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SECTION1:PROJECTOVERVIEW 
TheRagingRiverRockQuarryprojectsiteislocatedoffofPrestonͲFallCityRoadalongthenorth 

sideoftheRagingRiver.Thesubjectparcelnumbersare2224079011,Ͳ9033,andͲ9035and 

haveatotalareaof50.23acres,locatedoffPrestonͲFallCityRoad.Thesiteisborderedbysingle 

familyresidentsorundevelopedlots.SeeFigure1.1attheendofthissectionforavicinity 

map.TheKingCountytaxparcelIDnumberfortheparcelinvolvedisincludedinTable1.1 

below.(RefertotheKingCountyparcelreportincludedinAppendixA). Table1.1KingCountyParcelID 

KCParcel# ParcelArea(AC) 

2224079011 20.21 

2224079033 25.02 

2224079035 5.00 

 

Theprojectsitehasidentifiedtwowetlands,onestream,associatedbuffersandisboundedby 

theRagingRiver,whichflowsnortheastacrosstheprojectboundary.Thesiteslopesina 

generaleasterlydirectiontowardtheriverbetween6%and140%.TheminedareaisbowlͲ 

shapedandanyrunoffsheetflowsnortheasterlyandisinterceptedbyaseriesofinfiltration 

ponds.ThesoilspresentonͲsiteareAlderwoodandKitsap,Ovallgravellyloam,mixedalluvial, 

andPilchuckloamyfinesand,allclassifiedas“till”withahydrologicclassof“C”(seeNRCSSoils 

MapinAppendixB). 

Theprojectsiteiscurrentlyaminingoperation,andhasbeensincethe1930s.Aportionofthe 

gradingpermitareahasbeenexcavatedunderpreviousminingoperations.Thisstudyisto 

examinethecurrentneedsforwaterquality,aswellastoprojectthewaterqualityneedsfor 

futureoperations. 

 

Theprojectwillbedesignedusingtheguidelinesandrequirementsestablishedinthe2009King 

CountySurfaceWaterDesignManual(2009KCSWDM).Theprojectwillresultintheadditionof 

morethan7,000sfofpervioussurface,andassuch,aFullDrainageReviewisrequired,per 

Table1.1.2.Aofthe2009KCSWDM. 

ThedrainageanalysisforinfiltrationpondsizingwasmodeledusingtheKingCountyRunoff 

TimeSeries(KCRTS)software.Thewaterqualityfacilitysizingcalculationsarebasedonmethods 

describedinChapter6ofthe2009KCSWDM. 
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Figure 1. 1 Vicinity Map  
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SECTION2:CONDITIONSANDREQUIREMENTSSUMMARY 
FollowingtheflowchartonFigure1.1.2.Aofthe2009SurfaceWaterDesignManual,itis 

determinedthattheproposedonsiteprojectwillresultintheadditionofmorethan7,000sfof 

pervioussurface.Therefore,aFullDrainageReviewisrequired,whichtriggerstheanalysisof 

eachoftheCoreRequirement#1Ͳ#8andallfiveSpecialRequirements#1Ͳ#5.Forthepurposeof 

thisreport,ensuringthattheanalysisiscomprehensiveandthorough,eachCoreRequirement 

andallSpecialRequirementsareaddressedbelowperSection1.1ofthe2009KCSWDM. 

2.1CoreRequirements 

2.1.1CoreRequirement#1:DischargeattheNaturalLocation 

Thisprojectwillmatchthenaturaldischargelocation.Subsurfaceinfiltrationwillquantifyall 

stormwaterwithanypossibleoverflowsdirectedtowardsthenortheast.Stormwaterwillbe 

conveyedusinginterceptorswaleswithcheckdams,directedtowardsatrainofsedimenttraps, 

settlingponds,andinfiltrationpondstoreducetheconcentratedflowsandencourage 

infiltration.ThetopographyslopessoutheasterlytowardstheRagingRiver. 

2.1.2CoreRequirement#2:OffsiteAnalysis 

ThiscorerequirementisaddressedinSection3ofthisreport.TheOffsiteAnalysisofthis 

projectisdeterminedtorequireaLevel2(Tasks#1Ͳ#5)OffsiteAnalysiswithaConveyance 

SystemNuisanceProblemType1. 

2.1.3CoreRequirement#3:FlowControl 

TheonsiteinfiltrationpondsaredesignedforConservationFlowControl(Level2).The 

ConservationFlowControlStandardrequiresmaintainingthedurationsofhighflowsattheir 

preͲdevelopmentlevelsforallflowsgreaterthanoneͲhalfofthe2Ͳyearpeakflowthroughthe 

50Ͳyearpeakflow.ThepreͲdevelopmentpeakflowratesforthe2Ͳyearand10Ͳyearrunoff 

eventsmustalsobemaintainedunderthisrequirement.Wehaveassumedhistoricsite 

conditionsasthepredevelopedconditions. 

2.1.4CoreRequirement#4:ConveyanceSystem 

Theproposedconveyancesystemprovidessufficientcapacityforthe2Ͳyear,15Ͳminutestorm 

eventandthe10Ͳyear,15Ͳminutestormeventforthesedimenttrapsusedtocollectandstore 

sedimentfromsite.Theconveyancecalculationsforthesedimenttrapsarediscussedin 

Section5andareincludedinAppendixD. 

2.1.5CoreRequirement#5:ErosionandSedimentControl 

TheproposederosionandsedimentationcontrolBMPshavebeendesignedtomeetthe 

requirementsanddesignstandardsinAppendixDofthe2009KCSWDM.SeeSection8–ESC 

AnalysisandDesign. 

2.1.6CoreRequirement#6:MaintenanceandOperations 



 

 

TheRagingRiverQuarrywillberesponsiblefortheonsitemaintenanceandoperationsofthe 

stormwatermanagementsystems. 
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2.1.7CoreRequirement#7:FinancialGuaranteesandLiability 

Thisisaprivateoperationwithnoproposedpublicimprovements.Abondquantitiesworksheet 

isnotapplicableforthisproject. 

2.1.8CoreRequirement#8:WaterQuality 

Thisprojectisoutsidethedrainagebasinofthesensitivelakesorsphagnumbogwetlands, 

therefortheBasicWaterQualitymenuisapplied.TheBasicWaterQualityMenustandardsare 

foundinthe2009KCSWDM.SeeSection4forfurtherdiscussion. 

2.2SpecialRequirements 

2.2.1SpecialRequirement#1:OtherAdoptedRequirements 

Thisisnotapplicableforthisproject.ThisprojectisnotpartofaCDA,MDP,BP,SCP,SWCP, 

FHRP,LMP,noraSFDP. 

2.2.2SpecialRequirement#2:FloodHazardAreaDelineation 

Thisisnotapplicableforthisproject.Thisprojectrespectsa200ͲsetbackfromtheRagingRiver. 

The200Ͳfootsetbackprotectsanyanticipatedthefloodareahazardsassociatedwiththeriver. 

PleaseseetheFEMAFirmmapintheAppendix. 

2.2.3SpecialRequirement#3:FloodProtectionFacilities 

Thisisnotapplicableforthisproject.Therearenofloodprotectionfacilitiesassociatedwiththe 

project’sriverfrontage. 

2.2.4SpecialRequirement#4:SourceControl 

Thisisnotapplicableforthisproject.Thisprojectwillnotconnecttoanypublicstormsystems. 

2.2.5SpecialRequirement#5:OilControl 

Thisisnotapplicableforthisproject.Thisprojectdoesnotmeetthethresholdsasdefinedfora 

highͲusesite. 



 

 

CoreDesign,Inc. RagingRiver Page4 





 

Core Design, Inc.  Raging River   Page 5  

  

SECTION 3: OFFSITE ANALYSIS  
The Snoqualmie Watershed Water Quality Synthesis Report, dated January 2009, describes the Raging 

River as: “a very dynamic river with a very active channel during high-flow events.  The gradient is 

relatively steep and the slopes of the river valley are prone to landslides… The channel condition of the 

Raging River may have been influences by a legacy of timber harvest practices with impacts to stream 

temperature.  Landslides and bank erosion due to road building and other activities can alter the width 

and shaper of the river channel…”    

For the reasons explained above, with great detail outlined in the report, the project is determined to 

require a Level 2 Offsite Analysis (Tasks #1-#5) with a Conveyance System Nuisance Problem Type 1.   

TASK 1 Study Area Definition and Maps  
The proposed project contains parcel numbers 224079011, 224079033 & 224079035.   

TASK 2 Resource Review  
Basin Reconnaissance Summary Reports   

In 2009, King County prepared a report to synthesize information about the water quality in the 

Snoqualmie Watershed.  The Raging River Sub-basin has been identified as being impaired for high 

temperatures, fecal coliform, and high pH levels.   

FEMA Maps  

A FEMA map dated May 20, 1996 number 53033C0717G was reviewed.  The developable site is not 

located within a floodplain as it is covered by “Zone X – Outside of 500-year floodplain”. The FEMA Map 

is included in Appendix B.  

USDA Natural Resources Conservation Service Soil Survey  

The USDA Natural Resources Conservation Service (NRCS) Web Soil Survey covers the project site area 

and states that the area of interest is comprised of Alderwood and Kitsap, Ovall gravelly loam, mixed 

alluvial, and Pilchuck loamy fine sand, all classified as “till” with a hydrologic class of “C.”  The Soils Map 

exhibit is included in Appendix B.    

Environmentally Sensitive Areas  

King County lists this property within the erosion hazard, seismic hazard, and landslide hazard zones. 

The King County iMap exhibit is included in Appendix B.  



 

Core Design, Inc.  Raging River   Page 6  

Downstream Drainage Complaints   

Drainage complaints were researched within the study area. King County lists nine complaints located 

within a quarter mile radius of the project site. However, each complaint has been closed within the 

County’s reporting system.  There are no current documented downstream problems associated with 

this project site. See Drainage Complaint Exhibit in Appendix B.  

TASK 3 Field Investigation  
A field investigation was completed on July 22, 2016.     

Tributary Area  

The Raging River Rock Quarry is 50.2 acres of the 20,000 acres of the Raging River Basin located in the 

Snoqualmie Watershed.  The Rock Quarry contributes to 0.25% of the overall basin.  The Rock Quarry 

slopes in the northeasterly direction, conveying most flows via subsurface infiltration from the ridge 

beyond the quarry down to the Raging River.   

Upstream Tributary Analysis  

The project site does not have a significant upstream tributary area.  The extent of the basin is just 

beyond the property line to the northwest.  

Field Investigation  

The site is comprised of varying surface types and boundary conditions.  The mine itself is bowl-shaped, 

situated in the north central region of the project site. There is a service road and vehicular bridge 

connecting the mining operation to Preston-Fall City Road, over the Raging River. The Raging River 

creates the easterly border of the site.  The central and south central areas are predominately forested 

regions, yet to be mined. Along the northern boundary, the site contains reclaimed, or reforested, lands 

from previous mining operations.  Nestled along the northwesterly border there are two wetlands that 

have been identified, flagged, and mapped.  There is one identified stream (seasonal, non-fish bearing) 

on King County’s iMap in the southern parcel. The stream course bisects the southern parcel, flowing 

easterly towards the Raging River.  The topography generally slopes from the west to the east, 

consistent with the overall stormwater conveyance.   

Downstream Tributary Analysis  

Onsite the tributaries can be listed as: storm events, the two identified wetlands, and the seasonal 

stream. These tributaries extend across the property from the east to the west, conveying flows in a 

sub-surface manner towards the Raging River.  The project site occupies 0.25% (less than 15%) of the 

Raging River Sub-Basin, therefore an assessment of a quarter-mile flowpath beyond the project site is 

required.  

