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EXECUTIVE SUMMARY

This reportpresents the analyses performed to estimate the timing and volume of disoharges to local
receiving streams and wetlands during low-flow periods fi-om Seattle-Tacoma International AJ_rport
(STIA) considering improvements defined in the Port of Seattle's Master Plan Update. This report

also presents a Flow Impact Offset Facility Plan, which is the Port's proposal to offset impacts to
flows in the receiving waters during annual low-streamflow periods, typically experienced in late
summer/early fall. The plan is based on a detailed evaluation of the hydrologic impacts of the
proposed third runway embankment and associated non-hydrologic impacts (cessation of water use
and removal of septic tanks on properties purchased by the Port) on meamflow in Miller, Walker,
and Des Momes Creeks. This report is submitted in response to condition L1 of the Water Quality
Certification (#1996-4-0232.5 [Amended - 1]) issued by the Washington State Department of
Ecology (Ecology) on September 21, 2001. The report builds upon previous reports by Earth Tech
(December 2000), Pacific Groundwater Group (June 2000, August 2001), and Parametrix
(December 2000, July 2001). Earth Tech, Pacific Ca_undwater Group, Aqua Terra, HNTB, Foster
Wheeler, and Parametrix prepared analyses presented in this report, and Hydrocomp contributed
technical review of modeling analyses. Ecology was consulted dining the development of the plan
to ensure that agency concerns areaddressed in this report.

Impacts to streamflow in the three _eams were evaluated using a suite of modeling tools. The
Hydrologic Simulation Program - FORTRAN (HSPF) was used to develop overall stormwater
models of STIA (existing conditions and proposed conditions), as described in the Comprehensive
Stormwater Management Plan (SMP) (Parametrix 2000a, 2001a). These models were also used to
evaluate stormwater flows and volumes in the low-flow analysis. The hydrologic properties of the
proposed third runway embankment were modeled using a combination of Hydrus and a finite-
difference Slice model. Hydrus was used to simulate the movement of 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 saturated portion of the 1_ embankment. Results of the
Hydrus and Slice modeling were incorporated back into the HSPF model to estimate the post-
construction flows. By comparing these results to the pre-project conditions, the impacts of the
proposed embankment on streamflows were det_dned. Non-hydrologic impacts were then
included in the impacts analysis. Statistical analyses of model output, precipitation, and sumunflow
data for the available period of record predicted a net low-flow impact to be mitigated during the
low-flow offset period. The flow offset to be provided is 0.11 cubic feet per second (cfs) in Walker
Creek and 0.08 cfs in Des Moines Creek. The project impact in Miller Creek was completely offset
by seepage fi'om the third runway embankments.

The Port's proposal to offset impacts to low streamflow is to detain excess stormwater nmoff during
the winter and release it to the streams during the predicted annual low-streamflow periods. Vault
sizes for the volume of water required to offset the predicted impacts were determined 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 requiring the
largest vault volume as the "worst case" scenario. The resulting volumes of stormwater (18.5 acre-
fl_forWalkerCreekand 13.5 acre-flforDes MoinesCreek)wereincorporatedintosupplemental

t A 19.0 acre-ft vault w_ used forthe concept design.
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stormwatervaultsin eachwatershed. Thesevolumesof stormwaterwillbe colle_-'t_ddin-ragthe

rainy season,stored,and dischargeddtmng the annual low-flow periods at rates equal to the
predictedimpactm eachstream. Severalconsiderationsareproposedto be includedm thedesignof
thesevaultstoallowthemanagementofstormwatcrdischargestooffsetthepredictedlow-flow

impacts.Additionalconsiderationsinthedesignandoperationoftheproposedstormwatervaultsto
improvethewaterqualityofdischargeswillalsobe included.An analysisoftheavailabilityof
stormwat_requiredtofillthevaultsshowedthatevenduringthedriestyearsintheperiodof
record,enough water can be collectedand storedto offset the impactsto strean_ow during the
annuallow-streamflowperiod.

Key goalsand objectives(performancestandards)of theproposadFlow ImpactOffsetFacility
include:

• Provide flow at the rates requLredto offset the predicted impacts of the proposed
¢mban_nent forthe entireanmudlow-stmamfiowperiod eachyear (approx_ately 92 days
from late July through the end of October).

• Operate and maintain the facility to maintain water quality during the annual low-
streamflowperiods.

, Design the facilityand its operation,mom'toring,andmaintenanceplan sothat anadaptive
managementstrategycanbeapplied.

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 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.
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1. INTRODUCTION

1.1 PURPOSE

The purpose of this report is to evaluate impacts to streamflows in Miller, Walker, and Des Moines
Creeks resulting from construction projects included in the Master Plan Update for Seattle-Tacoma
International Ai_ort (STIA), and to propose a Flow Impact Offset Facility to mitigate potential
impacts dmmg summer Iow-streamflow periods. Placement of new impervious surfaces and
embankment fill, combined with removal of septic tanks madcessation of exis_g water uses in the
embankment area, will impact the timing and amount of groundwa_ flows to the su_.ams. While
these 'm_acts vary seasonally, they are expected to be most significant during late summer/early
fall, when su'eamflows are typically at their lowest. This documem presems the analysis that was
completed to determine the impacts (both positive and negative) to streamflows, and to propose a
facility and mmmgement/operation plan to offset those impacts during the annual low-sueamflow
periods.

1.2 ORGANIZATION OF REPORT

This report is organized into six sections. Section 1 contains an inu'oducfion. Section 2 describes
the analysis undertaken to determine the impacts to $tream_ow$ ill each strea_. Surf_e water
modeling, embankment modeling, and the effects of"non-hydrologic" impacts are discussed. The
proposal for the Flow Impact _ Facility is described in Section 3, including discussions of vault
sizing, water quality management, performance standards, and a pilot program. Section 4 contains
the Operation and Maintenance Plan for the Flow Impact Oi_et Facility. Section 5 contains the
monitoring plan, addressing both operation of 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 3 are located in Volume 1 behind the main text. Appendix
A pro_des 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 contained in Appendix B. Appendix C provides information on infiltration
into the embankment. Dam 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 m Appendix F. Appendix G presents additional information on
physical habitat monitoring protocol in streams. A memorandum on low streamflow fish behavior
is provided in Appendix H. Appendix I contains information on the determination of low-flow
quantity impacts and mitigation. The HSPF input files for the low-flow vault sizing areprovided in
Appendix J.

1.3 RELATIONSHIP TO OTHER DOCUMENTS

This report, which replaces and updates the Low Streamflow Analysis 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 referred to in
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Sections 6.2.1 and 7.7.5 of the Comprehensive Stormwater Management Plan. Master Plan Update
Improvements, Seattle-Tacoma International Airport (SMP; Par'amctrix, Inc. 2000a, 2001a).

The Clean Water Act Section 401 water quality certification was issued by the D_a_uuent of
Ecology on August 10, 2001, and amended on Septm_aber21, 2001, subsequent to the submittal of
the July 2001 Low Flow Analysis/Flow Impact Offset Facility Proposal (Water Quality
Certification #1996-02325 [Amended - 1]). The amended certification required the submittal of a
revised Low Flow Analysis/Flow Impact Offset Facility Proposal addressing a number of issues
listed m Section I of the amended certification. Additional model rum were required to address

some of these issues. During the additional modeling, some errors in data handling were detected.
While eorrectious of these errors do not change the modeling approach, the underlying assumptions,
or the calibration, thmy do impact the results of the modeling analysis. Discussions were held
be_cma the Port, its eousultants, Ecology, mad King Cotmty to discuss the errors and their
resolution, which are summarized below:.

1. Different models were used to simulate different parts of the hydrology of the
embankment area. This required data to be transferred back and forth between the
different models. In one data transfer, a conversion factor (from daily 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 eo_ed by
applying the eonversSon factor once in the revised modeling.

2. In another data transfer, an incorrect file ("daily AGWO") was used, where another file
("hourly AGWI") should have been used. This error was corrected by Ixansfm-ring the
correct file.

3. When the original model was developed, a number of alternatives to model the
impervious areas tributary to 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 possible. In the original modeling, rainfall on the pervious area was
"scaled 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 series dam.

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 results 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 conditions.

5. In the original modeling, infiltration from infiltration basins 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 simulate
and document this flog,, which will be routed to the groundwater component of the
HSPF modeling.

6. In the original modeling, all groundwater from pervious areas in the SDS5, 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, groundwater fi'om these
areas was correctly muted to Walker Creek. This error was corrected by muting the
groundwater in these areas to Walker Creek in the pre-developed conditions model.

An additional revision to the modeling was discussed with Ecology and King County, but was not
incorporated into the revised model. This revision involved muting the "seepage to till" component
of the embankment flow directly to the memn. The group concluded that the existing approach was

•a more accurate way to model this flow com]xmenL

1.4 PROJECT DESCRIPTION

The Port's proposal is to collect excess stormwater during the rainy season, store it in underground
vaults,andreleasethestorcxiwatercontinuouslyintoeachstreamduringthedesignatedsummer

low-m'eamflowperiodata ram equivalenttothecalculatedsummer low-strcamflowimpacttothat
streamfromplannedPortprojects.The summer low-_ow impactsineachsu-,.amwere
dmcrminedthroughdetailedmodelinganalyses.The summer low-stresmflowperiodswere
determinedthroughstatisticalm_alyscsofmodclcxistre,mnflow fi'omthecalibral_lHSPF models
andconsultationswithbiologistsontheeffectsoflow-_=mlflowperiodsonstreambiology.

The facility,asdesigned,consistsoftwostormwamrvaults(onevaultprovidingwatertooffsetflow
impactsinWalkerCreekandonevaultprovidingwatertoDes MoinesCreek).Eachofthesevaults
storesstormwaterduringtherainyseasontobereleasedduringthesummer low-strcamflowperiods
withfeaturesthatareuniquetolow-flowvaults.The extrafeaturesconsistofadditionaloutletsand
controls, floaRng discharge sm_-tm_ to maintain constant discharge rates, varying configurations to
manage sediments, and additional water quality management features (ventilation to facilitate
aeration, provisions for filtration and mechanical aeration of discharges, and oil/water separation, as
appropriate). Generally, water will be collected begilming in January of each year, and discharged
from late July through October (with discharges continuing through November depending on the
availability of water). Annual facility maintenance will take place in December of each year.
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2. LOW STREAMFLOW ANALYSIS

2.1 APPROACH

2.1.1 Introduction

The low-streamflow analysis approach included the determination of the critical low-streamflow
periods for each stream, det_mination of existing strmmflow magnitudes (target streamflows), and
the determination of impacts to each stream res_ting from c,onsmmtion projects in the Master Plan

Update for STIA. The evaluations of the summer low-_eamflow periods and rates are described in
Sections 2.1.2 and 2.1.3. A detailed modeling analysis was used to det_Lmine the impacts to
stremaflows during the summer low-streamflow periods. Modeling tools used include the
calibrated Hydrologic Simulation Program - FORTRAN (HSPF; EPA 1997) models for Miller,
Walker, and Des Moines Creeks. HSPF model cah'brafion is described in Section 2.2, and detailed
HSPF model and calibration information is contained in Appendices A and B (Volumes 2 and 3) of
the SMP (Parametrix 2000a, 2001a). The impacts of the proposedthirdrunway embankment were
modeled using a combination ofHydn_ (Simunek et al. 1999) and Slice models. The embankment
modeling is described in Section 2_3, and the complete embankment modeling report (Pacific
Groundwater Group 2001) is contained in Appendix B. Non-hydrologic impacts, including
cessation of water withdrawals and removal of septic tank discharges, are descn_oed in Section 2.4.
The total net summer low-streamflow impacts are summarized in Section 2.5.

2.1.2 Determination of Summer Low-Streamfiow Period

Determination of the low-strcamflow period for each stream was done by analyzing modeled
su'camflowfromthecalibratedHSPF modelforeachstream,whichused1994(existing)landuse
conditions.Thisdeterminationissummarizedbelow,and supportinginformationisprovidedin
AppendixI.

The 7-daylow-flowperiodforeachyear(using1994 flowconditions)m the47-yearperiodof
record(1949to 1995)foreachstreamwas detmnmed atpointsofcomplianceneartheairport
(200 thStreet m Des Moines Creek, SR 509 in Miller Creek, and at the outlet of the wetland near Des
Momes Memorial Drive m Walker Creek). The 7-day low flow was selected as an indicator of

persistent dry season flow. For example, summer low streamflows tend to decrease graduall3,,
therefore, a shorter low-su'eamflow period is unlikely to result m significantly lower average flows
or target flows. In addition, consultation with biologists concluded that summer low flows'W_Qi'" : '
durations of less 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

Iow-streamflow period for each stream was selected to include all the historical 7-day low-flow
OCCtL-"TenCeS.
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2.1_ Existin2 Summer Low Streamflows

The mam_itude of existing summer low su-eamflow (target streanfflow) in each stream was
detzLmmed through analysis of the 7-day low-flow periods under existing (1994) conditions
described above. The annual 7-day low flows for each stream were ranked, and recurrence intervals
were determined based on this ranking using a cumulative de_ity fimction (see Appendix I for
supporting infonnafion). The 7-day low flow with a 2-year (50 percent) recm-rence interval was
selected as the _eamflow target m each stream. The 2-year, 7-day low flow was selected because
the magnitude of the estimated impact to 7-day low flows generally decreases with greater
recurrence interval (i.e., the esurnated reduction in the 7-day, 2-year-frequency low-flow rate is
greater th_ that for the 7-day, 10-year-freqmmcy low-flow rate). Therefore, providing mitigation
equivalent to the 7-day, 2-year-frequency impact will provide mitigation sufficient to mitigate the
more exUeme summer low-streamflow events. Based on this analysis, the existing summer low
sueamflows (target sueamflows) (7-day, 2-year fi-equency) were determined to be 0.33 cfs for Des
Moines Creek, 0.77 cfs for Walker Creek, and 0.73 cfs for Miller Creek.

2.2 HSPF MODEL CALIBRATION

2.2.1 Overall Model

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 ST/A. 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 hydrologic processes. These processes include:

• Rainfall runoff from pervious and impervious surfaces.
• Infiltrationof rainfall to soils.

• Soil moisture accounting.
• Flow of groundwater from soils to streams.
• Loss of groundwater to deep aquifers. ,

Each of these physical processes is controlled by several parameters. The calibration process
adjusts model parameters to achieve a close match between recorded streandlows and simulated
sueamflows for a period when sueamflow data are available. Calibration of the HSPF models used
forMiller, Walker, and Des Momes 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-streandlow periods.
The low-flow analysis consisted of review of data f_m water-years 1991 through 1996, with the
low-flowperiodconsideredtobe JunethroughNovember. Thissectionsummarizestheresultsof
the overall HSPF model calibration for Miller, Walker, and Des Moines Creek watersheds as related

to the low-flow analysis. Detailed information on the low-flow calibration review is provided m
• Appendix A.
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2_.2.1 Miller Creek Low Streamfiow

Two sU-.Jmflow gages located in the Miller Creek watershed were used in the low-g_'eamflow

analysiscalibrationreview(Figure2-1).One ofthesestreamflowgageswas locatednearthemouth

ofMillerCreek,and theotherwas locatedfurtherupstreamattheMillerCreek detentionfacility.

Average simulatedand observedstreamflowsforeach7-daylow-flowperiodduring1991 through

1996 arelistedinTable2-I forthegage nearthemouth and Table2-2 forthe gage attheMiller

Creekdetentionfacility.Ingeneral,theobserved7-daylow flowsexceededthepredicted7-daylow

flows at both gages, particularly for the gage located at the Miller Creek detention facility.

Table 2-1. Miller Creek at the mouth, 7-day low flows for water-years 1991 through 1996.

Observed Calibrated
Water-Year AverageFlow (¢f_) Average Flow (eft) Difference (¢fs)

1991 1348 1.749 -0.401

1992 1.457 1.390 0.067

1993 1.639 1.300 0.339

1994 1.361 1.100 0_61

1995 1.500 1.661 -0.161

1996 2.762 2.138 0.624

AverageDifference 2-_17 2-*35 0.182

Table 2-2. Miller Creek at the detention facility, 7-day low flows for water-years 1991 through 1996.

Ob_rved Calibrated

Water-Year Average Flow {¢fs) Average Flow (cfs) Difference (¢fs)

1991 0.400 0.150 02.50

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 0263 O.189 0.074

Average Difference 0291 0.200 0.091

2.2.2.2 Walker Creek Low Strearafiow

Two strean'dlowgages locatedinthe Walker Creek watershedwere used in the low-streamflow

calibrationreview(seeFigure2-1).One ofthesestrearnflowgageswas locatednearthemouth of

WalkerCreek,and theotherwas locatedfurtherupstreamnearawetland.
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Average simulated and observed streamflows for each 7-day low-flow period aze listed m Table 2-3

(1993 through 1996) for the gage near the mouth and Table 2-4 (1991 through 1996) for the gage
near the wetland. In general, with the exception of 1995, the observed 7-day low flows exceeded

the predicted 7-day low flows at both gages.

Table 2-3. Walker Creek at the mouth, 7-dry low flows for water-yem's 1993 through 1996.

Observed Calibrated
Water-Year Average Flew (efs) Average Flew (efs) Difference (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 1287 0.432

Average DffIerence 1.281 1.@3@ 0.250

Table 2-4. Walker Creek near wetland, 7-day low flew_ for water-yurs 1991 through 1996.

Ob_w_ Odlbrs_d

Water-Year Average Flow (cfs) Average Flow (Cf_) Difference (cfs)

1991 1208 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 0.6S6 0.725 -0.069

2.2.2.3 Des Moiues Creek Low Streamfiow

Two _eamflow gages located in the Des Momes Creek watershed were used in the low-streamflow

calibration review (see Figure 2-1). One of these stzeamflow gages was located near the mouth of

Des Moines Creek, and the other gage (I Ic) was located further upsuv, am.
i

Average simulated and observed strearnflows for each 7-day low-flow period are listed in Table 2-5

(1992 through 1996) for the gage near the mouth and Table 2-6 (1991 through 1996) for gage llc.
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 flowslat gage I Ic exceeded the predicted 7-day low
flows, i

2.2.2.4 Summary

Low-streandlow analysiscalibrationreview was performed for two gage locationsin Miller,

Walker, and Des Momes Creeks. Results generally indicated that calibrated low flows at the mouth

of eachstreamwere fairlygood,whilecalibratedlow flowsattheupsn'camgagestypicallyshowed
lowerflowsthanobservedflows.Groundwaterconditionsineachofthewatershedsaresomewhat

speculative and may account for these discrepancies at the upstream gage locations.
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Table 2-5. Des Moines Creek at the mouth, Jane through November 7-clay low flows for water-years 1992
through 1996.

Observed Calibrated

Water-Year Average Flew (ds) Average Flow (ds) Difference (efs)

1992 0__85 0.904 -0.318

1993 12.05 0.900 0.305

1994 0.600 0.700 -0.100

1995 12.84 1.000 02.84

1996 12.68 1.411 -0.144

Average Dlffereaee 1.089 1.003 0.086

Table 2-6. Des Moines Creek at gage llc, Jmte threugh November 7-day low flows for water-years 1991 through
1996.

Observed Calibrated
Water-Year Average Flow (efs) Average Flow (efs) Difference (efs)

1991 0.300 0.100 02.00

1992 0.172 0.090 0.082

1993 0.133 0.100 0.033

1994 0.046 0.100 -0.054

1995 0.300 0.100 0.200

1996 0.301 O.lO0 02.01

Average Difference 0.195 0.100 0.095

2.3 EMBANKMENT MODELING

This section summarizes the modeling analysis done to estimate impacts of the proposed third
runway embankment on streamflows m 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 analysis was not conducted for Des Moines Creek. Impacts to the strearnflows in

Miller and Walker Creeks from the embankment were estimated to determine the overall impacts of

the runway project. The HSPF models alone are not capable of accurately simulating groundwater
flows of this type; therefore, additional modeling tools (I-Iydrus and Slice) were used to simulate
flow through the proposed embankment in the Miller and Walker Creek watersheds. The

embankment 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
fi'om the HSPF models using regional parameters; (2) modeling the variable saturated vertical flow

within the fill using Hydrus; (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:

- Fin thickness and areal extent.

- Hydrogeologic data for the fill area.
- Embankment geometries as repr_mmd by three hydrogcologic cross-sections.

• Calculating daily flux ham the fill based on recharge estimams.

• Calculating daffy flux through the fill using Hydrus models.

• Calculating daily flux through the embankment drain layer and the underlying till using
Slice models applied to each basin.

Existing geographic information system (GIS) coverages we_'e used to determine pre-fill
topography, "built" (post-construction) topography, and pavement dis_bmion for the third runway.
Fill thickness was calculated by subtracting GIS coverages of pre-fi]l topography from the "built"
topography. Thicknesses ranged up to 160 R, and were discretized into 20-fl sections for the
Hydi'usmodel.

Although the Des Moines Creek basin was not included in the analysis (becan_ only a very small
amount of runway embankment is in the Des Moines Creek basin), its boundaries were used to
define the southern extent of the Walker Creek basin. Impervious areas comprised 36 and 38
percent of the modeled fill areas in Miller and Walker Creek basins, respectively.

Precipilation on the modeled fill areawas used to calculate hourly runoff (SUP.O) from impervious
surfaces (runway and taxiways) and hourly infiltration (AGW'I) into pervious areas with a generic
application of HSPF. Pervious areas were modeled as grass on fiat outwash. This approach was
selected, with agr_'ment from Ecology and King CountT, to take advantage of HSPF's superior
wapotranspiration(ET)andrunoffmodelingcapabilities.For pvrviousareas,the genericHSPF
modelyieldedhourlyvolumesofwaterthatin_qltrambeyondthebottomoftherootzone(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, nmoff from, the filter strips. The total
amount of infiltration into filter strips (a portion of AGWI 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.

Hydrus simulates the vertical spreading of recharge fronts as they are predicted to move downward
through the proposed embankment fill. Hydrus models were set up to simulate a total of 12 vertical
profiles of varying thicknesses for the proposed embankment (eight in the Miller Cr_k watershed
and four in the Walker Creek watershed). Model timestcps were optimized by Hydras, 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 subKtantial
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 the bottom 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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Three finite-d_erence Slice models were developed to simulate horizontal and vertical groundwater
flow within the embankment drain layer and existing soils below the embankment. Slice
configurations were based on subsurface data contained in available gentechnical and
hy_geologic reports and from the pre-fil] and '_uflt" topography ofthe third runway area. Slice
alignments were located based on the availability of sub_ data describing the range of
hydrogeologic and fill conditions in the enn_ent 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 wetlands underthe "built" conditions.

Slice 1 is located through the thickest portion of the fill embankment. Slice 2 is located near the
northernendoftheproposedthirdrunwayandrepresentsan int_mediatefillthickness.SlicesI
and 2 are both located in the Miller Creek basin. Slice 3 is located in the Walker Creek basin and

represents an inte_'_ediatefill thickness. Locations and cross-sections of each Slice are provided in
AppendixB.

Model results show that the lagfime (seasonal delay) between drain recharge peaks and drain
outflow peaks is controlled by the width of fill along the groundwater flowpath represented by a
slice, and are also likely influenced by the varying spatial distn'bmion and timing of recharge inflow
alongeachslice.

GroundwaterdischargequantitiesforMillerand WalkerCreekswere calculatedby multiplying
unit-widthflowquantitiesfromeachrepresentativeSlicemodelby an effectivebasinlength.The
effectivebasinlengthassociatedwith each slicedependson the lengthof the basinwith
characteristics 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 drain outflows from the fill in the Walker Creek basin for the test

period ranged fi'om 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 approximately
2,200 to 2,400 cfd in the 4--yeartest period. Estimated annual maximum dram outflows from the fill
in the Miller Creek basin for the test period range fi-om 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 cfd. All results of the embankment modeling analysis are discussed
in detail in Appendix B.

2.4 NON-HYDROLOGIC IMPACTS

The followingsubsectionsdescribenon-hydrologicimpacts,includingcessationof water
withdrawals and removal of septic tank discharges. Additional supporting information for the non-
hydrologicimpactsisprovidedinAppendixD.

2.4.1 Cessation of Water WRhdrawais

Based on assumptions regarding residential and farm property uses of waterrightsdescribed in the
SNIP (Par-anetrix, 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 consultation with former owners.
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Table 2-7. Updated ea/mate of historicMiller Creek water wiihdrswak,.

Availabie Months Estimated Updated
Pumping of Use Pumping Usage

Rate Per Rate Estimate Comments from Owner

Parcel Last Name _m) Acres Year (gpm) (_) Consulmtiom

068R Genzale 2.5 4 5 0.52 0.001 4 acres,2.5 gtmmJune to mid-
October

185R Betty 5 1 6 1.25 0.003 I.essthan 1 ame,=mmmronly

244R Randall 5 0.5 6 1.25 0.003 Only in tmmmer/garden

097R Smith 20 0.6 4 3.33 0.007 Pump 4 monthsfor orchard,
lawn andgardm

311R Rhoton 5 1.7 6 1.25 0.003 Waterin sunmmr- uxdmown
qumay

316R Ro-il=,d 0 0.25 0.000 1940-1960nmxinmm, 199ffs
no waterusage

050R Eis_,_,in_er 0 0.75 0.000 None m very little

246R GalRnAo 0 3.5 0.000 Unknown - doesn'tremember
p,_ water

093R Ratio 0 0.000

055R Mason 0 0.000 Municipalwater

060R Vacca 0 0.000 Municipalwater

061R Vacca 0 0.000 Municipalwate_

143R Brate 0 1 0.000 Warn'rightnot used

182R hies 0 1 0.000 Waterrightnot used

253R Kobela 0 0.5 0.000 Waterrightnot used

298R Warner 0 0.000 Waterrightnot used

302R Lopez 0 0.000 Water right not used

062R Scarsena 0 1.2 0.000 Waterright not used

142R WindoftheWinows 0 0.75 0.000 Waterright notused

214R KRnV. 20 6 5 0.011

321R Beaudm 20 6 5 0.011

088R Goodmansen 0.000

322R Longridge 4.5 6 1.12 0.003

TOTAL 0.042

2.4.2 Removal of Septic Tank Dischatxes

Many of the residential properties m the buy-out area within Miller and Walker Creek watersheds

were 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 th_ were 236 residences actively served

by septic systems in the Miller Creek basin. Table 2-8 _ septic system counts for the pre-
project condition analysis.

Table2-8. Activebuy-outares sel_¢ sysW.msunderpre_roject conditions.

MillerCreek WalkerCreek Total

_ withseptic_ 249 42 291

_ systems(u_rvedby_wer) 13 1 14

Activeseptict3mems 236 41 277

Based on consultation with water districts serving the buy-ore area, it was concluded that winter
residential water consumption averaged approximately 975 cf per month, while summer
consumption averaged approximatvly 1,450 cf per month. The flow effectively discharg_ 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
Miller Creek basins for the SMP, approximately 30 pe_ent of thi._recharge would be lost to the
deeper aquifer and not available for discharge to the stream; therefore, the effective rate of base flow
conu'ibution to a stream from a residential septic system in 1994 was estimated to be 70 percent of
the 878-of-per-month septic-system discharge, or 614 cfper month.

Applying this recharge rate to the 41 active septic systems in Walker Creek produces an average
daily contribution to strcamflow of 0.0100 cfs. For the 236 active septic syst_v.s in Miller Crvvk,
the resulting average daily contribution would be 0.0574 cfs.

2.4.3 Summary of Non-Hydrologic Impacts

For Miller Creek, the combined non-hydrologic impacts to low streamflows from Port projects
includes a 0.06-cfs reduction (rounded from 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-cfs reduction
f_om 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 streamflow after project
construction, with non-hydrologic impacts included as appropriate. Based on the analyses described

in Sections 2.1 through 2.4, total net summer low-streamflow impacts that the Port proposes to
offset throughout the summer low-streamfiow periods are shown in Table 2-9. The net flow impact
results are summarized in Sections 2.5.1.1 through 2.5.1.3 for each stream.
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Table 2-9. Total netsummer iow-streamflow impacts.

Total Net

Stream Hydrologic Impact (cfs) Non-Hydrologic Impact (cfs) Streamflow Impact (cfs)
!

MillerCreek +0.03 -0.02 +0.01

WalkerCaeek -0.10 -0.01 -0.11

DesMomes Creek -0.08 0.00 -0.08

2.5.1.1 Miller Creek Summary

HSPF was used to evaluate the change in low stremnflow from 1994 to 2006 conditions. The Miller

Creek HSPF modeling information and data, including land use tables and HSPF input files, are

provided in Appendix A. Groundwater basin boundaries for Miller Creek were located to allocate
the groundwater flow conlributions (Appendix A).

In Miller Creek, the analysisof low streamflowsneeded to account for the effects of discharges
fi'om the proposed runway embankment to fitly account for future post-project conditions. In areas
where embankment is proposed, the quantity of precipitationh_l_,afing 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 fi'onts vertically through the embankment

and laterally through the underdram layer. Output fiem the Hydrus and Slice models was then input

back into the HSPF model to determine the quantity and timing of discharge from the underdrain
layer and the effects on contributions to low streamflows in Miller 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 in Appendix B.

To assess the low-stremnflow impacts in Miller Creek, the pro- 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 Creek. Output flora the

HSPF model was analyzed to det_mme the annual 7-day low streamflows for each of the 4 years.

To determine the impact between 1994 low streamflows and 2006 flows, the 1994 and 2006 7-day

low-flow values were plotted by their probability positions corresponding to the same probability
positions of the years 1991 through 1994 m the 1994 pro-project condition (the full period of record

[1949 to 1995] was simulated to determine the 50_ 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 stremm']ow is 0.73 cfs,

and the corresponding 2006 condition 50 _ percentile low streamflow is 0.76 cfs. Therefore, in

Miller Creek, the estimated low-streamflow hydrologic impact due to the Port's projects, including
effects of discharge from the embankment, is an increase of 0.03 cfs.

I

Combining the non-hydrologic impact (-0.02 cfs, as idescribed in Section 2.4) with the hydrologic
impact results in a total net summer low-streamflow hlcrease of 0.01 cfs for the Miller Creek basin.

Since there is not a reduction in low flows, no low-flow mitigation is proposed. However,
monitoring and contingency measures 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 _ow from 1994 to 2006 conditions. The
Walker Creek HSPF modeling information and data, including land use tables and HSPF input flies,
are provided in Appendix A. C.¢oundwater basin boundaries for Walker Creek were located to
allocate the groundwater flow contn'butions (Appendix A).

In Walker Creek, the analysis of low streamflows needed to account for the effects of discharges
from the proposed runway embankment to fully account for future post-project conditions. In areas
where embankment is proposed, the quantity of precipitation infiltrat_ into the embankment was
calculated using the 2006 condition HSPF model. The recharge was thin input to the Hydrus and
Slice models, which simulated the spreading of recharge fi'onts vertically through the embankment
and laterally through the undetdmin layer. Output from the Hydrus and Slice models was then input
back into the HSPF model to determine the quantity and timin_ of discharge from the underdrain
layer and the effects on contributions to low streamflows in Walker Creek. The embankment fill
modeling using the Hydros and Slice technique is described in Section 2.3, and the complete
embankment modeling report(Pacific Grotmdwater Group 2001) is contained in Appendix B.

To assess site low-streamflow impacts in Walker Creek, the pre- and post-project conditions were
modeled for 1991 through 1994. This period was selected as a representative dry period in the
precipitationrecordduringwhichstreamgaged_t=isavailableforWalkerCreek Outputfromthe
HSPF modelwas analyzedtodet=-.i-etheannual7-daylowstremnflowsforeachofthe4 years.
To determinetheimpactbetween1994lowstreamflowsand2006flows,the1994and2006 7-day
low-flowvalueswereplottedby theirprobabilitypositionsconespondingtothesame probability
positionsoftheyears1991through1994inthe1994pre-projectcondition(thefullperiodofrecord
[1949to1995]was _imttlatedtodetc_',-inethe50a_percentile7-daylow flow).The separationof
the1994and2006 plotpositionatthe50 percentprobabilitywas usedas thelow-flowimpact
requiringmitigation.The 1994condition50_ percentile2-year,7-daylow streamflowis0.77cfs,
and thecorresponding2006 condition50e_percentilelow streamflowis0.67¢fs.Therefore,in
WalkerCreek,theestimatedlow-streamflowimpactduetothePort'sprojects,includingtheeffects
fromdischargefromtheembankment,is0.I0 ¢fs.

The combinedhydrologicandnon-hydrologicimpacttolow strearnflowsisthesum ofthe0.10-cfs
hydrologicreductionand a 0.01-cfsreductionfromdiscontinuedsepticsystemdischarges,fora
totalreductionof 0.Il cfs.Thisflowrateequatestothemagnitudeof offsetflowthatwillbe
providedduringthelow-streamflowperiodforWalkerCreek.

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

Momes Creek HSPF modeling information and data, including land use tables and HSPF input files,
areprovidedinAppendixA. GroundwaterbasinboundariesforDes MoinesCreekwerelocatedto

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
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_ow witha 2-yearrecurrenceintervalwas _e_l. InDes MoinesCr_k, the2-yez
post-projeczsummer low _ow is0_6 cfs2.!Theimpactto_ow fromproposedPort

projects is the difference between this flow and theIexisting pre-p,ro/,,_ea_2-year, 7.clay summer low
sueamflow described above, as determined from the modeled 1994 (exLcdng") land use conditions

(0.33 cfs2). The differmce between 1994 and 2006 flows is 0.0g cfs 2. This flow rate is the
magnitude of offset that will be provided during the !summer Iow-streamflow period for Des Moines
Creek.

2.5.2 Summary ofWater Level Impacts

If not mitigated, one imp1_-tof reduced s_eamflow during the summer low-minf_ season would be
reduced water depth in the project area streams. To determine the eS-fimAtodflOWdepth changes
during low-flow periods before and after co_on of Master plan Update projects, a HEC-RAS
model was prepared. Detailed HEC-RAS modeling information and associated field survey data are
providedinAppendixE.

The HEC-RAS model was used to predict the water depth in the sUe,ram at different flow rates.
Rating curves (flow rate versus flow depth) were developed for Miller, Walker, and Des Moines
Creeks (Figures 2-2, 2-3, and 2-4). These curves were used to predict the water depth for flows
before (1994) and after (2006) construction to determine the potential imn_ts to the stream from
flow reduction during low-flow periods (if not mitigated).

i

The HEC-RAS model 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 downsu'eam to upstream) corresponding to the measured stream profile.
Downstream 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 HSPF
model to the greatest 7-day low flow during the period of rainfall record. Channel roughness was
assumed to range from 0.025 to 0.035 based on observation of channel characteristics.

The estimated average change in water depths between the 1994 and 2006 2-year, 7-day low flows
' are summarized in Table 2-10. In addition, the corresponding estimated average change m stream

widths between the 1994 and 2006 2-year, 7-day 10w flows are surranarized in Table 2-10. The
magnitude of these water depth and width changes are graphically illustrated, to scale, in Figure 2-5.

Table2-10.Changesinaveragewaterdepthsandwidthsbetweenthe1994and20062-year,7-daylowflows(not
account_agforlowflowmitigation).

TotalNet Depth Width

Strumflow Impact Averagechange Averagechange Averagechange Averagedumge
Creek (cfs) fit) (mm) (ft) (ram)
Miller -_0.0l +0.00 0 +0.02 +6
Walker -0.I l -0.01 -3 -0.10 -30

DesMoines -0.08 -0.03 -9 -0.33 -101
q

"Actualvaluesare0.334(1994)and0.257(2006),fora difference0f0.077,whichwasroundedto0.08.
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Figure 2-2: Flow Rate Versus Depth Curve for Miller Creek
I
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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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Mlller Creek

Change in Channel Low Flow Depth • 0.00 ft (0 ram)

+ ,
Change in Channel Low Flow Width • +0.02 ft (+8 mm)
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Walker Creek

Change in Channel Low Flow Depth = -0.01 ft (-3 ram)

Change in Channel Low Flow Width • -0.10 ft (-30 men)
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J

Change In Channel Low Flow Depth • -0.03 ft (-g ram)

Change in Channel Low Flow Width = -0.33 ft (-101 ram)
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3. MITIGATION PROPOSAL

3.1 INWRODUCTION OF APPROACH

Hydrologic modeling of the airportdrainageareas to determine the potemial impacts of Master Plan
Update projects, combined with the embankment modeling descn'bed in Section 1.3, dc_nousmate
the magnitude of potential low-streamflow impacts due to the construction of Master Plan Update
projects. To mitigate these impacts, the Port will collect excess runoff from impervious surfaces
during winter stormsand reserve that stormwa_ for discharge during the defined summer low-flow
period. This mizigation plan includes the following components:

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

The proposed mitigation plan is deson'bed in the following selections. In addition, a pilot program
to test the efficacy of this mitigation approach is descn'bed in Section 3.6.

3.2 PERFORMANCE STANDARDS

The overall goal of the Flow Impact Offset Facility is to provide water to Walker and Des Moines
Creeks at rates and times equal to the impacts to streamflows calculated by the low-flow analysis.
The following measurable performance standards have been developed in order to facilitate meeting
tlds goal:

• To fill the vaults during the rainy season according to the analysis provided 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
through October 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 instrearn water quality violations caused by
operation of the facility.

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

3.3 WATER QUANTITY- VAULT SIZING ANALYSIS

The vault sizing and vault fill time analyses are summarized below. Additional information and
dataareprovidedin AppendicesIandJ.
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3.3.1 Vault Sizine

Vault size was determined by calculating the vault volume necessary to fulfill the required
mitigation during the 92-day mitigation period for each slream for each year in the period of record
from 1949 to 1995, and selecting the year requiring the largest vault volume as the 'worst case'
scenario. The vault size equation returns a daily update of constant mitigation flow accumulation
modified by any rainfall recharge. This calculation was repeated for each day in the mitigation
period using the previous day's total as a startingpoint.

The HSPF hydrologic model was used to calculate the rainfall recharge volume generated by runoff
fromthe impervioussurfaceareatributaryto the flowmitigationvaults. The intentof the
simulation was to account for the reduction in runoff volume due to su_ace retention and

evaporation effects. Flow rou_ng also impacts the timing of the flow to the vaults. The hydrologic
parameters,precipitation data, and evaporation ,4=,, developed for the Des Moines Creek calibration
model were used in the impervious sm'face runoff file. No pervious surfaces were simulated in the
model. The HSPF vault sizing input file is included in Appendix J.

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

Table3-1. Summerlowflewimpactoffsetmaximumvault
i

Basin VaultSize(aere-ft)
WalkerCreek 19.0"

DesMomesCreek 13.5
i

• Analysisdetermined18.5acre-ft;conceptdemureused19.0acre-ft.

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 peri(;d, for ali years in the full record (1949 to
1995) 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 close date to the
fill limit determined in the vault size calculations. Be_nrting 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 J) was added to the vault. When runoff from storm 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 filling on January 2nd.

The mean, median, minimum, and maximum number of days were calculated from the number of

days necessary to fill the vault in the period of record from 1949 to 1995 (Table 3-2).

LowStrearnflowAnalysis December2001
STIAMasterPlanUpdateImprovements 3-2 556-2912-001(28B)

AR 052691



Table3-2. Lowflowvaultfilltimeet_imatea

EstimatedVault_ Time(days)

Basin Mean Mediall I_inimt_im Maximum

WalkerCreek 71 60 22 213

DesMoinesCreek 11 8 I 38

3.4 WATER QUALITY DESIGN

3.4.1 Introduction

Ecology has defined standards for water quality related to stormwater release, including periods of
low flow. Ecology has jurisdiction to monitor and enforce these standards through their National
Pollution Discharge E'_on System (NPDES) Permit. These standards include turbidity,
dissolved oxygen (DO), temperature, and dissolved metals. The Port's current stormwater design
plans for the third runway consm_on include a stormwater system and operational procedures to
provide the storage and managed release of smrmwater during low-flow periods. These stormwater
storage facilities employ bioflRra_on strips, c_hbasins, detention pond, and vaults to meet current
King County wat_ quality requirements. In addition, the facilities are designed to be retrofitted
according to the Ecology Stormwater Management Manual (Ecology 2001) 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 aei_tive
management to be used in the implementation of additional water quality measures to ensure that
standardswill continue to be met.

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 are based on toxicity, are independent of the receiving water classification, and are listed in

WAC 173-201A-040 (Toxic Substances). Ecology has started the ,l_OCeSSto potentially revise state
water quality standards. The Portwill continue to evaluate the proposed changes as part of the final
designprocessandmake any neededchangestothefacility.

The state water quality standards applicable to the managed release of stormwater to offset flow
impacts are discussed below. Specific design features, assumptions, and other information
considered in the design of the facility are included. Operational and monitoring proposals are
presented in 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 storrnwater discharges refer only to the managed release of stormwater to offset
flow impacts.

All of the stormwater that will be released to offset the impacts during summer low-flow periods
will be collected fi'om new and existing airfield areas. The airfield is a highly managed controlled-
access area, and generates stormwater that is generally cleaner than typical urban stormwater (Port
of Seattle 2000a).
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3.4.2 Turbidity

The state water quality standard for turbidity in 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 the receiving waters more 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 streams vary between less than 5 NTU to over 1,000
N3_. The lowest turbidity levels in the streams generally occur during low su-,,amflow (base flow)
conditions, which correspond to the majority of periods when the stormwater would be released to
the streams to offset flow impacts. It is assumed that the releases of stormwater to offset flow
impacts would have to meet the 5 NTU standardmost, ffnot all, of the time. To minimiTe the 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 ensure compliance at all times.

There are several operational considerations and water quality BMPs in place at the airport to
reduce the sediment and turbidity levels in runoff water going into stormwater storage. The Port
uses catchbasins, the Industrial Wastewater System (IWS), 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 will incorporate
similar BIVIPsto tnirfimize 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 from impervious areas
of runways and taxiways. The Port will also maintain catchbasins to ensure they continue to trap
sediments. Filter strips are already m place in the existing Taxiway "C" airfield area that drams to
the stormwater vault (SDS3A) located in the Des Moines Creek watershed (see Section 7 m the
SMP). In addition, the airfield is a controlled area subject to very low levels of travel by ground
vehicles and frequent cleaning and inspection for debris that could be harmful to aircraft.
Consequently, the airfield is generally much cleaner than most urban areas that generate stormwater
runoff.

There arealso operational procedures outlined in the airport's Stormwater Pollution Prevention Plan
(SWPPP) that will minimize oppormmties for sediment and suspended ,solids to enter the
stonnwater vaults. These include:

• Sweeping ramp areas several times per week.

• Annual inspection of catchbasim and cleaning if the depth of sediment equals or exceeds
one-third the depth fi'om the bottom of the basin to the revert of the lowest pipe.

• Proper storage and disposal of sediment removed from catchbasms.

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

All of these BMPs 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 the su'eams.
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All of the proposed stormwater vaults, including those associated with the Flow Impact Offset
Facility, employ features designed to provide trean-nent(settling and removal) of suspended solids
and turbidity. These fe_m_ include:

• Dividing the dead storage area (similar to the areas in the vaults where the smrmwater
detained to offset flow impacts will be held) into several comparlments by ¢o_g
short walls within the dead storage area of each vault. The compartments provide areas for
suspended solids to settle out and be contained. Each compartment'soutlet will be
configured so that the suspmded solids are capum_ in the compartments during low-flow
releaseperiods.Designconsiderationsofthistypearetypicallyincludedin stormwater
vaults.Detailswillbeprovidedatfinaldesignofthestormwatervaults.

• 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 minimiTe disuz/banee of sediments
and flom_l_leswithin 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 thi_ as well as to maintain a consistent discharge rate.

• Maintenance of the vaults will remove and properly dispose of collected sediments outside
of theanticipatedlow-flow releaseperiods.

• The vaults will be designed to allow installation of additional water quality measures, if
needed. Additiunal 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 ensure that release of stonnwater will not cause violations in

the turbidity standards. The Port is currently investigating filtration of stormwater associated with
dischargesfroma landsidedrainagebasin.Thisresearchincludesdeterminingtheeffectivenessof

severalfiltrationmediaintreatingthestormwater.The resultsofthisstudywillbe completed
beforefinaldesignoftheflowoffsetfacilities,and thedatawillbe usedto selectthefiltration
method most appropriate to treat the stormwater dischm-ge, if needed.

3.4.3 Temperature

The state water quality standard for temperature in class AA waters is not to raise the temperature of
the receiving water to over 16 degrees Celsius (*C). If the baseline temperature of the receiving
water is greater than or equal to 16°C, then discharges cannot raise the temperature more than
0.3°C. To date, Ecology has not applied these requirements to stormwater discharges, although they
have required temperature monitoring of certain 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 period when the Flow Impact Offset Facility is expected to be m operation. Solar
radiation is the primary mechanism by which stormwater temperatures increase in detention ponds.
Since the stormwater vaults are typically underground stmctm-es, there will generally be no direct
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solar warming. Underground storage provides a constant tmnpm'atum that 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 instmam water temperatures. Since
the proposed undergroundstormwater vaults will result in relatively cool water being discharged, no
specialdesignconsiderationsareproposedtomanagewatertemperaturesinthevaultsassociated
withtheFlowImpactOffsetFacility.

The Port hasbegun to collect water t=,uperann-¢a_= from existing atormwatervaults and in the
streamsinordertocharacterizetheexpectedtemperaturesofthe rmcrved stormwaterdischarges.
Commencing inthesummerof2001,averagedailywater_ dam isbeingcollectedfrom
theNEPL vaultand th¢SDS3A vaultlocatednearthesouthend of theairfield.Datawillbe

collectedfi'omJunethoughOctoberofeachyearfromthedeadstorageareaofeachvault.These
existingvaultswereselectedbecausetheyaresimilarinsizetotheproposedstormwatervolumes
associatedwiththeFlowImpactOffsetFacility.The NEPL vaultispmliallyexposedtosunlight
(onitswestsideand top),whiletheSDS3A vaultiscompletelyunderg_und. By collecting
temperature data from both vaults, a range of expected t_peramres will be established.
Temperature dam will be collected fi-omthe dead storage zone in each vault in order to approximate
the vaults associatedwith the Flow Impact Offset Facility. This dam will be comparedto stream
tempemnne data also being collected by the Port to chamcte_e any cooling effects of stormwater
releases on water tempemnnes in the streams.

3.4.4 Dissolved Oxv2ea

The state water quality standard for DO in Class AA waters is 9.5 milligrams per liter (rag/I). Low
DO levelsinstreamsduringsummer low-flowperiodsisa potentialwaterqualityconcern.The
Flow ImpactOffsetFacilitywillbe designedandoperatedina mannerthatwillnotdecreasethe
DO levelsinthestreams,andundertypicalconditions,may acttoincreaseDO levelsinthestreams.

ItisanticipatedthatDO levelsinthestormwatervaultsshouldnotbe significantlyreducedwhile
thewaterisstored.Thereshouldbelittle,ifany,biologicalactivityinthevaultsthatcouldconsume

oxygenasa resultofthelackofsunlightandthelow biologicaloxygendemand ('BOD)typically
seeninstormwaterrunofffi'orntheairfield(PortofSeattle2000a).The infi'equentandshort-lived'
episodesofelevatedBOD duetorunwayde-icingactivitiesarenotexpectedto impacttheDO
concentrationsof the stormwaterdetainedin theFlow ImpactOffsetFacilitybecausethe
stormwaterassociatedwiththeseeventsmoves throughthestonnwatermanagementsystemina
matterofhours,isreplacedwithrunoffwiththelow BOD concentrationsmore typicalofairport
runoff(Portof Seattle2000b),and typicallyhappensduringthewintermonthswhen reserved
stormwaterreleasesfi'omtheFlow ImpactOffsetFacilitywouldnottakeplace.Inaddition,the

PortoperatesBMPs tomove snow containingde-icingchemicals(apotentialsourceofBOD) from
theairfieldtosnowmeltareasthatdraintotheIWS,furtherreducingtheBOD inwaterthatdrainsto
stormwatervaults.

Ventswillbe includedinthestormwatervaultsassociatedwiththeFlow ImpactOffsetFacilityto
allowforthecirculationoffreshair.Thiswillhelpmaintainthedissolvedoxygenconcentrationof
thestormwater.

An additionaldesignconsiderationisthepositioningof theinlet(s)to thestormwatervaults

associatedwiththeFlowImpactOffsetFacility.The inlet(s)willbeplacedaslowaspossibleinthe
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vault (consistent with the inlet placement parameters in the turbidity section above) m order to
facilitate flnqhing of the vault each time there is sufficient rainfall to generate stormwater runoff.
Typically, stormwater inlets m vaults are placed at higher elevations within the vault. As a result,
water m 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 and will not have the opportunity to stagnate. Continually replacing the water in the
stormwater vaults should benefit the DO levels m the stonnwater. Each stormwater vault associated

with the Flow Impact Offset Facility will have its inlet position carefully considered during the final
design phase, andplaced to enhance this circulating effect as much as posm'bleconsistent with other
requirements.

Passive aeration of stormwater can be achieved through natural turbulence or agitation of the
discharges. Steeply sloped pipes with periodic drop stru_ will be required to move the water
from the vault outlets to the stream elevation. An energy-disaipating _ 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 steaply sloped discharge pipes and the energy-
dissipating structures will provide the tmbulence or agitation needed to provide passive aeration.
Where insufficient fall 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 measm'es may be required through the installation of some type
of aeration device. Active aeration systems that could be utilized include microbubble diffusers, gas
injection, air injection, mechanical aerators,or aerationhoses. Microbubble diffusers consist of a
porous ceramic plate (_milar to aquarium aeration stones) and a pump to inject air through the
plate. Gas and air injection systems inject a controlled amount of gas or air under pressure into the
discharge water pipe. Mechanical aeratorsphysically agitate water and allow air to become mixed
with the water. Aeration hoses are flexible porous rubber hoses that have air pumped through then
similar to the microbubble diffusers. Information on each of these devices is included in Appendix
F. Although the selection of the device(s) to be installed will be made during the final design of the
Flow Impact Offset Facility, it is likely that the microbubble diffuser will be selected and installed
because of its simplicity, effectiveness, cost, and ability to be installed in the discharge pipes. Other
am'active features 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 automated to function anytime the reserved stormwater discharge valve is open.

3.4.5 Nutrients

There are no water quality standards for nutrients in the current water quality standards. However,
nutrientstypicallyfoundinurbanstormwatercouldbe of potential concern. If nutrient-rich
storrnwater 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
nutrients m the release of reserved stormwater for the following reasons:

* There is no significant source of nuu'i_ts associated with the airfield me,as identified as

sources of water for the Flow Impact Offset Facility. Primary sources for nutrients in urban
stormwaterarefertilizersappliedtolawnsandlandscapedareas. However,thegrassinfield
areasof theairfieldarenotfertilizedor irrigatedbecauselushgrowthcouldbecome a
wildlifeattractantconcern.Any landscapedareastowhichfertilizersareappliedarelocated
nearthetzuainaland draintostorrnwaterbasinsthatdo notcontribuzeflowtotheFlow
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Impact Offset Facility. The Port's use of fertilizers includes applying the BlVIPslimed in the
airport's SWPPP, which further reduces the amount of fertilizers and nutrients that enter
stormwater. With careful management of fertilizer use at the aL,port, there is no major
source of nutrients for the drainage areas that contribute stormwater to the Flow Impact

Offset Facility.

• The operation of BMPs on the airfield (biofiltration s-wales) would reduce the opportunity
and concentrations of any nutrients 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 elevated nutrient levels.

• Instream 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 from the discharge points in the
airportvicinity 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 fi'om nutrients are typically associated with lakes and ponds, where long
residence time would provide the oppommity for excess algae growth to occur. Since no
lakes or ponds occur in the streams between the airportand Puget Sound, this is not an issue.

Given the above, the Port does not propose any monitoring for nutrias in the discharges from the
Flow Impact Offset Facility. Through continued implementation of the SWPPP, the BMPs
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 all water quality standards, are applicable to the receiving waters. Chemistry data from
existing airfield stormwater discharges (which are typical of the stormwater that would be reserved

for release during low-flow periods) have been reported in the annual stormwater momtormg
reports. Metal concentrations in these discharges are reported as total recoverable metals, which are
not directly comparable to the dissolved fraction 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 fi'om the Flow Impact Offset Facility. Median metals concentrations from airfield
stormwater typically range from 0.012 to 0.031 mg/l copper, 0.001 to 0.003 mg/l lead, and 0.020 to
0.051 mgrl 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 m lower metals concentrations actually entering the
streams. In general, these metal concentrations are also less than typical urban nmoff, as discussed
in the Port's annual stormwater 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 discussions in the annual monitoring reports). Ston'nwater associated with

airfield subbasms met the performance standards for whole effluent toxicity according to Ecology
guidelines. ALlthis information indicates that the Flow Impact Offset Facility can be managed to
meet the water quality standards formetals in the receiving waters.

Low Streamflow A nalysis December 2001

STIA Master Plan Update Improvements 3-8 556-2912-00 ! (28B)

AR 052697



The following itemsshouldbe consi&m_l in the managementof the Flow Impact Offset Facility for
compliance with state water quality standards:

• A large portion of metals in urban stormwater is attribmed to motor vehicle activity. This is
illustrated in the annual stormwater monitoring reports, which show higher metal
concentrations are associated with the landside basins where motor vehicle activity is
concentrated. S/nee access to the airfield is strictly controlled, motor vehicle activity is kept
to a minimum. Therefore, metal concentrations m stormwater runoff are minimized. The
airfield basinsarc the areasthat will be providiz_ stormwaterto the Flow Impact Offset
Facility, and theseareastypically havethe lowestl=zd and zinc concezztrationsof all airport
stormwater discharges (copper concentrations are more cxmsiment in all airport stormwater
discharges, but are still relatively low in airfield stormwater).

• Data collected by the Port show that a large fraction of the metal concentrations are
associated with particulates (i.e., the metal ions arebound to particulate matter). Tberefore,
the design and managementpracticesproposed to minimiTe or reduce particulates mad
turbidity will also reduce total m_atl concentratiom in the stormwater discharges.
Biofiltration swales, settling in vaults, and (additional) filtration are all effective in reducing
particulates, and therefore total metal coneenu'ations will be reduced as well. Although
these BMPs may 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 (comp_mentalized storage, sloping the vault floor away from
the stormwater outlets, careful placement of the stormwater inlets and outlets, and the
provisionforinstallationof filters)winensurethatthedischargeof sedimentsandmetals
bound to particles will be minimized.

• The Port is cun'ently investigating filtration of stormwater associated with discharges from a
landside basin. This research includes determining the effectiveness of several filtration
media in treating the stormwatcr. The results of this study will bc compl_ed 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 ADDmONAL INFORMATION

There are several other considmations 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 each vault 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 pemneter fencing, thereby controlling
access to the facilities and reducing the potential for damage to the facilities from vandalism.
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• The Port will operate, inspect, monitor, and maintain the Flow Impact Offset Facility as long
as there is an airport at the site. In addition, the Port will provide annual monitoring reports
to ensure that the Flow Impact Offset Facility is meeting its performance goals. An adaptive

management method will be used to allow for needed adjustments m the operation of the
facilities, and to allow for the installanon of new management/monitoring technology, if
needed.

• As stated in Ecology's Stormwater Management Manual for Western Washington (Ecology
2001), the objective of stormwater mmmgement 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 mmagcment 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 _dvities, a water right is not required
for the Flow Impact Offset Facility.

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

• 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 m unlmed ditches or s-wales 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 momtoring program will provide data to assess this pcrformance characteristic. If
losses are detected that are impacting the quantity of water delivered to the streams, actions
will be taken to correct the situation, such as conveying the water m 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 design 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 goal). Analyses indicate that the
groundwater hydrology of wetlands hydraulically connected to the streams will be
maintained (Parametnx 2001b). 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 m the Natural Resource Mitigation Plan (Parametrix 2000b).
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3.6 PILOT PROGRAM PROPOSAL

Section I. a) ix) of the Department of Ecology's Water Quality Certification #1996-4-02325 states:

"The Port shall develop a pilot program to test one reserve stormwater vault for
performance. The Port shall include a proposal for a pilot in the revised plan. The pilot
shall be completed within three years after receipt of the Section 404 p_mit from the U. S.
Army Corps of Engineers."

The Port proposes to modify the existing "taxiway" vault (SDS3A) in the Des Moines Creek
drainage basin as the pilot program for the Flow Impact Offset Facility. The SDS3A vault was
selected because most of the vaults proposed as part of the Flow Impact Offset FaciLitymay not be
constructed within the time period required in the Water Quafity Certification. The SDS3A vault
already exists, and can be easily reconfignred to include a rese='veds_m'mwaterrelease function.
Modification of the discharge strucum: and the addition of a separate reserved stormwater discharge
line would be required.

Because the SDS3A vault already exists, it does not include several of the water quality design
feana'es of the proposed vaults, such as ventilation and optimal placement of stormwater inlets.
However, this presents the opportunity to utilize the SDS3A' 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 fesntres. If d_=_collected during operation of the pilot program indicates potential water
quality problems, then the vault would be reconfignred to include the appropriate feann-es, and
additional data would be collected to measure the effectiveness of the feanires. Examples include:

• The SDS3A vault does not have any special ventilation features to enhance dissolved
oxygen fiX)) levels of the stored stormwater. Baseline information on DO within the vault
and reserved discharges as they enter the stream would be collected. If DO 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 collects stormwater from the airfield (controlled vehicle access area), and
employstypicalsediment 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 reconiiguring the reserved storage area within the vault to
increase its sediment trapping capability, reconfignring inlets/outlets, or filtration. The
effectiveness of these additional features would be measured, and knowledge gamed could
then be appLiedto the proposed vaults.

The SDS3A vault will be reconfigured to test the reserved stormwater release concept so that one
full year of operational tes_g and monitoring will be completed within the time period set forth in
Section I. a) ix) of the Deparunent 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 submiued to Ecology for review. If the SDS3A vault pilot
program does not meet any of the performance standards Listed in Section 3.2, the report will
include an analysis and recommendations to increase performance to the required levels. 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

The low-flow impact offset vaults were designed to provide long-term detention of runoff for slow
release during the summer low-flow period. The purpose ofthi_ Operation and Mainte_mce 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 q.ality for release to the streams during
summer low-flow conditions. A well-implemented operations and maintenance plan will also help
the Port minimize long-tram life cycle costs for the facilities.

4.1.2 Scope of Plan

The Operation and Maintenance Plan addresses the Low Flow Impact Offset Facihties hsted below
for Walker Creek (SDW2) and Des Moines Creek (SDS3). Detailed design information for each of
these vaults is provided in Section 4.2. Facihty operation information is contained in Section 4.3.

Section 4.4 describes procedures forPort staff to periodically inspect the vaults and examine certain
components and potential conditions, such as the accumulation of sediment and debris, clogging of
pipes, or structmal damage. Section 4.5 provides safety procedures that will be used by Port staff
during vault operation, inspection, and maintenance activities.

4.2 FACILITY DESCRIFrlONS

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

4.2.1 Facility 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 SMP detention

vaults. Water for low-flow mitigation storage will be captured and stored during the January
through July period and released slowly during August through Novernber (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 theareascontributing stormwater to each vault.

4.2.2 Facilities Overview

A total of two low-flow vaults will be used. Locations of the vaults on the airport site are shown in
Figure 4-1. Table 4-1 provides a list of the vaults and summarizes their major characteristics,
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including facility layout and access, hydraulic features, and wat_ quality control and treaunent
fcaun_. Concept drawings of each facility areprovided in Appendix F.

4.3 FACILITY OPERATION

4.3.1 System Schedules

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 prance the fill rate is expected to be highly variable depending on the specific vault design,
capacity, and rainfall patterns.

If any water remains in the vaults at the end of the summer low-flow period (end of October), the
Port sha_ continue to release the water at the existing rate until the vaults are empty, or until
rainfalls occur that cause a si_ificant increase in the base flows of the streams.

S"
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Table4-1. Summary.of LowFlew Impaet Offset Faeil/flet.

SDW2 SDS3

General descript/on

Locauon Werecentralsideof new runway Northof South 188thStreet

System W.]k,,- Creek Des Moinm Creek

Drawingnumber C 131 C 141

Type _ tecmgu_,_ mOe- undzg=_ remngu_,comete,with
vaultwithhiok.level bylm* two compmtm_: low-flow storage

lml_Mb_mt tol_mdF amishtm..tttm_lmtitm

Plandimmsicms __2 fix250 fl Low-flowsire'agecompammnt,
at,_,_,_iy 126 it x 700 fl

Access _ly 40 10xl0-ft accets8raw__; Approximamly6 mainam:esslids
I downr=ny.

Low-flow offsetstorage

Type Vmu_dedicatedto low-flow_ sunge Low-ilowstoragecomparumntas part
ofovendl _

Volume 19.0asze-ff 13..5ac_'-fl

Maxinmmwa_r dep_ &Off 7.2fl

Hydraulic features

Inletswacun_ Pipe fromMI-ISDW2-9 PipefromMH SDS3-592

Outletsn'u_n'e Low-leveloutletpipe Low-leveloutletpipe

Outletcontrol Valve Valve

Outletconveyance Appmxmmm700-fl pipe Pipeto MHSDS3-197

Dischargeto stream AdjacenttopondF outfall SDS3 outfall

Water qualityfeatures

S_I trap Slopedvault floorwith internaldividmE Slopedvault floor with internaldividing
• wails walls

Aeranon Passiveairflow throughgrates Passive airflow through8rates

Trashrocks (detailforconsmJ_on) (detailforconsu'uclion)

Filters Optionalsandor filtermedia filter Optionalmad orfiltermedia filter

Oil-waterseparators (detail for consmmuon) (detailfor construct3on)

Mechanical and Electrical

Momtoringandalarms (detailforconstruction) (delail forconstruction)

Ligh_ng (detailforconsuu_on) (detailfor comlru_mon)

Washdown (detailforconsm_on) fdeail for comm_on)
• Analyms_ed 18.5acre-fi:conceptdesignused19.0acre-fL
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Table 4-2. Summary of Low-Flow Vaults Ope_tta__ Schedules

Walker Creek Des Motes Creek

Sum VauR Fmm_ Jammry 2 Jammy 2

OpenOutlet/StartVaultDr_mm_ AugtmI July24
Su=m_ Low-FlowPeriodl:,vt, O_N_z 31 October24

Sunm_Low-FlowPeriodReleaseRate 0.11cfs 0.08ds

4.32 Facilitv-Specflic Schedules

As operating experience is gained by the Port, the fill and release schedules for the vaults may be
adjusted to allow for more effective system operation. Facility-specific schedules wR1be added to
this Operation andMaintenance Plan as they are developed in the future.

4.4 INSPECTION AND MAINTENANCE

The objective of the inspection and maintenance programis to ensure the reliability and consistent
performanceof the Low Flow Impact Offset Facilities in providing water in sufficient quantity and
qualitytothestreams.Inaddition,theprogramwillhelptoextendthelifeofthefacilitiesand
reducetheoveralllife-cyclecoststothePort.

4.4.1 Procedures

Figure4..4conceptuallyilhmmms theinspectionand maintenanceprogram. The sampleform
shown m Figure4-5liststypicalvaultcomponentsthatwillbe inspected.An inspectionand
maintenance record formthat is specific to each facilitywillbe developed as final designs are
completed.

Inspectorswillwaluatetheirobservationswithstandardstodetermineifmaintenanceisrequired.
In many situations, it is expected that maintenance will be performed at the Rme of inspection. In
other situations, when additional staff"or eqmpmcnt is necessary, a work order request will be
prepared and the maintenancewill be performed at a laterdate.

4.4.2 Sediment Removal

Sediment is expected to accumulate m the bottom of the facilities below the low-flow outlet. Oil,
grease,and othertypesofdebrismay alsoaccumulatewiththesediment.Regularand proper
rernovalofsedimentand debrisiscriticalto ensurethatwaterstoredm thevaultswillbe of

satisfactoryqualitywhen itisdischargedtothestreams.

Dependingonthefacility'sdesignandthequantityofsedimentthathasaccumulated,sedimentwill

bcmnoved withvactortrucks,smallfrontloaders,ormanualtools.Washdown watermay alsobe
required.Regardlessofthemethodsused,thelow-flowoutletwillbe closedduringthesediment
rernovalprocessto prevent contaminatedwater from being discharged to the streams. The Port's
existingdecantfacilityshallbe usedforthedisposalofallsedimentand associatedwaterthatis
rernovedfromthevaultduringthesedimentremovalprocess.
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4.4.3 Schedule

Vault facilities are projected to contm water in vm-ying mnounts _ the period from January
through October for low-flow mitigation purposes. Therefore, in order to conduct inspection and
maintmmme _tivities in-the._iry, this work will need to occur during November and D_ember of
each year. Specifically, as shown by the schedules in Figures 4-2 end 4-3, inspections will be
performed in early November, followed by maintenance activities as necessary through December.

4.4.4 Documentation

An _on and main)chance record form _KAI!be completed for each _on at each vault
f_ility.

4.4.5 ReDorqin2

Inspection snd maintenance activities shall be smnmafiz_ in the Port's annual reportto Ecology.

4.5 SAFETY

At,cumulated sedimcn_ smm_t water conditions, and limited vmtilation are typical conditions in
vanl_ 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 confined-space entry requ/remc_s, which includes clcm'ly marking
en_'az;cesto co,fined-spaceareas.
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5. MONITORING PLAN

5.1 WATER QU.M JTY AND FLOW MONITORING

The Port is proposing a comprehensive monitoring plan for the Flow ]mpa_ OfE_t FaciliW to
ensureth_thepe_ormancestandardsaremetaridthatno viola_onsofstatewaterqualitystandards
occur in the receiving waters, and to support an _,b,pfive manasemcm strazc_. Momtormg consists
of three elements: characterizationof exis_glexpec_ water quality, monitoring of annual test

releases from the Flow Impact Offset Facility, and moniwring of the discharges and receiving
wawrs duringoperationof thef_iliw. Each element is discussed below.

5.1.1 Characterization of Eating/Expected Water Qualt_

A great deal of water quality d,t_ already exists on the Port's s'mrmwat:r dischm_es and on the
streams. This dam has been collected for a variety of"purposes, including smisfying the Port's
NPDES permit requiremen_ basinplanning ac_vifies, and otherstudies done in the areaby the Port
and others. The d=t_ set includes water q_]i_y measurements within the _ syst_IS during the

summerperiods when theFlow ]mpac__ Faciliw will bescheduledW dischargeW thestreams.
In addition, the Port has started to collect (t.t_ tO c.J:I_'Z_'_._ the di_l,_Lt_es _'om the Flow Ix_p_t

Offset Faciliw. Tempermm'ed_t=is being collect_ _ in 2001 from the ¢xis_g NEPL vault
and the SDS3A vm_ in orderto charactm'_ the expected tempermm'esof the Flow Impact Offset
Facility. The NEPL vault is partially exposed to sunlight (on its west side and rap), while the
SDS3A vault is completely underground. By collec_g temperature d_t_from both vaults, a range
of expected t:mpermm_s can be emblished for each type of vault (buried and pmially exposed).
Tcmpcrann_ d_t_will be collected f_m the dead storage zone in each vault in order to _proxima_e
the How Impact Offset Facility. The Port has collected some instm_ temperature data beginning
m September 2000. Other data that is being collected as part of other Port w_er quality studies will
be used prior to the operation of the Flow Impact Offset Facility to c_e expected water
quality within the _ during the summer months (when the facility will be discharging). All of
this dat_ will be analyzed and presented in the final design of the facilities associated with the Flow
Impact Offset Facility. "

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

Each year, prior to the operation of the Flow Impact Offset Facility, the Portproposes to conduct
small test 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 m an orifice could potentially impact the
discharge rates. The discharge sn-uctures are being designed as flo_t_ble s_'uctures W maintain a
constant discharge rate and miniruize the potential to clog with debris or sediment (see Appendix F).
Floating debris would be removed at thistime 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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Water quality sm_p]mg of small-volmne test discharges is proposed. By conducting this sampling.
powntial water quality problems can be detected and corrective measures taken prior to scheduled
annual releases W the stream systm_. Water quality data obtained from the test disclmrges will be
comparedm the su_am c_on ,tAm_to determine the pouunial for water quality violations.
If any aremdicated, the Port will take correcuve action prior to the mmual operation of the facili_,
such as installing portable aerawrs or additional filmmon in the discharges prior to their entry into
the suv.ams.

Wherever possible, the Port will install amomau_ d_*toggers m_d/oramosamplers to collect flow
dut_and water q.Mity samples. This will allow the monitoring plan to be flem'bleflit is detm,,.ined
that samples or data need to be coUeou_l more or less f_quently than proposed at this time. In
addition, it may become posm'ble w a,_n.te the operation of the Flow Impact Offset Facility.
Valves can be atnomatedto close or open based on sigmtls from damlogsers, and other logic can be
programmed into an el_c numagement _ (for emunple, the valve can be programmed to
open only during the low-strmmflow period). These systems will be evalmued during final design
of the facility.

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

• Flow

• Tmbidity
• Dissolved Oxygen (IX))
• Temperature
• Metals

5.1.3 Operational MonRorhig

The Port is proposing to monitor the operation of the Flow Impact Offset Facility to provide
assurance that the facility is achieving its performance goals and not causing any water quality
violationsinthereceivingwaters.This will be accomplished by periodicmonitoring ofboththe
dischargeandreceivingwatersduringtheannualoperationofthefacility, both whilethevaultsare
being filled during the rainy season _andwhile the vaults are discharging through the reserved
stormwater outlets. The monitoring proposal for the Flow Impact Offer Facility includes the
following monitoring components:waterlevels within thes_ormwatervaults, flow, turbidity, DO,
temperature, and metals. Additional information on these components is provided below.

5.1.3.1 Water Levels

Water levels within the stormwatervaults will be monitored through installation and operation of a
pressure transducer and datalogger m each vault. Average daily water levels will be calculated
basedon more fi'equemmeasurementsby thepressureIzansduccr/logger.Thisdatawillthenbe

appliedtothevaultgeometrytocalculatethevolumeofwaterinthestormwatervaults.Inaddition,
vaultfillingandcrnpvying(averagedailywaterlevels)willbemomtoredthroughouttheyear.
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5.1.3.2 Flow

Discharge from each vault will be measured upon opening of the Flow Impact Offset Facility
outlets and mcasmvA a minimum ofw_.kly throughoutannual operation of the facility. In addition,

stream gage data will be collected from the King County gage_ ctmently active in the Miller,
Walker, and Des Momes Creek waterrdmds in the airport facility and downsmmm to the mouth of
each stream. The Port will coorrl_-,,tewith King County to ensure that data fitmz these gages win
continue to be collected in the future.

5.1.3.3 Turbidity

Turbidity d_r_will be taken at discharge points, upstrtmm in receiving waters, and downstream in
receiving waters (approximately 100 ft from where the dischmgm enter the su_ms). The turbidity
measaa,ements will be taken ulxm opening of Flow Impact Off_ Facility outlets and taken a
minimum of weekly throughout operation of the facility.

