EXEC_T,_Z,TRI_UT_Y

_'" DMI£ IN.t'LOWTO EXECUTEL _OHD REACH

PERLND 16 PWATER SURO 0,G4_ RCHRES 46 EXTNL IYOL
PERLND 16 PWATER _FWO 0,64_ RCHRES 46 EXTNL TVOL

PERLND /6 PWATER AGWO 0,_46 RCHRES 46 EXTNL IVOL

PERLND 2 _ PWATER SERO 5,5_ RCHBES 46 EXTNL ZVOL

PERLND 2S [=WATER IFW0 5,573 RCHRES 46 EXTNL 2VOL
PERLND 26 PWATER AGWO _.845 RCH_S 46 EXTNL IVOL
PERLND 34 _WATEE SURO O, 639 RCHRES 46 EXTNL IVOL

PERLND 34 PWATER _FWO O.639 RCHRES 46 EXTNL IVOL

PERLND 34 PWATER _GWO 0.441 RCHRES 46 EXTNL IVC_
PERLND 44 PRATER S_RO 8.023 RCHRES 46 EXTNL IVOL
PERLND 44 .=HATER _FWO 8.D23 RCHRES 46 EXTNL TVOL

PERLND 44 PWATER AGWO 5.536 RCHRES 46 EXTNL IVOL

PERLND 54 PWATER 5URO D,183 RCHRE$ 46 EXTNL IVOL
PERLND 54 PWATER T,FWO 0.18_ RCHRES 46 EXTNL _VOL

PERLND 54 PWATER AGWO 0.!26 RCHRE$ 46 EXTNL !VOL
_.MPLND 14 IWATER SURO 4.2_9 RCHRE5 46 EXTNL IVOL

""I' DM/7

_ERLND 16 PWATER PERO 2._78 RCHBES I_ EXTNL IVOL o
PERLND 26 PWATER PERO 2 .261 RCHRES i7 EXTNL IVOL

PEBLND 34 PWATER PERO _,0_3 RCHRES I_ EXTNL IVOL
PERLND 44 _ATER FEKO _.,_80 RCHKES 17 .EXTNL IVOL

_MPLND 14 _WATER SURO 2. _55 RCHRES /7 EXTNL IVOL

"_* MA_NST'_M RAVINE

"" DMI%

PE_ND 16 PWATER p_RO 0,_9 RCH._LES 18 EXTNL iVOL
PERLND 26 PWATEB pERO 0.277 RCHRES !_ EXTNL ZVOL

PERLND 34 PWATEB PERO 3,151 RCHRES iB EXTNL _VOL
PERI=ND 44 PWATER PERO 1%106 RCHRES 18 EXTNL IVOL

PERLND 54 PWATER ._ERO 9.300 RCHRES 18 EXTNL ZVOL
!MPLND !4 _WATER SURO D.296 RCHRES 18 EXTNL _VOL

"** NORTH BRANCH RAVI_|E

"'" DMI9

PEBLND 16 PWATER PERO 0.182 RCKI_ i_? EXTNL IVOL

PERLND 26 _WATER PERO 6.019 RCHB.ES I_7 EXTNL XVOL

PERLND 34 PWKT_-'KPERO 3.167 RCHRES 177 EXTNL _VOL
P_RI2ID 44 PWATER PERO 5.552 RCHRES 177 EXTNL IVOL
_MPLND 14 _WATER SURO 2,_!? RCHRE$ 177 EXTNL IVOL

*'" DM20

PERLND 16 PWATER PERO 4.007 ECHBES 193 EXTNL _VOL
PERLND 26 PWATER PERO 6.624 RCHRE$ 193 EXTNL IVOL

PERLND 34 PWATER PERO 2,_84 RCHRE$ !93 EXTNL _VOL

PERLND 44 PWATER pERO 4.6D2 RCHRES 193 EXTNL _VOL
PERLND 54 PRATER PERO 0.116 RCHP=ES 193 EXTNL _VOL
IMPLND 14 INATER SURO _.714 RCHKES I_3 EXTNL IVOL

''" LOWER MAINSTEM

"** DM21

PERLND 16 PWATER _ERO 2.143 RCHRES 198 EXTNL !VOL
PERLND 26 PWATER PERO 6,306 RCHRE_ 198 EXTNL _V@L

PERLND 34 PWATER PERO 1.429 RCHRES 198 EXTNL _YOL
PERL_D 44 -_WATER PERO 4.205 RCHRES 198 EXTNL IVOL

"MPLND 14 IWATER SURO 3,_91 RCHRES 198 EXTNL IVOL

"'" DM22

PERLND 16 PWATER PERO 0.381 RCHRE$ _98 EXTNL _VOL
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PERLND 26 PWATEH PERO 4,654 RCHRES 198 EXTNL IVOL
_ERLND 34 PWATER PERO 0.218 RCHRES 198 EXTNL ZVOL
._D 44 PWATER PERO 2,620 RCHRES 196 EXTNL _VOL

.ERLND 54 PWATER PEEO 0.Q!5 RCHRES 198 EXTNL IVOL

ZM_LND 14 IWATER SURO 1.972 RCHBES 198 EXTNL IVOL

"*_ NOHCONTIGOOUS GROUNDWATER BASINS

PERLND 15 J_EATER AGWO 2.833 RCHRES ' 5 EXTNL IVOL

PERLND 26 PWATER AGWO 9.91_ RCHRES 5 EXTNL 7VOL

PERLND 16 ._WATER &GWO 0.41_ RUZC_ES 193 EXTNL ZVOL
PERLND 25 PIfATER AGWO 1.3_3 RCHRES 193 EXTNL _VOL

**" G3

PERLND I_ PWATER AGWO . 5.083 RCHRES 193 EXTNL IVOL
PERLND 2_ PWATER AGWO 17,65_ RCHRES 193 E_C£NL IVOL

PERLND 34 P_ATER AG_O l.!_ RCHRES 193 EXTNL -_VOL
PERLND 44 I_RATER AGWO 4.250 RCHRES 193 EXTNL IVOL

_" CHANNEL NETWORK LZNKAGES **"

*'* DISCH_-_GE F_OM IWS SUBBASINS

RCHRES 360 HYDR ROVOL 1 RCHRES 35 EXTNL IVOL

RCHRES 366 HYDE _0VOL 1 RCHRES 5 EXTNL IV_L

*_" EAST BRANCH OF UREEE

"CHRES 34 HYDR OVOL 1 BCHRES 35 EXTNL IVOL
.'HRES 35 HYDR ROV05 _ RCHRES _7 EXTNL IVOl

._CHRES 36 HYDR ROVOL 1 COPY 1 _ INPUT MEAN !

C_PY 14 OUTPUT MEAN 1 COPY 16 INPUT MEAN !
COPY 15 OUT_T MEAN • ! COPY 16 _NPOT MEAN l

RCHRES 39 HYDR ROVO T, 1 COPY 16 INPUT MEAN !
RCHRES 37 HYDR ROVOL _ COPY 16 _NPUT M_ i
COPY 15 OUTPUT MEAN 1 RCHRES 38 E_Y/NL :£V_
RCHRZS 38 HYDR ROVOL ! RCHRES 5 EXTNL _VQL
RCHRES 5 HYDR ROVOL ! RCH._ES 40 EXTNL IVOL

RCH.RES 40 HYD._ ROVOL 1 COPY 5 INPUT MEAN l

*** WEST BRANCH OF CREEK

COPY 20 Of_TPUT MEAN 1 COPY 9 _NPUT MEAN 1

COPY 42 OUTPUT MEAN 1 COPY 9 INPUT MEAN 1
COPY 9 OUTPUT MEAN 1 RUHRES 4 EXTNL IVOL
RCHRES 4 HYDR ROVOL 1 COPY 41 INPUT MEAN 1

COPY 5_ OUTPUT MEAN ! COPY 4 XNPOT _ 1

COPY 3 OUTPUT MEAN 1 COPY 4 INPUT HEAN 1
RCHRES 7 HYDR ROVOL ! COPY 4 INPUT MEA_ 1
•RCH_ES 9 RTDR ROVOL 1 COPY 4 _NPUT MEAN 1

COPY 4 OOTPUT MEAN 1 RCHRES 43 EXTNL IVOL

COPY 41 OOTPUT MEAN 1 RCHRE$ 43 EXTNL IVOL

RCHRES 43 HYDR RO_OL 1 RCHRE$ 12 EXTNL I_OL
COPY I0 O_TPUT M_ ! COP_ 5 INPUT MEAN 1

RCHRES 12 HYDR ROVOL 1 COPY 5 ZNPUT MEAN 1

*_* MAINSTEM BELOW CONFLUENCE DT E. AND W, BRANCH

*"" MAZNST'D_ ABOVE EXEUUTZL TRZ_DTARY

COPY 5 OUTPUT MEAN Z RCHRES 13 EXTNL ZVOL

"_HRES 13 HYDR ROVOL 1 RCHFLES 14 EXTNL _VOL
:HRES 14 HYDR ROVOL 1 COPY 48 INPUT MEAN 1

**_ EY_ECUTEL T_IBUTARY
RCHRES 46 HYDR ROVOL I RCHR_S 47 EXTNL IVOL
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I_EHRES 47 HYDR RQVOL I RC_RES 17 EXTNL _VOL
-_RES 17 HYDR ROVOL ! COPY 48 2NPUT MEAN 1

•* MAZNSTEM FROM HEAD OF RAVINE TO NORTH BRANC_ CONFLUENCE
COPY 48 OUTPOT MEAN 1 RCHRES !8 EXTNL IVOL

RCHRE5 IB HYDR ROVOL 1 . RCHRES 193 EXTNL IVOL
RCHRES 193 HYDR ROVOL l COPY 1 _NPUT MEAN I

• _* NORTH BRANCH RAVINE TO _AINSTEM

RCHRES 17_ HYDR ROVGL _ COPY 1 INPUT MEAN 1

• ** MAINSTEM FR_q NORTH BRANCH CONFLUENCE TO PARK BELOW 8VD CULVERT
COPY I OUTPUT MEAN i RCHRZS 198 EXTNL ZVOL

END NETWORK

END NUN
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<ELS > Name NBLKS 0,'tit-systems Prin:er "**
# - I Dser =-series Engl Me=r ***

t_ ouu .-,,t
16 TFM- TILL FOR MUD I I I I 60 0

26 TGM- TILL GR MOD I ! i I 60 0

34 OF - OUTWASH FQR I 1 I 1 60 0
44 0G - OUTWASH GR i 1 1 I 60 0

45 AF - AIRPORT FILL l 1 I _ 60 0

54 SA - _ETLANDS I i _ 1 60 0
END GEN-INFO
ACTIVITY

<PLS > *""*"**"*'*'*'* Active Sections .t*_,t,,...,,.e,,.,.,,._**,,.,,,**,._,.,

i - # ATMP SNOW PWAT _ED _ST PWG PQAL MSTL PEST NITR PHO$ T_AC *'*

14 54 0 0 1 0 0 0 0 0 0 0 0 D
END ACT_VI TY
PR_NT-INFO

<PLS > *"""""*""***""_"""'_"° Prin=-f!ags """*°',°°,,,,,,,',,*,_****,,,,*,_t* PIVL 9YR
# - % ATMP SNCM PWAT SED PST PWG _QAL MSTL PEST NTTR PHOS TRAC ***_._.tt