The following pages show photos of the upstream/downstream path.  
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Raging River Rock Quarry: The mining operation, 

looking at the bowl-like shape.  

  
  

Culvert Conveyance: The mining operation conveying 

storm waters towards the settling/detention ponds.  

   
Ponds A-C: Stormwater settling in the first of three 

ponds that parallel the drive aisle.  

  
  

Pond D: Storm water settling in Pond D.  
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Pond E: Storm water detention Pond E.   

  
  

Discharge after Pond H: Culvert discharge after the 

series of settling/detention ponds, directed towards 

the 200-foot river setback.  

 

  

Raging River: A view looking north under the vehicle 

bridge along the Raging River, stabilized bank.   

 
  

  

Raging River: A view looking south under the vehicle 
bridge along the Raging River, stabilized bank.  
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TASK 4 Drainage System Description and Problem Description  
  

See the Resource Review & Offsite Analysis Documentation in Appendix B, and further explanation in 

Task 5, below.   

TASK 5 Mitigation of Existing and Potential Problems  
  

Downstream Drainage Problems Requiring Special Attention  

Type 1 – Conveyance System Nuisance Problems  

There is a conveyance system nuisance problem along the Raging River.  As indicated in the Snoqualmie 

Watershed Water Quality Synthesis Report, “the Raging River is a very dynamic river with an active 

channel during high-flow events. The gradient is relatively steep and the slopes of the river are prone to 

landslides… Landslides and bank erosion due to road building and other activities can alter the width 

and shape of the river channel, resulting in a wider, shallower channel…”  

Type 2 – Severe Erosion Problems  

There are no known, reported or observed current downstream severe erosion problems. The 

Snoqualmie Watershed Water Quality Synthesis Report does indicate that the Raging River suffers from 

bank erosion due to road building and other activities, as discussed in Type 1.  

Type 3 – Severe Flooding Problems  

There are no known, reported or observed current downstream severe flooding problems.   

Downstream Water Quality Problems Requiring Special Attention  

The current EPA approved Water Quality Assessment 303(d) list for Washington State and the 

Snoqualmie Watershed Water Quality Synthesis Report (dated January 2009) were reviewed for each of 

the seven downstream water quality problem types to a distance of one mile downstream of the project 

site. The following discussion includes reference to the updated 303(d) list of impaired water bodies.  

  

Type 1 – Bacteria Problems  

The project site drains to Raging River, which is a category 4A for bacteria on the 303(d) list.  A category 

4A indicates that the water body has an approved total maximum daily load (TMDL) that is actively 

being implemented.  The Synthesis Report listed fecal coliform in the Raging River as a basin of concern 

with minor failure to meet standards, in some cases localized problem only.  
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RAGING RIVER ROCK QUARRY  
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Figure 3-3: Current Water Quality Conditions (Fecal Coliform Bacteria Levels)  
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Type 2 – Dissolved Oxygen (DO) Problems  

Raging River is listed as a Category 2 on the impaired water body list for dissolved oxygen, not enough to 

require production of a water quality improvement (WQI) project at this time.  The Synthesis Report 

does not list dissolve oxygen as an impairment nor a concern.  

 

  

Figure 3-4: Current Water Quality Conditions (Dissolved Oxygen Levels)  

Type 3 – Temperature Problems  
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Raging River is listed as a Category 5 or on the impaired water body list for temperature.  A category 5 

indicates that the waters require a TMDL, known as the 303(d) list.  The Synthesis Report listed high 

temperatures in the Raging River as an impaired violation of state standards or failure to meet TMDL 

guidelines, as applicable.   

  

Figure 3-5: Current Water Quality Conditions (Temperature Levels)  
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Type 4 – Metals Problems  

There are no known or reported downstream metals problems.    

Type 5 – Phosphorous Problems  

There are no known or reported downstream phosphorous problems.    

Type 6 – Turbidity Problems  

There are no known or reported downstream turbidity problems.    
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   RAGING RIVER ROCK QUARRY    

Type 7 – High pH Problems  

Raging River is listed as a Category 5 on the impaired water body list for pH problems.  A Category 5 

indicates that the waters require a TMDL, known as the 303(d) list.  The Synthesis Report listed high pH 

in the Raging River as an impaired violation of state standards or failure to meet TMDL guidelines, as 

applicable.   

  

Figure 3-6: Current Water Quality Conditions (pH Levels)  
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SECTION4:FLOWCONTROLANDWATERQUALITYDESIGN 

4.1PerformanceStandards 

Allstormwaterfacilitieswillbedesignedinaccordancewiththe2009KingCountySurfaceWaterDesign 

Manual(KCSWDM)withConservationFlowControlStandards. 

 

FlowControl:ConservationFlowControlStandard 

TheConservationFlowControlStandardrequiresmaintainingthedurationsofhighflowsattheirpreͲ 

developmentlevelsforallflowsgreaterthanoneͲhalfofthe2Ͳyearpeakflowthroughthe50Ͳyearpeak 

flow.ThepreͲdevelopmentpeakflowratesforthe2Ͳyearand10Ͳyearrunoffeventsmustalsobe 

maintainedunderthisrequirement.Wehaveassumedhistoricsiteconditionsasthepredeveloped conditions. 

 

FlowControl 

Presettlingfacilitiesandinfiltrationpondsareproposedforalltargetsurfacesonsitetomeetthe 

conservationflowcontrolstandard.PresettlingcalculationsareincludedinSection4.4. 

KCRTSinputandoutputdocumentationisincludedinSection4.3. 

WaterQuality 

TheBasicWaterQualitymenuisapplied,inourcase,outsidethedrainagebasinofthesensitivelakesor 

sphagnumbogwetlands.TheBasicWaterQualityMenuincludesonepollutantremovaltargets: 

x TotalSuspendedSolids=80%reduction 

TheBasicWaterQualityMenu,describedindetailinSection6.1.1ofthe2009KCSWDM(page6Ͳ4), 

provideseight(8)optionstomeetthepollutantremovaltargetslistedabove. 

x Option1:BiofiltrationSwale x 

Option2:FilterStrip 

x Option3:Wetpond 

x Option4:Wetvault x Option5:StormwaterWetland x 

Option6:CombinedDetentionandWetpoolFacilities x 

Option7:SandFilter x Option8:Stormfilter 

 

4.2BasinModeling 

4.2.1ExistingConditions 

Theprojectsiteiscurrentlyaminingoperation,andhasbeensincethe1930s.Theentireproperty 

consistsof50.23acresandaportionofthesitehasbeenclearedandexcavatedunderpreviousmining 
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operations. Since the project proposes to fully infiltrate all the runoff up to the 100-year storm event, 

matching the predeveloped peaks and durations is not necessary.  

  

4.2.2 Developed Conditions  

  

The developed site area will change overtime depending on the clearing and excavation required for 

mining. Therefore, the existing infiltration ponds in the northeast corner of the site have been modeled 

to determine the maximum area of clearing that can be fully infiltrated up to the 100-year storm event. 

The stormwater runoff from the site will be directed to pre-settling cells before entering the infiltration 

ponds per Section 5.4.1 of the 2009 KCSWDM. Sizing for the pre-settling ponds can be found later in this 

section. A maximum area of 32 acres was found to fully infiltrate up to the 100-year storm event and 

was used as the developed area. The corresponding infiltration pond calculations are included in the 

next section.  

MAXIMUM BASIN SIZE (10001_Dev.tsf)  
Total Area = 32.0 acres  

GROUND COVER  AREA(acres)  

Outwash-Pasture  32.0  
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4.3  Flow Control Modeling  
  

Using KCRTS as the continuous runoff model the site was designed to fully infiltrate all runoff up to the 

100-year storm event. Note: Proposed flow control is 100% infiltration of developed runoff, so that there 

are no developed surface flows leaving the site, and matching release rates are moot in such case. The 

existing infiltration ponds were surveyed in order to get the volumes for modeling. A 10 percent factor 

of safety was added to the measured pond in the field for modeling. The table below summarizes the 

infiltration ponds. Refer to the developed conditions exhibit above for the location and naming 

convention of the ponds.  

  

Infiltration Pond  Measured Volume (CF)  Modeled Volume (CF)  

Pond D  2,376  2,133  

Pond E  8,208  7,331  

Pond F  3,429  3,042  

Pond G-H  4,995  4,405  

Total  19,008  16,911  

  

The sites infiltration rates and sub surface conditions were documented by The Riley Group. The 

following calculations and assumptions have been summarized from the geotechnical report. Refer to 

Appendix E for the full geotechnical report calculations and infiltration rate testing. The infiltration rates 

were measured over three infiltration tests near the existing infiltration ponds. An average infiltration 

rate was determined to be 80 inches/hour for the site. In order to conservatively model the infiltration 

ponds, correction factors were applied to the field measure infiltration rate. Using the “Simplified 

method” in section 5.4.1 of the 2009 KCSWDM, a long term design infiltration rate was determined.  

ௗ௘௦ܫ ௘௘௘ = ܫௗௗௗ௘௘௘௘ௗ ×ܫ௧௘௦ ௧௘௘௘ ×ܫௗௗௗௗௗ௧௘௬ 

   :ௗௗ௨௘௘௘௘௘ Whereܫ×

ௗ௘௦ܫ ௘௘௘ = design infiltration rate  

 ௗௗௗ௘௘௘௘ௗ = field measured infiltration rate (80 in/hr)ܫ

௧௘௦ܫ ௧௘௘௘ = accounts for uncertainties in testing methods 

(0.5)  

 ௗௗௗௗௗ௧௘௬ = accounts for facility geometry and ground water influences (0.25)ܫ

 ௗௗ௨௘௘௘௘௘ = based on soil type, accounts for reduction in infiltration rate over timeܫ

(1.0)  

  

ௗ௘௦ܫ ௘௘௘ = 10 in/hr  

  

    

The following table displays the infiltration rates used for modeling in KCRTS. Ground water was not 

encountered up to a depth of 8 feet from the bottom of the infiltration ponds.  
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Infiltration Type  
Long Term Infiltration 

Rate(in/hr)  

Modeled Infiltration 

Rate(min/in)  

Infiltration Pond  10  6  

  

The KCRTS outputs (developed flow frequency analysis and infiltration pond files) are included below. 