5.1.3.4 Dissolved Oxygen

Dissolved oxygen data will be taken at discharge points and appmximmely 100 fl downs-tzvamfrom
where the discharges enter the mcatm. The DO m_mts will be taken upon opening of Flow
Impact Offset Facility outlet, and taken a minimum of weekly throughout operation of the facility.

5.1.3.5 Temperature

Water tempcxatme will be measm_ within the vaults, at discharge points, and in the receiving
waters (streams). Temperatme measurements within the vaults will be obtained using dataloggers
that will provide average daily temperature throughout the year. Instrcam tcmperatme
measurements will be taken at the discharge points, upstream in receiving waters, and
approximately lO0ft downstremn from where discharges enter the streams. The field temperature
measurements will be taken a minimum of weekly upon opening of Flow Impact Offset Facility
outlets.

t

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 fl downstream from where discharges enter the
streams). The metals sampling and analysis will occur upon opening of Flow Impact Offset Facility
outlets and a minimum of monthly 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 monitoring the Flow Impact Offset Facility. Once an adequate volume of dat_
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 stored volume of
water, the water quality of the discharges is not empected 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 24-horn-period), the Port will conduct =dditional sampling to ensure
that the rainfall did not subs'mntiaUyclmnge the character of the water within the Flow Impact
Offset Faci_, which could potentially cause a violation of insu'emn water quality standards.

Monthly sanmlmg formetals is sufficient because existing damshows that the metals concenumions
in mormwamrrunoff from the airfield is relatively consimem and low compared to sxormwater
discharges from other urbanareas.

5.1.3.8 Locations

Specific monitoring locations, both of the discharges and _ will be consistent with the
requh,ements of the Section 401 Water Quality Certification and will be precisely located and
included in the final design of facilities associated with the Flow Impact Offset Facility. All water
quality data will be recorded and reported in an annual monitoring report that will be submiued to
Ecology by December 31 of each year. If the monitoring ,4_t_ show that the dischm-ges from the
Flow Impact Oi_et Facility c,onsiste_y meet water quality standards within the receiving waters,
the Portmay propose a modified moniwring plan for subsequent oper_on of the facility. If any
water quality problems were encountered during oper_on of the facilities, the annual report will
include a discussion of the _mediJae actions IAkm to address the problem and ac6ons _km or
proposed to prevent a recurrenceof the problem in the futme. All _npling and analytical methods
used to momtor the Flow Impact Offset Facility will conform to the latest revision of the Gu/de/m_
Establishing Test Procetfitresfor the Anaty_ 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 al. 1998). This will ensure that the monitoring methods for
the Flow Impact Offset Facility are consisumt with other water quality monitoring done under the
NPDES p=mit 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 Facility. The biological monitoring will comist
of Benthic Index of Biotic Integrity (B-IBI) monitoring and physical habitat momtormg. Biological
monitoring will occur four times per year and will continue through the flRhyear aRer construction,
then annually until completion of a 15-year momtormg period. During the years when monitoring
is occumng four times per year, monitoring events will occur in Janum'y/February, April/May,
June/July, and September/October. If monitoring indicates potential adverse effects, the Port will
evaluate potential adaptive management strategies (see Section 5.4, Adaptive Management). The
biologicalmomtoringprotocolsarediscussedinthefollowingsubsections.

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
DesMomes, Miller,andWalkerCreeks.TheB-IBIforPugetSoundLowlandsCKleindl1995; Karr
and Chu 1997) quantifies the overall biotic condition of a stream based on measured attributes of
benthicmacromvertebratescomparedtoregional distributions.B-IBIscoreshave been shown to
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correlatewellwithlevelsofurbam_on (Foreetal.1996;Homer etal.1996).Thisanalysiswas

designedtoanalyzemvertebramscollectedinthefall(Kleindl1995;KarrandChu 1997)andwill
be used to assess the September/October samples. Inverteixat_ collected during the other
monitoring periods will be assessed using several of the same metrics in the B-IBL coupled with
professionaljudgement,andwillbecomparedtothefallB-IBIscore.Theprotocoldescribedbelow
is from Biolo_cal Mon_oring and Assea_em: Using Mulr_c Indexea Effecm_ly (K_ and
Chu 1997) and will be _plied to samples collected throughout the year.

5.2.1.2 Held Equipment

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

• 500-micronmeshSurtm'type sampler
• 500-micron(orsmaller)mesh sieve

• Flaggedweighttoidentifysamplelocation
• Ethylalcohol(95%)

• Two l-litersquirtbottlesforalcohol
• Garden trowel or large spike to disturb subswate
• White bucket or white wash bin to _pty sample from Surber
• Large cup with handle to rinse invertebrates offSurber
• Stop watch
• Forceps (tw_zers)

• Plastic spatula
• Watcrproof("Rite-in-the-min") paper
• Pencil, permanentmarker (Sharpie), and grease lmmcil
• 250-ml s_-topjm (three per sample site)
• Ziplocbags

5.2.1.3 Site Selection

Sample sites will be selected that are representative of the larger study'areas. This detra_lRnafion
willbe basedon physiographiccharacteristics,includingvegetation, soils,geology,landuse,
gradient,ripariancharacteristics,andsubstrate.Foreach representativestreamreach,a rifflelong
enoughtoaccommodatethreereplicatesampleswillbe identified.Idealsamplinglocationswill
consist of rocks 5 to 10 cm in diameter sitting on top of pebbles. Substrates dominated by rocks
largerthan50cm indiameterwillbeavoided.

To the extent possible, sample sites will not be located directly downstream from anomalies such as

culverts,bridges,roads, landslides,orwaterfalls(unlessthesearetheconditionsthatthe monitoring
programisevaluating).Insituationswhereananomalycannotbeavoided,samplingwilloccurat
least50metersupstreamofa bridgeand200metersdownstreamofa bridge.The locationofeach
samplesitewillberecorded.
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5.2.1.4 Data Muagement

During the B-IBI momtorm8, me location dam and site selection rationale will be recorded onto
electronic datasheets. This infonna6on can be collected m a field notebook and recorded onto the
B-IBI summarysh_t later, or on,'red _y with the field compumr.

5_.I.5 Invertebrate Collection

Three total replicateswill be taken from each sample location using the following methodology:.

I. Sample witht, the main flow of the _. To the extent posm'ble, sample at water depths
of I0 to 40 cm. _din_ on low-flow ccmdibons,the samplingmay need to occur
shallower wa_ depths. Depth, flow, and subslm_ type should be x-imilarfor the three
replicatesmlplm collected in the riffle. Begin sampling do_ and proceed upsu-cam
for the three replicates.

2. Place the Surb_" sampler on the selected spot with the op_t-g of the nylon net facing
upstream. Brace the f,a_e and hold it firmly on the stream bottom.

3. Lift the larger rocks resting within the f, uue and brush off crawling or loosely arched
organisms so that they driftinto the net. After "clemnug" the rocks, inspect for mvenebrams
and discardfnnn the tramplingarea.

4. Once the largerrocks are moved, disun'b the subsu-ate vigorously with a u_wel or large
spike for 60 seconds. This disturbance should cxumd to a depth of about 10 cm to loosen
orgamsms m the mmrmkial spaces, washing them into the net.

5. Lift the Surber out of the water and tilt the net up and out of the water while keeping the
open end upsuv,am. This will help to wash the organisms into the receptacle. Drop a piece
of weighted flagging tape to mark the location of the first replicate sample. Do not step on
remaining sample areas while walking to the streambank.

6. On the slzeambank, emply contents of the Surber into large bucket or wash l_in. Remove all
animals and debris from the Surber sampler.

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

8. Repeat rinsing and pouring into the 500-_m soil sieve until all apparent animals arc
removed fi'om gravel. Add a small amount of water to remaining gravel and set aside for a
few moments. Remaining inw-rt_rates will begin to move among the substrate. Use a
magnifying glass 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
may be times when a sample has low numbers of invertebrates. It is important that a sample
have at least 500 individuals (Fore 1999 personal communication). This number will be
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_ed in the field by looking at the d_ciW of in_ t_- in the conccmrmed sample.

If the density appears small additional combined samples will be necessary.

Insert a sample label that cont-ln_ the name of the te_m_ dam, location, sample number, and
replicmenumberintothejar.Fillthesamplejartothetopwithalcoholandseal.Writethelocation
anddateontopoft.hesamplelid.PlacethejarinaZiplocbaglabeledwiththesameinformation.

Collect Replicate Samples

Rena"nto thelocationof the firstsample,walk upstream,and collectanothersampleof
invertebrates.Leavemotherflaggedmarkerandprocessthesampleasabove.Repeatthisprocess
oncemorefora totalofthreereplicatesamplesfromeachsitelocation.Eachreplicateshouldbe
labeled(e.g.,#I,#2,#3)andart:hivedseparately.

Taxonomy

Invertebrates will beidentified to the highest posm'oletaxonomic level by a professional inverteb_e
taxonomist.

5.2.1.6 Reporting

InformationobtainedfromtheB-IBImonitoringwillbe synthesizedtoevaluatepotentialimpacts
associatedwithoperationoftheFlowImpactOffsetFacility.AllB-IBIdatawillbe recordedand
reportedintheannualmonitoringreporttobe submittedtoEcologyby December31 ofeachyear.
Ifanynegativeimpactswereencounteredduringoperationofthefacilities,theannualreportwill
includea discussionoftheimmediateactionstakentoaddresstheproblem,andactionstakenor
proposedtopreventareoccm'renc¢oftheprobleminthefuture.

5.2.2 Physical Habitat Monitoring Protocol

Physicalhabitatmomtormg willbe usedtoevaluatetheexisting andfuturelow-flowconditionsof

Miller,Walker,andDesMomes Creeks.Protocolsforthephysicalhabitatmonitoringareprovided
inAppendixG.

5.3 FILL MONITORING, INFILTRATION BMPS, AND INFILTRATION
CONTINGENCY MEASURES

The hydrogeologic modeling by Hydrus and Slice described in Section 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

throughtheembankment.Additionalfactorsincludethemethodsoffillplacement,finalgradinf_
andreveg_afion.The followingsectiondescribesthemonitoringplanforconfirminginfiltration
properties of the in-placefill.
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5.3.1 E_d_tin_Fill Oualitv Control TestinE

The embankment const/u_on specification (Sp_ific_ion P-152) c_blishcs that proposed fill
sources be tested for acceptance by the Port at least 30 days prior to the proposed use of the fill.
Submittal requirementsinclude the following tests, which must all be performed m accordance with
American Society for Testing and Materials (ASTM) D 3740 (Min_um Requirmnents for
Agencies Engaged in the Testing and/or Inspection of Sofl andRock as Used in Engineering Design
and Constm_on):

• Sieve analysis and naturalmoisture cont_at (ASTM C 136)

• Specific gravity (ASTM D 854 or C 127)
• Moistm-Jdensityrelationship (ASTM D 1557)
• Pla.cdcitymdex for Group4 soils (ASTM D 4318)
• Environmentalcertification report
• Direct sheartest for Group 5 soil (ASTM D 3080)

The a=t_ must be certified by a licensed geotechnical engineer ensuring that they a_urately
represent material from the source site. Use of the fill is subject to approval by a Port engineer
(Specification P-152-2.1).

The density of in-pla_ 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 1556, ASTM D 2167, or ASTM D
2922 (Specification P-152-2.3). In addition, every other lot of Group 1A must be tested by the
conu-a_or for fines contem m accordance with ASTM C 136.

5.3.2 New Infiltration Capacity Testing Protocol for Fdl

In addition to established quality control testing procedures for the flU, tests will be performed to
evaluat_ infilwafion capacity. The infiltration capacity measured in the field can be related to
infilwation capacity assumptions used in embankment modeling. For modeling, infilwafion cup_ty
and hydraulic conductivity were assumed equal and the fill was d_-a_amzed as a uniform mixture
of two media: an inactive gravel fraction, and an active matrix through which unsaturated flow
occurred (Pacific GroundwaterGroup 2001). If macro-pore flow is absent and enwapped 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:

I"o= Im(l-%G)

and Im=Km

where Ib = bulk infilwation capacity measured in the field
Ira = man-ix infiltrationcapacity
%G= fraction of the fill that is gravel
Krn= saturated hydraulic conductivity of the soil mamx, appropriate as input for

modeling variably saturated flow

An importantvariable in the general water balance of the embankment is the infiltration capacity of
the surficial soils. The general water balance is less sensitive to the character of soils buried within
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the emb_kment, Therefore, infiltration _.sdng will only be performed when the embankment is
nearing completion. It is assumed for purposes of these calculations that no ..wpsoir" or oth_

distinct surficial layer will be placed on the embankment. If such a layer is decided upon m the
future, the timing, locations, and depth of infilu_on tests may require alteration from the protocol

established below.

Infiltration testing will be peffon_ed upon s-ubstantial conviction of the embankment, including
establishment of the variouszones(fill types) that will comprise the surface of the embankment. Up

toeightlocationson topofthenew embankmentfillwillbe selectedby thePortbasedon the
followingcriteria:

* Provide geographic coverage of pavement subgmde, pavement support, and common
embankment zones of the new fill as shown in Figure 7 of the Geotechmcal Engineering

Report, 404 PernW Support, Third Runway Embankment, Sea-Tac Internatwnal Airport
(Hart Crowser 1999). Testing of the "ME reinfor_g" Rll zone will not be performed.

• Remain safely away from air traffic operations.

• Remain safely away from utilities.

• Consider access forwater trucks.

At eachlocation,amodifiedPilotl'nfiltranonTest(PIT)describedintheStormwaterMa_r__g__c_nent
ManualforWesternWashington(F.x_Iogy2001)willbeperformed.An areaofatleast100ft"wig
beaccuratelyleveledandbermedtoallowpondingofimportedwater(shallowexcavationsmay be
used).Turbidity-fleewateratambienttempcmnnewillbemeteredintothebasinanddischarged
ontoa p=nleablegeotextiletopreventdisnnbanceofthesoilsurface.Initialpondmg may be
maintainedatsubstantialdepthbutnottoexceedIIL Afteratleast17hoursofcontinuouspondmg,
theponddepthwillbedecreasedbyreductionofdischargetotheminimunlponddepthnecessaryto
completelycoverthebasinbottom.The waterdischargeraterequiredtomaintaina constant
minimal ponding depth will be measured. When that water flow rate has not changed substantially
over a duration of 1 hour, the test will be terminated. The following equation will be used to
calculatebulkinfilwanoncapacityusingthetestdata(inconsistentunits):

Ib= steadywaterflowrate/areaofbasinbottom

Forinstance,ifthesteadywaterflowrateis25 cfperhourintoa basinof 100fie,theinfiltration
capacityis0.25flperhour(3inchesperhouror2 x 103 cm/sec).

To supportinterpretationoftheinfiltrationtests,orthogonalphotographsofthebasinbottomswill
betakenwithavisiblescale.A largevolumebulksoilsamplewillalsobe collectedbydigginginto
thebasinbottom.The samplewillbe retainedasa contingencyshouldquestionsaboutthetest
arise.Dam collectionandreportingguidelinessuppliedinEcology'sPIT procedureswillalsobe
followed.

Low 5trearnflow Ana lys_ December 2001

STIA Master Plan Update Improvernen_ $-9 $$6-2912-001(28B)

AR 052719



5.3.3 ];'ill Infiltration PerformanceCriterion

The infiln'u_on capac_ of the built =nbanlanentwill be considaedsubsum',_Uylower than that
used in modeling if the Km used in modeling (1.35 x 10"4cm/sec) falls above the upper 95 percent
confidence interval of the i.fiitration test population (the Km values, or a fitted population
distribution,calculated fi'omthe infillration test ,4=_). Tiffs approach will identi_ field conditions
wherein the built embankment has an infilwaton capacity substantially less than assumed in
modeling.

No similar criterion will be applied to identify conditions wherein the built embankment has a
substantially higher i-filwaton capacity than assumed for modeling. Reasons for this are: (1) the
greater concern isbuildingan embankment that i,fil_ates too little water,and (2) the proposed
approachdoes not requirecorre_ting for macro-pore flow that will likely influemce the field data.

5.3.4 Fill Infiltration BMPs

BMPs designed to promote i-flkrafion into the embankment are descn'bed in the October 26, 2000
HNTB II1emorandg_ (Appendix C). The BMPs are limited to _ of flarer slopes on the airfield,
longerwater courses overpervioussurfaces,and use of a variety of naturally occumng fill
materials.Othermeasuresweredeemed inappropriatebecauseof increasedriskof instability,
consu'uctioncomplexity,andcosts,andpossibleadverse/rapacts.The threeacceptableBMPs are
used in the current design of the embankment.

In addition to the three BMPs discussed in the attached memo, a polyacrylamide (PAM) tackifier
has been, and will continue to be, used to reduce erosion of the embankment sin-faces. A procedure
for application of the PAM is attached. PAM has been shown to increase infiltration of irrigation
water into soll as a result of stabilization of soil sm_cture. Also, in a partial deviation fi'om
Specification P-152, truck traffic will be muted across a minimal area of the embankment upon
placement of the final 2 fl of flU. This deviation will not affect the density specification requiredfor
engineering acceptance of the constructed fill.

Ifthemeasured infiltrationcapacityoftheconsU'uctedembankment issubstantiallylowerthanused
inmodelingandanticipatedby useoftheaboveBMPs, implementationofcontingencymeasures
may bewarranted,basedonlong-termmomtormg dataasdescribedabove.

5.3.5 Fill Infiltration Contingency Measures

Embankment modeling and infiltration testing are only proposed for the third runway fill.
Therefore, the contingency measures outlined below are only applicable to the third runway fill.

If the infiltrationcapacityof the third runway fillissubstantiallylowerthan assumedfor
embankmentmodeling,theinfiltrationtestswillbererm_aftertheestablishmentofvegetation.The

post-vegetationtestswillbe conductedand interpretedinthesame fashionasthepre-vegetation
tests,exceptthatflatareaswillbebe,'u,edwithsoilforuseasbasins,andexcavationswillnotbe

used.Vegetationwillbemaintainedwithinthebermedareaswhilepreparingthebasinsfortesting.

Ifthepost-vegetationinfiltrationcapacityofthethirdrunwayfillappearssubstantiallylowerthan
assumedforembankmentmodeling,Iong-tC,u monitoringdatawillbeinterpretedtoallowthePort
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toadaptwatermanagementpracticestotheas-builtcondition.Thisapproachisappropria_given
thefactthatinfiltrationcapacityisonlyoneofmany variablesinvolvedm d_m-mi,ningtheas-built

waterbudget, and respondingsolelytoa changedconditioninthe infiltration capacity couldbe
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 aggregated effects of all factors. Long-term hydrologic and environmental momtormg
is discussed in response to Condition I(e). Based on that monitoring, plans will be developed as
necessary to respond to adverse conditions not mitig_mxlby exis_g designs.

5.4 AD_ MANAGEMENT

The Flow Impact Offset Facility and its Operation and Maintenan_ Plan are being developed to
fac/litate an _tive management strategy. Congnebensive programs areproposed to momtor the
facility's performance, and changes to the ftcility or its operation will be made to meet the
performance standards. Momtoring programs will _,¢ss water quality, water quantity, fill
parameters and infiltration perfommace, impacts to summ biology, and impacts to wetlands.
Momtormg programsarediscussedinSections5.1and5.2.Some potential =a_tive management
swategies arediscussed below.

Waterqualitywillbe extensivelymonitored.The dischargesfi'omthereservedvaultswillbe
monitored,aswellasinsneamwaterqualityineachsueam. In,,aaition,testdischargeswillbe
monitoredpriortoactivationofthef_ilityeachyear.Ifanyinsueamwaterqualityviolationsare
detected,orifitisdeterminedthatthepotential tocauseaninstreamwaterqualityviolation=dsts,
appropriate action will immediately be taken to correct the sit,ration. Poten_al contingency actions
include unscheduled maintenance of BMPs or the addition of other BMPs (filwation, mechanical
aeration, etc.).

Water quantity will be monitored, including vault filling rates, discharge rates, and insn'eam flow at
gaging stations. Ad_tive management strategies would include the development of modified
schedules for vault filling, adj_iiuent of the impervious areas that contribute to filling the reserved
vaults, and adjustment of the discharge structures to maintain the target flow.

Tests will be conducted to evaluate infiltration capacity of the embankment fill. The measured
infiltrationwillbe comparedto theinfiltrationassumptionsusedinthelow-flowanalysis(see
Section5.3).Iftheassumptionsarenotbeingmet,potentialad_ptivemanagementswategies
includeaeration(perforation)ofinfiltrationsurfaces,soilamendments,andregradingsurfaces.

Wetlandsandstreambiologywillbe monitoredduringoperationofthefacility.Ifimpactsare
observed,potentialaclm'/tivemanagementstrategiesincluderevisingtheoperatingscheduleofthe
facilitytooptimizethetimingandamountofdischargetothestreams.
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Table 4-1. Summary. of Low Flow Impact Offset Fseil/fim.

SDW2 SDS3

General description

Loc=ion West cenn_ side of new runway North of South 188th Sm_

System W_=r Creek Des Moiam Creek

Dr,_zmm_ C131 C141

Type Undergound, recumgular, mncrete, mlgle- Underground, recumgulaz, concrem, with
vault with high-level bypm= two conggmmm_: low-flow storage

pipe_acemtopondF mt six_rt-tmndetention
Planabw-miom Appmxinmmly 442 fix250 fl Low-flowsmm_

a_x:adammly 126 flx700 it

Accms Appmxinmmly 40 10xl0-flaccessgrams; Appmxinmmly 6 m,m *_c_c_*lids
Idown nm_

Low-flowoffsetsmr_,e

Type Vmlltdedicazedm low-flowoffsetstorage Low-flowstoragecompmlmcmt aspm't
ofoverall=rectum

Volume 19.0am'e-i_ 13..5acre-fl

Maximum w_er depth &Off 7.2fi

Hydraulic features

Inletsm_mm PipefinomMI-ISDW2-9 Pipefix_mMH SDS3-592

Outletstrucun_ Low-leveloutletpipe Low-l_cloutletpipe

Outlet control Valve Valve

Outlet conveyance Approximate 700-fi pipe Pipe m MH SDS3-197

Dischargetosay.am .AdjacenttopondF ouffa]J SDS3 outfall

Water quality fezturm

Sediment nap Sloped vault floor with internal dividing Sloped vault floor with internal dividing
, wails walls

Aermion Passive air flow through grates Passive air flow through grates

Trashracks (derail for constmclion) (derail for conswaction)

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

Oil-water separators (detail for consm_on) (detail for consuuction)

Mechanical and Electrical

Monitoring and alarms (derail for consm_clion) (detail for consvru_on)

Lighung (derail for co--on) (derail for conswacuon)

Washdown (detail for consmlction) (derail for cons_ction)

• Analysis detenmned 18.5acre-fl:concept design used 19.0acre-ft.
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Table 4-2. Summm-y ofLow-Flow V|ults Opersl_g _dnles

Walker Creek Des Moiues Creek

Sum Vault Ffllin_ January 2 Jammry 2

Open Outlet/StartVaultI_'_ AugustI July24

Summer Low-Flow Period Ends Oclober 31 October 24

Summer Low-Flow Period Release Rate 0.11 as 0.08 as

4.3.2 Facility-Specific Schedules

As operating experience is gained by the Port, the fill and release schedules for the vaults may be
adjusted to allow for more effective system operafio_ Facility-specific schedules will be added to
this OperationandMaintenance Planastheyaredeveloped in the future.

4.4 INSPECTION AND MAINTENANCE

The objective of the inspection and maintenance program is to ensure the reliability and consistent
performance of the Low Flow Impact Offset Facilities in providing warn" in sufficient quantity and
qualitytothestreams.Inaddition,theprogramwillhelptoextendthelifeof thefacilitiesand
reducetheoveralllife-cyclecoststothePort.

4.4.1 Procedures

Figured A.conceptuallyillusuatestheinspectionandmaintenanceprogram. The sampleform
shown m Figure4-5liststypicalvaultcomponentsthatwillbe inspected.An inspectionand
maintenancerecordformthatisspecifictoeachfacilitywillbe developedasfinaldesignsare
completed.

Inspectorswillevaluatetheirobservationswithstandardstodetermineifmaintcmnceisrequired.
Inmany situations,itisexpectedthatmaintenancewillbeperformedatthetimeofinspection.In
othersituations,when additionalstaffor equipmentisnecessary,a work orderrequestwillbe
preparedandthemaintenancewillbeperformedata laterdate.

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 will
be removed with vactor trucks, small fi'ont 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 facility shall be used for the disposal of all sediment and associated water that is
removed fi'om the vault during the sediment removal process.

Low Streamflow Analysis December 2001
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4.4.3 Schedule

Vault facilities are projected to contain water in varying amounts during the period from January
through October for low-flow mitigation purples. Therefore, in order to conduct inspection and
m2intemmc, activities in-the-dry, this work will need to occur during November and December of
each year. Specifically, as shown by the schedulm in Figures 4-2 and 4-3, inspections will be
performed in early November, followed by maintenance activities as necessary 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 Reportin¢,

inspection and maintenanceactivitiesshall be _ in the Port's annual report to Ecology.

43 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 confined-space entry requirements, which includes clearly marking
entrances to confined-space areas.

LowSrr_m/Iowa_mly_ December2001
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5. MO_O_GPLAN

5.1 WATER QUALITY AND FLOW MONITORING

The Port is proposing a compt_ensive monitoring plan for the Flow Impact Offset Facility to
ensure that the performance standards aremet and that no violations of state water quality standards
occur in the receiving waters, and to support an _4aptive management strategy. Momtormg consists
of three elements: characterization of _dsting/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 element is discussed below.

5.1.1 Characterization of Existing/Expected Water Quality

A great deal of water quality 0__t_already exists on the Port's stormwater discharges and on the
_. This data has been collected for a variety of purposes, including satisfying the Port's
NPDES permit requiremen_ basin planning activilies, and other studies done in the area bythe Port
and others. The data set includes water quality measuxements within the stream systems during the
summer periods when the Flow Impact Offset Facility will be scheduled to discharge to the streams.
In additioiL, the Fort has $t,al'ted to oonect data to chara_tTiZC the discharges fi'om the Flow Impact

Offset Facility. Temperatme d_t_ is being collected starting in 2001 f_orn the e_dsting NEPL vault
and the SDS3A vault in order to characterize the expected tenxperatmes of 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 tempetmme d_t_ from both vaults, a range
of expected temperatures can be establi._hed 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 Facility. The Port has collected some mstream temperature data be_nning
in September 2000. Other data that is being collected as part 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 _er months (when the facility will be discharging). An of
this data will be analyzed and presented in the final design of the facilities associated with the Flow
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
small test 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 andminimize the potential to clog with debris or sediment (see Appendix 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.

Low Streamflow Ana_si_ December 2001
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Water quality sampling of small-volume test discharges is proposed. By conducting this sampling,
potential water quality problems can be detected and corrective measures taken prior to scheduled
annual releases to the stream syste_n_. Water q-_liW data obtained from the test discharges will be
compared to the stream characterization a_t_ to det_mme the potential for water quality violations.
If any are indicated, the Port will take corrective action prior to the annual operation of the faciliw,
such as installing portable aerators or additional filtration in the discharges prior to their enlry into
the streams.

Wherever possible, the Port will install automated dataloggers and/or autosamplers to collect flow
dat_and water quality samples. This will allow the monitoring plan to be flex_le if it is determined
that samples or data need to be collected more or less frequently than proposed at this time. In
addition, it may become possible to automate the operation of the Flow Impact Offset Facility.
Valves can be automated to close or open based on signals from d_t_]oggers, and other logic can be
programmed into an elecU'onic management sysfi_ (for example, the valve can be programmed to
open only during the low-streamflow period). These systems will be evaluated during final design
of the facility.

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

• Flow

• Turbidity
• Dissolved Oxygen (DO)
• T=uL_nlrc
• Metals

5.1.3 Operational Monitorine

The Port is proposing to monitor the operation of the Flow Impact Offset Facility to provide
assurance that the facility is achieving its performance goals and not causing any water quality
violationsinthereceivingwaters.Thiswillbe accomplishedby periodicmonitoringofboththe
dischargeandreceivingwatersduringtheannualoperationofthefacility,bothwhilethevaultsare
beingfilledduringtherainyseason_andwhilethevaultsaredischargingthroughthereserved
stormwateroutlets.The monitoringproposalfortheFlow ImpactOffsetFacilityincludesthe
followingmonitoringcomponents:waterlevelswithinthestormwatervaults,flow,turbidity,DO,
temperature,andmetals.Additionalinformationonthesecomponentsisprovidedbelow.

5.1.3.1 Water Levels

Waterlevelswithin thestormwatervaultswillbe monitoredthroughinstallationandoperationofa
pressuretransducerand dataloggerineachvault.Averagedailywaterlevelswillbe calculated
basedon more frequentmeasurementsby thepressuretransducer/logger.Thisdatawillthenbe

appliedtothevaultgeometrytocalculatethevolumeofwaterinthestormwatervaults.Inaddition,
vaultfillingandemptying(averagedailywaterlevels)willbemonitoredthroughouttheyear.

LowStreamflowAnatys_s Dect_b_" 2001
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5.1.3.2 Flow

Discharge from each vault will be measured upon opening of the Flow Impact Offset Facil/ty
outlets and measmv.zia minimum of weekly throughout annual operation of the facility. In addition,

stream gage data will be collected from the King County gages currcmflyactive in the Miller,
Walker, and Des Momes Creek watersheds in the airport facility and downstream to the mouth of
each stream. The Port will coordinate with ICingCounty to _ that data fi'om these gages will
continue to be collected in the future.

5.1.3.3 Turbidity

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

5.1.3.4 Dissolved Oxygen

Dissolved oxygen data will be taken at discharge points and approximately 100 ft downstream from
where the discharges enter the strcmns. The DO measurements will be taken upon opening of Flow
Impact Offset Facility outlets and takm a minimum of weekly throughout operation of the facility.

5.1.3.5 Temperature

Water temperature will be measm-ed within the vaults, at discharge points, and in the receiving
waters (streams). Ternpcmnn_ measurements within the vaults will be obtained using dataloggers
that will provide average daily temperature throughout the year. Instream temperature
meas_ents 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 will be taken a minimum of weekly upon opening of Flow Impact Offset Facility
outlets.

t

5.1.3.6 Metals

Samples will be analyzed for copper, lead, and zinc. The samples will be obtained from discharge
points and receiving wm (approximately 100 fl downstream from where discharges enter the
streams). The metals sampling and analysis will occur upon opening of Flow Impact Offset Facility
outlets and a minimum of monthly 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 momtormg the Flow Impact Offset Facility. Once an adequate volume of da)a
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. Became the facility will be discharging from a stored 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 _¢ent during the operation of the facility
(greater than 0.5 inches in a 24-hour period), the Port will conduct additional sm,nplmg to ensure
that the rainfall did not substantially change the character of the water within the Flow Impact
Offset Facili_, which could poumtiaUy cause a violation of instream water quality standards.
Monthlysamglingformetalsissufficientbecauseexistingdatashowsthatthemetalsconcenlzalions
in stormwaterrunofff_omtheairfieldisrelativelyconsistentand low comparedtostormwater
dischargesfromotherurbanareas.

5.1.3.8 Locations

Specific momtormg locations, both of the discharges and insueam, will be consistent with the
requirementsof theSection401 Water QualityCertificationand willbe preciselylocatedand
includedinthefinaldesignoffacilitiesassociatedwiththeFlowImpactOffsetFacility. Allwater
qualitydatawillbe recordedandreportedinan annualmonitoringreportthatwillbe submittedto
Ecologyby December31 ofeachyear.Ifthemonitoringd_t.show thatthedischargesfromthe
Flow ImpactOffsetFacilityconsistentlymeetwamr qualitystandardswithinthereceivingwaters,
thePortmay proposea modifiedmonitoringplanforsubscxluentopcmuionofthefacility.Ifany
water quafity problm_ 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 Flow Impact Off_ Facility will conform to the latest revision of the Guidelines
Establiahmg Test Procedures for the Analyszs of Pollutanta contained in 40 CFR Part 136 or to the
latestrevisionof StandardMethodsfor theEx.ammationof Waterand Wastewater(Amecican
PublicHealthAssociation[APHA] etal.1998).Thiswillensurethatthemonitoringmethodsfor
theFlow ImpactOffsetFacilityareconsistentwithotherwaterqualitymonitoringdoneunde_the
NPDES permitfortheairport.

5.2 BIOLOGICAL MONITORING

Instreambiologicalmonitoringwillbe performedinMiller,Walker,and Des MoinesCreeksto

assesstheimpactsofthePort'sFlowImpactOffsetFacility.The biologicalmonitoringwillconsist
of Benthic Index of Biotic Integrity (B-IBI)monitoringand physical habitat monitoring.Biological
monitoring will occur four times per year and will continue through the fifth year after constnLc'tion,

then annually until completion of a 15-year monitoring period. Din-rag the years when monitoring
isoccurring four times peryear, monitoring events willoccurin January/February, April/May,
June/July, and September/October. If monitoring indicates potential adverse effects, the Pon will
evaluate potential adaptive management slxategies (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 furore low-flow conditions of
Des Moines,Miller,andWalkerCreeks.The B-IBIforPugetSoundLowlands(Kleindl1995;Karr
and Chu 1997)quantifiestheoverallbioticconditionofa sueam basedon mcasm_ attributesof
benthic macromvertebrates compared to regional distributions. B-IBI scores have been shown to
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correlate well with levels of urbanization (Fore et al. 1996; Homer et al. 1996). This analysis was

designed to analyze invertebrates collected in the fall (I(deindl 1995; Karl"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 Monttoring and Assessment: Using Multimerric Indexes Effectively (Karr and
Chu 1997) andwill be applied to samples collected throughout the year.

5.2.1.2 Field Equipment

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

• 500-mieron mesh Surbertype sampler
• 500-micron (or smaller) mesh sieve

• Flagged weight toidentify sample location
• Ethyl alcohol(95%)
• Two l-liter squirt bottles for alcohol
• Garden trowel or large spike to disturb substtate
• White bucket or white wash bin to empty sample from Surber
• Large cup with handle to rinse invertebrates offSurber
• Stop watch

• Forceps(tweezers)
• Plastic spatula
• Waterproof ("Rite-in-the-rain") paper

• Pencil, permanent marker (Sharpie), andgrease pencil
• 250-ml screw-top jars (three per sample site)
• Ziploc bags

5.2.1.3 Site Selection

Sample sites will be 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 will be identified. Ideal sampling locations will
consist of rocks 5 to 10 cm in diameter sitting on top of pebbles. Substrates dominated by rocks
larger than 50 era in diameter will beavoided.

To the extent possible, sample sites will not be located directly downstream from anomalies such as

culverts,bridges,roads,landslides,orwaterfalls(unlessthesearetheconditionsthatthemonitoring
programisevaluating).Insiruarionswherean anomalycannotbe avoided,samplingwilloccurat
least50metersupstreamofabridgeand200metersdownstreamofabridge.The locationofeach
samplesitewillberecorded.

Low StreamflowAnah,sis December2001
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5.2.1.4 Data Management

During the B-IBI momtormg, site location data and site selection rationale will be recorded onto
electronic datasheets. This information can be collected m 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

total replica_ will be taken from each sample location using the fonowingmethodology:.

I. Sample within the main flow of the stream. To the extent pos._le, sample at water depths
of I0 to 40 cm. Depending on low-flow conditions, the sampling may need to occur
shallower water depths. Depth, flow, and substrate type should be _-imilarfor the three
replicate samples collected m the riffle. Begin sampling downsueam 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 frame and hold it firmly on the stream bottom.

3. Lift the larger rocks resting within the f_-,,,e and brush off crawling or loosely attached
organisms so that they drift into the net. After "cleaning" the rocks, inspect for invertebrates
and discard from the sampling area.

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

5. Lift the Surber out of the water and tilt the net up and out of the water while keeping the
open end upstream. This will help to wash the organisms into the receptacle. Drop a piece
of weighted flagging tape to mark the location of the first replicate sample. Do not step on
remaining sample areas while walking to the streambank.

6. On the streambank, empty contents of the Surber into large bucket or wash 8in. Remove all
animals and debris fi-om the Surber sampler.

7. Separate benthic macromvertebrates from the substrate by stirring the contents of the plastic
wash pan. Pour floating organic matter into a 500-gin soil sieve, then transfer into a

sampling jar and preserve with ethanol (95 percent). Residual water m the sample will
dilute the ethanol to about 70 percent.

8. Repeat rinsing and pouring into the 500-gin soil sieve until all apparent animals are
removed fi'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

magnifying glass 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
may be times when a sample has low numbers of invertebrates. It is important that a sample
have at least 500 individuals (Fore 1999 personal communication). This number will be

Low Streamflow Analysis December 2001

STIA Master Plan Update lrr_r_onents 5-6 556-2912-001(28B)

AR 052740



estimated m the field by looking at the density of invertebrates in the concentrated sample.
I.fthe density appears small, addition_ combined samples will be necessary.

Archive Sample

Insert a sample label that conmim the name of the te_m, date, location, sample number, and
replicate number into the jar. Fill the sample jar to the top with alcohol and seal. Write the locauon
and date on top of the sample lid, Place thejar in a Ziploc bag labeled with the same information.

Collect Replicate Samples

Return to the location of the first smnple, walk upsmmm, and collect another sample of
invertebrmes. Leave another flagged marker and process the sample as above. Repeat this process
once more for a total of three replicate samples from each site location. Each replicate shottld be
labeled (e.g., #I, #2, #3) and archived separately.

Taxonomy

Invertebrates will be identified to the highest possible taxonomic level by a professional invertebrate
taxonomist.

5.2.1.6 Reporting

Information obtained from the B-IBI momtoring 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.
It"any negative impacts were encountered during operation of the facilities, the annual report will
include a discussion of the immediate actions taken to addre_ the problem, and actions taken or
proposed to prevent 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 Momes Creeks. Protocols for the physical habitat monitoring are provided
in Appendix G.

5.3 FILL MONITORING, INFILTRATION BMPS, AND INFILTRATION
CONTINGENCY MEASURES

The hydrogeologic modeling by Hydrus and Slice described m Section 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 .F.Yi_dn_FillOunlitvControlTestin_

The embankment co--on 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.
Submit_ 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/or Inspection of Soil and Rock as Used in Engineering Design
and Construction):

• Sieve analysis and nanu_ moisture content (ASTM C 136)
• Specific gravity (ASTM D 854 or C 127)
• Moisture/dc_ityrelationship(ASTM D 1557)

• Plasticity index for Group4 soils (ASTM D 4318)
• Environmental ccnificaUon report
• DirectshearlastforGroup5 soil(ASTM D 3080)

The a_tA must be certified by a licensed geoteclmical engineer ensuing that they accurately
represent material from the source site. Use of the fill is subject to approval by a Port engineer
(Specification P-152-2.1).

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 1556, ASTM D 2167, or ASTM D
2922 (Specification P-152-2.3). In addition, every other lot of Ccroup 1A must be tested by the
contractor for fines content in accordance with ASTM C 136.

53.2 New Infiltration Capacity Testing Protocol for Fill

In addition to established quality con_'ol testing procedures for the fill, tests will be performed to
evaluate infiltration capacity. The infiltration capacity measured in the field can be related to
infiltration capacity assumptions used in embankment modeling. For modeling, infiltration capacity
andhydraulicconductivitywere assumed equal andthe fill was characterizedasa uniform mixture
of two media: an inactive gravel fraction, and an active roan'ix through which unsatmated flow
occurred (Pacific Groundwater Group 2001). If macro-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 maU'ix:

Ib = Im(1-%G)

and Im ffiKm

where Ib = bulkinfiltralioncapacitymeasuredinthe field
Im = matrixinfiltrationcapacity
%G = fraction of the fill that is gravel
Km= saturatedhydraulicconductivityofthesoilmatrix,appropriateasinputfor

modelingvariablysaturatedflow

An important variable in the general water balance of the embankment is the infiltration capacity of
thesurficialsoils.The generalwater balance islesssensitive to thecharacterofsoilsburiedwithin
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the embardanent. Therefore, infilWationtesting will only be performed when the embankment is
nearing completion. It is assumed for purposes of these calculations that no "'topsoil" or other
distinct surficial layer will be placed on the embankment If such a layer is decided upon in the
future, the riming, locations, and depth of infiltration tests may require alteration from the protocol
cstablish_ below.

Infiltration testing will be pmqormed upon substantial completion of the crnbmflcmenk including
eatablishment of the various zones (fill types) that will comprise the surface of the mnbankment. Up

to eight locations on top of the new embankment fill will be selected by the Port based on the
following criteria:

• Provide geographic coverage of pavement subgrade, pavement support, and common
embankment zones of the new fill as shown in Figure 7 of the Geotechnical Engineering
Report, 404 Permit Support, Third Runway Embankment, Sea-Tac International 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 fi'omutilities.

• Consider access forwater trucks.

At each location, a modified Pilot Infiltration Test (PIT) described in the Stormwater Management
Manual for Western Washington (p_,cology2001) will be performed. An area of at least 100 tt2will
be accurately leveled and brained 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 p=meable geotextile to prevent disturbance of the soil surface. Initial ponding may be
maintained at substantial depth but not to exceed 1 ft. After at least 17 hours of continuous pondmg,
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 will be terminated. The following equation will be used to
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 efper hour into a basin of 100 f12, the infiltration
capacity is 0.25 fl per hour (3 inches per hour or 2 x 10-3era/see).

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 basra bottom. The sample will be retained as a contingency should questions about the test
arise. Data collection and reporting guidelines supplied in Ecology's PIT procedures will also be
followed.
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5.3.3 Fill Inf'dtration Performance Criterion

The infiltration capacity of the built embankment will be considered substantially lower than that
used in modeling if the Km used in modeling (1.35 x 10"4cm/sec) falls above the upper 95 percent
confidence interval of the infiltration test population (the Km values, or a fitted population
distribution, calculated fi'om the infiltration test dAt_). This approach will identify field conditions
wherein the built embankment has an infiltr_ion cspacity substantially less than assumed in
modeling.

No similar criterion will be applied to identify conditiom wherein the built embankment has a
substantially higher infiltration capacity than _ed for modeling. Reasons for this are: (1) the
greater concern is building an embankment that infiltrates too little water, and (2) the proposed
approach does not require correcting for _pore flow that will likely influence the field data.

5.3.4 Fill Infiltration BIVIPs

BMPs designed to promote infiltration into the embankment me described in the October 26, 2000
HNTB memorandum (Appendix C). The BMPs are limited to use of flatter slopes on the airfield,
longer water courses over ptrvious surfaces, and use of a variety of naturally occun4ng fill
materials. Other measures were deemed inappropriate because of increased risk of instability,
consmetion complexity, and costs, and possible adverse impacts. The three acceptable BMPs are
used in the em'r_t design of the embankment.

In addition to the three BMPs discussed in the attached memo, a polyacrylamide (PAM) tackifier
has been, and will confnue to be, used to reduce erosion of the embankment surfaces. A procedure
for application of the PAM is attached. PAM has been shown to increase infiltration of imgation
water into soil as a result of stabilization of soil mucture. Also, in a partial deviation fi'om
Specification P-152, truck traffic will be routed across a minimal area of the embankment upon
placement of the final 2 ft of flU. This deviation will not affect the density specific_on required for
engineering acceptance of the constructed fill.

If the measured infiltration capacity of the constructed embankment is substantially lower than used
in modeling and anticipated by use of the above BMPs, implementation of contingency measures
may be warranted,based on long-term momtoring data as described above.

5.3.5 Fill Infiltration Contingency Measures

Embankment modeling and infiltration testing are only proposed for the third runway fill.
Therefore, the contingency measures outlined below are only applicable to the third runway fill.

If the infiltration capacity of the third nmway fill is substantially lower than assumed for
embankment modeling, the infiltration tests will be rerunafter the establishment of vegetation. The
post-vegetation tests will be conducted and interpreted m the same fashion as the pre-vegetation
tests, except that flat areas will be bermed 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 momtormg data will be interpreted to allow the Port
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to adapt water management practices to the as-built condition. This approach is appropriate given
the fact that infiltration capacity is only one of many variables involved in determining the as-built
water budget, and responding solely to a changed condition m the infiltration capacitycould be
unnecessary or even misguided given other potential differences between predicted and as-bulk
conditions. CoUecting and responding to long-term momtormg data is preferable because it
considers the aggregated effects of all factors. Long-term hydrologic and environmcmtal momtormg
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. Comprehensive programs 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 programs will address water quality, water quantity, fill
parameters and infiltration performance, impacts to stream biology, and impacts to wetlands.
Monitoring programs are discussed in Sections 5.1 and 5.2. Some potential aa_tive management
strategies are discussed below.

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

Water quantity will be momtored, including vault filling rates, discharge rates, and instmam flow at
gaging stations. Adaptive management strategies would include the development of modified
schedules for vault filling, adjusmaent of the impervious areas that contribute to filling the reserved
vaults, and adjustment of the discharge structures to maintain the target flow.

Tests will be conducted to evaluate infiltration capacity of the embankment fill The measured

infiltration will be compared to the infiltration assumptions used in the low-flow analysis (see
Section 5.3). If the assumptions are not being met, potential adaptive management strategies
include aeration (perforation) of infiltration surfaces, soil amendments, 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 su'eams.
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NOTE: Appendix A-HSPF Modeling Information and Data-is
contained in a separate volume.
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1. Introduction

The Port of Seattle ("the Port") proposes to place a fill embankmem in an area west of the
existing Sea-Tac Airport complex to build a third runway. Pacific Groundwater work
analyzed selected hydrologic impacts for the Department of Ecology in 1999 (Pacific
Groundwater Group, 1999). Hydrologic and hydrogeologic studies conducted by Earth
Tech, Inc., Parametrix, Inc., Pacific Groundwater Group (PC-G) and others then estimated
groundwater and low-stream-flow impacts of the proposed fill embankment (Earth Tech,
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 PGG to reevaluate low-sueam-flow impacts using a more
detailed evaluation of hydrogeologic conditions and fill thickness in the embankment.
PGG's role in the more detailed evaluation was to model recharge and redistribution of
water within the fill embankment. This is the final report for PGG's portion of that
project. The overall project study area includes the Miller Creek and Walker Creek
basins, whereas PGG's evaluation was limited to a smaller portion of these basins that are
proposed to be underlain by third-runway fill. PGG's evaluation was also limited to post-
construction conditions, and did not attempt to simulate existing conditions or use
existing conditions for calibration. PGG's study results were used by the HSPF modeling
team to evaluate low-s_eam-flow impacts in the two basins.

I.I Scope and Approach

PGG's scope of work was authorized by the Port on May I, 2001. POO's scope involved
reapplication of previously-developed Hydras and Slice models to post-construction
conditions within the proposed embankment as follows: ,

Calculate _Calculate site- I Model variably

pervious-area _ specific runoff and saturated vertical

recharge and _] infiltration on flow within the fill
runway runoff _] pervious areas of using Hydrus.

fi'om HSPF II newfill.using regional

Model saturated .......................... Incor_mte

flow in shallow _ Integrate Slice results into basin-
aquifer below fill _ specific HSPF
with Slice. B results across fillembankment, models.

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

M _ Page 1
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I. direct infiltration from incident precipitation into pervious areas of new fill as

calculated by HSPF (model parameter AGWI) for fiat outwash

2. runoff fi'om runways and taxiways as calculated by HSPF (model parameter SURO).

Output consisted of the timing and magnitude 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 Paramend.x Inc. as part of basin-wide simulation
of post-con.cm_ction 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 fill 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 Depa_uuent of Ecology ("Ecology").

The PGG scope consisted of the following tasks:

• Compile model input using exisRng information including
)" Fill thickness and extent

>" Hydrogeologic dam for the fill area
Embankment geomeu'ies as represented by three (3) hydrogeologic cross
sections

)_ Hourly runoff and direct infiltration estimates provided by Aqua Terra
Consultants

• Calculate fluxes into the fill based on hourly recharge and runoff estimates
• Calculate daffy fluxes through the fill using Hydrus models
• Calculate daily flux through the shallow aquifer at the base of the embankment and

the underlying till using Slice models as applied to each basin

Original modeling using the Hydrus-Slice approach was reported on ,_ugust 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 small mathematical change, not a conceptual change.

• PGG included the 1998 fill as third runway fill. Original modeling excluded the 199g
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 calculatedrunoff from perviousareasinsteadof assumingthat all precipitation
and ninon becomesgroundwater recharge. The use of hourly infiltration (AGWI)
andrunoff (SURO) data from HSPF resultsin predictionof runoff from filter strips(a
portion of the pervious area next m the runways) that simultaneously receive
precipitation and runway runoff. This is a more accurate accounting of water
performedfor the proposedthird runway fill area.

• Hydrus 1-D was used to model variably-sattumed flow in the fill instead of Hydrus 2-
D that was originally used. Hydrns l oD 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. Extent of Fill Modeled by Hydrus-Siice

The modeled fill area (MFA) represents a portion of third runway flU, within 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 Hydros-Slice rather than
HSPF for the built condition.

2.1 Geographic Extent of Fill

PGG used existing (:}IS coverages of pre-flll topography, "bulb" topography, and third
runway pavement distribution to calculate areas for Hydrus-S1ice modeling. A graphical
approximation of the areas modeled by Hydros-Slice (and therefore removed fro_ 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
Hydros-Slice MFA because surface runoff is 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 limit of proposed third nmway 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 Hydros modeling, fill thickness
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was descritized into representative values 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 dashed line is
drawn on Figure 2-I between the Miller and Walk_ 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 ('Parametfix, 2000, Figure B2-2 of Stormwater

Management Plan). The Walker-Des Moines groundwater 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-I 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 will not flow onto new third nmway fill.
Runoff from the camera half of the third runway in Walker Creek was modeled by HSPF.

3. Modeling of Infiltration with Runoff and Evapotranspiration

Precipitation on the MFA 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

t

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 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 runoff from impervious surfaces would
also infiltrate, or conversely, runoff, from filter strips. The total amount of infiltration

into filter strips (a portion of AGWI 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 HSPF 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
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with land slopesof lessthan five percent(JoeBmscher,personalconL_.nicanon,May
17, 2001). HSPF model output (AGWI) provided daily estimates of recharge below the
root zone considering the effects of runoff and evapotranspiration.

HSPF also calculated hourly volumes of 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 fill. Therefore, the SURO and AGWI water volumes were added together and
compared to the infiltration capacity of the filter sm'ips. Water in excess of the infiltration
capacity of the filter strips was considered runoff, and remammg water was considered to
infiltrate and become groundwater recharge. For these calculations, areas of impervious
surface and filter strips were based on GIS Rn_iysis of design data. Flow was assumed
uniform over the filter strip, and likely storage of water in surface irregularities was
ignored. 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 fill malrix was assumed to be 1.35x10"4cm/sec, and
no flow was assumed to occurthrough the portion of the fill occupied by gravel particles,
consistent with assumptions throughout 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 1991
through 1994- Table 3-I).

A small amount of runoff was also calculated for "other pervious areas" (pervious areas
that are not filter mripsand therefore do not receive runoff) because AGWI exceeded the
calculated Lcfiltrafioncapacity of other pervious area on occasions. This presumably
occm'red because of differences between HSPF predictions of runoff fi'om fiat outwash,
and the runoff-evaluation method applied to the AGWI time series aher 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 1999 and were later
used by Parametrix to 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 are m 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 flU 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 infilwate. As discussed above, the filter strips and other pervious areas receive

different amounts of water. In order simplify 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-I summarizes those water
volumes.

4. Modeling of Vertical Flow Through Embankment Fill

Modeling of downward vertical flow through embankment fill describes water movement
in the unsaturated or "vadose" zone between the land surface and the proposed drainage

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 unsann-amd flow modeling completed
for this study is presented in the following subsections.

4.1 Summary of Generic Hydrus Model

Vertical flow of effective recharge between the root zone and the water table within the
embankment drainage layer was evaluated using the model Hydrus-ID, hereafter called
"Hydrus" (Simunek and others, 1999). Hydr_ simulates the vertical spreading of
recharge fronts as they are predicted to move downward through the proposed
embankment fill. Model results describe the lagging 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).

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 Pacific Groundwater Group, 2000). Soil characteristics were unchanged.
Independent model runs were conducted for the Miller Creek basin using fill thicknesses
of 150, 130, 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. Hydrus 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 fill is predicted to occur throughout the year.

4.2 Characterization of Fill as Soil

The texture of the modeled fill was calculated based on specifications for Phase 1 fill
(installed in 1998 and 1999) and proposed embankment composition described by Hart
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Crowser (1999). The calculationswere also comparedto the texture of Phase1 fill based
on soil samples collected by Terra Associates (1998). Details of the characterization of
fill texture relative to Hydrus model input is presented in Appendix C of the Ecology

study (Pacific Groundwater Group, 2000). Following arc summaries of the two types of
fill proposed for use in the embankment and designated in this study.

4.2.1 General Fill

Except for Type 1 soils used as fill in limited areas near the MSE walls and runways, the
embankment will be comprised of imported nmterial termed "general flU." Average bulk
textme for the general fill was estinmted to be 55 percent gravel and 45 percent sand-
plus-fines mau4.x. The sand-plus-fines matrix was further estinmted 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 Hydrus' version of the U.S. Soil Salinity Laboratory's
computer program "Rosetta" based on the grain-size distribution of the matrix.

4.2.2 Type 1 Fill

According to embankraent designs presented by Hart Crowser (1999), Type 1 soils are
comprised of sand and gravel; they contain virtually no fines. These materials will be
used as bacld'fll for the MSE wails 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
Slice models. Type 1 soils were therefore not modeled explicitly using Hydrus although
recharge to the drain layer was considered where Type 1 soils existed in modeled areas.

4.3 Representation of Fill in Hydrus

The sand-plus-silt matrix was modeled as an evenly-distributed 45 percent of the general
fill and all water flow was assumed to occur within this active matrix. To maintain a
water balance while modeling water flow only through the active matrix, effective

recharge values were divided by 0.45 and used as the upper boundary condition flux in
Hyclrus. 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 percolating-into, clusters of gravel particles is likely to be
absorbed by the surrounding 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 Hydrus 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 Rosetta, 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 content, "alpha", "N", and "M" (van Genuchten, 1980). Rosetta
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also provides an estimate of saturatedhydraulic conductivity,and a factor "L" used to
relatethecharacteristiccurvetotheunsaturatedhydraulicconductivitycurve(Mualem,

1976).A default"L"valueof0.5was assignedby RosettainHydrus,andwas usedinthis

analysis.Table4-1presentsthehydraulicparametersgeneratedby Rosettaforthegeneral
fillmatrix.The saturatedhydraulicconductivitycalculatedby Rosettawas 1.35xi04
cm/sec.ThisvalueisnearthemiddleoftherangepresentedinFreezeandCherry.(1979)

forsiltysand.Itisnearthehighendofthereportedglacialtillrangeand lowerthanthe
cleansandandgravelrangesreportedbythesame reference.

Althoughtheactualvalue(s)ofhydrauliccondu_vityarenotknown fortheproposed
futureembankment,thevaluecalculatedby Rosettaisreasonablefortheanticipated
textureand densityofthegeneralfillmatrix,and isconsistentwiththeactive/inactive
matrixmethodofmodelingunsaturatedflowintheembankment.Experiencewithtesting
saturatedhydraulicconductivityofsoilssimilarintexturetothemodeledfillsuggests
thattheRosetta-calculatedvalueistoolow forthebulk(man-ixplusgravels)general
embankmentfill;however,thereasonforthisdiscrepancyisthepresenceoflargepores
associatedwithgravels.Largeporesassociatedwithgraveldepositsdominatesaturated
flowbutcan be reasonablyassumedinactiveundermost unsaturatedflowconditions
because:

• the fdl should remain unsaturated except in exhume conditions, and therefore

unsaturated flow should predominate,

• large diameter pores associated with gravels will be the first to desaturate as drying
Occurs,

• over the course of the flow path, water in saturated pores will be absorbed into the
freer pores due to matric tension,.

• percolation theory (Silliman and Wright, 1988) suggests that continuous paths of finer
pores within the matrix will 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 downward through large connected pores in a saturated finger. Such
fingering flow will only occur during recharge events when the ground surface, or a
subsurface soil zone, becomes saturated. If fingering flow occurs 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 data and the explicit 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 overestimate groundwawr travel limes between ground surface and the water
table.The likelihood of overestimating vertical groundwater navel Rmes for the wetmst
conditionsisalsosomewhatincreasedrelativetothemodelingreportedon August8 2001
becauseofthemorevariablemoist1,1reconditionsusedinthecurrentassessment.

4.4 Spatial Diseret/zation of Hydrus Models

As described in Section 4.1, Hydrns models were set up to simulate a tom] of twelve

verucal profiles for the proposed fill. Eight different thickness simulations 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
to the 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 detail
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 consmm 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 matrix recharge estimates were applied
to the top of each model. Model timesteps were automatically optimized by Hydrus, and
were typically 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 effects from the initial

conditions (uniform moisture) were not present during the 1991-I 994 test period.

4.6 Results

Figure 4-I 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 the rangeof fill geometriesoccurringin eachbasin as presented
in Figure 2-1. Effective recharge into the fill (Hydrus model input) 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 inpm 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 e_uses the arrival of the
recharge pulse to be delayed from its inuxxtuction 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 _charge reelect the s.,-rival
of flow to the top of the slice model (i.e., to the water table in the embanlanem drainage
layer), and ultimately the arrival of baseflow to streams bordering the study area.

The Hydrus models were marginally stable during times of maximum wetness. 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 3-1). 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.

Quali_, 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
percent less than the average total outflow, likely as a result of lower storage at the end of
the simulation than at the beginning. 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-I and 4-2. Review of the time series

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

5. Modeling Saturated Flow Beneath the Embankment Fill

Three simple finite difference slice models were developed to simulate lateral and vertical
groundwater flow within the drain layer and existing soils below the embankment. Slice

configurations were based on subsurface data described in available geotechnical and
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hydrogeologic reports and from the pre-fiU and "built" topography of the third runway
area as supplied by Parametrix and the Port. Slice alignments were located based on the
availability, of subsurface data and are considered to describe the range of hydrogeologic
and fill conditions that exist in the embankment 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 wetlands under "built"
conditions. Slice l was originally developed for the Ecology study (Pacific Groundwater
Group, 2000). It was re-applied for this low-flow analysis using daily recharge data for
1984 through 1994 and a more representative runway configuration, but otherwise
remained unchanged. Slices 2 and 3 were developed for the low flow analysis using new
interpretations of existing hydrogeologic and fill data. The three different versions of the
model were co_ to represent a range of conditions that exist within the flU
embankment. The slice models are a simplification of substa'face conditions within each
hyarogeologic 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 $ 2001 to include the 1998 (Phase
1) fill.

The slice models are based on a quasi-two-dimensional finite-difference formulation of
the partial differential equation describing transient groundwater flow through a saturated
medium. Model cells were only connected to laterally adjacent neighbors as opposed to
overlying or underlying cells - thus the quasi-two-dimensional nature of the model. Each

model cell can contain up to three different "soil layers", differing in thickness and
hydraulic conductivit T. The bottom elevation of each cell is defined by the top of the fill
layer, and downward flow through the fill was simulated. For each cell, the model also

specified a uniform specific yield of 30 percent. Recharge for each stress period (day) was
derived for each cell from Hydrus output for the appropriate overlying fill thickness. The

model assumes unconfined flow (variable mmsmissivity) under horizontal gradients
defined by head differences between adjacent ceils. 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 4xl0 "3 R/day (l.4xl0 "_cm/sec), a uniform thickness of I0 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 bottom 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 l 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 higldy confined conditions. This "no vertical flow" condition was actually
implemented in the model by assigning a zero hydraulic conductivity to the till where
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highly confined conditions were expected. That condition prevailed in the western
lowland portions of Slices l and 2. Groundwater head at the bottom 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 I

This cross section is located through the thickest portion of the fill embankment with a
fill thickness of up to 160 feet (Figure 2-I). A simplified cross section showing Slice I is
presented in Figure 5-1. 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 explorations located along the 1,320-foot slice alignment. Fill located behind
the West MSE wall was modeled using Slice I.

The geometry and material types represented 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 east 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-I). A simplified cross section showing Slice 2 is
presented in Figure 5-2. The slice is located to represent an intermediate fill thickness of
up to 100 feet thick and crosses one taxiway in addition to the third runway. Slice 2 was
developed from a generalized hydrogeologic 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 minimal thickness for the Miller
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Creek fill. Although this slice does not completely describe the variety, 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 secuon originally 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 dam (AESI, 1999).
Eightsubsurfaceexplorationsoccuralongthe625-footslicealignment.

The geometryandmaterialtypesrepresentedinthecrosssectionofFigure5-3wereused
toconsn'ucttheSlice3 model.Tables5-5,,ad5-6presentSlice3 modelcellparameters.

BecausetheremovedportionoftheHSPF modeldoesnotincludethesteepslopesofthe
embankment fill,resultsfloraSlice3 were extractedfromtheportioneastof cell25

("activemodelcells").

5.4 IndividualSliceModel Results

Figures5-4through5-6presentindividualSlicemodelresultsforSliceslthrough3 for
wateryears1991through1994.Resultsarepresentedasdailytimeseriesplotsforthree
Slicemodelterms:Qvr/drainoutflowflowdownward throughtill.and rechargetothe

drain layer from the fill. The Qvr/drain outflow term is lateral groundwater flow at the
western edge of the fill embankmem discharging through the shallow (Qvr) aquifer and
the constructed drain layer. The Qvr/drain outflow term is extracted from the western-
most "active" cell in the slice, and represents subsurface flow towards downgradient
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 fill. 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 represent flow for a one-foot-wide slice of the
embankment with units reported in cubic feet per day, per foot of width (R2/d or ft3/d-ft).

Results vary, substantially between the slices and indicate that a complex set of factors
control the relationship between input (recharge to the chain) 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 fill thickness in Slice 3 results in more seasonal

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

• Differences in the variability, of Qvr/drain outflow shows that the presence of Type I
fill causes output to be nearly as variable as input on Slice I where Type l fill exists,

and to be rather smooth for the other slices where Type l 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 I. The spikiness
of modeled Slice l Qvr/drain outflow is likely greater than would actual]y occur.

srmm_mr Page13
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• Longer flow-length paths and lower gradients within the Qvr and drain layer should
contribute to longer horizontal travel rune delays. However, longer flow lengths and
st_per gradients in Slices l and 2 compare to shorter lengths and gender gradients in
Slice 3. This combination of gradiem 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 outflow exceed downward flow through till
during intense recharge events at Slice 1 (through Type 1 fill), and during some
seasonal maxima at Slices 1 and 3.

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

Quality 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 quantities from representative Slice model output by an
effective basin width (EBW). This process integrates the 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 fill, 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 I, 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=I
presents 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.

_ _ 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 fill 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 MFA of the basin. When this condition is met, effective recharge for the basin
should equal the effective recharge of the integrmed slice model results. In the Walker
Creek Basin, an EBW of 2,084 feet was calculated based on a Slice 3 length of 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 2-1). Multiple slices were used to describe grouadwater 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
assigned 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 length. The map-measured length was therefore considered
representative for this reach of the basin and the map length was adopted as the EBW.

The Miller Creek basin reach located north of the West MSE wall is represented by Slice
2. The northeastern comer of the runway fill has an irregular shape where the actual fill
length (east-west) is less than the Slice 2 model length. The basin reach immediately
south of the West MSE wall 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 segments was adjusted to 2.699 feet to maintain the water 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

assigned as the map-estimated length 930 feet. The actual fill length (east-west) of 340

m a_fr_sr_w_L.r Page 15
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feet is closelyapproximamdby the modeledslice width of 350 feet. The map-measured
EBW isthereforeconsideredrepresentativeforthisreachofthebasinasmass balanceis
maintained.

5.8 IntegratedFlow EstimatesforWalker CreekFill

IntegratedestimatesofQvr/dralnoutflowanddownwardflowthroughtillfortheWalker
Creekfillareaforwateryears1991tlvough1994areprescntexlinFigure5-7. Also
shown istheeffectiverechargeinputtotheHydrusmodel. Thus,Figure5-7indicates

changesintimingofflowsresultingfrombothverticaland lateralgroundwatertravel.
IntegratedflowsforWalkerCreekarctheproductof the2,084-ftEBW discussedin
Section5.6andthemodelresultsforSlice3 discussedinSection5.4.Figure5-7shows

thatthetimingand magnitudeof Qvr/dralnoutflowvariesseasonally,withmaximum
flowspredictedduringspringor earlysummer and minimum flowspredictedduring
winter.Estimatedannualmaximum Qvr/drainoutflowsthroughthefillrangebetween

about3:500cubicfeetperday(cfd)inwateryear1991witha peakflowpredictedinlate
March,andabout1500cfdin1994witha peakflowpredictedinlateApril.Estimated
annual minimum Qvr/drain outflows are predicted m occur between October and
December, with some years experiencing a period of no flow from the Qvr/drain. High

flows lag behind the onset of recharge season because Rme is required for unsamramd
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 _nbankmcm reaches the
water table. This effect is accentuated in the Walker Creek case because of the narrow

range of fill d'dcknesses. ARer a long period of nearly constant discharge following the
sudden rise, a gradual decline occurs in late summer. Seepage through the till is estimated
to occur at maximum annual 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 I l-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 Qvr/drain outflow and downward flow through till for the Miller

Creek Fill area for water years 1991 through 1994 are presented in Figure S-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 I. 2, and 3 presented in Section 5.4. Figure 5-8 shows
relatively constant Qvr/drain outflow rates from the Miller Creek fill embankment,

sam_tmr Page 16
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punctumedby spikesduringrainstorms,anda seasonalmaximumin Juneand July of the
relatively wet year of 1991. The spikiness is to some extent a modeling artifact of the
infinite permeability assumed for Type 1 flU. 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 fill is relatively
constant, but with a smooth seasonal pattern. Model estimates of flow range fTom 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 to_l inflow to total outflow. For Miller
Creek, integrated outflow was 3 percent greater than total effective recharge for the 1 l-
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 IA and PA.

5.10 Use of Integrated Flow Estimates

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

series of total daily discharge (volume per day) fTom 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 time 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
Summary of Areas Modeled by Hydros-Slice

Miller Creek Basin Walker Creek Basin
squarefeet acres square feet ! acres

FiRerStnpArea(FS) 1,456,854 33.44 353,133 6.11
Other PerviousFillArea (OPA) 1,746,649 40.10 99,342 2.26
RunwayandTaxn_ayImperviousArea (IA) 1,797,702 41.27 277,072 6.36
Total MocleledFillArea (MFA) in Basin 5,001,205 114.81 729,547 16.75
IA/totalpervious area 0.56 0.61
FS/PA 0.45 0.78
IA/totalArea 0.36 0.36

11/27/Ol Tables..2-1_4-15-7...forReport.xls,Table2-1
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Table 4-1
Summary of Hydraulic Pammetem Used for Fill Matrix in the Hydru$-2D Model

Sand Fractionof matrix 63%
SiltFractionof matrix 37%
Clay Fractionof matrix 0
SaturatedVolumetricWater Contentof matrix 0.25
ResidualVolumetricWater Contentof matrix 0.02
=alpha"(llcm) 0.088
"N" 1.35

SaturatedHydraulicConducthnty(cm/sec)of matrix 1.35 x 104

11/27/ol Tables...2-14-1_5-7..forReport.xls,Table4-1
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APPENDIX C

EMBANKMENT INFILTRATION MEMORANDUM
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Memorandum
The HNTB Companies

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

(425) 455-35-=55 • Fax (425)453-9179 • Arc_J!e_,_,ral Fax (425) 450-2597

To Michael Cheyne, PMP Date October26, 2000
Third Runway Program Leader

From Jim Thomson P.E., HNTB
Mike Bailey, P.E., Hart Crowser
Michael Kenrick, P.E., Hart Crowser

Subject Third Runway Embankment Infiltration

Summary

Sometimeago, the ThirdRunwayDesignTeam was askedto considertakingsteps toward
providingenhanced infiltrationwithinthe embankment. Becauseof the stormwaterdetention
benefitinfiltrationprovides,the team had alreadyreviewedthe possibilitiesof enhanced
infiltrationandbelievedthe projectcouldprovideopportunityin thefollowingways:

• Use of flattercrossslopeson the airfieldprovidinggreater stormwaterresidencetime
on pervioussurfaces.

• Longerwater coursesover pervioussurfaces priorto stormsewer collectionalso
increasingresidencetime.

• Use of a varietyof naturallyoccuringfillmaterialsallowingfor some infiltrationwhile
continuingto providestability.

Recently,the designteam wasasked to provideadditionalinfiltrationbeyondwhat would
occurfromthe designapproachoutlinedabove. We have evaluatedalternatives,which
wouldmeet bothdesigngoalsof enhancedinfiltrationand embankmentstability. The design
team believesthat artificiallyincreasingthe amountof infiltrationbeyondstandarddesignand
constructionpracticefor an embankmentof thisdepthwouldincreasethe riskof instability,
increaseconstructioncomplexityand costs,and may resultin adverse impactsbeyondthe
embankmentlimits. We believethe benefit,whichmightbe providedthroughenhanced
infiltration,is out-weighed,bythe increasedrisksto the embankment.

Embankmentsthat are designedand constructedfor stormwater retention,reservoirs,etc.
are typicallybuiltas zonedembankments,withdifferentsoilmaterial zones used to control
seepage andprovidenecessarydrainageor strengthto accommodatethe resultantpore
pressures. The proposedThird Runwayembankmentis a type of zoned embankment,but its
zoneswere designedto optimizesupportof the airfieldpavementsectionswith minimumlong
termrisk. The increasedrisksresultingfrom enhancedinfiltrationare:

• Increasedriskof surficialslopestabilityproblemsrelatedto seepage
• Increase riskof subgradeliquefactionbase stability
• Increasedconstructioncomplexity
• Longterm maintenanceissues

A more detaileddiscussionof the increasedrisksfollowsinthe next sectionof this
memorandum.
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Details of Increased Risk

1. Increased Risk of Surficial Slope Stability Problems Related to Seepage

Side slopesfor the proposedembankmentare designedto be constructedof readilyavailable
soilfill,whichcan achievethe strength neededwithconventionalconstructionmethods. The
strength necessaryfor the filldependson a numberof factors, but mainlyon the angle of the
sideslopes,drainageconditions,anticipatedseismicloadsand foundationconditions.
Increasingthe amountof water infiltratedintothe embankmenthas the potentialto reduce
stabilityby increasingporepressures. Thiswouldhave three adverse effects:

• Increasedriskof pipingand erosion-relatedinstability('sloughing') of the
embankmentsideslopesdue to seepageforcesand lossof supportwhere the seep
exitsthe embankmentsurface;

• Increased soilbulkdensitydue to the added weightof water, which will contributeto
the potentialforfailureof the embankment;and

• Decreasedsoilst]'engthnearthe surfaceof the slopebut withinthe embankment (the
effectivestrengthavailablefrom soilfrictionis lessthan the unsaturatedtotalstrength
by an amountequalto the increasein porepressure).