14 54 0 0 6 0 0 0 0 0 0 0 0 0 I J
END PRINT-INFO

•. PWAT-PARMI

% - # CSNQ RTOP UZFG VCS VUZ VNN VIE_ VIRC VLE *oQ
14 54 0 0 0 0 0 0 0 0 n

END _AT-PARMI

PWAT-PARM2

<._LS > "*"

# - # ***FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC
16 4.5000 0.2000 200.00 0.1000 0.5000 0,9960
26 4.5000 0,0750 400.00 0.1000 0._000 0,9960
34 5.C000 2,0000 200,00 0.0500 0.3000 0.9960
44 5.0000 O.BO00 200.00 0,0500 0.3000 0.9960
45 7.5000 0.0200 300.00 0.0700 0.0000 0.9960
54 4.0000 2.0000 200.00 0.0010 0.5000 0.9960

F,ND PWAT-PARM2
pWAT-PARM3

;'" <PLS >***

# - t*"_ PET_ PETM_N _NE_EX__ _NF_LD DEEPFR BASET_ _G'NETP
16 2.n000 2.0000 0.55 Q.O0 0.0
26 2.0000 2.0000 0.55 0.00 0.0

34 2.0000 2.0000 0.55 0.00 0._
44 2.0000 2.0000 0.55 0.00 0.0
45 2.0000 2.0000 0.55 0.00 0.D
54 10.000 2.0000 0.55 0.00 0.7

• . END _WAT-PARM3
PWAT-PARM_

<PLS > ,,r**

# - # CEPSC UZSN NSUR _NT_W 7RC LZETP**"
16 0.2000 0.5000 0.3500 3.000 0.5000 0.7000
26 0.I000 0.2500 0.2500 3.000 0.5000 0.2500
34 0.2000 0.5000 0.3500 0.000 0.';'000 0.7000
4_ 0.1000 0.5000 0.2500 0.000 0.7000 0.2500
45 0. I000 0.2800 0.2500 6.000 0,3.500 0.6000
54 0.2000 3.0000 0.5000 1.000 0.7000 0.8000

END PWAT-_ARM4

PWAT-STATE!

<PLS > PWATER s_a_e variables-*-

# - #**" CEPS 5UR_ UZS ZE3R$ LZS AGeS GWVS

16 0.078 O, 0.0010 O. 0.075 0,267 0.026
26 0.051 0. 0.0350 O, 1.928 0.680 0,049
34 O.07B 0. 0.0010 O. 0.090 0.676 0.038
44 0.051 O. 0.0040 O. 1.127 0.614 0.152

45 0.051 0. 0.0200 0. 1.528 0,643 0.101
54 0.051 0, 0.3330 0. 0.622 0.000 _,000

END 'PSAT-STATEI
END PERLND

_MPLND

GEN-INFO

<IL$ > Nam_ On/_-sysrems PE/n_er *-*
# " _ User _-seri_s Engl Me_r ***

i3 140 IMPERVIOUS i 1 1 60 0
END GEN-INFO
ACTIVITY

-_B -
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w _t<ILS > _ tt ._ "" Acl;ive Sec_:inns ._t-
# - | ATMP SNOW IW_T SLD IWG fOAL "*"

13 14D 0 0 ! 0 0 0
END ACTIVITY

PKINT-INFO

<_L$ > *,.*,*t, Print-flags _'_'**** PIVL PYR
# - i ATM9 SNOW IWAT SLD IWG IQAL ****t****

13 140 0 0 6 0 0 O 1 9
END PRINT-ZNFD

IWAT-PARMI

</LS > Flags **- _*-
# - # CSNO RTOP _ VAN RTL_ ''_ *'_

13 140 0 0 0 0 C,
END ZWAT-PAtU41
ZWAT -P_M2

<ZLS >. ***
# - 4 LSOR SLSOR NSUR RETSC ***

14 500.0 0.0100 Q.ZOOC O.IOC
140 100.00 0,0500 0.1000 0.0500
END IWAT-PARM2

" IWAT-PARM3
".. <ILS > -_,-
"':_ % - # PETMAX PETMIN -*_

"_'_ 13 140
• • END ZWAT-PARM3

,"WAT-STATEI
<ILS > /WATER state variables ***
# # BETS SUKS

13 140 1.00000-3 I.Q000E-3

END _WAT-STATEI
END IMPLND

RCHRES

GEN-INFO

RCHBES Name Nexins Dnit Systems Printer ""_
# - #<................ ><-_> User T-series -2,nglMet= LKFG ---

!_ OUt *'*
3 SDS-7 Def. Vaul_ i 1 1 _ 0 0 0

4 SDS-3 O,_tle_ Swale 1 1 1 1 0 0 0
5 E,Branch above TyeeP i 1 l 1 0 0 0

• 3 DM7 a _M8 Conveyance i I 1 1 0 0 0

9 DM9 Conveyance 1 ! 1 1 0 0 0
10 SDS-4 Def. Vault I ! 1 I" 0 0 0

" !2 Lower W, Branch 1 I 1 1 O 0 0
_3 Con#!. :o 200th St. 1 1 i ! 0 0 a
14 200th _o Exec. Trib. 1 1 i 1 0 0 0
17 Executel Tributary 1 1 1 1 0 0 0
_8 Exec.Conf/. to 208Ch 2 ! 1 1 0 0 0
20 SDS-3A De_. Vault 1 1 1 1 - 0 0 0

34 Bow Lake 2 1 1 1 0 0 !

35 Pipe A SOw LK Ou_le_ 1 1 1 1 0 0 0
36 SDE-4 Co_i/%ed Disch 1 1 1 1 0 0 0
37 Pipe B 60" Inu! Blvd 1 1 1 1 0 0 0
38 Dis SASA ! ! 1 ! 0 0 0

39 SDS-I Storm Only i ! ! ! 0 D 0
40 Tyee Pond 1 1 1 1 0 O 0
42 SDS-3 Def. Vault 1 1 1 1 0 0 O
43 NW Ponds 2 1 1 1 0 0 1

46 Execute! Pond 1 1 1 1 0 0 0

47 Pipe C Zxec,Pond Dis 1 1 ! 1 0 0 0
177 North Branch Ravine i 1 1 1 0 0 0
193 Opper Ravine 1 1 1 1 0 0 0
:198 Lowe:: Ravine 2 1 1 1 0 0 0
338 E.BR, STIA SASA POC 1 1 1 1 0 0 0
360 SDE-4 NSPS 2 1 1 1 0 0 0
366 OTF SSMPS 2 1 1 ! 0 0 0
END GEN-INFO

ACTIVITY

RCHRES *'*'''*'******* Active Sections "'**'*'****'**_**
# - # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUF_ PKFG PHFG "'*
! 366 1 0 0 0 0 0 O 0 0 0

END ACTIVITY
PKINT-INFO

RCHRES ***'***'''''''* Prin_.out Flags ***'**'**_''****'* PIVL PYR
- # - # HYDR ADCA CONS HEAT SED GQL OXKX NUTR PLN_ PNCB "***''''"
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! 366 6 0 D 0 0 0 0 0 0 0 1 9
END PKINT-INFO
HYDR-PAR.-M'_

RCH_ES Flags fo_ each HYDR _ec_ion *'*
# - % VC AI A2 A3 ODFVFG for each ''' 0DGTFG for each FDNCT for each

FG FG FG FG possible ex,it **_-possible exit possible exit

3 17 0 1 1. 0 4 0 D D O O 0 0 0 O 2 2 2 2 2
18 0 1 "1 0 4 5 D 0 0 0 O O 0 0 2 2 2 2 2
20 0 1 1 0 4 0 0 0 0 0 O O O 0 2 2 2 2 2
34 0 1 '1 0 4 5 D 0 O 0 0 0 0 0 2 2 2 2 2
35 40 O 1 1 0 4 0 0 O 0 0 O .O O 0 2 2 2 2 2
42 O 1 1 0 4 0 0 0 0 D 0 0 0 0 2 2 2 2 2
43 0 1 1 0 4 5 0 0 0 0 0 0 D 0 2 2 2 2 2

46 338 0 i 1 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
360 366 0 1 1 0 4 5 0 0 0 0 D 0 D 0 2 2 2 2 2
END HYDR-PARMI

H YDK-PARM2
RCHBES ***
# - _ FTABNO LER DELT_ STCOR .KS DB50 _**

< >< >< >< >< >< >< > _*_
3 3 0,071 0.3

4 4 0.530 0.3
5 5 0.380 0.3
"7 7 0.341 0.3
9 9 O,IB9 0.3

I0 10 0.071 0.3

12 12 0,273 0.3

13 12 0,Z18 0.3
14 14 0,218 0.3
17 "-7 0.246 0.3

18 18 0.3.03 0.3
20 20 0.071 0.3

34 34 0.20B 0,3
35 35 0.123 0.3
,36 36 0.100 0.3
37 37 0.381 0.3
38 38 0.142 0.3
39 29 0,100 0.3
40 40 0,189 0,3
42 42 0.071 0.3
43 43 0,109 0.3
46 46 0.04"7 0.3
47 4"_ 0.41_ 0.3

177 177 0.407 0.3

193 193 0.795 0.3
198 198 0,632 0.3
338 33e 0,DI0 0.3

360 360 D. 010 O. O
366 366 0.010 0.0
END HYCR- PARM2

HYDR-INIT

RCHRES Initial con_i',ions for each HYDR sac=ion "*"
# - @ *"* VOL 7nitial value of COLIND Initial value of OOTDGT

*** ac-f: for each possible exit for each possible exi_
<..... ><....... > <_X-_><---><---><-_> *_* <--X---><-_><-_><_->

3 0.1 4.0
4 0,i 4.0
5 0.! 4.0
7 0.I 4.0
9 0.1 4.0

10 0.1 zJ.0
12 0.1 4.0
13 0,1 4,0

14 0.1 4.0
_7 0.1 4.0
18 0.I 4.0 5.0
20 0,3. 4.0
34 35. 4,C 5,0
35 0,0 4.0
36 O,O 4.0
37 0.0 4.0

38 0.0 4.0
39 O.O 4.0
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40 0.8 4.0
42 D.1 4.0
43 0.'/ 4.0 5.0
46 0.0 4 .D
4? DoO 4.0

177 0.0 4.0

193 0.0 4.0
198 0.0 4.0
338 0.0 _.0
360 0.0 4.0 5.C
366" 0,0 4.0 5,0
E_D HYDI_-Z_IIT

END RCHKES

FTABLES
FTABSE 3

*,, SDS-7 DETENTION VAULT 20 FT DEPTH 36-In riser d/am.T3 orifi¢--5

***SDS-7 DE_. VAULT accep1:s runoff frc_ SDS-6 and SDS-7
ROWS COLS "*"

23 4

DEPTH AREA VOLUME OUTFLOW ***

..._,_ (FT; (ACRES} (ACRZ-_T} (CFS} "*"
O,00 I.079 O.O0 O. DO

_.'. 1,72 1.079 1.86 0.53

7,30 1.079 7.$7 1.10
14.28 1.079 !5.40 1.54

14.50 1,079 15,64 1,55
14.59 1.079 15.74 1.58
15.3_ 1,079 16,55 2.10
17.20 1,079 IB,55 2,59

17.50 1,079 18,89 2.66
17.55 1,079 18.93 2.67
17.69 1,079 19.08 2.79

17,83 1,079 19.23 2,99
18.25 1.079 19,69 3.28

18.69 1.079 20,16 3.94
19.13 1,079 20.64 4.73

19,56 1,079 21.10 5.53
20.00 1.079 21.57 6.61
20,10 1.079 21.68 7,57
20.20 1.079 21.79 9,29