The outflow time series from the ponds are routed to the next downstream pond (rdout.pks). The 

infiltration pond outflow (Pond_G-H_rdout.tsf) for the last infiltration pond G-H, shows all the flows up 

to the 100-year storm event are fully infiltrated; the full KCRTS input files are included in Appendix D.   
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C:\KC_SWDM\KC_DATA\ 
[C] CREATE a new Time Series 

LA 
0.00       0.00       0.000000  Till Forest 
0.00       0.00       0.000000  Till Pasture 
0.00       0.00       0.000000  Till Grass 
0.00       0.00       0.000000  Outwash Forest 

32.00       0.00       0.000000  Outwash Pasture 
0.00       0.00       0.000000  Outwash Grass 
0.00       0.00       0.000000  Wetland 

 0.00       0.00 0.000000  Impervious 
10001_Dev.tsf 
T 

1.20000 

Flow Frequency Analysis 
Time Series File:10001_dev.tsf 
Project Location:Landsburg 

---Annual Peak Flow Rates--- -----Flow Frequency Analysis------Flow Rate  

Rank  Time of Peak - - Peaks - - Rank  Return  Prob 
(CFS)                                (CFS)             Period 

 1.35      2   2/09/01  2:00 2.87         1  100.00   0.990 
 0.008      7   1/13/02 16:00          1.35 2   25.00   0.960 

0.639      3   3/06/03  1:00         0.639         3   10.00   0.900 
0.008      8   2/10/04 15:00         0.411         4    5.00   0.800 
0.411      4   1/27/05  9:00         0.231         5    3.00   0.667 
0.231      5   2/25/06  2:00         0.151         6    2.00   0.500 
0.151      6  11/23/06 21:00         0.008         7    1.30   0.231 
2.87      1   1/09/08  7:00         0.008         8    1.10   0.091 

Computed Peaks                           2.37 50.00   0.980 

  

  

Infiltration Pond D  

Retention/Detention Facility 

Type of Facility: Infiltration Pond D 
Side Slope:        2.00  H:1V 

Pond Bottom Length:       60.00  ft 
Pond Bottom Width:        8.00  ft 
Pond Bottom Area:      480.    sq. ft 

Top Area at 1 ft. FB:     1628.    sq. ft 
0.037 acres 

Effective Storage Depth:        2.50  ft 
Stage 0 Elevation:        0.00  ft 

Storage Volume:     2133. cu. ft 

0.049 ac-ft 
Vertical Permeability:        6.00  min/in 

Permeable Surfaces: Bottom 
Riser Head:        2.50  ft 

Riser Diameter:       18.00  inches 
Top Notch Weir: None 

Outflow Rating Curve: None 
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Stage     Elevation      Storage       Discharge  Percolation    Surf  
Area 

(ft)       (ft)    (cu. ft)   (ac-ft)  (cfs)      (cfs)         (sq. ft) 
 0.00       0.00          0.     0.000  0.000      0.00 480. 

0.10       0.10         49.     0.001  0.000      0.11             507. 
0.20       0.20        102.     0.002  0.000      0.11             535. 
0.30       0.30        156.     0.004  0.000      0.11             563. 
0.40       0.40        214.     0.005  0.000      0.11             591. 
0.50       0.50        275.     0.006  0.000      0.11             620. 
0.60       0.60        338.     0.008  0.000      0.11             649. 

 0.70       0.70  405.     0.009  0.000      0.11             678. 
0.80       0.80        474.     0.011  0.000      0.11             708. 
0.90       0.90        546.     0.013  0.000      0.11             738. 
1.00       1.00        621.     0.014 0.000      0.11             768. 
1.10       1.10        700.     0.016  0.000      0.11             799. 
1.20       1.20        781.     0.018  0.000      0.11             829. 

 1.30       1.30        866.     0.020  0.000      0.11 861. 
1.40       1.40        953.     0.022  0.000      0.11             892. 
1.50       1.50       1044.     0.024  0.000      0.11             924. 
1.60       1.60       1138.     0.026  0.000      0.11             956. 

 1.70 1.70       1235.     0.028  0.000      0.11             989. 
1.80       1.80       1336.     0.031  0.000      0.11            1021. 
1.90       1.90       1440.     0.033  0.000      0.11            1055. 
2.00       2.00       1547.     0.036  0.000      0.11            1088. 
2.10       2.10       1657.     0.038  0.000      0.11            1122. 
2.20       2.20       1771.     0.041  0.000      0.11            1156. 

 2.30       2.30       1888.     0.043  0.000 0.11            1190. 
2.40       2.40       2009.     0.046  0.000      0.11            1225. 
2.50       2.50       2133.     0.049  0.000      0.11            1260. 
2.60       2.60       2261.     0.052  0.462      0.11            1295. 
2.70       2.70       2392.     0.055  1.310      0.11            1331. 
2.80       2.80       2527.     0.058  2.400      0.11            1367. 
2.90       2.90       2666.     0.061  3.700      0.11            1403. 
3.00       3.00       2808.     0.064  5.160      0.11            1440. 
3.10       3.10       2954.     0.068  6.590      0.11            1477. 
3.20       3.20       3103.     0.071  7.120      0.11            1514. 

 3.30       3.30  3257.     0.075  7.610      0.11            1552. 
3.40       3.40       3414.     0.078  8.070      0.11            1590. 
3.50       3.50       3575.     0.082  8.510      0.11            1628. 
3.60       3.60       3739.     0.086 8.920      0.11            1667. 
3.70       3.70       3908.     0.090  9.320      0.11            1705. 
3.80       3.80       4081.     0.094  9.700      0.11            1745. 

 3.90       3.90       4257.     0.098 10.070      0.11 1784. 
4.00       4.00       4437.     0.102 10.420      0.11            1824. 
4.10       4.10       4622.     0.106 10.760      0.11            1864. 
4.20       4.20       4810.     0.110 11.100      0.11            1905. 

 4.30 4.30       5003.     0.115 11.420      0.11            1945. 
4.40       4.40       5199.     0.119 11.730      0.11            1987. 
4.50       4.50       5400.     0.124 12.030      0.11            2028. 

 Hyd  Inflow    Outflow Peak             Storage 
Target    Calc  Stage   Elev   (Cu-Ft)    (Ac-Ft) 

1 0.67 *******    0.50  2.60    2.60      2266.      0.052 
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2 0.32 *******    0.00  1.93    1.93      1475.      0.034 
3 0.15 *******    0.00  0.24    0.24       126.      0.003 
4 0.10 *******    0.00  0.07    0.07        36.      0.001 
5 0.04 *******    0.00  0.03    0.03        13.      0.000 
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6 0.05 *******    0.00  0.02    0.02        12.      0.000 
7 0.00 *******    0.00  0.00    0.00         1.      0.000 
8 0.00 *******    0.00  0.00    0.00         1.      0.000 

---------------------------------- 
Route Time Series through Facility 

Inflow Time Series File:10001_dev.tsf 
Outflow Time Series File:Pond_D_rdout 

Inflow/Outflow Analysis 
Peak Inflow Discharge:       2.87 CFS at  7:00 on Jan  9 in Year 8 

Peak Outflow Discharge:       2.39 CFS at  8:00 on Jan  9 in Year 8 
Peak Reservoir Stage:       2.80  Ft 
Peak Reservoir Elev:       2.80  Ft 

 Peak Reservoir Storage: 2526.    Cu-Ft 
:       0.058 Ac-Ft 

Flow Frequency Analysis 
Time Series File:pond_d_rdout.tsf 
Project Location:Landsburg 

---Annual Peak Flow Rates--- -----Flow Frequency Analysis------Flow 

Rate  Rank  Time of Peak - - Peaks - - Rank  Return  Prob 
(CFS)                             (CFS)    (ft)        Period 

 1.04      2   2/09/01  3:00 2.39    2.80    1  100.00   0.990 
0.000      8   2/25/02 12:00       1.04    2.67    2   25.00   

0.960 
0.000      3   3/06/03  2:00      0.000    2.31    3   10.00   

0.900 
0.000      7   8/23/04 17:00      0.000    2.11    4    5.00   

0.800 
0.000      4   1/27/05 11:00      0.000    0.67    5    3.00   

0.667 
 0.000      5   2/25/06  3:00      0.000 0.27    6    2.00   0.500 

0.000      6  11/23/06 22:00      0.000    0.01    7    1.30   

0.231 
2.39      1   1/09/08  8:00      0.000    0.01    8    1.10   

0.091 Computed Peaks                        1.94    2.76        50.00   

0.980 
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Infiltration Pond E  

Retention/Detention Facility 

Type of Facility: Infiltration Pond E 
Side Slope:        2.00  H:1V 

Pond Bottom Length:       80.00  ft 
Pond Bottom Width:        9.00  ft 

 Pond Bottom Area: 720.    sq. ft 
Top Area at 1 ft. FB:     3162.    sq. ft 

0.073 acres 
Effective Storage Depth:        4.50  ft 

Stage 0 Elevation:        0.00  ft 
Storage Volume:     7331.    cu. ft 

0.168 ac-ft 
Vertical Permeability:        6.00  min/in 

Permeable Surfaces: Bottom & Sides 
Riser Head:        4.50  ft 

Riser Diameter:       18.00  inches 
Top Notch Weir: None 

Outflow Rating Curve: None 
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Stage     Elevation      Storage       Discharge  Percolation    Surf  
Area 

(ft)       (ft)    (cu. ft)   (ac-ft)  (cfs)      (cfs)         (sq. ft) 
0.00       0.00          0.     0.000  0.000      0.00             720. 
0.10       0.10         74.     0.002  0.000      0.17             756. 
0.20       0.20        151.     0.003  0.000      0.18             792. 
0.30       0.30        232.     0.005  0.000      0.19             828. 

 0.40       0.40  317.     0.007  0.000      0.20             865. 
0.50       0.50        405.     0.009  0.000      0.21             902. 
0.60       0.60        497.     0.011  0.000      0.22             939. 
0.70       0.70        593.     0.014 0.000      0.23             977. 
0.80       0.80        693.     0.016  0.000      0.23            1015. 
0.90       0.90        796.     0.018  0.000      0.24            1053. 

 1.00       1.00        903.     0.021  0.000      0.25 1092. 
1.10       1.10       1015.     0.023  0.000      0.26            1131. 
1.20       1.20       1130.     0.026  0.000      0.27            1170. 
1.30       1.30       1249.     0.029  0.000      0.28            1210. 

 1.40 1.40       1372.     0.031  0.000      0.29            1250. 
1.50       1.50       1499.     0.034  0.000      0.30            1290. 
1.60       1.60       1630.     0.037  0.000      0.31            1331. 
1.70       1.70       1765.     0.041  0.000      0.32            1371. 
1.80       1.80       1904.     0.044  0.000      0.33            1413. 
1.90       1.90       2047.     0.047  0.000      0.34            1454. 

 2.00       2.00       2195.     0.050  0.000 0.35            1496. 
2.10       2.10       2346.     0.054  0.000      0.36            1538. 
2.20       2.20       2502.     0.057  0.000      0.37            1581. 
2.30       2.30       2663.     0.061  0.000      0.38            1623. 
2.40       2.40       2827.     0.065  0.000      0.39            1667. 
2.50       2.50       2996.     0.069  0.000      0.40            1710. 
2.60       2.60       3169.     0.073  0.000      0.41            1754. 
2.70       2.70       3347.     0.077  0.000      0.42            1798. 
2.80       2.80       3529.     0.081  0.000      0.43            1842. 
2.90       2.90       3715.     0.085  0.000      0.44            1887. 
3.00       3.00       3906.     0.090  0.000      0.45            1932. 
3.10       3.10       4102.     0.094  0.000      0.46            1977. 
3.20       3.20       4302.     0.099  0.000      0.47            2023. 

 3.30       3.30  4506.     0.103  0.000      0.48            2069. 
3.40       3.40       4715.     0.108  0.000      0.49            2115. 
3.50       3.50       4929.     0.113  0.000      0.50            2162. 
3.60       3.60       5148.     0.118 0.000      0.51            2209. 
3.70       3.70       5371.     0.123  0.000      0.52            2256. 
3.80       3.80       5599.     0.129  0.000      0.53            2304. 

 3.90       3.90       5832.     0.134  0.000      0.54 2352. 
4.00       4.00       6069.     0.139  0.000      0.56            2400. 
4.10       4.10       6312.     0.145  0.000      0.57            2449. 
4.20       4.20       6559.     0.151  0.000      0.58            2497. 

 4.30 4.30       6811.     0.156  0.000      0.59            2547. 
4.40       4.40       7068.     0.162  0.000      0.60            2596. 
4.50       4.50       7331.     0.168  0.000      0.61            2646. 
4.60       4.60       7598.     0.174  0.462      0.62            2696. 
4.70       4.70       7870.     0.181  1.310      0.64            2747. 
4.80       4.80       8147.     0.187  2.400      0.65            2797. 