Makinga commitmentto a specificflowrate andflow timing(during late summer),would
requirea spedfic water volume retained. Soilengineeringwould need to be based on flow
rate and notstability.

2. Increased Risk of Subgrade Liquefaction Base Stability

Native soilsthat providethe foundationfor the Third Runwayembankment generallyconsist
of a layer of relativelylooseto moderatelydensesandsand interbeddedcohesivesoils,
overlyingvery denseor hard,glaciallyoverriddensoils. Typicallythere is a layer of
groundwaterperchedon top of the more denseglacialsoils,and insome areas thissaturated
soilzone is subjectto significantstrength lossduringseismicshaking- a processreferredto
as "liquefaction'.The designteam has definedsome areas where subgradeimprovements
(i.e., densificationor replacementof the nativesoil)are needed to mitigate liquefaction.

Artificiallyincreasingthe amountof imfiltrationintothe embankmentwouldlikelylead to an
increase ingroundwaterlevelsbelowthe embankment,andthus increase the risk and area of
potentialliquefaction.The extent of thischangeis difficultto predict andthus an increasein
riskwouldresult. (A portionof the additionalinfiltrationis expected to dischargevia the
underdrain. However,the underdrainis designedto preventbuild-upof pore pressuresin the
fillplacedabovethe drainand willnot preventthewater table beneath the embankment from
risingto the levelof the drain itseff;i.e., to the existingground level).

Potentialadverseimpactsof liquefactionincludereducedembankmentstabilitydue to lossof
soilshear strength,as wall as potentialvertical displacementor other grounddisturbance
(e.g., "sandboils")alongthe relativelylevel groundadjacent to the embankment. The
potentialfor liquefactionof nativesoilsadjacentto the embankmentalready exists, but the
riskof occurrenceand magnitudewouldbe increasedby raisingexistinggroundwaterlevels,
as a directresultof increasedinfiltration.
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3. Increased Construction Complexlty and Cost

Specificationsfor embankmentconstructionto date have includeda range of soil fillmaterials
inorderto obtaincostcompetitivebidswhilesupportingairfieldpavementsections.
Modificationof the embankmentto increaseinfiltrationwouldincreasecomplexityof
constructionandis anticipatedto increaseconstructioncosts in oneor all of the following
ways:

• Soilfilluseclto enhance infiltrationwouldneed to be a select material, since
the infiltrationcapacityof sand andgravel decreasesrapidlyas the percentage
of clay and siltincreaseseven moderately. Usingbidsfrom the currentyear
for comparison,the cost of the Group1, non-silty(or "freelydraining")soilto
enhance infiltration,comparedwiththe more siltyGroups2, 3 and4 soilused
as common embankmentfill is about200 percentmoreexpensive.

• Note that the costdifferencepresentedabovedoes not presentthe complete
picture. Restrictingthe gradationof the fillmaterialwouldrestrictthe number
of sourcesthat could supplyit, andthat alongwith an increasein the total
amountof non-siltysoilthat needsto be usedcould possiblyincreasethe unit
cost. Furthercost increasesrelatedto constructionmanagementand survey
controlwouldalso probablyoccurin the event that placementis requiredto
configuresPecialinfiltrationzones withinthe embankment.

• Increasedporepressureswithinthe embankmentand liquefactionsusceptible
subgradesoilswouldneed to be mitigatedto achieve the same factor of safety
as obtainedfor the embankmentwithoutenhanced infiltration.This mitigation
could includeuseof higherstrengthembankmentmaterial and/or by increased
subgradeimprovements, increasedcosts wouldresultfrom usinghigher
qualityor more highlycompactedfill soils;reinforcingthe fill;and increasingthe
area of coverageand/or increasingthe densityof subgradeimprovements
withinexistingareas.

4. Increased Need for Long-term Maintenance and Associated Risks

There are a numberof alternativesavailablethat initiallyappear to providesome opportunity
to increaseinfiltrationintothe embankment,suchas increasinglengthbetween catch basins
in grassedareas between pavement;infiltrationswales; perforatedpiPesextendingfrom
catch basins;a surficial layerof platingsand, etc. All of these approachesare likelyto
requiresomedegree of maintenancein orderto preventsiltation,bacteriologicalclogging,
and/or otherproblemsto provideeffectivelong-termfunctioning.

Drainsin generalneed to havesome meansof beingcleaned out, andthisappliesequallyto
soilzones usedto promoteinfiltrationand transmitseepage. There is virtuallyno way to
maintainan infiltrationsystemdeep withinan embankment. It is also worthnotingthat once
the embankmenthas been constructed,there willbe noway to detect or "unclog"a failed
infiltrationsystem deep withinthe interiorof the embankment. Furthermore,a failed system
will increasethe potentialfor a stabilityfailurewithinthe embankment.
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APPENDIX D

NON-HYDROLOGIC IMPACTS SUPPORT DATA
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CERTIFICATE OF ENGINEER

Thelechnicalmaterialanddatacontainedin thisappendixwereprcpar_ underthe supervision
anddirectionof theundersigned,whoseseal,asa professionalengineerlicensedto pr'_:ti_ as
such,is affixedbelow.

(affixsealhere)

RichardL.Schaefer,P.E.

Low StreamflowAnah,.sls December 2001
$77AMaster Plan UpdateImprovements $56-2912-001(28B)
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Historic Water Withdrawals from Miller Creek

Documentation

Thisspreadsheetwas createdfor the purposeof developinga time seriesrepresentingwater
withdrawalfrom IVlillerCreek dueto pumping. Thistime series is intendedto representconditions
priorto the removalof homesinthe buyoutarea.

The worksheet"AnnualTune Series"containsthe estimatedannualwater withdrawalfrom Miller
Creek. The totalwaterwithdrawalisshaded inyellowin Column B. It is the sum at each hourof
the estimatedwaterwithdrawalfTomeach parcelcontainedin Columns C - Y

The time serieswas cormTuctedusingthe valuesand notespresentedin Table 2-7. Key notes
fromTable 2-7 used to constructthe time sedesare listedbelow.

The quantityof waterwithdrawnwas es_matedis follows:

AvailablePumpingRate x Estimated Monthsof Water Use Per Year x 0.5 (dailypumping
duration)

The time serieswas constructedusingthe availablepumpingrate for 12 hoursper day (6 am
to 6 pm each day).

Estimatedmonthsof water use par year was assumedas follows:

6 Months- Apdl 1 - Sep 30
4 Months- June1 - Sep 30

Summary of Historic Miller Creek V_lthdmwalTime Series
Date From Date To Time Time To Withdrawal

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

6:00 AM 6:00 PM 0.033
1-Apr 31-May 6:00 PM 6:00 AM 0.000

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

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

Documentation

This spreadsheetWlS created for the purposeof developing time series representingWltar recharge from water importedinto
the buyoutarea via water distributionsystems. Rechlrge takes two potlntill forms: 1. recharge from septic systems; 2.
rechargefrom infiltrationof irriglbon wlter. These time series is intendedto representconditionsprior to the acquisition and
removal of homes inthe bwout area.

The time series on this worksheet(Recharge from Septic) representswater rl:hlrge from septic systems in the buyout area.
The recharge to each watershed from septic systems was baled on estimat_ Wlter consumption. Recharge from septic
systemsm baaed on winter water use. Additionalwater use during summer months (above and beyond winter water use) is
providedin a separate time series.

The estimated annual waiterrechlrge from septic ly_'31flll in the buyout lrel to each of the thrle wlteflhQdl is provided
below in CmumnsA - D. The model time serieswas constructed withan hourly time step. However, the recharge rates
sho_m below reflectestimated daily recharge.

Estim_ad Recharge Quantity
Des

Miller Walker Moines
Creek Creek Creek

Total of 201 homes were served by septic in Walker and Miller
Creek BlSinl prior to the buy-out. Some of these homes (14)
were also served by sewer, and the septic systemswere inactive.

Number of Active 236 41 0 Based on inventoryof septic tanks removed, there were 41 mctive
SepticTanks tanks inthe Walker Creek basin buy-out area and 236 in the Miller

Creek basin buy-out area (total 277 active tanks, 14 inactive).

Winter Water Use Winter water use was used to estimate recharge from septic
(gallons per home 249 249 249 systems. Typical vlluec for winter water use were provided by
per day) Water District#20 and Water District #125.

Rechargefrom Estimated recharge to grounawatar within each watershed
Septic Systems 52,962 9,201 expressed in gallons per day (number of lctive tanks multiplied by
(gallons per day) 90 percent of winter water use rate).

Contribution to Estimated portionof grounawater recharge available to support
ltreamflow (cfs) 0.0574 0.0100 - stmamflows (70 percent of recharge to _mundwatar).
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ParametrtxInc. Average Change in FlowDepth andWidth _Wilcox
Portof Seattle Checked By:.
554-2912-28B C/7 December 6, 2001

Average Average Average
Change in Change in Average Change in

Flow Flow Depth Change in Top Top Width

(It) (mm) Width (ft) _mm)
Miller Creek I 0.00 ft 0 mm 0.02 ft 6 mm

Walker Creek] -0.01 ft -3 mm -0.10 ft -30 mm
Moimm Creek] -0.03 ft -9 mm -0.33 ft -101 mm

K:_working_2912_912(28B)_kcRasVaJues.xlsAvmageChangeinWk:l_&Dep_
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4 071 11J 1113 0_4 0.01 1,_1 0.41 ) 0.10 171 111_ lil _ G_ I_ 04 i 3_ 010

4 0172 11.88 11113 )_4 h_A 1.72 24_ 3_9 WA )?2 11.01 111 _ N_A 1 74 041 311 NUA
4 1?5 11.N 12-13 0_4 I_A 1.73 0.42 330 N/A 0.?3 11.81 11.16 0_4 N/A 1.70 042 3,08 HA
• 07,4 11.50 1213 0_ WA 1.70 0_43 3,31 N_A 074 11.11 11.1 0._4 P_A 176 042 330 HA
4 G75 11.m 12-13 0_4 HA 174 043 132 _A 0.70 11.01 11.5_ 0_4 IWA 1._q_ 043 331 HA
4 0._q_ 111 11114 025 HA 1.?5 143 _ HA 170 11.01 IIN 014 _A 1.97 0dl3 331 HA

O77 11.00 1214 0.3_ tMA 1,70 0.44 330 HA 0?7 1181 11_B 0_ N_A 170 043 3L30 N0A0?0 11N 12-14 0_ h_A 1.79 084 334 HA 0715 1101 1125 0_ HA 1 78 044 330 I_A

• 0?9 1118 1214 O.35 IqA 177 0.4_ 3,35 I_A O-?9 1181 llm 028 HA 179 044 334 N_A

1180 li.N 12.14 0._ 1.78 O,t_ 3.25 N_A 0.00 Ilm ilJM G2S P4_A t J0 044 3,3_ kk_A101 It.3) 12-14 038 (WA 179 O46 337 HA 111 1101 11.N 008 t4_A 101 048 $08 HA

0.1_ 11+1_ 1214 CL_S 101 1.79 046 3,0811 010 0.32 1101 11m 025 0.01 1.81 046 337 010OJD 11.25 12.14 0.,! tWA 110 0.44 33O HA 110 11.01 11.m _ k_A lj2 046 33O kVA
4 0.84 11J 12-14 0_S N/A 1.81 048 33_ HA 0.04 1101 I1.N 0.28 N/A 1.33 046 3-38 t_A

4 0.N 11_ 12.15 0_6 _A 111 047 3,40 kVA 0.N 11.01 11.N 0;5 WA 1.33 046 $.3O N_k
4 0.N 11.N 12.15 0_8 N_A 1.33 04? 341 N/A 0.m 1101 11.67 0_ HA 1._ 047 340 N#A
4 06? II88 1215 0_ HA 132 032 34_ HA 187 1181 1167 0.:_ I_A 1.N 047 34? HA
• 0.84 11._ 12.15 0.25 N_A 1.32 G4_s 343 I_A Om 1141 11.87 02-_ N0A 1.25 O•_ 346 WA
• ON 11.m 121S 0.25 HA 1.84 048 344 HA 132 1181 1197 0_8 HA 1J_ 04_ 343 WA
4 100 1108 12-IS 0_ HA I.N O.40 3_ HA 0J0 11.81 11 6? O08 HA 167 09(; $43 I_A

4 Ogl ll.m 12-18 026 _A I+N 0.25 343 HA Oil 11I1 1167 108 N/A 1.67 049 284 h_A
• 0J2 11,32 12-18 132 HA s.m 0.412 ]981 N_A 0_ 1121 11 6? 0.08 N/A 1.5_ 04_ 24_ N_A

4 0_3 1108 12-18 0_8 101 197 0JO 347 O00 0_ 1181 1197 O._q_ 001 IN 025 348 O_
• 0O4 lira 1216 O_ N/A IB? 050 34_ 14_A 084 11.01 11,87 0_8 t%VA 1981 0_0 34? HA
3 040 1178 1125 0_ HA 1._;_ 0.33 3_ N#A 04_ 114? 111 0_ N#A 184 0.32 :LOS N_A
3 0J0 11.75 1118 021 I_A l_q_ 0_ 31_ HA 033 1147 11Jl 021 N_A 1.N 0.33 3116 HA

3 051 1175 1132 021 N_A IS4 )33 3,08 WA 051 1147 1118 021 WA 1.86 033 307 HA
3 )N 1178 IIN 021 WA I+N 033 309 I_A 0.$2 1147 11.N 021 N/A 1.67 033 308 N/A
3 0.53 11 75 1167 0_ HA I.N 134 310 HA 083 1147 11.1m 0.21 t_A I I_ 033 332 N/A
3 0._ 117_ 11_7 022 h_A 157 034 311 IWA 0M 1147 11981 0;[2 N/A 1981 034 510 N)A

5 IN 11 75 11 I? 0.22 HA l.g 036 3 12 N/A 0.N 114? 1140 0Z2 I_A 1._0 034 3 11 Ni0A
3 1_ 11 _5 I1 97 0.32 N#A 1 32 038 3.13 h_A ON 114) 11.32 0_2 HA 1 61 0.N 3 12 N/A
3 0.97 11.79 11.57 0.22 N#A 1 25 _981 5 14 HA 0.S? 1147 11.08 0.22 I_A 1 812 )35 3 13 N_A

3 1_1 1178 1197 0_ _A 181 _ 315 HA 0_ 1147 1132 0.22 N_A 133 125 314 HA
3 132 11.75 11.117 0_2 N/A 1+32 008 3.16 h_A )1_ 1147 IIN 022 N/A 1_4 0,38 318 h_A
3 0._ 1175 Ittm 0_q3 0.02 1113 0_7 317 011 Am 1147 11Jm 0_ 001 IN 0.315 316 011
3 0.61 11,75 1132 0,08 N_A 184 037 310 HA 001 1147 1170 033 HA 1.1m 03? 217 IWA

3 032 11 75 1132 023 N0A I N 0.38 3 19 HA 032 1147 11 70 023 HA 167 0.3? 3 10 HA
3 033 1175 1108 lZ3 IMA 1.N 0.3O 3.33 tMA 043 1147 1170 023 N0A 167 0.08 310 IWA

3 084 11.75 1125 0.23 N/A 11_ 0.08 3_1 N/A 0.84 1147 1170 0.23 N/A 125 0,3O 3,_ N_A
3 O.N 11.75 1108 023 N/A 167 09(; 322 I_A ON 1147 1170 0.08 IMA 125 108 121 HA
3 0.5_ 11 78 11.981 0.23 14_A 1 08 09(; 3_3 I_A 0.25 1147 1170 008 N/A I ?0 0.08 3.32 N_A
3 167 11 75 119(; 0Z3 k_A 1.08 040 3.24 _A 06? II 47 11 70 0.23 N0A t 71 008 323 N/A

3 0.I 11 ?5 11.25 024 N/A 1 ?0 040 3.28 N0A ON 114? 1170 123 IMA 1.72 046 3.24 tWA
3 012 1175 11N 0._4 HA 170 046 348 _A 0,9(; 1147 1171 024 N0A t72 046 308 h_A
3 0?0 11.75 11.32 0_4 N4A 1 71 041 3_r_ N0A 0?0 1147 11.71 024 HA 1.73 040 308 tMA

3 0.71 11.75 1108 024 101 1 72 041 3.08 0 11 071 I1 4? 1171 024 0+32 I ?& 041 225 0 10
2 !72 11 ?5 11,981 024 HA 1 73 042 308 IWA 0.72 II 47 11 71 024 HA 175 041 227 N/A
3 07'3 1175 11.08 134 WA 1 7• 042 3,08 HA 0.73 1147 11 _1 024 N_A 175 0.42 308 _

3 074 1175 11+08 0.24 N_A 174 * 0.42 330 HA 074 1147 1171 0_4 N#A 178 042 3.08 WA
3 0?5 1175 1132 024 N/A 175 043 3,31 PMA 0?5 1147 1171 024 NJA 177 032 230 I_A
3 0?5 1175 1108 )24 WA 171_ 043 3_ N#A 0?5 1147 1171 124 t_A 175 043 321 HA

2 0?7 1175 12-00 0_ HA 177 04d 333 HA 0?7 1147 1171 024 N_A 171) 0_3 2._ N/A
3 0.?5 1175 12-00 0_5 HA 177 044 534 N/A 0?9 1147 1172 0.25 HA 1712 044 5.33 N0A
3 071} 1175 12-00 026 WA 1.75 044 3,38 HA 0?9 1147 11?2 0_ N0A 1+25 044 334 HA
2 180 11.78 12-_0 0_S WA 1 ?9 04(5 338 HA 1_) 1147 11?2 0_ HA 1+11 044 384 I_A

3 081 11.75 t;L00 0_ IWA 1.25 045 3_ HA 001 114? 1172 108 WA 11_ 0.45 3316 t_VA
3 0812 1175 12.00 02_ 0.01 180 046 337 0,32 032 114? 1172 0g_ 001 132 048 308 0 10

3 0,32 1175 1200 028 _VA 151 04_ 338 HA O83 1147 1172 0.28 h_A 183 048 33? NAA
2 0114 11,75 12-00 0_ I_A 1._ 046 208 HA 01d 1147 1179 0.2_ HA 184 046 5981 IWA
3 0.N 1176 12-00 025 I_A 1.02 04? 34O I_A 00S 1147 1172 0.85 N/A 184 O46 39(; t¢'A

HA 11_ 047 541 I_A 09(; 1147 1172 025 N/A 1_ 04? 540 HA3 Om 1175 1201 0.08

3 06? 11.75 12.01 0_ P4/A 184 04? 341 N_A 04? 1147 1173 0,08 HA Im 047 240 N/A

3 0.25 1175 11L01 0_ N/A 18d 048 3.42 WA ON 1147 11.73 0,3O N/A 1N 04? 341 kVA
3 0.N 11.75 1_01 0_ WA 1.N 0.4_ 343 N/A ON 11 47 11?3 _ N#A 1 97 048 34_ N_A

3 0._) 1175 12-01 O_B N/A lm 04_ 244 WA 0.110 1147 11._3 09(; HA I.m 046 343 N/A
3 0.91 11.75 12-01 0.9(; HA t.m 046 346 HA 0.01 I1 47 1173 0_ N_A lm 09(; 54_ kVA
3 0,33 11.78 12-1_ 0.08 N0A 1.67 044 3_ IWA 032 1147 1173 0_ IWA 1N 046 5_ N_A

3 0+03 11.75 1_L01 0_8 G01 13O 0J_ $46 0.08 0_3 11.47 1173 0.N 001 1.08 025 $46 000
3 094 11.75 12.01 0,_ HA im 0J0 247 I_A 004 1147 11?2 03,6 _MA 1 90 049 246 N0A

/vmm_e_met 197fl A_tmO_mI, 0.10ft
2ram 25ram
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ParametrixInc. : AngelaWilcox

Portof Seattle Checked By:.554-2912-28B December 5, 2001
Wailkm' Creak
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Start of 7-Day Low Flows with _ StaUmc_l Ranking of Average 7-Dw Low Flows
Average Flow Rates _!_ period of Record: 1949-1995

No Fill inflow _._:
1994 HSPF _i Average

Walker Creek _ 7-Day Lows R_m'n

Date W_!_d at POC _ Date Ordered Rank P,Jmk/N+ 1 Frequency

17-OcI49 0.66 19 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
30-5ep-54 0.87m _1988 0.65 6 0.13 12.5

23-Aug-55 0.83 _/1986 0.66 7 0.15 14.6

2-Sep-56 0.85 i"1949 0.66 8 0.17 16.7
2-Sep-57 0.80 f_1977 0.66 9 0.19 18.8

lO-Sep-58 0.70 _;i1992 0.67 10 0.21 20.8
2-Aug-59 0.85 b_ 1985 0.68 11 0.23 22.9

20-Sep-60 0.83 [_.1980 0.68 12 0.25 25.0
4-Sep-61 0.80 _"1989 0.69 13 0.27 27.1

23-Au8-62 0.79 _1958 0.70 14 0.29 29.2
6-Sep.63 0.74 _: 1981 0.70 15 0.31 31.3

8-Aug-.64 0.90_i_:1990 0.71 16 0.33 33.3
24-Aug-65 0.78 _: 1976 0.73 17 0.35 35.4

25-Aug-66 u.//:_!' 1995 0.73 18 0.38 37.5

15-Aug-67 0.75_' 1963 0.74 19 0.40 -39.6
28-Jun-68 0.94_-1973 0.74 20 0.42 41.7

26-Jui-69 0.82__': 1982 0.75 21 0.44 43.8

2-Sep-70 0.76_ 1967 0.75 22 0.46 45.8
10-Jul-71 0.88_ 1970 0.76 23 0.48 47.9

25-Ju1-72 0.94_.! 1953 0.76 24 0.50 50.0
24-Ju1-73 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 0.73 _i _ 1984 0.77 28 0.58 58.3
19-Jun-77 0.66 _ 1951 0.78 29 0.60 60.4,
26-Jun-78 0.78 [_ 1965 0.78 29 0.60 60.4

6-Aug-79 0.63!_"_:1978 0.78 31 0.65 64.6

lg-Aug-80 0.68_: 1962 0.79 32 0.67 66.7

8-Jul-81 0.70_ 1975 0.79 33 0.69 68.8
23-Jui-82 0.75_,_-.1961 0.80 3,4 0.71 70.8

l-Aug-83 0.90,_::1957 0.80 35 0.73 72.9
_2

21-Jui-84 0.77_-_-_1969 0.82 36 0.75 75.0
27-Jui-85 0.68_ 1960 0.83 37 0.77 77.1
3-Aug-86 0.66_- 1950 0.83 38 0.79 79.2

16-Aug-87 0.64_ 1955 0.83 39 0.81 81.3

18-Jui-88 0.65_. 1959 0.85 40 0.83 83.3

13-Jui-89 0.69_ 1956 0.85 41 0.85 85.4
3-Jul-90 0.71_ 1954 0.87 42 0.88 87.5

0.76 :':_:"1971 0.88 43 0.90 89.63-Aug-91 _'_-'-

26-Jul-92 0.67 _"i 1964 0.90 44 0.92 91.7
11-Aug-93 0.65 _ 1983 0.90 44 0.92 91.7
18-Ju1-94 ".....0.60,_.,._1972 0.94 46 0.96 95.8

18-Jim-95 0.73_i: 1968 0.94 47 0.98 97.9

Walker Creek Low Flow 12-5 draft 12/5/2001 I

AR 052827



Wir_. Om i Cm_pm _ a_am* Coweined I_

U4.381_F_ _,/ Dumvtm 0. 2001

_ MOIreS CmO_ • Imgm ImPP moeMmO

? Oey LOw IqO_ (1Me-INS)

Qme. - Ul oil

O....mm- 4.00 _"
• lo4Mo pi__ nmnkeM_m rimeD-1 _ M_p.19.0Jrm--.am ;m_.OeoUeem _O-1

mmum umw am.p Omnp mumm w_w cream (:mm_

o amwm _ Mm *nPuw vwmmy pmv Tep mTep waw o ammm _mme _ *nw, ew w.may 1_ *nTw

Tam Ililienll_vmlan Oep_ DepD Clmmel ANe WI01h _ IIM0on Total Ilmll_UlmJlon _ 0epm ClmmmllqowJvee _ wl41h

0.?8 0.10 1.4? N0A 4 0.11 LI0 0.6? 0.10 WA OJM 0.10 1.64 N0A0.11 IUS 0.44 0.10 WA

4 0.13 BJm 0.46 0.10 _A 0.78 0.17 1.61 WA 4 0.10 _ &40 _ IWA 0Jm 0.22 !.01 N/A

4 0.15 6Jm 0.M 0.10 WA 0J_ 0.10 1.83 14_A 4 0.10 _ _ 0._ _'A 0.02 _ 1.1_ IWA

4 0.17 sse 0.48 0.20 0.08 0.68 0.Jl0 1.87 0.15 4 0.1? sit UI 0.D 0.1_ 0.16 0J_ 1.00 0.18
4 0.19 _ 0.48 nsn WA 0.06 0.,10 1.67 NrA 4 0.111 _ &J_ 0JS WA 0JIB 0.38 1.72 N_A

4 0,,11 _ 5.49 021 WA 0.38 0._1 1.10 IWA 4 0.21 S.m S.ikl OJ8 WA 0.19 0_0 1.76 N/A

4 0_ _ 5.40 0_1 N_A 1.01 0J_ 1,5_ I_A 4 0._ _ _ 0._ N_A 0.?2 0._ 1._S N/A
4 0.J6 6J0 _ 0_2 0.02 1.6_ OJL44 1.66 _ 4 _ _sm sat asm 0.06 0.74 0_4 1.01 0.10

4 0.27 ssm 0.61 0._ NfA 1.06 0.,18 1.67 N0A 4 _ Ilia _ 0._ I_A 0.1.3 0.0_ 1.84 IWA

4 0.11) 6J_ 6.62 024 )&*A 1.38 0.27 1.70 IWA 4 OJ_ 5.,!0 0.10 0.00 WA 0.78 0.07 1.67 WA
4 G,31 &2E _ _ N/A 1.10 _ 1.72 _ 4 U1 sme _ 0.,11 N/A 0.00 0.30 1.90 INVA

4 _ _ _ 0J_S 0_1_ 1.12 0-!9 1.74 0.00 4 nmt 0.2_ _ _ 0_4 0.01 0.41 2.00 0.10

4 0J_ _ _ 0.16 N0A 1.14 0_1 1.19 I_A 4 _ _ U1 _ N/A 0.60 0.4d 220 N_A

4 _ _ 0.85 0.27 (_A 1.16 0.=12 1.79 IWA 4 0,17 _ _ 0.06 N_A 0.7? 0.48 2.80 N_A

4 _ S.28 _ _ WA 1.17 0.33 1_1 IWA 4 nsm _ _ 0..18 _A 0.71 0.Sl S)M N/A
4 0.41 _s_ 5.88 _ 0.03 1.19 0.04 1.3_ 0.00 4 0.41 _ _ _ 0.06 0.71 0.0.3 0.07 0.07

4 0.43 _ _07 0_0 WA 1.21 0.36 !.60 N0A 4 0.48 _ _ 0.3? N/A 0.19 0._4 _07 N_A

4 0.48 5._ 5._ 0J_ WA 1.22 0.3? 1Ji0 IqrA 4 0.4dS _ IruN 0.m WA 0.80 0JM 2JI0 N/A
4 0.47 _ _ 0._ N/A 1.24 0._ IJ NfA 4 0.47' _ _ _ IWA OJi2 0.H 2.M N/A

4 0.48 _ _ 0.31 0.M 1.21 _41 1.20 0.10 4 0.40 6J_ _ 0.38 0._ 0.63 0_8 _ 0,_

4 0.51 6.28 8.61 _ N0A 1.18 0.43 1_2 N_A 4 0.61 _ _ _ IWA 0.84 0.00 2.00 N_'A

$ 0,08 824 _ 0.16 WA _ 0.1:1 1.4_ WA 3 OJ_ U4 _42 0.10 tWA 0.J3 0.17 1.61 WA
3 0.11 024 5.40 0.10 _A 0.19 0.10 1.M IWA $ 0.11 _ 0.00 0.10 WA 0.01 0.10 1.03 _A

3 0.13 6.34 6.42 0.18 WA 0.7_ 0.17 1 19 N0A 3 0.13 0._4 0.46 0.61 N_A 0.91 0.21 1,1_ N0A

3 0,16 _ 5.42 0.10 N_A 0.90 0.17 1.61 I_A 0 0.10 _ 0.44 0._2 N/A 0.04 0.24 1.64 WA

$ 0.17 5.a4 _44 0.20 0.05 0J_ 0.20 1.67 0.14 3 0.1? _UI4 _.6? 0.23 0.06 0_7 0_8 1.67 0.10
0 0.19 _ S.44 0.60 WA 0.1)4 0.20 1.68 N0A $ 0.19 0.J4 0.41) 020 WA 0.60 _ 1.71 WA

3 0.21 0.24 &Ji6 0.21 N0A 0.07 _ 1,50 (WA 3 0.21 6.24 0.18 0_6 N_A 0.71 0.29 1.74 WA

3 0.23 _ 5.M 022 WA 0.38 022 1.63 WA 0 _ 5-24 6.61 0.27 IWA 0.1'4 0,31 1+77 _A
$ 0_S _ 5.41' 0 9_ 0_8 1_2 0.26 1*08 O_ 3 _ _ $.62 0J_ 0.06 0.70 0 q'l 1.00 0.13

3 02? 6.24 5.M 0.24 WA 1.04 0.18 1M N0A $ 02? _ 0JD 020 WA O.T_ 0.06 1.20 WA

3 020 _ 0.M 0.24 WA 1_ 027 1.19 WA 3 029 6.)4 _ 0.80 N0A 0.711 0_T_ 1.14 WA

2 0.31 $24 5.49 0._ WA 1_ 029 1.73 WA $ 0.31 6.24 0.1M 0.61 WA 0.01 0.84 1.81) WA
3 0._q 5.24 _ _ 0.3_ 1.11 0._N0 1.?S 0.00 0 _ _ _ 0_1 0.0_ 0J_ 0.40 1.94 0.14

3 0.36 6.24 S.61 0.27 N0A 1.12 0.31 1.77 N0A 3 0.36 _ 5.6?' 0.0_ N_A O.I1 0.43 _ IWA

0._' U4 5-01 0-2? I_VA 1.14 0.._ 1.7_ _A *4 0*3? _ 0.00 O_ NfA 0.1.0 0.47 2._ _A
0.38 S.24 5.$2 028 N/A 1.10 0.34 1.61 N/A 0 0.30 6JH 6.(10 0_q8 N0A 0.7? 0.50 _.66 N0A

0.41 8.24 5.63 0.._1 0J_ 1.10 0..16 1.i1_ 0,50 3 0.41 6JH 2_1 0.3? 0,5_ 0.?9 0.Sa _._16 0.T_

0.43 S.24 5._113 0._ N/A 1.10 0._16 1.3_ I_'A 3 0.43 5.24 U1 0.3? N_A 0.ran 0.54 0.6? IWA
0.40 5.24 S.64 0.30 WA 1.21 0.3? 1.87 WA $ 0.46 0.:N 0.02 0 m N0A 0.82 0.$5 2.6? N_A

0.47 _4 5.06 0.31 WA 1._3 0.20 1.31) WA 3 0.47 U4 0.112 0.28 N/A 0.03 0.S? _.38 P_A

0.41) _4 5.86 0.32 0._ 1,10 0.41 2.04 0.21 3 0.40 _ 0.03 0.68 0,02 0.84 0.0_ 2.38 0.03
0.51 5.24 0,67 0J_ WA 1.17 0.44 _ tWA 2 0.61 _ _ 0.38 I_'A _ 0.00 0.0_ N/A

0.09 5.21 _ 0.15 I_'A 0.3? 0.13 1.44 WA 2 0.30 S.21 _ 0+17 N/A _ 0.16 1.60 N/A

0.11 5.21 5.03 0.15 I_A 0.?8 0.14 1.45 (WA 2 0.11 5.21 _ 0.18 WA 0M 0.11 1.32 IWA
0.15 S.21 0.:18 0.17 N/A 0.7"/ 0.17 1.61 I_A 2 0.13 S.21 0.41 0._ N/A 0._ 0.21 1.10 N_A

0.1S 5.21 5.39 0.18 N0A 0.6? 0.17 1.62 N0A 2 0.10 S.21 5.42 0.21 N/A 0.65 0.23 1.(13 N0A

0.17 8-21 5.41 0.20 0.00 0.23 0.20 1M 0.14 2 0.17 5.21 0.43 0 99 0.0_ 0.M 0.25 1.06 0.16
0.19 5.21 5.41 0_0 WA 0._ 0.21 1M N_A 2 0.19 5.21 0.45 024 N_A 0.19 0.,?7 1.70 WA

0.21 5.21 5.42 0.21 N0A 0.116 0,22 1.61 N0A 2 0.21 w'_1 5.d4 0 sp¢, N_A 0.7"3 0.38 1.72 N0A

0.23 5.21 5.43 0 9_ N/A 0.M 0.24 1.6d IWA 2 0 sq 5.21 6.4? 0._ N/A 0.?8 0.$1 1.76 WA

020 S.21 0.43 0.22 0J_ 1.00 0.25 1.M 0.08 2 0.20 UI 0.M 0.L_7 0._ 0.7? 0.2_ 1.711 0.13

0,27 5.21 5.44 023 N0A 1.0_ 0._ 1.89 WA 2 027 091 0.49 0.H N/A 0.?8 0.34 1.82 WA
0.211 5.21 5.45 0.24 N0A 1.05 0 sm 1.71 P_A 2 0.30 6.21 0.wn 029 I_'A 0.01 0.36 1J_ N/A

0_1 0.21 5.46 020 N0A 1.07 0.21; 1.78 I_A 2 0.31 _L21 5.51 0.30 N0A 0.6?, 0.,18 IJI0 _'A

0.33 5.21 5.d6 0_ 0.0_ 1.00 0.,10 1._ 0.10 2 0..13 S.21 0.01 0.30 0.0_ 0. au 0.38 1.91 0.12

5.21 S.47 026 I_A 1.11 0.22 1.711 N0A 2 0.36 S.21 E.M 0.,12 WA 0.62 0.43 2,17 N0A

0.._ U1 S.M 0.,?7 N/A 1.13 0.03 1.00 N/A 2 0.37 S.21 5._ 0._4 N0A 0.80 0.M 2.47 I_A
0.*_ 0.21 5.40 0.28 _4VA 1.15 0.34 1.2_ 14rA 2 0.38 8.21 0._ 0.qL_ N_A 0.?8 0.00 2.dk_ N/A

0.41 5.21 5.49 _ 0._ 1.10 _ 1.64 0.00 0.41 0.21 _ 0.3_ 0.0_ 0.00 0,51 _ 0.?8

0.43 S.21 5.60 028 N_A 1.1e 0.36 I.M _A 0.43 U1 5.6? 0.38 I_VA 0.12 05.3 2.14 _A
0,45 0.21 5.01 0.30 N_A I.,20 0.*_ 1M I_A 0.40 5.21 6.68 0.37 I_A 00.3 0,64 20.7 P_'A

0.47 5.21 0.51 0.30 _VA 1.21 0.18 1+00 WA 0*47 5.21 5.am 0.3? N_A 0.84 O.M 2.38 IWA

0.49 0.21 0.03 0.30 0.04 1,10 0.41 2.08 0.24 0.49 0.,?.1 5.60 0.38 0.0_ 0.116 0.6? 2.38 0.ae_
0.51 $.21 5.54 _ N/A 1.10 0,44 2.30 hl_A 0.51 S.21 5.60 0.38 N0A 0.6? 0.69 2.00 N0A

0.09 5.17 5.32 0.15 WA 0.71 0.13 1.43 WA 0.00 6,17 0.34 0.17 WA 0.06 0.10 1.49 14VA

0.11 0.17 5.3_ 0.16 WA 0.?8 0,1_" 1.46 _A 0.11 5.17 5.36 0.10 WA 0.wr_ 0.10 1.64 _A

0.13 5.17 0._kl 0.17 N/A 0.60 0.10 1.S0 N0A 0.13 $17 0.37 0.2_ _'A O.&i 0,20 1.M N0_
0.1S 6.17 5.36 0.10 WA 0.84 0.10 1.63 WA 0.15 5.17 0.m 0.21 WA 0.6? 0.22 1,52 N_A

0,17 S17 5.38 0.10 0.04 0.87 0,19 1.86 0.13 0,17 6.17 0.38 022 0.30 0.0_ 024 1.60 0.10

0,19 s 17 5._7 0.20 IWA 0.90 021 1,60 WA 0.19 5.17 6.41 0.24 N0A 0.72 0.38 1.38 N0A
091 :_I _ 5.38 0.21 WA 0.1_ 0.,22 1.22 WA 0.21 5.17 0.42 0.,_ N/A 0.74 0.28 1.72 WA

023 SI" 5.20 022 WA 0.06 0._4 1.84 kVA 0.33 5.17 5.43 0.16 WA 0.?8 0.30 1.19 I_A

0.25 5.17 0.40 _ 0.04 0.38 025 1.67 0.11 0.20 5.11. 0.44 0.27 0.1_ 0.?8 0.02 1.19 0.13

0.27 0.17 5.41 0.24 PkA 1.01 0.2? 1,38 WA 0_7 5.17 5.45 0.26 WA 0.80 0.04 1,81 N_A
0.29 5.17 5.41 0.24 WA 1.03 028 1.72 WA 0.29 5.17 6,46 0.29 N0A 0.82 0.00 1.84 N:A

0.31 5.17 5.42 0.25 NVA 1.06 _ 1.74 WA 0.$1 0.17 5.4? 0,20 N/A 0.63 0.37 1.07 N0A

0.33 5.17 0,43 0.26 0J00 1,00 0.31 1,'_S 0.00 0.23 5.17 6,47 0*30 0.0_ 0.85 0.38 1.20 0.12

0.35 5.17 5.44 0.27 N_A 1.10 0.32 1.78 N0A 0.00 5.17 5.40 0.32 N/A 0.1ki 0.42 2.11 WA

0.37 8.17 5,44 0.27 WA 1.11 0.,1_ 1.01 WA 0.37 5.17 6.61 0._4 WA 0,01 0.46 2.41 N0A

0.39 5.17 0.48 0.28 WA 1.13 0.64 I.ik3 I_A 0.3e 6.17 6.62 0.36 WA 0.80 0.40 _.64 WA
0.41 5.17 5.40 0.29 0.08 1.16 (iS I ju_ 0,00 0.41 5.11. &02 0.38 0.00 0.62 0.30 2.04 0,19

0.43 5.17 0.M 0.:11) WA 1.17 Q,37 1.67 WA 0.43 5.17 _ 0.38 N/A 0.83 0.52 _ N/A

0.45 5.17 5.47 0..10 WA 1.18 _ 1.00 WA 0,445 5.17 0.&4 _ WA 0.04 0.63 0.6? WA

0.47 5.17 5.48 0.31 WA 1.20 0.38 1.60 N/A 0.4"/ 6.17 _ 0.6? N/A 0-86 0*86 2.6? WA

0.49 5.17 5.4t; _ 0.0_ 1.17 0.42 2,12 _ 0.40 5,17 0.15 0.,18 0.n,s 0.6? 0.06 2.38 0.02
0.51 5.17 0.J0 0._L't WA 1.14 0.46 2.:ki N/A 0.31 5.17 _l_ 0.11 N0A 0.08 _ 2.it WA

A_IHIE_q_ImlIOOiP0_NOI. O_4R A_W1011_. O.100

_wq_mNmm m m om_
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Wmc. Ou Mamm Camk Anllm_=Pe,* a* k*m Cam,W _ ;
0S4-H1;F,1_

D_ Memu Cnm ¢) IIm0J HBPF_

7 OW Low Prom (1Me-lira)

Qw,,,,,= 0.17 m

G,,,,,me U1 as

0om,.,.me- _ m

pe_,o41k4.1,m.m0.mmmv_.om =_--- Itmm:D-:l
mmmm WvW C_mp amp

O aroma Immm Rew mPlm wlmy Mew Tep anTep
iiimm Teml mmmmnllm, mwllOlm oqmm _ arm _ wtlm

4 4.41 NdA

4 0.11 7.77 7Jm 0.11 I#A 0.31 0.94 4.67 ;_A

4 0.15 7.77 7.N 0.12 IWA 0._ 0.41 Am N0A
4 0.16 7.?';' 7.00 0.13 WA _ 0.46 EJ_ N/A

4 0.17 7.1"/ 7.91 0.14 0.04 0.86 _ IL_ 0.81

4 0.19 7.77 7*32 0.16 PA*A OJJ 0.m E.$4 WA

4 0.21 7.77 7JR 0.10 WA 0.37 _ _ IWA
4 0._ 7.7? 7.M 0.11_ WA nm 0.01 6.1M WA

4 0*36 7.77 7*34 0.17 0(IS _ 0.84 _ 0.44

4 0.2? ?.7? 7.04 0.17 WA 0.40 OJ8 0.43 N,'A
4 0JB 7.7? 7JB 0.10 WA 0.41 0.71 Lg0 WA

4 0-81 7+77 7.10 0.10 WA 0.42 0.76 0.M NtA
7.77 7.08 0.10 0.02 0*43 0.711 0.01 0.18

0,16 7.7? 7.01 0.11) NfA 0.44 0.31 _ NIA

0.07 7.7? 7.g',' 0.20 WA 0.46 0,44 8.1"2 WA

7,7? 7.ff7 0.20 IWA 0.46 0.118 0.?0 NqA

0.41 7.7? 7,gl 0,21 nt_ 0,47 0.01 U1 0,30
0.4_ 7.7? 7.M 021 WA 0.47 0`04 e.0S WA

0.46 7.7? 7.m 0._ WA 0.M 0.07 0.00 N0A

0.47 7.?? 7-18 0.,12 NIA 0.44 1.00 _ IWA
0.49 7.7? 7,W 0.12 0.01 0*30 I m 0.07 0.16

0_1 7.T? IL00 0.23 N_A 0JSl 1.06 7.01 _A

O.N 7.76 7.M 0.10 WA 0.B 0.31 4.43 P&_A
0.11 7.70 7J07 0.11 141A 0*30 _ 4.01 WA

0.13 7.76 7 jm 0.19 WA 0.32 0.41 4.1_ WA

0.15 7.76 7.10 0.13 WA 0.,13 0.M S.12 WA
0.17 7.70 7.90 0.14 0.04 0.24 _ _4 0.01

0.18 7.70 7.01 0.16 N_A 0.36 0.[*4 5.,16 N/A

0-21 7.76 7.1_ 0.10 WA 0.94 0.08 _ I_'A

0.23 7.76 7.92 0.16 _A 0.37 0.42 S._ )_A
0.25 7.76 7.18 0.17 0.0_ _ 0Ji5 _ 0.44

0.27 7.76 7.94 0.17 I_A 0.40 0.00 0.45 N0A

0.,_ 7.76 7.114 0.10 _A 0.41 0.72 U1 I_A

0.31 7.76 7.96 0.10 WA 0.42 0.76 6.07 N_A
0.3_ 7.76 7.06 0.18 0.02 0.42 0.79 0._ 0*35

0.3_ ?.76 7.94 0.20 N_A 0.43 0._ 0.M N/A

037 7.?S 7.M _ WA o.4a o._ o17,1 N:A
0.38 7.76 7.96 O.2O N_A 0.45 0.N 0.78 N_A

0.41 7,76 7.07 0.21 0._2 0.M 0,42 6-112 0,Ig
0.43 7.70 7.97 0.21 WA 0.47 0. aK _ N/A

0.45 7.76 7.42 0,22 WA 0,44 0.00 0.01 W4

0.47 7.76 7.98 0.22 N_A 0.48 1,01 0.00 _WA
0.4_ 7.715 7.1m 0.Z3 _ O.40 1.03 0.ill1 0.17

0.51 7.710 7.N 0.23 WA 0 _lm 1.06 7.18 (WA
0.09 7.75 7.94 0.10 WA _ 0.32 444 N_A

0.11 7.75 7.87 0.12 WA 0.30 0.37 4.60 WA

0.13 7.75 7J_ 0.13 N_A 0.31 0.42 40.5 N_A

0.15 7.70 7JM 0.15 WA 0.32 0.M 5.14 I_A
0.17 7.75 7*38 0.14 0.04 0.34 0-01 _ 0.83

0.19 7.75 7.gO 0.1§ WA 0.35 0J_ 0`_1_ N_A

021 7.70 7.01 0.10 N/A 0._s 0J_ _.$0 N,'A

0._ 7,?_ 7.01 0.10 _A 0.:;7 _ _k01 _A

0.25 7.75 7.42 0.17 0.0_ 0._ OA6 0.41 1.14
0.27 7.75 7._ 0.18 IWA 0.3_ 0.70 6 47 WA

0.29 7.7S 7.0_ 0.10 WA 0.40 0.73 0._1 WA

0_1 7.75 7.04 0.10 _WA 0,41 0.7? 6.60 N_A
0 l_ 7.75 7.04 0.19 0.00 0.42 0.00 0._S 0.24

0H 7.76 7.1816 0,39 WA 0.43 0.18 0.?0 WA

0.37 7.75 7.94 0.29 WA 0.44 0*37 0.7S I_VA

0*30 7.70 ?.M 0.21 WA 0.4S 0.110 679 _A
0.41 7.7S 7.96 0.21 0.q_ 0.46 0.SlG 6,34 0.19

0.43 7.75 7,97 0.22 N/A 0,40 0.42 0.18 N/A

0.40 7.70 7.97 0.22 N_A 0.47 0.gS 6.42 N_A
0.47 7.75 7.S17 0.Z2 N_A 0.48 1.02 e,sm N/A

0.49 7.70 7.ira 0.23 0.0_ 0.49 1.QG 7.00 0.16

0,31 7,75 7.18 0.23 N/A 0.50 1.07 7.04 IWA
0.18 7,74 7.0_ 0.11 _k'A 0.27 0 _x 4*M N/A

0.11 7.74 7M 0.12 N_A 0-2t) 0._ 4.?0 N_A

0.13 7.74 7.117 0,13 _G_A 0._10 0.43 4.0g N/A
0.15 7.74 7.1_ 0.14 NFA 0.32 0.47 5.16 N_A

0.17 7.74 7.08 0.14 0.18 _ 0.0_. _ 0._
0.19 7.74 7Jm O.15 WA _ 00.G S.41 N/A

021 7.74 7.00 0.16 I_A 0.35 0.42 0.52 WA

0 9x 7.74 7.11 0.17 WA _ 0.03 5.63 N/A

0.25 7.74 7.01 0.17 0.03 0.37 0.67 642 1.13
0.27 7.74 7.92 0.10 N_A 0*30 0.71 6.49 _A

0.3t_ 7.74 7.42 0.10 N_A 0.40 0.74 0.94 IWA
0.31 7.74 7._1 0,11B F&'A 0.41 0.76 6.01 N/A

0.33 7.74 7. m 0.10 0.18 0.42 0.81 0.M 0.24

0.3G 7,74 7,04 0_0 _A 0.42 0.84 0.72 IIVA

0._' 7.74 7lid 0.20 NFA 0.43 0-20 0.?0 IG'A

0._ r 7.74 7.06 0.31 _A 0.44 0.01 0.81 N/A
0.41 7.74 7.06 U1 _ 0.48 0.1M 0.J94 0.19

0,18 7.74 7.18 0.22 N0A 0.18 0._ 0.18 WA

0.48 7.74 7.M 099 WA 0.47 1.00 0.94 WA

0.47 7.74 7J7 0.23 WA 0.48 1.18 0.94 _6'A

0.48 7.74 7.07 0_ 0.18 0.46 1.06 7.42 0.17
0.51 ?.74 7.07 023 WA O.48 1._ ?,18 kVA

At_opalml_lmioilt_ 0.001t A_l_pC_ll_l_wMllt_ 0.1111_

_mm_mz4mlmomm_mum_
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WmC. I_O Mmm Cmoka_tdm C_md I_
us-mlSe-J_ _ Ooomi_ 0. _001

_ gaUo0nmCm/O m HIn, I, _
7 lUeyLm,f Iqowe (10W-IM)

Qu,,,u, • 0.17 Ide
Q,,,..,._l Ul ale

Oo,.,_m,i - 4.N
Iqm_l_110eO.21w6nme..IM Illl_l,_.llkoam-z--- Itmm_04

Wm_ _i00
0 _ m O'Uow mP,m _ _ 'irop ,-'sop,

0aimR'sesI __0mah _ _ _ _

0.15 Z.4_ WA
4 0.11 £110 _ 0.1lp 19A _ 0.10 _lm iOWA
4 0.19 LII0 0,00 0.15 MA 0.84 0.,110 3.0? 19A

4 0.15 IL00 0.00 0.13 19A 0.70 OJI2 2.73 WA0.17 0.00 0,00 0.13 0.04 nil 0.00 _ ell0
4 0.10 880 8J_6 0.15 WA 0._3 has _ WA
• 021 0.80 (LOS 0.10 19A 0.11 0.N 0.m WA
4 _ _ 0.06 0.11 WA 0.T)' 0.00 31.10 19A
4 OJS II_ 0.0? 0.17 nnn 0.711 n_ &l? 0,16
• 0,_ lain 0.07 0.17 B0fA O.10 0,,14 _ N0A
• 0.N &J0 0,0? 0.17' )MA 0J0 _ 2.m N0A
4 0.31 0.g0 8.08 n 10 WA 0Ji0 0.n 3120 19A
4 0.33 UO 0.00 0.10 G0_ 0.90 _ _Lm 0.10
4 0.36 0.00 0,00 0.10 19A 0.a_ nm 31.42 19A
4 0.17 _ 0.00 0.19 19A 0.M 0.40 _ 19A
4 0_0 LgO 0.10 non 19A _ 0.41 _ 19A
• 0.41 Sil0 0.10 OJ0 0*02 0.116 0,4_ _
4 0._1 0,an 6.11 _ IWA 0,07 0.44 3.16 8A
4 0.4_ _ 0.11 0.21 19A _ 0.44 0._1 N0A
4 0.47 0.00 0.11 021 WA 0JI0 0.40 0.1qB 19A
4 0.00 3.00 S.S2 _ _ IA0 0.00 &|l _1
• 0.01 8.00 6,12 0._ 19A 1.01 0_0 _ 19A
3 0.00 0.0e _ 0.12 8A 0JI4 0,17 0.•0 19A
3 0,11 _ _ 0.10 8A 0Ji0 0.10 _i0 19A
3 0.13 _ 0,N 0.13 LWA _ 0.10 2,00 8A
3 0.13 E.N gJ00 0.14 IMA 0.00 0._ 2.?0 lIMA
3 0.17 _ 0.01 0.15 _ 0.70 _ _
3 0.10 1_6 0.r_ 0.16 19A 0.71 0.2? 2.0? 8A
3 021 LM 0,01 0.15 IWA 0.111 0._ LB8 WA
$ _ _ 0.00 0.17 19A 0,74 nSl 3.14 N_A
3 0 _x _ 0_ 0.1? 0.02 _ _ 3.10
3 0.2"/ 0,_ 6.04 0.10 19A 0,70 0..16 3._ 19A
3 0.20 0,08 0.04 0.18 8A 0,06 _ _ N0A
3 0.01 0,M 0.04 0.18 8A 0,r/ _ dlJD 8A
3 0._ 0.M 0,00 0.10 0.02 0JI0 0.37 _L_ 0.29
3 0.35 _ 0J06 0.10 WA 0.00 0.310 3.45 WA
3 0.31'/ 6,86 0,00 0..10 8A 0.01 0.41 3.$1 8A
3 0.30 S.lle 0,00 0.30 8A 0,00 0A2 3.37 19A
3 0.41 0.8 6.07 021 0,_ 0.0_ 0._4 _00 0.L_4
3 0.43 0,M 0.0;' 0.21 19A 0.96 0.45 3.0e 19A
3 0.45 SJi6 6-00 022 19A 0,00 0.47 3.74 8A
3 0.47 _M 0,00 0.22 8A 0.97 0.4_ 3.79 19A
3 0.49 SJIG 6,06 0.32 0.01 0,00 _ 3.154 0.21
3 0,51 8-06 0.00 0.1"1 19A 0.N 0.61 0..8? 8A
2 0.00 0,83 S,M 0.10 19A 0.83 0.14 3.316 8A
2 0.11 _ 3,04 0.11 19A 0.06 0,17 2.41) 8A

0.13 $83 5.06 0.12 WA 0,1_ 0.19 2.(13 8A
0.15 _ 0,07 0.1• WA 0_ _ 0.154 WA
0.17 5.83 S.f/ 0.14 0.04 0.74 0.23 2.00 0.44
0.19 0,83 0,90 0.10 19A 0.00 0.m 31.01 8A
0.21 5,83 0,N 0.10 8A 0.?7 02? 2.09 _A
0.23 S.03 3.N 0.16 8A 0.72 _ 3.18 8A
0-25 5,03 0,N 0.16 0.02 0,00 0.$1 3.14 0.34
0.27 0,83 0,01 0.18 19A 0.73 0.,16 3.33 8A
0.29 5.03 0,00 0.17 WA 0.03 0.318 3._ 19A
0.31 6JI3 0.01 0.16 8A 0._ 0*37 3.36 8A
0.33 5JI3 0.01 0.10 0.02 0M 0..10 0,48 0.8
0.3S 5,83 6.0_ 0.10 8A 0.118 0.40 3.40 IWA
0.37 0,03 6._ 0.19 WA 0.80 0.43. B.M _A
0.30 0,03 0.00 0._0 8A 0.00 0.43 3.01 8A
0.41 0,83 0._0 0.20 0,02 0.01 0.45 31316 0.23
0.43 5,03 0.04 0.21 8A 0.m 0.M 3.72 19A
0.45 5.83 0.04 0.21 8A 0.94 0.48 3.7"7 kS'A
0.47 _ 0.06 0.22 8A 0.06 0 am 0,03 IWA
0.40 5JI3 0.06 _ 0._ 0,1Nl_ 0.51 3M 0-20
0.61 5.83 0,00 0.32 19A 0.97 0.$2 3.an 8A
0.00 5.?9 0.00 0.11 8A 0,60 0.16 2.43 8A
0.11 5,70 5,01 0.12 8A 0.01 0.10 2._ 19A
0.13 5.?9 0.an_) 0.19 8A 0.414 0._ 2.06 N_A
0.15 0,_0 5.93 0.14 8A 0.e7 0.Z2 2._D 8A
0.17 5.71} 0,_1 0.14 0J00 0.70 0_N 3.M 0.43
0.10 5,_ 0,_ 0.15 8A 0,_ 0.26 3.36 WA
0.21 5,_) 5.116 0.16 19A 0.7• 0._ 3.00 WA
0.23 5,_D 0,05 0.10 8A 0.7S 0.310 3.11 _VA
025 5,710 0,M 0117 0.0_ 0.?8 0.3_ 3.10 0.32 !
0.27 0,70 5-96 0.17 8A 0.00 0.34 3.26 8A
029 3.711 0,97 0.10 WA 0.01 0.36 3.33 8A
0.31 5.79 _ 0.1| 19A 0.83 0.3? 3.00 8A
0.33 6.79 6.80 0.10 0.02 0.84 0A0 3.46 0._

5,71) 0,_ 0.10 N/A 0,Ee 0.41 3.S2 8A
0.37 0.71) S.N 0_L0 19A 0.87 0.43 3JSB 8A

0,?0 acN 0.110 19A 0J4 0.44 31.114 19A
0.•1 S._g 0.00 0.21 0J_ 0_ 0.4_ 0,_0 0.24
0.43 3.79 0.00 0.21 19A 0.91 0.47 3.'/0 19A
0.4S 0,71) 0.01 _ WA 0.92 0.40 3.01 8A
0,47 5,79 0.01 _ 8A 0._t 0-01 _Ja_ 8A
0.4g S.79 0.01 0.22 0.01 0.94 0,02 3.00 0.10

0.61 5,_ 0.00 023 19A 0.M _ "hi 19A a_"i__m _ _ _# (1)ram)
AvwqoCIm_olnamum, 0.Ult __I_ m_Is, _i__t* _ (at, m)

;
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Start of T-Dgy Low FIows - : .:: SIIIBItk_|RMtlGr_O_A_fflIIge7-OllyLowFtows

v_m Average Row Rms " Pen_l of Recom: 1949 - 1995
1994 HSPF _- --

Des Mmnes Creek It Average
200th St. IFmwcfs . -__ :. 7-DayLows Return

Date Average 7.Day Low Flow _ ". " : ___ Year On:fete0 Rlmk Ranld(47 �`�FreQuency

-'-/:. • t977 0.17 1 0.02 2.1
1949 Sep 7 0.18 ; - i ;:-:_:__.,';,--_ 1949 0.18 2 0.04 4.2
1950 Sep 17 0.40 - :: ._;_,.._-_=_

........ - 1952 0.21 3 0.06 6.3
1951 Aug 20 0.35 • -'_ _" ::;_:- 0.06 8.3
1952 Oct 13 0.21 : _,:.._._:_:,:. 1994 0.22 4

1963 s_o 15 0._ _%_'_,_-:='-._ 1979 0.22 5 0.10 10.4
1954 Aug 7 0.48 :.,.,_,:- 1988 0.25 6 0.13 12.5

:_ t965 0.25 7 0.15 14.6
195s s_o 8 o.34 i_;-__;'__ l_S o._ 8 0.17 18.7
1956 Selo 3 0.43

1957 _ 20 0.32 ,_;,_"_,_-_"" -" _, 1993 0.27 9 0.19 18.8

1973 0.27 10 0.21 20.81958 Sap 2 0.27 :
1950 Aug 24 0.38 ,. ...... "'_ 1958 0.27 11 0.23 22.9

1960 Aug 7 0.39 _-;_.:_,.,_: 1981 0.28 12 0.2.5 25.0
198'_ Aug 23 0.40 ":_:.,: :_'_," 1987 0.29 13 0.27 27.1
1962 ,SelO 2 0.33 ......;'_'>;" .... 1990 0.31 14 0.29 29.2
1983 SeD 27 0.36 _"._,_- t974 0.31 15 0.31 31.3

1964 Aug 31 0.47 _':;_:__:_':_'_:: 1992 0.31 16 0.33 33.3
1965 Aug 3 0.38 i .-_;_ "_- 1966 0.32 17 0.35 35.4
1966 Aug 20 0.32 _'._ :_-_':: 1957 0.32 18 0.38 37.5

196"/ Aug 25 0.33 ":_._'_:_,';_:_._--'_ 1970 0.33 19 0.40 39.6

1968 Aug 8 0.47 _:_ ;;--_-_;;_ 1975 0,33 20 0.42 41.7
1969 Sep 8 0.38 r- •, _,,,_.-_-;;_,:_;,- 1962 0.33 21 0.44 43.8
1970 Aug 27 0.33 L_:_._.._._,_o_'-,;:_ 1980 0.33 22 0.46 45.8

1971 Aug 14 0.41 _i_.:_#:_:_; 1991 0.33 22 0.46 45.8
1972 Oct 18 0.51 !_,_ _._.. 1967 0.33 24 0.50 50.0

:_ ,.'.<._,_._"_
1973 SeD 12 0.27 1976 0.34 25 0.52 52.1
1974 Oct 13 0.31 _- _ __'.-'_-_ 1_m o.3, 26 o.s, 64.2
1975 AUg 11 0.33 !.;: :'_'_,-_.:_-'C.- 1951 0.35 27 0.56 56.3
1976 Oct 17 0.34 _ 1995 0.35 27 0.56 56.3

1977 Aug 16 0.17 i_ I 1953 0.35 29 0.60 60.41978 Oct 16 0.41 :_ ._'--_. _;_r,:: 1989 0.35 30 0.63 62.5

1979 Au9 7 o_ _,.-r,',_ 1_4 0.35 31 o._s s4.8
,_!.__ 56.71980 Aug 23 0.33 1963 0.36 32 0.67

I_81 s,,,, 12 0._ ::."_._- 0._ 33 0.89 ,.81965

1982 Aug 6 0.41 _.._,._ ,.::..:_ 1969 0.38 34 0.71 70.8
1983 Oct I 0 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 Sep 10 0.26 ::::::i- ii::::;.... 1950 0.40 38 0.79 79.2
1987 SeD 7 0.29 :.;_--,/,_'-_j 1971 0.41 39 0,81 81.3
1988 Sel_ 11 0.25 '_-=-_.__.:.'-,.< 1978 0.41 40 0.83 83.3
1989 Oct 3 0.35 '_ ::i-'".. ' 1982 O41 41 0.85 85.4

1991 Oc_ 9 0.33 1983 0.45 43 0.90 89.6

1992 Sep I 0.31 ..... ._. :_\ 1964 0.47 44 0.92 91.7
1993 SelD 29 0.27 -:. :i:. ._,_- 1968 0.47 44 0.92 91.7

1994 Aug 26 0.22 ':-.: 'i,;_.,.'._: 1954 0.48 46 0.96 95.8
" :-"_ '_: 1972 0.51 47 0.98 97.91995 Se;:) 20 0.35 " : :. _.

Rank : Numerical l)OSitionof or0erecl average 7-clay low flow

values with the clfiestyear eclua| to one.
N=47
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Seattle Tacoma International Airport

Low Flow Analysis
Flow Impact Offset Facility Proposal

RESERVE STORMWATER RELEASE STORAGE FACILITIES
CONCEPT DRAWINGS
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Orifice Sizing _tion

Senme-Ta_omn InWrnabonal Airport
Low Row AnnlysJs
Flow Impact Offset Fooility Proposal

Given: Fnci_ty SDW2 SDS3
Maximum D_..m_rge (c_s) 0.11 0.08

2" 1 3/4"

DesiQn
Orifice Dia. 2 1.75

Cd 0.62 0.62
A 0.0218 0.01b'7
H 1.00 1.00
O 0.11 0.08

_ F,oa, w.,.rSu..ce
• I

,i--Support

H _ Orifice Box

,--Orifice

Floor

Sumls

Depth = H + I ft.(Min.)
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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) ('R.2Resources Consultants et al. 2000). The protocols were designed to
provide year to year comparisons of several habitat amibutes.

REACH SELECTION AND DELINEATION

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

REACH UNIT LENGTH

To facilitate the development re_.mlation appropriate to aquatic ecosystem conditions within the
Port of Seattle ('Port), a standard survey reach length of approximately 30 bankfull channel
widths will be used. Bankfidl width (BFW) measured at the be_nning 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 length of 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 confluence), the reach will end at
this point and a new reach assessment will begin. Reach assessments will begin at the
downstream end of each reach.

FIELD EQUIPMENT

The following equipment will be used for the physical habitat momtormg:

• Field computer

• Stadia rod or wading stick (feet)
• Measuring tape

• Hip chain (feet)
• Flagt2dngtape

• Thump tally
• Digital camera

• Abney level

• Off-channel habitat qualitative assessment forms (Attachment A)
• Culvert assessment data forms (Attachment B)

• Global positioning system (GPS) unit

LowSrreamflowAnalysis December2001
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FIELD COMPUTERS AND FILE MANAGEMENT

Durin_ the survey, data will be entered into a spreadsheet database contained on a Juniper
Systems Allem'o TM Field PC. Detailed operating instructions for both hardware and software are
contained in the Allegro Field PC owner's manual, available to all field personnel. The
following section describes the procedure each survey team should follow to ensure all data are
stored m a useful and organized format.

Activate the Field PC by pressing the On/Offbutton (as long as the batteries remain charged, the
field computers will revert to suspended mode when tamed "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 desknop PC.

At the beginning 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 dam 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 backup copy of the blank spreadsheet is located in C_MyDocs in case the original is saved
OVer.

Once the file is saved as the reach identification number, check to make sure the caps lock is
engaged and begin filling all known reach information into the spaces provided in the header
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 minimize potential 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 th_
header sheet and perform a final save before closing the file.

Completed reach files should be 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
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make commentsbasedon theirbestprofessionaljudm'nent.Recorda briefexplanationofthe
decisionm thecomment fieldassociatedwiththeparameterm question.

Station

At thestartofeachreach,ue offandzerothehipchain.Recordastation(m yards)foreachpieceof
informationgatheredm thereach.The stationdesignationprovidesan organizationalrecordfor
dataentry,intoanextensivefieldcomputerdatabase.Whilethehip-chainstationreadingisfairly
arbitraryon a subbasinscale,itallowsthephysicalhabitatinformationrecordedtobe analyzed,if
needbe,on a site-specificlevel.The stationdesignationalsoprovidestheopportunityforqualiD,
controlsurveys.

Protocol for Dry Channels

Channels that are dry at the time of the survey will be surveyed for BFW and wood and bank
instability. If dry channels have standing water m pools and these pools meet the survey criteria,
theywillalsoberecorded.

HEADER INFORMATION

Purpose:Headerinformation,likealldatacollectedwiththisprotocol,islinkedtoa databasetab
withinthedatasheet.Thesedatabasetabsfacilitatedownloadingdam intoMicrosoftAccess.From
there,thedatacanbe organized,checkedforquality,andimportedintovariousanalysispackages
suchasExcelandAnalytic&

Procedure:The headerinformationisarrangedtoorganizethereachdata.At thestartofeach
reach,obtainlazimdeandlon_mdcfromtheGPS unitandrecord.Load additionalinformationinto
the appropriateareas.An informationbox is availableunderthe comment spacethatwill
automaticallycalculate,aftertheinitialBFW ismeasured,therninirrlumpooldepthand size,large
woody debris(LWD) lenmhandwidth,andthegenerallocationsofadditionalBFW measurements
('FigureG-I).

HABITAT PARAMETERS

Bankfull Width

Purpose: BFW is the primary measure of channel size and is used to determine the minimum
sizeoffunctioningpoolsand woody debrisalongthereach(explainedbelow),aswellas the
reachunitlength.

Defmition:BFW isthewidthof a streamchannelatthepointwhere over-bankflowbegins
duringa floodevent.In enn'enchcdchannelswithdisconnectedor undevelopedfloodplains,
bankfullindicatorsmay include:thetopofdepositedbedload(gravelbars),stainlines,thelower
limitof perennialvegetation,moss or lichen,a change in slopeor particlesizeon the
streambank, and undercut banks (USFS 1999).
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Figure G-1. Example Data Entry for Reach Unit Header Sheet
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Procedure:Foreach166-yard(roughly500 ftlong)reach,threeBFW measurementswillbe
made. MeasureBFW atthecrestofthefirstfit'tic,atthecrestoftherifflesnearesta distanceof

83 yardsupstream,and atthecrestofthelastrifflenearesta distanceof 166 yardsupstream.
Straight,low-m'adientriffleswith uniformbanks arebestforidentifyingbankfullstageand
thereforeBFW. Locatebankfullstageby usinganyoftheaboveindicatorson atleastone ofthe
srreambanks.Measure thewidthof thechannelattheindicatedpointand recorditin the
handheldcomputerdatabase(FigureG-2).

BANK CONDITIONS

Purpose:To assesschannelstabilityandresponsetowatershedconditions.Thisprotocolwill
followthedefinitionsusedby BauerandBurton(1993):

Definitions:

• Bank Stability:Definedby theAmerican FisheriesSociety(Arrnantrout1998)as the
resistanceofabanktoerosion.

• Bank InstabiliD':Banksareconsideredstableunlesstheyshow indicationsofanyofthe
followingfeaturesatorabovebankfull(thislistisforreferenceonly,surveyorsarcnot
expectedtorecordtheinstabilitytype):

- Breakdown: obviousblocksofbankbrokenaway and lyingadjacenttothebank
breakage.
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Figure G-2. Example Data Entry for Start. Midpoint, and End BFW Measurements

L.,qI "..i . i,_, mI-r='=n .......... ,'.,_,nnr., _'__ | _
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_:',I BFW (I'll Riffle
,':";; (1"411oCnsm WOI_Cl .
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._.-: _s8 34 I 23

MeII i

2nd BFW 83 Yd
;_! MOIl =

"'_ 3rdBFW 166 Yd
_i MelI i

- Slumping or False Bank: bank has obviously slipped 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 stream.

- 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.
• Roots of vegetation cover < 50 percent of the bank.
• Rocks of cobble size or larger protect <50 percent of the bank surfaces.

• Logs of>10-cm diameter protect < 50 percent of the bank surfaces.

• Bank Hydro-Modification: ]=or hydro-modified banks, record the type of modification
and the material composition of the toe of the feature (at and below the bankfull elevation).
Seven categories of hydro-modification are listed below:

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

- BR: Bridge Footing
- BE: Beaver Dam
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- DA: Dam
- CU: Culvert

To capture the extent of beaver dams in the systern, g,e have included them as a category distinct
from human-created dams. All dams Coeaver 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 cm) in diameter.

• RU: Rubble - bank matcrial <10 inches (256 cm) in diamcter will be considercd rubble.

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

• EA: Earth - includes artificially placed soil as well 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) and record the hip-chain reading in the

field computer database. Continue with the survey collecting data on any and all other required
stream features. When the clad point of the bank feature is reached, record the hip-chain reading
in the database. The length of the feature gill 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 column, 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 len_ah of the hydrolo_c impoundment (Figure G-3).

WOOD STRUCTURE FREQUENCY (ADAPTED FROM WFPB 1997)

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

Definitions: Wood structures are classified into three categories (woody debris, stumps, and
jams) using the following defmitions:

• Key Large Woody Debris (LWD) - defined as downed wood that intercepts bankfifll flow
in a substantial fashion and is large enough to influence the formation of habitats (USFS
1999). To be counted as key LWI). a piece of wood must meet the minimum criteria listed

m Table G-I, which are based on the average BFW for the reach surveyed. To qualify, a
piece of wood must have a minimum Icngnh of geater than 26 ft (for BFW of 0 to 16.4 it).
Additionally, the diameter of the wood must be greater than 1.3 ft (again for BFW of 0 to
16.4 if). Wood that spans the bankful] channel and touches just above bankfull on both
sides is counted.
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Fi_oure G-3. Example Data Entry for Stream Bank Condition

Table G-1. Minimum size to qualify LWD as a key piece (3V]_B 1997).

Bankfuil Width Diameter Length

Meters Feet Meters Feet Meters Feet

0 - 5 0 - 15 0.40 1.3 8 26

6 - lO 15 - 30 0.55 1.8 10 33

11 - 15 30-45 0.65 2.1 18 60

16 - 20 45 - 60 0.70 2.3 24 79

• Stump - A rootwad with a diameter greater than or equal to 3 fl and a length anckor bole
diameter less than the minimum LWD criteria. The rootwad or attached bole must

simaificantly intercept bankfull flow.

• Small Wood - If wood is more than 6 ft long and greater than 4 inches in diameter at the

narrowest end, then the wood is tallied with a hand counter and recorded on the header page
at the end of the reach.
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In addition to LWD dimensions, wood debris is further characterized by collecting data on

roo_wad presence, wood type, decay class, and association with a jam. These attributes are
defined as:

• Rootwad Presence - for a rootwad to be counted on a piece of woody debris, the rootwad
diameter must be at least 3 ft.