20.30 1,079 21,90 !1.51
21,00 1.079 22.65 36.14

, . 21.30 1.079 22,98 45.82

21,90 1.079 23,62 54,10
END FTA_.E 3

._TABLE 4
**" SD$-3 OUTLET SWALE

ROWS COl_ "*"
4

*'* DEPTH AREA V0L_ME OUT:"LOW OUT.VLOW2

(_T) (ACRES) (ACRE-FI') (CFS) (CFS) "'"
.000 .OOO 0.0 0.0
.500 .!98 0.1 9.0

1.000 .236 0,5 30.9
2.000 .306 1,0 115.8
3,000 .376 1.5 265.5

4,000 .446 5.0 491.8

5.000 .517 20.0 806.3
END FTABLE 4

FTABLE 5
_" EAST BRANCH ABOVE TYEE POND

ROWS COLS *'*
!3 4

""* DEPT_ ARER VOLUME OOTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CF,3) (¢FS) *"*
0.000 .000 .000 .000
0.550 .290 .I00 4.900
1,100 .543 .200 20.900

• 1.650 .609 .300 46.500
2.200 .671 .400 80.000
2,750 ,732 0.500 118.700
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3.300 .778 0.600 159.50_

3.850 .819 0.?00 198.400
4.400 .849 O.BO1 231.900 '
4.950 .866 1,000 252.900
5.500 .865 2.200 253,000
8.200 ,973 1.500 400,000

10.200 1.043 2.008 520.000"
ZND FTABLE 5

• }'TABLE 3
_** DM? & DM8 CONVEYRNCE

ROWS COLS "*"
8 4

"*_ DEPTH AREA VOLUME OgTFLOW OUTFLOW2

(FT) (AC_Z:$) ( AC_,_:-_"Z') (CFS) ( C='5) "'"
,0o0 .0o0 .000 ,000

.500 .360 .120 6,200
1,000 ,416 .276 20,800
2.000 .520 .694 35,400
3.000 .626 1.252 168.300
4.000 .732 1.950 306.900
5.000 .$36 2.790 496.100
6.000 .942 3.768 742.300

' END FTABLZ ?

FTABLE 9
*,* DM9 CONVEYANCE

• ROWS COLS * *
8 4

""_ DEPTH AREA VOLUME 0UTYLOW 0UTFLOW2

(FT) (ACRES) (ACRE-.-"TJ (CFS) (CFSJ *_*
.DO0 .00 0.0 .0
.500 .20 0.7 9.7

1.000 .23 3.1 32.6
2.000 .29 14.9 118

,3.000 ,35 38.4 265
.... 4.000 .41 73 4B2

." 5.000 .47 135 ?38
6.000 .52 214 1165

END F2ABSE 9

FTABLE I0
,t, SDS-4 DETENTION VAULT 15 FT DEPTH 10-IN RISER DIA
ROWS COLS *'*

18 4
DEPTH AREA VOLUME OBTFLOW "'*

0.00 0.87 0,00 0.00
0.54 0.87 0.471 0.180
1.72 0.87 1.501 0.320

2.60 6 0.87 2.23_ 0.394
3.49 0.87 3.043 0.456

5.25 0.87 4.583 0.559
?.60 0.87 6.634 0.E73
8.!9 0.87 7.149 0._99

8.78 0.87 7.664 0.723
9.37 0.87 8.179 0.747

9.96 0.87 B.694 0.770
10.54 0.87 9.201 0.793

12.21 0.83 10.659 1.220
14.55 0.87 12.301 2.240

15.00 0.87 13.094 2.390
15.10 0.87 13.181 2.670

15.50 0.87 - 13.530 4.390
16.80 0.B0 14.665 6.400

END FTABLE 10

FTABLE 12
**" LOWER WES_ BRANCH
*'" REVISED BASED ON HEC-RAS MODEL

ROWS COLS "'*

13 4
*** DEPTH AREA VOLUME OUTFLOW OUTFLOW2

_=-T) (ACRES] (ACRE-FT) (CFS) [CFS) ***
.000 .ODD 0.000 .000
.500 ,291 0.030 0.150

1.000 .346 0.250 6.600
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2.000 .450 0.430 14.100
3°000 .554 0.650 25.000
4.000 ,656 1.180 50.000
5.000 .753 2.1"70 75.000
6.000 :796 3.820 100,000
7.000 .837 B.B20 150.000
B.O00 .B33 16.200 200.000
9.000 .B37 27.920 250.000

10.000 ,B3"/ 33.530 350. 000
11.000 .837 35.380 450.000

END Y2ABLE 12

FTABLE 13
*"* CONFLUENCE TO 200TH STREET
ROWS CD_,S ***

: 9 4
"" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

fl_) IACRES) (ACRE-.cT) (C-S) (CTS) "'°

•000 .000 .000 .000
.500 .153 .051 4.300

1,000 .272 .132 _4,400

2,000 o317 .312 50.400
,. 3.000 °360 .544 109.600

4.000 .404 .825 195.000
5.000 .450 1.163 309.500

6.000 .497 i,548 456,300
'7.000 .542 1,984 638.000

END _AB/,E 13

FTABDE !4 •
**" 200TH STP.EET TO EXE_u'_J= TRIBUTARY
"'" 9_EACH 190 ..-RCMTR-20/E/NG COUNTY EASI_ PLAN MODEL:
RO_S OOLS "'"

5 4
""" DEPTH AREA VOLUM_ OUTFLOW OUTFLOW2

{FT) (_CRES) (ACRE-BT) {CFS) ICFS) *'*
0.000 0.000 0.000 0.000
0.900 0.70 0.4000 30.00
I.B00 0.80 1.1000 115, 60
2.700 I.i0 2.1000 269.B0
4.200 1.30 4.3000 707.10

END FTABLE 14

FTABLE I'7
;*" EXECETEL TI%TBUTAR¥

BOWS COLE *'*
10 4

*** DEPTH AREA VOLUME OrJTF3...C,_ OOT._LOW2

(FT) (ACRES) _ACKE-FT) (CFS) (CFS) "**
..000 .000 , .000 .000
.300 .169 ,034 2.900
.600 ,192 .076 9.800

.900 .21'- .128 20.400
1.200 .23B .IB9 35.100

1.500 .259 ,258 54.100
1.800 .282 .336 "77.'700
2.100 .303 .423 106.200
3,100 .376 .77B 245,000
3,600 .412 .988 335.000

END FTA2LE _7

FTABLE 18
_'** CONFLUENCE WIZR EXEC_TEL TRZBUTARY TO 20BTH STREET

_'* REPRESENTS GW LOSS IN WETLAND BELOW 200TH
ROWS COLS ""*

14 5
*** DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CFS) {CFS) "'"
•000 .000 ,000 .000 0.O0

,500 ,572 ,191 7,300 0.00

1.000 .799 ,438 i0.000 0.00
2.000 .96B 1,001 20.700 0.00
3,000 1,155 !,72_ 100.000 0.00
4.000 1.31'7 2,542 262.700 0,00

5.000 1.478 3.47;5 400.300 0.00
6.000 1.643 4.545 570.200 0.00
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7.000 1.791 5.688 7";4.400 0,00
8.000 1,932 6.B22 1015.100 0.00
9.000 1.94.'5 "7.025 1294,500 0,00

10,000 1.956 7,244 1614.500 0,00
11,000 1.970 7.481 19"t7. D00 0,00
12.000 1.983 7,734 2384.700 0.00

END _"T_ 18

F_ABLE 20

**" SDS-3A EXISTING TAXIWAY DETENTION VAULT EFFECTIVE DEPTH=7.94 FT 36-IN R/SER
ROWS COLS **"

14 4 ..,...,,
DEFrH _ VOLUME OUTFLOW

iF:', ] (AC2ZS _ (ACKE-FT) (CF5) "*"
0.00 0.69 0.00 0.00
1.06 O. 69 0.33 1,09
2.00 0, 69 1,38 1,50

3.08 0,69 2,22 1.66
4 •00 0.69 2 •";7 2.12

5.10 0.69 _.51 2.39
, .-_" 5.70 0.69 3,93 2.53

6.24 0.69 4.30 4.47

" 7.05 0.69 4.S6 9.29

.""" 7.58 0.69 5.22 12.80
7.94 0.69 5.47 15,07
8.54 0.69 5.88 28°76

9.54 0.69 6.23 48.98
9.54 0,69 6.57 58.41

END FTABLE 20

}'TABLE 34
_'* SOW LAKE
**" BASED ON El]TRANCE CONTROL FOR 36 _NCH OUTLET PZ_

ROWS COLS *_"
8 5

"*- DEPTH AREA VOLUME OUT.VLOW OUTFLOW2

-- {FT) (ACKES) (ACF,Z-_-TI (CFS) (CFS_ **"
-' 0.000 14.000 0.000 0.000 0.00

, 1.000 14.000 14.000 3,000 0.00
1.500 i4.000 21,000 13.000 0.00

i 2,000 14.000 28,000 17.000 0,00
3.000 14,000 42.000 35.000 0.00

4.000 14.000 56.000 49,000 0.00
5.000 14.000 "T0.000 60.000 0.00
5.000 14.000 84,000 70.000 0.00

"_D FTABLE 34

FTABLE 35
4,,,.36" EOW LAKE DZSCHARGE PIPELINE (A)

ROWS COLS ,t,
13 4

"'* DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(_') (ACRES) (ACRE-FT) [CF3) ICFS) *'*
.000 .000 .000 .000
.300 .020 .0006 1.000
,600 .026 .0026 4.200
.900 .032 .0068 9.400

1.200 .034 .0134 16,200

1.500 .037 .0226 24.000
1.800 ,039 .0346 32,300
2.100 .040 ,0492 40.100
2.400 ,040 .0667 46,900
2.700 .039 .0857 51.200
3.000 .037 .IO00 55.300

.t* SU_H_ING-

3,300 .038 ,2500 60,300
4,000 .038 .4000 80.000

END ]?TABLE _5

FTABLZ 36
"'* SDE-4 COMBINED DISCHARGE
ROWS COLS _"*

II 4
"" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

IFT] (ACKES _ (ACRE-FT) (C}'Sl (C_'S) *""

• 000_ .000 .000 .000

.I
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.400 .343 0.090 2.200
,800 ,442 0.150 9.500

1.200 .523 0.200 21,100
1,600 ,57? 0.250 35.300
2.000 .618 0.300 54,000
2.400 .646 0.350 T2.500
2.800 .659 0,400 90.200
3.200 .662 0,450 105.500
3,_00 ,64_ 0.550 115,000

4,000 .61B 0,650 i15,100
EN9 _T_L£ 36

I_TABLE 3?
"'** 60" ZNTEPJ_TIONAL _LT,VD PZPEL_E (B_

ROWS COLS "*"
13 4

*** DEPTH AREA VOLUME OUTFLOW OOTFLO_2

(FT) (ACRES) (AC_E-FT) ICFS) (CFS) "**

.- .000 ,000 ,000 .000
.450 .134 .045 4.B00
.900 .190 .100 20.200

1.350 .225 .150 45.400

1.800 .249 .200 78.000
2.250 .266 .250 115.900
2.700 .271 .300 155.800

3o150 .264 .350 193.800
3.600 .251 .400 226,500
4.050 .238 .450 247.000
4.500 ,234 .500 247.100
6.500 .185 .600 340.000