 4.90       4.90       8429.     0.194  3.700 0.66            2849. 
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5.00       5.00       8717.     0.200  5.160      0.67            2900. 
5.10       5.10       9009.     0.207  6.590      0.68            2952. 
5.20       5.20       9307.     0.214  7.120      0.70            3004. 
5.30       5.30       9610.     0.221  7.610      0.71            3056. 
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5.40       5.40       9918.     0.228  8.070      0.72            

3109. 
5.50       5.50      10232.     0.235  8.510      0.73            

3162. 
5.60       5.60      10551.     0.242  8.920      0.74            

3215. 
5.70       5.70      10875.     0.250  9.320      0.76            

3269. 
5.80       5.80      11205.     0.257  9.700      0.77            

3323. 
 5.90       5.90  11540.     0.265 10.070      0.78            3377. 

6.00       6.00      11880.     0.273 10.420      0.79            

3432. 
6.10       6.10      12226.     0.281 10.760      0.81            

3487. 
6.20       6.20      12577.     0.289 11.100      0.82            

3542. 
6.30       6.30      12934.     0.297 11.420      0.83            

3598. 
6.40       6.40      13297.     0.305 11.730      0.85            3654. 

6.50       6.50      13665.     0.314 12.030      0.86 3710. 

Hyd  Inflow    Outflow         Peak             Storage 
Target    Calc  Stage   Elev   (Cu-Ft)    (Ac-Ft) 

1 0.50 *******    0.00  1.54    1.54      1546.      0.035 
2 0.00 *******    0.00  0.00    0.00         0.      0.000 
3 0.00 *******    0.00  0.00    0.00         0.      0.000 
4 0.00 *******    0.00  0.00    0.00         0.      0.000 
5 0.00 *******    0.00  0.00    0.00         0.      0.000 
6 0.00 *******    0.00  0.00    0.00         0.      0.000 
7 0.00 *******    0.00  0.00    0.00         0.      0.000 
8 0.00 *******    0.00  0.00    0.00         0.      0.000 

---------------------------------- 
Route Time Series through Facility 

Inflow Time Series File:pond_d_rdout.tsf 
Outflow Time Series File:Pond_E_rdout 

Inflow/Outflow Analysis 
Peak Inflow Discharge:       2.39 CFS at  8:00 on Jan  9 in Year 8 

Peak Outflow Discharge:       1.68 CFS at  8:00 on Jan  9 in Year 8 
Peak Reservoir Stage:       4.73  Ft 
Peak Reservoir Elev:       4.73  Ft 

Peak Reservoir Storage:    7965.    Cu-Ft 
:       0.183 Ac-Ft 

Flow Frequency Analysis 
Time Series File:pond_e_rdout.tsf 
Project Location:Landsburg 

---Annual Peak Flow Rates--- -----Flow Frequency Analysis------Flow Rate  

Rank  Time of Peak - - Peaks - - Rank  Return  Prob 
(CFS)                             (CFS)    (ft)        Period 
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0.000      2   2/09/01  5:00 1.68    4.73    1  100.00   0.990 0.000

 3  10/01/01  0:00      0.000    3.92    2   25.00   0.960 0.000      

4  10/01/02  0:00      0.000    0.00    3   10.00   0.900 
0.000      5  10/01/03  0:00      0.000    0.00    4    5.00   0.800 

0.000      6  10/01/04  0:00      0.000    0.00 5    3.00   0.667 
0.000      7  10/01/05  0:00      0.000    0.00    6    2.00   0.500 
0.000      8  10/01/06  0:00      0.000    0.00    7    1.30   0.231 
1.68      1   1/09/08  8:00      0.000    0.00    8    1.10   0.091 

Computed Peaks 1.12    4.68        50.00   0.980 
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Infiltration Pond F  

Retention/Detention Facility 

Type of Facility: Infiltration Pond F 
Side Slope:        2.00  H:1V 

Pond Bottom Length:       50.00  ft 
Pond Bottom Width:        2.00  ft 
Pond Bottom Area:      100.    sq. ft 

Top Area at 1 ft. FB:     1728.    sq. ft 
0.040 acres 

Effective Storage Depth:        4.50  ft 
Stage 0 Elevation:        0.00  ft 

Storage Volume:     3042.    cu. ft 

0.070 ac-ft 
Vertical Permeability:        6.00  min/in 

Permeable Surfaces: Bottom & Sides 
Riser Head:        4.50  ft 

 Riser Diameter: 18.00  inches 
Top Notch Weir: None 

Outflow Rating Curve: None 

Stage     Elevation      Storage       Discharge  Percolation    Surf  
Area 

(ft)       (ft)    (cu. ft)   (ac-ft)  (cfs)      (cfs)         (sq. ft) 
0.00       0.00          0.     0.000  0.000      0.00             100. 
0.10       0.10         11.     0.000  0.000      0.03             121. 
0.20       0.20         24.     0.001  0.000      0.03             142. 

 0.30       0.30  40.     0.001  0.000      0.04             164. 
0.40       0.40         57.     0.001  0.000      0.04             186. 
0.50       0.50         77.     0.002  0.000      0.05             208. 
0.60       0.60         99.     0.002  0.000      0.05             231. 
0.70       0.70        123.     0.003  0.000      0.06             253. 
0.80       0.80        149.     0.003  0.000      0.06             277. 

 0.90       0.90  178.     0.004  0.000      0.07             300. 
1.00       1.00        209.     0.005  0.000      0.07             324. 
1.10       1.10        243.     0.006  0.000      0.08             348. 
1.20       1.20        279.     0.006 0.000      0.09             373. 
1.30       1.30        318.     0.007  0.000      0.09             397. 
1.40       1.40        359.     0.008  0.000      0.10             423. 

 1.50       1.50        402.     0.009  0.000      0.10 448. 
1.60       1.60        448.     0.010  0.000      0.11             474. 
1.70       1.70        497.     0.011  0.000      0.12             500. 
1.80       1.80        548.     0.013  0.000      0.12             526. 

 1.90 1.90        602.     0.014  0.000      0.13             553. 
2.00       2.00        659.     0.015  0.000      0.13             580. 
2.10       2.10        718.     0.016  0.000      0.14             607. 
2.20       2.20        780.     0.018  0.000      0.15             635. 
2.30       2.30        845.     0.019  0.000      0.15             663. 
2.40       2.40        913.     0.021  0.000      0.16             691. 

 2.50       2.50        983.     0.023  0.000 0.17             720. 
2.60       2.60       1057.     0.024  0.000      0.17             749. 
2.70       2.70       1133.     0.026  0.000      0.18             778. 
2.80       2.80       1212.     0.028  0.000      0.19             808. 
2.90       2.90       1295.     0.030  0.000      0.19             838. 
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3.00       3.00       1380.     0.032  0.000      0.20             868. 
3.10       3.10       1468.     0.034  0.000      0.21             899. 
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3.20       3.20       1560.     0.036  0.000      0.22             929. 
3.30       3.30       1654.     0.038  0.000      0.22             961. 
3.40       3.40       1752.     0.040  0.000      0.23             992. 
3.50       3.50       1853.     0.043  0.000      0.24            1024. 
3.60       3.60       1957.     0.045  0.000      0.24            1056. 
3.70       3.70       2064.     0.047  0.000      0.25            1089. 

 3.80       3.80  2174.     0.050  0.000      0.26            1121. 
3.90       3.90       2288.     0.053  0.000      0.27            1155. 
4.00       4.00       2405.     0.055  0.000      0.28            1188. 
4.10       4.10       2526.     0.058 0.000      0.28            1222. 
4.20       4.20       2650.     0.061  0.000      0.29            1256. 
4.30       4.30       2777.     0.064  0.000      0.30            1290. 

 4.40       4.40       2908.     0.067  0.000      0.31 1325. 
4.50       4.50       3042.     0.070  0.000      0.31            1360. 
4.60       4.60       3180.     0.073  0.462      0.32            1395. 
4.70       4.70       3321.     0.076  1.310      0.33            1431. 

 4.80 4.80       3466.     0.080  2.400      0.34            1467. 
4.90       4.90       3615.     0.083  3.700      0.35            1503. 
5.00       5.00       3767.     0.086  5.160      0.36            1540. 
5.10       5.10       3923.     0.090  6.590      0.37            1577. 
5.20       5.20       4082.     0.094  7.120      0.37            1614. 
5.30       5.30       4245.     0.097  7.610      0.38            1652. 

 5.40       5.40       4412.     0.101  8.070 0.39            1690. 
5.50       5.50       4583.     0.105  8.510      0.40            1728. 
5.60       5.60       4758.     0.109  8.920      0.41            1767. 
5.70       5.70       4937.     0.113  9.320      0.42            1805. 
5.80       5.80       5119.     0.118  9.700      0.43            1845. 
5.90       5.90       5306.     0.122 10.070      0.44            1884. 
6.00       6.00       5496.     0.126 10.420      0.45            1924. 
6.10       6.10       5690.     0.131 10.760      0.45            1964. 
6.20       6.20       5889.     0.135 11.100      0.46            2005. 
6.30       6.30       6091.     0.140 11.420      0.47            2045. 
6.40       6.40  6298.     0.145 11.730      0.48            2087. 

6.50       6.50       6509.     0.149 12.030      0.49            2128. 

Hyd  Inflow    Outflow         Peak             Storage 
Target    Calc  Stage   Elev   (Cu-Ft)    (Ac-Ft) 

1 0.00 *******    0.00  0.00    0.00         0.      0.000 
2 0.00 *******    0.00  0.00    0.00         0.      0.000 
3 0.00 *******    0.00  0.00    0.00         0.      0.000 
4 0.00 *******    0.00  0.00    0.00         0.      0.000 
5 0.00 *******    0.00  0.00    0.00         0.      0.000 
6 0.00 *******    0.00  0.00    0.00         0.      0.000 
7 0.00 *******    0.00  0.00    0.00         0.      0.000 
8 0.00 *******    0.00  0.00    0.00         0.      0.000 

---------------------------------- 
Route Time Series through Facility 

Inflow Time Series File:pond_e_rdout.tsf 
Outflow Time Series File:Pond_F_rdout 

Inflow/Outflow Analysis 
Peak Inflow Discharge:       1.68 CFS at  8:00 on Jan  9 in Year 8 

Peak Outflow Discharge:       1.25 CFS at  9:00 on Jan  9 in Year 8 
Peak Reservoir Stage:       4.69  Ft 
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Peak Reservoir Elev:       4.69  Ft 
Peak Reservoir Storage:    3311.    Cu-Ft 

:       0.076 Ac-Ft 
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Flow Frequency Analysis 
Time Series File:pond_f_rdout.tsf 
Project Location:Landsburg 

---Annual Peak Flow Rates--- -----Flow Frequency Analysis------Flow 

Rate  Rank  Time of Peak - - Peaks - - Rank  Return  Prob 
(CFS)                             (CFS)    (ft)        Period 

 0.000      2  10/01/00  0:00 1.25    4.69    1  100.00   0.990 
0.000      3  10/01/01  0:00      0.000    0.00    2   25.00   

0.960 
0.000      4  10/01/02  0:00      0.000    0.00    3   10.00   

0.900 
 0.000 5  10/01/03  0:00      0.000    0.00    4    5.00   0.800 

0.000      6  10/01/04  0:00      0.000    0.00    5    3.00   

0.667 
0.000      7  10/01/05  0:00      0.000    0.00    6    2.00   

0.500 
 0.000      8  10/01/06  0:00      0.000    0.00 7    1.30   0.231 

1.25      1   1/09/08  9:00      0.000    0.00    8    1.10   

0.091 Computed Peaks                       0.832    4.64        50.00   

0.980 
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Infiltration Pond G-H  