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

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

TableG-2. Decayclasscriteria(Collinsetal. 2001;Sehuett-Ehtmeset al.1994).

DecayClass Bark Twigs Texture Shape WoodColor

1 Intact Varies Inutct Round OriginalColor

3 Trace Absent Smooth Round Darkening

5 Absent Absent Abrasion Round/Oval Dark

• Jam - Three or more touching pieces of woody debris and/or stumps (defined above)
together producing a single su'ucture significantly intercepting bankfi_l flow.

Procedure: Determine minimum length and diameter of key large woody debris based on
bankfull width at the starang 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 (jam 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 (Fire,re 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 criteria 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
Natural Resources (WDNR) standard methodolo_, for assessing riparian vegetation along
streams using aerial photographs combined with field verification (WFPB 1997).
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Fissure G-4. Example Data Entn" for W'ood Structure
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Definition:

• Riparian Area - 100 ft on either side ofbank_l edge tordinaD."high water mark) of'the
Sl2"e_rl_.

Procedure: The V,rDN-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 Tables G-3, G-4, and G-5. For example, a riparian zone on the left bank
with a typical stand of 20-year-old alder would get HMD (for hardwood, medium, dense). If the
right bank was a mature, mixed-deciduous forest with at least 30 percent conifer understory
be_nmng to accede to the canopy, i_ would probably get MLD (for mixed large dense).
Observers should interpret the riparian canopy as it would appear from an aerial photo_aph.
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 diameter classes of trees (diameter at breast height [dbh], or
4.5 ft from the _ound] and checking the visual estimates with a diameter tape.
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Table G-3. Riparianvegetation types for King Count.' strum surve._.

Type Code Description

Comfer dommated C Foresmd. more than70% of trees are comfer

Hardwood_ommated H Forested,more than70% of the trt_s arc hardwood

Mixed M Forested, no dominancegreaterthan 70%

Shrub S Dommamdby woody st_.... ,ed vegetation thatdoes not reach > 40 ft at
matmixy,e.g.. willows (Sal_c), dogwood (Comus), and salmonberry
(Rub_).

Grass or cleared G Pasture,row crops,maintainedrights-of-way, orchards,parkland,
landscapedareas, vacant fields, marshes, and wetlandsnot m open water.

Urban U Greaterthan70%of RCU is paved or built-up. Includesroads, levees,
railroads,and bridges.

Table G-4. Size dusifieafions for riparian trees.

Type Code Description

Small S Dominant _'ees m the RCU: DBH between 3" and 12"

Mechum M Dominant trees m the RCU: DBH between 12"and 20"

Large L Doxmnantuees m the RCU: DBH greaterthan20"

Not applicable X Value applied to the shrub, grass, andurban classes

Table G-5. Dens/D,classes for riparian trees.

Type Code Description

Dense D More than I/3 of the RCU is covered by trees

Sparse S Lessthanl/3oftheRCU iscoveredby trees

Notapplicable, X Valueappliedtotheshrub,grass,andurbanclasses

POOLS, RIFFLES, AND SUBSTRATE

Purpose: To characterizethe stream longitudinal profile as a measurementof fish habitat, and
to quantify substrate conditions in potential spawning locations as an assessment of the risk to
eggs and juveniles fi'omentombment, oxygen depletion, _II abrasion, and foraging difficulty.

Definitions:

• Pool- a sectionofstreamchannelwherewaterisimpoundedwithina closedtopographical
depression(AbbeandMontgomery.1996).

• Riffle- definedbytheAmericanFisheriesSociety(Armantrout1998)as:"'...characterized
by smallhydrologicjumps ofroughbedmaterial,causingsmallriffles,waves,and
eddies..."
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• Subsrrate (bed load) - defined by the American Fisheries Socie._ (.4a-mantrout 1998) as a

general term. that refers to the sediment moved by a su'eam at the bottom.

Procedure: Data are loaded m the Pools_Fines tab of the computer (Fim]a'e G-5). Pool

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

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

\ UJcJ_udt txcel - Ix_qLk_._|l I)_! I xl_ [_DE

Table G-6. Minimum pool size requirements.

BankFull Width(It) Area(it2) ResidualPoolDepth(ft)

o- 8 5.4 (0.5m:) 0.33 (0.10m)

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

16- 33 21.5 (2.0m") 0.82 (0.25m)

33- 49 32.3 (3.0m2) 0.98 (0.30m)

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

>66 0.2 x BFW 0.0968x BFW o,.,_s
Based on: Schuett-Hames et al. 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. Calculatetheresidualpool depth(maximum depthminus pool fallout)manuallywith a
calculatororautomaticallybyenteringthedepthvaluesintotheappropriatedatabasefields.

3. Maximum pooldepthsofmorethan6.0flmay beenteredintothespreadsheetas6.0with"'over
6 fl" entered in the comment field.

4. IfthecalculatedresidualdepthvaluefallswithinthecriteriainTableG-6,measme themean
wetted width and length of the pool, and the meanfuncaonal width and length. The functional
area is the area of the pool most likely to be used by adult salmonids for holding, and is defined
by a minimum depth from Table G-6 or the pool milout depth, whichever is greater. This
definition captures the deeper areas of the pool and excludes the shallow rnm'_i'nsas the pool
tapers toward the banks.

5. If the functional areameets the area requirements in Table G-6, the pool is of acceptable size. If
it does not, remove the entered measurements from the record and continue surveying.

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

Calculate the functional pool surface area (length x width) manually with a calculator or
automatically by entering the functional pool length and width values into the field computer
database. If the calculated area falls within the criteria for the BFW (see Table G-6), enter all of the
remaining 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
PoolsFines tab of the computer (see Figure G-5):

I. Enter "R" in the "Habitat Unit" column.
t

2. If"R" is entered, the "Riffle Hip-chain" start measurement will automatically 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 bc taken in
identif34ng the dominantJsubdominant 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 = Silvo_anic (<2ram)
3 = Sand (2 - 4ram)
4 = Small gravel (4 - 25ram)
5 = Large gravel (25 - 74 ram)
6 = Cobble (74 - 300 ram)
7 = Boulder (>300ram)

Embeddedness (the percent that interstitial spaces are filled with small grain particles) ",,,'illalso
be measured in all riffles that potentially support spawning. Embeddedness is also used as a
measure of fine sediment concentrations in the substrate (May et 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: Gravel, 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 m secondary, channels and identify significant off-channel features.

Defmilion:Secondarychannelsaredefinedaschannelsthatareseparatedfromthemain channel
by a stableislandandcontainthesmallerportionofthetotalflow.A stableislandm a forested

streamisdefinedby theUnitedStatesForestService(USFS 1999)assupportingwoody vegetation
(excludingwillowsthatdonotmeetthetrccdefinition),whichisestimatedtobe atleast5 yearsold
(andcoversatleast50percentoftheislandsurface).Off-channelhabitatsincludemarshes,ponds,
andoxbow lakesthatareoutsidethebanlffullchannel.

Procedure:Identifywhetherornota potentialsecondarychannelfeatureisseparatedfromthe

mainchannelby a stableisland.Ifthefeatureisnotseparatedby a stableisland,thenlump itin
withthemain channelmeasurements.Ifthefcamrcislocatedoutsidethebankfullchannel,then
describetheoff-channelfeaturem thecomments.

Sidechannelswillbc evaluatedusingthequalitativehabitatassessmentsheet(AttachmentA). No
measurementswillbetaken,butthelocation(reachnumber,hip-chaindistance,banklocation-RB
orLB) willbc recordedon thesheet,witha briefdescriptionofany significantfeatures,suchas
amountofflowinchannel.Determinewhetherthesecondarychannelwithinthcbanldullchannel
isdry,connectedatonecud(channeltypeSCI),orconnectedatbothends{channeltypeSC2) at

thetimeofthesurvey,and recordthecorrespondingcodeon thesurveyform. No dataentryis
requiredforsecondary,channelmcasurernents.
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HSH 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 Washin_on
Department of Fish and Wildlife'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
(CLDs)and restoration projects.

Defmition:

• Fish Barrier - defined by the American Fisheries Society (Amaantrout 1998) as: any
physical, physiom,aphic, chemical, or biological obstacle to migration or dispersal of aquatic
organisms. 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 will 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 insmanent survey and
hydrologtc 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. If the
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 cu]vert.

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

portions of this protocol ate taken directly from the WDFW approach, and their manual provides
additional details and clarification.

Level A Barrier Analysis (WDFW 2000)

A. Is there natural streambed material throughout the culvert?

a. If yes, is the culvert width (span) at least 75 percent of the average strearnbed 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. ls there a grade break in the culvert?

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

b. Ifno, then go to C.

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

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

b. Ifno, go to D.

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

Grade breaks occur in cases where culverts have been extended and the new section is installed

at a different elevation or slope than the old culvert. This can also occur when a section of
culvert settles or a joint fails. In cases where the slope of any portion of the culvert exceeds 1

percent or the drop inside the culvert excce.xts 0.24 m, then it can be categorized as a barrier. If
the slope does not exceed 1 percent or the drop does not exceed 0.24 m, of if these parameters
cannot be measured, then the barrier status of the culvert is unknown and a kigher level of
analysis is required.

DATA ENTRY FOR FIELD CULVERT DATASttRET

The field datasheet requires 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

data.sheet 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 structural information is self-explanatory from the datasheet. This information is
important for the WDFW database and for future analysis.

Measurements Required in the Field

1. Measure the length of the culvert in meters.

2. Assess if natural streambed is present throughout the culvert.

3. Measure the horizontal span of the culvert at the downstream side.

4. Measure the average streambed toe width at the second riffle downstream of the culvert.
The streambed toe is defined by WDFW as the bottom of each bank, and in some eases
can be below the wetted surface elevation.

5. Measure the outfall drop from the top of the water in the culvert to the top of the water
downstream of the culvert to the nearest 0.01 m.
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6. Measure the slope of the culvert from the culvert upstream invert elevation to the culvert
downsu-eam invert elevation m percentage ((USI_-DSIE)/Length* 100 = Slope). This can
be done with an Abney level, or a bubble level and two wading/stadia rods. The WDFW
manual states that clinometers are not acceptable for slope measurcmaents.

Pboto_'aDhs

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.

HSHWAY 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 then'melves with the WDFW manual. The
datasheets will also be useful for describing non-culvert barriers found in the field. These
datash_ts, like the qualitative datasheets, will help the field teams develop and document the
rational for their professional judgment and detetxaination of CIP lists.

• Fishways - A fishway is any human-made s'ffucture 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
surface elevation. WDFW states that a water surface differ,race 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 numbers on the datasheet.

AVAILABLE RESOURCES

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

• A Catalog of Washinglon Streams and Salmon Utilization (Williams et. al. 1975)
• Tri-County salmon information web site (http:/A_,'w.salmoninfo.orv./)

• Forest Service Fish Xing web site (http://www.stream.fs.fed.us/fishxmg/mdex.hunl)
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ATTACHMENT A

QUALITATIVE DATASHEET
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Port of Se_n:e Qu_,litRtive Assessment Field Form
Date: Team Name:

Sub Basin Stream Name:

Ros._en Class: Reach ID Number:
Site number Lat.: Lone:

Sample Locauon: Above Culvert t,y]n)?
Photo Roll: Photo Numbers:

. .............. .. .................. . .....

Limiting Factors Good (1) Fair (2) Poor (3) Yes 0_ No ON)
Habitat Trend:

_ve Hamtat Rating ___

IDeterioratmg Habitat

Are the Following L!m/t/ng Factors for Habitat?

,Linstabie ban_ _R:B tH.vdr_modifications
Lack of Shade -_-7_g .... I

Flash), Hvdmlo_ry + +

Lack of Undercut banks !_.::.w___.+......... ___7+_ _,+_.,.as_.... _:

Habitat Ratings

Spawning Areas !_'_ __
PoolAbundance +_

PoolQuality _ :_

Riffle abundance i_

Aquatic Invertebrate Quali_' _ _'

Bank Cover (e._.Brush and Roots) _
Riparian Cover _ __
Large Woody Debris _
Embeddedness _ __

Silt/Clay/ ISmall Large Cobble/

Dominant/Subdominant Organic Sand !Gravel Gravel (1.25 Boulder

ISubstrate (in ram) Check Box (<0.059) (0.06-1) (.25-1.25) -2.5) (>2.5)
Dominant

Subdominant

Approximate % Grade: Comments:
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Port of Seattle F/sh passage/Culvert _.u--me__t Field Form
Da_ Tam Nmne:
Sub _: Su_am Name:

RosFen On_ R_h ID Numl_:
_how Roll Photo Numbers:

Feature True
Other tdmcnbe)i

Culvert Fisbwav Dam I Graww Divm_on Pump Diversion

LAI: . . Lol_:

Culvert Prev_m__;h'Assessed (Y/N)? If yes themmop. If so _mm_u_

Culvert _k"pe
Bonnm_s Arch O1_ (OTH) dmcril_:

FRound_J_'D) Box (BOX) (ARCH) Squash (SQSH) _ (ELL_

Culvert 1_

Precast concrete Cast m Place Con'utm_ Steel Smooth Steel C.m'ru_t_ SmmBull Plm¢ S_uctund Plate
_c_ Concrete tcPC_ tCST) tSST) Al_,_,,,tun tCAL_ Steel tSPS) Alununmn (SPA)

Plasuc (PVC. Tlm_'r (TMB_ IMasm_' (MRY, Other (OTH_dmcnbe:

1
Culvert Assenmemt

I. Culvert len_h m Mexm

2. Sm_mbed maxmal throuL_om the imxl_hof Culvert Lyre)?
1I"2 is Yes. measure the followmg:

A. Culve_s_m m me_rs.

B. Su'eambedmewidth of second riffle down su'eam from culvert in meters -
If'riffle not available,culvertsmmsis unknown.

C. A/B * 100= %

IfC is > 75% then culvert smms is not a barrier,
othervv_ culvert_sa bo_qer.

Culvert Slams ;Barner I/_br a Bamer Onknown

If2 is No, measurethefollowing:

A. OuffaU Drop m mexm_ (water surface to water surface) -
If A is > 0.24 miners culvert is a barner, if not go to B.

B. Culvert slope measured from inv¢_ to invert in percentage - %
If B is >_1%culvert is a bamer, if not culvert status _sunlo_own.

Culvert Status Barner Not a Barner Unknown

Professionalopinionof culvertswith umkmo_,mstatus,generalrepairrecommendations,generalcomments:
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MEMORANDUM

to: Paul Fendi July20,2001

fi'om: Don Weitkamp 556 2912 001 1 28

re: Low Stream Flow Fish Behavior and Stream Charac_cs

The following are some thoughts on the issues raised in the e-marl message from Kelly Whiting
to/_nn Kenny of July 2, 2001 which we discussed at our meeting with the agencies.

1. Migrations of juvenile and adult salmonids 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 (smoltification)

that ready them for migration also depend of a sequence of events that appears to be triggered
by a combination of temperature, photoperiod, and phase of the moon that stimulate
hormonal mediated physiological changes. Once these fish are prepared to migrate a
substantial change in flow will often trigger the initiation of migration. However, flow
increases alone are not likely to initiate a process that depends on many factors.

Likewise the migrations of adult salmonids am commonly the result of a variety of factors.
Adults commonly do not approach streams or prepare to move into headwaters until specific
times apparently regulated by photopcriod, temperature, potentially food supply, etc. When
ready to migrate the adults are commonly stimulated by freshet conditions that involve both a

flow increase and runoff from riparian areas. The chemical cues m the runoff appear to play
some role in triggering the migrations. The relationship to flow is far fi'om certain.
Sometimes minor increases in flow will stimulate migrations, sometimes minor increases arc
ignored, and sometimes migrations occur in the absence of flow increases. A minor flow

supplementation 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 can 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 juvenile salmon and trout. Prolonged low flows of several weeks

to months during this period are commonly the factor that establishes the carrying capacity of
a stream.

ProtectionorrestorationofstreamflowsduringthelateJulythroughSeptcrnberperiodwill
maintainthehabitatthatsustainsand controlsfishpopulationsremainingwithinthestream
throughouttheye_. Streamflowsupplementationduringthisperiodcanhavea substantial
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influence on the abundance of resident and anadromous salmon/ds. Provid/ng flow outside

this la_¢ summer low flow period is unlikely to provide an increase in the fish population that
can be sustained within the su'eam. Additional habitat provided by flow increases preceding
the limiting low flow period is unl/ke]y to provide an increase in the fish population
following the low flow period. The potential effects of providing additional habitat outside
the limiting flow period would likely be negated by the subsequent low flows. Maintaining
existing flow conditions during the common low flow period will ensure that habitat does not
become more of a limiting factor than it is under existing conditions.

3. Water qual/ty can be a critical factor in determining sahnonid habitat. However, sudden
changes of a moderate degree are naturally common .in small streams. Freshet conditions
(storm events) can naturally change temperature sad chemical parameters within hours,
depending on the nature of the storm event, the drainage basin, stream characteristics and
ambient conditions. Generally decreasing temperatures have little immed/at¢ effect on
salmonids other than reduced activity for a brief period. Decreasing U:mpera_res rapidly
w/th_nthe range of a few degrees can be a benefit if temp_ are near the upper end of
the range of acceptable temperatures or greater. Decre.mes m DO appear to have little effect
on behavior when they remain within a range acceptable for survival sad 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.
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APPENDIX I

DETERMINATION OF LOW FLOW QUANTITY IMPACTS
AND MITIGATION
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MILLER CREEK

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

BAR GRAPH LOW FLOW OCCURRENCES IN lVm.Lv.R CREEK (1994)

7-DAY LOW FLOW OCCURRENCES IN MILLER CREEK (1991-1994)

CALCULATION OF 50% RETURN FREQUENCY FOR _.T.g_R CREEK

COMPARISON OF 7-DAY LOW FLOW BY YEAR
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7-DAY LOW FLOW OCCUIU_NCES IN MI1.Lgi_ CREEK (1994)
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of 7-Day Flowswith ;_Statisucal Low Flows
Flow Rates 1949 -

1994 Average _
IMillerCreekat SR509 _ _ t Return

Data Flow / cfs Year Omered Freauenc

0.59 0.50 1 t 0.02 2.08

1950 Sep 0.88 1952 0.53 2 0.04 4.17
0.79 Ig77 0.53 0.06 6.25

1952 Nov 0.53 0.54 4 I 0.08 8.33
0.75 1987 0.58 5 i 0.10 10.42
0.87 1993 0.58 0.13 12.50
0.83 1949 0.59 0.15 14.58
0.87 1986 0.59 0,17 16,67
0.78 1988 0.50 0.19 18.75
0.63 1985 0.62 0.21 20.83
0.88 1958 0.63 0.23 22.92
0.84 1973 0.65 0.25 25.00

29 0.83 1992 0.65 13 0.27 27.08
0.73 1960 0.66 0.29 29.17

Sap I 0.71 1989 0.67 0.31 31-25
1964 Oct i 25 0.88 ._ 1976 0.69 0.33 33.33

1965 I 0.78 __ 0.69 16 0.33 33.33
0.78 1963 _ 0.71 0.38 37.50

1967 22 0.73 1990 t 0.71 0.38 37.50

1968 Aug 0.97 1974 I 0.72 0.42 41.67
1969 6 0.82 - 1970 0.72 0.44 43.75

Au 0.72 1962 0.73 0.46 45.83

1971 0.92 : 1967 0.73 23 0.48 47.92
1.01 1953 0.75 0.50 50.00

0.65 1995 _ 0.76 0.52 52.08
T 0.78 54.171974 OCt 13 0.72 1966 _ 0.54

1975 T 11 0.78 1957 _ 0.78 _ 0.56 56.25
1976 Dec i 10 0.69 !. 1975 I 0.78 _ _ 56.25
1977 Au_ t6 053 1965_ 078 _ 0__ 50.42
1978 Aug_. _ 17 0.80 1984 ,_ 0.78 _ 50.42
1979 Oct _ 7 0.54 1951 0.79 ! 31 0.65 64.58

1980 Oct t 17 0.66 1991 0.79 _ 0.67 66.67

0.69 1978 0.80 i 33 0.59 68.75

0.81 1982 0.81 _ 0.71 70.83
0.90 _. _ _ _ I 35 _ 72.92

0.75 _,_ _-_T i E_" _ _-_ 75.00
29 062 _ _-_ ; _ _ _ 77.05

_ 79.17
0.59 ._ .

068 _:_ _-_ i '_ _ -_ 81.25
0.60 _:. 1954L 0.67 40 _ 83.33
0.67 _'" 1"_ I _ _ _ 85.42

0.7"i _" _ I" _ _ _ 85.42
0.79 _' 1-_'__ "6_ _ _-_ 89.56
0.65 i_ 983 0.90 44 _ 91.67

_" _ T _ _ _ 93.750.58

0.60 _:_ _ : _ _ _-_ 95.83
_._._. 1972 I 1.01 47 _ 97.92

iRank = NumerocalPositionof oraered lowflow aata

twithOnestyear equal to one.
1 IN=47 ,

T ; F I L
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BAR GRAPH LOW FLOW OCCURRENCES IN MILLER CREEK (1994)
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"/-DAY LOW FLOW OCCURRENCES IN lV_.T._U. Cl_K (1991-1994)
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CALCULATION OF $0% RETURN FREQUENCY FOR MILLER CREEK
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lU4
MINt

Mier Cm= atHwy C.,mm¢-,t
Ome 6O9 Fmw/¢_ Dine Hwy600 2006-Itm

1N1 Oct 9 0.79 1M1 Oct 0 0.82 0.03
1992 _ 10 0.65 lIBI2 84W 16 0.(18 0.03
19113 Nov g 0.M 1993 Nov g 0.63 0.05
191)4 SI_ 24 0JM 1B04 Aug 28 0.M 0.04

Yuaf 2L)L_- _)n Ne_

(1904 HSPF_ 19q4 200E 1994 _Hy1_r_!o_liC Ir_lpa;I
lW4 0.84 "U_ _ ¢d'.u_2"
1993 0.68 0.63 0.06 -0A2 0J_
112 0416 0418 0.03 -0.02 0.01
1991 0.70 0.82 OJ_ -0.02 M1

2 ymon/_y 0.7349 0.7113 0.02B
Ill 4 y_ 0.7322 0.782 0.030

Re_ modeled rnoOele4
Fnmuoncy 1994 2OO6 2006.191N

2.08 1994 0.54 0.58 0.04
12.50 1993 0.58 0.83 0.05
27.08 t902 0.65 0.99 0.0_
99.67 1991. 0.79 0.82 0.03

Rm,m lm),= 2OO6 1_ 2OO6 1_ 2OO6

F,_,enc,/ ,_ ,,_ _wmpt _===pt rf=S0 ,_=S0
all4 yeom 0.0039 0.0037 0.53 0.58 0.73 0.762
91and 02 only 0.0036 0.0035 0.56 o.rdi 0.73 0.763

sUMIMLARYou'rPuT

Reomss_on,,._abs_c._
Mu#_eR 0.907736053
RSquare 0.905477231
AdjustedRS(lu_ 0.89321584"/
Smnoar0Error 0.00922213
Oo_vavons 4.

ANOVA

ss MS F s_ F
Rot_mmo_ 1 0.037__'____q__5 0.037a._'_uS__m__5 440.20(_ 0.1_2_)847
Re_ual 2 0.0001700_ 0._477E-05
Total 3 0.03760868'i _'

Coefr_enls S_lno_rOEmor t Sta! P.vw4_ Lower95% up_er05% Lmmr95.0%Upper95.0%
Inter 0.534917,501 0.00(_70(_'7 77._,.K_2_g51 0.0001__Z-l___a'___ 0.__m_____K_?40.864470707 0__m_t___'l_,__7 0.88447071
X Variable1 0.0039450 0.000188069 20.g_111038 0.(X12263_7 0003136703 00047S60_ 0003136? 0.00478_1

SUMMARYOUTPUT

Refm=uon$_az;suc_
Mulhp_eR 0.999991031
RSquare 0,g07385573
AdlultOdR _QL 0.996078359
StatmamError 0.006525423
O0_mntNons 4

ANOVA

_f $3 MS F: S_n_cance F
Regnm_on _ 0.03248882 0.03248882 762.0859383 0.001308069
Rem0ual 2 8.51023E-05 4.25812E.05
Total 3 0.032573082

Coef_cmnts SmnoarOError t S=a_ P-v_ue Lower 95% Upoer99% Lower95.0%UpperB5.0%
InmrceDt 0.570199727 0.004861568 110.0327615 7.06889E-05 0..r_7282073 0.699117381 0.5572821 0.5901174
X Vanal_e1 0,003675612 0,000133075 27.6222001 0.001300069 0,003103238 0,004248386 0.0031032 0.0042484
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COMP_N OF 7-DAY LOW FLOW BY YEAR
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WALKER CREEK

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

BAR GRAPH LOW FLOW OCCURRENCES IN WALKER CREEK (1994)

7-DAY LOW FLOW OCCURRENCES IN WALKER CREEK (1991-1994)

CAIX'IK, ATION OF $0% RETURN FREQUENCY FOR WALKER CREEK

SUMMARY OF LOW STREAM FLOW MITIGATION VAULT STORAGE AND FIIAJNG

PLOTTED MINIMUM VOLUME IN WALKER CREEK VAULT AUG 1 - OCT31, 1949-1995

HISTOGRAM VAULT VOLUME REMAINING ON OCT 31,1949-1995
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7-DAY LOW FLOW OCCURRM_CES IN WALKER CREEK (1994)
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bStart of 7-Day Low Flows wit_ r _.; S_! _r_-_ Of Av6, _,,t_ 7-Da_/Low Fic_'_
IAv=-ip F_w R=_ _ _: Peno0 of R_: 1949-1995 i !

J _ 4 I

l_, .spF _ 7.=,y=,,,. 1 _"_I nat,, Wm_!_ Creel( at POC " DI_ OrOm_.3 ' Rank Ri_k_?,l+l Freq_;._,-_,v
' _ I

1949 O¢= 17 0.56 _ 1964 0.60 1 0.02 2.1

1950 Sep 13 n R'_ ;:. 1979 0.63 i 2 I 0.04 4.2
1951 Sep 11 0.78 _ 1987 0.64 ! 3 , 0.06 6.3
1952 Nov 15 0.85 ,_,! 1_-_2 0.(}5 4 0.08 8.3

1953 Sep 5 0.76 _ I_ 1983 0.65 ! 5 0.10 10.4
1954 Sep 30 0.87 _ 1965 0.65 6 0.13 12.6

1955 Au_ 23 0.83 j_ 1986 0.65 t 7 0.15 14.6

1956 Sep 2 0.65 _ 1949 0.65 , 8 0.17 16.71957 Sep 2 0.80 1977 0.86 9 0.19 18.8
1958 SeP 10 , 0.70 _. _ 1992 0.67 10 0.21 20.8

1969 _ 2 0.95 i_ 12_ 065 ,1 o_ 22.91,60 s_ 20 i 0.= 1_0 0.65 i 12 o_ zs.0

1951 Sep 4 I 0.80 ! 1980 0.65 ' 13 0.27 27.1
,_ Au_ _ i 079 1_ 0.70 ,, 0_, _I._ s.o 6 0.74 1951 0.70 16 0.31 313
1964 ! AU_ 8 i 0.90 _ 1990 0.71 16 0.33 33.3

1_ _ =, I 0.78 _ 1976 073 17 0._ 3541966 Au_ 25 0.77 1995 0.73 18 0.38 37.5
1957 Au_I 15 0.75 _ 1963 0.74 19 0.40 39.6
1968 Jun 28 I 0.94 _ 1073 0.74 20 0.42 41.7

1

1959 _u, 28 i 0.52 _ 1_ 0.75 21 0.44 43.6197o sa_ 2 0.78 _ 1_67 0.76 22 o.,,6 45.8

1971 J._ 10 0.88 _-_-_1970 0.78 23 0.48 47.91972 Ju, z_ 0.94 ,_. 1_ t 0.78 24 0.56 56.0
1973 Ju, 24 0.74 _. 1991 0.78 25 052 52.1

1974 Au_ 22 0.77 _ 1966 0.77 26 0.54 64.21975 Jun 18 I 0.79 i 1974 0.77 27 0.56 56.3
1976 Oct 15 i 0.73 .E_: 1984 0.77 28 0.58 58.3
1977 Jun i 19 0.66 _=: 1951 0.78 29 0.60 60.4
1978 Jun 26 0.78 _ 1965 0.78 29 0.60 60.4

1979 Au_l 6 I 0.63 _" 1978 0.78 31 0.65 64.6
1980 Au_I 14 0.68 _"_

_. 1962 0.79 32 0.67 66.71981 Jul 8 0.70 1975 0.79 33 0.69 56.8

1982 Jul 23 I 0.75 _,_ 1961 0.80 34 0.71 70.81983 Au_ 1 . 0.90 _. 1957 0.80 35 0.73 72.9
_ .:: 1969 0.82 36 0.75 75.01984 Jul 21 0.77

1985 Jul 27 0.68 -*_: 1960 0.83 37 0.77 77.1

1986 Au_ 3 ' 0.66 "_ 1950 0.83 38 0.79 79.2
1987 Au_ 16 0.64 _-_.. 1955 0.83 39 0.81 81.3
1988 Jul 18 1 0.65 _,, 1959 0.85 40 0.83 83.3

1989 Jul 13 ; 0.69 __." 1956 0.85 41 0.85 85.4
1990 Jut 3 ; 0.71 _;':_ 1954 0.87 42 0.88 87.5

1991 Au_ 3 _ 0.76 _.,_.. 1971 I 0.88 43 0.90 89.6
1992 Jul 26 , 0.67 _'_ 1964 I 0.90 44 0.92 91.7

_T1993 Aug 11 0.65 1983 t 0.90 44 0.92 91.7
1994 Jul 18 0.50 _ 1972 1 0.94 46 0.95 95.8

1995 Jun 18 0.73 _ 1968 i 0.94 47 0.98 97.9

t Rank = Numerical positionof ordered low flow Oat= with the
I arrest _ear eOual to one.

I N =47 I
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BAR GRAPH LOW FLOW OCCURRENCES IN WALKER CREEK (1994)
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"/-DAYLOW FLOW OCCURRF,NC'_S IN WALKER CREEK (1991-1994)
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Startof 7-DayLowFlowswith _'! StatisticalRankingof Average7-Day LowFlows

AverageFlowRates _/Period of Recorcl:1991-1994

1994 I_ Average

Walker Creek 7-Day Lows Return
Date at POC Date Ordered Rank Rank/N+lFrequenc_/

1991 Oct 9 0.77 1994 0.64 1 0.2 20
1992 Oct 22 0.67 _ 1993 0.65 2 0.4 40

1993 Nov 9 0.65 _ 1992 0.67 3 0.6 601994 Sep 24 0.64 1991 0.77 4 0.8 80

Rank= Numericall:¢_dlJonof orderedlowflowdata withthe
driestyearequalto one.
N=4
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CALCULATION OF 50% RETURN FREQUENCY FOR WALKER
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SUMMARY OF LOW STREAM FLOW MITIGATION VAULT STORAGE AND FILLING
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P.::_-we Stomp ¥-"-'-_- for W'-!k-'ri _ I

I i _ i !
Vault _-,i,,-- a_-'4 morlile in a(:m ft) _ -_iqld for 92-di,/milan of

0.11 Im (1940 - 11,m).

I

r j =='
.L.__-n 12.79 !

IV_,_ion 19 R.'_ J
Max 18.41

5.40
Mln t )

i

IContl_._hL_._lDrll ._rp_mr Anma illrnplrvioul Alia )

:S_nS_'_u_ LSDS3a-LF 14.6 I
SDVV2 11.5 l
SUM 26.1 ;

i r IFill time for 18.5 acre loot volume I _ to fill _ on Jlnulry 2.

.wn i 71 1 I
Max 213 I
Min i _ 22

R_amainin_lvolume in vault/on Oct 31 I
! v=ume R,,m.i.._ I
+ ac fl Da_ I

Mean 8.49 77.19
Median I 8.05 73.19

I i 18._ 189.84 I
Min 1 J 0.65 5.94 i

i I I I I
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PLO2"IT_D MINIMUM VOLUME IN WALKER CREEK VAULT AUG 1 - OCT 31, 1949-1995
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mSTOGRAM VAULT VOLUME REMAINING ON OCT 31, 1949-1995
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DES MOINES CREEK

"/-DAYLOW FLOW OCCURRENCES IN DES MOINES CREEK (1994)

BAR GRAPH LOW FLOW OCCURRENCES IN DES MOINES CREEK (1994)

7-DAY LOW FLOW OCCURRENCES IN DES MOINES CREEK (2006)

BAR GRAPH LOW FLOW OCCURRENCES IN DES MOINES CREEK (2006)

LOW FLOW OCCURRENCES IN DES MOINES CREEK (WITH MITIGATION)

BAR GRAPH LOW FLOW OCCURRENCES IN DES MOINES CREEK
(wrrn MmGATION)

SUMMARY OF LOW STREAM FLOW MITIGATION VAULT STORAGE AND FH.J.£NG

PLOTTED MINIMUM VOLUME IN DES MOINES VAULT JUL 24-0CT 24, 1949-1995

mSTOCRAMVAULTVOLUMERE_C ONOCT24,1949-1_
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"/-DAYLOW FLOW OCCURRENCES IN DES MOINES CREEK (1994)
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;_-::--_- =_ R.,-,,_-_ of A.'.--;_ 7-1D_ Low F;,_,;,-;

Start o_ 7-Day Low r-_,_ ; i _ ; r--=-,c_ of R_..,_: 1949 - 1995 i

qtnA_I,,;! Flow pm._ I 1984 I'_l"P ___'_--L__L_..;- i

1_ , 0.40 __ 1949 0.18 2 0.04 4.2

1951 Au_ i ZE 0.35 _ 1952 0.21 3 I 0.06 6.3

1952 Oct I 13 J 0.21 idler.S. 1994 0.22 4 i 0.08 8.3
1953 I SoP i 15 ,i 0.35 _:-----::"_ 19_ 0.22 5 _ 0.10 104- - 19(_ 0.25 6 0.13 i 12.5

1955 i 6 0.34 ........ ,__ 1985 0.25 7 0.15 14.6
1956 0.43 1N6 0.26 8 0.17 16.7

1957 sip 0.32 1993 0.27 9 1 0.19 18.8
1958 sep { 2 0.27 1973 0.27 10 0.21 20.6
1959 Au_ i 24 0.38 _ 1958 0.27 11 0.23 22.9

1960 Au_ 7= 0.39 a._ 1981 0.28 12 0.25 25.0
1961 _ ,=,_ I 0.40 _ 1987 0.29 13 0.27 I 27.1
1962 Sep I 2 0.33 _ 1_0 0.31 14 0.29 i 29-2
1963 Se,o I 27 0.36 ,_._.___, 1974 0.31 15 0.31 1 31.3

1964 AuB 31 0.47 _"" -- 1982 0.31 16 0.33 33.3

1985 Au_l 3 0.38 _ 1966 0.32 17 0.35 35.4
1966 A.u_l 20 0.32 _ 1957 0.32 18 0.38 37.5

1967 AU_l , 25 0.33 _" 1970 0.33 19 0.40 39.6
1968 Au_l 6 I 0.47 " _- 1975 0.33 20 0.42 41.7
1969 Sep 6 I 0.38 _J_ 1962 0.33 21 0.44 43.8
1970 Au_ 27 _ 0.33 _ 1980 0.33 22 0.46 45.8
1971 AU_l 14 i 0.41 _! 1991 0.33 22 0.46 45.6

1972 Oct 18 ! 0.51 _: 1967 0.33 24 0.50 50.0

1973 Sep I 12 i 0.27 '_"_ 1976 0.34 25 0.52 52.1
1974 Oct i 13 I 0.31 _: 1955 0.34 26 0.54 54.2
1975 Au_ : 11 + 0.33 _ 1951 0.35 27 0.56 56.3

1976 Oct ! 17 0.34 _ 1995 0.35 27 0.56 56.3
1977 AU_ t 15 0.17 1953 0.35 29 0.60 60.4
1978 Oct i 16 ! 0.41 _: 1989 0.35 30 0.63 I 62.5

1979 A.u_ 1 7 , 0.22 _: 1984 0,38 31 0.65 64.6

1980 Au_I ] 23 i 0.33 _r;_- .: 1983 0.36 32 0.67 66.7

1981 Sep I 12 r 0.28 _ 1965 0.38 33 0.69 68.8
1982 Au_ 5 i 0.41 ¢_i_,_r_ :.:- 1969 0.38 34 0,71 70.8

1983 Oct I 10 0.45 _ 1959 0.38 35 0.73 72.91984 Au_ 29 0.36 _._-= " ; 1960 0.39 38 0.75 75.0

1985 Au_ 30 0.25 i¢_.. ...... 1961 0.40 37 0.77 77.1
1986 Se0 10 0.26 1950 0.40 38 0.79 79.2

1987 Se0 7 0-29 1971 0.41 39 0.81 81.3
1988 Sep 11 0.25 1976 0.41 40 0.83 83.3
1989 Oct 3 0.35 1982 0.4 _ 41 0.85 85.4
1990 Sep 25 0.31 1956 0.43 42 0.88 87.5

1991 Oct 9 0.33 _z._-'_' _-_ 1983 0.45 43 0.90 89.6

1992 Sep I 0.31 _._ 1964 0.47 44 0.92 91.7
1993 Sep 29 0.27 _!_ _", 1968 0.47 44 0.92 91.7

1994 t Au_ 26 0.22 ,._,_._..p;:_, 1954 i 0.48 46 0.96 gs.8

1972 I 051 47 o.8 97.9
1995 rI SeD 20 0.35 _!,;': !

t ! IRani( = Nulmencal 9ositlon of orOere0 ilve_ 7-0ay low flow

i i ivalues with the anest year eclual to one. I! IN=47 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 DES MOINES CREEK (2006)
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,;:an o_7-Day Low ;tows
1995

Flow Rates ,_
HSPF P
s Cr=_ ,,t _-

= / Ftow c_s

Date YQar

r
0.14 1977 0.12 1 0.02
0.33 1949 0.14 0.04

0.25 1952 3 0.06
0.15 1994 0.16 0.08 8.3
0.29 lg7g 0.17 0.10 10.4

0.38 0.19 6 0,13
0.26 1966 0.19 0.15

1956 0.36 1958 0.20 0.17
0.25 1985 0.20 0.17

0.20 1993 0.20 0.17
0.2g 1973 0-20 0.23
0.29 0.21 0.25
0.31 1987 0.22 0.27

0.28 1974 0.23 0.29
0.31 1990 0.24 0.31
0.40 1958 0.24 0.33
0.30 1967 0.24 0.35

0.24 0.25 0.38
0.24 1975 0.2.5 0.40

0.38 195"7 0.25 20 0.42

6 0.29 ! 1951 0.25 0.44
Jul 18 0.25 1970 ! 0.25 0.44

14 0.31 1991 I 0.26 OA8

0.42 1956 0.26 0.50
0.20 1980 0.26 0.50

0.23 1976 0.27 0.54
0.25 1984 0.27 0.54
0.27 1962 0.28 0.58
0.12 1959 0.29 0.60
0.34 1953 0.29 0.63
0.17 1960 0.29 0.65 64.6

0.26 1969 0.29 0.67
0.21 1995 0.30 0.69
0.33 1965 0.30 0.71

10 0.41 lgSg i 0.30 0.73
0.27 1961 0.31 0.75

30 0.20 1963 0.31 0.77

6 0.19 1971 0.31 0.79
6 0.22 1950 0.33 0.81

0.19 1982 0.33 0.83

0.30 1976 0.54 0.85
25 0.24 1956 0.36 0.88

0.26 1968 0.38 0.90

SeD 16 0.25 1954 _ 0.38 0.92

Se_ 29 0.20 1964 _ 0.40 0.94

Aug 26 0.16 1983 1 0.41 0.96
1995 i Se_ 0.30 1972 0.42 0.96

i

I _ of omere_ average 7-c_y low flow

i IN =47 I i
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BAR GRAPH lOW FLOW OCCURRENCES IN DES MOINES CREEK (2006)
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LOW FLOW OCCURRENCES IN DES MOINES CREEK (WITH MITIGATION)
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iFeow Rm_, HSPF :l_moo of I_m_:l: 1949- 19e5 I

D= i
290th St I Flow Cti

LOWS

Dine ,Ju124.-0¢_4 P___-'_'____0.08 Year !

0.22 1077 O.20 2. I

1950 0.41 1949 0.22 2 0.04
1951 0.33 1979 0,23 3 0.06
1952 OC_ 13 0.23 1952 0.23 0.08

1953 0.37 1994 I 0.24 0.10
1954 0.46 1905 0.24 0.13 12.5

0.34 1970 0.26 0.15 14,6

1956 0.44 19e8 0.27 0.17
0.33 1987 0.27 0.19 18.8
0.28 ltMI6 0.27 0.21 20.8
0.37 O2.8 O.23

0.37 19113 0,28 0.23
0.39 1973 0.28 0.27
0.36 19ei 0.29 14 0.29 29.2

0.39 1974 0.31 0.31 31.3
0.46 0.32 0.33 33.3
0.36 1966 0.32 0.35 35.4

0.32 1967 0.32 0.38
- 0.32 1992 0.40 39.6

0.46 " 1975 0.33 0.42 41.7

0.37 1957 0.33 0.44 43.8

1970 Jul 0.26 1951 0.33 0.46 45.8
0.39 1991 0.34 0.48 47.9
0.50 1955 0.34 0.50 50.0

I 1 0.28 1976 0.34 0.50 50.0

13 0.31 1978 0.34 0.50 50.0
0.33 1980 0.34 0.50 50.0
0.34 1984 0.35 0.58 58.3

16 0.20 ;_ 1962 0.36 0.60 60.4
Ju] 0.34 1965 0.36 0.50 60.4

1979 Jun 23 0.23 1959 0.37 0.65 64.6
0.34 : 1982 0.37 0.65 64.6

1981 Sea I 12 0.29 1953 0.37 0.69 68.8
Jun i 19 ! 0.37 1960 0.37 0.71 70.8

1983 Oct I 10 t 0.49 . 1969 r 0.37 0.73 72.9
1984 Au_ ! 29 0.35 1995 I 0.35 0.75

1985 1 Jul _ 17 0.24 1989 I 0.38 0.77 77.1
1986 Sep _ 6 0.27 1961 0.39 t 38 0.79 79.2

1987 Oct ; 24 0.27 1963 0.39 39 0.81 81.3
1988 Sep , 11 0.27 1971 0.39 40 0.83 83.3

1989 Au, 7 = 0.38 1950 0.41 41 0.85 85.4

1990 $ep I 25 0.32 1956 0.44 4342 0.88 87.51991 Oct i 9 0.34 1968 i 0.46 0.50 89.6
1992 Sep 1 16 0.33 1954 I 0.46 0.92 91.7

1993 Oct I 29 0.28 1964 1 0.48 0.94 93.8
1994 JuJ ; 17 0.24 1983 0.49 0.96 95,8

1995 Sep t 20 0.38 1972 0.50 0.98 97.9

JRank ==Numerical positlort of orOereo av_a_ 7.<:la_/Iowflow

', WolueswWnthe Onest _'oar equal to one.
I N=47 j I '1 !
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BAR GRAPH LOW FLOW OCCURRKNCKS IN DES MOINI_ CREFX (WITH
MITIGATION)
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SUMMARY OF LOW STREAM FLOW MITIGATION VAULT STORAGE AND FILLING
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Reserve Storage Vaults for Des Moimm Creek

Vault sizes (dead storage in acre ft) required for 92-day release of 0.08 of= (1949 - 1995).
SDS3

Mean 5.86
Median 5.40

Max 13.47
Min 3.17

Contributing Drainage Areas
Subbaein Vault Area

SDS3 SDS3-LF 195.9

Fill time for 13.5 acre foot volume I Days to fill starting on January 2.
Mean 11

Median 8
Max 38
Min 1

Remaining volume in vaults on October 24

Volume Remaining
ac ft Days

Mean 12.51 79
Median 13.20 83

Max 13.50 85
Min 4.79 30
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PLOTTED MINIMUM VOLUME IN DES MOINES VAULT JUL 24-0CT 24, 1949--1995
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HTgTOGRAM VAULT VOLUME REMAINING ON OCT 24, 1949-1995

AR 052922



AR 052923



X

r_,

AR 052924



APPENDIX J

HSPF INPUT FILES FOR LOW FLOW VAULT SIZING
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implow
RUN
GLOBAL

*** FILE: ZMPFZLL.ZNP
*** Based on calibration file for Des Moines Creek
*** HSPF Model of runoff from impervious surface
SEATAC AIRPORT HSPF MODEL
START 1948/10/01 00:00 END 1996/09/30 24:00
RUN INTERP OUTPUT LEVEL 4
RESUME 0 RUN 1

END GLOBAL

FILES
MESSU 24 C:\HSPF\ZMPLOW.MES

25 C:\HSPF\IMPLOW,WDM
END FILES

OPN SEQUENCE
INGRP ZNDELT 01:00

PERLND 16
PERLND 26
PERLND 34
PERLND 44
PERLND 54
IMPLND 14
COPY 20
COPY 30
COPY 40

END ZNGRP
END OPN SEQUENCE

PERLND
GEN-ZNFO

<PLS • Name NBLKS Unit-systems Printer ***
# - # User t-series Eng] Metr ***

in out ***
16 TFM- TILL FOR MOD I i I 1 60 0
26 TGM- TILL GR MOD 1 1 1 1 60 0
34 OF - OUTWASH FOR I I I 1 60 0
44 OG - OUTWASH GR 1 1 1 1 60 0
54 SA - WETLANDS 1 1 1 1 60 0

END GEN-INFO
ACTIVITY

<PLS • ************* ACtive Sections *****************************
# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC ***

14 54 0 0 1 0 0 0 0 0 0 0 0 0
END ACTIVITY
PRINT-INFO

<PLS • ********************* Print-flags ************************* PZVL PYR
# - # ATMP SNOW F_/AT SED PST PWG PQAL MSTL PEST NITR PHOS TRAC *********

14 54 0 0 6 0 0 0 0 0 0 0 0 0 1 9
END PRINT-INFO
F_/AT-PARM1

<PLS • ***************** Flags ********************
# - # CSNO RTOP UZFG VCS VUZ VNN VIFW VIRC VLE ***

14 54 0 0 0 0 0 0 0 0 0
END PWAT-PARM1

PWAT-PARM2
<PLS • ***

# - # ***FOREST LZSN INFZLT 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 0.5000 0.9960
34 5.0000 2.0000 200.00 0.0500 0.3000 0.9960
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44 5.0000 0.8000 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 >***
# - #*** PETMAX PETMIN INFEXP 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 INTFW ZRC 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

F_/AT-STATE1
<PLS > F_/ATER state variables***
# - #*** CEPS SURS UZS IFWS LZS AC_S G_/S

16 0.078 0. 0.0010 0. 0.075 0.267 0.026
26 0.051 0. 0.0350 0. 1.928 0.680 0.049
34 0.078 0. 0.0010 0. 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 PWAT-STATE1
END PERLND

IMPLND
GEN-INFO

<ILS > Name unit-systems Printer ***
# - # User t-series Engl Metr ***

in ou_ ***
14 IMPERVIOUS i I I 60 0

END GEN-INFO
ACTIVITY

<ILS > ************* ACtive Sections ****
# - # ATMP SNOW IWAT SLD IWG IQAL ***

14 0 0 i 0 0 0
END ACTIVITY
PRINT-INFO

<ILS > ******** Print-f-lags ******** 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
END IWAT-PARM1
IWAT-PARM2

<ILS > ***
# - # LSUR SLSUR NSUR RETSC ***

14 500.0 0.0100 0.i000 0.i00
END IWAT-PARM2
IWAT-PARM3

<ILS > ***
# - # P£TMAX PETMIN ***
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14

END IWAT-PARM3
IWAT-STATE1

<ILS • IWATER state variables ***
# - # RETS SURS ***

14 1.O00OE-3 1.O00OE-3
END IWAT-STATE1

END IMPLND

COPY
TIMESERIES
Copy-opn ***

# - # NPT NMN ***
1 60 1

END TIMESERIES
END COPY

EXT SOURCES
<-volume-• <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> # <Name> # tel. strg<-fac¢or->strg <Name> # # <NaMe> # # ***
WDM 1 EVAP ENGLZERO 0.8 PERLND 14 54 EXTNL PETINP

1 EVAP ENGLZERO 0.8 IMPLND 14 EXTNL PETINP
WDM 2 PREC ENGLZERO PERLND 14 54 EXTNL PREC
WDM 2 PREC ENGLZERO IMPLND 14 EXTNL PREC
END EXT SOURCES

EXTTARGETS

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-volume-> <Member'> Tsys Tgap Amd ***
<Name> # <Name> # #<-faccor->srrg <Name> # <Name> ¢em scrg srrg***
_*_w_ww_w_www_w_w_w_ww_*_wwwwwwww_ww*_wwwwww_w_w_w_*_ww_ww_w_ww_*

*** Multiplication Factor of 12.1 applied for unit conversion
*** from acre-_/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 OUTPUT MEAN 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> # # ***

*** Multiplication Factor of 0.08333 applied to total area for unit conversion
*** from inches to feet

*** Des Moines Creek Impervious Surface

*** 199.17 ac EIA for SDS-3 minus 3.27 ac area unable to plumb
*** Result is 195.90 ac impervious surface

IMPLND 14 IWATER SURO 16.325 COPY 20 INPUT MEAN 1

*** walker Creek Impervious Surface

IMPLND 14 IWATER SURO 1.383 COPY 30 INPUT MEAN 1
Page 3
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*** Miller Creek :Impervious surface

IMPLND 14 TWATER SURO 2.191 COPY 40 INPUT MEAN 1

END NETWORK

END RUN
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1. INTRODUCTION

The compuwr pro_am HSPF was used to simul_ conunuous wate_hed hydrology and to d_ign
smrmwamr d_mtion faciLkies for Port of Scardc's Master Plan Update at Se.atfle-Tacoma
Inum_tional Airport (STIA). The HSPF modeling and calibrauon are descn'ocd in detail in the
Comprehensive 5tormwater Management Plan (SMP) (Pararnctrix,Inc. 2000, 2001). The overall
HSPF model cah'brationeffort did not specifically focus on the low-stmamflow period, which is
considm_ to be June through Novemb_. This appendix provides detailed information on the
HSPF model cahl_rationas related to the low-flow analy_s for the Miller, Walker, and Des Moincs
Creek watersheds.
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2. M]n J.ER CREEK LOW STREAMFI_W

Two streamflow gages located in the Miller Creek watershed were used in the low-su'eamflow
caLibranonreview (see Figure 2-I in the main text for gage locations). One of the streamflow gages
was located near the mouth of MiIl_ Creek, and the oth_ was located further upstream at the Miller
Creek d_tion facility. Data for the streamflow gages were collected by the King County
Deperonent of Nav.u-alResources (DNR). The analysis period covers watt-years 1991 through
1996. The modeling team selected this period because it appeared to contain the most tel/able data.
Howeve:, the observed dat_ from these water-yea_ colIta_ several gaps. The dates of the mi_ing
_*_ are.listed in Table B2-1 (Appendix B, Volume 3 of the SMP).

2.1 M]f.LER CREEK AT THE MOUTH

The raeamflow gage was down for 4 months cim_g wa_-year 1995. Examination of the recorded
data after a gage maLCunctionin December and January of water-year 1995 indicated possible
di._ruptionin the reliability of the recorded data for the months of January through May. In June of
1995, the gage again maLkmctioned. This malfimction lasted until the middle of Octob_ 1995.
These chronic problems duringwater-ye_ 1995 call into question the overall reliability of the gaged
streamflow data for this wazer-year.

Observed and cah'bratedlow flows for the gage near the mouth of Miller Creek are shown in
Figures 2-1 through 2-6. Average simulated and observed streamflows for each low-flow period are
listed in Table 2-1. Average simulated and observed =reamflows for each 7-day low-flow period
are Listed in Table 2-2. The 7-day low-flow period for each observed water-year did not occur
dtu'ingthe same 7-day period as the simulated low-flow period. Water-years 1991, 1992, 1994, and
1995 all have gaps missing from the observed data. Wazer-year 1994 appears to have a shift in the
razingcurve. Close inspection of the month of September shows a dramatic shift in the observed
base flow conditions. Between September 4thand September 11e_,two flood events occurred. The
base flow entering these events was about 1.4 cubic feet per sencond (cfs). After the events, the
base flow increased to approximately 2.5 cfs and stayed at or near this level the rest of the low-flow

, period. The 7-day low flow for water-year 1994 concluded on September 3rd. Tl_s was the earliest
7-day low-flow period of the 6 years of data, with the exception of 1996. The low-flow analysis
period ended September 30th,1996. Tiffs abruptjump in observed base flows was not matched by
simulated base flows. The cause of the jump in base flow has not been determined, nor is it known
if this impacted laterwater-years.
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Table 2-I. Miller Creek at the nmutl_ June through November low-flow average flows for water-years 1991
through 1996.

Observed Calibrated
Water-Year Average Flow (cfs) Average Flow (cfs) D/ffereDee(efs)

1991 3.429 3.756 -0.327

1992 3.034 3.387 -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

Average lYdI_ence 6.820 6_2 0.258

Table 2-2. Miller Creek at the mouth, 7-day low flows for water-years 1991 through 1996.

Observed Calibramd

Water-Year Awerap Flow (eft) Average Flew (efJ) DMerenee (efs)

1991 1.348 1.749 -0.401

1992 1.457 1.390 0.067

1993 1.639 1300 0-_39

1994 1-_61 1.100 0261

1995 1.500 1.661 -0.161

1996 2.762 2.I38 0.624

Average Difference 2._17 2-335 0.182
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2.2 MILLER CREEK AT THE. DETENTION FACILITY

Observed and cah_ormedlow flows at the Miller Creek detention facility are shown m Figures 2-7

through 2-12. Average simulated and observed stremnflows 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 water-year did not occur during the
same 7-day period as the simulated low-flow period. Water-ye_ 1993 and 1994 have gaps
missing from the observed data, and in 1994, it is ttimcult to det_.-me when there is a gage
malfimction and when the s'a'eamgoes 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 m the gage or the rating curve. At the end of September 1992, the gage
malfunctioned. Prior to the malfunction, the observed base flow was about 1 cfs; afterthe gage was

repaired, the base flow was about 0.1 cfs. This change in the basic behavior of the observed base
flow is not maw.bed by the simulated s'ammflow. For these reasons, w_m'-ycuws 1991 and 1992
were not used to determh_e the accuracy of the _rm,l-*e_ low-flow data. Following this period, the
simulated average stremnflows are within 03.5 cfs of the observed average streamflows and the
simulated 7-day low flows are within 0.09 cfs of the observed 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 muting of groundwater from some subbasim upsueam of the Miller
Creek detention facility. In an effort to match overall volumes at the Miller Creek detention facility,
some of the groundwater upsueam of the Miller Creek detention facility was routed to the Vacca
Farm area. While this assumption improved the accuracy of the overall HSPF modeling, it is
possible that some of this groundwater does in fact conm'bute to stremnflow 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 contributing groundwater was
included).
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Table 2-3. Miller Creek at the M/ller Creek detention faeil/t3",June through November low-flow average flows
for water-years 1991through 1996.

Observed Calibrated

Water-Year Average Flow (cfs) Average Flow (ds) Difference (efs)

1991 1.556 0.887 0.670

1992 0.860 0.873 -0.013

1993 0.577 0.467 0.109

1994 0.900 1.132 -0.232

1995 1.598 1.813 -0.215

1996 0.522 0.753 -0.231

Average Difference 1._03 1.481 0.022

Table 2-4. Miller Creek at the Mmm. Creek detention facii/ty, 7-4lay low flows for water-years 1991 through
199_

Oimerved Calibrated
Water-Year Average Flow(cfs) Average Flow (cfs) Dlfl'erence(cf$)

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 0.137 0.045

1996 0263 O.189 0.074

Average Difference 0.291 0.200 0.091
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3. WALKER CREEK LOW STRE,A_MI_OW

Two streamflowgageslocatedintheWalkerCreekwatemhedwere usedinthelow-streamflow
calibrationreview(seeFigure2-1inthemaintextforgagelocations_.One ofthestreamflowgages
was locatednearthemouth ofWalkerCreek,"andtheotherwas locatedfm_er upstreamneara
wetland.Dataforthestreamflowgageswerecollectedby KingCountyDNIL The analysisperiod
covers waxer-years 1993 through 1996. The modeling team selected this period because it appeared
to contain the most reliable dam. However, the observed dgtJ from these water-years still contain

several gaps. The dates of the missing dam are listed in Table B2-2 (Appendix B, Volume 3 of the
SNIP).

3.1 WALKER CREEK AT THE MOUTH

Observed and calibratedlow flows for Walker Creek atthe mouth are shown in Figu:_ 3-1 through
3-.4.Averagesimulatedandobservedstreamflowsforeachlow-flow period are listed in Table3-I.
Averagesimulatedandobservedstnmmflowsforeach7-daylow-flowperiodarelistedinTable3-
2. The 7<laylow-flowperiodforeachobservedwater-yeardidnotoccm"duringthesame 7.<lay

periodasthesimulatedlow-flowperiod.Water-yem's1994and 1996havegapsmiasmgfromthe
observeddata,andwater-year1995 has some odd behaviorin themonths of Augustthrough
October.The observedbaseflowon August16_ was 1.4cfs.On August 17e_,a floodevent
occurredwitha maximum flowof22.5cfs.On August18a',theeventendedand flowsdropped
backdown tobaseflows.However,thenew baseflowwas 0.9cfs,whichwas a dropof0.5cfs

relativetothcpreviousbaseflow. The baseflowremainedrel_velyflatuntila floodevent
occurredonOctober9_. When thiseventwas over,thebaseflowjumpedup to1.9cfs.The sharp

decreaseandsubsequentincreaseinbaseflowwas notmatchedby simulateddata.The causeof
thesechangesis not known.

Table 3-1. WalkerCreekat the mouth,June throughNovemberlow-flewaverageflows for water-years1993
through1996.

Observed Calibrated

Water-Year Average Flow (¢fs) Average Flow (¢fs) Difference (cfs)t

1993 1.879 1.442 0.437

1994 1.584 1283 0.301

1995 2.318 1.937 0.380

1996 2.034 1.723 0.310

AverageDifference 1.953 1.$96 0.35"/

Table3-2. WalkerCreekatthe mouth,7-daylowflowsforwater-years1993through1996.

Observed Calibrated

Water-Year Average Flow (d's) Average Flow (cfs) Difference (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

AverageDifference 1.281 1.030 0.250
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3.2 WALKER CREEK NEAR THE WETLAND

Observed and cah3_ated low flows for Walker Creek near the wetland are shown in Figures 3-5

through 3-10. Average simulated and observed stre_mflows for each low-flow period are listed in
Table 3-3. Average _,!_t_ 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 water-year did not occur during the

same 7-day period as the simulated low-flow period. Water-rat 1994 had a small gap m_ng
f_om the obsc_ed data.

Table3-3. Walk_ Creeknearwetland,June throughNevembeTlew.41ewaverageflowsfor water-.years1991
through199_

Otmaved Calibrated
Watt-Year Average Flow (eCt) Average Flow (cf_) Difference (ect)

1991 1.667 1.065 0.601

1992 1.458 0.9.56 0.502

1993 1.189 0.978 0.210

1994 1203 0.898 0.306

1995 1.103 1.232 -0.129

1996 1.515 1.113 0.402

AverageDifference 1.252 1.0_ 0.197

Table3-4. WalkerCreeknearwetland,7-daylaw _ forwater-yeml1991through1996.

Olnerved Calibrated
Water-Year AverageFlow(efs) Averap Flow(cfs) Difference(efs)

1991 1208 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 0256 ' 0.750 -0.494

1996 0.896 0.870 0.026

AverageDillerence 0.656 0.725 4}.069

The 1995 low-flow period is not consistent with the other years. The 7-day observed low flow for
this year was 0.25 cfs, compared to the simulated low flow of 0.75 cfs. The cause of this difference

is unknown. However, this is the only year in which the s_mulated low flow was higher than the
observed low flow. Furth_more, 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 watershed is the off-site groundwater 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 detemdne the accuracy of this information. Average flows for both gage sites are listed in
Tables 3-5 and 3-6. The year with the highest average annual flow at the mouth was 1995, and the
yearwith the lowest average annual flow at the mouth was 1994. The yearwith the highest average
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annual flow near the wetland was 1996, while the year with the lowest average annual flow was

1995. Givm that 65 percent of the base flow for Walker Creek was recorded at the upsu_am gage
near the w_,cl_d, it is difficult to un_ why the v_ of maximum flow at the mouth was also

the year of minimum flOW at the _ gage. Table 3-6 mdic.at_ that the 7-day low flow for
1995 at the downstream _L,e was not conmsttmtwith the other years.

Table 3-S. Walker Creek correction of arm-age _nnual gage flew at the mouth and near the wetland.

GAGE AT THE MOUTH

Ob_'v_ Calibrated

Average Flow Avertge FJow Difference
Water-Year (eft) (efB) ("_)

1993 1.879 1.442 0.437

1994 1.584 1283 0301

1995 2318 1.937 0380

1996 2.034 1.723 0310

Average D/fference 1.9_ I..0_ 03S7

GAGE NEAR TI_ WETLAND

Obeerv_ Cal/bra_d

Average Flow Average Flow Difference
Water-Year (efs) (gfs) (efs)

1993 1.189 0.978 0210

1994 1203 0.898 0306

1995 1.103 1222 -0.129

1996 1_515 1.113 0.402

Average Dillerence 1.252 1.0_ 0.197

DIFFERENCE BETWEEN GAGES

Observed Calibrated

Average Flow Average Flow Difference
Water-Year (eft) (eft) (eft)

1993 0.690 0.464 0226

1994 0381 0385 -0.005

1995 1.215 0.706 0.509

1996 0.519 0.610 -0.091

Average Difference 0.701 0.541 0.160
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Table 3-6. Walker Creek correlationof 7-day low-now gage flow at the mouth sad Item"the wetland.

GAGE AT TEIEMOUTH

Observed Calibrated
Average Flow Arm-ageFlow Diff_J_ce

Water-Year (efs_ (eb) (ctb)

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

AverageDIHerenee 1.281 1.030 0.250

GAGE NEAR _

Olmrved _ml
Average Flow AvermgeFlow Difference

Water-Year (d,) (efs) (_)

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

AverageDifference 0_J6 0.725 -0.069

DIFFERENCE BETWEEN GAGES

Observed Calibrated

Average Flow Average Flow Difference
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

AverageDifference 0_25 0_305 0320
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4. DES MOINES CREEK LOW STREAblFLOW

Two streamflow gages located in the Des Moines Creek watershed were used in the low-sueamflow
oah'_a_cm_v (_ Figure 2-1 in the mare t=ct for gage locations). One of the _r_ow gag_
was located near the mouth of Des Moines Creek, and the other gage (1 lc) was located further
upsneam. Data for the smuunflow gages were collected by King County DN'I_ The analysis period
covers water-years 1992 through 1996. The modeling team selected this period because it appeared
to co,t.i- the most reliable dam. However, the observed ,_ from these water-years contain

several gaps.

4.1 DES MOINES CREEK AT THE MOUTH

Observed and cah_rated low flows for Des Moines Creek at the mouth are shown in Figures 4-1
through 4-5. Average simulated and observed sueamflows for each low-flow period are listed in
Table4-I.Averagesimulatedandobservedstremnflowsforeach7-daylow-flowperiodarelisted
inTable4.2.The 7-daylow-flowperiodforeachobservedwater-yeardidnotoccurdiningthe
same7-dayperiodasthes_nulatedlow-flowperiod.Water-year1992exhibitedsome oddbehavior
inthemonthofJuly,astheobser¢edbaseflowjumpedup anddown erratically.Forexample,on
July15_,thebaseflowrangedfrom0.1cfsto 1.8cfs(Table4-3).Thistypeof flashinessis
duplicamdthroughouttheobservedd_ andwas notduplicatedby thcsimulateddata.Ingeneral,
low flow at the mouth represents the gcn=ral behavior of the observed flows. Average simulated
flowsforwater-years1994through1996werewithin0.26cfsofobservedflows,whileaverage
simulatedflowsforwater-years1992and1993werewithin0.5cfsofobservedflows.Calibrated7-

daylowflowswerewithin0.32cfsofobservedlowflowsforall3au_s.

Table4-1. DesMoinesCreekat themouth,JunethroughNovemberlow-flowaverageflowsforwater-years1992
through1996.

Observed Calibrated
Water-Year Aver_ Flow(cfs) AverageFlow(cfs) Difference(cfs)

1992 3.370 2.909 0.461

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 -02.51

AverageDifference 3.540 3A18 0.122

low StreamflowAnalysis Decem_ 2001
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Table 4-2. Des Momes Creek at the mouth, June through November 7-day low flows for water-years 1992
through 1996.

Observed Calibrated

Water-Year Average Flow (cfs) Average Flow (cfs) Difference (efs)

1992 0.585 0.904 -0.318

1993 1.205 0.900 0.305

1994 0.600 0.700 -0.100

1995 1.284 1.000 0.284

1996 1.268 IAII -0.144

Average Difference 1.089 1.003 0.086

Table 4-3. Des Moines Creek low flow at the mouth, recorded July 15.1992 base flow.

Date/Hour Flow (efs) Date/Hour Flow (era)

1992 RYL 1501 0.6 19923UI. 15 17 1.8

1992 FUL 1502 0.4 1992RTL 15 18 1.5

1992 3UL 15 03 0.4 1992JUT-15 19 0.6

1992 JUL 1504 0.2 1992/UL 1520 0.2

1992 JUL 1505 0.1 1992/UL 15 21 02

1992 JUL 1506 02 1992KIL 15 22 0.2

1992 FUL 1507 0.2 1992_ 1523 0.2

1992JUT..1508 0.2 1992JUT-1524 0.8

1992JUL 15O9 0.4

1992JUL 15I0 0.4

1992JUL 15II 0.7

1992JUL 1512 0.4

1992JUL 15 13 ' 0.9

1992JUL 15 14 1.6

1992RYL 15 15 1.3

1992 JUL 15 16 0.9

4.2 DES MOINES CREEK AT GAGE 11C

Observed and calibrated low flows for Des Moines Creek at gage 1lc are shown in Figures 4-6

through 4-11. Average simulated and observed streamflows for each low-flow period are listed in

Table 4-4. Average simulated and observed streamflows for each 7-day low-flow period are listed

in Table 4-5. The 7-day low-flow period for each observed water-year did not occur during the

same 7-day period as the simulated low-flow period. Water-year 1991 had a small gap missing
from the observed data.

The simulated average 7-day low flow for all years was consistently lower than the observed low

flow. The average difference was 0.61 cfs, with the maximum difference of 1.09 cfs occun'mg in
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1995. Calibraxed base flows were generally very fiat and ranged between 0.1 and 0.2 ds, while the

observed base flow was more flashy and generally ranged betwee_ 0.3 and 1.0 cfs. The s_muIated

7-day low-flow values weTe within 021 cfs of the observed 7-day low-flow values. The observed
maximum 7-day low flow for the period of study was 0.3 cfs, while the _imtflated maximum 7-day

low flow for the period of study was 0.2 ds.

Table 4-4. INs Maims Cru_ at gap llc. June through November low-flow svern_ flows for wattr:_tes 1991
anqh

Oboerved _ted
Water-Year Average Flew (cfs) Avemle Flew (cfs) Dlffereace (cfs)

1991 1.549 O.gM 0.596

1992 1.346 0.948 0.398

1993 1.009 0.581 0.428

1994 1.516 1.043 0.472

1995 3.008 I..¢22 1.085

1996 1.112 0.652 0.460

AverageDlffereaee 1.661 1._J0 0_II

Table 4-5. Des Moia_ Creek st gage 110, June threugh N_ 7-day low flows fer water-vmrs 1991 through
1996.

Otmrv_ Caabramd

Water-Year Averap glow (cfs) Averale Flew (cfs) DIHermce (cfs)

1991 0.300 0.I00 0.200

1992 0.172 0.090 0.082

1993 0.133 0.100 0.033

1994 0.046 0.100 -O.OM

1995 0.300 0.100 0200

1996 0.301 0.100 0.201

Average IMllerence 0.195 0.1O0 0.095 ,

Sn.emfow A_ _ 2oo/
577AMaster Plan Update Impmpemzm .4-45 £._6-2912-001¢'28B)

AR 052975



5. SUMMARY

Low-flowanalysiswas performedfortwo gagelocaxionsm Miller,Walker,and Des Nioines
Creeks.R_ultsmdic,_ thatc,ah'bra_low flowsatthemouth ofeachstreamaregood,while
calibramdlow flowsattheup_ gagesshow lowerflowsthanobs='vedflows.Groundwamr
condilionsin each of thewammheds are somewhat speculativeand may accountforthese

discrepanciesatthe upsu_m gage loc_ons.
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Description of Low Flow Landuse Summary Tables

A-la MillerCreekSurfaceWater SubbasinCrtaractenstics- 1994 (STIA basins)
A-1D MillerCreekSudaceWater Sul_basinCharactenstms- 2006 (STIA basins)

A.2a MillerCreekContiguousGroundwaterSubbasinCharacteristics- 1994 (STIA basins)
A-2b MillerCreekContiguousGroun0waterSubbasinCharacteristics- 2006 (STIA basins)

A-3a MillerCreek Non-ContiguousGroundwaterSubbasinCharacteristics- 1994 (STIA basins)
A-3b MillerCreek Non-ContiguousGroundwaterSubbasinCharacteristics- 2006 (STIA basins)

A-4a WalkerCreekSurfaceWater SubbasinCharacteristics- 1994 (STIA basins)
A-41_ WalkerCreekSurfaceWater SubbasmCharacteristics- 2006 (STIA basins)

A-5a Walker CreekContiguousGroundwaterSubl)asinCharacteristics- 1994 (STIA basins)
A-5b Walker CreekContiguousGroun0waterSubl)asinCharacterstms- 2006 (STIA basins)

A-6a Walker CreekNon-ContiguousGroundwaterSubbasinCharacteristics- 1994 (STIA basins)
A-6b Walker CreekNon-ContiguousGroundwaterSubbasinCharacteristics- 2006 (STIA basins)

A-7a Des MoinesCreek SurfaceWater SubbasinCharacteristics- 1994 (STIA basins)
A-Tb Des MoinesCreekSurfaceWater SubbasinCharacteristics- 2006 (STIA basins)

A-8a Des MoinasCreekContiguousGroundwaterSubbasinCharacteristics- 1994 (STIA basins)
A-8b Des MoinasCreek ContiguousGroundwaterSubbasinCharacteristics- 2006 (STIA basins)

A-ga Des MoinesNon-ContiguousGroundwaterSubbasinCharacteristics- 1994 (STIA basins)
A-9b Des MoinesNon-ContiguousGrounclwaterSubbasinCharacteristics- 2006 (STIA basins)
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Legend for Miller and Walker Surface Water Subbaain Tables
A-la, A-lb, A-4a,and A-4b

Soil Types:
M Till Mocrlfladland(Holocene)
Ob Outwash Beachdeposits(Holocene)
Q_ Outwash Sedimentarydepositsof pre-Fraserglaciationage (Pleistocene)
Qu Outwun Surficmideposits,undivided(Holoceneand Plalatocane)
Ovi Otawash Ice-contactdeposits
Ovr Outwash Recessionaloutwashdeposits
Qwl Till Silt-dommataadeposits
Qvt Till Till
Ovu Outwl_h VlBhon ddtt,undivided
Ow Outwash Wetlanddeposits(Hoiocene)
Oval Oulwasl" Youngeralluvium(Holocene)
SA Wetlana
Fill Airportfill
TIA Total imperviouslima
EIA Effectiveimperviousaru

Land Use Types:
COMM Commemlal
F Forest
HD HighdensityruidentlaJ
LD Lowdensityresidential
MF MultHamily
OG Grassoropen
STIA Commercialairportand measuredEIA
TRANS Transport

PERLNDnumbersreferto the uniquesoilperviousland segmentinHSPF.
IMPLNDnumbersrefertothe imperviouslandsegment in HSPF.
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Legend for Des Moines Surface Water Subbasin Tables
A-7a andA7b

SoUTypes:
OFF Outwashforest,flal
OFM Outwashforest,moderate
OFS Outwashforest,steep
OF Oulwashforest (allslopes)
OGF Outwashgrass,flat
OGM Outwashgrass,moclerate
OGS Outwuh grass,steep
OG Outwashgrass (allslopes)
LAC Lacustrine(till)
TFF Till forest,fiat
TFM Till forest,mo0erete
TFS Till forest,steep
TF Till forest (allslopes)
TGF Till grass,flat
TGM Tillgrass,moderate
TGS Till grass,steep
TG Tillgrass(all slopes)
SA Wetland
IMP Imperviousarea
TIA Total imperviousarea

Land Use Types:
AP CommemlalairportandmeasuredEIA
C Commemml
TR Transport
MF Multi-family
HD Highdensityresidential
LD Lowdensityresi0entlal
G Grassor open
F Forest

PERLNDnumbersrefertothe uniquesoilperviouslandsegmentin HSPF.
IMPLNDnumbersreferto the imperviouslandsegmentin HSPF.