8,500 .166 .700 415.000
END FTABLE 37

FTABLE 238
**" ST_R FLC_ COMBZNED (NOT USED)

ROWS COLS *'*
., 5 4'

DEPTH AREA VOL_ OUTFLOW" "*_
0.000 0.0010 0,0000 0.00
0.000 0.0100 0.0100 I0.00
0.100 0.1000 0,1000 100.00
1.000 1.0000 !,0000 1000,00

I0.000 10.0000 I0.0000 10000.00
END FT_LE238

FTABLE 33B
*_* SASA DETENTION FACZL_TY RETROE'IT SIZE t*_
ROWS COLS _'* EFFECTIVE DEPTH=14 FT

14 4

DEPTH AREA VOLO/4E DZSCH , _'"
_FT] (ACELES) (AC-FT) (CFS) *'*
0.00 0.000 0.00 0.00

1.31 2.802 3.620 13.T0
2.30 2.881 6.472 18.14
3.40 2.983 9.761 22,05
4.22 3.043 12,296 24,57
5.32 3.151 15.805 27.59
6.14 3.233 18.514 29.65

7.13 3.326 21.678 23.26
8.05 3.426 25.I03 3S,BO

i0.!0 3.608 32.636 56.04
Ii.20 3.699 36.680 _6,55
12.29 4.053 41.227 99.16
13.12 4.154 44.633 116.70

14o40 4.311 50,050 144.31
END FTABLE338

FTABLE 39
"** SDS-I DISCHARGE
ROWS COLS ***

11 4
.*_ DEPTH AREA VOLUME OUT_='LOW OUTFLOW2

C_'T] (ACRES] (_CRE-FTI (CFS) (CFS) _*
.000 .000 .000 .000
.250 .020 .030 2.200
.500 .027 .035 9.400
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.750 .031 .042 21.000
1.000 .035 .049 36,000
1,250 .039 0.056 53.600
1.500 .039 0.064 72.000
i.'_50 .041 0.074 89,500
2.000 .041 0.0B4 104.700
2.250 .041 0,094 114.200
"2,500 ,O3B 0,100 114,300

END rT_emLE 39

_'_$_'LE 40
**" TYEE POND
,t, BASED ON TYEE POND AS-BOILTS AND AUTOMAteD GATE OPERATION MANUAL
e_* K PJTI_D 2/4/98

ROWS COLS ._.
20 4

_,,* DEPTF. AREA VOL_R4E OUTFLOW OUTFLOW2
(IT) ACRES) (ACRE-FT) (CFS) (CFS) "'"

0.00 0.00 0.00 0.00
0.90 0.01 0,01' 10.00
1.85 0.02 0.02 20.00
3.1! 0.07 0.07 30.00
4.56 0.22 0.29 40.00
6.02 0.63 0.B9 50.00
7.48 0,88 2,02 60,00
8.62 1.06 3.18 70.00

9.79 1.18 4.29 80.00
i0.88 1.34 5.53 90.00

11.99 1,48 7.20 i00.00

13.12 1.69 9.17 110.00
15.13 2.04 12.90 120,00

!6.10 2,20 14.92 124.10
16.30 2.24 15,40 12_. 65
16.57 2.28 15.88 150.36
16.64 2,32 16.36 155.00

16.80 2.36 16.84 208.74
17,05 2,40 17,32 293.59

17.26 2.43 17,79 428.11
END FTABLE 40

FTABLE 42
_*" SDS-3 DETENTION VAULT EFFECTIVE DEPTH = 20.0 FT
I_OWS COLS "**

17 4

DEPTH AREA VOLUME OOT._'LOW ""*

(FT) (ACRES) (ACRE-FT) (CFS) *'"
0.00 4.19 .00 0.00
0.51 4.19 2.254 0.95
1.37 4.19 6.054 i._5

3.33 4.19 14.716 2,42
6.07 4.19 26.024 3.28
8.43 4,19 37.254 5.86

I0.00 4,19 44.192 4,20
12,74 4.19 56.301 4,74

14,50 4,!9 64.078 5.06
15.46 4.19 68.321 8.74

16.63 4.19 73,491 10.66
18.39 4.19 81,269 16.63
20.00 4.19 88.384 20.79

20.20 4.!9 89.268 23,84

20.70 4.19 91,477 39,07
21.00 4,19 92.805 52.07
21.90 4,19 96.780 71.43

END FTABLE 42

FTABLE 43
--* NORTHWEST PONDS
*'" BASED ON KING COUNTY BASIN PL_Nt_ING MODEL

ROWS COI,S "**
17 5

"'* DEPTH AREA VOL_ OUTFLOW OUTFLOW2

{FT.) (ACHES) (_,CRE-FT) (C¥5) {CFS) "*"
0.000 12.000 0.000 0.O00 0.00
0.100 12.000 1B.BO0 0,000 0.00
1.000 12.000 24.000 0.200 0.00
2.000 12.000 30,000 0.500 0.00
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3.000 12.000 33.D00 !.000 0.00
3.500 13.000 41.DOD 5.000 0,00
4.000 13.000 45.300 15,000 0.00
4,500 13.000 51.000 35.000 0.00
5.000 14.000 56.500 150.000 0.00
5.500 14.000 62.80_ 200,000 0.00
6.000 14.000 69.000 300,000 " 0.00

• - 6.500 14,000 83.500 350,000 0.00
3.000 15.000 99.900 400.000 0.00
B.O00 17.000 119.00 500.000 0=00"
9,000 20.000 141.50 550.000 0.00

10.000 23.000 180.00 600.000 0.00
11,000 27.000 2D0.00 650,000 0,00

£_D E'C_LE 43

rTABT._ 46
.t. EXEGDTEL POND

ROR$ COT_ "**
20 4

**" DEPTH AREA VOLUME O_TFLOW OUT._'LOW2

[FT) (ACHE:S) (ACRE-I'r) (CF_} [c,rs} **_
.000 .000 .000 .000

_:: 1ooo oeo oso 24.4202ooo 23o 31o 34.540
3.000 .393 .703 42.300
3.500 .494 .950 45.690
4,000 .508 1,204 46.650
4.500 .532 1.470 51.810
5.000 .540 1,740 54.610
5.500 .540 2.010 57.280
6.000 .580 2.300 59.620
6.500 .600 2.600 62.270.,
7.000 .600 2.900 64.620
7.500 .600 3,200 66.900
8.000 .620 3.510 69.100

8.500 .640 3.a30 31.200
• 9.000 .740 4,200 82.220

/ 10.000 .650 4.B50 119.B30
11,000 ,720 5,570 169.000
12.000 .750 6.320 250.900
!3.000 1°000 _.320 500.990

END FTABLE 46

FTA3LE 43

*_" EXECUTEL POND DZSCHARGE PIPELXNE (C)
ROWS COLS "'"

11 4

"'* DEPTH AREA VOLUME OOTFLOW DDT.-'_OW2

(LP2_ (ACRZ8) _ACRE-_/') {CF3) (CPS_ °-*

.000 .000 .000 .000

.350 .069 .020 4.600

.900 .096 .056 19,200
1.050 .i12 .099 42.800
1.400 .124 .i50 73,400

1:750 .125 .203 109,000
2.100 .121 .240 146.600
2.450 ,110 .264 182.400

2.800 .096 .284 213,200
3.150 .090 .290 232.400
3.500 .0B8 .293 232.600

.EHD FTAB.T._ 47

FTABLE 177

*_* NORTH BR32{CH RAVINE
ROWS COLS "'"

14 4

*** DEPTH AREA VOLUME OUTF'iM3W ODTFLOW2

(_') {AC.RES) (ACI_-FT) {C_S) {CFS) *'"
.000 .000 .0D0 .0
.500 .572 .191 3.3

1o000 .39_ .438 23.2
2.000 .968 1.001 35.3

3.000 1.155 1.323 155.1
4.000 1.317 2.542 262.7

5.000 1.478 3.475 400.3
6.000 1.643 4.545 570.2

m
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7,000 1,791 5.68B _4,4
g,00D 1,932 6.B22 1015.1
9.000 1,945 "7.025 1294,5

10.00D 1.958 7.244 1614.5
11.000 1,970 7.4S1 1977,0
12.000 1.983 ?.734 2384.7

END FTABLE17_

FTABLE 193
•"_" _PPER RAVINE

ROWS COL$ 4**
14 4

• "* DEPTH A£LKA VOLOMZ O_TYLOW 0UTFLOWZ

(:'_T_ CACRES) (ACRE-FT) (CFS) (CFS) "'"
0.00 0.00 0.00 0.0
0.35 0.72 0.75 7.S

0.70 0.72 !.51 23,5
1.05 0.72 2,2B 44,3
1.40 0.72 3.03 68.2

1.75 0.72 3.81 95.B
2.10 0.72 4,56 125.2
2.45 0.75 5.36 169.0

-. 2.80 0.$9 6.30 !71.5
• 3.15 1,00 7.35 247.6

• 3.50 !.08 a.49 332.7
3.85 !.21 9.75 396.5
4.20 1.32 11.13 521.2

4.55 1.41 12,60 655.5
END ._ABLE193

FTABLE 198

ROWS COLS *'"
"'* LOWER .RAVINE
"'* ROUGH ESTLMATE BASED ON FIELD V!SZT OF 12/20/95

•"" _LOW WAS 6 TO 7 CFS WITH DEPTM OF B"
•*" I_EAR OUTLET.

_"" DR/rE WHICH REPRESENTS A RESTRICTIO¢I ACCO.=LDZNGTO OBSERVATION
/ s 4

_* DEPTH AREA VOLUME OOT.FLOW OUTFLOW2

" E':'_) {ACRES) _ACK£-FT) {CFS) fC._'S) ***
0.00 0.00 0.00 0.0
1.00 0.50 O.BO 10.0
2.00 0.55 1.30 25.0

3.00 0.60 1.80 50.0
5.00 0.70 2.50 i00.0

•t* sUSMERC-_CE OF CULVERT
I0.00 2.50 12.00 245.0

•*_ OVERBANK STORAGE

•_* FLOWS BASED ON 243 _, .03 D-W FACTOR, PLUS LOSS OF !. VELOCITY HEAD

15,00 10.00 40.00 325.0
20.00 11,00 90.00 390,0

END ._T_ABLE!98

FTABLE 38

"'" UPPER EAST BRANCH
ROWS COLS ***

9 4
•** DEPT_ AREA VOLUME OUTFLOW

{FT) (ACRES] {ACRE-FT) (CFS) *'*
.000 .000 .000 .000
.500 .176 .100 9.200

1.000 .194 0,15D 30,400
2.000 .232 0.200 105.800

3,000 .271 D.250 22_.900
4.000 .310 0,_50 405.B00
5.000 .349 0,450 642.'_00
6.000 . 38";' 0.600 945.700
7.000 .426 0.800 1320.700

END FTABLE 38

F/ABLE 360

.t_ NORTH SATELLITE POMP STATION (SDE-4} (INSTALLED IN 1995)
:OWS COLS *_*

5 5

DEPTH AREA VOLU_ (IWS) (SDS) *'"
tFT) {ACRES) (ACRE-FT) (CPS) (CFS) "**
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.0 1.0 .DC 0.00 0.D0
1.00 1.0 .01 4 ."J9 O.OD
2.00 1.0 .0,2 4 ."/9 0,00
3.00 1.0 .03 4/'/9 25.00
4.00 1.0 ,04 4.'/9 50.00