Retention/Detention Facility 

Type of Facility: Infiltration Pond G-H 
Side Slope:        2.00  H:1V 

Pond Bottom Length:       82.00  ft 
Pond Bottom Width:        4.00  ft 
Pond Bottom Area:      328.    sq. ft 

Top Area at 1 ft. FB:     2448.    sq. ft 
0.056 acres 

Effective Storage Depth:        4.00  ft 
Stage 0 Elevation:        0.00  ft 

Storage Volume:     4405.    cu. ft 

0.101 ac-ft 
Vertical Permeability:        6.00  min/in 

Permeable Surfaces: Bottom & Sides 
Riser Head:        4.00  ft 

Riser Diameter:       18.00  inches 
Top Notch Weir: None 

Outflow Rating Curve: None 

Stage     Elevation      Storage       Discharge Percolation    Surf  
Area 

(ft)       (ft)    (cu. ft)   (ac-ft)  (cfs)      (cfs)         (sq. ft) 
0.00       0.00          0.     0.000  0.000      0.00             

328. 
0.10       0.10         35.     0.001  0.000      0.08             

363. 
0.20       0.20         73.     0.002  0.000      0.09             

397. 
0.30       0.30        114.     0.003  0.000      0.10             

433. 
0.40       0.40        159.     0.004  0.000      0.11             

468. 
0.50       0.50        208.     0.005  0.000      0.12             

504. 
0.60       0.60        260.     0.006  0.000      0.13             

540. 
0.70       0.70        316.     0.007  0.000      0.13             

577. 
0.80       0.80        375.     0.009  0.000      0.14             

613. 
0.90       0.90        438.     0.010  0.000      0.15             

651. 
1.00       1.00        505.     0.012  0.000      0.16             

688. 
1.10       1.10        576.     0.013  0.000      0.17             

726. 
1.20       1.20        651.     0.015  0.000      0.18             

764. 
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1.30       1.30        729.     0.017  0.000      0.19             802. 
 1.40       1.40 811.     0.019  0.000      0.19             841. 

1.50       1.50        897.     0.021  0.000      0.20             880. 
1.60       1.60        987.     0.023  0.000      0.21             919. 
1.70       1.70       1081.     0.025 0.000      0.22             959. 
1.80       1.80       1179.     0.027  0.000      0.23             999. 
1.90       1.90       1281.     0.029  0.000      0.24            1039. 

 2.00       2.00       1387.     0.032  0.000      0.25 1080. 
2.10       2.10       1497.     0.034  0.000      0.26            1121. 
2.20       2.20       1611.     0.037  0.000      0.27            1162. 
2.30       2.30       1729.     0.040  0.000      0.28            1204. 
2.40       2.40       1852.     0.043  0.000      0.29            1246. 
2.50       2.50       1978.     0.045  0.000      0.30            1288. 
2.60       2.60       2109.     0.048  0.000      0.31            1331. 
2.70       2.70       2245.     0.052  0.000      0.32            1373. 
2.80       2.80       2384.     0.055  0.000      0.33            1417. 
2.90       2.90       2528.     0.058  0.000      0.34            1460. 

 3.00       3.00       2676.     0.061  0.000 0.35            1504. 
3.10       3.10       2829.     0.065  0.000      0.36            1548. 
3.20       3.20       2986.     0.069  0.000      0.37            1593. 
3.30       3.30       3147.     0.072  0.000      0.38            1637. 
3.40       3.40       3313.     0.076  0.000      0.39            1683. 
3.50       3.50       3484.     0.080  0.000      0.40            1728. 
3.60       3.60       3659.     0.084  0.000      0.41            1774. 
3.70       3.70       3838.     0.088  0.000      0.42            1820. 
3.80       3.80       4023.     0.092  0.000      0.43            1866. 
3.90       3.90       4212.     0.097  0.000      0.44            1913. 
4.00       4.00       4405.     0.101  0.000      0.45            1960. 
4.10       4.10       4604.     0.106  0.462      0.46            2007. 
4.20       4.20       4807.     0.110  1.310      0.48            2055. 

 4.30       4.30  5015.     0.115  2.400      0.49            2103. 
4.40       4.40       5227.     0.120  3.700      0.50            2151. 
4.50       4.50       5445.     0.125  5.160      0.51            2200. 
4.60       4.60       5667.     0.130 6.590      0.52            2249. 
4.70       4.70       5895.     0.135  7.120      0.53            2298. 
4.80       4.80       6127.     0.141  7.610      0.54            2348. 

 4.90       4.90       6364.     0.146  8.070      0.56 2398. 
5.00       5.00       6607.     0.152  8.510      0.57            2448. 
5.10       5.10       6854.     0.157  8.920      0.58            2499. 
5.20       5.20       7106.     0.163  9.320      0.59            2549. 

 5.30 5.30       7364.     0.169  9.700      0.60            2601. 
5.40       5.40       7627.     0.175 10.070      0.61            2652. 
5.50       5.50       7894.     0.181 10.420      0.63            2704. 
5.60       5.60       8167.     0.187 10.760      0.64            2756. 
5.70       5.70       8446.     0.194 11.100      0.65            2809. 
5.80       5.80       8729.     0.200 11.420      0.66            2861. 
5.90       5.90       9018.     0.207 11.730 0.67            2915. 6.00       

6.00       9312.     0.214 12.030      0.69            2968. 

Hyd  Inflow    Outflow         Peak             Storage 
Target    Calc  Stage   Elev   (Cu-Ft)    (Ac-Ft) 

1    0.00 *******    0.00  0.00 0.00         0.      0.000 

2    0.00 *******    0.00  0.00    0.00         0.      0.000 
3 0.00 *******    0.00  0.00    0.00         0.      0.000 
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4 0.00 *******    0.00  0.00    0.00         0.      0.000 
5 0.00 *******    0.00  0.00    0.00         0.      0.000 
6 0.00 *******    0.00  0.00    0.00         0.      0.000 
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7 0.00 *******    0.00  0.00    0.00         0.      0.000 
8 0.00 *******    0.00  0.00    0.00         0.      0.000 

---------------------------------- 
Route Time Series through Facility 

Inflow Time Series File:pond_f_rdout.tsf 
Outflow Time Series File:Pond_G-H_rdout 

Inflow/Outflow Analysis 
Peak Inflow Discharge:       1.25 CFS at  9:00 on Jan  9 in Year 8 

Peak Outflow Discharge:      0.000 CFS at 10:00 on Jan  9 in Year 8 
Peak Reservoir Stage:       3.46  Ft 
Peak Reservoir Elev:       3.46  Ft 

Peak Reservoir Storage:    3408.    Cu-Ft 
:       0.078 Ac-Ft 

Flow Frequency Analysis 
Time Series File:pond_g-h_rdout.tsf 
Project Location:Landsburg 

---Annual Peak Flow Rates--- -----Flow Frequency Analysis------Flow 

Rate  Rank  Time of Peak - - Peaks - - Rank  Return  Prob 
(CFS)                             (CFS)    (ft)        Period 

 0.000      2  10/01/00  0:00 0.000    3.46    1  100.00   0.990 
0.000      3  10/01/01  0:00      0.000    0.00    2   25.00   0.960 
0.000      4  10/01/02  0:00      0.000    0.00    3   10.00   0.900 
0.000      5  10/01/03  0:00      0.000    0.00    4    5.00   0.800 
0.000      6  10/01/04  0:00      0.000    0.00    5    3.00   0.667 
0.000      7  10/01/05  0:00      0.000    0.00    6    2.00   0.500 
0.000      8  10/01/06  0:00      0.000    0.00    7    1.30   0.231 
0.000      1   1/09/08 10:00      0.000    0.00    8    1.10   0.091 

Computed Peaks                       0.000    2.30        50.00   0.980  



 

 

 

4.4WaterQualityCalculations 

 

PresettlingPonds 

Step1:Identifyrequiredwetpondvolumefactor(f) 

Abasicwetpondrequiresavolumefactorof3. 

Step2:Determinerainfall(R)forthemeanannualstorm 

TherainfallforthemeanannualstormRisobtainedbylocatingtheprojectsiteonFigure6.4.1.Aand 

interpolatingbetweenisopluvials.Convertedtofeet.R=0.054’ 

Step3:Calculaterunoffformthemeanannualstorm(Vr)forthedevelopedsite 

Thelandcovertypesandassociatedareasforeachinthedevelopedprojectsiteareusedtocalculate 

theamountofrainfall,incubicfeet,thatrunsoffeachlandcovertype.Coefficientsspecifictothefour 

U.S.DepartmentofAgriculturesoilsurveycovercategoriesareweightedbythedrainageareasandthen 

multipliedbytherainfall,R,fromStep2. 

 Equation6Ͳ13 ௗ௥ ͻǤ௥ௗௗܫ௥ ௥ʹǤ௥ௗܫ௧௥ ௥௥Ǥ௥ௗܫ௧௥ ௥௥Ǥ௥ௗܫௗௗݔௗௗௗ 

 where  Vr=calculatedvolumeofrunofffrommeanannualstorm 

   Ai=areaofimpervioussurface(0sf) 

   Atg=areaoftillsoilcoveredwithgrass(0sf) 

   Atf=areaoftillsoilcoveredwithforest(0sf) 

   Ao=areaofoutwashsoilcoveredwithgrassorforest(1,393,920sf) 

   R=rainfallfrommeanannualstorm(0.054ft) 

UsingEquation6Ͳ13aboveandthelandcoverareasinthedevelopedbasincalculations,thevolumeof 

runofffromthemeanannualstormis752cubicfeet. 

Step4:Calculatewetpondvolume(Vb) 

Thenumbers/resultsfromthepreviousstepsareusedinEquation6Ͳ14(shownbelow)tocalculatethe 

requiredwetpondvolume. Equation6Ͳ14 ௗௗ ௗ ௗௗ௥ where 

 Vb=calculatedrequiredminimumwetpondvolume 

f=volumefactorfromStep1(3) 
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Vr=volumeofrunofffrommeanannualstorm(2,152cf) 

UsingEquation6Ͳ14aboveandtheresultsfromtheprevioussteps,therequiredminimumwepond 

volume,Vbis2,258cubicfeet. 

Theprovidedwetpondvolumeis5,028cubicfeet,withaminimumdepthof3feet. 
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SECTION 5: CONVEYANCE SYSTEM ANALYSIS AND DESIGN  
  

Sediment traps are small temporary ponding areas with an outlet used to collect and store sediment 

from sites cleared and/or graded during ongoing construction.  The Rock Quarry is an ongoing 

construction site susceptible to the degradation of soil banks.  Ponds ‘A’, ‘B’, and ‘C’ and designed to 

convey sediment laden stormwaters through the ponds, trapping the sediment, before conveying 

stormwaters to the infiltration ponds.   

The conveyance calculations for the sediment ponds are included in Appendix D.    
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SECTION 6: SPECIAL REPORTS AND STUDIES  
  

The geotechnical report by Riley Group is included in Appendix E.  
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SECTION 7: OTHER PERMITS  
  

A copy of the Grading Permit issued by King County is include in Appendix F.  