AR 052979



Legend for Groundwater Subbasin Tables
A-2a,A-2_,A-3a,A-3_,A-Sa.A-SD,A-6a.A-6_,A,-Sa.A-_. A-ga,andA-_

PERLNDAreas:
For each groundwatersubl_sin, landusesandsoiltypescorrespondtomose Isted for
the respectivesurlacewatersubbasin. PERLNDsubtotalsare calculatedseparatelybased
on the landuse andsoiltypesthatapplyto a givensubbasin. Resultsof those calculations
have Deansummanzeclon the groun0watersubl:_sintablescontainedinthisappendix.

IMPLND Areas:

imperviousareas have beenincludedonthe groundwatersubb_in tablesfortracking
purposesonly. Imperviousareas have notbeen mcluaedingmuno_Natarmoaela.
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Explanation of Calculation of Effective Impervious Area

For all STIA basins:

Effective Impervious Area
- LanduseAP/STIA andTR/TRANS: imperviousacreage fromGIS analysis
- Allotherlanduse¢ategonas: totalacreagewithinthe Dasinfor a givenland

useandsoiltypemultipliedbythe EIA percentage

PerviousArea
- Landuse AP/STIAandTR/TRANS: perviousacreage withinthe Basinfor

a givenlanduse andsoiltypetromGIS analysis
- Allother landuse categories:totalacreage withinthebasinfora given land

use andsoiltypemultipliedbythe perviouspercentage
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MI'I.LER CREEK WATERSRED
HSPF INPUT FILES
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CERTIFICATE OF ENGINEER

The technical material and ,_ for the Miller Creek watershed and Walker Creek watershed low
flow-specific HSPF modeling were prepared under the supervision and direction of the undersigned,
whose seal, as a professional engineer licensed to prance as such, is affixed below.

Srream/lowAnaO_ _ 2001
SITAMo.nerPlanUpdatelmprovemem, 556-2912-001(28B)
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File mi]lG5tc.inp, Printed Monday, December 10, 2001
RUN
GLOBAL

*** FILE: mi1165.inpREVISED Aug 2000 Joe Brascher(atc)
*'* for parameterix
*** SEATAC AIRPORT HSPF BASZN MOOEL OF MILLER CREEK
*** - POST-MILLER CK DETENTION FAClI'TY 10/92-6/93
*** m23 AND M24 new area west of m2. Flows to rdf
*** Calibration file run for FOUR YEARS using full length calibration run 1990
*** data for initial conditions
MZLLER CREEK BASZN HSPF MODEL
START 1990 10 1 0 0 END 1994 9 30 24 0
RUN ZN-ERP OL_PUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FILES
<type> <fun>***< ............ fname ....... •
MESSU 24 D:\PARA\SEATAC\MILLER\]OWirIow\M._LL.MES

25 D : \ PARA\SEATAC\_r_:LLER\I _ ow\M10Wl_i ow. wdm
61 D:\PARA\SEATAC\MZLLER\]ow_ow\PER.L61
62 D:\PARA\SEATAC\MZLLER\]OWflOW\RCH.L62

END FILES

OPN SEQUENCE
INGRP ZNDELT 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
RCHRES 10
RCHRES 16
RCHRES 11
RCHRES 13
RCHRES 12
RCHRES 15
RCHRES 14
RCHRES 17

END INGRP
END OPN SEQUENCE

COPY w*e
TIMESERIES

Page 1
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File mil165tc.inD, Printed Monday, December 10, 2001
Copy-opn **.
# - # NPT NMN
i 5 I

END T_MESER_ES
END COPY

PERLND
GEN-INFO

<PLS > Name NBLKS Unit-systeJaS Printer ***
# - # User t-series Engl Metr ***

in out *'*
14 TFF- TILL FOR FLT 1 1 1 1 61 0
16 TFM- TILL FOR MOD 1 1 1 1 61 0
18 TFS- TILL FOR STP 1 1 1 1 61 0
24 TGF- TILL GR FLT 1 1 1 1 61 0
26 TGM- TILL GR MOO 1 1 1 1 61 0
28 TGS- TILL GR STP 1 1 1 1 61 0
34 OF - OUTWASHFOR I I I I 61 0
44 OG - OUTWASHGR 1 i i 1 61 0

***PERLND FOR NEWAIRPORT FILL; NONE IN CALZBRA'rZON
45 AIRPORT FILL 1 1 1 1 61 0
54 SA - WETLANDS 1 1 1 1 61 0
64 RES- GROUNDWATER 1 i i i 61 0

END GEN-INFO
ACTIVITY

<PLS • ************* ACtive SeCl:iOns *****************************
# - # ATMP SNOWPWAT SED PST PWG PQAL MSTL PEST NTTR PHOS TRAC ***
14 200 0 0 1 0 0 0 0 0 0 0 0 0

END AcrZVZTY
PRINT-ZNFO

<PLS • ********************* Print-flags ************************* PIVL PYR
# - # ATMP SNOWPWAT SED PST P#G PQAL MSTL PEST NrTR 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 ********************
# - # 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 9.0000 0.3200 400.00 0.0500 0.5000 0.9960
16 9.0000 0.3200 400.00 0.1000 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 0.1000 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 I0.0000 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 100.00 0.0010 0 5000 0.9960END PWAT-PARM2

Page 2
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File mil165tc.inp, printed Monday, December 10, 2001
PWAT- PARM3

<PLS >**.
_ #*t* PETMAX PETMIN ZNFEXP ZNFZLD 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 I_AT- PARM3
I=_/AT-PARM4 *t*

<PLS >
# - # CEPSC UZSN NSUR ZNTI_ ZRC 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 g.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 1. 000 0. 7000 0. 8000

END PWAT-PARM4
PWAT-STATE1

<PLS > PWATERstate variables***
# - #*** CEPS SUR5 UZS IFWS LZS AGWS GVNS

16 0.000 0. 0.O010 0.00 0. 941 3 • 108 0.04B
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
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 3.21! 0. 000 0. 000
14 0. 078 0. 0. 2500 0.10 2.000 2. 000 0. 000
18 0.078 0. 0.2500 0.10 2.000 2.000 0. 000
24 0.051 0. 0.2500 0.10 2.000 2.000 0.000
28 0.051 0. 0.2500 0.10 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-TNFO
<ZLS > Name Unit-systems Printer ***
# - # User t-series Engl _etr ***

i n out: ***
14 IMPERVIOUS 1 1 1 60 0

END GEN-INFO
ACT]_VTTY

<ILS > *_*********** ACtive Sections ****
# - # ATMP SNOWIWAT SLD ZWG IQAL ***

14 0 0 1 0 0 0
END ACTIVITY
PRINT-INFO

<IL5 > ******'* Print-f'lags ******** PZVL PYR
# - # ATMP SNOWIWAT SLD IWG IQAL "**'*****

14 0 0 6 0 0 0 1 9
END PRINT-INFO
IWAT- PARM1

<ILS > F1ags *** ***
# - # CSNO RTOP VRS VNN RTLI *** ***

14 0 0 0 0 0
Page 3
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File mil16Stc.inp, printed Monday, December 10, 2001
END ZWAT-PARM1
IWAT-PARM2 ***

# - # LSUR SLSUR NSUR RETSC
14 100. O0 O. 0100 O. 1000 O. 1000

END IWAT-PARM2
IWAT-PARM3 ***

<ZLS > "**
# - # PETMAX PE'rMIN

14
END IWAT-PARM3
IWAT-STATEI *'*

<ILS > ZWATER state variables ,,,
# - # RETS SUPS

14 1.0000E-3 1.0000E-3
END ZWAT-STATE1

END ZMPLND ***

EXT SOURCES *''

*_* NOTE: The only RCHRES that precip and PET are applied to are lakes. ...

<-volume-> <Member> SsysSgap<--Mult-->Tran <-Targe¢ vols> <-Grp> <-Member-> *'*
<Name> # <Name> # ¢em strg<-factor->strg <Name> # # <Name> # # ***
*** PRECZP/EVAP TO PERV_OUS/ZMPERV SURFACES
WDM 1002 PREC ENGLZERO 1.00 PERLND 14 200 EX'rNL PREC
WDM 1002 PREC ENGLZERO 1.00 IMPLND 14 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 PERLND 14 18 EXTNL PEI_NP
WDM 1 EVAP ENGLZERO 0.8 PERLND 24 28 EXTNL PE'_NP
WDM 1 EVAP ENGLZERO 0.8 PERLND 34 54 EXTNL PET_NP
WDM 1 EVAP ENGLZERO 0.8 PERLND 64 EX'rNL PE3-ZNP
WDM 1 EVAP ENGLZERO 0.8 IMPLND 14 EXTNL PETINP
*** PRECZP/EVAP TO LAKES
WDM 1002 PREC ENGLZERO RCHRES 1 EXTNL PREC
WDM i 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 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 4 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 4 EXTNL PREC
WDM 1002 PREC ENGLZERO RCHRES 11 EXTNL PREC ,
WDM 1 EVAP ENGLZERO 0.8 RCHRES 11 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
WDM 1002 PREC ENGLZERO RCHRES 54 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 54 EXTNL POTEV

END EXT SOURCES

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-volume-> <Member> Tsys Tgap Amd ***
<Name> # <Name> # #<-facIor->strg <Name> # <Name> tem strg scrg'**
*** UPPER MILLER CREEK GROUNDWATER PUMPING
COPY *** 1 OUTPUT MEAN 1 12.1 WDM 18 FLOW ENGL REPL
*** GAUGE POINTS (17-MOUTH, S4-MILLER RDF, 50,,SR 518, 1B-WALKER CK)
RCHRES 35 HYDR RO WDM 8035 FLOW ENGL REPL

Page 4
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File mil165tc.inp, Printed Monday, December 10, 2001
RCHRES 17 HYDR RO _ 33 FLOW ENGL REPL
RCHRES 54 HYDR RO _ 34 FLOW ENGL REPL
RCHRES 50 HYDR RO *** _ 35 FLOW ENGL REPL
RCHRES 18 HYD_ RO "** M)M 36 FLOW ENGL REPL
"** MISC C20,.WALKER WETLAND, 55JSRS09, 56..3_'T AVE, I_ARBOR LAKE)
RCHRES 23 HYDR STAGE ... _ 91 STAG ENGL REPL
RCHRES 20 HYDR RO *f* _ 37 FLOW ENGL REPL
RCHRES 55 HYDR RO .it WDM 38 FLOW ENGL REPL
RCHRES 62 HYDR RO *** Wl)M 39 FLOW ENGL REPL
RCHRES 1 HYDR RO *_* _ 80 FLOW ENGL REPL
<-volume-> <-Grp> <-Member-><--Mult-->Tran <-volume-> <Member> Tsys Tgap Am_ ...
<Name> # <Name> # #<-fac_or->strg <Name> # <Name> tern strg strg***

t*-MOUTH
RCHRES 54 HYDR RO 1 1 0.000419 *** _ 60 SIMQ ENGL REPL
RCHRES 17 HYDR RO 1 1 0.000213 w** WDM 70 SIN(} ENGL REPL
END EXT TARGETS *t*

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 1 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 RCHRES 2 6
PERLND 44 38.71 RCHRES 2 6
PERLND 16 0.56 RCHRES 135 7
PERLND 26 20.01 RCHRES ]35 7
PERLND 34 0.05 RCHRES 135 7
PERLND 44 3.87 RCHRES i35 7
IMPLND 14 42.22 RCHRES 2 2

*** SUB-CATCHMENT 23 New subbasin 15 • OF GW GOES TO 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 RCHRES 135 7
PERLND 34 0.34 RCHRES135 7
PERLND 44 6.88 RCHRES 135 7
IMPLND 14 58.44 RCHRES 23 2

*** SUB-CATCHMENT 24 New subbasin 60 % OF GW GOES TO 11 40°_TO SOUND
PERLND 26 135.43 RCHRES 24 6
PERLND 34 2.02 RCHRES 24 6
PERLND 44 69.29 RCHRES 24 6
PERLND 26 81.26 RCHRES 11 7
PERLND 34 1.21 RCHRES 11 7
PERLND 44 41.57 RCHRES 11 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

Page S

AR 053071



Fi]e mi]165tc.inp, printed Monday, December I0, 2001
PERLND 34 16.02 RCHRES 135 7
PERLND 44 102.89 RCHRES 135 7
PERLND 54 0.04 RCHRES135 7
ZMPLND 14 27.30 RCHRES 3 2

*'' SUB-CATCHMENT 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 i6 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
ZMPLND 14 18.43 RCHRES 4 2

*** SUB-CATCHMENT 4a 70% of agwo goes to rchres 30% goes to 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 RCHRES 4 6
PERLND 16 6.06 RCHRES 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
IMPLND 14 29.14 RCHRES 4 2

*** SUB-CATCHMENT 5
PERLND 26 10.29 RCHRES 5 1
PERLND 44 50.04 RCHRES 5 I
PERLND 54 10.74 RCHRES 5 1
IMPLND 24 16.31 RCHRES 5 2

*** SUB-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 I
IMPLND 14 7.14 RCHRES 53 2

*** SUB-CATCHMENT 8
PERLND 44 22.21 RCHRES 35 i
IMPLND 14 6.60 RCHRES 35 2

*** SUB-CATCHMENT 9

PERLND 16 4.94 RCHRES 34 I '
PERLND 26 14.32 RCHRES 34 1
PERLND 34 0.05 RCHRES 34 I
PERLND 44 56.70 RCHRES 34 1
PERLND 54 0.0i RCHRES 34 1
IMPLND 14 22.46 RCHRES 34 2

*_* SUB-CATCHMENT 10

PERLND 16 4.15 RCHRES i0 1
PERLND 26 31.94 RCHRES i0 i
PERLND 44 95.23 RCHRES 10 i
IMPLND 14 71.97 RCHRES i0 2

*** SUB-CATCHMENT II 25% OF AGWO GOES TO 15
PERLND i6 0.89 RCHRES li 6
PERLND 26 217.92 RCHRES ii 6
PERLND 34 1.32 RCHRES li 6
PERLND 44 65.65 RCHRES ii 6
PERLND i6 0.67 RCHRES li 7
PERLND 26 163.44 RCHRES 11 7
PERLND 34 0.99 RCHRES ll 7
PERLND 44 49.24 RCHRES 11 7
PERLND 16 0.22 RCHRES 15 7
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54.48 RCHRE$ 15 7
PERLND 26 0.33 RCHRES 15 7
PERLND 34 16.41 RCHRES 15 7
PERLND 44 230.80 RCHRES 11 2
IMPLND 14

**- SUB-CATCHMENT 12 0.39 RCHRES 12 1
PERLND 16 101.18 RCHRES 3.2 1
PERLND 26 5.64 RCHRES 17 1
PERLND 34 54.98 RCHRES 12 1
PERLND 44 0.64 RCHRES 12 1
PERLND 54 79.83 RCHRES 12 2
IMPLND 14

_-- SUB-CATCHMENT 13 0.79 RCHRES 1_ 1
PERLND 16 197.68 RCHRES 13 1
PERLND 26 27.66 RCHRES 13 2
IMPLND 14

*** SUB-CATCHMENT 14 50_OF AGWO GOES TO SOUND0.24 RCHRES 14 6
PERLND 16 118.67 RCHRES 14 6
PERLND 26 13.46 RCHRES 14 6
PERLND 34 41.91 RCHRES 14 6
PERLND 44 0.3.2 RCHRES 14 7
PERLND 16 7
PERLND 26 59.34 RCHRES 146.73 RCHRES 14 7
PERLND 34 7
PERLND 44 20.95 RCHRES 14
IMPLND 14 20.66 RCHRES 14 2

*_* SUB-CATCHMENT 15 6.59 RCHRES 15 1
PERLND 16 49.55 RCHRES 15 1
PERLND 26 50.09 RCHRES 15 1
PERLND 34 1
PERLND 44 86.52 RCHRES 15
IMPLND 14 19.47 RCHRES 15 2

*** SUB-CATCHMENT 16
PERLND 16 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 RCHRES 17 6
PERLND 54 2.19 RCHRES 17 6
IMPLND 14 10.49 RCHRES 17 2

*** SUB-CATCHMENT MC-1
PERLND 26 0.17 RCHRES 52 1
PERLND 44 8.21 RCHRES 52 1
PERLND 54 0.27 RCHRES 52 1
IMPLND 14 0.09 RCHRES 52 2

**" SUB-CATCHMENT MC-2
PERLND 16 0.08 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 RCNRES 53 1
IMPLND 14 0.27 RCHRES 53 2

**_ SUB-CATCHMENT MC-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 RCHRES 54 2

"** SUB-CATCHMENT MC-4
PERLND 44 17.32 RCHRES 135 1
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PERLND 54 14.41 RCHRES 135 i
ZMPLND i4 1.77 RCHRES 135 2

.t. SUB-CATCHMENT MC-5
PERLND 26 13.49 RCHRES 35 i
PERLND 44 3i.06 RCHRES 35 i
PERLND 54 5.95 RCHRES 35 1
IMPLND i4 2.50 RCHRES 35 2

t_. SUB-CATCHMENT MC-6
PERLND 44 17.75 RCHRES 35 1
PERLND 54 6.54 RCHRES 35 1
IMPLND i4 0.95 RCHRES 35 2

*** SUB-CATCHMENT MC-6B
PERLND 26 34.94 RCHRE$ 35 1
PERLND 34 7.8i RCHRES 35 1
PERLND 44 52.91 RCHRES 35 i
PERLND 54 4.61 RCHRES 35 i
ZMPLND 14 3.14 RCHRES 35 2

*'* SUB-CATCHMENT MC-7
PERLND 26 12.66 RCHRES i6 i
PERLND 44 33.53 RCHRES i6 i
PERLND 54 4.16 RCHRES 16 1
IMPLND 14 3.88 RCHRES 16 2

*** SUB-CATCHMENT MC-7B
PERLND 26 36.16 RCHRES 16 1
PERLND 44 8.46 RCHRES i6 1
PERLND 54 i.92 RCHRES 16 1
ZMPLND 14 2.12 RCHRES i6 2
***all sdn basin agwo goes to 35

*** SUB-CATCHMENT SDN-1
PERLND 26 3.23 RCHRES 52 6
PERLND 44 2.il RCHRES 52 6
PERLND 54 0.20 RCHRES 52 6
PERLND 26 3.23 RCHRES 135 7
PERLND 44 2.11 RCHRES 135 7
PERLND 54 0.20 RCHRES i35 7
IMPLND 14 8.29 RCHRES 52 2

*** SUB-CATCHMENT SDN-1-LWR
PERLND 44 4.97 RCHRES 52 6
PERLND 54 0.07 RCHRES 52 6
PERLND 44 4.97 RCHRES i35 7
PERLND 54 0.07 RCHRES i35 7
IMPLND 24 0.38 RCHRES 52 2

*** SUB-CATCHMENT SDN-I-OFF
PERLND 26 29.i2 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 i.67 RCHRES i35 7
IMPLND 14 li.50 RCHRES 52 2

*** SUB-CATCHMENT SDN-2
PERLND 26 10.41 RCHRES 52 6
PERLND 44 3.04 RCHRES 52 6
PERLND 26 i0.4i RCHRES 135 7
PERLND 44 3.04 RCHRES 135 7
IMPLND 14 33.22 RCHRES 52 2

*** SUB-CATCHMENT SDN-2X
PERSND 26 i.37 RCHRES 52 6
PERLND 44 5.84 RCHRES 52 6
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PERLND 26 1.37 RCHRES 135 7
PERLND _4 5.84 RCHRES 135 7
ZMPLND 14 0.28 RCHRES 52 2

"** SUB-CATCHMENT SDN-3
PERLND 26 49.79 RCHRES 54 6
PERLND 26 49.79 RCHRES 135 7
ZMPLND 14 15.82 RCHRES 54 2

t** SUB-CATCHMENT SDN-3X
PERLND 16 0.65 RCHRES 54 6
_ERLND 26 5.17 RCHRES 54 6
PERLND 34 13.64 RCHRES 54 6
PERLND 44 5.34 RCHRES 54 6
PERLND 54 0.57 RCHRES 54 6
PERLND 16 0.65 RCHRES 135 7
PERLND 26 5.17 RCHRES 135 7
PERLND 34 13.64 RCHRES 135 7
PERLND 44 5.34 RCHRES 135 7
PERLND 54 0.57 RCHRES 135 7

*** SUB-CATCHMENT SDN-4
PERLND 26 24.43 RCHRES 52 6
PERLND 44 3.19 RCHR_S 52 6
PERLND 26 24.43 RCHRES 135 7
PERLND 44 3.19 RCHRES 135 7
IMPLND 14 2.61 RCHRES 52 2

*** SUB-CATCHMENT SDN-4X
PERLND 26 1.57 RCHRES 52 6
PERLND 34 1.16 RCHRES 52 6
PERLND 44 10.01 RCHRES 52 6
PERLND 26 1.57 RCHRES 135 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 TO M2 TO M3 TO STORAGE 50. M4 TO MS TO STORAGE 50
RCHRES 1 RCHRE$ 2 4
RCHRES 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 RCHRES 50 3
*** NEW STREAM REACH 52 TO LAKE REBA 53 TO RDF 54
RCHRES 52 RCHRES 53 3
RCHRES 53 RCHRES 54 3
RCHRES 50 RCHRES 54 3
*** RDF 54 TO 35
RCHRES 54 RCHRES135 3
RCHRES 34 RCHRES 135 4
RCHRES 34 RCHRES 135 5
RCHRES 135 RCHRES 35 3
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RCHRES 16 3RCHRES lO

RCHRES 35 RCHRES 16 3
RCHRES l! RCHRES 15 3
RCHRES 13 RCHRES 12 4
RCHRES 13 RCHRES 12 5
RCHRES 12 RCHRES 1S 3
RCHRES 16 RCHRES 15 3
RCHRES 14 RCHRES 17 3
RCHRES 15 RCHRES 17 3
END SCHEMATIC

NETWORK .t.

*** <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEN STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # ***

END NETWORK

RCHRES
GEN-ZNFO

RCHRES Name Nexi tS unit Systems Pri nter ***
# - #<-- ><---> User T-series Engl Metr LKFG ***

in out *'"
1 Arbor Lake M 1 2 1 1 1 62 0 0
2 Arbor Ck -03710 M 2 1 1 1 I 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 SR518 MS I I i i 62 0 0

I0 Trib (0371G) M I0 1 1 1 1 62 0 0
ii Mll Ambaum Detention 1 1 1 1 62 0 0
12 Trib(0354) M 12 1 1 1 1 62 0 0
13 Burien Lake M 13 2 1 1 1 62 0 0

14 Trib (0353) M 14 1 1 1 1 62 0 0
15 M/S U/S OF 17 1 1 1 1 62 0 0
16 U/S OF 15 M/S 1 1 1 1 62 0 0
17 GAGE 1 1 1 1 62 0 0
23 BASIN M23 2 1 1 1 62 0 0
24 BASZN M24 1 1 1 1 62 0 0
33 deIention m3 I 1 I 1 62 0 0
34 LORA LAKE 2 1 1 1 62 0 0
35 D/S OF VACA FARM 1 1 1 1 62 0 0
38 MC basins i 1 1 I 62 0 0
50 sr 518 1 1 1 l 62 0 0
52 U/S OF LAKE REBA 1 1 1 l 62 0 0
53 Reba outflow 1 1 1 1 62 0 0
54 Miller RDF outflow 1 1 1 1 62 0 0

135 VACA FARMS 1 1 1 1 62 0 0
END GEN-ZNFO
ACTIVITY

RCHRES *************** ACtive Sections *_***************
# - # 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 ***t*********** Printout Flags ****************** PIVL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB *_***_***
1 999 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 exi% *** possible exit possible exit
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1 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
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 I 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

END HYDR-PARM1
HYDR- PARI_.

RCHRES *t*
# - # FTABNO LEN DELTH STCOR KS DB50 *'_*

<: ...... >.< >< ........ ><: ........ ><: ........ >.< ........ ><: ........ > _tt

1 I 0.010 0.3
2 2 O. 776 0.3
3 3 0.980 0.3
4 4 0.010 0.3
S 5 O. 380 O. 3

10 I0 O.380 O.3
11 11 0.010 0.3
12 12 1.000 0.3
13 13 0.015 0.'3
14 14 0. 450 0.3
15 15 O. 735 0.3
16 16 O. 587 0.3
17 17 0. 379 0.3
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 0. 010 0.3
50 50 0. 010 0.3
52 52 0.010 0.3
53 53 0. 010 0.3
54 54 O.OiO O.3

135 135 O. 350 0.3
END HYDR-PARM2
HYDR-INI'T

RCHRES Initial conditions for each HYDR section -**
# - # "'* VOL Initial value of COLIND Initial value of OUTDGT

*'* ac-f_ for each possible exit for each possible exit
< ...... >< ........ > <-.-><--.><---><___><___> *t_: <___><___><___><:___><___>

1 2.0 4.0 5.0
2 0.0 4.0
3 0.0 4.0 5.0
4 2.0 4.O
5 0.0 4.0

10 0.0 4.0
II 0.0 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 9.0 4.0 5.0
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35 0.i 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

135 0. O0 4.0
END HYDR-INZT

END RCHRE5

F'FABLES
*t'UPPER BASIN

FTABLE 1
ROWSCOLS ***

11 5
DEPTH AREA VOLUME OUTFLOWOUTFLOW2***
0 O0 3. O0 0.00 O. O0 0.00
2 50 3.00 7.50 0.00 0.3.1
3 O0 3. O0 9. O0 1.80 O. 11
3 50 3.30 10.58 5.00 0._
4 O0 3.60 12.30 10.90 0.11
4 50 3.90 14.18 17.50 O. 11
5. O0 4.10 16.18 26.20 O. 11
5.50 4.30 18.28 32.50 O. 11
6.00 4.50 20.48 35.90 0.11
7.00 5.00 25.23 38.10 0.11
8. O0 5.50 30.48 46.40 O. 11

END F'I'ABLE 1

F'I'ABLE 2
ROWSCOLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
O. 000 O. 0000 O. 0000 0. O0
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 O. 7128 O. 6918 59.86
2.000 O.8756 I.0889 Ii0.67

, 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 2

FTABLE 3
ROWSCOLS *_'"

12 4
DEPTH AREA VOLUME OUTFLOW ***
0. 000 0. 0000 0. 0000 0.00
0.100 0.9669 0.0483 0.13
0.500 1.0637 0.4545 4.92
I.000 1.1846 i.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 F'I'ABLE 3
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FTABLE 4
ROWSCOLS ***

7 5
DEPTH AREA VOLUME OUTFLOWOUTFLOW2***
O. O0 3. O0 O. O0 0. O0 0.00
2.50 4.50 9.38 0.00 0.11
3.00 6.00 12.00 6.00 0.11
4.00 10.00 20.00 13.00 0.Ii
5.00 15.00 32.50 20.00 0.11
6.00 20.00 50.00 26.00 0.11
7.00 25.00 72.50 168.00 0.11

END FTABLE 4

k-I'ABLE 5
ROWSCOLS _**

10 4
DEPTH AREA VOLUME OUTFLOW ***
0. 000 0. 0000 0. 0000 0.00
O.100 O.1010 O.0051 O.03
0.500 0.1754 0.0603 1.46
i.000 C 2684 0.1713 6.16
1.500 0.3614 0.3288 14.89
2.000 0.454a 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 I0
ROWSCOLS _**

9 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 O.OCO0 0.0000 0.00
0.i00 O.ICIO 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
_.000 0.6887 1.6116 209.70

END F'TABLE 10

POST AMBAUMDETENTION _**
F-TABLE ii

ROWSCOLS ***
11 4

DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
1.000 0.1000 C.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 ii.i0
5.000 0.5000 1.8200 16.00
6.000 0.6000 2.2700 19.10
7.000 0.7000 2.8300 21.6_
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 1.1000 5.2000 133.00
11.000 1.1500 5.3000 500.00
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END F'r'ABLEII

I'I'ABLE 12
ROWSCOL5 .t_

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
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 F'TABLE12

F-TABLE 13
ROWSCOLS ***

7 5
DEPTH AREA VOLUME OUTFLOWOUTFLOW2***
0.000 40.000 0.0000 0.00 0.00
1.000 41.400 40.000 0.00 0.JJ.
1.500 42.000 60.000 10.00 0.11
2.000 42.700 80.000 16.00 0.11
2.500 43.300 I00.00 20.00 0.ii
3.000 44.000 120.00 28.00 0.11
5.000 45.000 210.00 45.00 0.11

END F-TABLE13

F-FABLE 14
ROWSCOLS _**

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 _ 6612 1.4628 228.78

END F'I'ABLE 14

FTABLE 15
ROWSCOLS ***

4 4
DEPTH AREA VOLUME OUTFLOW _**
0.00 0.10 0.00 0.00
1.00 1.00 0.55 91.00
2.00 1.10 1.60 268.00
3.00 1.20 2.75 493.00

END F'TABLE15

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

Page 14

AR 053080



File mil165tc.inp, Printed Monday, December 10, 2001
END FTABLE 16

FTABLE 17
ROWSCOLS ***

5 4
DEPTH AREA VOLUME OUTFLOW ***
0. O0 0.10 0. O0 0. O0
I.O0 1.O0 O.55 59.O0
2.O0 I.i0 1.60 173.O0
3. O0 1.20 2.75 318. O0
4. O0 1.30 4. O0 484. O0

END F'TABLE17

FTABLE 23
ROWSCOLS "** HERMES

9 S
DEPTH AREA VOLUME OUTFLOWOUTFLOW ***
0.00 0.00 0.00 0.00 0.00 0.00
5.O0 O.50 1.91 0.00 O.O0 305.O0

11.00 0.79 5.79 0.00 0.00 311.00
15.O0 1.13 9.64 O.50 O.01 315 .O0
19.00 1.72 1._.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. O0 10. O0 1212.98 O. 50 O. 40 360. O0

END PTABLE 23

FTABLE 24
ROWSCOLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
O.000 O.OOOO O.0000 O.O0
0.I00 0.2571 0.0129 0.16
O.500 O.3E73 O.1417 6.53
1.000 0.5501 0.3761 25.95
i.500 O.7128 O.6918 59.86
2.000 O.8756 1.0889 110.67
3. 000 i.2011 2.1273 272.24
3.500 1.3639 2.7685 387.38
4. 000 1. 5266 3. 4912 528.19

END F'TABLE 24

FTABLE 33
ROWSCOLS ***

11 4
DEPTH AREA VOLUME OUTFLOW ***

O. O0 1. O0 O. O0 O. O0
0.50 1.20 0.55 2.00
i.O0 i.40 i.20 6.O0
I.50 I.60 i.95 9.O0
2.O0 i.80 2.80 13.O0
2.50 2.00 3.75 16.50
3. O0 2.20 4.80 20. O0
3.50 2.40 5.95 23.00
4. O0 2.60 7.20 26. O0
5.00 2.80 9.90 104.00
6. O0 3. O0 12.80 246. O0

END F-I'ABLE 33

F'I'ABLE 34
ROWSCOLS *** REVISED 11/19/97 BASED ON HEC-RAS MODEL6 5
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DEPTH AREA VOLUME oUTFLOWOUTFLOW2*_*

0.00 3.00 0.00 0.00 0.00
3. O0 3.05 9.08 0. O0 O. 11
4. O0 3.10 12.15 O. O0 O. 11
5. O0 3.15 15.28 O. O0 0.11
6.00 3.20 18.45 72.0 0.11
7.00 3.25 21.68 225.0 0.11

END I=TABLE 34

F'TABLE 35
ROWSCOLS *** REVISED 11/19/97 BASED ON HECRASMODEL

5 4
DEPTH AREA VOLUME OUTFLOW ***

0.OO O.10 O.OO O.OO
1.00 i.i0 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 PTABLE 35

F'TABLE 38
ROWSCOLS ***

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 Ii.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
ROWSCOLS *it
NORTH EMPLOYEEPARKING LOT VAULT (AS-BUILT) t**

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
20.000 0.2200 4.4800 30.79

END F'FABLE45

F-TABLE 50
ROWSCOLS *_*

10 4
DEPTH AREA VOLUME OUTFLOW ***

0.00 1 O0 0.00 0 O0
0.50 1 I0 0.53 5 O0
1.00 1 20 i.i0 15 O0
1.50 1 30 1.73 25 O0
2.00 1 40 2.40 35 O0
2.50 1 50 3.13 52 O0
3.00 1.60 3.90 70 O0
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File mil165tc.inp, Printed Monday, December 10, 2001
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

F'TABLE 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.O00 0.3763 0.3534 31.06
2.000 0.3819 0.7325 94.37
3.000 0.3874 1.1171 174.33

END FTABLE 52

F'I'ABLE 53
OLD LAKE R_BA *t*
MAX DEPTH = 4.9 FEET ***
30" C'MP, 40 CFS DISCHARGE AT MAX DEPTH ***
ROWSCOLS w**

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 F'TABLE 53

F'TABLE 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 0.0! 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

10.000 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 ***
F"TABLE 111

ROWSCOLS ***
12 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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File mil165tc.inp, printed Monday, December 10, 2001
2.500 0.2910 0.6070 89.10
3.000 0.2950 0.6820 90.00
3.500 0.3000 2.1OO0 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

END F'I"ABLEllI

FTABLE 135
ROWS COLS *** VACA FARM

6 4
DEPTH AREA VOLUME OUTFLOW ***

0.00 0.10 0.00 0.00
1.00 0.10 0.10 4.00
2. O0 O.11 0.21 8. O0
2.50 1. O0 0.48 13. O0
3.50 6.50 4.23 86. O0
4.50 13.00 13.98 235.00

END FTABLE135

END FTABLES

MASS-LINK

<volume> <-Grp> <-Member-><--Muir--> <Target> <-Grp> <-Member->***
<Name> <Name> # #<-factor-> <Name> <Name> # #***

MASS-LINK 1

conversion from acre-inches to acre-f-l: (1/12) ***
PERLND PWATER PERO 0.0833333 RCHRES INFLOW IVOL

END MASS-LINK 1

MASS-LINK 2

ZMPLND IWATER SURO 0.0833333 RCHRES INFLOW IVOL
END MASS-LINK 2

MASS-LINK 3

RCHRES ROFLOW RCHRES INFLOW
END MASS-LINK 3

6

MASS-LINK 4

RCHRES OFLOW OVOL 1 RCHRES INFLOW IVOL
END MASS-LINK 4

MASS-LINK 5

RCHRES OFLOW OVOL 2 RCHRES INFLOW IVOLEND MASS-LINK 5

MASS-LINK 6

PERLND PWATER SURO 0.0833333 RCHRES INFLOW IVOL
PERLND PWATER IFWO 0.0833333 RCHRES INFLOW IVOL

END MASS-LINK 6

MASS-LINK 7

PERLND PWATER AGWO 0.0833333 RCHRES INFLOW IVOLEND MASS-LINK 7

MASS-LINK 8

PERLND PWATER PERO 0.0833333 COPY INPUT MEANEND MASS-LINK 8
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File mil165tc.inp, printed Monday, December 10, 2001
MASS-LINK 12

PERLND PWATER AGWO 0.0833333 COPY ZNPUT MEAN
END MASS-LZNK 12

MASS-LZNK 9
ZMPLND ZWATER SURO 0.0833333 COPY ZNPUT MEAN

END MASS-LINK 9

MASS-LZNK 10
COPY OUTPUT MEAN RCHRES INFLOW/ _VOL

END MASS-LINK 10

END MASS-LINK
END RUN
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File Mlow_o4.inp, Printed Monday, December 10, 2001
RUN
GLOBAL

*** SEATAC A_RPORT HSPF BASIN MODEL OF MILLER CREEK
''* FILE: MC23inif.INP - 2006 future condition
*_* USED FOR LOW FLOW. 12/06/01 BY ATe JTB
**" MADE The following Changes to input file to deal with fill inflow: **"
*-* combined infiltration from sdwla and sdwlb ponds into one file
*** BASED ON MILL65.INP FILE FROM AQUA TERRA
*" MIOW_ OW. WDM:
*** REMOVED FILL AREAS FOR PGG CUT OUT AREA
*t* USING FULL LENGTH OF RECORD TO SET STATE VARIBLES
*** END CHANGES ***
*** ADDED PERLND 47,57,
*** ADDED GROUND WATER ZNFILTRATION TO _ FOR USE WITH MCAGWO.INP
*** FK revised SDW1A and SDW1B wich flow spliccers, s¢orages at SDN3/3X,

SDN2X/4X;
*** FK revised MC-1 and SDN-2X land uses, added POC at Lake Reba, removed

run-of-river Tables
*** FK added POC downstream of facilities SDtCl_Aand SOWlB
MILLER CREEK BASIN HSPF MODEL

*** START 1994 1 I 0 0 END 1996 8 30 24 0
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\MLOWFLO4.MES
_)M 25 d:\PARA\SEATAC\MILLER\LOWFLOW\MLOWFLOW.WDM

61 d:\PARA\SEATAC\MILLER\LOWFLOW\PER.L61
62 d:\PARA\SEATAC\MILLER\LOWFLOW\RCH.L62

END FILES

OPN SEQUENCE
INGRP INDELT 01:00

PERLND 16
PERLND 26
PERLND 34
PERLND 44
PERLND 45
PERLND 54

***SPECIAL PERLND FOR INFLOW OF GROUNDWATER FROM PGG
PERLND 80
IMPLND 14
RCHRES 1
RCHRES 23
RCHRES 24
RCHRES 2
RCHRES 3
RCHRES 33
RCHRES 4
RCHRES 5
RCHRES 50
RCHRES 242
RCHRES 240
COPY 61
COPY 44
RCHRES 51
RCHRES 43
RCHRES 451
RCHRES 452
COPY 4S
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File M1OW_'lO4.inp, Printed Monday, December 10, 2001
COPY 645
RCHRES 46
RCHRES 552
RCHRES 52
RCHRES 53
COPY 53
RCHRES 54
RCHRE$ 37
RCHRES 237
COPY 37
R_HRES 147
RCNRES 247
copy 66
COPY 69
RCHRES 47

_t*PERLND FOR INFILTRATION POND 47 OUTLET
PERLND 47
COPY 62
COPY 63
COPY 67
COPY 68

*** --> ou_pu_ SDWlA infilcra_ion discharge to WDM datase_ 5 in in/ac <--
copy 47
COPY 70
RCHRES 34
RCHRES 135
RCHRES 570
RCHRES 57
RCHRES 257

_** PERLND FOR INFILTRATION POND 57 OUTLET
PERLND 57
COPY 64
COPY 65
COPY 357
COPY 56
COPY 57
COPY 71
RCHRES 35
COPY 55
RCHRES 10
RCHRES 16
RCHRES 11
RCHRES 13
RCHRES 12
RCHRES 15
RCHRES 14
RCHRES 17

END INGRP

END OPN SEQUENCE ***

PERLND
GEN-ZNFO

<PLS > Name NBLKS uni_-sys_ems Princer ***
# - # user t-series Engl Meet ***

in OU¢ ***
16 TFM- TILL FOR MOD I i i I 61 0
26 TGM- TILL GR MOD 1 1 1 1 61 0
34 OF - OUTWASH FOR 1 I I I 61 0
44 OG - OUTWASH GR 1 1 1 1 61 0

***PERLND FOR NEW AIRPORT FILL; NONE IN CALIBRATION
45 AIRPORT FILL I i l 1 61 0
47 OG - INFILTRATION 1 I i 1 l 61 0
54 SA - WETLANDS 1 1 1 1 61 0
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File M1OW_O4.inp, Printed Monday. December 10, 2001
57 OG - INFILTRATION 3 I 1 11 61 0
80 LOW FLOW 1 1 1 1 61 0

END GEN-INFO
ACTIVI"TY

<PLS • ************* ACtive sections *****************************
# - # ATMP SNOW PWAT SED PST PWG POAL M_I'L PEST NITR PHOS TRAC ***

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END ACTIVITY
PP.ZNT- INFO

<PLS > ********************* Prin%-flags ************************* PIVL PYR
# - # ATMP SNOW PWAT SED PST I:_/G PQAL MSTL PEST NI"TR PHOS TRAC '''******

14 200 0 0 5 0 0 0 0 0 0 0 0 0 1 9
END PR_NT-INFO
PWAT-PARM1

<PLS • ***************** Flags ********************
# - # CSNO RTOP UZFG VCS VUZ VNN VZFW VIRC VLE ***

14 200 0 0 0 0 0 0 0 0 0
END PWAT-PARM1
PWAT-PARM2

<PLS > ***

# - # ***FOREST LZSN ZNF'ZLT 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 10.0000 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
PWAT-PARM3

<PLS >***

# - #*** PETMAX PETMZN ZNFEXP ZNFILD DEEPFR BASETP AGWETP
16 2.0000 2.0000 0.33 0.00 0.0
26 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. O.
47 2.0000 2.0000 0.33 O. 0.
45 2.0000 2.0000 0.33 0. 0.
54 10.000 2.0000 0.33 0. 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 ZNTFW IRC 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 0.1000 0.3750 0.2500 9.000 0.7000 0.2500END PWAT-PARM4

PWAT-STATE1

<PLS > PWATER staCe variables***

# - #*** CEPS SURS UZS II=WS LZS AGWS GWVS
16 0.000 O. 0.0010 0.00 0.941 3.108 0.048
26 0.000 O. 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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File MlOW_o4.inp, printed Monday, December 10, 2001
44 0.000 0. 0.0040 0.00 9.402 4.905 0.104
45 0.000 O. 0.0000 0.00 2.000 2.000 0.000
54 0.000 0. 0.0960 0.00 3.21.l 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 I_AT-STATE1
END PERLND

ZMPLND
GEN-INFO ***

<ZLS > Name unit-systems Printer
# . # User t-series Engl Metr **"

in OUt *'_

14 ZMPERVIOUS 1 1 1 60 0
END GEN-INFO
ACTZVZTY

<ZLS > ******'***'** ACtive Sections "***
# - # ATMP SNOW ZWAT SLD _G ZQAL ***

14 0 0 1 0 0 0
END ACTZVI"rY
PRINT-INFO

<ZLS > ******** Print-flags ******** PZVL PYR
# - # ATMP SNOW ZWAT SLD IWG ZQAL t*****.*.

14 0 0 6 0 0 0 1 9
END PRINT-INFO
IWAT-PARM1

<ILS > Flags _** ***
# * # CSNO RTOP VRS VNN RTLZ *** ***

14 0 0 0 0 0
END IWAT-PARM1
IWAT-PARM2

<ZLS > ***
# - # LSUR SLSUR NSUR RETSC ***

14 100.00 0.0100 0.1000 0.1000
END IWAT-PARM2
IWAT-PARM3

<ILS • ***
# - # PETMAX PE-rMIN .re

14
END ZWAT-PARM3
IWAT-STATE1

<ILS • IWATER state variables ***
# - # RETS SURS ***

14 1.0000E-3 1.0000E-3
END IWAT-STATE1

END IMPLND
wt_

EXT SOURCES

• ** NOTE: The only RCHRES that precip and PET are applied to are lakes and ponds
• ** FOLLOWING RCHRES ARE PONDS: 57, 247, 237

<-volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-> *'*
<Name• # <Name• # tem strg<-fac_or->strg <Name> # # <Name> # # ***
• ** PREC_P/EVAP TO PERVIOUS/IMPERV SURFACES
WDM 1002 PREC ENGLZERO 1.O0 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 PREC 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 ZMPLND 14 EXTNL PREC
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File Mlow_o4 inp, printed Monday, December 10, 2001
• PERLND 14 46 EXTNL pETINPWDM 1 EVAP ENGLZERO 0.8

_)M 1 EVAP ENGLZERO 0.0 PERLND 47 EXTNL PETZNP
WDM 1 EVAP ENGLZERO 0.0 PERLND 57 EXTNL PETZNP
WDM 1 EVAP ENGLZERO 0.8 PERLND 48 56 EXTNL PETZNP
WDM 1 EVAP ENGLZERO 0.8 PERLND 58 79 EXTNL PETZNP
Wl)M 1 EVAP ENGLZERO 0.8 PERLND 80 EXTNL PE'rZNP
W_ 1 EVAP ENGLZERO 0.8 ZMPLND 14 EXTNL PET_NP
-** 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 11 EX33WL POTEV
WDM 1002 PREC ENGLZERO RCHRES 13 EXTNL PREC

1 EVAP ENGLZERO 0.8 RCHRES 13 EXTNL POTEV
_¢)M 1002 PREC ENGLZERO RCHRES 23 EXTNL PREC
WDM 1 EVAP ENGLZERO O. 8 RCHRES 23 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 34 EXTNL PREC
WDM 1 EVAP ENGLZERO O. 8 RCHRES 34 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 53 EX'TNL PREC
WDM 1 EVAP ENGLZERO O. 8 RCHRES 53 EXTNL POTEV
W_ 1002 PREC ENGLZERO RCHRES 34 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 34 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES237 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 237 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCHRES 247 EXTNL PREC
WDM 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-ft/interval

*** divide by 43560*24
WDM 7000 FLOW ENGL .O00000957SAME RCHRES 33 INFLOW IVOL
*** till seapage groundwater flow from Fill area. PGG time series
*** Conversion factor from cu. ft./day to inches
*** (1/(43560"24) * 12)/area (114.81ac)
*** finally convert for deepfr of .33 by multiplying by .67
WDM 7001 FLOW ENGLZERO.OOOOOOO67SAME PERLND 80 EXTNL AGWLI
*** surface runoff to infiltration facilities
..3 Conversion factor from cu. ft./hr to acre-ft/interval

, *** divide by 43560*24
*'* conver_ed for contributing area ratios.
*** 22.35 ac
WDM 7002 FLOW ENGL .O00004561SAME RCHRES 237 INFLOW IVOL
*** 31.22 ac
WDM 7002 FLOW ENGL .000006371SAME RCNRES 47 INFLOW IVOL
3.* 58.93 ac
WDM 7002 FLOW ENGL .000012025SAME RCHRES 257 INFLOW IVOL

END EXT SOURCES

EXT TARGETS
<-volume-> <-Grp> <-Member-><--Mult-->Tran <-volume-> <Member> Tsys Tgap Amd ***
<Name> # <Name> # #<-factor->strg <Name> # <Name> tem strg strg***
***PRO3ECT CONDII-_OW FLOWS
..3 RCHRES=LOCATZON:
..3 54=MCDF 47=SDWlA INFILTRATION TANK 43=SDN3X 247=SDWlA POND G
*** 17=MOUTH 49=SDW2 44=SDN4X 52=SDN1 451= EXISTING NEPL
3.3 61=SDN2X 57=SDWlB 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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File Mlo_Flo4.inp, printed MondaY, December 10, 2001WDM 7036 FLOW ENGL REPL
RCHRES 35 HYDR RO 1 1 _ 113 FLOW ENGL REPL
*-*RCHRES 17 HYDR RO 1 1 _L_8 FLOW ENGL REPL
*'*COPY 55 OUTPUT MEAN 1 i 12.1 WDM REPL
.-.RCH_ES 54 HYDR RO 1 i WDM 114 FLOW ENGL
-*- DETENTION POND FLOWS ENGL REPL
--*COPY 61 OUTPUT MEAN 1 1 12.1 _ i01 FLOW
-**RCHRES 552 HYDR RO 1 1 WDM 102 FLOW ENG_ REPL
=-'RCHRES _51 HYDR RO 1 1 WDM 105 FLOW ENGL REPL
*-*RCHRES 452 HYDR RO 1 1 _ 119 FLOW ENG6 REPLtt1_M 106 FLOW ENGL REPL
'''RCHRES 46 HYDR RO 1 1
*-**** write SDWlA inf.Tank # 1 ou¢lets ¢o v_)M 107 and 108 like so:
---coPY 62 OUTPUT MEAN 1 1 12.1 V_)M 107 FLOW ENGL REPL
t_-COPY 63 OUTPUT MEAN 1 1 17.1 _ 10S FLOW ENGL REPL
*--**- write SDW1A de,. pond G outlets to WDN files:
**-COPY 66 OUTPUT MEAN 1 1 12.1 W¢_ 112 FLOW ENGL REPLWDM 1120 FLOW ENGL REPL
***COPY 69 OUTPUT MEAN 1 1 12.1
*--*** write SDWlA def. vault G1 TO V_M files:
*''COPY 67 OUTPUT MEAN 1 1 12.1 WDM 109 FLOW ENGL REPL_E)M 1090 FLOW ENGL REPL
***COPY 68 OUTPUT MEAN 1 1 12.1
--*-** write flow splitter outlets To v_ files:
***RCHRES 570 HYDR RO 1 I WDM 210 FLOW ENGL REPL
***COPY 64 OUTPUT MEAN 1 1 12.1 WDM 110 FLOW ENGL REPLWDM I15 FLOW ENGL REPL
-''COPY 65 OUTPUT MEAN . I 1 22.1
***-** write sOWlB in¢. Tank outlets tO _DM files:
***COPY 56 OUTPUT MEAN 1 1 12.1 _ 171 FLOW ENGL REPL
''"COPY 57 OUTPUT MEAN 1 1 12.1 _ ].20 FLOW ENGL REPL
-*'*** write sOWlB pond O outlet to WDM file:
***COPY 357 OUTPUT MEAN 1 1 12.1 WDM 211 FLOW ENGL REPL
***-** write SDN3A vaults ¢O WDM files:
"'*RCHRES 37 HYDR RO 1 1 WDM 111 FLOW ENGL REPL
***RCHRES237 HYDR RO 1 1 WDM 122 FLOW ENGL REPL
****** write SDN3/3x, SDN4/4X, and SDN4X/2X vaults To tt1_Mfiles:
-**RCHRES 43 HYDR RO 1 1 WDM 103 FLOW ENGL REPL
***COPY 44 OUTPUT MEAN 1 1 12.1 _ 104 FLOW ENGL REPL
***RCHRES 51 HYDR RO 1 1 _ 139 FLOW ENGL REPL
_--*** DETENTION STAGES REPL
"**RCHRES 47 HYDR STAGE WDM 652 STAG ENGL
***RCHRES 147 HYDR STAGE _M 657 STAG ENGL REPL
**'RCHRES 247 HYDR STAGE WDM 654 STAG ENGL REPL
*'*RCHRES 552 HYDR STAGE WDM 601 STAG ENGL REPL
*''RCHRES 57 HYDR STAGE WDM 651 STAG ENGL REPL
**'RCHRES 257 HYDR STAGE _M 655 STAG ENGL REPL
***RCHRES 237 HYDR STAGE _ 656 STAG ENGL REPL
***RCHRES 37 HYDR STAGE _ 650 STAG ENGL REPL
_'*RCHRE5 54 HYDR STAGE Wl:)M 61 STAG ENGL REPL
**'RCHRES 451 HYDR STAGE WDM 662 STAG ENGL REPL
***RCHRES 452 HYDR STAGE WDM 667 STAG ENGL REPL
*'*RCHRES 46 HYDR STAGE WDM 663 STAG ENGL REPL
*''RCHRES 43 HYDR 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 HYDR VOL WDM 752 VOL ENGL REPL
***RCHRES 147 HYDR VOL WDM 757 VOL ENGL REPL
*''RCHRES 247 HYDR VOL WDM 754 VOL ENGL REPL
"'*RCHRES 552 HYDR VOL _ 602 VOL ENGL REPL
*'*RCHRES 57 HYDR VOL WDM 751 VOL ENGL REPL
***RCHRES 257 HYDR VOL WDM 755 VOL ENGL REPL
**'RCHRES 237 HYDR VOL _ 756 VOL ENGL REPL
***RCHRES 37 HYDR VOL WDM 750 VOL ENGL REPL
***RCHRES 54 HYDR VOL _DM 62 VOL ENGL REPL
***RCHRES 451 HYDR VOL t_K)M 762 VOL ENGL REPL
*'*RCHRES 452 HYDR VOL WDM 767 VOL ENGL REPL
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***RCHRE5 46 HYDR VOL _ 763 VOL ENGL REPL
***RCHRES 43 HYDR VOL I_)M 764 VOL ENGL REPL
******RCHRES 44 HYDR VOL _ 765 VOL ENGL REPL

***RCHRES 51 HYDR VOL WDM 766 VOL ENGL REPL
****** POINT OF COMPLIANCE (POC) FLOWS
***COPY 37 OUTPUT MEAN 1 1 12.1 WDM 125 FLOW ENGL REPL
***COPY 45 OUTPUT MEAN 1 1 12.1 _M 199 FLOW ENGL REPL
***COPY 53 OUTPUT MEAN 1 1 12.1 WDM 399 FLOW ENGL REPL
***COPY 70 OUTPUT MEAN 1 1 ],2.1 _ 7000 FLOW ENGL REPL
***COPY 71 OUTPUT MEAN 1 1 12.1 WDM 7001 FLOW ENGL REPL
END EXT TARGETS

SCHEMATIC
<-Source-> <--Area--> <-Targe¢-> MBLK ***
<Name> # <-factor-> <NaMe> # Tbl# ***

*** SUB-CATCHMENT 1 a]] agwo goes to sound
PERLND 16 3.41 RCHRES 1 6
PERLND 26 232.36 RCHRES 1 6
PERLND 34 3.07 RCHRES 1 6
PERLND 44 38.03 RCHRES 1 6
PERLND 54 3.87 RCHRES 1 6
IMPLND 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 RCHRES 2 6
PERLND 44 38.71 RCHRES 2 6
PERLND 16 0.56 RCHRES 135 7
PERLND 26 20.00 RCHRES 135 7
PERLND 34 0.05 RCHRES 135 7
PERLND 44 3.87 RCHRES 135 7
IMPLND 14 42.22 RCHRES 2 2

*** SUB-CATCHMENT 23 New subbasin 15 % OF GW GOES TO 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 RCHRES 135 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 GOES TO ll 40°_TO SOUND
PERLND 26 135.43 RCHRES 24 6
PERLND 34 2.02 RCHRES 24 6
PERLND 44 69.29 RCHRES 24 6
PERLND 26 81.26 RCHRES 11 7
PERLND 34 1.21 RCHRES 11 7
PERLND 44 41.57 RCHRES 11 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 RCHRES135 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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.. , printed Monday, December 10, 2001_ile Mlow_o4 lnp ......... ar_ noes _o sound
4 WO oes _u r_nre_ _ =

*** SUE-CATCHMENT 10% of ag _.95 RCHRES 4 6
PERLND 16 85.95 RCHRES 4 6
PERLND 26 3.75 RCHRES 4 6
PERLND 34 92.06 RCHRES 4 6
PERLND 44 0.30 RCHRES 4 7
PERLND 16 8.59 RCHRES 4 7
PERLND 26 0.38 RCHRES 4 7
PERLND 34 9.21 RCHRES 4 7
PERLND 44 18.43 RCHRES 4 2
IMPLND 14

*** SUB-CATCHMENT 4a 70_ of agwo goes to rchres 30_ goes to sound8.66 RCHRES 4 6
PERLND 16 61.64 RCHRES 4 6
PERLND 26 22.06 RCHRES 4 6
PERLND 34 78.09 RCHRES 4 6
PERLND 44 12.50 RCHRES 4 6
PERLND 54 6.06 RCHRES 4 7
PERLND 16 43.15 RCHRES 4 7
PERLND 26 15.44 RCHRES 4 7
PERLND 34 54.66 RCHRE$ 4 7
PERLND 44 8.75 RCHRES 4 7
PERLND 54 29.14 RCHRES 4 2
IMPLND 14

*** SUB-CATCHMENT 5 10.29 RCHRES 5 1
PERLND 26 50.05 RCHRES 5 1
PERLND 44 10.74 RCHRES 5 1
PERLND 54 16.31 RCHRES 5 2
IMPLND 14

_-* SUB-CATCHMENT 6 1.42 COPY 645 26
PERLND 16 20.38 COPY 645 26
PERLND 26 13.44 COPY 645 26
PERLND 34 11.79 COPY 645 26
PERLND 44 0.82 COPY 645 26
PERLND 54 1.42 RCHRES 53 7
PERLND 16 20.38 RCHRES 53 7
PERLND 26 13.44 RCHRES 53 7
PERLND 34 11.79 RCHRES 53 7
PERLND 44 0.82 RCHRES 53 7
PERLND 54 6.23 COPY 645 22
IMPLND 14

*_ SUB-CATCHMENT 8
PERLND 44 22.21 RCHRES 35 1
IMPLND 14 , 6.60 RCHRES 35 2

*_* SUB-CATCHMENT 9
PERLND 16 4.98 RCHRES 34 I
PERLNO 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 I0
PERLND 16 4.15 RCHRES I0 i31.94 RCHRES 10 1
PERLND 26
PERLND 44 95.22 RCNRES i0 I
IMPLND 14 71.98 RCHRES I0 2

*** SUB-CATCHMENT 11 25_ OF AGWO GOES TO 15
PERLND 16 0.89 RCHRES II 6
PERLND 26 217.92 RCHRES 11 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 RCHRES 11 7
PERLND 44 49.24 RCHRES 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
ZMPLND 14 230.80 RCHRES 11 2

t** SUB-CATCHMENT 12
PERLND 16 0.39 RCNRES 12 1
PERLND 26 101.18 RCHRES 12 1
PERLND 34 5.64 RCHRES 12 I
PERLND 44 54.98 RCHRES 17 1
PERLND 54 0.64 RCHRES 12 1
ZMPLND 14 79.83 RCHRES 17 2

*** SUB-CATCHMENT 13
PERLND 16 0.79 RCHRES 13 1
PERLND 26 197.68 RCHRES 13 1
IMPLND 14 27.66 RCHRES 13 2

*** SUB-CATCHMENT 14 50% OF AGWO 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
ZMPLND 14 20.66 RCHRES 14 2

"** SUB-CATCHMENT 15
PERLND 16 6.59 RCHRES 15 I
PERLND 26 49.55 RCHRES 15 1
PERLND 34 50.09 RCHRES 15 1
PERLND 44 86.52 RCHRES 15 1
ZMPLND 14 19.47 RCHRES 15 2

*** SUB-CATCHMENT 16
PERLND 16 10.93 RCHRES 16 1
PERLND 26 29.93 RCHRES 16 1
PERLND 34 20.03 RCHRES 16 1
PERLND 44 31.83 RCHRES 16 1
IMPLND 14 15.58 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 RCHRES 17 6
PERLND 54 2.19 RCHRES 17 6
ZMPLND 14 10.49 RCHRES 17 2

*_" SUB-CATCHMENT MC-1
PERLND 26 0.14 RCNRES 52 1
PERLND 44 9.44 RCHRES 52 1
PERLND 45 0.14 RCHRES 52 1
PERLND 54 0.27 RCHRES 52 1
IMPLND 14 1.98 RCHRES 52 2

*** SUB-CATCHMENT MC-2
PERLND 16 0.08 RCHRES 53 I
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 1
PERLND 54 15.14 RCHRES 53 1
IMPLND 14 2.54 RCHRES 53 2

_t, SUB-CATCHMENT MC-3
PERLND 34 3.70 RCHRES 54 1
PERLND 44 4.91 RCHRES 54 1
PERLND 45 1.07 RCHRES 54 1

Page 9

AR 053096



File MlowFloA.inp, printed Monday, DeceMber 10, 2001
PERLND 54 1.84 RC_ES 54 1
IMPLND 14 1.42 RCHRES 54 2

_* SUB-CATCHMENT MC-4
PERLND 34 0.27 RCHRES 135 1
PERLND 44 16.51 RCH_ES 135 "
PERLND 45 4.23 RCHRES 135
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 !4 0.02 RCHRES 35 2

*w* SUB-CATCHMENT Me-6
PERLND 44 14.10 RCHRES 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
IMPLND 14 0.03 COPY 55 22

**tno_e: SDN AGWOTOVACCA FARMS (135)NOTTO 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 RCHRES 135 7
PERLND 54 0.20 RCHRES 135 7
IMPLND 14 12.68 RCHRES 552 2

*** SUB-CATCHMENT SDN-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 RCHRES 135 7
IMPLND 14 0.56 RCHRES 552 2

$

*w* SUB-CATCHMENT SDN-1-OFF
PERLND 26 23.01 RCHRES 52 6
PERLND 44 3.58 RCHRES 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 (TO 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
PERLND 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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24.30 RCHRES 43 2

IMPLND 14

*** SUB-CATCHMENT SDN-3X (TO POND)
PERLND 26 1.61 RCHRES 43 6
-_,orlginal 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 RCHRES 43 6
PERLND 26 1.61 RCHRES 135 7
PERLND 45 23.77 RCHRES 135 7

*** SUB-CATCHMENT SDN-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 ]35 7
PERLND 44 1.31 RCHRE$ 135 7
PERLND 45 0.99 RCHRES 135 7
ZMPLND 14 12.26 COPY 44 22

*** SUB-CATCHMENT $DN-4X (TO POND)
PERLND 26 1.92 COPY 44 26
PERLND 44 0.75 COPY 44 26
PERLND 45 8.31 COPY 44 26
PERLND 26 1.92 RCHRES 135 7
PERLND 44 0.75 RCHRES 135 7
PERLND 45 8.31 RCHRES135 7
IMPLND 14 4.21 COPY 44 22

*** SUB-CATCHMENT IWS-NCPS (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 IWS-NSMPS (TO 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 RCHRE$ 135 7
IMPLND 14 1.95 RCHRES 240 2

*** SUB-CATCHMENT NEPL (TO POND)
PERLND 26 10.00 RCHRES 452 6
PERLND 26 10.00 RCHRES 135 7
IMPLND 14 6.00 RCHRES 451 2
IMPLND 14 26.29 RCHRE$ 452 2

*_* SUB-CATCHMENT CARGO (TO POND)
IMPLND 14 8.12 RCHRES 46 2

*** SUB-CATCHMENT SDN3AI (TO VAULT)
**"original IMPLND area
***IMPLND 14 5.87 RCHRE$ 37 2
**tIMPLND AREA TO BE REMOVED = 5.62 AC
IMPLND 14 0.25 RCHRES 37 2
PERLND 80 5.62 RCHRE5 37 7

*** SUB-CATCHMENT SDN3AO (TO POND)
PERLND 26 0.08 RCHRE5 237 6
PERLND 44 0.03 RCHRES 237 6
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*'"PERLND AREA TO BE REMOVED = 10.63 AC
**tPERLND AREA TO BE REMOVED = 4.55 AC
"'*original PERLND area
**'PERLND 45 22.12 RCHRES 237 6
PERLND 80 10.63 RCHRES 237 7
PERLND 80 4.55 RCHRES 237 7
PERLND 45 6.94 RCHRES 237 6
PERLND 2_ 0.08 RCHRES 135 7
PERLND 44 0.03 RCHRES 135 7
PERL_D a5 22.12 RCHRES 135 7
**-original IMPLND area
***IMPLND 14 2.35 RCHRES 237 2
*_tIMPLN_ AREA TO BE REMOVED - 1.66 AC
ZMPLND 14 0.69 RCHRES 237 2
PERLND 80 1.66 RCHRES 237 7

*** SUB-CATCHMENT SD_O (TO POND)SI)_0. �@���pSI)W]AI
''* 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 REMOVED = 17.08 AC
*f'PERLND AREA TO BE REMOVED - 1.53 AC
"_-orig_nal PERLND area
*'*PERLND 45 32.44 RCHRES 247 6
PERLND 80 17.08 RCHRES 247 7
PERLND 80 1.53 RCHRES 247 7
PERLND 45 13.83 RCHRES 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 SDW]J_ (TO VAULT)CORRECT NAME
*** SUB-CATCHMENT SDNIAI (TO VAULT)'** MZS NAMES

*'*original IMPLND area
*''IMPLND 14 13.78 RCHRES 147 2
***IMPLND AREA TO BE REMOVED _ 3.2.6 AC
IMPLND 14 1.18 RCNRES 147 2
PERLND 80 ].2.6 RCHRES 147 7

*** SUB-CATCHMENT SDWlB (TO POND)
*'* AGWO TO 35, AS 57 IS D/S OF VACCA FARMS C135)

PERLND 26 21.25 RCHRES 570 6
PERLND 44 2.39 RCHRES 570 6
*''PERLND AREA TO BE REMOVED = 35.32 AC
*''PERLND AREA TO 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 RCHRES 35 7
PERLND 44 2.39 RCHRES 35 7
PERLND 45 46.26 RCHRES 35 7
***original IMPLND area
**'IMPLND 14 26.95 RCHRES 570 2
***IMPLND AREA TO BE REMOVED = 20.69 AC
IMPLND 14 6.26 RCHRES 570 2
PERLND 80 20.69 RCHRES 570 7
*"*ADD SDW2 FROM WALKER CREEK
PERLND 80 1.06 RCHRES 570 7
*'* this impervious does not go _o miller buz walker
IMPLND 14 **" 0.70 RCHRES 570 2
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PERLND 80 0.70 RCHRES 570 7
*** FIND OUT WHERE THIS GOES?????
**'NEW AREAS ADDED 11/19/01
"='SDS3A
PERLND 26 1.72 RCHRES 37 7
IMPLND 14 0.70 RCHRES 37 2
***SDW-2
PERLND 26 11.06 RCHRES 35 7
PERLND 45 1.09 RCHRES 35 7

*** SPECIAL INFILTRATION 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 RCHRES 35 7

*** ADD SUB-CATCHMENT IWS-PRIMARY TO PREDEVELOPEMENT ONLY

***ROUTING FOR MILLER CREEK
*** M1 TO M2 TO M3 TO STORAGE 50. MA TO M5 TO STORAGE 50

RCHRES 1 RCHRES 2 4
RCHRES 23 RCHRES 24 4
RCHRES 24 RCHRES 3 3
RCHRES 2 RCNRES 3 3
RCHRES 3 RCNRES 33 3
RCHRES 33 RCHRES 50 3
RCHRES 4 RCHRES 5 4
RCHRES 5 RCHRES 50 3

*** PONDS TO 52, 53 & !54
RCHRES 242 RCHRES 240 5

*** OVERFLOW ONLY 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 tables)
RCHRES 451 COPY 45 11
RCHRES 452 COPY 45 11
COPY 45 COPY 645 10
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 ll
COPY 53 RCHRES 54 12
RCHRES 50 RCHRES 54 3

*** RDF 54 TO 35
RCHRES 54 RCHRES 135 3
<-Source-> <--Area--> <-Target-> MBLK ***
<Name> # <-factor-> <Name> # Tbl# ***
*** PONDS TO 34

RCHRES 37 COPY 37 11
RCHRES 237 COPY 37 11
COPY 37 RCHRES 135 12

*** SDWlA flow tO byDass added (FK, 3une 2001)
SDW1AI VAULT FLOW TO INFILTRATION I ***
RCHRES 147 RCHRES 47 4
SDW_I VAULT FLOW TO BYPASS ***
RCHRES 147 COPY 70 15
STORMWATER Q 1ST EXIT AT POND G (Bypass) ***
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RCHRES 247 COPY 70 14
RCHRES 247 COPY 66 14
2ND EXIT TO INFILTRATION TANK-MZLLER CREEK ***
RCHRES 247 RCHRES 47 5
RCHRES 247 COPY 69 15
STORMWATER Q ].ST EXIT TO BYPASS ***
RCHRES 47 COPY 70 14
2ND EXZTTO SOZL AND MZLLER CREEK _**
**'REMOVE CONNECTZON FOR ZNF'ZLTRATZON OUTLET. THZS FLOW ZS NOW GOZNG TO AGWLZ FOR
ZNFZLTRATZON PERLND
RCHRES 47 COPY 70 15 9"*
COPY BLOCK FOR OUTPUT PURPOSES ***
RCHRES 47 COPY 62 14
RCHRES 47 COPY 63 15
RCHRES 147 COPY 67 14
RCHRES 147 COPY 68 15

*** --> OUtpUt SDWIA infiltration discharge to _ dataset 5 <--
*** SEND FLOW TO PERLND 47 FOR ZNFZLTRATZON OF SECOND OUTLET
*** 2 acre area for in_ltration before stream reach
***REDUCED FOR DEEP FRAC FROM 0.5 TO 0,335
RCHRES 47 0.335 PERLND 47 28
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

*** PONDS TO 35
*** Configuration changed to flow splitter to Pond D and znfi]tration Basin 3 (FK,

June 2001)
STORM Q - 1ST EXIT OF FLOW SPLrF'F'ER TO POND D ***
RCHRES 570 RCHRES 57 4
ZNFZLTRATION Q - 2ND EXrr OF FLOW SPLI'I'FER TO SOZL ***
RCHRES 570 RCHRES 257 5
STORM Q EXZT OF POND D TO MILLER CREEK ***
RCHRES 57 COPY 71
COPY BLOCK FOR OUTPUT PURPOSES ***
RCHRES 57 COPY 357 11
RCHRES 570 COPY 64 14
RCHRES 570 COPY 65 15