END F.mAELE360

FTABLE 366
*** SOUTH SNOWMELT (oLYMPIC TANK FARM| POMP STATION (INSTALLED IN LATE 1997/1998)

ROWS COLS "*_
5 5
DEPTH AREA VOLUME CIWS} {SDS) "'"

(FT) (AC_Z.S) (ACRZ-FT) (CTS) (CFS) *'"
.S 1.0o .00 0,0Q 0,00

1.00 1.00 .01 1.67 0.00
2.00 1.00 ,02 1.67 0.00

3.00 1,00 ,03 1,67 25.00
4.00 1.00 .04 1.67 50.00

END FTABLE366

END FTABLES

COPY
TIMESERIES

Copy-Op_ *'*
# - # NPT NMN "_*
1 54 1

END TIMESER/ES
END COPY

EXT SOURCES

<-Volume-> <Member> SsysSgap<_MulE-->Tran <-Targe_ vol$> <-Grp> <-Mam_er-> *_"
"Name> # <Name> # tem a_.-g<-factor->s_rg <Name> # # <Name> # % _'**
]M 2 PREC _-_NGLZEEO PERLND 14 54 EXTNL PREC

.EM 2 PREC ENGLZERO IMPLND 14 EXTNL PREC

WDM 2 PREC ENGLZERO RCHR_S 34 EXTNL PREC
WDM 2 PKEC ENGLZEEO KCHRES 40 EXTNL PBEC
WDM 2 PREC ENGLZERO RCHRES. 43 EXTNL PREC
WDM 1 EVAP ENGLZEEO 0.S PERLND 14 440 EXTNL PETINP

WDM 1 EVAP ENGLZERO 0.8 I.MP-LND 14 140 EXTNL PETINP
WDM 1 EVAP ENGLZEKO 0. S ECHRES 34 ZXTNL POTEV
WDM 1 EVAP ENGLZERO 0.8 RCHRES 43 "_L POTEV

WDM 1 EVAP .ENGLZERO 0,8 ECHKES 4D EXTNL pOTEV
END EXT SOURCES

EXT TARGETS

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name> .% <Name> _ #<-fac_or->str_ <Name> _ <Name> _em $_rg srrc---

*'" SDS

*'* SDE-4 (TOTAL)
ECHRES 35 HYDE R0 WDM 221 :-LOW ENGL REPL

*** SDS-I (TOTAL)
ECKRES 39 HYDE R0 WDM 222 :"LOW ENGL RE?L

"'* SDS-3
RCHRES 42 HYDE RO WDM 25? FLOW ENGL REPL
RCHRES 42 HYDE STAGE WDM 757 STAG ENGL REPL

RCHRES 42 HYDE YOL WDM 857 VOL ENGL REPL

"** SDS-4
RCHRES i0 HYDE RO WDM 258 }'LOW ENGL REPL
RCHRES 10 HYDK STAGE WDM 75B STAG ENGL REPL

RCHRES I0 HYDE V0L WDM 85B VOL ENGL REPL

"* SDS-3A TAXIWAY VAULT

ECHRES 20 HYDR R0 WDM 224 FLOW ENGL KEPL
RCHRES 20 HYDE STAGE WDM 724 STAG ENGL REPL

RCHRES 20 HYDE VOL WDM ,B24 VOL ENGL BEPL
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*' $DS-7 3RD RUNWAY VAULt

,.CHRES 3 HYDR RO WDM 225 FLOW ENGL _EPL

KCHRES 3 HYDR STAGE WDN 725 STAG ENG5 REPL
R_HRES 3 HYDR VOL WDM 826 VOL ENGL REPL

_"" S_A DETENTION FACILITY

RCHRES 338 HYDR RO KDM ._38 FLOW ENGL REPL

RCHRES 33B HYDR STAGE _ 745 5TAG ENGL REPL
RCHPJCS 338 HYDR V0L _DM B45 V0L ENGL REPL

_** EVALEATZON POINT I FOR SDS DISC_-E TO WEST 3RANCH
COPY 41 OUTPUT MEAN 1 12.1 WDM 260 FLOW EN_-L REPL

_** EVALUATION POINT 2 F_ SDS DISCHARGE TO WEST BRANCH

" COPY 4 OUTPUT MEAN 1 12.1 WDM 261 FLOW ENGL REPL

_'"* WEST BRANCH

_*" NORTHWEST PONDS

RCHRES 43 HYDR RO WDM 231 FLOW ENGL REPL

"t* LOWER WEST BRANCH

RCHRES 12 HYDR R0 WDM 235 FLOW ENGL REPL

**_ EAST _RANCH

"*_ _W LAKE _UT_LOW
RCHRES 35 H_DR RO WDM 235 FL_ E_GL REPL

RCHRES 37 HYDR RO WDM 37 FLOW ENGL REPL
*'" D/S SASA

RCHRES 38- HYDR RO WDM 2_5 FLOW ENGL REPL

_"_ TYEE _.NFLOW (GAUGE 11C>
RC_4RES 5 HYDR RO WDM 238 FLOW ENGL REPL

_ TYEE OUTFLOW

RCHKES 40 HYDR RO WDM 239 FLOW ENGL REPL

*** MATN STEM

*** BELOW CONFLUENCE AT TYEE GOLF COURSE WETR [GAUGE 1IF)

COPY 5 OUTPUT MEAN _ 12.1 WD_ 240 FLOW ENGL R_PL

_'* B-'-TOWCONFLUENCE AT SOUTH 200TH STREET

RCHRES 13 HYDR RO WDM 241 FLOW ENGL REPL

*"* LOWER DES MOINES CREEK _EAR KOUTH (GAUGE ZID)
RCHRE$ i_8 HYDR R0 WDM 242 .-'LOW EMGL REPL

END E_T TARGETS

NETWORK

**" <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<N_ME> # <NRME> TEM STRG<-FACTOR->STRG <NAME_ # % <-GRP> <NAME> _ # _"

"_ AIRPORT SUBB_INS

"** (DM23) SDE-4
*** GW contribuuions added

PERLND 25 P_ATER SUR0 3.34_ RCHRES 35 EXTN_, ZVOL

PERLbID 26 PWATER _.FR0 3.34_ R_HRES 36 EXTNL IVOL
PERLND 25 £_ATER AG_O 0.i37 RCHRES 36 EXTNL ._VOL

.IM_LND 14 IWATER SURO ID.5_ RCHRES 36 EXTNL _VOL

* (DM24) SDS-!
""*" GW connribu_ion_ added

PERLND 26 P_ATER SUR0 0.11_ R_HRES 39 _XTNL IVOL
PERLND 26 PWATER IFWO _.115 RCHRES 39 EXTN_ IVOL

--- AR 020397



_ERLND 26 PWATF.,RAGWO D..),l.5 RCHRE_ ._ E,T/NL _VOL
-_PLN'D 14 "rWATERSURO 1. 360 I_,CHRES 39 EXTNL IVOL

-* _DN25_ $DS-3A TAXIW_.Y VAULT
pERLND 26 PWATER SURO 2.886 RCHRES 20 EXTNL IVOL
pE._,ND 26 PWATER IFWO 2.B86 RCRRE$ 20 EXTNL IVOL

IMPLND 14 IWATER $URO 2. 928 RCHRES 20 EXTNL IVOL

*_* (DM25) SUS-_ 3RD RUNWAY VAULT

PERLND 26 P_ATER $URO 3. 808 RCHRES 3 EXTHL _VOL
PERLND _6 PWATER IFWO 3.808 RCHRES . _ EXTNL IVOL

PERLND 44 PWATER SUEO 0.327 RC_RES 3 EXTNL IVOL
PEELNU 44 PWATER IFWO 0.327 RCHR_ 3 EXTNL IVOL
PERLND 45 PWATER S_RO 0.457 RCBRE$ 3 EXTNL TVOL

pERLND 45 PWATE_ IFWO 0,457 RCHRES 3 EXTNL _VOL
IMPLND 14 _WATER SURO 3.013 ._CHRE$ 3 EXTNL IYOL

*** (DM25) _DS-3
_.H,. GW contributions added

PERLND 26 PKATER SURO •12,026 RCHRES 42 E_TNL ZVOL

PERLND 26 PWATER I._WO 12.028 RCHRES 42 EXTNL ZVOL
PERLND 26 PWATER A_WO D.246 RCHRES 42 EXTNL _VOL

• IMPLND 14 IWATER $URO i_.59B, RCHREs 42 EXTNL TVOL

_*_SDS-_"NEW WATERSHED
""" _ contributions added

PERLND 26 _fATER SURO !.12& COPY 5_ ZNPUT MEAN !

PERLND 26 PWATER IFWO !.12_ COPY 50 _NPUT MEAN 1
PL_LND 26 PW&TER AGW_ 0.135 COPY 50 INPUT /_A_ 1
PERLND 44 PWATER SURO "**_* COPY 50 _NPUT MEAN 1

PERLND 44' PWATER _F_O "_'_* COPY 50 INPUT MEAN i
PERLND 54 PW_TER SURO "_" COPY 50 INPUT MEAN 1
PERLND 5_ PWATER IFWO "_*_* COPY 50 _NPUT MEAN 1

_M_LND 14 IW_TER SURO 0.265 COPY 50 _NPUT MEAN l

"_*'SDS-5_NEW WATERSHED

"_**GW con_rihu_ion_ a_ded

"°-_RLND 2_ P_TER SURO 2.356 COPY 41 _NPUT MEAN I
LRLND 28 P_ATER _F_O 2.356 COPY 41 INPUT MEAN

.ERLND 26 PWATER AGWO 0.796 COPY 41 ZNPUT MEAN 1

._ERLHD 44 PWATER SURO ****_ COPY 41 INPUT )_EAN 1

_ERLND 44 PWATER IFWO "'_*"* COPY 41 INPUT MEAN 1
PERLND 54 PWATER $URO" "**** COPY 41 _NPUT MEAN I

PERLND 54 PWATER IFI_O *'°*" COPY 41 INPUT MEAN I
_MPLND 14 IWATER SURO 0.348 COPY 41 XNPUT MEAN 1

*"''SDS-2*NEW WATERSHED

**** GW contributions added

PERLND 26 PWATER SURO 0.249 COPY 4 INPUT MEAN I
PERLND 26 PWATER _FWO 0.249 COPY 4 INPUT MEAN 1

PERLND 26 PWATER AGWO 0.249 COPY 4 _NPUT MEAN 1
PERLND 44 PWATER $URO 0.384 COPY 4 INPUT MEAN i
PERLND 44 PWATER I:'WO 0.394 COPY 4 INPUT. ._ I
PERLN_ 44 PWATER AGWO 0.384 COPY 4 INPUT MEAN !