   



 

Core Design, Inc.  RAGING RIVER ROCK QUARRY  Page 47  

SECTION 8: ESC ANALYSIS AND DESIGN  
The site will utilize Appendix D of the 2009 KCSWDM and the standard design details from the 2012 

Stormwater Management Manual for Western Washington for the erosion and sedimentation control 

design. Below is a breakdown of how each require element is addressed:  

  

1) Mark Clearing Limits  

a. High Visibility Staking: BMP C103.  To establish the clearing limits, plastic, fabric, or metal fence 

may be used:  

i. At the boundary of sensitive areas, their buffers and other areas required to be left uncleared, 

and/or as necessary to control vehicle access onto the site.  

2) Establish Construction Access  

a. Stabilized Construction Entrance: BMP 105 (modified).  To reduce the amount of sediment 

transported onto paved roads by vehicles or equipment.  Paved construction entrance shall be 

stabilized and swept on a regular basis where traffic will be entering or leaving a construction 

site.  

3) Control Flow Rates  

a. Sediment Trap: BMP C240. A sediment trap is a small temporary ponding area with a gravel 

outlet (or culvert pipe) used to collect and store sediment from sites cleared and/or graded 

during construction.  

4) Install Sediment Controls  

a. Wattles: BMP C235. Wattles are temporary erosion and sediment control barriers consisting of 

straw, compost, or other material that is wrapped in biodegradable tubular plastic or similar 

encasing material.  They reduce the velocity and can spread the flow of rill and sheet runoff, and 

can capture and retain sediment.  

5) Stabilize Soils  

a. Temporary and Permanent Seeding: BMP C120.  Seeding reduces erosion by stabilizing exposed 

soils.  Well-established vegetative cover is one of the most effective methods of reducing erosion.  

6) Protects Slopes  

a. Temporary and Permanent Seeding: BMP C120.  Seeding reduces erosion by stabilizing exposed 

soils.  Well-established vegetative cover is one of the most effective methods of reducing erosion.  

7) Protects Drain Inlets  

a. Not applicable to this project.  

8) Stabilize Channels and Outlets  

a. Not applicable to this project.  

9) Concrete Pollutants  

a. Not applicable to this project.  

10) Control Dewatering  

a. Not applicable to this project.  

11) Maintain BMPs  

a. All BMPs will be maintained and repaired in accordance with BMP specifications.  
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SECTION 9: BOND QUANTITIES, FACILITY SUMMARIES, AND DECLARATION OF 

COVENANT  
  

This is a private operation with no proposed public improvements.  A bond quantities worksheet is not 

applicable for this project.  
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SECTION 10: OPERATIONS AND MAINTENANCE  
  

The Raging River Quarry will be responsible for the onsite maintenance and operations of the 

stormwater management systems.   
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Appendix A  
  

Parcel & Basin Information   
  

  

King County Parcel Report   

  

    

  

  



 

 

 



 

   

      

      

      

      

      

      

      

      

      

      

      

      

  



 

 

 



 

   

      

      

      

      

      

      

      

      

      

      

      

      

  



 

 

 



 

   

      

      

      

      

      

      

      

      

      

      

      

      

 



 

 

  
  
  

Appendix B  
  

Resource Review & Off-site Analysis Documentation  
  

FEMA Map (53033C0717 G)  

USDA NRCS Site Soils Map  

Sensitive Areas Map – King County iMap  

Drainage Complaint Table  

Raging River Impairments  

  

  

  

    

  

  



 

 

 



 

 

 1DWXUDO5HVRXUFHV :HE6RLO6XUYH\ 



 

 

 &RQVHUYDWLRQ6HUYLFH 1DWLRQDO&RRSHUDWLYH6RLO6XUYH\ 

  



 

 

6RLO0DS².LQJ&RXQW\$UHD:DVKLQJWRQDQG6QRTXDOPLH3DVV$UHD:DVKLQJWRQ3DUWVRI 
.LQJDQG3LHUFH&RXQWLHV 

 

0DS8QLW/HJHQG 
.LQJ&RXQW\$UHD:DVKLQJWRQ:$   

0DS8QLW6\PERO 0DS8QLW1DPH $FUHVLQ$2,  3HUFHQWRI$2, 

$N) $OGHUZRRGDQG.LWVDSVRLOV 

YHU\VWHHS 
   

0D 0L[HGDOOXYLDOODQG    

2Y) 2YDOOJUDYHOO\ORDPWR 

SHUFHQWVORSHV 
   

3F 3LOFKXFNORDP\ILQHVDQG    

6XEWRWDOVIRU6RLO6XUYH\$UHD    

7RWDOVIRU$UHDRI,QWHUHVW    

6QRTXDOPLH3DVV$UHD:DVKLQJWRQ3DUWVRI.LQJDQG3LHUFH&RXQWLHV:$ 

0DS8QLW6\PERO 0DS8QLW1DPH $FUHVLQ$2, 3HUFHQWRI$2, 

 3LOFKXFNORDP\ILQHVDQGWR 

SHUFHQWVORSHV 
  

6XEWRWDOVIRU6RLO6XUYH\$UHD   

7RWDOVIRU$UHDRI,QWHUHVW   
 1DWXUDO5HVRXUFHV :HE6RLO6XUYH\  
 &RQVHUYDWLRQ6HUYLFH 1DWLRQDO&RRSHUDWLYH6RLO6XUYH\ 3DJHRI 



 

 

 



 

 

 



 

 

DRAINAGECOMPLAINT 

 

 

 

 Complaint: #2009Ͳ1108 

ProblemType: FCR,FaciltyComplaint–Residential 

 Problem: MNM,NeedsMaintenance 

 DateClosed: 2/11/2010 

 

Thiscomplaintwasamaintenacecomplaintonaresidentiallot.Complaintwasaddressedandclosed. 

 

 

 

 

 

 



DRAINAGECOMPLAINT 

 

 

 

 

Complaint: #2006Ͳ0743 

ProblemType: FCR,FaciltyComplaint–Residential 

Problem: MNM,NeedsMaintenance 

DateClosed: 12/06/2006 

 

Thiscomplaintwasamaintenacecomplaintonaresidentiallot.Complaintwasaddressedandclosed. 

 

 

 

 

 



DRAINAGECOMPLAINT 

 

 

 

DRAINAGECOMPLAINT 

 

 
 

 

Complaint: #2009Ͳ0838 

ProblemType: FI,StormwaterMaintenanceFeeInvestigation 

Problem: REM,Remeassure 

DateClosed: 12/30/2009 

 

Thiscomplaintwasafeecomplaint.Complaintwasaddressedbyaremeausurementandclosed. 



 

 

 
 

 

Complaint: #2009Ͳ0763 

ProblemType: FI,StormwaterMaintenanceFeeInvestigation 

Problem: REM,Remeassure 

DateClosed: 12/30/2009 

 

Thiscomplaintwasafeecomplaint.Complaintwasaddressedbyaremeausurementandclosed. 

 

 

 

 

 



DRAINAGECOMPLAINT 

 

 

 
 

 

Complaint: #2009Ͳ0839 

ProblemType: FI,StormwaterMaintenanceFeeInvestigation 

Problem: REM,Remeassure 

DateClosed: 12/30/2009 

 

Thiscomplaintwasafeecomplaint.Complaintwasaddressedbyaremeausurementandclosed. 

 

 

 

 



DRAINAGECOMPLAINT 

 

 

 
 

 

Complaint: #1990Ͳ0069 

ProblemType: C,ActionRequest 

Problem: Erosion 

DateClosed: 1/26/1990 

 

Thiscomplaintwasanerosioncomplaint.Complaintwasaddressedandclosed.Thiscomplaintshows 

thatthereisanerosionpotential. 

 

 

 

 

 



DRAINAGECOMPLAINT 

 

 

 
 

 

Complaint: #1999Ͳ0643 

ProblemType: WQR,WaterQualityEngineeringReview 

Problem: Pipes 

DateClosed: 7/26/2009 

 

Thiscomplaintwasawaterqualitycomplaint.Thiscomplaintindicatesthatpipesweredischargingto 

RagingRiver.Complaintwasaddressedandclosed. 

 

 

 

 

 



DRAINAGECOMPLAINT 

 

 

 
 

 

Complaint: #1996Ͳ1001 

ProblemType: C,ActionRequest 

Problem: FLDG,Flooding(?) 

DateClosed: 5/16/1996 

 

Thiscomplaintappearstobefloodrelated.Complaintwasaddressedandclosed. 

 

 

 

 



DRAINAGECOMPLAINT 

 

 

 
 

 

Complaint: #2011Ͳ0820 

ProblemType: FIR,StormwaterFeeInvestigationReview 

Problem: SFTD,65/10Discount 

DateClosed: 5/10/2012 

 

Thiscomplaintappearstoberelatedtothefees.Complaintindicatesthataninquirywasmade, 

recipientwas/iseligibleforadicsount,butnoresponsewasreceived.Complaintwasaddressedand closed. 

 



 

 
 



 

 

  
  
  

Appendix C  
  

Vault Sizing  
  

KCRTS Hydrologic Soils Group Table (Table 3.2.2.B)  

Rainfall Region & Regional Scale Factor (Figure 3.2.2.A)  

Mean Annual Storm Precipitation (Figure 6.4.1.A)  

KCRTS Input File  

KCRTS Output Files  

  

    

  

  



 

 
 



 

 
 

SITE 



 

 

 



 

 

KCRTS INPUTS  

KCRTS Program...File Directory:  
C:\KC_SWDM\KC_DATA\ 
[C] CREATE a new Time Series 
LA 
       0.00       0.00       0.000000  Till Forest 
       0.00       0.00       0.000000  Till Pasture 
       0.00       0.00       0.000000  Till Grass 
      32.00       0.00       0.000000  Outwash Forest 
       0.00       0.00       0.000000  Outwash Pasture 
       0.00       0.00       0.000000  Outwash Grass 
       0.00       0.00       0.000000  Wetland 
       0.00       0.00       0.000000  Impervious 
10001_Predev.tsf 
 T  
    1.20000 
 T  
[T] Enter the Analysis TOOLS Module 
[P] Compute PEAKS and Flow Frequencies  
10001_predev.tsf 
10001_Predev.pks 
[R] RETURN to Previous Menu  
[C] CREATE a new Time Series 
LA 
       0.00       0.00       0.000000  Till Forest 
       0.00       0.00       0.000000  Till Pasture 
       0.00       0.00       0.000000  Till Grass 
       0.00       0.00       0.000000  Outwash Forest 
      32.00       0.00       0.000000  Outwash Pasture 
       0.00       0.00       0.000000  Outwash Grass 
       0.00       0.00       0.000000  Wetland 
       0.00       0.00       0.000000  Impervious 
10001_Dev.tsf 
 T  
    1.20000 
 T  
[T] Enter the Analysis TOOLS Module 
[P] Compute PEAKS and Flow Frequencies  
10001_dev.tsf 
10001_Dev.pks 

  
  
  

Appendix D  
  

  

  



 

 

Conveyance Calculations  
  

  

  
     



 

 

AppendixD:ConveyanceCalculations:TESC 

Forthepurposeofthesedimentponds,thesitecontainstwodrainagemanagementareas,the 
initialphaseandtheexpandedphase,totaling21.25acres.Theseareasbothconveyflows 
towardsthesedimentponds(Pond‘A’,Pond‘B’andPond‘C’).Thepondsaredesignedasa 
settlingmechanism,removingsediment,andsettlingsedimentladenwatersbefore discharging. 
 

Thecalculationsforthesizingoftheproposedsedimentpondsareincludedbelow.Theponds 
willbeutilizedasaretentionfacilitywithanemergencyoutfalldirectedtowardstheinfiltration 
ponds.ThesoilslocatedonͲsiteeffectivelyinfiltratestormwater. 
 