*** --> output SDWlB infil_ra%ion discharge to WDM dataset 6 <--
RCHRES 257 COPY 56 14
**_ROUTE WATER TO AGWLZ FOR PERLND 57 ZNFILTRATZON 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
RCHRES 257 COPY 71 14
***REMOVE INFILTRATION FOR SECOND OUTLET ROUTE WATER TO AGWLI
RCHRES 257 COPY 71 15"**
COPY 71 RCHRES 35 3.2
RCHRES 35 COPY 55 II
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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END NETWORK _

RCHRE5
GEN-ZNFO

RCHRES Name Nexits Unit Systems Printer ''*
# - #< .................. ><---> User T-series Engl Metr LKFG *'_

in OUt _t.
1 Arbor Lake M 1 2 I i I 62 0 0
2 Arbor Ck -037Z0 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 I 62 0 0
5 Miller ck SR518 M5 I I I I 62 0 0

i0 Trib (0371G) M I0 I 1 I I 62 0 0
11 Mll Ambaum Detention 1 1 1 1 62 0 0
12 Trib(0354) M 12 1 1 1 1 62 0 0
13 Burien Lake M 13 2 1 1 1 62 0 0
14 Trib (0353) M 14 1 1 1 1 62 0 0
15 M/S U/S OF 17 1 1 1 1 62 0 0
16 U/S OF 15 M/S 1 1 1 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 1 1 1 1 62 0 0
33 detention m3 1 1 1 1 62 0 0
34 LORA LAKE 2 1 1 1 62 0 0
35 D/S OF VACA FARM 1 1 1 1 62 0 0
37 sdn3ai vault 1 1 1 1 62 0 0
38 MC basins 1 I i 1 62 0 0

*** 39 SDN3A/SDWlA POC 1 1 1 1 62 0 0
43 sdn3 pond 1 1 1 1 62 0 0

*** 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 1 62 0 0
50 sr 518 1 1 1 1 62 0 0
51 SDN2X+SDN4X 1 1 1 1 62 0 0
52 U/S OF LAKE REBA 1 1 1 1 62 0 0
53 Reba outflow 1 1 1 1 62 0 0
54 Miller RDF outflow 1 I I i 62 0 0
57 sdwlb pond 1 1 1 1 62 0 0

135 VACA FARMS 1 1 1 1 62 0 0
147 sdwla vault 2 1 1 1 62 0 0
237 sdn3ao-pond c 1 1 1 1 62 0 0 ,
240 iws-ncps 2 1 1 1 62 0 0
242 iws-nsmps 2 1 1 1 62 0 0
247 sdwla pond g 2 1 1 1 62 0 0
257 sdwlb infiltration 2 I 1 1 62 0 0
451 nepl VAULT 1 i I i 62 0 0
452 nepl VAULT 1 1 1 1 62 0 0
552 SDN1 POC 1 1 1 1 62 0 0
570 SDWIB flow splitter 2 I i i 62 0 0

*** 645 nepl POC 1 I I I 62 0 0
END GEN-INFO

ACTIVITY
RCHRES*****'********* ACtive Sections *******_*******
# - # HYFG ADFG CNFG HTFG SDFG GQFGOXFG NUFG PKFG PHFG ***
1 999 1 0 0 0 0 0 0 0 0 0

END ACTIVITY

PRINT-INFO
RCHRE5*"****"******** PrintouI Flags t..........*****.. PIVL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB _._t****_
1 999 5 0 0 0 0 0 0 0 0 0 1 9
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END PRINT-INFO

HYDR-PARM1
RCHRE3 Flags for each HYDR Section ***
# - # VC A1A2 A3 ODFVFG for each *'* ODGTFGfor each FUNCT for each

FG FG FG FG possible exit *** possible exit possible exit
* _ _ t _ t t t t _ t t _ t_t

1 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
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 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 2
END HYDR-PARM1

HYDR-PARM2
RCHRES t**
# - # 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
11 11 O. 010 O. 3
12 12 1. 000 O. 3
13 13 O.015 O.3
14 14 O.450 O.3
15 15 0.735 0.3
16 16 O. 587 O. 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 0.3
35 35 0.663 0.3
37 37 0.010 0.0 0.3
38 38 0.010 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 0.010 0.3
52 52 0.010 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 0.010 0.0 0.3
237 237 0.010 0.0 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
452 452 0.010 0.0 0.3
552 552 0.010 0.0 0.3
570 570 0. 010 0.0 0.3
END HYDR-PARM2

HYDR-INIT
RCHRES Initial conditions for each HYDR section "**
# - # *** VOL Initial value of COLIND Initial value of OUTDGT

*'* ac-f¢ for each possible exit for each possible exit
< ...... >< ........ > .______..______..______..______..______. Vr,leVr ,____>____><._.><-..).<--__>

1 2.0 4.0 5.0
2 0.0 4.0
3 0.0 4.0
4 2.0 4.0 5.0
S 0.0 4.0

10 0.0 4.0
II 0.0 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 9.0 4 0 5.0
35 0.1 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 0.0 4.0
552 0.0 4.0
570 0.0 4.0 5.0
END HYDR-INIT

END RCHRES

F-TABLES
***UPPER BASIN
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I="r'ABLE 1

*** REVZSED8/16/00 ADDED2ND OUTFLOWROWSCOLS "**
11 5

DEPTH AREA VOLUME OUTFLOWOUTFLOW2***
O. 00 3. OO 0. O0 O. O0 0. O0
2.50 3.00 7.50 0.00 0.1/
3. O0 3. O0 9. O0 1.80 O. 11
3.50 3.30 10.58 5.00 0.11
4. O0 3.60 12.30 10.90 O. 1.1
4. "_"._ 3 . 90 14.18 17.50 0.11
5.00 4.10 16.18 26.20 0.2.1
5.50 4.30 18.28 32.50 0.1/
6. O0 4.50 20.48 35.90 O. 1/
7.00 5.00 25.23 38.10 0.11
8. O0 5.50 30.48 46.40 O. 11END FTABLE I

F'TABLE 2
ROWSCOLS "1'*

9 4

DEPTH AREA VOLUME OUTFLOW *"*
O. 000 O. 0000 O. 0000 O. O0
O. 100 O. 2571 O. 03.29 O. 16
O. 500 O. 3873 O. 1417 6.53
1.000 0.5501 0.3761 25.95
1. 500 O. 7128 O. 6918 59.86
2. 000 0. 8756 1. 0889 110.67
3. 000 1. 2011 2..12 73 272.24
3. 500 1. 3639 2. 7685 387.38
4. 000 1. 5266 3 49/.2 528.19END FTABLE 2

F'TABLE 3
ROWSCOLS ***

12 4

DEPTH AREA VOLUME OUTFLOW ***
O. O00 0. 0000 O. O000 O. O0
0.100 O. 9669 O. 0483 0.13
O. 500 1. 0637 O. 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 28END F-TABLE 3

F'TABLE 4

*** REVZSED8/16/00 ADDED 2ND OUTFLOWROWSCOLS ***
7 5

DEPTH AREA VOLUME OUT/=LOWOUTFLOW2**_
0. O0 3. O0 0. O0 0.00 0. O0
2.50 4.50 9.38 0.00 0.11
3. O0 6. O0 12. O0 6. O0 0.11
4.00 10.O0 20.00 13.O0 0. ii
5.00 15.00 32.50 20.00 0.11
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6.00 20.00 50.00 26.00 0.II
7.00 25.00 72.50 168.00 O.11

END F'TABLE 4

F"TABLE 5
ROWSCOLS ***

l0 4
DEPTH AREA VOLUME OUTFLOW t**
0.000 0.0000 0.0000 0.00
0.100 0.1010 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
ROWSCOLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.IO0 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 i0

POST AMBAUMDETENTION ***
F'TABLE Ii

ROWSCOLS ***
12 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 8.10
4.000 0.4000 1.3400 ll.lO
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 OO0 0.8000 3.3700 30.80
9 000 0.9000 4.0000 38.10

10 000 1.0000 4.6500 74.10
10 500 l.lO00 5.2000 133.00
Ii 000 1.1500 6.0000 500.00
ll 500 1.3000 II.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 I. 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
*** REVISED 8/16/00 ADDED 2ND OUTFLOW

ROWSCOLS ***
7 5
DEPTH AREA VOLUME OUTFLOWOUTFLOW2*"*
0. 000 40. 000 0. 0000 0. O0 0. O0
1. 000 41. 400 40. 000 0.00 0.11
i.500 42. 000 60. 000 10. O0 0.11
2. 000 42. 700 80. 000 16.00 0.11
2. 500 43. 300 100.00 20.00 0.11
3. 000 .44. 000 170. O0 28 . 00 0. ]J.
5. 000 45. 000 210. O0 45. O0 0.11

END FTABLE 13

FTABLE 14
ROWSCOLS _**

6 4
DEPTH AREA VOLUME OUTFLOW *"*
0.000 0. 0000 0.0000 0. O0
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. O0
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

k-TABLE 15
ROWSCOLS **"

4 4
DEPTH AREA VOLUME OUTFLOW ***
O.O0 O.10 O.O0 O.O0
1.O0 1.O0 O.55 91.O0
2.00 1.10 1.60 268. O0
3.00 1.20 2.75 493.00

END FTABLE 15

FTABLE 16
ROWSCOLS ***

4 4
DEPTH AREA VOLUME OUTFLOW *'*

O. O0 O. 10 O. O0 O. O0
1.O0 1.O0 O.55 74.O0
2.O0 1.10 1.60 219.O0
3.00 1.20 2.75 403.00

END FTABLE 16

F'FABLE 17
ROWSCOLS *""

5 4
DEPTH AREA VOLUME OUTFLOW "*"

O. O0 O. 10 O. O0 O. O0
1.00 1.00 0.55 59.00
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2.00 1.10 1.60 173.O0
3.00 1.20 2.75 318.00
4.00 1.30 4.00 484.00

END F'TABLE17

F'TABLE 23
ROWSCOLS *** HERMES

9 5
DEPTH AREA VOLUME OUTFLOWOUTFLOW ***
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.i0 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

I='I'ABLE 24
ROWSCOLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
O.000 O.0000 0.0000 O.O0
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'TABLE24

F'TABLE 33
ROWSCOLS ***

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 23.00
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-TABLE33

F-I'ABLE 34
ROWSCOLS _"* REVISED 11/19/97 BASED ON HEC-RAS MODEL

,,, REVISED 8/16/00 ADDED 2ND 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 0.11
6.00 3.20 18.45 72.0 0.11
7.00 3.25 21.68 225.0 0.11
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END FTABLE 34

FTABLE 35
ROWSCOLS t** REVISED 11/19/97 BASED ON HECRASMODEL

5 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 0.10 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

FTAB_E 38
ROWSCOLS ***

7 4
DEPTH AREA VOLUME OUTFLOW *t*
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

FTABLE 45
ROWSCOLS *t*

4 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0010 0.0000 0.00
0.000 0.0100 0.0100 10.00
0.I00 0.I000 0.I000 i00.00
1.000 1.0000 1.0000 I000.00
I0.000 10.0000 i0.0000 10000.00

END FTABLE 45

PTABLE 645
ROWSCOLS _

4 4
, DEPTH AREA VOLUME OUTFLOW ***

0.000 0.0010 0.0000 0.00
0.000 0.0100 0.0100 10.00
0.i00 0.1000 0.1000 100.00
1.000 1.0000 1.0000 1000.00

i0.000 I0.0000 i0.0000 i0000.00
END FTABLE645

FTABLE 50
ROWSCOLS ***

10 4
DEPTH AREA VOLUME OUTFLOW ***
0.00 1.00 0.00 0.00
0.50 1.10 0.53 5.00
1.00 1.20 1.10 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

F'I'ABLE 52
ROWSCOL5 ""*

6 4
DEPTH AREA VOLUME OUTFLOW ***
0. 000 0. 0000 0. 0000 O. O0
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-TABLE52

F'TABLE 552
ROWSCOLS *** SDN1 VAULT EFFECTIVE DEPTH=12 FT R.ISER=24 INCHES

15 4
DEPTH AREA VOLUME OUTFLOW ***
0.O00 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 0.23-1
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.ILlO 2.130
12.300 0.4308 6.2120 4.730
13.700 0.4308 6.9190 21.360

END FTABLE552

FTABLE 53
OLD LAKE REBA ***
MAX DEPTH = 4.9 FEET ***
30" CMP, 40 CFS DISCHARGEAT MAX DEPTH "'*
ROWSCOLS t**

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 F'TABLE 53

_"I'ABLE 54
EXISTING MILLER CREEKDETENTION FACILITY *_* REVISED STORAGE/QDATA
GATE SEI-rING: 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 70.00

10.000 19.90 57.30 76.00
10.500 21.50 68.00 92.00
ii.000 23.10 78.80 179.00
11.500 24,70 88.60 303.00

END F'TABLE54

F-TABLE 104
MILLER CREEKDETENTION FACILITY _* WITH ADD'L AREA I+AREA 2 55.5 ACFT _ lOFT
GATE SETTING: 2.0 FEET*'* EXISTING OUTLET NO LOWFLOW CONTROL
ROWSCOLS ***

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
7.000 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 FTABLElC)4

FTABLE 69
PRE-MILLER CREEKDETENTION FACILI_'Y***
ROWSCOLS *'_

12 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 0.0000 0.0000 0.00
0.100 0.1860 0.0093 0.12
0.500 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 119.01
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 F'TABLE69

*** PRO3ECT CONDITION PONDS/VAULTS
FTABLE 452

ROWSCOLS "**
*** NEWNORTHEMPLOYEEPARKING LOT VAULT (NEPL_
*** PARALLELVAULT BASED ON KCRTS EFFECTIVE 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 *'*
_** NORTHEMPLOYEEPARKING LOT VAULT (NEPL)
*** EXISTING VAULT W/MODIF'ZEDOUTLET 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 1.3290 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 4.4600 17.080

END FTABLE451

F-FABLE 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 0.131 0.021
1.19 0.35 0.421 0.037
3.39 0.35 1.198 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 O.110
I0 53 0.35 3.723 0.Iii
I0 92 0.35 3.861 0.128
12 O0 0.35 4.242 0.165
12 13 0.35 4.288 0.190
12 95 0.35 4.578 0.245
13.77 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 1.1..720

END F'I'ABLE46

• ** SDW-1A: 3RD RUNWAYPONDG TO MILLER CREEK (LEVEL 2): it,
FTABLE 47
• ** PRO3ECT SDW1A EFFECI"J[VEDIAMETER'3.0 FT

ROWSCOLS "_'" INI_LTRA'I'J[ONTANK TO olrr/_N 0.3 CFS
14 5

DEPTH AREA VOLUME S_ ZNFZL_Q t**
O. 000 O. 000 O. 000 O. 000 O. 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 O. 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 RUNWAYNORTHPONDG TO MILLER CREEK (LEVEL 2): ***
F'TABLE 147
• ** PRO3ECT SDW1A EFFECTIVE DEPTHmZ4.0 FT RISER DIA 24 INCHES

ROWSCOLS *** VAULT BASED ON ZNFILTRATIONBO.15CFS
17 5

DEPTH AREA VOLUME INFILTRQ BYPASS Q***
O. 000 0.689 O. 000 0.0000 0. O000
0. 010 0. 689 O. 007 0.1400 O. 0000
1. 000 O. 689 0. 689 O. 1408 0. 0000
2. 000 0. 689 1. 377 0.1417 0. 0000
4.000 0.689 2.755 , 0.1432 O. 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 O. 0000
12. 000 O. 689 8. 264 O. 1489 O. 0000
14. 000 O. 689 9. 642 0.1503 0 0000
16. 000 0. 689 11. 019 0.1517 0 0000
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 FTABLE147

• ** SDW-IA: 3RD RUNWAYNORTH PONDG TO HILLER CREEK (LEVEL 2): ***
FTABLE 247
• ** PROJECT SDW].A EFFECTIVE DEPTH=12.0 FT RISER DIA 12 INCHES

ROWSCOLS *** PONDBASED ON INFILTRA'F_ON-0.15CFS
17 5

DEPTH AREA VOLUME STORMQ INFILTRQ ***
0.000 1.300 0.000 0.00 0.00

Page 26

AR 053113



File M]o_o4.inp, Printed Monday, December 10, 2001
0.0!0 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

10.000 3.014 22.180 0.051 0.15
11.000 3.084 25.228 0.058 0.15
11.100 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

*** SDN3A: 3RD RUNWAYVAULT TO MILLER CREEK (LEVEL 2): ***
F'FABLE 37
*** PRO3ECTC SDN3A EFFECI"£VEDEPTH-11.OFT RISER DIA-24 INCHES

ROWSCOLS "** 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
10.00 0.644 6.428 0.052
10.46 0.644 6.724 0.072
11.00 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

*** SDN3A: 3RD RUNWAYPONDC TO MILLER CREEK (LEVEL 2): ***
F'FABLE 237
*** PROJECTC SDN3A EFFECTIVE DEPTH= 9.0FT RISER DIA=24 INCHES

ROWSCOLS _** POND BASEDON INTERFLOW AND PERVIOUS TOP SURO19 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 1.3090 0.000 0.00
0.020 1.3120 0.026 0.009
1.020 1.3550 1.358 0.070
2.070 1.4030 2.806 0.100
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 1.6720 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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3.84010.300 1.8110 15.999

10.900 1.8430 17.095 4.960
END FTABLE237

*** SDN-3X: 3RD RUNWAYNORTHVAULT CLEVEL 2): .t*
FTAELE 43

ROWSCOLS t** EFFECTIVE DEPTH-20 FT RISER DIA-24 INCHES
21 _ *.*

DEPTH AREA VOLUME FLOW
(FT') (ACRES) (ACRE-FT) (FT3/S) ***
0.00 1.288 0.00 0.00
0.14 1.288 0.180 0.067
1.3_ 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 RUNWAYNORTHVAULT (COMBINED FACILITY)
FTABLE 51

ROWSCOLS *** EFFECTIVE DEPTH=19FT RISER DIA=24 INCHES
20 4

DEPTH AREA VOLUME OUTFLOW ***
(IT) (ACRES) (ACRE-IT) (IT3/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 FTABLE 51

*** SDW-1B:3RD RUNWAYCENTRAL SOUTH PONDD TO MILLER CREEK (LEVEL 2): ***
FTABLE 57
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ROWSCOLS *** EFFECTIVE DEPTH . 14.0 F'I"

17 4
DEPTH AREA VOLUME STORMQ ***

(F'r) CACRES) (ACRE-FT) (F'T3/S) ***
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

10.O0 6.311 43.441 0.583
11.00 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.OO 7.000 70.000 16.600

END FTABLE 57

*** SDW-IB:3RD RUNWAYCENTRAL SOUTH PONDD TO MILLER CREEK (LEVEL 2): **"
F'FABLE 257
_'* PRO3ECT SDelB EFFECTIVE DIAMETER-3.0 FT

ROWSCOLS *** INFILTRATION TANK TO OBTAIN 0.2 CFS
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
3.300 0.O41 0.0422 3.096 0.233
3.400 0.O41 0.0423 4.766 0.241 ,
3.500 0.041 0.O424 6.661 0.248
3.750 0.041 0.0425 12.237 0.266

END FTABLE257

_'TABLE 570
_** PRO3ECT SDW1B FLOWSPLZ'n'ER (_O 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 0.110
0.600 0.01 0.0014 0.OO0 0.130
0.750 0.01 0.OO17 0.OO0 0.150
0.800 0.01 0.O018 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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1.44C 0.01 0.0033 36.910 0.200
1.450 0.01 0.0034 37.920 0.200
i.460 0.01 0.0035 38.530 0.200

END FTABLE570

FTABLE 61
ROWSCOLS ***

*** SDN-2X: DE'rAIN OVERFLOWFROMNCPS AND NSMP$-
17 4

DEPTH AREA VOLUME OUTFLOW ***
C.000 0.5740 0.0000 0.00
1.200 0.5740 0.7710 0.151
1.220 C.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

IG.700 0.5740 6.8780 0.894
12.000 0.5740 7.7130 0.978
lZ.100 0.5740 7.7780 1.600
12.300 0.5740 7.9060 4.200
lZ.800 0.5740 8.2280 14.560

END FTABLE 61

PRE AMBAUMDETENTION ***
F-FABLE 111

ROWSCOLS ***
15 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
2.500 0.2910 0.6070 89.10
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'I'ABLEIII

F'TABLE 135
ROWSCOLS _ VACA FARM

6 4
DEPTH AREA VOLUME OUTFLOW ***

O.O0 O. 10 O. O0 O. O0
I.O0 O.I0 O.10 4.O0
2.O0 O.11 O.21 8.O0
2.50 1. O0 0.48 13. O0
3.50 6.50 4.23 86.00
4.50 13.00 13.98 235.00

END FTABLE135
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FTABLE 240

"*_' NORTH SNOWMELT PUMP STATION (SDN-2) (INSTALLED IN LATE 1997/1998) ,,,,
ROWS COLS

14 5 ***
DEPTH AREA VOLUME CIWS) CSDS) ***

CF'T) CACRES) CACRE-FT) CCFS) CCFS)
0.0 0.002 0.00 0.00 0.00

1. O0 0.002 0.0023 O.O0 0.00
2. O0 O. 002 O. 0046 1.67 O. O0
3. O0 0. 002 O. 0069 1.67 O. O0
4. O0 O. 002 O. 0092 1.67 0. O0
5. O0 0.002 O. 0115 1.67 0. O0
5.25 0.002 0.0121 1.67 1.53
5.50 0.002 0.0126 1.67 6.06
5.75 0.002 0.0132 1.67 12.65
6. O0 O. 002 0. 0138 1.67 19.83
6.25 0.002 0.0144 1.67 25.66
6.50 0.002 0.0149 1.67 25.70
6.75 0.002 0.0155 1.67 26.70
7. O0 O. 002 O. 0161 1.67 50. O0

END FTABLE240

F'TABLE 242
*** NORTH CARGO PUMP STATION CSDN-2) CINSTALLED IN OCTOBER 1997)
ROWS COLS ***

14 5
DEPTH AREA VOLUME CIWS) CSDS) ***

CFT) (ACRES) CACRE-FT) CCFS) CCFS) ***
O. 0 O.002 O.O0 O.O0 O.O0

1.00 0.002 0.0023 0.00 0. O0
2. O0 O. 002 O. 0046 6.13 0. O0
3.00 0.002 0.0069 6.13 0.00
4. O0 0.002 0.0092 6.13 0. O0
5. O0 O. 002 O. 01.15 6.13 O. O0
5.25 0.002 0.0121 6.13 0.28
5.50 0.002 0.0126 6.13 1.16
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. O0 0.002 0.0161 6.13 20.0

END FTABLE242

END F'TABLES

MASS-LINK
<Volume> <-Grp> <-Member-><--Mu].c--> <Target> <-Grp> <-Member->***
<Name> <Name> # #<-factor-> <Name> <Name> # #*'*

MASS- LINK 1
conversion from acre-inches "co acre-ft C1/12) ***

PERLND PWATER PERO 0.0833333 RCHRES INFLOW IVOL
END MASS-LINK 1

MASS-LINK 2
IMPLND IWATER SURO 0.0833333 RCNRES 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 O_LO_ OVOL 1 RCHRES ZNFLOW ZVOL

END MASS-LINK 4

MASS-LINK 5
RCHRES OFLOW OVOL 2 RCHRES ZNFLOW IVOL

END MASS-LINK 5

MASS-LINK 6
PERLND PWATER SURO 0.0833333 RCHRES INFLOW IVOL
PERLND PWATER IFWO 0.0833333 RCHKES INFLOW ZVOL

END MASS-LINK 6

MASS-LINK 7
PERLND PWATER AG_O 0.0833333 RCHRES ZNFLOW IVOL

END MASS-LINK 7

MASS-LINK 10
COPY OUTPUT MEAN COPY INPUT MEAN

END MASS-LINK 10

MASS-LZNK 11
RCHRES ROFLOW COPY INPUT MEAN

END MASS-LZNK 1"I

MASS-LZNK 12
COPY OUTPUT MEAN RCHRES ZNFLOW ZVOL

END MASS-LZNK 12

MASS-LZNK 14

RCHRES OFLOW OVOL 1 COPY ZNPUT MEAN
END MASS-LINK 14

MASS-LINK 15

RCHRES OFLOW OVOL 2 COPY INPUT MEAN
END MASS-LZNK 15

MASS-LZNK 21

PERLND F_CATERPERO 0.0833333 COPY ZNPUT MEAN
END MASS-LINK 21

MASS-LINK 22
IMPLND IWATER SURO 0.0833333 COPY INPUT MEAN

END MASS-LZNK 22

MASS-LZNK 26

PERLND F_ATER SURO 0.0833333 COPY ZNPUT MEAN
PERLND PWATER IF_VO 0.0833333 COPY ZNPUT MEAN

END MASS-LZNK 26

MASS-LZNK 27

PERLND PWATER AGWO 0.0833333 COPY ZNPUT MEANEND MASS-LINK 27

MASS-LZNK 28

RCHRES OFLOW OVOL 2 12 PERLND EXTNL AGWLIEND MASS-LZNK 28

END MASS-LINK

COPY
T_ME$ERIES
Copy-opn
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# - # NI_" NMN *t*

37 71 1
240 242 1
357 357 l
645 645 1
END TIMESERXES

END COPY

END RUN
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-., .,. NON-CONTIGUOUS

'- " GROUNDWATER AREA

POINTOF COMPUANCE
GAGE42C

"_'°. __,_wo
t -, /R_s_osouNo

GAGE42E

TOMILLERCREEK

I I ii

Parametrix, inc. _¢ s,_m_12_olml_m)I_o_ (x) ##% AGWO

__#_ _Gmun0water

T_aR°_"_ HSPF Model SchematicWalker Creek

,n_X_m_,Tr,_'_...,,,\....x,F_N_rm,r_,= LOWFlow Analysis1994 Conditions
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RUN
GLOBAL

*** COPY COMMAND ADDED
"** FZLE: WCPREDT. inp REVZSED OCTOBER 2000
*** SEATAC AZRPORT HSPF BASZN MODEL OF WALKER CREEK
*** CALZBRATZON FZLE USZNG FULL LENGTH RUN 1990 DATA FOR Z#Cl"£3"JEALCONDI"I-ZONS
WALKER CREEK BASZN HSPF MODEL
START 1990 10 1 0 0 END 1994 9 30 24 0
RUN ZNTERP OUTPUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FILES
<type> <fun>***< ............ fname ..................... >
MESSU 24 D: \ PARA\SEATAC\MZLLER\LC_FLOW\wl)redt. MES
WDM 25 D: \ PARA\S EATAC\MZLLER\ LOI#FLO_I] OW_ OW.WDM

61 D: \PARA\SEATAC\MI LLER\LOWFLOW\WPER. L61
62 D: \PARA\SEATAC\MILLER\LOWFLOW\wRCH. L62

END FZLES

OPN SEQUENCE
ZNGRP ZNDELT OZ: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
ZMPLND 14
COPY 2
COPY 1
COPY 3
RCHRES 20
RCHRES 19
RCHRES 18

END INGRP
END OPN SEQUENCE

COPY re*
TZMESERIES

Copy-opn ***
# - # NPT NMN ***
1 5 1

END TIMESERIES
END COPY

PERLND
GEN-INFO

<PLS • Name NBLKS Unit-systems Printer ***
# " # user t-series Engl Me_r ***

in out ...
14 TF_- TILL FOR FLT 1 1 1 1 61 0
16 TFM- TILL FOR MOO 1 1 1 1 61 0
18 TFS- TZLL FOR STP 1 1 1 1 61 0
24 TGF- TZLL GR FLT 1 1 1 1 61 0
26 TGM- TILL GR MOO 1 1 1 1 61 0
28 TGS- TILL GR STP Z 1 1 1 61 0
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34 OF - OUTWASHF_lewcpredt.inP,FOR1printedl M%nday_December61010' 2001
44 OG - OUTWASHGR 1 1 1 1 61 0

***PERLND FOR NEWAIRPORT FZLL; NONEIN 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 DES MOINES 1 1 1 1 61 0

END GEN-INFO
ACTIVITY

<PLS > ************* ACtive sections *****************************
# - # ATMP SNOWPWAT SED PST PWGPQAL MSTL PEST NI'TR PHOS TRAC ***

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END ACTIVITY
PRINT-INFO

<PLS > ********************* Print-flags ************************* PIVL PYR
# - # ATMP SNOWPWAT SED PST PWGPQAL NSTL PEST NITR PHOS 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
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 0END PWAT-PARM1

PWAT-PARM2
<PLS > ***

# - # ***FOREST LZSN INFILT LSUR SLSUR KVARY AGWRC
14 4.5000 0.0800 400.00 0.0500 0.5000 0.9960
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 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 100.00 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 0.9960END PWAT-PARM2

PWAT-PARM3
<PLS >***

# - #*** PETMAX PETMIN INFEXP INFILD 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 0.
26 2.0000 2.0000 0.00 0. 0.
28 2.0000 2.0000 0.00 O. O.
34 2.0000 2.0000 0.00 0.00 0.0
44 2.0000 2.0000 0.00 O. O.
45 2.0000 2.0000 0.00 0. 0.
54 10.000 2.0000 0.00 0. 0.7
64 2.0000 2.0000 0.00 0. 0.0

Page 2

AR 053125



File wcpredt.inp, Printed Monday, December 10, 2001
END PwAT-PAR_3
PWAT-PARM4 *it

<PLS •
# - # CEPSC UZSN NSUR ZNTFW ZRC LZETPt'*

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 0.250_
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

END PWAT-PARM4
PWAT-STATE1

<PLS • PWATERstate variables***
# - #*** CEPS SUPS UZS ZIPS LY.S 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. 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 0. 0.0000 0.30 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
ZMPLND

GEN-ZNFO
<ILS • Name unit-systems Printer ***
#- # User t-series Engl Nel:r ***

i n out "**
14 ZMPERVZOUS 1 I 1 60 0

END GEN-ZNFO
. ACTIVITY

<ZLS • ************* Active Sections ****
# - # ATMP SNOWZWAT SLD ZWG ZQAL "_'*

14 0 0 1 0 0 0
END ACTIVI"TY
PRINT-ZNFO

<ILS • ******** Prinl:-r'_ags ******** PIVL PYR
# - # ATMP SNOWZWAT SLD ZWGZQAL *********

14 0 0 6 0 0 0 1 9
END PRZNT-INFO
ZWAT-PARM1

<ILS • Flags *** ***
# - # CSNO RTOP VRS VNN RTLI *** ***

14 0 0 0 0 0
END IWAT- PARM1
IWAT-PARM2

<ILS • ***
# - # LSUR SLSUR NSUR RETSC ***

14 I00.O0 O.0100 0.I000 0.I000
END IWAT- PARM2
IWAT-PARM3
<ILS • ***
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#-# PETMAX PETMZN

14
END ZWAT-PARM3
ZWAT-STATE1 ***

<ZLS > ZWATER scace variables ***
# - # RETS SURS

14 1. O000E-3 1. OO00S-3
END ZWAT-STATE1

END ZMPLND it*

EXT SOURCES ,,,

*** NOTE: The only RCHRES that precip and PET are applied To are lakes.

<-Volume-> <Member> SSysSgap<--Mult-->Tra n <-Target vols> <-Grp> <-Member-> ***
<Naflle> # <Nail*e> # cem scrg<-facCor->scrg <Name> # # <Name> # # ***
*** PRECIP/EVAP TO PERVZOUS/ZMPERV SURFACES
WDM 1002 PREC ENGLZERO 1.00 PERLND 14 200 EXTNL PREC
WDM 1002 PREC ENGLZERO 1.00 ZMPLND 14 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 PERLND 14 65 EXTNL PETZNP
WDM 1 EVAP ENGLZERO 0.8 ZMPLND 14 EXTNL PETZNP
*** PRECZP/EVAP TO LAKES
WDM 1002 PREC ENGLZERO RCHRES 20 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 20 EXTNL POTEV

END EXT SOURCES ***

EXTTARGETS
<-volume-> <-Grp> <-Member-><--Mul¢-->Tran <-volume-> <Member> Tsys TgapAmd ***
<Name> # <Name> # #<-factor->sCrg <Name> # <Name> tem strg strg *t*
***WALKER NR MTH
RCHRES 1B HYDR RO *** WDM 96 FLOW ENGL REPL
*** MZSC (20_WALKER WETLAND, 55-SR509, S6_]-_T AVE)
RCHRES 20 HYDR RO WDM 8097 FLOW ENGL REPL
COPY *** 2 OUTPUT MEAN 1 1 ].2.1 WDM 89 FLOW ENGL REPL
END EX'TTARGETS

t_t

SCHEMATIC
<-Source-> <--Area--> <-Target-> MBLK ***
<Name> # <-facTor-> <Name> # Tbl# ***

***WALKER CREEK
*** SUB-CATCHMENT MC 8

PERLND 26 4.10 COPY 1 8
PERLND 44 18.57 COPY 1 8
PERLND 54 2.72 COPY 1 8
ZMPLND 14 1.34 COPY 1 9
*** *** SUB-CATCHMENT SDW2 10-75-15 PREDEVELOPMENT W/1994 IMP
***PERLND 16 30.91 COPY 2 10
***PERLND 26 7.16 COPY 2 10
***PERLND 34 1.69 COPY 2 10
***PERLND 44 0.39 COPY 2 10
***PERLND 54 1.13 COPY 2 10
***PERLND 16 30.91 COPY 1 11
***PERLND 26 7.16 COPY 1 11
***PERLND 34 1.69 COPY 1 11
***PERLND 44 0.39 COPY i 11
_"*PERLND 54 1.13 COPY 1 11
**"IMPLND 14 3.31 COPY 2 9

*** SUB-CATCHMENT SDW2 10-75-15 PREDEVELOPMENT W/1994 ZMP
***PERLND 26 4.37 COPY 2 10
***PERLND 34 16.47 COPY 2 10
***PERLND 44 4.39 COPY 2 10
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File wcpred'c.inp, Printed _4onday, December 1%020011.05 COPY 2
**-PERLND 54 1 11
***PERLND 16 16.38 COPY4.37 COPY 1 11
***PERLND 26 16.47 COPY 1 11
-**PERLND 34 4.39 COPY 1 1_
***PERLND 44
***PERLND 54 1.05 COPY 1 11
***ZMPLND 14 2.20 COPY 2 9

.t. SUB-CATCHMENT SDW2 10-75-15 pREDEVELOPMENT W/1994 IMP
PERLND 26 37.84 COPY 2 lO

PERLND 44 2.321.13 COPYcoPY 22 1010
PERLND 54
ZMPLND 14 3.31 COPY 2 9
***aad sdw_-b area from con_ig and non-con_ig
**-suD_ra_ from noncon_ig area jus_ pervious
***sdw2-a 11
PERLND 26 10.64 COFY 2
PERLND 44 2.31 COPY 2 110.68 COPY 2 11
PERLND 54 *** 1.14 COPY 2 9
ZMPLND 14
**-non-con_ig sdw2-b
PERLND 26 13.74 COPY 2 ].1.
PERLND 54 0.45 COPY 2 11
ZMPLND 14 *** 0.88 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 1 9

*** SUB-CATCHMENT 18
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

*_* SUB-CATCHMENT 19
PERLND 16 12.72 RCHRES 19 1
PERLND 26 92.07 RCHRE$ 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 12.53 RCHRES 20 1
PERLND 44 53.43 RCHRES 20 1
PERLND 54 33.43 RCHRES 20 1
IMPLND 14 52.83 RCHRES 20 2
*** DOWN STREAM OF WALKER CHEEK 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 21 1
PERLND 34 4.06 RCHRES 21 1
PERLND 44 82.26 RCHRES 21 1
IMPLND 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 i
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 RCHRES 20 2
*'*sds7b - non-contig *'* test change to surface also from gw
PERLND 26 23.06 RCHRES 20 1
PERLND 44 4.59 RCHRES 20 1
PERLND 54 0.37 RCHRES 20 1

***GROUNDWATER FROM OUTSIDE OF WALKER CREEK
*'* 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-contig groundwater based on 13./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 RCHRES lg 3
RCHRES 19 RCHRES 18 3

END SCHEMATIC

NETWORK ***

*** <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEM STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # ***

END NETWORK ...

RCHRES
GEN-INFO

RCHRES Name Nexi tS uni t Systems Printer ***
# - #< .................. ><---> User T-series Engl Metr LKFG ***

in OUt ***
18 Trib (0371A) M 18' 1 1 1 1 62 0 0
19 Trib (0371A) M 19 i I i I 62 0 0
20 Tri b M 20 1 1 1 1 62 0 1
21 Trib (0371H) M 21 I I I I 62 0 0
22 Trib (0371A) M 22 1 1 1 1 62 0 0

END GEN-INFO
ACTIVITY

RCHRES *************** 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 ACT'IVITY
PR]:NT-INFO

RCHRES *************** Printout 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 g

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 exit
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t t _ * lr lr R _ _ t t t t _ _/r_

1 99 0 1 0 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
END HYDR-PAR_I
HYDR-_ARM2

RCHRES ***
# - # FTABNO LEN DELTH STCOR KS DB50 ***

1B 18 0. 800 0.3
19 19 O. 568 O. 3
20 20 O. 379 O. 3
21 2! O. 450 0.3
22 22 0. 300 O. 3

END W_'-'DR- PARM2
HY'DR-ZN._

RCHRES Znitial conditions for each HYDR section "*"
# - # *'* VOL Initial value of COLZND Znitial value of Ob'TDGT

"** ac-_ for each possible exit for each possible exit

18 0.1 4.0
19 0.1 4.0
20 10.0 4.0
21 0.1 4.0
22 0.1 4.0

END HYDR-INZT
END RCHRES

FTABLES

FTABLE 18
ROWSCOLS ***

3 4
DEPTH AREA VOLUME OUTFLOW ***
O.O0 i.30 0.O0 O.O0
1.00 1.30 1.30 166.00
2.O0 I.40 2.65 490.O0

END FTABLE 18

F'TABLE 19
ROWSCOLS ***

3 4
DEPTH AREA VOLUNE OUTFLOW *_'*
O.O0 I.I0 O.O0 O.O0
1.O0 1.10 i.I0 6_.O0
2.00 1.20 2.25 223.00

END FTABLE 19

FTABLE 20
• ** WALKERCREEKWETLAND
ROWSCOLS *"*

10 4
DEPTH AREA VOLUME OUTFLOW OUTFLOW***

0. O0 O. O0 0. O0 O. O0
1.00 2.50 1.25 7.04
2. O0 5. O0 5. O0 17.84
3. O0 12.00 13.50 32.17
4.00 19.00 29.00 45.13
5. O0 22. O0 49.50 54.95
6.00 23.00 72.00 61.62
6.10 23. O0 74 . 30 62.15
7.00 23.50 95.25 67.00
7.24 24.10 101.10 100. O0

END FTABLE 20
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FTABLE 21

ROWS COLS ***
8 4

DEPTH AREA VOLUME OUTFLOW ***
O.000 O.0000 O.0000 O.O0
O,100 O,2259 O.0113 O.11
O. 500 O.2707 O.1106 4 .27
1. 000 0. 3268 0. 2600 15.13
1.500 0.3828 0.4374 31.67
2. 000 O. 4389 0. 6428 54.02
2. 500 0.4949 0. 8763 82.52
3.000 O.5510 1.13 77 117.55

END FTABLE 21

F'FABLE 22
ROWS COLS ***

9 4
DEPTH AREA VOLUME OUTFLOW ***
0.000 O. 0000 O. 0000 O. O0
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 O.3874 i.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 F-TABLES
MASS-LINK
<Volume> <-Grp> <-Member-><--Muir--> <Targel:> <-Grp> <-Member->***
<Name> <Name> # #<-fac1:or-> <Name> <Name> # #***

MASS-LINK 1

conversion from acre-inches 1:o acre-f't (1/12) ***
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 RC'HRES INFLOW

END MASS-LINK 3

MASS-LINK 4
RCHRES OFLOW OVOL 1 RCHRES INFLOW TVOL

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 IVOL

END MASS-LINK 6

MASS-LINK 7

PERLND PWATER AGWO 0.0833333 RCHRES INFLOW IVOL
END MASS-LINK 7

MASS-LINK 8
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PERLND PWATER PERO C.0833333 COPY INPUT MEAN

END MASS-LINK 8

MASS-LINK 9
IMPLND IWATER SURO 0.0833333 COPY INPUT MEAN

END MASS-LINK 9

MA_S-LZNK 10
PERLND PWATER SURO 0.0833333 COPY INPUT MEAN
PERLND F_ATER ZRVO 0.0833333 COPY INPUT MEAN

END N_SS-LZNK 10

m.SS-LZNK "11
PERLND PWATER A(;WO 0.0833333 COPY INPUT MEAN

END MASS-LINK 11

MASS-LINK 1_
PERLND PWATER AGWO 0.0833333 COPY INPUT MEAN

END MASS-LINK 12

MASS-LINK 13
COPY OUTPUT MEAN RCHRES INFLOW IVOL

END MASS-LINK ].3

MASS-LINK 14
COPY OUTPUT MEAN COPY INPUT MEAN

END MASS-LINK 14

END MASS-LINK
END RUN
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File wcloflo2.inp, printed Monday, December 10, 2001
RUN
GLOBAL

--- FILE: WClowflo.inp REVISED 3u]y 2001. Arc
**" SEATAC AIRPORT HSPF BASIN MODEL OF WALKER CREEK
*** 2006 FUTURE PRO3ECT CONDITION SIZING BASED
*** CHANGED PREC DSN 2 TO NEW PREC DSN 1002
*** WALKER CREEK FOUR YEAR RUN USING CALIBRATION INrt'IAL CONDITIONS
WALKER CREEK BASIN HSPF MODEL
START 1990 10 1 0 0 END 1994 9 30 24 0

RUN ZNTERP OUTPUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FILES
<type> <fun>***<. fname, >
MESSU 24 D: \ PARA\SEATAC\MILLER\LOWFLOW\WALKER • MES
WD_ 25 D: \PARA\SEATAC\NZLLER\LOWFLOW\ml owf'l ow. WDM

61 D: \ PARA\SEATAC\_LLER\LOWFLOW\wPER. L61
62 D: \ PARA\SEATAC\MZLLER\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

*_t

COPY
TIMESERIES
Copy-opn ***

# - # NPT NMN ***
1 5 1

END T_MESERIES
END COPY

PERLND
GEN-INFO

<PLS • 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 MOD 1 1 1 1 61 0
18 TFS- TILL FOR STP 1 1 1 1 61 0
24 TGFo TILL GR FLT 1 1 1 1 61 0
26 TGM- TILL GR MOD 1 1 1 1 61 0
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F_le wcloflo2.inp, prinl:ed M?nday_ pecmber 10, 2001
28 TGS- "I'ZLL GR STP 1 1 _ ._ 6_. 0
34 OF - OUTWASHFOR 1 1 1 1 61 0
44 OG - OUTWASHGR 1 1 1 1 61 0

***PERLND FOR NEWAIRPORT FILL; NONE IN C.ALI"BRATZON
45 AZRPORTF-JELL 1 1 1 1 61 0
54 SA - WETLANDS 1 1 1 1 61 0
64 TGM DES NOINES 1 1 1 1 61 0
65 OG DES MOZNES 1 1 1 1 61 0
80 Fi ] 1 AGWO 1 1 1 1 61 0

END GEN-ZNFO
ACT2VI"rY

<PLS • ************* ACtive Secl:ions tlf***tlt**lfttttttttttt*tltt
# - # ATMP SNOWPWAT SED PST P_G PQAL NSTL PEST NZ'TR PHOS TRAC ***

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END ACI"_VI"TY
Pi_NT-ZNFO

<PLS • ********************* Prin_-f'iags ************************* PZVL PYR
# - _=ATMP SNOWPWAT SED PSI" P_G PQ/U. MSTL PEST NrrR PHOS TRAC ***_r*****

14 200 0 0 5 0 0 0 0 0 0 0 0 0 3. 9
END PRZNT-ZNFO
I:_/AT-PARM1

<PLS • ***************** Flags ********************
# - # CSNORTOP UZFG VC.S VUZ VNN VIFW VZRC 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
8O 0 0 0 0 0 0 0 0 0

END PWAT-PARM1
PWAT-PARM2

<PLS • ***
# - # ***FOREST LZSN ZNFILT LSUR SLSUR KVARY AGWRC

14 4. 5000 0. 0800 400. O0 O. 0500 O. 5000 0. 9960
16 4. 5000 0. 0800 400. O0 0. 1000 0. 5000 0. 9960
18 4. 5000 0. 0800 200. O0 0. 2000 O. 5000 0. 9960
24 4. 5000 0. 0300 400. O0 0. 0500 0. 5000 O. 9960 '
26 4. 5000 O. 0300 400. O0 0.1000 O. 5000 O. 9960
28 4. 5000 0. 0300 200. O0 0. 2000 0. 5000 0. 9960
34 5. 0000 2. 0000 400.00 0. 0500 O. 3000 O. 9960
44 5. 0000 0. 8000 400. O0 O. 0500 0. 3000 0. 9960
45 7. 5000 0.0200 300.00 0.0700 0.0000 0.9960
54 4. 0000 2. 0000 100.00 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 O. 0500 0. 5000 0. 9960
80 4. 5000 0. 0300 400.00 0.1000 0. 5000 0. 9960

END F_/AT-PARM2
PWAT-PARM3

<PLS >***
# - #*** PETMAX PETMZN ZNFEXP ZNF"J[LD DEEPFR BASETP AGWETP

14 2. 0000 2. 0000 0.00 0.00 0.0
16 2. 0000 2.0000 O. O0 O. O0 O. 0
3.8 2.0000 2.0000 O. O0 O. O0 O. 0
24 2. 0000 2.0000 O. O0 O. O0 O.
26 2. 0000 2.0000 O. O0 O. O.
28 2.0000 2.0000 0.00 0. 0.
34 2. 0000 2.0000 0. O0 0.00 0.0
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File wcloflo2.inp, Printed Monday, December 10, 2001
44 2.0000 2.0000 0.00 O. O.
45 2.0000 2.0000 0. O0 0. O.
54 10.000 2.0000 0. O0 O. 0.7
64 2. 0000 2.0000 0.00 0. 0.0
80 2.0000 2.0000 O. O0 O. O.

END PWAT-PARM3
PWAT-PARM4 ***

<PLS • LZE'TP**"
# - # CEPSC UZSN NSUR ZNTFW IRC

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 0.25 O0
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 0.3.000 0. 2800 0. 2500 6 •000 0 •1500 0. 6000
54 O. 1000 3. 0000 O. 5000 1. 000 O. 7000 O. 8000
64 0.1000 0. 2500 0. 2500 3. 000 0. 5000 0.2500
65 0.1000 O. 5000 O. 2500 O. 000 0. 5000 0. 2500
80 0.1000 0.2500 0.2500 2.000 0.1500 0.2500

END PWAT-PARM4
PWAT-STATE1

<PLS • PWATERstate variables***
# - #*** CEPS SURS UZS TFWS LZS AGWS GWV$

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 O. 0.0000 0.00 1.598 2.81 0.042
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 O.O00 O. O. 0000 O. O0 0 •373 3. 01 0. 000
54 0.000 0. 0. 3650 0.00 0. 561 0. O0 0. 000
64 0. 000 0. 0. 0000 0.00 3..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 F_/AT-STATE1
END PERLND
IMPLND

GEN-INFO
<ILS > Name uni¢-sys'cems Printer ***
# - # User "c-series Engl Me_r *'*

i n ou¢ ***
14 IMPERVIOUS 1 1 1 60 0

END GEN-INFO
ACTIVITY

<ILS • ************* ACl:ive Secl:ions ****
# - # A'rMP SNOWIWAT SLD IWG IQAL ***

14 0 0 1 0 0 0
END ACTIVITY
PRINT-INFO

<ZLS • ******** Prin'c-f-lags *****'** PIVL PYR
# - # A'I_P SNOWIWAT SLD IWG IQAL ******f'*

14 0 0 6 0 0 0 1 9
END PRINT- TNFO
IWAT-PARM1

<ILS • Flags *** ***
# - # CSNORTOP VRS VNN RTLI *** ***

14 0 0 0 0 0
END IWAT- PARM1
IWAT-PARM2
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File wc]of]o2.inp, Printed Monday, December 10, 2001
<ILS • ***
# - # LSUR SLSUR NSUR RETSC ***

14 100.00 0.0100 0.1000 0.1000
END ZWAT- PARM2
IWAT- PARM3

<ZLS • ***
# - # PE'T_ PE'_N ***

14
END ZWAT-PARM3
IWAT-STA'rEI

<ÀLS • IWATER state variables "'*
# - # RETS SUPS ***

14 1.0000E-3 1.0000E-3
END ZWAT-STATE1

END ZMPLND
/rt_t

EXT SOURCES
it*

*'* NOTE: The only RCHRES that precip and PET are applied to are lakes.
_tt

<-volume-• <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-> *-*
<Name> # <Name> # tem s:rg<-faccor->strg <Name> # # <Naomi> # # *-*
**f PREC.TP/E_AP TO PERV_OUS/ZMPERV SURFACES

1002 PREC ENGLZERO 1.00 PERLND 14 65 EXTNL PREC
WDM 1002 PREC ENGLZERO 0. O0 PERLND 80 EXTNL PREC
WDM 1002 PREC ENGLZERO 1.00 ZNPLND 14 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 PERLND 14 65 EXTNL PE'I'ZNP
WDM 1 EVAP ENGLZERO O. 0 PERLND 80 EXTNL PE'I'ZNP

1 EVAP ENGLZERO 0.8 ZMPLND 14 EXTNL PET_NP
*** PRECTp/EVAP TO LAKES

1002 PREC ENGLZERO RCHRES 20 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 20 EXTNL POTEV
WDM 1002 PREC ENGLZERO RCNRES 49 EXTNL PREC
WDM 1 EVAP ENGLZERO 0.8 RCHRES 49 EXTNL POTEV

*** Fill flow directly to stream
*** Conversion factor from cu. f-c./day to acre-f_/interval
*** divide by 43560*24

7100 FLOW ENGL .000000957 RCHRES 20 ZNFLOW ZVOL
*'* till seapage groundwater T_ow from Fill area. PGG time series
*** conversion factor from cu. f'c./day to inches
*** (1/(43560"24) * 12)/area (16.74AC)
WDM 7101 FLOW ENGLZERO.000000686 PERLND 80 EXTNL AGWLI
*** Fill surface flow 1:o sdw2 pond
WDM 7102 FLOW ENGL • 000022957 RCHRES 49 INFLOW IVOL
END EXT SOURCES

EXT TARGETS

<-Volume-• <-Grp> <-Member-><--Mul_-->Tran <-volume-> <Member> Tsys Tgap Amd ***
<Name> # <Name> # #<-factor->strg <Name> # <Name> tem strg sl:rg***
RCHRES 18 HYDR RO t.. WDM 7196 FLOW ENGL REPL
RCHRES 20 HYDR RO WDM 7197 FLOW ENGL REPL

***PROJECT CONDI"T_ON FLOWS

RCHRES 49 HYDR RO i I *** WDM 109 FLOW ENGL REPL
**" DETENTION STAGES

RCHRES 49 HYDR STAGE *** WDM 649 STAG ENGL REPL*** DETENTION VOLUME

RCHRES 49 HYDR VOL *** _ 749 VOL ENGL REPL
*** 39"SR509 37"SDW2
END EXT TARGETS

SCHEMAT'J:C ***

<-Source-> <--Area--> <-Target-> MBLK "**
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File wcloflo2.inp, Printed Monday, December 10, 2001
<Name> # <-factor-> <Name> # Tbl# *_*

***WALKER CREEK
--* SUB-CATCHMENT MC 8
PERLND 26 3.93 RCHRES 20 1
PERLND 44 18.73 RCHRES 20 1
PERLND 54 2.70 RCHRES 20 1
IMPLND 14 0.01 RCHRES 20 2
*'* *** SUE-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 RCHRES 20 7
***IMPLND 14 9.51 RCHRES 49 2
***REPLACE SUBCATCHNENT SDW-2 WITH NEt# SDW-2 SUBBASZN
***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 RCHRES 49 6
*'* area removed = 4.09 ac
PERLND 45 2.610 RCHRES 49 6
*** old all area
***IMPLND 14 9.51 RCHRES 49 2
*'* area removed = 2.00 ac
IMPLND 14 7.51 RCHRES 49 2
*** FILL 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 ¢o be mcTb
*** sdwlb basins

*** cut ou_ groundwacer flow from sdw2 from fill and imp
***ADD SDW2A 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 RCHRES 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 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

*** SUB-CATCHMENT 19

PERLND 16 12.72 RCHRE5 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 wclot_o2.inp, Printed Monday, December Z0, 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 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 ].B 7
PERLND 16 2 • 54 RCHRES 21 6
PERLND 26 44.30 RCHRES 21 6
PERLND 34 2.03 RO4RES 21 6
PERLN_ 44 41.13 RCHRES 21 6
IMPLND 14 16.54 RCHRES 21 2
PERLND 16 5.07 RCHRES 21 1
PERLND 26 88.61 RCHRES 21 1
PERLND 34 4.06 RCHRES 21 1
PERLND 44 82.26 RCHRES 21 1
ZMPLND 14 33.09 RCHRES 21 2

• ** SUB-CATCHMENT 22
PERLND 34 4.30 RCHRES 22 1
PERLND "4a 3.9.49 RCHRES 22 1
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-conc_g that becomes conl:lg below
PERLND 64 529.39 RCHRES ZO 1
• ** changes to contig and non-contig groundwater based on 11/19/01 analysis

PERLND 26 "" 4.32 RCHRES 20 7
PERLND 26 3.5 RCHRES 20 7
PERLND 44 3.93 RCHRES 20 7
PERLND 45 *** 5.48 RCHRES 20 7
IMPLND 14 *** 36.02 RCHRES 20 2
• *"CONTIG SDSTA
PERLND 26 0.17 RCHRES 20 1
IMPLND 14 0.13 RCHRES 20 2

***STREAM ROUTING
RCHRES 49 RCHRES 20 3
RCHRES 20 RCHRES 19 3
RCHRES 19 RCHRES 18 3

END SCHEMATIC

NETWORK

_** <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEN STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # ***

WW_

END NE'n#ORK

RCHRES
GEN-INFO

RCHRES Name Nexits unit Systems Printer ***
# - #< .................. ><---> User T-series Engl Me_r LKFG ***

in out .t.
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File wclof-lo2.inp, Printed Monday, December 10, 2001
18 Trib (0371A) M 18 1 1 1 1 62 0 0
19 Trib C0371A) M 19 1 1 1 1 62 0 0
20 Tri b M 20 1 1 1 1 62 0 1
21 Trib C0371H) M 21 1 1 1 1 62 0 0
22 Trib (0371A) M 22 1 1 1 1 62 0 0
39 SRS09 1 1 1 1 62 0 0
49 SDW2 POND 1 I 1 1 62 0 0

END GEN-INFO
ACTIVITY

RCHRES *************** ACtive Sections *************t***
# - # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG *t*
1 63 1 0 0 0 0 0 0 0 0 0

END ACT'J:vI-rY
PRINT-INFO

RCHRES *********t***** Printout Flags v,t***v,v,v,,_****tt_,** PIVL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXP.X NUTR PLNK PHCB **v,**vr***
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 *** OOGTFG for each FUNCT for each

FG FG FG FG possible exit *** possible exit possible exit
/r /r * /r /r /r t t t t t It t _t _/r

1 99 0 1 0 0 4 0 0 0 0 0 0 0 O" 0 2 2 2 2 2
END HYDR-PARM1
HYDR- PARM2

RCHRES _,vr*

# - # FTABNO LEN DELTH STCOR KS DBS0 ***
< ...... >< ........ >_c ........ >< >< ........ >_ ........ >< ........ > *w*

18 18 0.800 0.3
19 19 0. 568 0.3
20 20 0.379 0.3
21 21 0. 450 O. 3
22 22 0. 300 O. 3
49 49 O. O10 O. 0 O. 3

END HYDR- PARM2
HYDR-INTT

RCHRES Initial conditions for each HYDR section ***
# - # *** VOL Initial value of COLIND Initial value of OUTDG7

• ** ac-f_ for each possible exit for each possible exit
< ...... >< ........ > <---><---><--_><___><___> vrvr* .___..___..___..___..___.
18 0.I 4.0
19 0.I 4.0
20 10.0 4.0
21 0.I 4.0
22 0.i 4.0
49 0.0 4.0

END HYDR- TNI"T
END RCHRES

FTABLES

FTABLE 18
ROWS COLS ***

3 4
DEPTH AREA VOLUME OUTFLOW ***

O. O0 1.30 O. O0 0. O0
1. O0 1.30 1.30 166. O0
2. O0 1.40 2.65 490. O0

END FTABLE 18
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;TABLE 19 F_le wcloT-]o2.inp, printed MOnday, December 10, 2001
ROWSCOoS ***

3 4

DEPT_ ARF_ VO_.U_0. O0 1.10 OUTFLOW ***
0.00

1.00 1.10 1.10 65.00
2.00 !.20 2.25 223.00END FTAJBLE19

FTABLE 49
,t, PRO3ECTPONDF SDW2ROWSC0,3 *'*
12 4

DEPTH AREA VOLUME OUTFLOW ***
0. 000 0. 8880 0. 0000 0.00
1. 000 0. 9270 Z. 0823 O.25
2.00_ O. 9690 2. 2096 O. 35
3.000 1.0450 3.3828 0.42
4. 000 1.04.50 4. 6027 0.495. 000 1.0860

5.8726 O. 55
6. 000 1.1260 7.1935 O. 60
7. 000 1.1670 8. 5645 i. 20
8. 000 1.2130 g. 986.l 2.69
8. 300 1.2560 10.454 3.09
9.000 1.2560 11.459 7.57

10. 000 1. 3000 12. 987 .16.88END FTABLE 49

FTABLE 20
*** WALKERCREEK WETLANDROWSCOLS "**

10 4

DEPTH AREA VOLUME OUTFLOW OUTFLOW***
0.00 0.00 0.00 0.00
1.00 2.50 1.25 7.04
2.00 5. O0 5. O0 17.84
3. O0 .1.2.O0 13.50 32.17
4. O0 19. O0 29. O0 45.2.3
5.00 22. O0 4g. $0 54.95
6. O0 23. O0 72. O0 61.62

' 6. ZO 23. O0 74.30 62.15
7.00 23.50 gs. 25 67. O0
7.24 24.10 101.10END FTABLE 20 100.00

PTABLE 21
ROWSCOLS ***

8 4

DEPTH AREA VOLUME OUTFLOW ***
O. 000 O. 0000 0. 0000 O. O0
O. 100 O.225g O.013.3 O. 3..1
O. 500 O. 2707 O. 11061. 000 O. 3268 4.27

O. 2600 15.13
1. 500 O. 3828 O. 4374 31.67
2. 000 O. 4389 O. 6428 54.02
2. 500 O. 494g O. 8763 82.523. 000 O. 5510 1.1377END F'TABLE2_. 117.55

PTABLE 22
ROWSCOLS ***

9 4

Page 8

AR 053142



File wclot-lo2.inp, printed Nonday, December 10, 2001
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 1.3-171 174.33
4.000 0.3930 1.5073 265.38
5.000 0.3985 1.9030 364.68
6.0OO O. 4040 2. 3043 470.60

END FTABLE 22
END FTABLES
MASS-LINK
<Volume> <-Grp> <-Member-x--Mul_--> <TargeT.> <-Grp> <-Member->--*
<Name> <Name> # #<-factor-> <Name> <Name> # #***

MASS-LINK 1
conversion from acre-inches ¢o acre-_Ct (1/12) ***

PERLND PWATER PERO 0.0833333 RCHRES INFLOW ZVOL
END MASS-LINK 1

MASS-LINK 2
IMPLND IWATER SURO 0.0833333 RCHRE5 ZNFLOW IVOL

END MASS-LINK 2

MASS-LINK 3
RCHRES ROFLOW RCHRE$ 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 RCHRE$ INFLOW _VOL

END MASS-LINK 5

MASS-LINK 6
PERLND PWATER SURO 0.0833333 RCHRE$ INFLOW IVOL
PERLND PWATER IP_O 0.0833333 RCHRE$ INFLOW IVOL

END MASS-LINK 6

MASS-LINK 7

PERLND PWATER AGWO 0.0833333 RCHRE$ 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 PWATER AGWO 0.0833333 COPY INPUT MEAN
END MASS-LINK 12

MASS-LINK 9

IMPLND IWATER SURO 0.0833333 COPY INPUT MEAN
END MASS-LINK 9

MASS-LINK 10

COPY OUTPUT MEAN RCHRES INFLOW _VOL
END MASS-LINK 10

END MASS-LINK
END RUN
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OUTWASH
RUN
GLOBAL

.it FZLE: Ou_asH.inp Joe Brascher ATC
*** MZLLER and walker CREEK OuCwash runof'F generation.
WALKER CREEK BASZN HSPF NOOEL
START 1983 10 1 END 1994 9 30
RUN ZNTERP OUTPUT LEVEL 3
RESUME 0 RUN 1

END GLOBAL

FZLES
<type> <fun>***< ............ fname ...... >
MESS_ 24 D: \PARA\SEATAC\NZLLER\RELOW\MZLLOUT. rues
WDM 25 D: \PARA\SEATAC\NZLLER\RELOW\NLOWFLOW. WDM

61 D:\PARA\SEATAC\MZLLER\RELOW\NZLLOUT.L61
END FZLES

OPN SEQUENCE
ZNGRP ZNDELT 00:60

ZMPLND 14
PERLND 44
COPY **_ 1

END ZNGRP
END OPN SEQUENCE

COPY
TZMESERZES
Copy-opn ***

- # NIT NMN ***
1 5 1

END TZMESERZES
END COPY

PERLND
GEN-ZNFO

<PLS • Name NBLKS unit-systems Printer ***
#- # user t-series Engl Mecr ***

i n Or.'1: ***
44 OF - OUTWASH GRA 1 1 1 1 61 0

END GEN-ZNFO
ACTZVI-FY

<PLS • ************** ACtive Sections *****************************
# - # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NZTR PHOS TRAC ***

14 200 0 0 1 0 0 0 0 0 0 0 0 0
END AC'TIVI"TY
PRINT-ZNFO

<PLS • ********************* Print-T-lags ************************* PZVL PYR
# - # ATMP SNOW Pc/AT SED PST PWG PQAL MSTL PEST NZTR PHOS TRAC *********

14 200 0 0 5 0 0 0 0 0 0 0 0 0 1 9END PRZNT-ZNFO
PWAT-PARM1

<PLS • ***************** Flags ********************
# - # CSNO RTOP UZFG VCS VUZ VNN V'ZFt_' VZRC VLE ***

44 0 0 0 0 0 0 0 0 0
END PWAT-PARM1
PWAT-PARM2

<PLS • ***

# - # ***FOREST LZSN ZNFZLT LSUR SLSUR KVARY AGWRC
44 5.0000 0.8000 400.00 0.0500 0.3000 0.9960END PWAT-PARM2

PWAT-PARM3
<PLS >***

# - #*** PETMAX PETMZN ZNFEXP ZNFZLD DEEPFR BASETP AG_/ETP
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OUTWASH

44 2.0000 2.0000 0.00 0.00 0.0
END PWAT-PARM3
PWAT-PARM4 t_

<PLS > LZETP'"
# - # CEPSC UZSN NSUR ZNTFW ZRC

44 0.1000 0.5000 0.2500 0.000 0.5000 0.2500
END PWAT-PARM4
PWAT-STATE1

<PLS > PWATER s_ate variables***
# - #*** CEPS SUPS UZS ZFWS LZS AGWS GWVS

44 0.000 0. 0.0000 0.00 2.756 6.25 0.134
END PWAT-STATE1

END PERLND w_*

ZMPLND
GEN-ZNFO

<ZLS > Name unit-systems Printer ***
# . # user t-series Engl Metr ***

iN OUt ***
14 ZMPERV'ZOUS 1 1 1 60 0

END GEN-ZNFO
ACT'£WZTY

<ZLS > ************* ACtive Sections ****
# - # ATMP SNOW ZWAT SLD ZWG ZQAL *'*

14 0 0 1 0 0 0
END ACT£VI"TY
PRZNT-ZNFO

<ZLS • ******'* Print-flags ******** PZVL PYR
# - # ATMP SNOW _AT SLD ZWG ZQAL *****_***

14 0 0 6 0 0 0 1 9
END PRZNT-ZNFO
ZWAT-PARMI

<ILS > Flags *** "'*
# ° # CSNO RTOP VRS VNN RTLZ .** ***

14 0 0 0 0 0
END ZWAT-PARM1
ZWAT-PARM2

<ZLS > **_
# - # LSUR SLSUR NSUR RETSC ***

14 100.00 0.0100 0.1000 0.1000
END ZWAT-PARM2
ZWAT-PARM3

<ILS • ***
# - # PETMAX PETMIN ***

14
END ZWAT-PARM3
IWAT-STATE1

<ILS > ZWATER state variables "**
# - # RETS SURS "**

14 1.0000E-3 1,0000E-3
END ZWAT-STATE1

END ZMPLND
WW_

EXT SOURCES
<-volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-• ***
<Name> # <Name> # tem strg<-fac¢or->strg <Name> # # <Name> # # "**
*** PRECZP/EVAP TO PERVZOUS/ZMPERV SURFACES
WDM 1002 PREC ENGL 1.O0 PERLND 44 EXTNL PREC
WDM 1002 PREC ENGL 1.00 ZMPLND 14 EXTNL PREC
WDM 1 EVAP ENGL 0.8 PERLND 44 EXTNL PETZNP
WDM 1 EVAP ENGLZERO 0.8 ZMPLND 14 EXTNL PETZNP
END EXT SOURCES
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OUTWASH
F.XT TARGETS
<-VOlume-> <-Grp> <-Member-><--Mult-->Tran <-volume-> <Member> Tsys Tgap Amd *_*
<Name> # <Name> # #<-factor->strg <Name> # <Name> tern strg strg*'"
COPY 1 OUTPUT MEAN 1 1 *** WDM 6104 FLOW ENGL REPL
-*'converts inches of runoff to cubic inches of runoff.
PERLND 44 PWATER AGWZ 6272640 I,_[x4 6102 FLOW ENGL REPL
IMPLND 14 IWATER SURO 6272640 WDM 6103 FLOW ENGL REPL
END EXT TARGETS

SCHEMA_'ZC
<-Source-> <--Area--> <-Target-> MBLK ***
<Name> # <-factor-> <Name> # Tb]# ***

IMPLND 14 *** 1.00 PERLND 44 23
PERLND 44 *** 0.714248 COPY 1 17
END SCHEMATIC

NETWORK
*Wt

*** <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBER->
<NAME> # <NAME> TEN STRG<-FACTOR->STRG <NAME> # # <-GRP> <NAME> # # ***

t*t

END NETWORK

MASS- LTNK
<Volume> <-Grp> <-Member-><--_J]t--> <Target> <-Grp> <-Member->***
<Name> <Name> # #<-factor-> <Name> <Name> # #***

MASS-L]_NK 17
PERLND PI#ATER AGi_ 0.0833333 COPY ]:NPUT MEAN

END MASS-LTNK 17

MASS-LZNK 23
IMPLND IWATER SURO PERLND EXTNL SURLI

END MASS-LTNK 23
MASS-LZNK 24

TMPLND TWATER SURO PERLND EXTNL AGWLZ
END MASS-LZNK 24

END NASS-LZNK
END RUN
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DES MOINES CREEK WATERSHED
ErSPF INPUT FI'i'_S

- 1994 CONDITIONS
- 2006 CONDITIONS
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CERTIFICATE OF ENGINEER

The technicalmaterialand data forthe Des Moines Creek wam'sh_ low flow-specific HSPF
modelin_were preparedunder the supervision anddirectionof the undersigned,whose seal, as a
professionalengineerlicensed to practiceas such, is mc_xedbelow.

(affnxsealhere)

Felix C. Kristanovich, Ph.D., P.E.

Low _reumflow Anat_s_s December2001

STIAM_ter PLanUpa_e ]m_ovemems $$6-2912-001(28B)
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1994 CONDmONS

/_ 053_ 50





R_
";LOBAI

°°" FILE: DM94LOW.INP (NODI-_' DMPRER5M.INp)
"'" 1994 conditions low flow anslys._.s file
""" HSPF MODEL OF DES MOZNES CREEK
-oo UPDATE MODEl TO CREATE DOWNSTREAM EVALUATION POINT FOR SDS TO WEST BRANCH

--o Land uses based on 1994 concL_tlons futu=e basins

--- Land uses adjusted as per Psrametrlx corzespondence on 11/09/01, all other land uses sd_uscec _o
ma_c_. 1994 calibration mobel.

--- Grounawster routing for IRS Primary and Ills West were excluded fr_ the model.

*-- RouTing scbesmtic and all other el_cs 8¢e same as It. the Des Mo_nes C.-eek predevelopmen:

condition model (some WDM files are adjusted
--- to match 1994 clesignations)
DES MOINES CREEK BASIN HSPF MODEL
START 1948/10/01 00:00 END 1996/09/30 24:00

STA_.T 1992/01/01 00:00 EN: 1996/09/30 24:00 t'"
RD_ INTERP OUTPUT LEVEL 4

RESUME 0 RUN 1

END GLOBAL

FZLE-'-
MES£_ 24 _94P..MES

WDM 25 i_/94RL, lifDH
END FILES

OPN SEQUENCE

:_RP INDELT 01 : 00
PERLND 16

PERLND 26
PERLND 34

PERLND 44

PERLND 54

IMPLND 14
RCRRES 360

RCHRES 36
RCHRES 39
COPY 20
COPY 42

COPY 9
RCHRES 4

COPY 41

COPY 10
RCHRES 366

COPY 50

COPY 3
RCF2RES 7
RCHRES 9
COPY 4

RCHRES 4 3
COPY 15

RCHRES 34

RCHRES 35
RCHRES 37
COPY 14

COPY 16

RCHRES 38
RCHRES 5

RCHRES 40
RCHRES 12
COPY 5

RCHRES 13

RCHRES 14

RCHRES 177
RCHRES 46

RCHRES 47

RCHRES 17

COPY 4 8
RCHRES 18

RCHRES 193

COPY 1
RCHRES 198

END INGRP

_ND OPN SEQUENCE

_ERLND

GEN-INFO
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<PL$ > Name I_LKS Dni¢-systels Pr_.ncer "'"
- * User _-se=_es Engl Mel:r "''

IF. OGt 99*

16 TFM- TZLL FOR MOD I I I i 60 0

26 TG_- TILL GR MUD 1 1 1 1 60 0
34 OF - OUTWASH FOR 1 1 ! ! 60 0

44 OG - OUTWASH GR 1 1 1 1 60 0

54 5A - WETLANDS I 1 I i 60 0
END GE_-INFO

ACTIVITY

<PL5 • "''''''''''*" AcEiwe SeC'Pi_ "'''''''''''''''"'*'''''''**"
# - # ATMP SNOW PWAT SED PST PNG POAL MSTL PEST NITR PHO$ TRAE "'"

14 54 0 0 1 0 0 0 0 0 0 0 0 0

END AL'TIVZT¥

PRINT-INFO

<PLS > ..,.*.-*........t*... Pril_-flags "**''*'''''''''*''''*''*" PZVL PYR
# - # &TMP SN_ _AT SED PST P#G POAL MST_ PEST NITR PHOS TRAC "°'*''''°

14 54 0 0 6 0 0 0 0 0 0 0 0 0 1 9
END PRINT-INFO

PWAT-PARM1

<PI_ • ttttgtttttt_ttttt F'la_S t_gtt_.ttttt,e, gv,.8,_.tt,8,q,
% - # CSNO RTOP UZFG VCS VUZ VNN VIFW VIRC VLE *'°

14 54 0 0 0 0 0 0 0 0 0

END PWAT-PARMI

PMAT-PARM2

<PLS • *'*
# - _ *'*FOREST LZSN INFILT LSUR SLSUR KVARY AGNRC

16 4.5000 0.2000 200.00 0.I000 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

44 5.0000 0.0000 200.00 0.0500 0.3000 0.9960
54 4.0000 2.0000 200.00 0.0010 0.5000 0.9960

END PMAT - PARM2

PWAT-PARM3

<PLS >*'"

% - 4''' PETMAX PETMZN INFEXP INFILD DEEPFR BASETP AGWETP
]6 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 INTFW 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.I000 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-STATEI

<PLS • PWATER s_a_e var_.ables--*

# - # "'" CEPS SURS UZ$ I FWS LZS AOWS GWVS

16 0.078 0. 0.0010 0. 0.075 0.267 0.026
26 0.051 0. 0.0350 0. 1.92B 0.6B0 0.049

34 0.078 0. 0.0010 0. 0.090 0.676 0.038

44 0.051 0. 0.0040 0. 1.127 0.614 0.152

54 0. 051 0. 0. 3330 0. 0. 622 0 • 000 0 • 000
END PWAT-STATEI

END PERLND

IMPLND

GEN-INFO

<ZLS • Name Uni_-sys_ Pril_er -*.