PERIND 54 PWATER SURO 0,043 COPY 4 ._NPUT _-=AN 1
PERLND 54 PWATER IFWO 0.O_3 COPY 4 INPUT MEAN 1
PERLND 54 PWATER AGWO Do943 COPY 4 INPUT MEAN 1

I/4PLND 14 I_;ATER SURO 0.0_6 COPY 4 INPUT MEAN 1

"_ (DM27) $D$-4

PERLt_D 26 P_ATZR SURO 0.564 RCHRES I0 EXTNL IVOL

PERLND 26 PWATER _F_O 0.564 RCHRES I0 _XTNL _VOL
PERLND 26 PWATER A_WO 0.564 COPY 5 _NPUT MEAN 1

PERLND 44 PWATER S_F_ 2.109 RCHRES i0 EXTNL IVOL
PERLND 44 PWRTZR IFWO 2.109 RCHRES i0 EXTNL IVOL

PERLND 44 _"_ATER _WO 2.1_9 COPY 5 _NP_T MEAN 1
XMPLND 14 XWATER SURO 2._07 RCHRES i0 EXTNL IVOL

*** SASA STORM

*_* PERLND 26 added for _urface waEer and GW

PERLND 26 FWATER SU_O 0.001 COSY 15 INPUT MEAN i
_ERLHD 26 PWATER IF_O 0.001 COPY 15 TNPUT M_AN i

'RLND 28 PWATER AGRO 0.001 COPY 15 INPUT MEAN !
_PLND 14 IWATER SURO 2.S55 COPY 15 INPUT MEAN 1
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**" MC-9 GW added {2tom Miller Creek_
-ERLND 26 PWATER AGWO 0.005 RCHRES 43 EXTN_. ZVOL

_ "ZW5 SYSTEM PEMP STATION OVERFIOWS

*'* _-3; NORTH SATELLZTZ P_. STATION _NSP$) TO ZW$
"_" OVERFLON TO SDE-4

*-* _NSTALLED IN 1995

pER_D 26 pWATER SORO _.026 RCHRES 360 EXTNL _VOL
>EKLND 26 PWATER IFWO _.026 RCHP_S 360 EXTNL IVCL

_MPLND 14 IWAT_R SURO 1.120 RCHRES 360 EXTNL IVQL

*_* I-5" SOOTH SNORI_ELT (OLYMPIC _ANK FARM) PUMP ST_:/IOH (SSMPS) TO IWS
_-" OVERFLOW TO DES MOINES EAST SRANCH

*** INSTALLED IN LATE 199_/1998
IMPLND _4 IWATER SORO 0.001 RCHRES _66 EXTNL ZVOL

*** SASA _WS

_* AGWO revised
PERLND 26 PWATER SURO 0.00d COPY 8 ZNPUT MEAN 1
PEBLND 26 PWATER _FWO 0.0_4 COPY 8 INPUT MEAN 1

PF_ND 26 PWATER AG-_O 0.00_ COPY 5 _NPUT P_ 1
PERLND 44 PWATE_ SUEO 0.004 COPY B _NPUT MEAN !

P-_D 44 PWATEK IFWO 0.004 COPY 8 !NPUT MEA_ 1
P_ND 44 PWATER Ag_O 0.004 COPY 5 _NPUT ME_| i
PERLND 54 ._WAT_R SURO 0 .0Ol COPY 8 ._NPDT MEA_ 1

_EP_ND 54 PWATER IFWO 0.09i COPY 8 _"NPUT MEAN 1
PE_ND 54 ._WATER AGWO 0.001 COPY 5 INPUT _LEAN i

_MPLND 14 IWATER SURO _ .860 COPY 8 INPUT MEAN l

'. _** Add IWS gruundwa_er
*'*PERLND 26 PWATV-R A_O 0.393 COPY 5 _NPOT MEAN !
**"PERI/_D 44 PWATER AGWO D.512 COPY 5 _NPUT MEAN 1
**" EAST SRANCH OF CREEK

"*" "DMI
:BLND 16 PWATER SURO 0.860 RCHRES 34 EXTN_ !VOL

_RLND 16 PwATER _WO 0.86_ RCHRES 34 EXTNL ZVOL
pERLND !6 pWATER A_WO 0.24i RCHRES 34 EXTNL IVOL

PERLND 26 PWATER SURO !I.07_ RCHRES 3_ EXTNL IVOL

PERLND 26 PWATER ._FWO 11.07_ RCHR_.S 34 _XTNL _VOL
PEBLND 26 PWATEE AGWO 3,102 RCHRES 34 EXTNL _VDL

PERLND 34 PWATER SURO 0,599 RCHRES 34 EXTNL IVOL
PERLND 34 PWATER -_WO 0.599 RCHRES 34 EXTNL IVCL

PERLND 34 _WATER AGWO 0._68 RCHRES 34 EXTNL IVOL
PERI_]D 44 PWATER SURO _. 697 RCHRES 34 EXTNL IVOL
PERLND 44 PWATER I-_WO 7 . 697 RCHREs 34 E_TNL ZVOL

PERLND 44 PWATEK AGWO 2.155 RCHRES 34 EXTNL _VOL
PERLND 54 PWATER SURO 1,176 BCHRES 34 EXTNL _YOL
PERLND 54 PWATER IFWO 1.176 RCHRES 34 EXTNL XVOL

PEBL_D 54 PWATEK AG'_O 0.329 .KCHRES 34 EXTNL IVOL
_MPLND I_ IWATEB SURO !4.274 RCHI%ES 34 EXTNL IVOL

*** DM2

PERLND 26 PWATER SURO 1.2_2 _HRES 37 EXTNL IVOL
PERLND 25 P_,_ATER I_WO 1.232 RCHRES 37 EXTNL IVOL

IMPEND 14 _WAT_ SORO 0.821 RCHRES 37 EXTNL IVOL

"** DM3

"** PERO replaced wi_h SURO, IF_O and AGWO.

P_-J_ 25 PWATER SORO 5.554 RCHRES 5 EXTNL _VOL

PERLND 26 PWATER _FWO 3.554 RCHRES 5 EXTNL IVOL
PERLND 26.PWATER AGWO 3.537 RCMRES 5 EXTNL _VOL
PERLND 54 PWATER SURO 0.006 RCHRES 5 EXTNL _VOL

PERLND 54 _FATER IFWO. 0.006 RCHRES 5 EXTNL IVOL

PERLND 54 PWATER AGWO 0.006 R_J_tES 5 EXTNL IVOL
_MPLND 14 IWP_TER SURO 4.508 RCHRES 5 EXTNL _VOL

**" con¢ribut.ion from non-con=i_ous basin
PERLND 26 PW_TER AGWO 0.016 RCHRES 5 EXTNL IVOL
*** DM4

** PERO replaced with SURO, IFWO and AGWO.
IRLND 16 PWATER SURO 0,285 RCHKE$ 5 EXTNL IVOL

8ERLND 16 PWATER IFWO 0.286 RCHRES ._ EXTNL IVOL

me|
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PERLND 16 PRATER AGWO 0.2S6 RCHRES 5 EXTNL IVOL
=ERLND 26 PWATER SURO 0.591 RCHRES _ EXTNL IVOL

_RLND 26 PWATER IFWO 0.591 RCHRES 5 EXTNL IVOL
F_D 26 PWATER AGWO 0.590 RCHRES 5 EXTNL IVOL

PERLND 54 PWATER SURO 0,005 RCHRES 5 EXTNL !VOL

pERLND 54 PWATER IFWO 0.005 RC_,RE$ 5 EXTNL IVOL

PERLND 54 EK4ATER AGWO 0.D05 RCHRES 5 EXTNL ZVO r,
IMPLND 14 IWATER SURO 3._57 RCHELE$ 5 EXTNL IVOL

**_ contribuuion from non-conLiguous basin
PERLND 26 PWATER AGWO D.00! RCHRES 5 -_,XTNL IVOL

**" PERD ,-eplaced wi_h $_RO, IE_O and AGRO,
PERL_D 16 pWATEE SURO 0,173 RCHRES 5 EXTRL iVCL
PERLND 16 PWAT_R ZFWO 0.173 RCHRES 5 EXTNL IVOL
PERLRD 16 PWATER AGWO D. !73 RCHEES 5 EXTNL IVOL

PERLt|D 26 F_ATER SURO 0 •485 RCHRE$ 5 EXTN T. IVOL
PERLt_D 26 PWATER _O 0.485 RCHRE5 5 EXTNL IVOL

PERLt_D 26 PWATER AGWO 0,495 RCHRES 5 EXTNL IVOL

"" PERLND 34 PWATER SURO 0,074 RCHRE$ 5 EXTNL ZVOL

,9:.- PERLND 34 PWATER IFWO 0.034 RCHRES 5 EXTNL _VOL
PERLND 34 F4ATER AG_90 0.07_ RCHRES 5 EXTOL IVOL

• PERLND 44 PWATER SURO 0.077 RCHRES 5 EXTHL IVOL
*':" PERLND 44 PWATER IFWO 0,077 RCHRES 5 EXTNL IVOL

PERLND 44 PWATER AGWO 0.07_ RCHRES 5 EXTNL IVO5
PERLND 54 $_FATER SURO 0.112 RCHRES 5 EXTNL XVOL
PERLND 54 PW_TER _FWO 0,i/2 RCHRES 5 EXTbTL _VOL

?ERLND 54 PWATER AGWO 0,i12 RCHRES 5 EXTNL _VOL
_MPLND 14 TWATER 5URO 0.799 RCHRE$ 5 EXTHL -_VOL

"'" DM6

*'* PERO replaced wi_h SUgO, IFWO and AGW0.
PERLtID !6 PWATER _ERC * _ RC_E$ 40 EXTNL IVOL
PERLND 26 PWATER SURO 0._34 RCHRES 40 EXTNL "VOL
I_EKLND 26 EWATL_ -_5"W0 0.534 RCHRES 40 EXTNL IVOL
PERLND 2_ E_ATEE AGWO 0,534 RCHRES _0 EXTNL IVOL

PERLND 34 PWATER SURO 0°002 RCHRES 40 EXTNL 2VOL
. _ERLND 34 PWATE._ _WO 0,002 RCHRE$ 40 EXTNL IVOL

" _RLND 3_ PWATER AGT&O 0. 002 RCHRES 40 EXTNL IVOL
• ,,ERLND 44 PWATER SURO 0.70_ RCHRES 40 -_XTNL IVO r.
J_ERLRD 44 PWATER IFWO 0.709 RCHRE$ 40 EXTNL _VOL

;PERLND 44 PWATER AGWO 0.709 RCH._E$ 40 EXTNL IVOL
•PERLND 54 PWATER $URO 0.312 RCHRE$ 40 EXTNL IVOL

_ERLND 54 _WATER _FWO 0.312 RCHRE$ 40 EXTNL IVOL
.PERL_;D 54 P_ATE_ Ag'40 D,312 RCHRE$ 40 _XTNL _VCL
IMPLND 14 _WATER SURO 0.007 _CH_E$ 40 EXTNL IVOL

"_" WEST BRANCH OF CREEK

_* DM7 "

*** AGWO revised

PERLt|D 16 PWATER SURO 2 .190 RCHRES 7 EXTNL _VOL
PERLND 16 PWATER IE_O 2,1_0 RCHRES 7 EXTNL _VOL

9ERLND 16 _W_TER AGWO :1. 701 RCHRE$ 7 EXTNL IVOL
PERLND 26 PWATER S_O 2,944 RCHRES _ E_TNL IVOL

PERLND 26 PWATER I_WO 2,944 RCHRES 7 EXTNL IVOL
PERLND 26 PWRTER AGWO 0.759 RCHRES 7 EXT_TL IVOL

PERLND 34 PRATER SDRO 1.930 RCHRES 3 EXTNL IVOL
PERLND 34 PNATER _F_O 1,970 RCHRES 7 EXTNL IVOL

PERLND 3_ PWATER AG'WO _. 681 RCHRES _ EXTNL IVOL
PERL_D 44 PWATER SURO 4.!43 RCHRES 3 EXTNL IVOL

?ERLND 44 PWATER IFWO 4.143 RCHRES 3 EXTNL IVOL
PERLND 44 E_TATER AGT_O 0.315 RCHKES 7 EXTNL _VOL

PERLND 5_ I_WATER SURD 0,552 RCHRES 7 EXTNL _VOL
PERLND 54 PWATER IFWO 0.552 RCHRES 7 EXTNL IVOL
PERLND 54 PWATER AGRO 0.370 RCHRE_ ? EXTNL _VOL