            Flow Frequency Analysis  
  Time Series File:10001_dev.tsf  
  Project Location:Landsburg  

  ---Annual Peak Flow Rates---      -----Flow Frequency Analysis-------  
 Flow Rate  Rank  Time of Peak       - - Peaks - -  Rank  Return  Prob  
   (CFS)                                (CFS)             Period  
    1.21      4   2/08/01 19:00          4.78         1  100.00   0.990  
   0.031      7   1/02/02 22:45          2.72         2   25.00   0.960  
    1.63      3   2/28/03 15:15          1.63         3   10.00   0.900  
   0.030      8   9/20/04  9:45          1.21         4    5.00   0.800  
    2.72      2   1/27/05  8:15         0.332         5    3.00   0.667  
   0.327      6   2/25/06  2:30         0.327         6    2.00   0.500  
   0.332      5  11/23/06 19:45         0.031         7    1.30   0.231  
    4.78      1   1/09/08  7:30         0.030         8    1.10   0.091  
Computed Peaks                           4.09             50.00   0.980 

 

 

Forthepurposeofthisreport,thevolumetricflowsfora32.00acredevelopmentwere 
analyzed.Toreducethevolumetrictosizethesedimentpondsfortheinitialphaseplusthe 
expandedphase(21.25acres),thefollowingreductionisapplied: 
 

21.25/32.00=0.664(reductionfactor) 
 

SizingFormulaDrySeason: 

SA=2xQ2year/0.00096or2080squarefeetpercfsofinflow 

 

 

(2080squarefeetpercfsofinflow)x(0.500cfs)x(0.664)=691squarefeetrequired 

 

SizingFormulaWetSeason: 

SA=2xQ10year/0.00096or2080squarefeetpercfsofinflow 

 

(2080squarefeetpercfsofinflow)x(0.900cfs)x(0664)=1,244squarefeetrequired 

 

Threebasins,totaling=1,676squarefeetachieved 
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1.0 Introduction  
 

The purpose of this evaluation was to assess infiltration rates and subsurface conditions in 

the existing Site stormwater ponds and a stormwater pond reserve area as designated by 

Core Design.  Our infiltration assessment focused on the area of nested and connected 

stormwater ponds northeast of the Site access road and scale house.  This area includes 

Pond D, Pond E, Pond F, Pond G, and Pond H, as well as the area reserved for future ponds, 

as necessary, as shown on Figure 2.  

RGI understands the Site stormwater ponds have existed for decades and have functioned 

well in managing/infiltrating Site stormwater runoff.  We also understand that the Site 

stormwater ponds in this area have an outfall from Pond H into the 200 foot buffer between 

mining operations and the Raging River.  The current Site owner indicated there has not 

been any stormwater outfall from Pond H to the river buffer during the history of Site 

operations with all of the stormwater infiltrating in the stormwater pond system.    

As part of an application to King County regarding continued quarrying at the site, the  

County requested a study to document infiltration rates in the existing stormwater ponds.  

2.0 Site Description  
 

The Site is comprised of three King County Tax Parcels 2224079011, 2224079033, and 

2224079035 accessed from Preston-Fall City Road, near Fall City, Washington.  The three 

tax parcels comprise an area of 51.2 acres.  The Site is currently occupied by an active rock 

quarry.       

3.0 Site Conditions  
 

3.1 SURFACE  

The Site is a rock quarry, located on the north side of the Raging River between Preston and 

Fall City, Washington.  Access to the Site is from Preston-Fall City Road with a paved access 

road to a wooden bridge which spans the Raging River, followed by additional paved road 

to the scale house located on the lower portion of the quarry.  Site slopes are generally to 

the east toward the Raging River between 6% and 140%.  Runoff from the upper active 

quarrying area sheet flows across the quarry area and is then intercepted by a series of 

ditches which ultimately discharge to the stormwater ponds (Ponds E through H).     
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3.2 GEOLOGY  

Review of the Geologic Map of the Fall City 7.5-Minute Quadrangle, King County, 

Washington by Joe Dragovich, et. al. (2007) indicates the bedrock at the quarry is Tukwila 

Formation, tuff (Evtt), which generally consists of andesitic tuff breccia.  Unconsolidated 

geologic units mapped in the area of the stormwater ponds include alluvial fan deposits 

(Qaf) and landslide deposits (Qls).    

3.3 SOILS  

In general, subsurface conditions in the stormwater pond area consists of a layer of brown 

fine to medium sand, approximately 8 to 10 feet thick, underlain by brown fine to coarse 

sand with gravel and cobbles.  Both the fine to medium sand and the underlying coarse 

sand with gravel and cobbles are interpreted to be alluvial fan deposits.  
  

Silty sand with a gravel was encountered in the infiltration test IT-2 excavation, completed 

in Pond F.  The coarser grained faction (gravel/cobbles) of the sediment appeared similar 

to the sediments described above, however the silt content of the finer grained faction 

(sand) was much higher.  This could be a depositional anomaly.  It might also be an 

accumulation of silt in the upper end of Pond F as the IT-1 excavation was in the north end 

of Pond F immediately down gradient of the inflow from Pond E.  

3.4 GROUNDWATER  

Groundwater was not encountered in any of the subsurface explorations completed in the 

stormwater pond area to the maximum depths of the excavations.  Test pits completed in 

Pond E, F, and G extended to a depth of approximately eight feet below the bottom of the 

ponds.  No signs of mottling, which could indicate seasonal high groundwater levels, were 

observed in the test pits completed in the pond bottoms.      

4.0 Field Explorations  
 

On July 20 and August 2, 2016, RGI oversaw the completion of three infiltration tests (IT-

1, IT-2, and IT-3) in the bottoms of Pond E (IT-1), Pond F (IT-2), and Pond G (IT-3), as shown 

on Figure 2.  RGI also observed the completion of test pits TP-1 and TP-2.  Test pit TP-1 

was completed in the reserve area for a future sediment/infiltration pond.  Test pit TP-2 

was completed in the bottom of Pond G.  Soil logs of subsurface conditions encountered 

in infiltration test pits (IT-1, IT-2, and IT-3) and test pits TP-1 and TP-2 are included in 

Attachment A.  

Infiltration test were conducted using a modified pilot infiltration test (PIT) methodology.  

An excavation as made at the infiltration test locations in the bottom of Pond E and Pond 

F and then water was introduced into the infiltration test pit.  A water level between 0.5 
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and 1 foot was maintained in the infiltration test pit to presoak the subsurface.  The 

infiltration rates were measured under falling head conditions after the presoaking 

period.    

Infiltration Test IT-1  

Infiltration test IT-1 was completed in the bottom of Pond E (Figure 2).  Subsurface 

conditions at the IT-1 location consist of brown fine to coarse sand with gravel and cobbles.    
  

Infiltration test IT-1 was conducted at a depth of approximately 2 feet below the bottom of 

Pond E.   The infiltration pit measured approximately four by four feet.  A staff gauge was 

placed in the base of the infiltration test pit to monitor water levels and water was 

introduced into the infiltration test pit.  A water level of at least 0.5 feet was maintained in 

the IT-1 during the soaking period.  Approximately 3,600 gallons of water were introduced 

into IT-1.  The field infiltration rate measured in IT-1 was approximately 85 inches/hour in 

the coarse sand and gravel in the bottom of Pond E.  
  

The infiltration test IT-1 pit was overexcavated at the end of the infiltration test.  Subsurface 

conditions included brown fine to coarse sand and gravel with cobbles to the depth 

excavated, approximately 8 feet below the bottom of Pond E.  Groundwater was not 

encountered in the IT-1 overexcavation and no signs of seasonal high groundwater 

(mottling) were observed.  
  

Infiltration Test IT-2  

Infiltration test IT-2 was completed in the bottom of Pond F (Figure 2).  Subsurface 

conditions at the IT-2 location consist of brown silty fine to coarse sand with gravel and 

cobbles.    
  

Infiltration test IT-2 was conducted at a depth of approximately 2 feet below the bottom of 

Pond F.   The infiltration pit measured approximately three by four feet.  A staff gauge was 

placed in the base of the infiltration test pit to monitor water levels and water was 

introduced into the infiltration test pit.  A water level of at least 0.5 feet was maintained in 

the IT-2 pit during the soaking period.  Approximately 500 gallons of water were introduced 

into IT-1.  The field infiltration rate measured in IT-2 was approximately 4 inches/hour.  
  

The infiltration test IT-2 pit was overexcavated at the end of the infiltration test.  Subsurface 

conditions included brown silty fine to coarse sand and gravel with cobbles to the depth 

excavated, approximately 7 feet below the bottom of Pond F.  Groundwater was not 

encountered in the IT-2 overexcavation and no signs of seasonal high groundwater 

(mottling) were observed.  
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Infiltration Test IT-3  

Infiltration test IT-3 was completed in the bottom of Pond G (Figure 2).  Subsurface 

conditions at the IT-3 location consist of brown silty fine to coarse sand with gravel and 

cobbles.    
  

Infiltration test IT-3 was conducted at a depth of approximately 3 feet below the bottom of 

Pond G.   The infiltration pit measured approximately three by four feet.  A staff gauge was 

placed in the base of the infiltration test pit to monitor water levels and water was 

introduced into the infiltration test pit.  A water level of at least 0.5 feet was maintained in 

the IT-3 pit during the soaking period.  Approximately 3,600 gallons of water were 

introduced into IT-3.  The field infiltration rate measured in IT-3 was approximately 150 

inches/hour.  
  

The infiltration test IT-3 pit was overexcavated at the end of the infiltration test.  Subsurface 

conditions included brown silty fine to coarse sand and gravel with cobbles to the depth 

excavated, approximately 8 feet below the bottom of Pond G.  Groundwater was not 

encountered in the IT-3 overexcavation and no signs of seasonal high groundwater 

(mottling) was observed.  

5.0 Laboratory Testing  
 

Samples of the infiltration receptor sediments from Ponds E, F and G, and from TP-1 in the 

reserve area were transported to our laboratory for grain size analysis. The results and 

descriptions of the laboratory tests are enclosed in Appendix B.   

Grain size analyses show good correlation with field measured infiltration rates.    

x The highest field measured infiltration rate of approximately 150 inches/hour in 

infiltration test IT-3 corresponds to a grain size analysis which determined the 

infiltration receptor sediment is a sandy gravel, with less than 3 percent fines (minus 

200).  

x The next highest field measured infiltration rate of approximately 85 inches/hour in 

infiltration test IT-1 corresponds to a grain size analysis which determined the 

infiltration receptor sediment is a gravely sand with less than 5 percent fines (minus 

200).  
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x The lowest field measured infiltration rate of approximately 3.6 inches/hour in 

infiltration test IT-2 corresponds to a grain size analysis which determined the 

infiltration receptor sediment is a silty sand with 25 percent fines (minus 200).  

x The grain-size analysis for the sediment sample from TP-1, in the future reserve area, 

shows a similar grain size distribution to the grain size analyses from IT-1 and IT-3.  

Grain-size analysis for the stormwater receptor sediments indicates a gravelly sand 

for IT-1 and a sandy gravel for IT-3.  The grain-size analysis for the stormwater 

receptor sediment in TP-1 indicates a well graded gravel with some sand with less 

than two percent fines.  

6.0 Design Infiltration Rate   
 

The “simplified method” described in Section 5.4.1 (KCSWDM, 2009) was used to evaluate 

a long-term design infiltration rate from the field measured rates using the modified PIT 

methodology.  The simplified methodology includes correction factors for uncertainties in 

testing, depth to groundwater or impervious layer, infiltration facility geometry, and 

potential reductions in permeability from biological activity or plugging with fines.  The 

simplified method estimates the maximum design infiltration rate.  