# - % User _-ser_.es En91 Ne_r -*-
ll_ OUt **.

13 140 IMPERVIOUS 1 I 1 60 0
END GEN-INFO
ACTIVITY

<ILS • "''*'''*'*''" Active Sections "*''

# - # ATMP SNOW ZNAT SLD ZWG IOAL *'"
13 140 0 0 1 0 0 0

END ACTIVITY
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PRINT-INFO
<"L_ > °" ..... " Pr:.nc-flags °.9° .... PIV'L PYR
| - _ ATMP SNOW IMAT SLD IHG fOAL t.---o.o.

13 140 0 0 6 0 0 0 I 9
END PRI_'T.- INFO

IWAT - PARMI

<ILS • Flags "°" *'"
% - % CSNO RTOP VRS VNN RTL," t.. .it

13 140 0 0 0 0 0

END ZWAT-PARMI

IMAT-PARM2

<ILS > e..

% - # LSUR SLSUR NSUR RETSC ,.,,.
14 500.0 0.0100 0.1300 0.100

140 I00.00 0.0500 0.1000 0.0500
END IWAT -.-'ARM2

IWAT-¥ARM3

<ILS > ,,to
% - % PETMAX PETMIN tt.

13 140
END IWAT-PARM3

IWAT-STA._I

<ILS • INTER a_a_e vaziad_lea '''
# - % PETS S_q.S .to

13 140 1.0000£-3 1.0000E-3

END IWAT-STATEI

END I_-_LND

RCHRES

GEN-INFO

RCHRES Name Nexi_S Dnit Sys_ Prin_er .or

# - #< .................. x---> User T-serles Engl Me_r LKFG °'°

4 SDS-3 Outlet Swale I I 1 I 0 0 0

5 E.Branch above TyeeP i 1 1 1 0 0 0

7 DM7 & DM8 Conveyance 1 1 1 1 0 0 0

9 DN9 Conveyance 1 1 1 1 0 0 0
!2 Lowe: W. Branch 1 1 1 I 0 0 0

13 Confl. _:o 200*oh SU. 1 1 1 1 0 0 0

14 200_h uo Exec. T.-i_. 1 1 1 1 0 0 0

17 Executei Tributary 1 1 1 1 0 0 0
18 Exec.Confl. Uo 208_h 1 I 1 1 0 0 0

34 Bow Lake I I 1 1 0 0 1

35 Pipe A Bow LK Outlet 1 1 i 1 0 0 0
36 SDE-4 C_ined D_a_ 1 l 1 l 0 0 0

37 Pipe B 60" In*,l Slvd l 1 1 l 0 0 0

38 Upper E. Branch 1 i 1 1 0 0 0

39 SDS-I Suoz1 Only ! 1 1 1 0 0 0

40 Tyee Pond Reach 1 1 i 1 0 0 0
43 Nor_hwes_ Ponds _ 1 1 1 1 0 0 1

46 Execu_al Pond Reac,_ 1 1 1 1 0 0 0

47 Pipe C Exec.Pon_ Dis 1 1 1 1 0 0 0

177 North Branch Ravine 1 ! 1 1 0 0 0

193 Upper Ravine 1 1 1 1 0 0 0

198 Lower Ravine 1 I 1 1 0 0 0

360 SDE-4 NSPS 1 1 1 1 0 0 0

366 OTF SSMPS 1 1 I 1 0 0 0
END GEN-INFO

ACTIVITY

RCHRES *t,.,tttg,..,., ACT.ive Sections t.tg.ttg.99_9.,ot

# - # HYFG ADFG CNFG HTFG SDFG GOFG OXFG NUFG PKFG PMFG .gt

1 366 1 0 0 0 0 0 0 0 0 0
END ACTIVITY

PRINT-INFO

RCHRES ,.o..,oo9.9,9,. Printout Flags 99,,9,9,gig,or.**, PIVL PYR
t - % HYDR ADCA CONS HEAT SED GOL OXR..',: NUTR PLNK PHCS ,,,,,,,,.9,,,,..
I 366 6 0 0 0 0 0 0 0 0 0 i 9

END PRINT-INFO

HYDR-PARMI

RCHRES Flags for each HYDR Section .9.

% - % VC A1 A2 A3 ODFVFG for eac_ *o- ODGTFG for each F_NCT for each

FG FG FG FG possible a_,._$ 9°° possible exit poss_JDle exit

4 17 0 I I 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2

18 34 0 I 1 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
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35 42 0 I 1 C 4 0 0 0 0 0 0 0 0 0 2 2 2 2
43 0 I 1 C 4 5 C C 0 O 0 0 0 0 2 2 2 2 2
46 198 0 I 1 C 4 0 0 0 0 0 0 0 0 C 2 :' 2 2 2

360 366 0 I i 0 4 0 0 0 0 0 0 0 0 0 2 2 2 2 2
END HYDR-PARMI

HYDR-PARM2

-t_MocLi.=_ed by F_ _:o include 40 and 46 in T.he mo_el _tt
RCHRE$

t - # FT_NO LE_ DELTH. STCOR KS DB50 °°°vtt
• x >( >• >• x >• >

4 4 0.530 0.3

5 5 0.380 0.3
7 7 0.341 0.3

9 9 0.189 0.3
12 12 0.273 0.3

13 13 0.218 0.3

14 14 0.218 0.3
17 17 0.246 0.3

18 18 0.303 0.3

34 34 0.208 0.3
35 35 0.123 0.3

36 ! 0.100 0.3

37 37 0.381 0.3
38 38 0.142 0.3

39 1 0.I00 0.3

40 40 0.189 0.3

43 43 0.189 0.3

46 46 0.047 0.3

47 47 0.417 0.3
177 177 0.407 0.3

193 193 0.795 0.3

19B 198 0.631 0.3

360 1 0.100 0.3

366 ! 0.100 0.3
END HYDR-PARM2

HYDR- INIT
RCHRES Znluial concLuSions for each HYDR section °'°
# _ _ ..t VOL Znl'.lal value of COLIND Zni_ial value of OUTDGT

"'" ac-ft for each possible exit: for each possible exi_
< ...... >< ........ > ,__.,,___,,_..,,___,,___, t_e ,__.,,.._,,___,,_..,,.__,

3 0.i 4.0

4 0.I 4.0
5 0.I 4.0

7 0.1 4.0

9 0.1 4.0

12 0.1 4.0
13 0.I 4.0

14 0.i 4.0

17 0.i 4.0

18 0.I 4.0

34 35. 4.0

35 0.0 4.0
36 0.0 4.0

37 0.0 4.0

38 0.0 4.0

39 0.0 4.0

40 0.0 4.0

43 0.I 4.0 5.0

46 0.0 4.0
4_ 0.C 4.0

177 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-IN.'T
END RCHRES

FTABLES

FTABLE I

_OW$ COLS "'"

8 4

DEPTH AREA VOLUME DISCH OUTFLOW2 ooo
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(?T_ (ACI_ES) (AC-FT) (ORS) (CFS) _,oo
C.O0 0.000 0.OOC 0.0
C.50 0.016 C.006 1
1.00 0.016 0.012 4
1.50 0.024 0.025 12
2.00 0.032 0.045 30

2.50 0.040 0.070 50

3.00 0.048 0.101 80

5.00 0.064 0.225 250

END FTABLE I

FTABLE 4

--o SDS-._ OUTLET. SWALE

ROWS COLS °°"
7 4

*'° DEFT.;-.' AREA VOLUMZ OUTFLOW OUTFLOM2

(FT_ (ACRES) (&CRE-FT) (CFS) (CFS) .,.t
.000 .000 0.0 0.0

.500 .19B 0.1 9.0

1.000 .236 0.5 30.9
2.005 .306 1.0 115.8

3.00C .376 1.5 265.5

4.000 .446 5.0 491.8

5.000 .517 20.0 806.3

END FTABLE 4

FTABLE E

t.. EAST BRANCH ABOVE TYEE POND

ROWS COLS t,.
13 4

*'° DEPTH AREA VOL_VJE OUTFLON OUTFLON2

(FT_ (ACRES) (&CRE-FT } (CFS) (CFS) °*°
.000 .000 .000 .000
.550 .2g0 .100 4.900

1.100 .543 .200 20.800
1.650 .609 .300 46.500

2.200 .671 .400 B0.000

2.750 .732 0.500 11B .700
3.300 .7_8 0.600 159.500

3.850 .819 0.700 198.400

4.400 .849 0.801 231.900

4.950 .866 !.000 252.900
5.500 .865 1.200 253.000

8.200 .973 1.500 400.000

10.200 1.043 2.000 520.000

END FTABLE 5

FTABLE 7

"°" DM_ & DMB CONVEYANCE

ROWS COL$ "''
8 4

"_" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES _ (ACRE-F/') (CFS) (CFS) "°"
.000 .000 .000 .000
.500 .360 .120 6.200

1.000 .416 .276 20.800

2.000 .520 .694 75.400

3.000 .626 1.252 166.700

4.000 .732 1.950 306.900

5.000 .836 2.790 496.100

6.000 .942 3.768 742.300
END FTABLE 7

FTABLE 9
**" DM9 CONVEYANCE

RONS COL$ **"
8 4

"** DEPTH AREA VOLUME OUTFLOW OUTFLON2

(_T,) (ACRES) (ACRE-FT) (CFS) (CFS) .9.
.000 .00 0.0 .0

.500 .20 0.7 9.'7

1.000 .23 3.1 32.E

2.000 .2g 14.9 118

3.000 .35 38.4 265

4.000 .4! 7"/ 482
5.000 .47 135 778
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. 000 . 52 214 1165
EN; ._'T_LE 9

rT,ABL£ 12
°-- ;,OWE?, WEST RRANCH
--" K._,':SED BASED ON HEC-RAS MODEL

ROWS COLS °''
13 4

--° DEPTH AREA VOLUHZ OUTFLOW oUTFLOW2
(FT) (ACRES) (ACKE-FT) (CFS) (CFS) ***
.000 .000 0.000 .000
.500 .291 0.030 0.150

1.000 .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 75.000
6.000 .796 3.820 100.000
7.000 .837 8.820 250.000
8.000 .837 16.200 200.000

9.000 .837 27.920 250.000
10.000 .8Y7 33.530 350.000
11.000 .837 35.380 450.000

END FTABLE 12

FTABLE 13
""" CONFLUENCE TO 200TH STREET
ROWS COLS ""*

9 4

""° DEPTH AREA VOLOME OUTFLOW OUTFLOW2

{FT) (ACRES) (ACRE-FT) (CFS) (CFS) """
.000 .000 000 .000
.500 .153 051 4.300

1.000 .272 132 14.400

2.000 .317 312 50.400

3.000 .360 544 109.600
4.000 .404 826 195.000

5.000 .450 1.163 309.500

E.000 .497 1,.548 456.300

7.000 .542 !.984 638.000

END }'TABLE 13

FTABLE 14

"'* 200TH STREET TO EY.ECUTEL TRIBUTARY
"'° REACH 190 FROM TR-20/KING COUNTY BASZN PLAN MODEL:

ROWS COIS """
5 4

*'" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CFS) (CFS) "°*
0.000 0.000 0.000 0.000

0.900 0.70 0.4000 30.00

1.800 0.80 1.1000 115.60

2.700 1.10 2.1000 269.90

4.200 1.30 4.3000 707.10
END FTA_LE 14

FTABLE 17

"'" EXECUTEL TRIBUTARY
ROWS COLS ""'_

I0 4

"'" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (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

1.800 .282 .336 77.700

2.100 .303 .423 106.200

3.100 .376 .779 245.000

3.600 .412 .988 335.000
END }'TABLE 17

FTABLE 18

... CONFLUENCE W:TH EXECUTEL TRIBUTARY TO 208TH STREET
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-°- P_PP.ESEI_'$ _ LOSS ZN _ BEZ_er 200TH
_OW$ C01,3 "'"

14 5
"" DEPTH AREA vOLUME OUTFLOW oUTrLOW2

(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 .968 1.001 20.700 0.00
3.000 1.155 1.727 100.000 0.00
4.000 1.317 2.542 26:.700 0.00
5.000 1.478 3.475 400.300 0.00
6.000 1.643 4.545 5?0.200 0.00
7.000 1.791 5.686 7_4.400 0.00
6.000 1.932 6.822 1015.100 0.00
9.000 ..945 7.025 129;.500 0.00

10.000 1.958 7.244 1614.500 0.00
11.000 1.970 7.481 1977.000 0.00
12.000 1.983 7.734 2304.700 0.00

END FTABZ,E 1B

FTABIE 34
''' BOWLAKE
"°° B;,.3ED ON I_5"L'RA.NCECONTROL FOR 36 Zl_ _ PIPE

ROWSCOLS "*"
8 5

°°" DEPTH AREA V-'Y.'3P_ OOTl_OIf OUTF/,Off2
(FT) (ACRESj (ACI_-FT) (CFS) (CFS) '''

0.000 14.000 C.000 0.000 0.00
1.000 14.000 1_.000 7.000 0.00
1.500 14.000 21.000 13.000 0.00
2.000 14.000 28.000 17.000 0.00
3.000 1_.000 42.000 35.000 0.00
4.000 14.000 56.000 49.000 0.00
5.000 14.000 70.0C_ 60.000 0.00
6.000 14.000 04.0G2 70.000 0.00

END FTABLE 34

FTABLE 35
"'" 36" BOW LAKE DISCHARGE PIPELINE (A)
ROWSCOLS *'"

16 4
"°° DEPTH AREA VOLUME OUTFLOW OOTFLO_2

(1"1') (ACRES) (&CRE-PT) (CFS) (CFS) ***
.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 .03_ .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 .1000 55.300

*'* SURCHARGING-
3.300 .038 .2500 60.300
4.000 .038 .4000 80.000
5.000 .038 .6000 100.000
6.000 .038 1.0000 150.000

10.000 .038 10.0000 300.000
END FTABLE 35

FTABLE 37
*t* 60" INTERNATIONAL BLVD PZPELINE (B)

ROWS COL5 "*°
13 4

*'° DEPTH AREA VOLUME OUTFLOW OUTFLOW2
(FT) (ACRES) (ACRE-FT) (CFS) (CFS) **"
.000 .000 .000 .000
.450 .134 .045 4.800
.900 .190 .100 20.300

1.350 .225 .IS0 45.400
1.800 .249 .200 78.000
2.250 .266 .250 115.900
2.700 .271 .300 155.800
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3.150 .264 .350 193.800
3.60C .251 .400 226.500
4.050 .238 .450 249.000
4.500 .234 .500 247.100
6.500 .185 .600 340.000
E.5CC .166 .700 415.000

END FTABLE 37

FTABLE 38

**" UPPER EAST BRANCH

ROWS :OLS =*°
9 4

--- DEPTH AREA VOLUME oUTFLOW OUTFLOW2

(FT.) (ACRES) (ACRE-FT) (CFS) (CFS) *'°
.000 .000 .000 .000
.500 .176 .I00 9.200

1.000 .194 0.150 30.400
2.000 .232 0.200 105.800

3.000 .271 0.250 228.900
4.000 .310 0.350 405.800

5.000 .349 0.450 642.700

6.000 .387 0.600 945.700

7.000 .426 0.800 1320.700

END -rTABLE 38

FTABLE 40

"'" TYRE POND
"*" BASED ON TYRE POND AS-BUILTS AND AUTOMATED GATE OPERATZO_ MANUAL

"'" K RITLAND 2/4/98

"°" Znser=ed by FK co refle¢= KC ccm_en=s (03/22/2001)
ROWS COLS "'"

20 4

**" DEPTH AREA VOLOME OUTFLOW OUTFLO_

(FT) (ACRES) (ACRE-FT) (CFS) (CFS) "'"
0.00 0.00 0.00 0.00
0.90 C.0l 0.01 10.00

1.65 0.02 0.02 20.00
3.11 0.07 0.07 30.00

4.56 C.22 0.29 40.00

6.02 C.63 0.89 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

10.88 1.34 5.83 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

1£.10 2.20 14.92 124.10

16.30 2.24 15.40 129.65

16.57 2.28 15.88 150.36
_6.64 2.32 16.36 155.00

16.80 2.36 16.84 208.74

17.03 2.40 17.32 293.59

17.26 2.43 17.79 428.11

END }'TABLE 40

.c'fABLE 43

"'" NORTHWEST PONDS

*'" BASED ON KING COUNTY BASIN PLANNING MODEL
ROWS COLS "°"

17 5

"'" DEPTH AREA VOLUM_ OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (ors) (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 12.000 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

4.500 13.000 51.000 35.000 0.00

5.000 14.000 56.500 150.000 0.00

5.500 14.000 62.800 200.000 0.00

6.000 14.000 69.000 300.000 0.00

6.500 14.000 83.500 350.000 0.00

7.000 15.000 99.900 400.000 0.00
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8.000 17.000 119.00 500.000 0.00
9.0:_ 2:.000 141.50 55Q.000 0.00

10.000 23.000 180.00 600.000 0.00
11.000 27.000 200.00 650.000 0.00

END FTABLE 43

FTABLE 46
oo- EXECUTE1, POnD
-°*Znse=ted by rE to reflec_ KC co_nts (03/22/2001)

I_:MS COLS "'*
20 4

"°" DEPTH AREA VOLUME OUTFLON OOTFLOr2
(FT.) (A:RES) (ACRE-FT) (=FS) (CFS) "*°
.000 .000 .000 .000

1.000 .080 .080 24.420
2.0:: .230 .310 34 540
3.000 .393 .703 42.300
3.500 .494 .950 45.890
4.000 .508 1.204 48.850
4.500 .532 1.470 51.810
5.0_0 .540 1.740 54.610
5.500 .540 2.010 57.280
6.000 .580 2.300 59.820
6.500 .600 2.600 62.270
7.000 .600 2.900 64.620
?.500 .800 3.200 66.900
8.C_: .620 3.510 69.100
8.500 .640 3.830 71.200
9.000 .740 4.200 82.220

IQ.000 .650 4.850 119.830
11.000 .720 5.5?0 169.000
12.000 .750 6.320 250.900
13.000 1.000 7.320 50C.900

END FTABLE 46

FTABLE 47
*'° EXECUTEL POND DISCHARGE PIPELINE (C)
_OWS COLS """
11 4

"°* DEPTH AREA VOLOME OUTFLOW OUTFLOW2
(FT) (ACRES) (ACRE-?T) (_FS) (CFS) °'°
.000 .000 .000 .000
.350 .0E_ .C20 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
2.800 ,.096 .284 213.200
3.150 .090 .290 232.400
3.500 .088 .293 232.600

END FTABLE 47

FTABLE 177
*** NORTH BRANCH RAVINE
ROWS COLS "*°

14 4
"** DEPTH AREA VOLUME OUTFLOW OUTFLOM2

(FT) (ACRES) (&CRE-FT) (CFS) (CFS) **°
.0o0 .o0o .oo0 .o
.500 .5"2 .191 T.3

1.000 .799 .438 23.2
2.000 .968 1.001 75.?
3.000 1.155 1.727 155.1
4.000 1.317 2.542 262.7
5.000 1.478 3.475 400.3
6.000 1.643 4.545 570.2
7.000 1.791 5.688 7?4.4
8.000 1.932 6.822 1015.1
9.000 1.945 7.025 1294.5
I0.000 1.958 7.244 1614.5
11.000 1.970 7.481 1977.0
12.000 1.983 7.734 2384.7

END FTABLEI77
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I'TABLE 193
--o UPPER RAVINE

IOWS COIS *°*
14 4

°-- DEPTH AREA VOLUME OUTFLO_ oUTFLON2
(FT; (ACRES) (ACRE-I'T) (CFS) (CFS) "'*

0.00 0.00 0.00 0.0
0.3._ 0.72 0.75 7.8

0.70 0.72 1.51 23.5
1.05 0.72 2.28 44.3

1.40 0.72 3.03 88.2

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 1.21 9.75 396.5

4.20 1.32 11.13 521.2
4.55 I. 41 12.60 655.5

END FTABLEI93

FTA_LE 198
RCmS COLS ..o

*** LOWER RAVINE
°-* ROUGH ESTIMATE BASED ON FIELD VISIT OF 12/20/95

*'" FL0_ WAS 6 TO 7 CFS WITH DEPTH OF 8"
*** NEAR OUTLET.
w.. DRIVE WHICH REPRESENTS A RESTRZCTZO_ ACCORDING TO OBSERt_ATZON

8 4
t_, DEPTH AREA VOLUME OUTFLOW oUTFL0W2

(FT) (ACRES) (ACRE-PT) (CFS) (CFS) *'*
0.00 0.00 0.00 0.0

1.00 0.50 0.80 I0.0

2.00 0.55 1.30 25.0

3.00 0.60 1.80 50.0
5.00 0.70 2.50 100.0

** SUBMERGENCE OF CULVERT
10.00 2.50 12.00 245.0

.** OVERBANK STORAGE

**" FLOWS BASED ON 243', .03 D-W FACTOR, PLUS LOSS OF I. VELOCITY HEAD

15.00 I0.00 40.00 325.0

20.00 Ii.00 90.00 390.0

END FTABLE198

END I'TABLES

COPY

TIMESERIE5
eft

Copy-opn
* - % NPT NMN *,,*

1 59 !
END TIMESERIES

END COPY

EXT SOURCES

<-volume-> <Member> SsysSgap<--Mul_-->Tran <-Target vols> <-Grp> <-Member-> ,,t

<Name> # <Name> # _e_ s_rg<-fac_o.'->s'-rg <Name> _ # <Name> # # ***
WDM 2 PREC ENGLZERO PERLND 14 54 EXTNL PREC
WDM 2 PRE_ ENGLZERO IMPLND 14 EXTNL PREC

WDM 2 PRE: ENGLZERO RCHRES 34 EXTNL PREC

WDM 2 PRE _- ENGLZERO RCHRES 40 EXTNL PREC

WDM 2 PREC ENGLZERO RCHRES 43 EXTNL PREC

WDM. i EVAP ENGLZERO 0.8 PERLND 14 440 EXTNL PETINP

WDM I EVAP ENGLZERO 0.8 IMPLND 14 140 EXTNL PETZNP
WDM 1 EVAP ENGLZERO 0.8 RCHRES 34 EXTNL POTE9

WDM 1 EVAP ENGLZERO 0 •8 RCHRES 43 EXTNL POTEV

WDM I EVAP ENfiLZERO 0 •8 RCHRE$ 40 EXTNL POTEV

END EXT SOURCES

EXT TARGETS

<-Volume-> <-Grp> <-Mem_ez-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ""*
_ame> # <Name> % #<-factoz->scrg <Name> # <Name> _em s%zg s_rg**-
,_ _'*.9 t_e _'tt _ • et t t t _'_1' t" 9 ,mm.p t 9t t t t eg_,_'l _ ettt i ,I.i, m t ,m ,w.9 e m. t 9 v,e _ t t t a.,Dm,m,e e ,,, e t e9 m.t q,t t

"** SDS
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--- SDE-4 CTOTAL)

R_HRE5 3._ HYD_ RC k'DM 21 FLOW ENGL REPL
tw _ _tww.. _e 9 tt _t 9 te . _ • 19 9. _ " • _ t

•. SDS-I (TOTAL1

RCHRES 39 HYDR RO W_ 22 FLOW ENGL REPL
9 ." ...e'" '' it. 9t....t. Wtttt�t ttttt9 9et�t�_ett99 e tttt Wtt tee�_�tt_

"'" SDS-3
COPY 42 OUTPUT. MEAN 1 12.1 WDM 23 _OW ENGL REPL

"'" SDS-4

COPY i0 OUTPUT. MERB I 12.1 WDM 28 FLOW ENGL REPL

""" SDS-3A TAXIWAY VAULT

COPY 20 OUTPUT MEAN 1 12.1 WDM 24 FLO_ ENGL REPL

t.. SDS-7 31t_ RU_'WAY VAULT

COPY 3 C:_.PUT MERR 1 12.1 _ 26 FLO_ EN:L REPL

''' WEST BRANCH

"'' NORTHWEST PONDS REACH

R_.HRES 43 HYDR RO _ 31 FLOU ENGL REPL

"'" LOWER lIES, BI_NCM
RCHRES 12 HYDR RO W_M 35 FLOW ENGL REPL

t.° EVALUAT.'_ POINT FOR $DS DISCHARGE TO WEST BRANCH - POC-I

COPY 4i OUTPUT MEAN 1 12.1 _ 160 FLOW ENGL REPL

"t° EVALUATION POINT. FOR SDS DISCHARGE TO WEST BRANCH - POC-2
COPY 4 OUTPUT MEAN 1 12.1 _ 161 FLO_ ENGL REPL

• '' EAST BRAN:H

.9. BO_ LAKE OUTFLOW

"'RCHRES 35 HYDR RO WDM 136 FLOW ENGL REPL

•*RCHRES 37 HYDR RO _ 47 FLOW ENGL REPL
"'" SASA POC

'''COPY 16 OUTPUT MEAN 1 12.1 W_ 438 FLOW ENGL REPL

.it EXISTING UPPER EAST BRANCH [FUTURE SASA D_-_ION SITE)

RCHRES 38 HYDR RO WD_ 37 FLO_ EN_ REPL

''' TYEE INFLOW (GAUGE IIC]

RCHRES 5 HYDR RO W_ 38 FLOW ENGL REPL

• MAIN STEM.

• "" BELOW CONFLUENCE AT TYEE GOLF COURSE WEIR (GAUGE 1IF)

COPY 5 OUTPUT. MEAN I 12.1 WDM 40 FLOW ENGL REPL

"'" BELOW CONFLUENCE AT SOUTH 200TB STREET

RCHRES 13 HYDR RO WDM 41 FLO_ ENGL REPL

"*• LO_ER DES MOZNES CREEE NEAR MOUTH (GAUGE liD)

RCHRES 198 HYDR RO WDM 42 FLOW ENGL REPL

END EXT TARGETS

NETWORE

°'' <MEMBER> SSYSSGAP<--MULT-->TRAN <-TARGET VOLS> <-MEMBEP->

<NAME> # <NAME> TEM STRG<-FACTOR->STRG <NAME> % _ <'GRP> <NAME> _ % "'*

9.. AIRPORT SUBBASZNS

''• (DM23) SDE-4

PERLND 26 PWATER SURO 4.229 RCNRES 36 EXTNL IVOL

ERLND 26 PWATER IFWO 4.229 RCHRES 36 EXTNL IVOL

ERLND 26 PWATER AGNO 0.142 R_MRES 36 EXTNL IVOL

_MPLND 14 IWATER SURO 9. 624 RCHRES 36 EXTNL IVOL
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o-- tOf'f24 SDS-1
"EF, LN" 2_ PRATER SURO 0.0'7"7 RCHRES 39 EXTNL _VOL

:RLND 26 PWATER IFI,10 (;.077 RCHR,ES 39 EXTNL ZVOL
•.:RLND 26 PRATER AGWO 0.072 RCHRES 39 EXTE. ZVOL

IMPLND 14 IWATER SURO 1. 401 RCHRES 39 EXTNL IVOL
t ttt t _t t_t w_tt _t tt _tt_t tttt tttt _t_mgt_t_tg_tmtt ttt_tt f omit te_t _ttttt t_°tttt

"°" (DM25J SD$-3A

PERLND 26 PWATER SURD 5.227 COPY 20 INPUT MEAN 1
PERLND 26 PRATER IFNo 5.227 COPY 20 INPUT MEAN 1

IMPLND 14 IWATER SUR0 0.$88 COPY 20 INPUT MEAN I
m_m.,s.m,ml,,e_m,Bm,e,eo emt ttw,e _.emgtt totvttt vgtgetet_ttttot_ttvtg_gtgegtt t vgt 9m_e_v_

"°° (D_/25) $DS-7
PERLND 26 PRATER SURO 6.522 COPY 3 INPUT MEAN 1

PERLND 26 PRATER IF_O 6.522 COPY 3 INPUT MEAN 1

PERLND 44 PRATER SURO 0.383 COPY 3 INPUT MEAN 1

PERLND 44 PWATER IFNO 0.383 COPY 3 INPUT. MEAN 1
PERLND 54 PRATER SURO 0.033 COPY 3 INPUT MEAN 1

PERLND 54 PRATER IF_O 0.033 COPY 3 INPUT MEAN 1

IMPLND 14 IWATER SURO 0. 668 COPY 3 INP_JT RY._qN Z

"*" (D_f25) SDS-3
PERLND 26 PRATER SURO 13.791 COPY 42 INPUT MEAN 1

PERLND 26 PWATER IFWO 13.791 COPY 42 INPUT MEAN 1

PERLND 26 PRATER AGNO 0.288 COPY 42 INPUT MEAN 1
IMPLND 14 IWATER SURD 14.816 COPY 42 INPUT MEAN 1

..t (New watershed SDS-6)

PERLND 26 PRATER SURO 1.038 COPY 50 INPUT MEAN I
PERLND 26 PRATER 7FWO 1.038 COPY 50 INPUT MEAN 1

PERLND 26 PRATER AGW0 0.148 COPY 50 INPUT MEAN 1

IMPLND 14 IWATER SURO 0.356 COPY 50 INPUT MEAN 1

"_ (New watershed SDS-5_

PERLND 26 PWATER SURO 2.672 COPY 41 INPUT MEAN I

PERLND 26 PWATER IFWO 2.672 COPY 41 INPUT MEAN i

PERLND 26 PWATER AGWO 0.878 COPY 41 ZNPUT MEAN 1

IMPLND 14 IWATER SURO 0.032 COPY 41 INPUT MEAN 1

" (New watershed SDS-2)

.-ERLND 16 PRATER SURO 0.230 COPY 4 INPUT MEAN 1

PERLND 16 PWATER IFWO 0.230 COPY 4 INPUT MEAN 1

PERLND 16 PWATER AGWO 0.230 COPY 4 INPUT MEAN 1

PERLND 26 PRATER SURO 0.014 COPY 4 INPUT MEAN Z
PERLND 26 PRATER IFWO 0.014 COPY 4 INPUT MEAN 1

PERLND 26 PWATER AGWO 0.014 COPY 4 INPUT MEAN 1
PERLND 34 PWATER SURO 0.338 COPY 4 INPUT MEAN 1

PERLI_D 34 PRATER ZFWO 0.338 COPY 4 INPUT MEAN 1

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 0.012 COPY 4 INPUT MEAN 1

PERLND 44 PWATER AGWO 0. 012 COPY • 4 INPUT MEAN 1

PERLND 54 PRATER SURO 0. 043 COPY 4 INPUT MEAN 1

PERLND 54 PWATER IFWO 0.043 COPY 4 INPUT MEAN 1

PERLND 34 PRATER AGWO 0. 043 COPY 4 INPUT MEAN 1

IMPLND 14 IWATER SURO 0.124 COPY 4 INPUT MEAN 1

"_" [DM27) SDS-4

PERLND 16 PRATER SURO _'_ COPY i0 INPUT MEAN I

PERLND 16 PWATER IFWO *_"_" COPY I0 INPUT MEAN 1

PERLND 16 PRATER AGWO '_'""" COPY 5 INPUT MEAN 1
PERLND 26 PRATER SURO 0.761 COPY i0 INPUT MEAN 1

PERLND 26 PWATER IFWO 0.761 COPY I0 INPUT MEAN 1

PERLND 26 PRATER AgNO 0.76_ COPY 5 INPUT MEAN I
PERLND 34 PRATER SURO 0.011 COPY I0 INPUT MEAN I

PERLND 34 PRATER IFWO 0.01Z COPY i0 INPUT MEAN 1

PERLND 34 PWATER AGWO 0.011 COPY 5 INPUT MEAN 1

PERLND 44 PWATER SURO 3.009 COPY 10 INPUT MEAN 1

PERLND 44 PWATER IFWO 3.009 COPY I0 ZNPUT MEAN 1

PERLND 44 PRATER AGWO 3.009 COPY 5 INPUT MEAN 1

ZMPLND 14 IRATER SURO 1.599 COPY I0 INPUT MEAN 1

.,,t SASA STORM

_RLND 16 PRATER SURO 1.899 COPY 15 INPUT MEAN I

r_RLND 16 PWATER IFWO 1.899 COPY 15 INPUT MEAN 1

PERLND 16 PWATER AGWO 1 .899 COPY 5 INPUT MEAN 1
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pERLND 2E I_d'ATER SURC 0.146 COPY !5 ZNPUT MEAN 1
oF..RLND 2-" PWATER I1_0 0.146 COPY 15 ZNPUT MEAN 1

:RLND 26 PWATZR APC 0.146 COPY 5 ZNPUT MEAN 1
-RLND 3_ PWATER SURO 0.019 COPY 15 INPUT. MEAN 1

PERLND 34 PWATER IFHC 0.019 COPY 15 INPUT. MEAN 1

PERLN_ 34 PWATER AGWC 0.019 COPY 5 INPUT. MEAN 1
PERLND 44 PWATER SURC 0.0_i COPY 15 INPUT. MEAN 1

PERLND 44 PW&TER IFNC 0.001 COPY 15 INPUT MEAN !

PERLND 44 PWATER AGWC 0.001 COPY 5 INPUT MEAN 1

PERLND 54 PWATER SURO 0.045 COPY 15 INPUT MEAN 1
PERLND 54 PW&TER IFWO 0.045 COPY 15 INPUT MEAN 1

PERLND 54 PWATER AGWO 0. 045 COPY 5 INPUT MEAN 1

IMPLND 14 IW&TER SURO 0.745 COPY 15 INPUT MEAN 1
_gt_gtttw99t9 t t,m Wgt _t99t t t,mtt ttWtmt tWgtt_tt.t 99tttt_etttQg_gWWttt m_t_m_ t mgt t wt

°°" IN2 _YST_--_. PRIMARY SYSTEM AND PUMP STATIONS

_*° I-3: NORTH SATELLITE PUMP ST&TION (NSPS) TO INS

•'"" OVERFLOW TO SDE-4

-"" INSTALLED IN 1995

PERLND 16 PNATER SURO *-_* RCHRES 360 EXTNL IVOL
PERLND 16 PWATER IFWC t.t,,. RCHRES 360 EXTNI IVOL

PERLND 26 PWATER SURO 0.026 RCHRES 360 EXTNL IVOL

PERLND 26 PWATER IFWC 0.026 RCRRES 360 _ IVOL

IMPLND 14 INATER SURO 1.120 RCHRES 360 _ IVOL

"'" _-5: SOUTH SNOWMELT (CL_MPIC TANK FARM) _ STAT._ON TO IK3

• °* OVERFLOW TO DES MOINES EAST BRANCH

_'"" INST_' .'N LATE. 1997/1998"'"area$ no_ cha_ged
IMPLND 14 IWATER SURO 0.001 RCHRES 366 EXTNL _VOL

o'° _-7: INS - PRIMARY

PERLND 16 PWATER SURO _'**" COPY 14 INPET MEAN 1

PERLND 16 PWATER IFWO ""'"* COPY 14 INPUT MEAN 1

"_.RLND 26 PWATER SUR_ 1 .117 COPY 14 INPUT MEAN 1

_D 26 PWATER IFWO 1.117 COPY 14 INPUT MEAN I
_'PERLND 26 PWATE.c A3W0 0 .115 COPY 14 INPUT MEAN 1

ZMPLND 14 IWATER SURO 19.456 COPY 14 INPUT MEAN 1

• "* SASA IW$

PERLND 16 PWATER SUR_ 3.047 RCHRES 5 _ IVOL
PERLND 16 PWATER IFWO 3.047 RCHRES 5 _ IVOL

PERLND 16 PWATER AGNO 3.047 COPY 5 INPUT MEAN 1

PERLND 26 PWATER SUR0 0.837 RCHRES 5 _ IVOL

PERLND 26 PWATER IFWO 0.83_ RCHRES 5 EXTNL IVOL

PERLND 26 PWATER AGWO 0.837 COPY 5 INPUT MEAN 1

PERLND 34 PWATER SUR0 0. 020 RCHRES 5 EXTNL IVOL

PERLND 34 PWATER IPT40 0 .020 RCHRES 5 EXTNL IVOL

PERLND 34 PWATER AGWO 0.020 COPY 5 INPUT MEAN 1
PERLND 44 PWATER SURO 0 .302 RCHRES 5 EXTNL IVOL

PERLND 44 PW&TER IFWO 0. 302 RCHRES 5 EXTNL IVOL

PERLND 44 PWATER AGHO 0.302 COPY 5 INPUT MEAN 1

PEP_D 54 PWATER SURO 0 .113 RCNRES 5 EXTNL _VOL

PERLND 54 PWATER IFWO 0 .113 RCHRES 5 EXTNL IVOL

PERLND 54 PWATER AGNO 0. 113 COPY 5 INPUT MEAN i

IMPLND 14 IWATER SURE 0.548 RCHRE$ 5 EXTNL IVOL

• °* IWS WEST

PERLND 16 PWATER SURO 0.222 RCNRES 43 EXTNL IVOL

PERLND 16 PWATER IFWO C.22_ RCHRES 43 EXTNL IVOL

°°*PERLND 16 PWATER AG_O 0.222 RCHRES 43 EXTNL IVOL

PERLND 26 PNATER S_RO 0.226 RCHRES 43 EZ_TL IVOL
PERLND 26 PWATER IFWO 0.226 RCHRES 43 EXTNL IVOL

"*'PERLND 26 PWATER AGWO 0.091 RCHRES 43 EXTNL IVOL

PERLND 34 PWATER SURO 0. 512 RCHRES 43 EXTNL IVOL

PERLND 34 PWATER IFHO 0.512 RCHRES 43 EXTNL IVOL

"'*PERLND 34 PWATER AGWO 0.512 RCNRES 43 EXTNL IVOL
IMPLND 14 IWATER SURO 0. 037 RCHRES 43 EXTNL IVOL

"*" MC-9 GW adored (frO_ Miller Creek)
ERLND 26 PWATER AGWO 0.005 RCHRES 43 EXTNL IVOL
• " EAST BRANCH OF CREEE
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_,F,LN_ 16 PWATER SURO C.860 RCHRE$ 34 _ IVOL
_%LND 16 PWATER IFWO 0.860 RCHRES 34 EXT)F_ IVOL

.ERLND 16 PWATER AGWO C.238 RCHRE$ 34 EXTNL IV0L

PERLN_ 24 PWATER SURO Ii.078 RCHRES 34 EXTNL IVOL
pERLND 26 PWATER ZFWO 11.076 RCHR.ES 34 EXTN_ IVOI

PERLND 26 PWATER AGWO 3 .069 RCHRES 34 EXTNL IVO_.

PERLND 34 PWATER SURO 0. 599 RCHRES 34 EXTNL IVOL

PERLND 34 PWATER ZFlii'O 0.599 RCHRES 34 EXTNL IVOL

PERLND 34 PNATER AGNO 0.166 RCHRES 34 EXTNL IVOL
PERLND 44 PWATER SURO 7.69? RCHRES 34 _ ZVOL

PERLND 44 P_ATER IFHO 7.697 RCHRES 34 EXTNL IVOL

PERLND 44 PNATER AGN0 2.132 R_HRES 34 EXTNL IVOL

PERLND 54 PWATER SURO 1 .136 RCHRES 34 EXTNL IVOL
PERLND 54 PNATER IFWO 1 .176 RCHRF,S 34 EXTNL IV_DL

PERLND 54 PWATER AGWO 0,326 RCHRES 34 EXTNL IVOL

IMPLND 14 IWATER SURO 14.274 RCHRES 34 EXTNL IVOL
te_tttttt_ttt9_t_tetW_t9wtt_tettttewtt9ettttttt_tt_t_w_tt_t_ttQtte9_tt_tot

tit D_

PERLND 16 PWATER SUR0 t...t RCHRES 37 EXTNL IVOL

PERLND 16 PWATER IFWO .tt_t RCHRES 37 EXTNL IVOL

PERLND 26 PWATER SURO 1.232 RCHRY,_ 37 EXTNL ZVOL
PERLND 26 PWATER IFffO 1.232 RF,_RES 37 EXTNL IVOL

IMPLND 14 IWATZR SURO 0.821 RCHRES 37 EXTNL IVOL

ev_ DM3

PERLND 26 PWATER SURO 3 .645 RCHRES 5 EXTNL IVOL
PERLND 26 PWATER ZFW_ 3.645 R_HRES 5 EXTNL IVOL

PERLND 26 PWATER AGWO 3.628 RCHRES 5 EXTNL IVOL
PERLND 54 PWATER SURO 0 .013 RCHRES 5 EXTNL IVOL

PERLND 54 PWATER IFWO 0.013 RCHRES 5 EXTNL IVOL

PERLND 54 PH&TER AGW0 0 .013 RCHRES 5 EXTNL IVOL

IMPLND 14 IWATER SURO 5 .030 RCHRES 5 EXTNL IVOL

"*"Add _0_-c0n_i_uous G_ basi_ "_"
PERLND 26 PWATER AGWO 0 .016 RCHRES 5 EXTNL IVOL

_*_ DM4

_RLND 16 PWATER PERO 0.291 RCHRES 5 EXTNL IVOL
,P,LND 26 PWATER PERO 0 .589 RCHRES 5 EXTN_ IVOL

FERLND 54 PWATER PERO 0 .005 RCHRES 5 EXTNL IVOL

IMPLND 14 IWATER SURO 3 .340 RCHRES 5 EXTNL IVOL

_-A_ ,__0_-c0_I_i_IJ011s G_ basl1_"_
PERLND 26 PWATER AGWO 0 .001 RCHRES 5 EXTNL IVOL
"*" DM5

PERLND 16 PWATER PERO 0.173 RCHRY.S 5 EXTNL IVOL

PERLND 26 PWATER PERO C .493 RCHRES 5 EXTNL ZVOL

PERLND 34 PWATER PERO 0. 074 RCHRES 5 EXTNL IVOL

PERLND 44 PWATER PERO 0 .080 RCHRES 5 EXTNL IVOL

PERLND 54 PWATER PERO 0 .112 RCHRES 5 EXTNL IVOL

IMPLND 14 IWATER SURO 0.812 RCHRE$ 5 EXTNL IVOL

"'" DM6

PERLND 16 PWATER PERO 0.000 RCHRES 40 EXTNL IVOL
PERLND 26 PWATER PER0 C.534 RCHRES 40 EXTNL IVOL

PERLND 34 PWATER PERO 0 .002 RCHRE$ 40 EXTNL IVOL

PERLND 44 PWATER PERO 0.709 RCHRES 40 EXTNL IVOL

PERLND 54 PWATER PER0 C. 312 RCHRES 40 EXTNL IVOL

IMPLND 14 IWATER SURO 0 .008 RCHRES 40 EXTNL IVOL

"_" WEST BRANCH OF CREEK

"'" DM7

PERLND 16 PWATER SURO 2.190 RCHRES 7 EXTNL IVOL

PERLND 16 PWATER IFWO 2.190 RCHRES 7 EXTNL IVOL

PERLND 16 PWATER AGWO i.701 RCHRES 7 EXTNL IVOL

PERLND 26 PWATER SURO 2.944 RCHRES 7 EXTNL ZVOL

PERLND 26 PWATER IFHO 2.944 RCHRES 7 EXTNL IVOL

PERLND 26 PWATER AGWC 0.759 RCHRF,S 7 EXTNL IVOL

PERLND 34 PWATER SURO 1. 969 RCHRES 7 EXTNL IVOL

PERLND 34 PWATER IFWO 1. 969 RCHRES 7 EXTNL IVOL

_ERLND 34 PWATER AG_O 0.681 RCHRES 7 EXTNL IVOL

:RLND 44 PWATER SUR0 4.142 RCHRES 3 EXTNL IVOL

.:_RLND 44 PWATER ZFWO 4.142 RCHRES 7 EXTNL IVOL

PERLND 44 PWATER AGWO 0.313 RCHRES 7 EXTNL IVOL
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PEHLND 54 PNATER SURO 0.552 RCHRES ? ZXTNL IVOL
"ERLND 54 PWA.TER IFWO 0. 551 RD.HR.ES _" EXTh'. ZVOL

:RLND 54 PMATI[:R AGWO 0. 370 RCHI_S "7 ZXTIqL IVOL
,NPLN_ 14 IWATE,q SURO 2.399 RCHRF,.S "7 _ ZVOL
t t mws,w99wg tgtg_l_t_t_t twgtt 9t99tt t t wg_gt tgt 9tgt ov99wvt 9t egtmw99 _gt t_mt ttvt tm_t

9°° 1248
PZP,LND 16 PWATER SURO 0.203 RCHRES 7 ZXTNL TVOL
PZRLND 16 l_&2'Z_ 21too 0.203 RC_P.Z.q 7 ZXTITL 2VOL
PEHLND 16 PWA_._ AGWO ._,t** P_aq/_.S 7 ][DCTN_ ZVOL
PEP,LND 2_ IWdATER SURO 0.609 RCHRES 7 _ IVOL
PERIJ_ 26 PNATER IFNO 0.609 RCHRES _ _ IVOL
PERLND 26 PWATER AGN0 0.098 RCHRES 7 EXTNI IVOL
PERLND 34 PWATER SURO 0.715 RCHRES '7 EXTNL IVOL

PERLND 34 PWATER IFNO 0.715 RCHRES ? _ IVOL

PEP/_D 34 PNATER AGNO 0.226 PJ_RRES 7 EXTNL ZVOL
PE'LND 4.; PNATER SURO 1.132 RCHRES _ EXTNI IVOL

PE_LND 44 I_OLTER IFNO 1.132 RF2_RES 7 EXTNL ZVOL

PERLND 44 PWATER AGNO 0 •154 _ 7 EXTRL IVOL

PERLND 54 PWATER SURO 0.161 RCRRES 7 EXTNL IVOL
PEPLND 54 I_WATER IFWO 0.161 RCRRES 7 EXTNI IVOL

PERLND 54 PWATER AGNO 0.116 RCRRES 7 EXTNL IVOL

IMPLND 14 IWATER SORO 2.420 REHRES 7 EXT_ _. IVOL

.9. DM9
PERLND 16 PWATER SORD 0.002 RCHRES 9 EXTNL IVO_

PZRLND I_ I_ATER IF_C 0.002 RCRRES S EXTNI IVOL

PERLND 16 PNATER AGNO 0. 002 _ % E_TNL IVOL
PLRLND 26 PWATER SURO 1.200 RCHRES 9 _ IVOL

PERLND 26 P_ATER IFWO 1.200 RCHRES 9 EXTNL ZVOL

PERLND 26 P_ATER AGNO 0.435 RCHRES 9 EXTNL IVOL

PEFJ_D 34 P_ATER SURO 0.016 RCHRES 9 ZXTNL IVOL
PERLND 34 PWATER IFHO C.016 RCHRES 9 EXTNL IVOL

PE.=LND 3-, IqCATEP, AGW0 0.016 RCHRES 9 _ ZVOL

PERLND 44 PWATER SURe 3.040 RCHRES 9 _ IVOL

PERLND 44 PWATER IF_O 3.040 RCHRES 9 EXTNL IVOL

PERLND 44 PWATER AG_O 1.512 RCHRES 9 EXTNL IVOL
._J_D 54 PWATER SURO 0.010 RCHRES 9 EXTNL IVOL

£._/_D 54 PWATER IFWO 0.010 RCHRES 9 EXTNL IVOL

PERLND 54 PWATER AGWO 0.010 RCHRES 9 EXT_ TVOL

INPLND 14 IWATER SURO 0 .634 RCHRES 9 EXTNL IVOL

_'" DM10

PERLND 16 PWATER PERO 0.945 RCHRES 43 EXTNL IVOL

PERLND 26 PWATER PERO 0.738 RCHRES 43 _ IVOL

PERLND 34 PWATER PER0 I. 935 RCHRES 43 EXTNL IVOL

PERLND 44 PWATER PERC 0.510 RCHRES 43 EXTNL IVOL
PERLND 54 PWATER PERO 0.712 RCHRES 43 _ IVOL

IMPLND 14 IWATER SURO 0 .185 RCHRES 43 EXTNL ZVOL

• *° DMI1

PERLND 16 PWATER PERO 0.321 RCHRES 43 EXTNL IVOL

PERLND 26 PWATER PERO 0.408 RCHRES 43 EXTNL IVOL

PERLND 34 PWATER PERO 1.024 RCHRES 43 EXTNL IVOL

PE _RLND 44 PWATER PERO 0.467 RCHRES 43 EXTNL IVOL
PERLND 54 PWATER PERO 1.036 RCHRES 43 EXTNL IVOL

IMPLND 14 IWATER SURO 2.726 RCHRES 43 EXTNL IVOL

"'" DMI2

PERLND 16 PWATER PERO 0.510 RCHRES 12 EXTNL IVOL

PERLND 26 PWATER PERD 0.001 RCHRES 12 EXTNL IVOL

PERLND 34 PWATER PERO 0 •375 RCHRE£ 12 EY_TNL IVOL

PERLND 44 PWATER PERO 1.740 RCHRES 12 EXTNL IVOL

PERLND 54 PWATER PERO 0.543 RCHRES 12 EXTNL IVOL

"_ DMI3

PERLND 16 PWATER PERO 0 .961 RCHRES 13 EXTNL IVOL

PERLND 26 PWATER PERO 1.562 RCHRES 13 EXTNL IVOL

PERLND 34 PWATER PERO 1.203 RCHRES 13 EXTNL IVOL

PERLND 44 PWATER PERO 1.842 RCHRES 13 EXTNL IVOL

PERLND 54 PWATER PERO 0 .025 RCHRES 13 EXTNL IVOL
IMPLND 14 IWATER SURO 1.25% RCHRES 13 EXTNL IVOL

•_" LOWER BASIN
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--- DM14

_E.--.L_I 1_ PWATEP. PERO 0 .481 RCHP.ES 14 EXTNI .'VOI

•_RLND 26 PWATER PERO 0.295 RCHRES 14 EXTNI IVOL

-'RLND 34 PWATER PERC I. 940 RCHRE$ 14 EXTNI IVOI
pE._C_ND 44 PWATER PERO 1 .195 RCHRES 14 EXTNI IVOL

IMPLND 14 IWATEH SURO C. 340 RCHRES 14 EXTNL :VO:
t tttt it.tie tt_tttttt.t_ tt tt • • • 99• t • • t• •t999wtewett t9 t t t t _ t_vt_ 9tttt99 _ tit t wit t

''' EXECUTEL TRIBUTARY

... DMI6 IN_OW TO EXECUTE;. POND REACH
PERLND 16 PWATER SURO 0.647 RCHRES 46 EXTNL IVOL

PEKLND 16 PWATER IFWO 0.647 RCHRES 46 EXTNL IVOL

PERLND 16 PWATER AGWO 0.446 RCHKES 46 EXTNL IV0 t

PEPJ_ND 26 PWATER SURO 5.573 R_ 46 EXTNL IVOL
PEKLND 26 PWATER IFWO 5.573 RCHRES 46 EXTNL IVCL

PERLND 26 PWATER AGWO 3.845 RCHRES 46 EXTHL IVOL

PERLND 34 PWATER SURO 0.639 RCHRES 46 EXTNL IVOL

PERLND 34 PWATER IFWO 0.639 RCHRES 46 EXTNL IVOL
PERLND 34 PWATER A_'WO 0.441 RCHRES 46 EXTNL IV(IL

PERLND 44 PWATER SURD 8.023 RCHRES 46 EXTNL IVOL

PERLND 44 PWATER IFWO 6 .023 RCHRE$ 46 EXTNL _VOL
PERLND 44 PWATER AGWO 5.536 RCHR_ 46 EXTNL IVOL

PERLND 54 PWATER SURO 0.183 RCHRES 46 EXTNL IVOL

PERLND 54 PWATER IFWO 0.183 RCHRES 46 EXTNL IVOL

PERLND 54 PWATER AGMO 0.126 RCHRES 46 EXTNL IVOL

IMPLND 14 IWATER SURO 4.249 RCHRES 46 EXTNL IVOL

"'" DMI7

PERLND 16 PWATER PER0 2. 078 RCHRES 17 EXTNL IVOL
PERLND 26 PWATER PERO 2.261 RCHRES 17 EXTNL IVOL

PERLND 34 PWATER PERO 3 .003 RCHRES 17 EXTNL IVOL

PERLND 44 PWATER PERO 3.280 RCHRES 17 EXTNL IVOL
XMPLND 14 IWATER SURO 2 • 655 RCHRES _? EXTNL IVOL

--" MAINST_M RAVINE

"" DM!8

PERLND 16 PWATER PERO 0.789 RCHRES 18 EXTNL IVOL
PERLND 26 PWATER PERO 0.277 RCHRES 18 EXTNL IVOL

PERLND 34 PWATER PERO 3 .151 RCHRES 18 EXTNL IVOL

PERLND 44 PWATER PERO 1 .106 RCHRE$ 18 _ IVOL

PERLND 54 PWATER PERO 0 .300 RCHRES 18 EXTNL IVOL
IMPLND 14 IWATER SURO 0.296 RCHRES 18 EXTNL IVOL

"'° NORTH BRANCH RAVINE

• "" DMI9
PERLND 16 PWATER PERO 0.182 RCHKE$ 177 EXTNL IVOL

PERLND 26 PWATER PERO 6.019 RCHKES 177 EXTNL IVOL

PERLND 34 PWATER PERO 0.167 RCMRES 177 EXTNL IVOI_
PERLND 44 PWATER PERO 5.552 RCHRES 177 EXTNL IVOL

IMPLND 14 IWATER SURO 2.617 RCHRE5 177 EXTNL IVOL

... DM20

PERLND 16 PWATER PERO 4.00_ RCHRES 193 EXTNL IVOL

PERLND 26 PWATER PERO 6.624 RCHRE5 !93 EXTNL IVOL

PERLND 34 PWATER PERO 2.784 RCHRE$ 193 EXTNL IVOL
PERLND 44 PWATER PERO 4.602 RCHRES 193 EXTN_. IVOL

PEKLND 54 PWATER PERO 0.116 RCHRES 193 EXTNL IVOL

IMPLND 14 IWATER SURO 3.714 RCHRES 193 EXTNL IVOL

..t LOWER MAINSTEM

''" DM21

PERLND 16 PWATER PERO 2.143 RCHRES 198 EXTNL IVOL

PERLND 26 PWATER PERO 6.306 RCHRES 198 EXTNL IVOL

PERLND 34 PWATER PERO 1.429 RCHRES 198 EXTNL IVOL
PERLND 44 PWATER PERO 4.205 R_HRES 198 EX.TNL IVOL

"MPLND 14 IWATER SURO 3.091 R_HP.E5 198 EXTNL IVOL

"*" DM22

PERLND 16 PWATER PERO 0.381 RCHRES 198 EXTNL IVOL
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PERLND 2_ IqfATER PERO 4.654 RCHRES 198 EXTNL ZVOL
"ERLN: 3; PWATER PERO 0.218 RCHR.ES 19E EATNL ZVOL

:RL_D 44 PW&TER PERO 2.620 RF.RRES 198 EXTSL ZVOL
_ERLND 54 Pt/ATER PERO 0.016 RCHRES IS8 EXTNL IVOL

IMPLN_ 14 IWATER SURO 1.972 RCHRES Z98 EXTr_ IVOL
tt 9_ttwtwgt_99tttg_t _gttttt_tt_gw99_ttotgttw_t_9_ttg_gt_gt tgt_tt99t_etg_gtt

-_- NON_ONTZGUOUS GROONDIrATER BASINS
_ttt t ttgte_te_t99t tttgttt_etgt _tt tt wtgtttt_gt ttttttt_tgttwt t_gt_tett99_99t t t _gt

"'° GI

PERLND Z6 PWATER &GWO 2.833 RCHRES 5 EXTF_ IVOL

PERLND 26 PNATER AGafO 9.917 RCBRES 5 EXTNL IVOL

''" G2
PERLN." 16 I_&TEP &GWO 0.417 RCHRES 193 EXTNL IVOL

PERLN; 26 I_ATER AGWO 1.333 RCRI_5 193 EXTr. IVOL

*"" G3
PE_.L_ 1G PWATE!_ AG_O 5.083 RCERES 1_3 EXTNL I¥OL
PERLND 26 Iq_ATER AG_O I?.667 RCHRES 193 _ IVOL
PE_.I_:D 34 PWATER AGWO 1.167 RC_RES 193 _ IVOL

PERLND 44 I_ATER AGWO 4.25C RCRRF_ 133 EXTN;_ IVOL

,,t. CHANNEL NETWORE LINKAGES "'"

"'* DISCHARGE _ INS SUBBASINS

RCHRES 360 HYDR ROVOL 1 RC_RES 36 EXTIrL IVOL

RCHRES 366 HYDR ROVOL 1 RCRRES 5 EXTNL IVOL

"'° EAST BRANCH OF CP_--EE

_HRES 34 HYDR OVOL I RCBRES 35 EXTNL IVOL

"HRES 35 HYDR ROVOL 1 RCHRY.S 3_ EXTRL IVOL

_CHRES 36 HYDR ROVOL i COPY 16 INPUT MEAN I
COPY 14 OUTPUT MEAN 1 COPY 16 INPUT MEAN 1

COPY 15 OUTPUT MEAN I COPY 16 ZNPUT _ 1

R_HRE$ 39 HYDR RO_'0L 1 COPY 16 INI_'." MEAN Z

RCHRES 37 HYDR ROVOL 1 COPY 16 INPUT. MEAN 1

COPY 16 OUTPUT MEAN I RCHRES 38 EXTN_ IVOL

RCHRES 3B HYDR ROVOL 1 RCHRES 5 EXTNL IVOL

RCHRES 5 HYDR ROVOL 1 I%CHRE$ 40 EXTNL IVOL
RCHRES 40 HYDR ROVOL I COPY 5 INPUT ME/_N I

*_* WEST BRANCH OF CREEK

COPY 20 OUTPUT MEAN I COPY 9 INPUT MEAN 1

COPY 42 OUTPUT MEAN 1 COPY 9 INPUT MEAN 1

COPY 9 OUTPUT MEAN 1 RCMRES 4 EXTNL IVOL

RCHRES 4 HYDR ROVO;_ i COPY 41 INPUT MEAN 1

COPY 50 OUTPUT MEAN 1 COPY 4 INPUT MEAN 1

COPY 3 OUTPUT MEAN 1 COPY 4 INPUT MEAN 1

RCHRES 7 HYDR ROVOL 1 COPY 4 INPUT MEAN 1

RCHRES 9 HYDR ROVOL 1 COPY 4 INPUT MEAN 1
COPY 4 OUTPUT MEAN 1 RCHRF.S 43 EXTNI IVOL

COPY 41 OUTPUT MEAN 1 RCHRES 43 EXTNL IVOL

RCHRES 43 HYDR ROVOL 1 RCHRES 12 EXTNL IVOL

COPY 10 OUTPUT MEAN 1 COPY 5 INPUT MEAN i

RCHRES 12 HYDR ROVOL 1 COPY 5 INPUT MEAN 1

,,t. MAINSTEM BELO_ CONFLUENCE OF E. AND W. BRANCH

"'_ MAINSTEM ABOVE EXECUTEL TRIBUTARy

COPY 5 OUTPUT MEAN 1 RCHRES 13 E_NL IVOL

".HRES 13 HYDR ROVOL 1 RCHRES 14 EXTNL IVOL

"HRES 14 HYDR ROVOL 1 COPY 48 INPUT MEAN I

"_* EXECUTEL TRIBUTARY

RCHRES 46 HYDR ROVOL 1 RCHRE$ 4" EXTNL IVOL
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R"HR.E£ 4" HYDR ROVOI. ! RCHRE$ 1"/ _ ZVOI,
":HREE i" FIYDF. ROVOL I COPY 41_ ZNPOT. MEAN

_vtt 9t _.vt_tvwv,lgttgv,_t t t_tt_wv_t 9v_t_t_t 9t wt ott _tt_t_.q.ttgt

-" MAINSTEM FROM HEAD OF RAVINE TO NORTH BRANCH CONFLUENCE

COPY 45 OUTPUT mMEAN I RCHRES 18 EXTNL IVOL

R_HRE$ 1B HYDR ROVOL 1 RCHRES 193 EXTNI IVOL
RCHRES !93 HYDR ROVOL 1 COPY I INPUT MEAN 1
t wt_tmtt otg.ttt.gt_t99ttt mtt wgtttttttgot_tttgtttttvt_wtgttt tt t_m_mm_m_

_t* NORTH BRANCH RAVINE TO MAINSTEM

R_HRE_ 177 HYDR ROVOL 1 COPY 1 INPUT MEAN !

_'° MAINSTEM FRO_ NORTH BRANCH CONFLUENCE TO PARK BELOW MVD CULVERT

COPY _ OUTPUT. MEAN i RCHRES 19B EXTNI, IVOL

END NETWORK

END RUN
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R01;
"_OBA.;

"°" FILE: DN06P.LF4.ZNP (MODIFY _q0GR6M.ZNP)
""° HSPF MODELOF DES MOINES CREEK, Low Flow A_alysiS,2006 conc_T.lons
"°° Tl'_.s :.s the low flow £:equency analyszs _ile oaly
-o- _ con::_,uc_on- 8:e _se_ on c_e 2006 basins and 2006 conc_c_ons.
oo- G_ conc_buczons ve_:e ac_ed/revised an most Das_ns Dy revzs_.ng A&'NO
o-- mf :onc_:_uczons we::e a.lmo added fo= SAS,qoSD$ and N_-gfTbese basJ.ns were mciaecl to Ohm node1)
• -° Su:_ace water conl::_zCions ve=e revlsecl based on Cbe 2006 baliUs land use.
"°" PER_ of bas_ IXq-3, l_m-4, Din-5, DIn-10, I_-11, 1:m-12, DI4-13 wez_ :eplacect.
• -- w:LC_ SUltO, I1qlO and A_IO flovs.
"'° Gif conc:kbut:kons f:om non-con1:iSmous D3 and I)4 were added co _.he model.
DES I(OZHF.S ClP.EEEBASIN HSPF MODEL
START 1948/10/01 00:00 END 1996109/30 24:00
START 1992/01/01 00:00 _ 1996/09/30 24:00***
RU_ INTEI_ OUTPUT LEVEL 10
RESUME 0 RUN I

END GLOIAL

FILES
MESSU 24 DN06 .]dES
NI_ 25 DNO6RLF1._
END FILES

Olin SEOOZNC_
INGI%P INDELT 0l :00

P_F.SND 16
PZRLND 26
PEI_T,I_ 34
PERLND 44
PZRLND 45
PERLND 54
IMPLND 14
RCHRZS 360
RCJ_ZS 36
RCHRE$ 39
P.CH_ES 20
P,CHRES 42
COPY 9
RCHRE$ 4
COPY 41
_S 10
RCRRE$ 366
COPY 8
COPY 50
RCHRES 3
RCHRES 7
RCHRES 9
COPY 4

RCHI_ES 43 ,
COPY 15
RCHRES 34
P.CHP.£S 35
RCHREs 3 "7
RCHRZS 338
RCHKES 3 8
RCHRES 5
RCHREs 40
RCHRES 12
COPY 5
RCHRES 13
RCHRES 14
P_HP.ES I"?
RCHRES 46
RCHRES 4?
RCRRES 17
COPY 4 8
RCHRES 18
RCHRES 193
COPY 1
RCH_S 198

END INGRP
"_D OPN SEOUENCE

rZRIJ;D
GEN-ZNFO
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<PI5 > Name NBLKS Un1_-sysrems prancer tit

t - * User :-serles Engl Meet or.
In OU_ t 9 •

16 TFM- TILL FOR HOD 1 I 1 1 60 0

26 TGM- TILL GR NOD 1 1 1 1 60 0
34 OF - OUTWASH FOR 1 1 I 1 60 0

44 OG - OUTWASH GR 1 1 1 1 60 0

45 AF - AIRPORT FILL i 1 l I 60 0
54 SA - WETLANDS i 1 I I 60 0

END GEN-INFO

ACTIVITY

<PLS > f._._.et_.ttt Active SeCtions eptt.t_t..t_._t_.t_ttttttttot
% - 4 ATMP SNOM PWAT SED PST PWG POAL MSTL PEST HIT_ PROS TRAC "°"

14 54 0 0 ! 0 0 0 0 0 0 0 0 0

END ACTIVITY
PRINT-INFO

<PLS > ot.t.9.t.ttt.tt.ttttt Pr_t-flaqs tttt..t.ttt.ttt.ottt.tto. PIVL PYR
% - # &TMP SN_ PWAT SED PST _ POAL MSTL PEST RITR PROS TRAC ...._ttt.

14 54 0 0 6 0 0 0 0 0 0 0 0 0 i 9
END PRINT-INFO
PWAT -PARM i

<PLS > t_,,,,,,t..,tv,..tt,..,,,*** Flags tt.ttt.tt.tttt_tttt.
# - 4 CSNO RTOP UZFG VCS VUZ VNN VIFW VIRC VLE .o.

14 54 0 0 0 0 0 0 0 0 0
END PWAT-PARMI

PWAT-PARM2

<PLS • t._

# - # "'_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.I000 0.5000 0.9960

34 5.0000 2.0000 200.00 0.0500 0.3000 0.9460

44 5.0000 0.8000 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
END PWAT-PARM2
PWAT-PARM3

<PLS >...

- #''_ PETMAX PETMIN INFEXP ZNFILD 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

45 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 > e,,,

# - # CEPSC UZSN NSUR INTFW IRC LZETP it"

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.I000 0.5000 0.2500 0.000 0.7000 0.2500

45 0.3.000 0.2800 0.2500 6.000 0.1500 0.6000
54 0.2000 3.0000 0.5000 1.000 0.'/000 0.8000

END PWAT -PARM4

PWAT -STATE1

<PLS • PWATER sta_e v_riabl_s---

# - 'P''* CUPS SURS UZ$ IFWS LZS AGHS G_4VS

16 0.078 0. 0.0010 0. 0.075 0.267 0.026

26 0.053. 0. 0.0350 O. 1.926 0.680 0.049

34 0.078 0. 0.0010 0. 0.090 0.676 0.038

44 0.051 0. 0.0040 0. 1.127 0.614 0.152

45 0.051 0. 0.0200 0. 1.528 0.647 0.101

54 0.051 0. 0.3330 0. 0.622 0.000 0.000
END PWAT-STATEI

END PERLND

IMPLND

GEN-INFO

<IL$ • Name _n1_-sys_ems PEln_er **-

# - _ _ser r-serles Eng! MeEt oo-

13 140 IMPERVIOUS I I I 60 0
END GEN-INFO

ACTIVITY
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oILS > t,,,,.ttttet.ot.,.,, AC'C1ve SeCt.ions ,,,ttt
* - _ ATMP SNOW IWAT SLD ING IOAL ,,,it

13 14C 0 0 I 0 0 0
END ACTIVITY
PHIt,'T - INFO

<_'LS • .°.o..o. Print-flags t..t...t p-,VL PYR

# - # ATMP SNOW IWAT SLD IIIG IOAL ..t......
13 140 0 0 6 0 O 0 1 9

END PRINT-INFO

IH&T-PARMI

<.'LS > Flags .t. ...
% ° # CSNO RTOP VI_ Vim RTLI "'" °'°

13 140 0 0 0 0 0

ENr IWAT- PARMI

IWAT-PARM2
<-LS > ._,

t - # LSUR SLSUR NSUR RETSC t.*
14 500.0 0.0100 0.1000 0.100

140 100.00 0.0500 0.1000 0.0500
EN: IWAT -PARM2

IWAT-PARM3

<.'LS • tt.
# - # PZTMAX PETMIN "*"

13 140

END IWAT-PARM3
IWAT-STATEI

,.'__ • I_ATER s_A_e ve.-_ables ._.
- # RETS -_.-_3 **"

13 140 1.0000E-3 1.0000E-3

EN: IWAT-STA,_EI

END IMPLND

RCHRES

GEN-INFC

RCHRES Name Nexi_s Oni_ Sys_eas Pr_Eer "*"
# - *< .................. ><---> User T-ser_es Engl Near LKFG *'*

il_ OU_ et,,
3 SDS-7 De_. VAult i i I 1 C 0 0

4 SDS-30u',le'_ SwAle 1 I 1 1 0 0 0

5 E.Bran:n above TveeP 1 1 1 1 0 C 0

7 DM7 & MS Conveyance I I I I 0 0 0
9 DM9 Conveyance 1 1 1 1 0 0 0

IC SDS-4 De_. Vault 1 1 1 1 0 0 0

I-" Lower W. Branch 1 1 1 1 0 0 0

13 Confl. _o 200th SU. 1 1 1 1 0 0 0
14 200_h _o Exec. Tri_. 1 1 1 I 0 0 0

17 Execu_el Tri_uUary 1 1 1 1 0 0 0
18 Exec.Confl. _o 208Eh 2 1 1 I C 0 0
20 SDS-3A Def. Vault I I 1 1 0 0 0

34 Bow Lake 2 1 1 ! 0 0 I

35 Pipe A Bow LK Ou_le_ 1 I 1 1 0 0 ' 0

36 SDE-4 Comb:,ned Disch 1 I i 1 0 0 0

37 Pipe B 60" In_l Bl_rd 1 I I 1 0 0 0

3B D/S SASA I I 1 i 0 0 0

39 SDS-1 S_orm Only 1 1 I l 0 0 0
40 Tyee Pond I 1 1 i 0 0 0

42 SDS-3 Def. VAult 1 1 1 I 0 0 0

43 NW PoncL_ 2 1 1 1 0 0 1

46 ExecuEel Pon_ 1 ! 1 1 0 0 0

47 Plpe C Exec.Poncl DIS 1 1 1 1 0 0 0

177 No.-_h Branch Ravine 1 1 1 0 0 0
193 Upper Ravine I 1 1 1 0 C 0

198 Lower Ravlne 1 I I 1 C _ 0

338 E.BR. STIA SASA POC I 1 1 1 0 0 0
360 SDE-4 NSPS 2 ! I I 0 0 0

366 OTF SSMPS 2 1 1 1 0 0 0
END GEN-INFO

ACTIV:TY

# - # HYFG ADFG CNFG _TFG SDFG GOFG OXFG NUFG PKFG PHFG -*o

1 366 1 0 0 0 0 0 0 0 0 0
END ACTIVITY
PRINT-INFO

RCHR£S **'°*''*'o-o**- Prln_ou_ FlAgs °* "° "'oo°o--oo-* PIVL PYP.
# - % HYDR ADCA CONS HEAT SED GOL OXRX NUTR PLNK PNCS °°''*'''*
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36E 6 0 0 C 0 0 0 0 0 0 1 9
END P_Z_-INFO

HYDR-PARMI ..o
RCHRF.S Fla_s for each HYDR Section

- t VC A1 _ A3 OD_ for each "'" O_FG for ea_ FUN_ fo= each

FG FG FG possible exl_ "°" possible exl_ possible exi:

3170110 40000 00000 22222

18 0 1 1 0 4 5 0 0 0 0 0 0 0 0 2 2 2 2 2
20 0110 40000 00000 22222

34 0110 45000 00000 22222

35400110 40000 00000 22222
42 0110 40000 00000 22222

43 0110 45000 00000 22222

463380110 40000 00000 22222
36C3660110 45000 00000 22222

_D HYDR-PARMI

HYDR-PARM2 ...
RCH_$

- # _ABNO LEN D_TH STC_ _ DB50 °'"
< ...... _ ........ ><........ >< ....... _ ........ >< ........ ><_______> o..