IMPLND 14 _WATEK SURO 2. 401 RCHRES 7 EXTNL _VOL

"** DM8
""* AGWO revised

PERLND 16 PWATER SURO 0,203 RCHRES 3 EXTNL IVOL
PERLND 16 _WATER !F_O 0.203 RCRRE$ 7 EXTNL _VOL

'IRLND 16 ."WATER AGWO 0. 000 RC:_RES 7 EXTNL 2VOL
_RLND 26 P_ATER SURO 0. 609 RCHRE$ 3 EXTNT. _VOL

PERLND 26 PHATER I_WO 0,609 RCHRES q EXTNL "VOL
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PERLND 2E PWATER AGWO 0.098 RCHRE5 ? EXTNL IVOL

_EBLND 34 pWAT_,K SURO D,_I5 _:H._ES 3 EXTNL _VOL
:RLND 34 pWAT__K IFWO 0.715 RCHRE$ ? EXTNL IVOL

_.RLND 34 PWATER AGWO 0.226 KCHRES 3 EXTN_ IVOL
PEKLND 44 PWATER SURO 1,133 KCHRES 7 EXTNL IVOL
PERLND 44 PWATER IFW0 1.133 RCHRE$ 3 EXTNL _VOL
PERLND 44 PWAT_-R AGWO 0,_54 RCHRES ? EXTNL IVOL

PERLND 54 PWATER SUR0 0.16/ RCHRES 7 EXTNL IVOL

PERLND 54 PWATER ZFWO 0.161 RC._KES _ EXTNL IVOL
PERLND 54 PWATER AGWO 0.116 RCHRES ", EXTNL IVOL

IMPLND 14 IWATER SORO 2,422 RCHRES 3 EXTNL IVOL

*_t DM9
_t, AGWO rtvise_

PERLND 16 PWATZR $URO 0,002 RCHKES 9 EXTNL IV05
PERLND 16 [,RATER IFWO _.002 RCHRES 9 EXTNL _VOL
PERLND 16 _WATER AGWO 0.D02 RCHRES 9 EXTNL IVOL

PERLND 26 PWATER SDRO 1.201 RCHRES _ EXTNI IVOL
PERLND 26 PWATER ZFWO 1.20! RC.KRES 9 EXT.NL IVOL

PERLND 26 PWATER AGWO D, _._5 RCHRES _ EXTNL _VO1.
PEBLND 34 PWATER SURO 0 .017 RCHRES 9 E_TNL TVOL

PERLND 34 PWATER 2FWO 0 ._13 RCHRES ,_ EXTNL ZVOL
PERLND 34 PWATER AGWO 0.017 RCHRES 9 EXTNL IVOL
PERLND 44 PWATER SURO 3 ._40 RCHRES 9 EXTNL ZVOL

•' PERLND 4_ PWATER -_FWO _, 040 RCHRE$ _ EXTNL TVOL
PEBLND 44 PWATER AGWO 1.512 RCHRE5 9 E_TNL _VOL
PE._LND 54 PWATER SURO 0.01D RCHKES 9 EXTNL _VOL

PERLND 5_ PWATER Z:-W0 0 .010 RCHKE$ 9 EXTNL _VOL
PERLND 54 PWATER AGWO 0,01_ ._CHRES 9 EXTNL _V_L

IMPLND 14 _WATEK SURO O. 634 _CHRES . 9 EXTNL _VO_

_** DMI0

_" PERO replaced wi_h SURO, IFRO, and AGWO
PERLND !6 PWATER SURE 0.945 ._CHKES 43 EXTNL _YOL

PEKLND !6 PWATER IFWO 0.945 KCHRES 43 EXTNL ZV_L
PERLND !6 PWATEK AGWO 0.%45 RCHRES 43 EXTNL _VCL
PERLND 26 PWATE_ SURO 0.738 RCHRE$ 43 EXTNL _VOL

"_%q_LND 26 PWATER _.--WO 0.738 RCHRES 43 EXTNL IVOL
,%%LND 26 PWATEK AGWO 0,738 RCHBES 43 EXTt_L IVOL

_-2/%LND 34 PWATER SURO 1.935 RCHRES 43 EXTNL _VDL

PE._LND 34 PWATE_ ZF'@O 1,935 RCHRES 43 EXTNL _VO_
'PERLND 34 PWATER AGWO i. 935 RCHRES 43 EXTNL IVOL

,PERLND 44 F_ATER SURO 0.510 RCHRES . 43 EXTNL _VOL
PERLND 44 PWATER IFWO 0.51D RCHRES 43 EXTNL IVOL
-PERLND 44 PWATER AGWO 0.510 RCHKES 43 EXT_ IVOL
PEKLND 54 PWATZR SU_O 0.312 RCHP_S 43 EXTNL IVOL

PERL_D 54 PWATER IFWO 0._12 RCERES 43 EXTNL IVOL
PERLND 54 PWATER AGWO 0.312 RCHKES 43 EXTNL ZVOL

_MPLND 14 :W_ATER SURO _.185 RCHRE$ 43 EXTNL _VOL

*'* DMII

"'* 9ERO replaced wi_h SUKO, ZFWO, and AGWO
PERL_D 16 PWATER SUE0 0.321 RCHRES 43 EXTNL _VOL

PERLND 16 PWATER _FWO 0.321 RCHRES 43 EXTNL IVOL
P_RLND 16 PWATER AGWO 0.321 RCHKES 43 EXTNL IVOL

PEKSND 26 PWATE_ S_O _, 408 RCHBES 43 EXTNL _VOL
PERLND 26 PWATER __FWO 0.408 RCHRES 43 EXTNL XVOL

PERLND 16 PWATER AGWO 0.408 RCHRES 43 EXTNL IVOL
PERLND 34 PWATER SURO i. 02_ RCHKES 43 EXTNL _VOL

9ERLND 34 PW_TER IF_D i.D24 RCHRES 43 EXTNL -.'VOL
PERLND 34 PWATEE AGWO i,024 KCHRES 43 EXTNL ZVOL

PERLND 44 PWATER SURO 0.463 RCHRES 43 EXTNL _VOL
PEBLND 44 PWATER _.-'WO 0,46_ RCHRES 43 EXTNL _VOL

PERLND 44 PWATEK AGWO 0.467 RCHRES 43 EXTNL IrOn
PERLND 54 PWATEE SURO !,_56 ;_CHRES 43 EMTNL IVOL

PERLND 54 pWATER I_'_O !,0_6 RCH_ES 43 EXTNL IV0 T.
9ERLND 54 _WATER AG-_O 1.036 RCHRES 43 EXTNL _VOL

IMI_LND 14 ZWATEK SURO 2.q26 KCHRES 43 EXTNL IVOL

"'" DMI2

*'* PERE replaced wl_h SDRO, _FW_, and AGWO

PERLND 16 PWATER SURO D.510 RCHRES 12 EXTNL IVOL
9ERLND 16 PWATER IFWO 0.510 RCHRES 12 EXTNL IVDL
"_RLND 16 PWATER AGWO 0.510 RCHRES 12 EXTNL IVOL

:KLND 26 PWATER SURO 0.001 RCHKES 12 EXTNL IVOL
SERI_D 26 pWATER _FWO 0,00! RCHRES 12 EXTNL IVOL
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PEP,..LND 26 PWATER AGWO 0,00! RCHRES 12 EXTNL IVOL
'_F.RLND 34 PWATER SURO D.3_5 RCHRES 12 EXTNL _VOL
'RIND 34 PRATER IFWO 0.375 RCHRES 12 EXTNL IVOL
_RLND 34 PRATER AGWO 0.375 RCHRES 12 EXTNL IVOL

PERLND 44 PRATER SURO 1.728 RCHRE$ 12 EXTNL IVO5
PERLND 44 PRATER 'TFWO 1.728 RCHRES 12 EXTNL IVOL

PERLND 44 PWATER AGWO 1.728 RCHRE$ 12 EXTNL IVOL

PERLND 54 PRATER SURO 0.554 RCNRE$ 12 EXTNL !VOL
PERLND 54 PHATER IFWO 0,554 RCHRES 12 EXTNL 7VOL

PERLND 54 PRATER AGRO 0.554 ECRRE5 12 EXTNL IVOL

9o. DMI3

... PERO replaced wi_h SORO, _FWO, and AGWO
.PEJ_LND i_ PWATER SURO 0.961 RCHRES 13 EXTNL IVOL
PERLND 16 PWATER IFWO 0.961 RCRRES 13 EXTNL IVOL

PERLND 16 PRATER RGWO 0.961 KC_RES 13 EXTNL IVOL

PERLND 26 PRATER SURO 1.5_2 RCRRE$ 13 _ IVOL
PERLND 26 PRATER IFWO 1.562 RCHRES 13 EXTNL _VCL
PERLND 26 _WATER AGWO !.552 RCHRES 13 E_T_L IVOL

PERLND 34 _WATER SUP_D 1.203 RCHRE$ I_ EXTNL _VOL
PERL_|D 34 PRATER __._WO 1,205 RCHRES !3 _.XTNL TVOL
PERZ_ID 34 PRATER AGWO 1.203 RCHRE$ 13 EXTNL 2VOL

PERLND 44 PRATER SURO 1.778 RC_RES 13 EXTNL IVOL
PERLND 44 PRATER _FWO i.77B R_RES i3 EXTNL _VOL
PERI_;D 44 PWATER AGWO 1.778 RCHRES 13 EXTNL IVOL
PE_LND 54 PRATER SURO 0.0f19 RCHR_$ 13 ZXTNL IVOL

_ERL_;D 54 _WATER IFWO 0,089 RCH_S 13 EXTNL IVOL
_ERLND 54 PWATER AGWO 0.089 RCHRES 13 EXTOL IVOL

_MPL_|D 14 IWATER SURO 1.25% RCHRES i_ EXTNL IVOL

*'* LOWER BASIN

PE._L_D 16 PRATER PERO O,481 RCHRES 14 EXTNL _VOL

PERLND 26 PRATER PERO _.2.°5 RCHRES 14 EXTNL IVOL
PEBL3D 34 ,PWATER _ERO i,b40 RCHRES 14 EXTNL IVOL

-RL._D 44 PRATER PERO 1.195 RCHRES 14 EXTOL !VOL
[ .PI2_D 14 7WATER SURO 0.340 RCHRE_ 14 EXTNL TVDL

"_" EXECUTEL T_BUTARY

*_* DM16 INFLOW TO EXEC_TEL POND

PERLND !6 PRATER SURO D. 647 RCHRES 46 __A"/NL IVOL
PE_LND 16 PRATER IFWO 0.647 RCRRES 46 "_XTNL IVOL

PERLND I_ PRATER _GWC 0.446 RCHRES 46 EXTNL IVOL
PERLND 26 PRATER SURO 5.57_ RCHRES 46 EXTNL _VOL
PERL_ 26 ._RATER Z_'-WO 5.573 RCHRES 46 EXTNL _VOL
PERLND 26 ._WATER AGWO 3.84_ RC_ES 46 EXTNL IVOL

PERLND 34 PRATER SURO 0.63_ RCHRE$ 46 EXTNL I_OL

PERLND 34 PRATER TFWO D, 63_ RCHRES 46 EXTNL _VOL
PE_ND 34 PRATER AGWO 0.441 RCHRES 46 EXTNL IVOL
PERLND 44 P_ATER SURO 8._23 RCNRES 46 EXTNL IVOL