3 3 0.071 0.3

4 4 0.530 0.3
5 5 0.380 0.3

7 0.341 0.3

9 9 0.189 0.3

I0 10 0.071 0.3
12 12 0.273 0.3

13 13 0.218 0.3

14 14 0.218 0.3
17 17 0.246 0.3

18 18 0.303 0.3
20 20 0.071 0.3

34 34 0.208 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 39 0.i00 0.3
40 40 0.189 0.3

42 42 0.071 0.3
43 43 0.189 0.3

46 46 0.047 0.3

47 47 0.417 0.3

177 17_ 0.407 0.3
193 !93 0.795 0.3

19B 198 0.631 0.3

338 338 0.010 0.3
360 360 0.010 0.0 6
366 366 0.010 0.0

_D HYDR-PARM2

HYDR-INIT

RCH_S Initial c_di_icns for each HYDR section "'"
- # --• VOL Iniuial value of COLIND initial value of O_D_

°*" ac°f_ for each possible exi_ for each poss_le exit
<...... >< ........ > ,------,,------,,__.,,----_,,._., .t• ,__.,,___,,___,,___,,__.,

3 0.I 4.0

4 0.1 4.0

5 0.I 4.0

0.i 4.0

9 0.1 4.0

10 0.1 4.0
12 0.1 4.0

13 0.1 4.0

14 0.I 4.0

17 0.I 4.0

IB 0.1 4.0 5.0
20 0.I 4.0

34 35. 4.0 5.0

35 0.0 4.0

36 0.0 4.0
37 0.0 4.0

38 0.0 4.0
39 0.0 4.0
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40 C.C 4.0
4:. 0.I 4.C
43 C.7 4.0 5.0
46 0.0 4.0
4- 0.0 4.0

1"7"_ 0.0 4.0
193 C.0 4.0
19E 0.0 4.0
338 0.0 4.0
360 0.0 4.0 5.0
36_ C.0 4.0 5.0

END HYDR-INZT
END RC.tgtE$

FTABLES
FTAZ-Z 3

--- $95-7 DETENTZON VAULT 20 let DEPTH 36-£n r_sez ¢LLam.+3 o=if_.ce=
--*SDS-_ DE_. V_ULT accep=s =unoff from SDS-6 and SDS-7

ROWc "-OLS ,,,t*
23 4

DEPTH AREA VOLUME OUTFLOW "'°
(FT) IACRES ) (ACRE-FT) (CFS) ...

0.00 1.079 0.00 0.00
1.72 1.079 1.86 0.53

7.30 1.079 7.87 I.I0

14.28 1.079 15.40 1.54
14.50 1.079 15.64 1.55

14.59 1.079 15.74 1.58

15.34 1.079 16.55 2.10
17.20 1.079 18.55 2.59

IT.50 1.07% 18.88 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 2-. 57 6.61

20.10 1.079 21.68 7.57
20.20 1.079 21.79 9.29

20.30 1.079 21.%0 11.51

21.00 1.079 22.65 36.14

21.30 i. 079 22.98 45.82

21. %0 !.079 23.62 54.10
END FTADLE 3

FTABLE 4

"'" SDS-3 OUTLET SWALE
ROWS COLS "*"

7 4

"'" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACP.E-FT) (CFS) (CFS) o*o
.000 .000 0.0 0.0
.500 .198 0.1 9.0

1.000 .236 0.5 30.9

2.000 .306 1.0 115.8

3.000 .376 1.5 265.5

4.000 .446 5.0 491.8

5.000 .517 20.0 606.3
END FTABLE 4

ETABLE 5

"'" EAST BRANCH ABOVE TYEE POND
ROWS COLS °'"

13 4

°'" DEPTH AREA VOLUME OUTFLOW OUTE'LOW2

(._'I") (ACRES) (ACRE-FT) (CFS] (CF5) ooo
0.000 .000 .000 .000

0.550 .290 .100 4.900
1.100 .543 .200 20.800

1.650 .609 .300 46.500

2.200 .671 .40C 80.000

2.750 .732 0.500 118.700
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3.300 .778 0.600 159.500
_.85: .819 C.700 19e.400
4.400 .849 0.801 231.900
4.950 .866 1.000 252.900
5.500 .865 1.200 253.000
8.20_ .973 1.500 400.000

10.2_ 1.043 2.000 520.000

END FTAET,E 5

FTABLE 7
"'" DM" & DN8 CONVEYANCE

ROWS COLS '''

8 4
... DEPTH AREA VOLOME OUTFLOW OUT FLOW2

( .'FT) (ACP.ES) (ACRE-F/') (CFS) (CFS) "'"
.000 .000 .000 .000
.500 .360 .120 6.200

1.000 .416 .276 20.800
2.000 .520 .694 75.400

3.000 .626 1.252 168.700

4.000 .732 1.950 306.900

5.000 .836 2.790 496.100

6.000 .942 3.768 742.300
END }'TABLE 7

FTABLE 9
"'- DM9 CONVEYANCE

ROWS COLS "'"

8 4
"tit DEPTH AREA VOLOME OUTFLOW OUTFLOW2

(._.) (ACRES) (ACRE-FT) (CFS) (CF$) "'"
.000 .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 35.4 265

4.000 .41 77 482

5.000 .47 135 778

6.000 .52 214 1165
END FTABLE 9

FTABLE I0
--- SDS-4 DETENTION VAULT 15 FT DEPTH 10-IN RISER DIA

_OWS COLS "'"
18 4

DEPTH AREA VOLUME OUTFLOW "'°
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 0.87 2.270 0.394

3.49 0.87 3.047 0.456

5.25 0.87 4.583 0.559

7.60 0.87 6.634 0.673

8.19 0.87 7.149 0.699
8.78 0.87 7.664 0.723

9.37 0.87 8.179 0.747

9.96 0.87 8.694 0.770

10.54 0.87 9.201 0.793
12.21 0.87 10.659 1.220

14.55 0.87 12.701 2.240

15.00 0.87 13.094 2.390

15.10 0.87 13.151 2.670

15.50 0.87 13.530 4.390

16.80 0.80 14.665 6.400
END /TABLE i0

/TABLE 12
"'" LOWER WEST BRANCH

"'* REVISED BASED ON HEC-RAS MODEL
ROWS COLS "'"

13 4

"'" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CFS) (CFS) "--
.000 .000 0.000 .000

.500 .291 0.030 0.150

1.000 .346 0.260 6.600
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2.000 .450 0.430 14.100
._.0:: .554 0.ES0 25.000
4.000 .656 1.180 50.000
5.00: .753 2.170 ?5.000
6.00C .796 ].820 100.000
7.00"- .83"/ 8.820 150.000
8.00C .83"; 16.200 200.000
9.000 .837 2?.920 250.000

10.000 .837 ]3.530 350.000
11.00_ .637 35.380 450.000

END FT;.SLE 12

FT_JBIr 13
''" CONFLUENCE TO 200TH STREET

RONS COLS '''
9 ;

°°" DET'L'H AREA VOL014E OUTFLOW OUTFLOW2
(FT) (ACRES) (_-FT) (CFS) (CFS) ""
.000 .000 .000 .000
.500 .153 .051 4.300

1.000 .272 .132 14.400
2.000 .317 .312 50.400
3.000 .360 .544 109.600
4.000 .404 .826 195.000
5.000 .450 1.163 309.500
6.000 .497 1.548 456.300
", .000 .542 1.904 638.000

END FTULE 13

FTA_LE 14
""" 200TH STREET TO EXECUTEL TRIBUTARY
°*° REACH 190 FRC_ TR-20/KING COUNTY BASIN PLAN MODEL:

ROWSCOLS """
5 4

°°" DEPTH AREA VOLUME OUTFLOW OUT_
(FT) (ACRES) (ACRE-IT) (CFS) (CFS) "°"

0.000 0.000 0.000 0.000
0.900 0.70 0.4000 30.00
1.800 0.80 1.1000 115.60
2.700 1.10 2.1000 269.80
4.200 1.30 4.]000 707.10

END FTABLE 14

ITABLE 17
"°" EXECUTEL TRIBUTARY
RONS COLS "*"

10 4
""° DEPTH AREA VOLUME OUTFLON OUTFLOW2

(IT) (ACRES) (ACRE-IT) (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
1.800 .282 .336 77.700
2.100 .303 .423 106.200
3.100 .376 .779 245.000
3.600 .412 .988 335.000

END FTABLE 17

FTABLE 18

""" CONFLUENCE WITH EXECUTEL TRIBUTARY TO 208TH STREET
it" REPRESENTS ON LOSS IN IrETLAND BELOW 200TH

ROWS COLS """
14 5

°"" DEPTH AREA VOLOME OUTFLOW OUTFLOW2
(IT) (ACRES) (ACRE-IT) (CFS) (CFS) °°-
.000 .000 .000 .000 0.00
.500 .572 .191 7.300 C.00

1.000 .799 .438 I0.000 0.00
2.000 .968 1.001 20.700 0.00
3.000 1.155 1.727 100.000 0.00
4.000 1.317 2.542 262.?00 0.00
5.000 1.478 3.475 400.300 0.00
6.000 1.643 4.545 570.200 0.00
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";.OC_ 1.791 5.688 7"/4.400 0.00
8.000 1.932 6.822 1015.100 C.OG
9.000 1.945 7.025 1294.500 0.00

10.000 1.958 7.244 1614.500 0.00

II.000 1.970 7.481 1977.000 0.00

I_..00_ 1.983 7.734 2384.700 0.00
END FTABLE 18

FTABLE 20
i... SD$-3A EXISTING TAXIWAY DETENTION VAULT EFFECTIVE DEFTH-7.94 FT 36-IN RISER

ROWS COLS *""
14 4

DEPTH AREA VOLUME OUTFLOW *'*

(PT) (ACRES) (ACRE-FT) (CFS) °'*
0.00 0.69 0.00 0.00
1.06 0.69 0.73 1.09

2.00 0.69 1.38 1.50

3.08 0.69 2.12 1.86

4 .00 0.69 2 •77 2.12

5.10 0.69 3.51 2.39
5.?0 0.69 3.93 2.53

6.24 0.69 4.30 4.47
7.05 0.69 4.86 9.28

7.58 0.69 5.22 12.80

7.94 0.69 5.47 15.07
8.54 0.69 5.88 28.76

9.04 0.69 6.23 48.98
9.54 0.69 6.57 58.41

END E'TABLE 20

FTABLE 34
•°* BON LAKE

tot BASED ON ENTRANCE CONTROL FOR 36 INCH OUTLET PIPE

ROWS COTS ""'*
8 5

°'" DEPTH AREA VOLOM_ OUTFLOW OUTFLOW2

(E'T) (ACRES] (ACRE-FT) (CF_) (CFS) "°°
0.000 14.000 0.000 0.000 0.00

1.000 14.000 14.000 7.000 0.00

1.500 14.000 21.000 13.000 0.00
2.000 14.000 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

END }'TABLE 34

E'TABLE 35

"_" 36" BOW LAKE DISCHARGE PIPELINE (A)
ROWS COL$ "*"

13 4

• t ,., DEPTH AREA VOLUME OUTFLON OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CFS) (CFS) _'°°
.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 .I000 55.300
.,,.t SURCHARGING-

3.300 .038 .2500 60.300

4.000 .038 .4000 80.000

END E'TABLE 35

?TABLE 36

• "" SDE-4 COMBINED DISCHARGE

ROWS COLS "'"
11 4

"* DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-?T) (CFS) (CFS) "--
.000 .000 .000 .000
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.400 .343 0.090 2.200

.E': .442 0.15G 9.500
1.2_ .523 C.20E 2;.100
1.600 .577 0.250 36.300
2._ .618 0.300 54.000
2.400 .646 C.350 72.500
2.803 .659 0.400 90.200
3.200 .662 0.450 105.500
3.60C .849 0.550 115.000
4.00_ .618 0.650 115.100

END FTA_I.E 36

FTABLE 37
°*" 60" Z_,'TERNATZONALBLVD PIPELZNE (B)

RIMS COLS "*°

"'° DEPTH AREA VOLUME OUTFLOW OUTF'LOW2
(FT.) (ACRES) (ACRE-FT) (CFS) (CFS) °°"
.000 .000 .000 .000
.450 .134 .045 4.800
.900 .190 .100 20.300

1.350 .225 .150 45.400
1.800 .249 .200 78.000
2.250 .286 .250 115.900
2.700 .271 .300 155.800
3.150 .264 .350 193.800
3.60: .251 .400 226.500
4.050 .238 .45; 247.000
4.500 .234 .500 24T.100
6.500 .185 .600 "340.000
8.500 .166 .700 415.000

END FTABLE 3T

PTASLE 238
"** STIA FLOW C0t_BXNED (NOT USED)

ROWS COLS ***
5 4
DEPTH AREA VOLUME OUTFLOtf t.*
0.000 0.0010 0.0000 0.00
0.000 0.0100 0.0100 10.00
0.i00 0.i000 C.1000 I00.00
1.000 1.0000 1.0000 I000.00
I0.000 I0.0000 I0.0000 10000.00

END FTABLE238

FTABLE 338
**" SASA DE?Ei_TION FAC:LZTY RETROFIT SIZE ***
ROWS COLS "'° EFFECTIVE DEPTH-14 leT

14 4
DEPTH AREA VOLUME DISCH "**
(IT) (ACRES) (AC-FT) (CFS) *oo
0.00 0.000 0.00 0.00
1.31 2.802 3.620 13.70
2.30 2.801 6.472 16.14
3.40 2.983 9.761 22.05
4.22 3.043 12.296 24.57
5.32 3.151 15.809 27.59
6.14 3.233 18.514 2_.65
7.13 3.326 21.878 33.26
8.05 3.426 25.103 38.80
I0.I0 3.608 32.636 56.04
11.20 3.699 36.88_ 76.55
12.29 4.053 4i.2:_ 98.16
13.12 4.154 44.633 116.70
14.40 4.311 50.050 144.31

END FTABLE338

FTABLE 39
"*" SDS-I DISCHARGE

ROWS COLS "**
11 4

*'" DEPTH AREA VOLUME OUTFLOW OUTFLOW2
(FT) (ACRES) (ACRE-FT) (CFS) (CFS) o-*
.000 .000 .000 .000
.250 .020 .030 2.200
.500 .027 .035 9.400
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.750 .031 .042 21.000
: .0C: .035 .049 36.00C
1.25C .039 0.056 53.600

1.500 .039 0.064 72.000

1.750 .041 0.074 89.500

2.00C .041 0.084 104.700

2.25C .041 C.094 114.200

2.500 .03S 0.100 114.300

END FTABLE 39

FTABLE 40
.t. TYEE POND

"'" BASED ON TYEE POND AS-BUILTS AND AUTOMATED GATE OPERATION MANUAL

°°" E KITLAND 214/98

ROWS COLS """
2C 4

"'' DEPTH AREA VOLUME OUTFLOW OUT}'LOW2

(FT) (ACRES) (ACl_-FT) (CFS) (CFS) "*"
0.00 0.00 0.00 0.00

0.90 0.01 0.01 10.00

1.65 0.02 0.02 20.00
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 0.88 2.02 60.00

8.62 1.06 3.18 70.00

9.79 1.18 4.29 80.00

10.89 1.34 5.83 90.00

11.99 1.48 7.20 100.00
13.12 1.69 9.17 110.00

15.13 2.04 12.90 120.00

16.10 2.20 14.92 124.10
16.30 2.24 15.40 129.65

16.57 2.28 15.88 150.36

16.64 2.32 16.36 155.00
16.80 2.36 16.84 208.74

17.03 2.40 17.32 253.59
17.26 2.43 17.79 428.11

END FTA_LE 40

FTABLE 42

t.. SDS-3 DETENTION VAULT EFFECTIVE DEPTH - 20.0 FT

ROWS COLS """
17 4

DEPTH R_ttEA VOLU_ OUTFLOW "'"

IFT} (ACRES) (ACRE-FT) (CFS) °""
0.00 4.19 .00 0.00

0.51 4.!9 2.254 C.95

1.37 4.19 6.054 1.55
3.33 4.19 14.716 2.42

6.07 4.19 26.824 3.28

8.43 4.19 37.254 3.86
10.00 4.19 44.192 4.20

12.74 4.19 56.301 4.74

14.50 4.19 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 4.19 89.268 23.84

20.70 4.19 91.477 39.37

21.00 4.19 92.803 52.07

21.90 4.19 96.780 71.43
END FTABLE 42

}'TABLE 43

"" NORTHWEST PONDS

"'" B_ED ON KING COUNTY BASIN PLANNING MODEL
ROWS COLS "'"

17 5

"'* DEPTH RJREA VOLOMZ OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CFS) (CFS) "oo
0.000 12.000 0.000 0.000 0.00

0.100 12.000 16.800 0.000 0.00

1.000 12.000 24.000 0.200 0.0C

2.000 12.000 30.000 G.500 C.00
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3.00" 12.000 3T.000 1.000 0.0C
_.52_ 13.000 41.000 5.000 C.0C
4.000 13.000 45.700 15.000 0.00
4.500 13.000 51.000 35.000 O.OC
5.00C 14.000 56.500 150.000 0.00
5.500 14.000 62.800 200.000 0.00
6.000 14.000 69.000 300.000 0.00
6.500 14.000 83.500 350.000 0.00
7.000 15.000 99.900 400.000 0.00
8.000 17.000 119.00 500.000 0.00
9.000 20.000 141.50 55_.000 0.00

10.000 23.000 180.00 600.000 0.00
11.0_ 27.000 200.:0 650.000 0.00

END FTABLE 43

FTA_LE 4 6

"'" EXECUTEL POND
ROWS COLS "'"

20 4
"*" DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CFS) (CFS} "'"
.000 .000 .000 .000

1.000 .080 .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 59.820
6.500 .600 2.600 62.270

7.000 .600 2.900 64.620

7.500 .600 3.200 66.900
8.000 .620 3.51C 69.100

8.500 .640 3.830 71.2C0
9.000 .740 4.200 82.220

10.000 .650 4.850 119.830

11.000 .720 5.570 169.000
1_.000 .750 6.32C 25C.900

13.000 !.000 7.320 500.900

END FTABLE 46

FTABLE 47

"'* EXECUTEL POND DISCHARGE PIPELINE (C)
ROWS CO'.S "'"

11 4

"'" DEPTH AREA VOLOMZ OUTFLOW OUTFLOW2

(FT) (ACRES) {ACRE-FT} (CFS) (CFS) °'°
.000 .000 .000 .000

.350 .069 .020 4.600

•700 .096 .056 19.200

1.050 .112 .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

2.800 .096 .284 213.200

3.150 .090 .290 232.400

3.500 .098 .293 232.600
END FTABLE 47

FTABLE 177
"'" NORTH BRANCH RAVINE

ROWS COLS *'"

14 4

"'* DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-LeT) (CFS) (CFS) "'"

.000 .000 .000 .0
•500 .572 .191 7.3

1.000 .799 .438 23.2

2.000 .968 1.001 75.7

3.000 1.155 1.727 155.1

4.000 1.317 2.542 262.7

5.000 1.478 3.475 400.3
6.000 1.643 4.545 570.2
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- .00C 1.791 5. 688 774.4
_._0C 1.932 6.8;2 1015.1

9.000 1.945 7.025 1294.5

I0.000 1.958 7.244 1614.5

11.000 1.970 7.481 1977.0
12.000 1.983 7.734 2384.7

END .rTABLEI77

FTAILE 193

"'" UPPEF RAVINE
ROWS COLS """

14 4

"'' DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-FT) (CFS) (CFS} """
0.00 0.00 0.00 0.0

C.35 0.72 0.75 7.8

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. i0 0.72 4.56 125.2

2.45 0.75 5.36 169.0

2.80 0.89 6.30 171.5
3.15 I. 00 7.35 247.6

3.50 1.08 8.49 332.7

3.85 1.21 9.75 396.5
4.20 1.32 11.13 521.2

4.55 1.41 12.60 655.5

END FTABLE193

FTABLE !98

ROWS COLS ...
"" LOWER RAVINE

"°" ROUGH ESTIMATE BASED ON FIELD VISIT OF 12/20/95

-'" FLOW WAS 6 TO 7 CPS WITH DEPTH OF 8"
"'" NEAR OUTLET.

"'" DRIVE WHICE REPRESENTS A RESTRICTION ACCORDING TO OBSERVATION

B 4
DEPTH AREA VOLUME OUTFLOW OUTFLOW2

(FT) (ACRES) (ACRE-IT) (CFS) (CFS) "'"
0.00 0.00 0.00 0.0

1.00 0.50 0.80 10.0

2.00 0.55 1.30 25.0
3.00 0.60 :1.80 50.0

5.00 0.70 2.50 100.0

"'" SUBMERGENCE OF CULVERT

i0.00 2.50 12.00 245.0

"'" OVER.BANK STORAGE

"'" FLOWS BASED ON 243', .03 D-W FACTOR, PLUS LOSS OF i. VELOCITY HEAD
15.00 I0.00 40.00 325.0

20.0O 1!. 0C 90.00 390.0
END FTABLEI 98

ITABLE 38
"'" UPPER EAST BRANCH

ROWS COLS ""

9 4

"'" DEPTH AREA VOLUME OUTFLOW

(FT) (ACRES) (ACRE-IT) (CFS) "'"

.000 .000 .000 .000

.500 .176 .I00 9.200

1.000 .194 0.150 30.400

2.000 .232 0.200 105.800

3.000 .271 0.250 228.800
4.000 .310 0.350 405.800

5.000 .349 0.450 642.700

6.000 .387 0.600 945.700

7.000 .426 0.800 1320.700
END FTABLE 38

FTABLE 360

"'° NORTH SATELLITE PUMP STATION (SDE-4) {INSTALLED IN 1995)
"_OWS COLS -o-

5 5

DEPTH AREA VOLUME [IWS ) (S DS ) "°"

(IT) (ACRES) (ACRE-IT) (CFS) (CFS) -°"
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.0 1.0 .00 0.00 0.00
,-.0. _ 1.C .01 4.79 C.00
2.00 !.0 .02 4.79 C.0C
3.00 1.0 .03 4.79 25.0C
4.00 I.C .04 4.79 50.00

EN= ?TABle36C

FTABIE 366

"'* SOUTh SNONMELT (OLYMPIC TANK FARM) POMP STATION (ZNSTJLtt1_, IN LATE 1997/1998)

ROWS _CLS **°
5 5

DEPTH AREA VOLOME ( I'_S ) (SDS) "°°
(!'T. _ (ACRES) (ACRE-FT.) (CFS) (CFS) °°°

.(_ 1.00 .00 0.00 C.OC
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
00 1.00 .04 1.67 50.00

END FT_LE366

END FTABLES

C0FY
TIMESERIES

Copy-opn °'"
# - t NPT. _ "°°°
I 54 1

END TIMESERIES
END COPY

SOURCES

<-Volume-> <Memz)e.-> SsysSgap<--Mul_-->Tran <-Targe_ vols> <-Grp> <-MeJLber-> *'"
<Naze> _ <Name> % 1:era s_rg<-fac_o_->sErg <Name> # % <Nimm> 0 _t it°

2 PREC ENGLZENO PERLND 14 54 EXTNL PREC
2 PREC ENGIZER0 IMPLND 14 EXTNL PREC

WDM 2 PREC ENGLZERO RCHRES 34 EXTNL PREC
WDM 2 PREC ENGLZERO RCHRES 40 EXTML PREC

WDM 2 PREC ENGLZERO RCHRES 43 EXTNL PREC

WDH ! EVAP EN3LZERO 0.8 PERIJqD 14 440 EXTNL PETINP

WDM ! EVAP ENG.ZERO 0.8 ZMPLND 14 140 EXTNL PETZNP
WDM 1 EVAP ENGLZENO 0.8 RCHRES 34 EXTNL POTEV

W_M_ ! EVAP E_GLZERO 0.B RCHRES 43 EXTNL POTEV
WDM 1 EVAP ENGLZERD 0.8 RCHRES 40 _ POTEV
END EXT SOURCES

EXT, TARGETS

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tga p kind .t.

<Name> # <Name> # O<-fac_or->s_rg <Name> % <Name> _em s_g s_rg °9°
_°ot ooooot oooootoo_9ooot ooooootootot t_ooo_oot o°oo°ot ot_ooootoow_ot ooo_oooo°t tte

**° SDS

*°° SDE-4 (TOTAL)

RCHRES 36 HYDR RO WON 221 FLOW ENGL REPL

*'° SDS-I (TOTAL)

RCHRES 39 HYDR RO WD_4 222 FLOW ENGL REPL

*** SDS-3

RCHRES 42 HYDR RO W_e4 257 FLOW ENG, REPL

RCHRES 42 HYDR STAGE WDH 757 STAG ENGL REPL

RCHRES 42 HYDR VOL WDM 857 V0L ENGL REPL

""° SDS-4

RCHRES 10 HYDR RO WDM 258 FLOW ENGL REPL

RCHRES 10 HYDR STAGE WDM 758 STAG ENGL REPL

RCHRF,.S 10 HYDR V0L WDt_ 858 V0",- ENG. REPL

*° SDS-3A TAXIIrAY VAULT

RCHRES 20 HYDR RO WDM 224 FLOW ENGL REPL

RCHRES 20 HYDR STAGE WDM 724 STAG ENGL REPL

RCHRES 20 HYDR V0L _ 824 VOL ENGL REPL
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_t...._ttgtt_tttt_99.tttttw_ttt.ttttttttttt_t_tt_ttt_9_ttt_t_tgttgt_tt_t_t"

- S_5-" 3&D I_UNWAY VAUL."

RZHP.ES 3 HYD_ ST_Gr WDM. 726 STaG ZNGL PEP;.
RCHP_ _ H,_D_ VOL WDM 82E VOC _G c PJ_P"

_twetw_tt99tw_w_9_tttwtt twtttt_wwt tt tt tt_twtwt_t_ttt_te_ttg_wwwg_t_wwgt _wt

"°" SASA DETENTION FACILITY

RCHRES 338 HYDR R0 NDM 338 FLOW ENGL REPL

RCHRE5 33B HYDR STAGE WDM 745 STAG ENGL REPL
RCHRES 338 HYDR VOL WDM 845 VOL ENGL REPL

--° EVALUATION POINT. I FOR SDS DISCHARGE TO WEST BRANCH

COPY 41 OUTPUT MEAN 1 12.1 WDM 260 FLO_ ENGL REPL

-°- EVALUATION POINT 2 FOR SDS DISCHARGE TO WEST BRANCH

COPY 4 OUTPUT MEAN 1 12.1 _ 261 FLO_ ENGL REPL

''' WEST BRANCH

"'' NORTHI_ST PONDS

RCHRES 43 HYDR RO WD_ 231 FLOW ENGL REPL

"°" LOWER WEST BRANCH

RCHRE$ 12 HYDR RO ff_M 235 FLOW ENGL REPL
_ _w_ eww_w_e_ww_w_ww_wwwtt_w_w_t wwww_wwwwww_w_wwwwww_w _ww_wwww_

''' EAST BRANCH

"'' BOW LAKE OUTFLON

RCHRES 35 HYDR RO WDM 236 FLO_ ENGL REPL
RCHRES 37 HYDR RO WDM 37 FLOW E_GL REPL

"'" D/S SASA

RCHRES 38 HYDR RO WDM 245 FLOW ENGL REPL

"'" TYEE INFLO_ (GAUGE 11C)

RCHRES 5 HYDR RO WDM 238 FLOW ENGL REPL

"'" TYEE OUTFLOW

RCHRES 40 HYDR RO WDM 239 FLOW ENGL REPL

*'" MAIN STEM

"'° BELOW CONFLUENCE AT TYEE GOLF COURSE WEIR (GAUGE 1IF)

,COPY 5 OUTPUT MEAN 1 12.1 WDM 240 FLOW ENGL REPL

"'* BELOW CONFLUENCE AT SOUTH 200TH STREET

RCHRES 13 HYDR RC WDM 241 FLOW ENGL REPL

''' LOWER DES MOINES CREEK NEAR MOUTH (GAUGE IIDI

RCHP.ES 198 HYDR RO WDH 242 FLOW ENGL REPL

END EXT TARGETS

NETWORE

"'" <MEMBER> SSYSSGAP<--MUZT-->TRAN <-TARGET. VOLS> <-MEMBER->

<NAME> # <NAME> TEN STRG<-FAUTOR->STRG <NAME> % % <-GRP> <NAME> # # "'"

"'" AIRPORT SUBBASINS

''' (DM23) SDE-4
"'" GW con_ribu'.ions ad_ed

PERLND 26 PWATER SURO 3. 344 RCHRE5 36 EXTNL IVOL

PERLND 26 PWATER IFWO 3.344 RCHRES 36 EXTNL IVOL

PERLND 26 PWATER AOWO 0.137 RCHRES 36 EXTNL IVOL

IMPLND 14 IWATER SURO I0.507 RCHRES 36 EXTNL IVOL

• (DM24) SDS-1

PERLND 26 PWATER SURO 0 .115 RCHRES 39 E_CTNL IVOL

PERLND 26 PWATER IFWO 0.i15 RCHRES 39 EXTNL IVOL
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PERLND 2_ I_ATER A&'WO 0 . 115 RCHRES 39 EXTN; ZVOL
I • 3 60 P."-_?-,_S 3S I_TI_;, ZVQL

"_PLN_: 14 IWATF..R SURC ,,. ,,o ,,,, ..,,,,** ,,,,,,,..,,,q,.,,.ooo,,,,,.,,o,,,,**.-
wlpwt _m9 t 9 _tttttttgwt t t_etttt wwtt _gtte_ _ _ w

,- tDt425) SDS-3_ TAXIWAY VAULT

PERLND 26 PWATER SURO 2 .886 RCHRES 20 EXTNL IVOI

PERLN: 26 PWATER IFNO 2.886 RCHRES 20 EXTNL IVOL

IMPLND 14 IWATER SUR0 2. 928 RCHRES 20 EXTNL IVOL
9 ttw tt tqptgottgtqrq_t99tq_gttqp_qptt.qp.Qtettt_tg_twgtg_etwttgtogtttttett°ttgttgt_twe _ B

• "" (Dt(25) SDS-7 3RD RUNWAY VAULT

PERLN_ 2": PWATER sore 3.808 _ 3 EXTIqL IVOL

PER_;." 2_ P_ATER IFNO 3.808 _RCltlqES 3 EXTN_ IVOL
PERLND 44 PWATER SUKO 0.327 RCHRES 3 EXTN_ IVOL

PERLS"." 44 pI_.'ER IFNO 0,327 RCHRES 3 EXTOLL IVOL

PERL:_ 45 PI;AT£R SORO O. 457 RCI_ 3 EXTNL IVOL

pERLND 45 I_(ATER IFNO 0.457 _ 3 _ ZVOL

IMPL._:_ i- :WATER SURO 3.013 RCHRES 3 EXTNL IVOL

--- (DH25_ SDS-3
t,,,,. GW ¢O._._-_3,J:tt_l ODa aclded
PEF/J;D 26 PNATER SUIq_ 12.026 RCHRES 42 EXTNL IVOL
PERLND 26 PWATER IFWO 12.026 RCHRES 42 EXTN_ IVOL

PERIJ;D 26 PW&TE_ AGNO 0.246 RCHRES 42 EXTItL IVOL

IMPLND 14 IWATER sure 16.598 RCRIqES 42 EXTIG. IVOL

• -*-SDS-6*NEI( IIATERSIIED

',,-'* _ conuribu_ons added
pEP_,J;D 26 Iq(ATER SORD 1.128 COPY 50 IN.PUT MEAN 1

PERLND 26 PWATEI% llq_O 1.128 COPY 50 INPUT MEAN 1
PERLND 26 PWATE_ A_(O 0.135 COPY 50 INPUT MEAN I

PERLND 44 PWATER SURO "**"* COPY 50 INPUT MEAN 1

PERLND 44 PWATER IFNO "*'*_ COPY 50 '_NPOT MEAR 1
PERLND 54 PWATER sure "'*'" COPY 50 INPUT MY.J_N 1
PEI_LND 54 PWATER _r_0 -*_-* coPY 50 INPUT MEAN 1

IMPLND 14 IWATER SDRO 0.265 COPY 50 INPUT MEAN 1

• **oSDS-5oNEW WATERSHED
• ''"GW contributions added
v,RLND 26 PWATER SUP,O 2.356 COPY 41 INPUT MEAN 1

.RIND 26 PWATI_ IFNO 2.356 COPY 41 INPUT MEAN 1

.-ERLND 2_ PWATER AGWC 0.796 COPY 41 INPUT MEAN 1
PERLND 44 PWATER SURO "*"9" COPY 41 INPUT MEAN 1

PERLND 44 PWATER IFNO _'*"'* COPY 41 INPUT MEAN 1
PERLND 54 PWATER SURe *'_'' COPY 41 INPUT P/ERR 1
PERI2gD 54 PWATER IFWO "''*_ COPY 41 ZNPUT MEAN 1

IMPLND 14 IWATER sore 0.348 COPY 41 INPUT MEAN 1

• *_OSD$-2*NEW WATERSHED
_-*'* GW con':.-'ibuT.=.o_ls added
PERLt;D 26 PWATER SURO 0.249 COPY 4 INPUT MEAN 1

PERLND 2_ PWATER IFWO 0.249 COPY 4 INPUT MEAN 1
PERLND 26*PWATER AGWO 0.249 COPY 4 INPUT MEAN 1

PERLND 44 PWATER SURO 0.384 COPY 4 _NPUT MEAN 1
PERLND 44 PWATER IFWO 0.384 COPY 4 INPUT MEAN 1

PERLND 44 PWATER AGWO 0.384 COPY 4 INPUT MEAN 1

PERLND 54 PWATZR SDRO 0. 043 COPY 4 INPUT MEAN I

PERLND 54 PWATER IFWO 0.043 COPY 4 INPUT MEAN

PERLND 54 PWATER AGWO _.043 COPY 4 ZNPUT MEAN 1
IMPLND 14 IWATER SURe 0.086 COPY 4 INPUT MEAN 1

• ** (DM27) SDS-4

PERLND 26 I_dATER SURe C .564 KCHRES I0 EXTNL IVOL

PERLND 26 PWATER IFWO 0.564 RCHRES 10 EZ.TNL IVOL
PERLND 26 PWATER AGWO 0.564 COPY 5 INPUT MEAN 1

PERLND 44 PWATER SURO 2.109 RCHRE$ I0 EXTNL IVOL

PERLND 44 PWATER IFNO 2 .109 RCHRES I0 EXTNL IVOL

PERLND 44 PWATER AGRIO 2 .109 COPY 5 INPUT MEAN 1

IMPLND 14 IWATER SURO 2.707 RCHRES I0 EXTNL IVOL

" * SASA STORM

• ** PERLND 26 added fOr surface _a_e= and GW
PERLND 26 PWATER sure 0.001 COPY 15 INPUT MEAN 1

_ERLND 26 PWATER IFWO 0.001 COPY 15 INPUT MZAN I

•RLND 26 PWATER AGWO C.001 COPY 15 INPUT, MEAN 1

._PLND 14 IWATER SURe 2._55 COPY 15 INPUT MZAN 1
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*-- K-"-9 Gw acl,_e,4 [_'rc_ Mille: Creek)
_£R/2:; .'_ PWATEF AGW_ C.0_= RcHRES 43 E_ IVOL

• wttgt 9 tt _tOt*_ tt *t_ _ _t_ 9tt w_tt**_t*ttt 9_*VtWgtQ9 • * t t. t* tetttgtt • tt99ttt 9 *

-- IW5 SYSTEM PUMP STATZON OVER_OWS

"** !-3: NORTH SATELL,'TE PUMP STATION (NSPS) TO IW$

**- OVERFLOW TO SDE-4

--- INST_T.L_D IN 1995
P_D 26 PWATF2R SDI_D 0.026 RC/4/RF.S360 E3_ IVOL

PERLND 26 PWATER IFWO 0.026 RCRRES 360 EXTNL IVOL

IMPLND 14 IWATER SURO 1.120 RCHRES 360 EXTNL IVOI

"*" I-5: SOUTH SNO_T (OLYMPIC TANK FARM) PUMP STATION (SSR_PS) TO IWS
*** OVER._'LOW TO DES MOINES EAST BRANCH

"*- INSTALLED IN LATE 1997/199§
IMPLND 14 IWATER SURO 0.001 RCHRES 366 EXTNL IVOL

"'' SASA IWS
**" AGWO revised

PERLND 26 PWATER SURO 0.004 COPY 8 INPUT _ 1

PERLND 26 PWATER IFWO 0.004 COPY 8 INPUT MY2&N 1

PERLND 26 PWATER A_O 0.004 COPY 5 INPUT MEAN 1
PERLND 44 PWATER SURO 0.004 COPY 8 INPUT MY_AN 1

PERLND 44 PWATER IFWO 0.004 COPY 8 INPUT MEAN 1

PERLND 44 PWATER AGWO 0.004 COPY 5 INPUT MEAN 1
PERLND 54 PWATER SURO 0.001 COPY 8 INP_ MEAN 1

PERLND 54 PWATER IFWO 0.001 COPY 8 INPUT MEAN 1
P_D 54 PWATER AGWO 0.001 COPY 5 INPUT MEAN Z

IMPLND 14 IWATER S_RO 4 .860 COPY 8 INPUT MEAN 1

*** Add IWS groundwater
*--PERLND 26 PWATER AGWO 0.393 COPY 5 INPUT MEAN !

*°-PERLND 44 PWATER AGWO 0.512 COPY 5 INPUT _ 1
"'* EAST BRANCH OF CREEK

.... DMI

:RLND 16 PWATER SURO 0.860 RCHRES 34 EXTI_ IVOL
.ERLND 16 PWATER IFWO 0.860 RCHRES 34 _ IVOL

PERLND 16 PWATER AGWO 0.241 RCHRE$ 34 EXTNL IVOL

PERLND 26 PWATER SURO 11.078 RCHRES 34 EX_L IVOL
PERLND 26 PWATER iFWO 11.078 RCHRES 34 EXTNL IVOL

PERLND 26 PWATER AGWO 3. 102 RCHRES 34 EXTNL IVOL
PERLND 34 PWATER $URO 0.599 RCHRES 34 EX_ IVOL

PERLND 34 PWATER IFWO C. 599 RCHRES 34 EXit IVOL
PERLND 34 PWATEK AGWO C. 168 RCHRES 34 EXTNL IVO_

PERLND 44 PWATER SURO 7. _9"} RCHRES 34 EXTNL IVOL
PERLND 44 PWATER IFWO 7.697 RCHRES 34 EXTNL IVOL

PERLND 44 PWATER AGWO 2.155 RCHRES 34 EXTNL IVOL

PEKLND 54 PWATER SURD 1. 176 RCHRES 34 EXTNL IVOL

PERLND 54 PWATER IFWO 1.176 RCHRES 34 EXTNL IVOL

PERLND 54 PWATER AGWO 0.329 RCHRE$ 34 EXTNL IVOL
IMPLND 14 IWATER SUR0 14.274 RCHRES 34 EXTNL IVOL

*** DM2

PERLND 26 PWATER SURe 1.232 RCHRES 37 EXTNL ZVOL

PERLND 26 PWATER IFWO 1.232 RCHRES 37 EXTNL IVOL
IMPLND 14 IWATER SURO 0 .821 RCHRES 37 EXTNL IVOL

"*" DM3

"'" PER0 replaced wi_h SURO, IFMO and AGWO.
PERLND 26 PWATER SURO 3.554 RCHRES 5 EXTNL IVOL

PEKLND 26 PWATER IFWO 3.554 RCHRE$ 5 EXTNL IVOL

PERLND 26 PWATER AGWO 3.537 RCHRES 5 EXTNL IVOL

PERLND 54 PWATER SURO 0.006 RCHRES 5 EXTNL ZVOL

PERLND 54 PWATER IFWO 0. 006 RCHKES 5 EXTNL IVOL
PERLND 54 PWATER AGW0 0.006 RCHRES 5 EXTNL IVOL

IMPLND 14 IWATER SURO 4.508 RCHRES 5 EMTNL IVOL

"'" con_riDu-.ion fraY, non-con:iguous Dasln
PERLND 26 PWATER AGWO 0.016 RCHRES 5 EMTNL IVOL
''" DM4

°° PERO replaced wi_h SURO, IFWO and A_O.

:RLND 16 PWATER SUR0 0.286 RCHRE$ 5 EXTNL IVOL

PERLND 16 PWATER IFWO 0.286 RCHRES 5 EXTNL IVOL
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PERLND 16 IqfATER A_0 0.286 RcHRr.s 5 EXTHL IVGL
:F.._.h'-- 2_ PWATER SURO 0.591 RCHRES 5 EXTNZ. ZVOL

•":RLN_ 26 PWATER TFWO C.591 RCHRES 5 EX'I'_L ZVOL

Elq,Z_D 26 I_&TER AGWO 0. 590 R.CHRES 5 _ ZVOL
PERLN;: 5.' PWATZR SURO 0. 005 RCHRES 5 EXTNL IVOL
PER.I,ND 5,; PW_.-EP. ZFWO 0.005 RCHRES 5 £XT_'_ ZVOL
PERLND 5.; I_ATER AGHO 0. 005 R_S 5 EXTNL IVOL
ZMPLND 14 TNAT_& SURO 3. 357 RCHKES 5 £XTNL ZVOZ,
_w_99t_tt_te9tt_tttttete_t9_9ttttottwwttttttw_0tt9tttwtottt9_twewt9etvtttt_te9e

ooo c_n_:ibuuion £]:om non-con_.iguous bll£n
p-___J:; L6 lqf&.'ER AGWO 0.0;i RFJr_Es 5 EXTNL ZVOL
• -- DN5
-o- PE.=_ replaced wi_h SURO, IFWO Ind AGW0.
PERI:;D I: PW&TZR SURO 0.173 RF.HRES 5 EXTNL ZVOL
PERLND 16 IMIATER ZFWO 0.173 _ 5 EXTIiL ZVOL
PER_':. _ 1 _ _WA.'ZR AGWO 0.173 RCHRES 5 EXTNL ZVOL
PEI_qD 2G I_WATER SURO C.485 RCHRES S EXTt_ ZVO;
PERLND 26 lqi&TER IF_O 0.485 RCRRES 5 _ ZVOL
PERIJ;D 26 PNATER AGNO 0.485 RCHRES 5 EXTHL IVOL

PERLND 34 Iq(ATER SORE 0.074 RCHRES 5 EXTHL IVOL

PER;J_ 34 P_ATER II_40 0.0?4 RCHlq_S 5 EXTNL IVOL
PERLND 34 PWATER AG;MO 0.0"/4 RC_RES 5 EXTNL IVOL
PERLND 44 lqfATER SURO 0.07"7 _ 5 EXTNL IVOL

PERLND 44 PWATER IFHO 0.077 RCRRES 5 EXTHL IVOL

PERLND 44 PWATER &GWO 0. 077 RCHRES 5 EXT_ IVOL

PERLND 54 PWATER SURO 0.112 _ 5 EXTNL IVOL
PERLND 54 lq_ATER IFWO 0.I12 R_F.S 5 _ ZVOL

PERLND 54 PWATER AGHO C. 112 RCHRES 5 _ IVOL

IMPLND 14 IWRTE_. SURO 0.799 RCHRES 5 EXTNL IVOL

"'* DM6

• ** PERO =eplaced wi_h SORO, IFWC and AGNO.
PERLND 1_ PWATER PERO *-*t* RCHRES 40 EXTNL IVOL

PERLND 26 PNATER SUP_ 0.534 RCHRES 40 EXTNL IVOL
PERLND 26 PWATER IFHO 0.534 RCHRES 40 EXTEL IVOL

PERLND 26 PWATER AGWO 0.534 RCHRES 40 _ IVOL
PERLND 34 PWATER SURO 0.002 R_HRES 40 EXTNL IVOL

_ERLND 34 PWATER ZFWO 0.002 RCHRES 40 EXTNL IVOL

_RLND 34 PWATER AGWO 0.002 RCHRES 40 EXTNL IVOL

.,ERLND 44 PWATER SUR0 0.709 RCHKES 40 EXTNL IVOL
PERLND 44 PWATER IFWO 0.70_ R£HRES 40 EXTNL IVOL

PERLND 44 PWATER AG_O 0. 709 RCHRES 40 EXTNL IVOL

PERLND 54 PWATEP, SURO 0.312 RCHRES 40 EXTNL IVOL
PERLND 54 PWATEF, IF1fO 0.312 R£HRES 40 EXTr_ IVOL

PERLND 54 PWRTER AGNO 0.312 RCHRF._ 40 EXTNL IVOL

IMPLND 14 ZWATER SURO 0.007 RCHRES 40 EXTNL IVOL

_*" WEST BRANCH OF CREEK

"'* DM7

"_* AGWO revised

PERLND 16 PWATER SURO 2.190 RCHRES ? EXTNL IVOL

PERLND 16 PWATER IFHO 2.190 RCHRES 7 EXTNL IVOL

PERLND 16 PWATZR AGWO 1.701 RCHRES _ EXTNL IVOL

PERLND 26 PWATER SURO 2.944 R_,HRES 7 EXTNL IVOL

PERLND 26 PWATER IFWO 2.944 RCHRES ? EXTNL IVOL

PERLND 26 PWATER AGWO 0.759 RCHRES ? EXTNL IVOL
PERLND 34 PWATER SURO 1 .9?0 RCHRES ? EXTNL IVOL

PERLND 34 PWATER IFWO 1 • 970 RCHRES 7 EXTNL IVOL

PERLND 34 PWATER AGWO 0. 681 RCHRES _ EXTNL IVOL

PERLND 44 PWATER SURO 4.143 RCHRES 7 EXTNL IVOL

PERLND 44 PWATER IFWO 4.145 RY,HRES _ EXT,,;1 IVOL

PERLND 44 PWATER AGNO 0. 313 RCHRES 7 EXTNL IVOL

PERLND 54 PWATER SURO 0 . 552 RCHRES ? EXTNL IVOL
PERLND 54 PWATER IFWO 0.552 RCHRES 7 EXTNL IVOL

PERLND 54 PWATER AGNO 0.370 RCHRES _ E_CI_NL IVOL

ZMPLND 14 IWATER SURO 2. 401 RCHRES 7 D:TNL IVOL

"°" DM8

"*" AGIfO revist_

P_D 16 PWATER SURO 0.203 RCHRES ? EXTNL ZVOL

PERLND 16 PWATER IFWO 0.203 RCHRF.S 7 EXTNL IVOL

"_ND 16 PWATZR AGWO 0 .000 RCHRES 7 ED_FNL IVOL

• RLND 26 PWATER SURO 0 • 609 RCHP--mS _ EXTNL IVOL

PERLND 26 PWATER IFWO 0.609 RCHRF.S _ EXTNL IVOL
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PERLND 26 PWATER AGWO 0. 098 RCHRES "7 EXTNL IVOL
_ERL_:_" 3.; PWATEF. SURO 0._15 R_-HRES _ EXeTNL IVOl

_RLND 34 PWATER IFW0 C.715 RCHRES "7 EXT_ _VOL

:RLN_ 34 PWATEP AGWO C.226 RCHRES "7 EXTNL IVOL

PERLND 44 PWATER SURO 1.133 RCHRES "7 EXTNL ZVO5
.=ERI_ 4.; PWATER IFWC 1 •133 RCHRES 7 EXTIF, IVOL

PERLND 44 PWATER AGWO 0.154 RCHRES 7 EXTNL IV05

PERLND 54 PWATER SURO 0.161 RCHRES 7 EXTNL _VOL

PERIND 54 PNATER IFNO 0.161 RCHRES 7 EXTNL ZVOL
PERLND 54 PWATER AGWO 0.116 RCHRES "7 EXTNL IVOL

IMPLND 14 INATER SURD 2.422 RCHRES 7 EXTNL IVOL
tttt_ttttttet_99ttewttt9wttttttttttttttt_ttttt99et9_99_tw_Wt_tt9_tttt_ettttete

9°° DM.9

9.o AGWO revlsed

PERLND 16 PWATER SURO 0.002 RCHRES 9 EXTNL IVOL

PERLND 16 PWATER IFWO 0.002 RC2KRES 9 EXTNL IVOL
PERLND 16 PWATER AGWO 0. 002 RCHRES 9 EXTNL IVOL

PERLND 26 PW&TER SURO 1.201 RCHRES 9 EXTNL IVOL

PERLND 26 PWAT£R IFHO 1.201 RCHRES 9 EXTNL IVOL
PERLND 26 IWdATER AGMO 0.435 RF_ 9 _ IVOL

PERLND 34 PWATER SURO 0.017 RCHRES 9 EXTNL IVOL

PERLND 34 PWATER IFWO 0.017 RCHRES 9 EXTHL IVOL

PERLND 34 PNATER AGNO 0 • 017 RCHRES 9 EXTNL IVOL
PERLND 44 PWATER SURO 3.040 RCHRES 9 EXTNL IVOL

PERLND 44 PWATER IFWO 3.040 RCHRES 9 EXTNL IVOL
PERLND 44 PWATER AGWO 1. 512 RCHRES 9 EXTNL IVOL

PERLND 54 PWATER SURO 0 •010 RCHRES 9 EXTNL IVOL

PERLND 54 PWATER IFWO 0.010 RCHRES 9 EXTNL IVOL

PERLND 54 PWATER A_O 0.010 RCHRES 9 EXTNL IVOL
IMPLND 14 IWATER SURO 0. 634 RCHRES 9 EXTNL IVOL

• 9° DMI0

""* PERO replace_ wi_h SURO, IFNO, and AG_O
PERLND 16 PWATER SURO 0.945 RCHRES 43 EXTNL IVOL

PERLND 16 PWATER IFWO 0.945 RCHRES 43 EXTNL IVOL
PERLND 16 PWATER AGWO 0 .945 RCHRES 43 EXTNL IVOL

PERLND 26 PWATER SURO 0.738 RCHRES 43 EXTNL IVOL

_ERLND 26 PWATER IFWO 0.738 RCHRES 43 EXTNL IVOL
:RLND 26 PWATER AGWO 0.738 RCHRES 43 EXTNL IVOL

_RLND 34 PWATER SURO 1 .935 RCHRES 43 EXTNL IVOL

PERLND 34 PWATER ZFWO 1.935 RCHRF.S 43 _ IVOL
PERLND 34 PWATER AGNO 1 .935 RCHRES 43 EXTNL IVOL

PERLND 44 PWATER SURO 0 .510 RCHRES 43 EXTNL IVOL

PERLND 44 PWATER IFWO 0.510 RCHRES 43 EXTNL IVOL
PE_ 44 PWATER AGWO 0.510 RCHRF.S 43 EXTNL IVOL

PERIND 54 PWATER SUR0 0.712 RCHRES 43 EXTNL IVOL

PERLND 54 PWATER IFWO 0.712 RCHRES 43 EXTNL IVOL

PERLND 54 PWATER AGWO 0.712 RCHRES 43 EXTNL IVOL

IMPLND 14 IWATER SURO 0 .185 RCHRES 43 EXTNL IVOL

"*" DM!I

9.. PERO replace_ w1_h SURC, IFHO, an_ AGWO
PERLND 16 PWATER SURO 0.321 RCHRES 43 EXTNL IVOL

PERLND 16 PWATER IFWO 0.321 RCHRE$ 43 EXTNL IVOL

PERLND 16 PWATER AGNO 0.321 RCHRES 43 EXTNL IVOL

PERLND 26 PWATER SURO 0.408 RCHRES 43 EXTNL IVOL

PERLND 26 PWATER !FWO 0.408 RCHRES 43 _ IVOL
PERLND 16 PWATER AGWO 0. 408 RCHRES 43 EXTNL IVOL

PERI4qD 34 PWATER SURO 1.024 RCHRES 43 EXTNL IVOL

PERLND 34 PWATER IFW0 1. 024 RCHRES 43 EXTNL IVOL

PERLND 34 PWATER AGWO 1. 024 RCHRE$ 43 EXTNL IVOL

PERLND 44 PWATER SURO 0. 467 RCHRES 43 EXTNL IVOL
PERLND 44 PWATER IFWO 0.467 RCHRES 43 EXTNL IVOL

PERLND 44 PWATER AGMO 0.467 RCHRES 43 EXTNL IVOL

PERLND 54 PWATER SURO 1. 036 RCHRES 43 EXTNL IVOL

PERLND 54 PWATER IFWO 1.036 RCHRES 43 EXTNL IVOL

PERLND 54 PWATER AG_O !. 036 RCHRE$ 43 EXTNL IVOL
IMPLND 14 IWATER SURO 2.726 RCHRE$ 43 EXTNI IVOL

• "° DMZ2

9.. PERO replace_ wi_.h SURO, IFWO, an_ AGWO

PERLND 16 PWATER SURO 0.510 RCHRES 12 EXTNL IVOL

PERLND 16 PWATER IFWO 0.510 RCHRES 12 EXTNL IVOL

•_RLND 16 PWATER AGWO 0.510 RCHRE$ 12 EXTNL IVOL

:RLND 26 PWATER SURO 0.001 RCHRES 12 EXTNL IVOL

_ERLND 26 PWATER IFHO 0.001 RCHRES 12 EXTNL IVOL
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PER.T_D 2_ I_&TER AGWO 0.001 RCHR.r_ 12 _ ZVOL
OER.I,ND 34 PWATF_ SURO 0.375 R_'HRF_ -_ EXTt_ ZVOL

.'RLND 3_ pWATEP. IFWO 0.375 RCHR.F.S I_ EXTI_ ZVOL
.LqLND 34 PWATER AGNO 0.375 RCHRES 12 EXTNL IVOL

PEP_.ND 44 PWATER SURO 1.728 RCHRES 12 EXTNL IVOL

PZRLND 4q P_ATER IFNO I.T28 RCHRZS 12 EXTNL IVOL
PERIJgD 44 PHATER AGWO 1.728 RCHRES 12 EXTNL IVOL

PERLND 54 PWATZR SURO C. 554 RCHRES 12 ZXTNL IVOL

PERLND 54 PWATER IFWO 0.554 RCHRES 12 EXTNL IVOL

PZRLND 54 PWATER A_O 0.554 RCHRES 12 EXTNL IVOL
w twmtt twts.t�_.mt wtm.tm.t_.tg�ttttttw_m�ttttot mo_t 9mr 9w�wtt t ttt _tt wttttwt�_t�mt 9_t t t

•'' DM13

"•" PERD replaced wlth SURO, IFNO, and AGWO

PERLND 16 PWATE_ SURO 0.%61 RCHRES 13 EXTNL IVOL

PERLND 16 PRATER IFWO 0.%61 RCHRES 13 EXTNL ZVOL
PERLND 16 PWATE._. &GNO 0.%61 RCHRES 13 EXTRL IVOL

PERLND 26 PWATE." SURD 1.562 RC_ 1." ZXTRL IVOL

PERLND 26 PtLqTER IPRO 1.562 RCInqES 13 EXTNL IVOL

PERLND 26 PRATER AGNO 1.562 RCHRES 13 EXTNL IVOL
PERLND 34 PWATER SURO 1.203 RC/aES 13 EXTNL IVOL
PZRLND 34 PRATER IFWO 1.203 RCHRES 13 EXTIL ZVOL

PERLND 34 PRATER AGNO 1.203 lq_ 13 ZXTRL IVOL

PERLND 44 PRATER SORO 1.778 _ 13 EXTNL IVOL

PERLND 44 PWATER IFNO 1.778 I_ 13 EXTRL IVOL
PERLND 44 PRATER A_O 1.778 RC_ 15 EXTRL IV_

PERLND 54 PRATER SURO 0. 089 _ 13 EXTNL IVOL

PERLND 54 PWATER IFWO 0.089 RCHRES 13 _ IVO_

PERLND 54 PWATER AGWO 0.089 RC_ 13 EXTNI IVOL
IMPLND 14 IWATER SURO 1.25% RCRRF.S 13 EXTNL IVOL

**• LOWER BASIN

• "" DM14
PERLND 16 PRATER PERO 0.481 RCHRES 14 EXTNL IVOL

PERLND 26 PWATER PERD 0.295 RCHRES 14 EX_ IVOL

PERLND 34 PWATER PERO 1 .940 RC_ 14 EXTNL IVOL

"..RLND 44 PWATER PERO 1.195 RCHRES 14 EXTNL IVOL
_PLND 14 IWATER SURO 0.340 RCHRF.S 14 EXTNL 2VOL

"_" EXECUTEL TRIBUTARY

"'" DMI6 IN:"LOW TO EXECUTEL POND

PERLND 16 PWATER SURO 0.647 RCHRES 46 EXTNL IVOL

PERLND 16 PRATER IFWO 0.64? RCHRES 46 EXTNL IVOL

PERLND 16 PWATER AGWO 0.446 RCHP.ES 46 EXTNL IVOL
PERLND 26 PRATER SURO 5.573 RCHRES 46 EXTNL IVOL

PERLND 26 PWATER IF_O 5.573 RCHI_S 46 EX_ IVOL

PERLND 2g PWA._ AGWO 3.845 RCHI%ES 46 EXTNL IVOL6

PERLND 34 PWATER SURO 0.639 RCHI_ES 46 EXTNL IVOL

PERLND 34 PWATER ITWO 0.639 RCHRES 46 EXTNL IVOL
PERLND 34 PWATER AG_O 0.441 RCHRE$ 46 EXTNL IVOL

PERLND 44 PWATER SURO 8.023 RCHRES 46 EXTNL IVOL

PERLND 44 PWATER IFWO 8.023 RCHRES 46 EXTNL ZVOL

PERLND 44 PRATER &GWO 5.536 RCHRES 46 EXTNL IVOL

PERLND 54 PWATER SURO 0 .183 RCHRES 46 EXTRL IVOL

PERLND 54 PWATER IlrWO 0.183 RCHRES 46 EXTNL IVOL
PERLND 54 PWATER AGWO 0:126 RCHR_S 46 EXTNL IVOL

IMPLND 14 IWATER SURO 4.24% RCHRES 46 EXTNL IVOL

*'" DM17

PER/_D 16 PWATER PERO 2.078 RCHRES 17 EXTNL IVOL

PERLND 26 PWATER PERO 2.261 RCHRES 17 _ IVOL

PERLND 34 PWATER PERO 3 .003 RCHRES 17 EXTNL IVOL

PERLND 44 PRATER PERO 3.280 RCHRES 17 EXTNL IVOL

IMPLND 14 IWATER SURO 2.655 RCHRES _7 EXTIqL IVOL

• •• MAINSTEM RAVINE

''• DMI8

"ERLND 16 PWATER PERO 0.789 RCHRES 18 EXTNL ZVOL

/%LND 26 PWATER PERO 0.277 RCHRES 18 EXTNL IVOL

._:RLND 34 PWATER PERO 3.151 RCHRES 18 EXTNL IVOL

PERLND 44 PWATER PERO 1.106 RCHRES 18 EXTNL IVOL



PERLND 54 PWATER PERO C .300 RCHRES 18 EXTI_ IVOL
_HPL_:_ i_ IWATEP. SURe C.29_ RCHRE$ IE ID_TNL IVC:

_._mttt e.tttttvmwvtttttettwtgevttttt_ttwtge_ttww_twttt°tt_twttett_t tt_ttt wit

_" NORTH BRANCH RAVINE
t _t twt ett vmwwt tegwo_ettt et_ttt Wetvtgttvttgttevgett_ttv'v_tve_tv_"e_v_t_t

PERLND 16 PWATER pERO 0.182 RCHRES 177 EXTNL IVOL

PERLND 26 PNATER pERO 6.019 P,CHRES 177 EXTNL IVOL
PERLND 34 PWATER PERO 0.167 RCHRES 177 EXTNL IVOL

PERLND 44 PWATER PERO 5.552 RCHRES 177 EXTNL ZVOL

IMPLND 14 IWATER SURO 2.617 RCHRES 177 EXTNL IVOL

_° DM20

PERLND 16 PNATER PERO 4.007 RCHRES 1%3 EXTNL IVOL
PERLND 2_ PWATER PERO 6.624 RCHRES 193 EXTNL IVOL

PERLND 34 PWATER PERO 2.784 RCHRES I_3 EXTNL IVOL

PERLND 44 PWATER PERO 4.602 RCHRES 1%3 EXTNL IVOL

PERLND 54 PWATER PERD 0.116 RC_ 1%3 EXTNL IVOL
IMPLND 14 IWATER SURO 3.714 RCHRES i_3 EXTNL IVOL

_'_ LOWER MAINSTEM

"o" DM21

PERLND 16 PWATER PERO 2.143 RCIIRES 198 EXTNL IVOL

PERLND 26 P_ATER PERD 6.306 RCHRES 198 EXTNL IVOL
PERLND 34 PWATER PERO 1.429 RCHRES 198 EXTNL IVOL

PERLND 44 PWATER PERO 4.205 RCHRES 19B EXTNL IVOL

IMPLND 14 IWATER SURO 3.091 RCHRES 19§ EXTNL IVOL

PERLND 16 PWATER PERO 0.381 RCHRES 198 EXTNL IVOL
PERLND 26 PWATER PERO 4.654 RCHRF.S 198 EXTNL IVOL

PERLND 34 PWATER PERO 0.21B RCHRES 198 EXTNL IVOL

PERLND 44 PWATER PER0 2.620 RCHRES 198 EXTNL IVOL

_ERLND 54 PWATER PERO 0.016 RCHRES 19§ EXTNL IVOL
_PLND 14 IWATER SURO 1.972 RCHRF,_ 198 EXTNL IVOL

_'" NONCONTIGUOUS GROUNDWATER BASINS

"_" G1

PERLND 16 PWATER AGWO 2.833 RCHRF.S 5 EXTNL IVOL

PERLND 26 PWATER A_NO 9 .917 RCHRF,_ 5 EXTNL IVOL

_'_ G2

PERLND 16 PWATER AGWO 0.417 RCHRES 193 EXTNL ZVOL
PERLND 26 PWATER AGWO 1.333 RCHRES 193 EXTNL IVOL

PERLND 16 PWATER AGWO 5.083 RCHRES 193 EXTNL IVOL

PERLND 26 PWATER AGWO 17.667 RCHRES 193 EXTI_L IVOL

PERLND 34 PWATER AGWO 1.167 RCHRES 193 EXTNL IVOL

PERLND 44 PWATER AGWO 4.250 RCHRES 193 EXTNL IVOL

_'° CHANNEL NETWORK LZNKAGES "*"

_'° PUMP STATTON OVERFLOW TO SDS

RCHRES 360 HYDR OVOL 2 RCHRES 36 EXTNL IVOL

RCHRES 366 HYDR OVOL 2 RCHRES 5 EXTNL IVOL

**t EAST BRANCH OF CREEK

".HRES 34 HYDR OVOL 1 RCHRES 35 _._L IVOL

HRES 35 HYDR ROVOL 1 RCHRES 37 EXTNL ZVOL

.,CHRES 36 HYDR ROV0L 1 RCHRES 338 EX.T_L IVOL

COPY 15 OUTPUT MEAN I RCHRES 338 EXTNL ZVOL

RCHRES 39 HYDR ROVOL 1 RCHRES 338 EXTNL IVOL
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RCHRES 3_ HYDR ROVOL 1 RCHR_s 338 _ ZVOL
"C_ 33_ R_ ROVOL 1 _R_$ 3E EXTNL _VOL

:HR.F.S 38 HYDR ROVOL 1 RCHRES 5 EX'rNL ZVOL
._HRES 5 HYDR ROVOL I RCHRF..S 40 EXTNL IVCL
RCHR.Z$ 4C HYDR _OVOL 1 COPY 5 INPUT _ 1
ttee_tt_wetet_ee_ttt9teettQ_eeeeteeee_ee_e9e_e_w9_teteoteeeottte_eeeteteee_ee

--o W..,ST BRANCH OF CREEK
ett_ee_t_ttttt9ttttttwt_t_tQ_tt_9e_t_ttto9tt9tt_9_w9ttt_ttt9tt_e_et

RCHRES 2_ HYDR ROVOL 1 COPY S INPUT MF..AN 1
RCHRES 42 HI'DR ROVOL 1 COPY 9 INPUt MEAN Z
COPY _ OUTPUT MEAN 1 RC_ES 4 EXTNL IVOL
RCHRES 4 HYDR ROVOL l COPY 41 INPUT MEAN 1
COPY 50 OUTPUT MEAN I _ 3 Z3L_NL IVOL
RCHRZS _ _YDR ROVOL 1 COPY 4 INPUT MEAN Z
RCHRF..S 7 HYDR ROVOL 1 COPY 4 INPUT NEAN Z
RCHRZS _ NYDR ROVOL 1 COPY 4 INPUT MEAN 1
COPY 41 OUTPUT MEAN 1 _ 43 EXTN_ IVOL
COPY 4 OUTPUT MEAN 1 RCHRES 43 EXTR_ ZVOL
RCHRES 43 HYDR OVOL 1 RCRRES 12 EXTNL IVOL
RCHRZ$ Z0 HYDR ROVOL 1 COPY 5 INPUT MEAN 1
RCHRES 12 HYDR ROVOL l COPY 5 INPUT MEAN 1

*** Iq_TNSTZ_ BELO_ CONFLUENCE OF E. AND W. BRANC_
wm_ttmttt_m_tmmtmmtmttm_mtm_tm_m_t_tw_tv_mmttttmtt_t_tmt_t_mt_t_tt_tt_m

"'° MAZNSTEI_. ABOVE EXZCUTEL TRIBUTARY
COPY 5 OUTPUT _ I _ 13 EXTOL ZVOL
RCHRES 13 HYDR ROVOL 1 RCHRF_ 14 EXTNL IVOL

RCHRES 14 HYDR ROVOL 1 COPY 48 ZNPUT MEAN I

**" EXECUTEL TRIBUTARY
RCHRES 46 HYDR ROVOL 1 RCHRES 47 EXTNL IVOL

RCHRES 47 HYDR ROVOL 1 RCHRES 17 ZXTNL IVOL

RCHRE$ 17 HYDR R0VO5 1 COPY 48 INPUT MEAN I

"* MAINSTEM FRC_ HEAD OF RAVINE TO NORTH BRANCH CO_rLUENCH
o3PY 48 OUTPUT MEAN i RCHRES 18 ZXTNL IVOL

RCHRES 18 HYDR OVOL 1 RCHRES 1%3 EXTNL IVOL

RCHRES 193 HYDR ROVOL I COPY 1 INPUT _ 1

_'* NORTH BRANCH RAVINE TO MAINSTEM

RCHRES 177 HI'DR ROVOL 1 COPY 1 INPUT MEAN I

_** MAINSTEM FROM NORTH BRANCH CONFLUENCE TO PARK BELO_ MVD CULVERT

COPY 1 OUTPUT MEAN 1 RCHRES i_8 EXTNL IVOL

END NETWORK

END RUN



HSPF Non-Con_guous Groundwamr Areas
For the purposes of the low flow HSPF modcis, the project condkion 2006 surface water
basins were divided mm conuguous and non-contiguous Sroundwm.er basins based on the
funne groundwsm" divide. A non-conuguous groundwam" area occurs where the
_oundwa_m- flows m a different _ or warn- body than the surface runoff fi'om that
same area. The attached figure shows the contiguous and non-contiguous groundwater
areas for Des Moines, Walker, and Miller Creeks.

For Des Momes Creek, the groundwater routing of connguous and non-contiguous areas
for eac]: subbasin was unchanged in the 1994 and 2006 conditions. Pervious land
segments are per the lend use rabies comained in Appendix A.

For Walker Creek, dining the calibration of the Walker Creek model, it was det_,.,ined
that 630 acres of non-contiguous groundwater _ drain to the creek. The low flow
models use 2006 _ water subbasin boundaries, which aren't necessarily coincident
with the 1994 surface water subb_ used m the calibra_on model. Therefore, it was
necessary to independently track those areas which transition fixnn contiguous to non-
contiguous, and vice versa, from the 1994 subbasm boundm'ies to the 2006 subbasin
boundaries. These transitional areas are hatched and labeled on the attached figure.

The groundwater routing from the mmsitional _s was u'acked sepmmely from the 630
acres of non-contiguous groundwater area. The pervious area of Walker Creek that
wansitions from non-contiguous to contiguous from the 1994 to the 2006 subbasin
boundaries (groundwater basin SDW2B) was subwacted from the 630 acres m prevent
doublecounting.Thesestepsweretakensothattheaddedimperviousareafrom 1994to
2006 conditions for each of the groundwater areas could be calculated.

For MillerCreek,therearethreesubbasins(SDW2, SDS3A, and SDE4) with non-
contiguousgroundwaterareasthatareroutedto MillerCreek m the 1994 and 2006
conditions. SDS3A and SDE4 are located m the Des Moines Creek surface basin and
SDW2 is located m the Walker Creek basin.
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