PERLND 44 PRATER I_WO 8.023 RCHRES 46 EXTNL _VOL
PERLND 44 PWATER A_O 5.536 RCRRES 46 EXTNL TVOL

PE_ND 54 PWATER SURO 0.183 RCHRES 46 EXTN5 _VOL
PERLND 54 PRATER IFWO 0.183 RCHRES 46 EXTNL IVOL

PERLND 54 PRATER ,-_'_0 D;_126 RCRRES 46 E_TN5 I'VOL
iMPLND 14 ._WATER SURO 4.249 RCHRES 46 EXTNL 2VOL

*'" DMI7

PERLND 16 PWATER PERO 2.07S RCHRES 17 EXTNL _VOL
PERLND 2G PRATER PERO 2,261 RcHREs 17 E_TNL _VOL

PERLND 34 PRATER PERO 3 ,003 RCHRES I_ E_TNL _VOL
PERLND 44 PRATER _ERO 3.280 RCHRES 17 EXTNL IVOL

IMPLND 14 IWATER SURO 2 ,655 RCHRE5 I_ EXTNL _VOL

_** MAINSTEM RAVINE

*"* DMI8

' ERLND 16 PWATER PERO 0.789 RCHRES IB EXTNL TVOL
/%LND 26 PWATER PERQ 0.277 RCHRES 18 EXTNL IVOL

._RLND 34 PWATE_ PERO 3.151 RCHRES 18 EXTNL IVOL
PERLND 44 ._WATER PERO 1.1D6 RCHRE$ 18 EXTNL IVCL
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pE._D 54 PWATER pERO 0,300 R_RES " IB EXTHL IVOL
• MPLND 14 IWATER SURO 0,29E RCHRES IB EXTNL IVOL

• -* NORTH BRANCH RAVINE

•-- DM19

pERLI;D 16 PRATER PERO _.182 RCHRES 17_ EXTNL _VOL
PERLND 26 PWATER PZRO 6.019 RCHRES _77 EXTHL IrOn

PER_D 34 PWATER PERO 3,16_ RCHI_E$ I_ EXTHL IVOL
pERLND 44 PWATEB PERO 5,552 RCHKES 177 EXTNL IYOL

IMPLND 14 _WATER 5gRO 2.61_ RCH.RES I_'_ EXTNL IVOL

-*- DM20

PERLRD 16 _WATER PERO _.00_ RCHRE$ 193 EXTNL IV0L

pERLND 26 PWATER PERD 6,624 RCHRES 193 EXTNL _VOL

PEKLND .34 PWATER PERt 2,384 RCHRES 193 _MTNL 2V0L
PE_LND 4_ PWATER PER(> -_,602 RCHRES 193 EX_L IVOL

PERLND 54 PWATER PERO 0.!16 RCHKES 193 EXTNL TVOL
_TMPLND 14 _WATER SURO ' -_._14 RCH._ 193 EXTNL ..-VOL

.'.'_ "'? LOWER MA_NSTZM

• *_ DM21
PERLRD 16 ,=WAT_ PERO 2.143. RCHRES 198 EXTNL YV(_L

PERLND 26 PWATER pERO 6,306 RCHRES 198 EXTNL _VOL
PERLND 34 .=WATER PERO 1.429 RCHRES 198 EXTNL IVOL

PERLND 44 9WATER PERO 4,205 RCH_ES 19B EXTNL XVOL
." _MPLND 14 IW_TER SURO _.09! RCJ4RES 198 EXTNL IVOL

"*" DM22

PEKLND 1_ _WATER ,_ER0 _.38! R_LKES 198 EXTNL IVOL
PERLND 26 9WAT_R ._ERO _.654 RCHR_S 198 EXTN5 _VOL

PE_L_D 34 PWATER PERO 0,218 RCR -RE_ 198 EXTNL TVOL
PERLI_D _4 PWATER PERO 2.62_ RCHRES 198 _XTNL _VOL

PERLND 54 PWATER PERO 0,016 RCHRES 198 EX_;L IVOL
_' '_PLND 14 ._WATER 3_RO 1,972 RCHRE$ 198 EXTOLL _VOL

"*'_ NONCONTIGUO_S GROUNDWATER BASINS

•** G1

• PERLND 16 PWATER AGWO 2 .833 RCHRES 5 EXTNL _VOL
PERLND 26 PWATEI_ AGWO 9 .91_ ECHBE$ 5 EXTNL XVOL

"** G2

PERLND 16 PWATER AGWO 0.417 RCHRES 193 EXTNL _VOL

pERLND 26 PWATER AGW0 1.333 RCHRES 193 EXTNL _VOL

"*" G3

P_ND 16 PWATER AGWO 5.083 RCHRES 193 EXTNL 2VOL

P_ND 26 PWATER AGWO 17.66_ RCHRES 193 EXTNL _VOL
PERLND 34 ,_WATER AGWO 1.15_ RCHRE$ 193 EXTNL XVOL
PERIOD 44 PWATER AGWO 4.250 RCH]tES 193 EXTNL _VOL

"'" CHANNEL NETWORK L2NKAGES *°_

•** PUMP ST_T_C_ OVER_ TO SDS

RCHRES _60 HYDR OVOL 2 RC_RES 36 _MTITL IVOL

RCHRES 366 HYDR OVOL 2 RCHRES 5 EXTNL !VOL

_*** EAST BRANCH OF CREEE

"CHRES _4 HYDR OVOL ! RC_RES _5 EXTND _VOI

"HRES 35 HYDR ROVOL i RCHKES 37 EXTNL IVOL
.,CHRES _6 HYDR ROVOL 1 RCMRES 33B EXTNL _VOL
COPY 15 OUTPUT MEA_ 1 RCHRE$ 338 EXTNL IVOL

RCHRES _9 HYDR ROVOL 1 RCHRE_ 33B EXTNL IVOL
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R_HRES 37 HYDR ROVOL i RCHRES 338 E_TNL IVOL
_cHRE5 338 HYDE ROVOL 1 RCHRES 38 EX.'_,IL IVOL

Q :HRES 38 HYDR ROVOL 1 RCHRES _ EDCTNL ZVOL

._HRES 5 HYDR ROVOL 1 RCHP_ 40 EXTNL IVOL
• RcHRES 40 HYDR _OVOL i COPY 5 INPUT. _ I

_ _t t_ v w T _. wt

•q" WEST BRANCH OF CREEK

RCHRES 20 _DR ROVOL i COPY 9 INPUT _EAN I

RCHRES 42 HYDR ROVOL 1 COPY 9 INPUT MEAN I
COPY 9 0UTP_T MEAN 1 RCHRES 4 EXTOL IVOL
RCHRES 4 HYDR ROVOL I COPY 41 ZNPOT MERN l

COPY 50 0UTP_T MEAN 1 RCHRES 3, EXTNL IVOL

RCHRES 3 HYDR ROVOL 1 COPY 4 INPUT MEAN 1
RC_S 7 HYDR ROVOL I COPY 4 INPUT MEAN I

RCHRES 9 HYDR ROVOL l COPY 4 INPUT MEAN I
COPY 41 OOTP_T MEAN 1 RCHRES 43 EXTNL IVOL
COPY 4 0UTPDT MEAN 1 RCHRES 43 E_TNL IVOL

RCHRES 43 HYDR OVOL 1 RCHRES 12 EXTNL IVOL
RCHRES 10 HYDH ROVOL i COPY 5 INPUT MEA_ 1

.. RCHRES 12 HYDR RCVOL I COPY 5 INPUT _ 1

_* MA_NSTEE. BELOW CON._UE_CE OF E. AND K. BRANCH

•-_* M_NSTEM ABOVE EXEC_TEL TRIBUTARY
, COPY 5 0UTPDT MEAN ! _CHRES 13 EXT.% _VDL

RCHRES 13 HYDR ROVOL 1 RCHRES 14 EXTNL ZVCL

RCHEES 14 HYDR ROVOL 1 COPY 4B INPET MEAN I

"_* EXEC_TEL T._IBETARY
RCHRES 46 HYDR ROVOL 1 RCHRES 47 EXTNL _VOL
RCHRES 47 HYDR ROVOL 1 RCHRES !_ EXTNL ._VOL

RCH_$ 17 HYDR ROVOL ! COP_ 48 INPUT MEAN 1

_* M_NSTEM FROM HEAD OF RAVINE TO NORTH BRANCH CONFLUENCE
OPY 48 OUTPUT MEAN I RCHRES !5 EXTNL IVOL

RCHRES 18 HYDR OVOL i RCHRES 193 EXTNL IVOL
RCHRES 193 HYDR ROVOL 1 COPY 1 INPUT MEAN !

•** NORTH BRANCH RAVINE TO MAINSTEM

RCHRES 177 HYDR ROVOL 1 COPY I _NPUT MEAN 1

"** MAINSTEM FROM NORTH BRAN_ CONFLUENCE TO PARK B_LOW MVD CULVERT

COPY 1 OUTPUT M_ 1 RCHRES 198 EXTNL I_OL

• _ END /_ETWOR_

END EUN
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HSPF Non-Contiguous Groundwater Areas
For the purposes of the low flow HSPF models, the project condition 2006 surface water
basinsweredivid_intocontiguousandnon-contiguousgroundwaterbasinsbasedonthe

future groundwater divide. A non-contiguous groundwater area occurs whore the
groundwatm-flows to a differc_ntstream or water body than the surface runoff from that
samearea.The attachedfigureshowsthecontiguousandnon-contiguousgroundwater
areasforDesMoines,Walker,andMillerCrake.

ForDesMoinesCreek,thegroundwaterroutingofcontiguousandnon-contiguousareas
foreachsubbasinwas unchangedinthe1994and 2006 conditions.Perviousland
segmentsare'perthelanduse tablescontainedinAppendix A.

1_orWalkerCreeds,duringthecalibrationo_"theWalkerCree..kmodel,itwas determined
that630 acresofnon-contiguousgroundwaterareadraintothecree,k. The low flow
modelsuse2006surfacewatersubbasinboundaries,whicharen'tnecessarilycoincident
withthe1994surfacewatersubbasinsusedinthecalibrationmodel.Therefore,itwas
necessarytoindependentlytrackthoseareaswhichtransitionfi:omcontiguoustonon-
contiguous,and viceversa,fxomthe1994subbasinboundariestothe2006 subbasin
boundaries.Thesetransitionalareasarehatchedandlabeledontheattachedfigure.

Thegroundwaterroutingfromthetransitionalareaswas trackedseparatelyfromthe630
acresofnon-contiguousgroundwaterarea.The perviousareaofWalkerCreekthat
transitionsfrom non-contiguousto contiguousfromthe1994 to the2006 subbasin
boundaries(groundwaterbasinSDW2B) wassubtractedfromthe630 acrestoprevent
doublecounting.Thesest_psweretakensothattheaddedimperviousareafrom1994to
2006conditionsforeachofthegroundwaterareascould be calculated.

ForMillerCreek,thereare_treesubbasins(SDW2, SDSBA, and SDE4) withnon-
contiguousgroundwaterareasthatarerout_toMillerCreekinthe1994and2006
conditions.SDS3A andSDE4 arclocatedintheDes MoinesCreeksurfacebasinand

, SDW2 islocatedintheWalkerCreekbasin.

"lllrl/-
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