Simplified Method I design  

I design = I measured x F testing x F geometry x F plugging  

Where:  

 I design = design infiltration rate  

 I measured = field measured infiltration rate  

F testing:  F testing accounts for uncertainties in the testing method  

F geometry: F geometry accounts for the influence of the infiltration facility geometry and depth 

to ground water or an impervious layer on the infiltration rate.  

F plugging: F plugging accounts for potential reductions in infiltration rates over time due to the 

plugging of the pond surfaces.  

I measured  

I measured was an average of the three infiltration test completed in Pond E (IT-1), Pond F 

(IT-2) and Pond G (IT-3).    

Infiltration Test  Field Measured Rate  



Stormwater Infiltration Assessment    August 15, 2016  
Raging River Quarry, Fall City, Washington     RGI Project No. 2016-088A  
      

  Corporate Office    
  17522 Bothell Way Northeast    
  Bothell, Washington 98011  
  Phone 425.415.0551 Ƈ Fax 425.415.0311    
  

  www.riley-group.com  

IT-1      85 inches/hour  

IT-2      3.6 inches/hour  

IT-3      150 inches/hour  

An I measured = 80 inches/hour was used in the simplified method calculation   

F testing  

F testing per the KCSWDM 2009 dictates an F testing value of 0.30 for small scale (EPA method 

tests) and an F testing of 0.50 for large-scale modified PIT testing.  An F testing value of 0.50 

was used in the simplified method calculation.  

F geometry  

F geometry is determined by:   

F geometry = 4 D/W +0.05 Where:   

D = depth from the bottom of the proposed facility to the maximum wet-season water table 

or nearest impervious layer, whichever is less.  

W = width of facility  

Because the stormwater facilities are not a single facility but a series of elongated ponds 

separated by check dams with overflow and the fact neither groundwater or an impervious 

layer were encountered, estimating Fgeometry was difficult.  Therefore, we applied a 

conservative Fgeometry factor of 0.25.  

  

  

F plugging  

F plugging values are presented in the 2009 KCSWDM (pg 5-59) based on soil types.  A value 

of 1.0 was chosen for the coarse sands and cobbles in the pond bottoms and the fact the 

infiltration ponds are preceded by a water quality facility (settling pond).  

Simplified Method I design  

I design = I measured x F testing x F geometry x F plugging  

I design = (80 inches/hour) x (0.50) x (0.25) x (1.0)  
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I design = 10 inches/hour  

Based on the Site infiltration testing results and application of the KCSWDM simplified 

method a maximum design infiltration rate of 10 inches/hour was calculated for the coarse 

sand and gravel with cobbles stormwater receptor sediments in the stormwater pond area.   

7.0 Discussion  
 

RGI conducted three modified Pilot infiltration tests in the bottom of ponds E, F, and G.  

Based on our review of the field measured rates and application of the simplified method 

for evaluation field measured infiltration rates, we calculated a maximum long-term design 

infiltration rate of 10-inches/hour.  
  

Subsurface conditions observed in the field indicate the stormwater infiltration receptor 

sediments at the Site are a coarse sand and gravel with cobbles, interpreted to be alluvial 

fan deposits.  The grain-size analysis indicates the stormwater receptor sediment in the 

future reserve area is similar in composition to the stormwater receptor sediments in the 

bottom of Ponds E and G, as such we would expect similar infiltration rates.   
  

Indications of seasonal high groundwater were not observed in the subsurface explorations 

below the bottom of ponds E, F, and G and the exploration in the future reserve stormwater 

management area.  Explorations in ponds E, F, and G extended to the maximum depth 

possible the excavator could reach, approximately 8 feet below the pond bottoms.  Site 

specific survey data indicate the pond bottom elevations of the existing stormwater ponds 

are approximately 18 to 11 feet above the ordinary high water mark for the Raging River 

where it flows under the access bridge into the quarry.    

8.0 PROJECT LIMITATIONS  

 

This report is the property of Mr. John Priebe, the Raging River Quarry, and their authorized 

representatives or affiliates and was prepared in a manner consistent with the level of skill 

and care ordinarily exercised by members of the profession currently practicing in the same 

locality and under similar conditions. This report is intended for specific application to the 

Raging River Quarry located near Fall City, Washington. No other warranty, expressed or 

implied, is made.  

The analyses and recommendations presented in this report are based upon data obtained 

from our review of available information at the time of preparing this report, our 

observations of the infiltration testing and subsurface explorations in the stormwater pond 
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area, as well as, laboratory analysis of the stormwater receptor sediments. Conditional 

changes may occur through time by natural or human-made process on this or adjacent 

properties. Additional changes may occur in legislative standards, which may or may not 

be applicable to this report. These changes, beyond RGI’s control, may render this report 

invalid, partially or wholly. If variations appear evident, RGI should be requested to 

reevaluate the recommendations in this report.   

Please contact the undersigned at (425) 415-0551 should you have any questions or need 

additional information.  

  

Attachments: Figure 1, Site Vicinity Map  

  Figure 2, Site Map  

  Figure 3, Site Representation with Cross Section A-A’   

  Attachment A, Infiltration Test/Test Pits Logs   Attachment 

B, Grain-size Analyses  
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GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 
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ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

 
2016-088 

IT-1 
 

TECH/TEST DATE ELW   7/24/2016 DATE RECEIVED 7/21/2016  

  WATER CONTENT (Delivered Moisture)  Total Weight Of Sample Used For Sieve Corrected For Hygroscopic 

Moisture 

  Wt Wet Soil & Tare (gm) (w1)   Wt Dry Soil & Tare (gm) (w2)   Weight of Tare (gm) (w3) 
  Weight of Water (gm) (w4=w1-w2)   Weight of Dry Soil (gm) (w5=w2-w3) 
   Moisture Content (%)  (w4/w5)*100 

4386.2   Weight Of Sample (gm) 
  Tare  Weight  (gm)  

(W6)  Total Dry Weight (gm) 

4087.8  
4087.8 33.9 

33.9 4053.9 

298.4   SIEVE ANALYSIS 
Cumulative 

 Wt Ret  (Wt-Tare)  (%Retained) % PASS 
4053.9 

7 
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ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

 +Tare {(wt ret/w6)*100} (100-%ret) 
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ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  33.9 0.00 0.00 100.00 

33.9 0.00 0.00 100.00 
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ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

       DESCRIPTION   Gravelly SAND with trace silt 

SP 
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ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

Reviewed By: KMW 

cobbles coarse gravel coarse gravel coarse gravel coarse gravel 

coarse gravel fine gravel fine gravel fine gravel coarse sand 

medium sand medium sand fine sand fine sand fine sand fines 

silt/clay 

 

Grain size in millimeters 

 

       

631.1 597.20 14.73 85.27 

       

1146.3 1112.40 27.44 72.56 

       

1624.3 1590.40 39.23 60.77 

1953.6 1919.70 47.35 52.65 

2273.8 2239.90 55.25 44.75 

       

3439.5 3405.60 84.01 15.99 

      

3874.9 3841.00 94.75 5.25 

3913.8 3879.90 95.71 4.29 

4087.8 4053.90 100.00 0.00 

 

#10 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

2016-088 
IT-2 

 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

TECH/TEST DATE ELW   7/24/2016 DATE RECEIVED 7/21/2016  



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  WATER CONTENT (Delivered Moisture)  Total Weight Of Sample Used For Sieve Corrected For Hygroscopic 

Moisture 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  Wt Wet Soil & Tare (gm) (w1)   Wt Dry Soil & Tare (gm) (w2)   Weight of Tare (gm) (w3) 
  Weight of Water (gm) (w4=w1-w2)   Weight of Dry Soil (gm) (w5=w2-w3) 

2029.7   Weight Of Sample (gm) 
  Tare  Weight  (gm)  

1761.3  
1761.3 252.0 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

   Moisture Content (%)  (w4/w5)*100 252.0 (W6)  Total Dry Weight (gm) 1509.3 

268.4 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

1509.3   SIEVE ANALYSIS 
Cumulative 18 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

 Wt Ret  (Wt-Tare)  (%Retained) % PASS 
 +Tare {(wt ret/w6)*100} (100-%ret) 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  252.0 0.00 0.00 100.00 

252.0 0.00 0.00 100.00 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

       DESCRIPTION   Silty SAND with trace gravel 

SM 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

Reviewed By: KMW 

cobbles coarse gravel coarse gravel coarse gravel coarse gravel 

coarse gravel fine gravel fine gravel fine gravel coarse sand 

medium sand medium sand fine sand fine sand fine sand fines 

silt/clay 

 

Grain size in millimeters 

 

       

344.8 92.80 6.15 93.85 

       

355.3 103.30 6.84 93.16 

       

420.6 168.60 11.17 88.83 

439.1 187.10 12.40 87.60 

457.5 205.50 13.62 86.38 

       

825.2 573.20 37.98 62.02 

      

1234.2 982.20 65.08 34.92 

1390.9 1138.90 75.46 24.54 

1761.3 1509.30 100.00 0.00 

 

#10 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

2016-088A 
TP-1 

 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

TECH/TEST DATE EW    -    8/5/2016 DATE RECEIVED 8/5/2016  



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  WATER CONTENT (Delivered Moisture)  Total Weight Of Sample Used For Sieve Corrected For Hygroscopic 

Moisture 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  Wt Wet Soil & Tare (gm) (w1)   Wt Dry Soil & Tare (gm) (w2)   Weight of Tare (gm) (w3) 
  Weight of Water (gm) (w4=w1-w2)   Weight of Dry Soil (gm) (w5=w2-w3) 

3414.1   Weight Of Sample (gm) 
  Tare  Weight  (gm)  

3301.5  
3301.5 34.0 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

   Moisture Content (%)  (w4/w5)*100 34.0 (W6)  Total Dry Weight (gm) 3267.5 

112.6 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

3267.5   SIEVE ANALYSIS 
Cumulative 3 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

 Wt Ret  (Wt-Tare)  (%Retained) % PASS 
 +Tare {(wt ret/w6)*100} (100-%ret) 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  34.0 0.00 0.00 100.00 

34.0 0.00 0.00 100.00 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

       DESCRIPTION   Well-graded GRAVEL with some sand and trace silt 

GW 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

Reviewed By: EW 

cobbles coarse gravel coarse gravel coarse gravel coarse gravel 

coarse gravel fine gravel fine gravel fine gravel coarse sand 

medium sand medium sand fine sand fine sand fine sand fines 

silt/clay 

 

Grain size in millimeters 

 

       

988.1 954.10 29.20 70.80 

       

1587.9 1553.90 47.56 52.44 

       

2072.6 2038.60 62.39 37.61 

2351.8 2317.80 70.93 29.07 

2628.0 2594.00 79.39 20.61 

       

3112.8 3078.80 94.22 5.78 

      

3238.4 3204.40 98.07 1.93 

3254.0 3220.00 98.55 1.45 

3301.5 3267.50 100.00 0.00 

 

#10 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 
2016-088 

IT-3/TP-2 
 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

TECH/TEST DATE ELW   7/24/2016 DATE RECEIVED 7/21/2016  



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  WATER CONTENT (Delivered Moisture)  Total Weight Of Sample Used For Sieve Corrected For Hygroscopic 

Moisture 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  Wt Wet Soil & Tare (gm) (w1)   Wt Dry Soil & Tare (gm) (w2)   Weight of Tare (gm) (w3) 
  Weight of Water (gm) (w4=w1-w2)   Weight of Dry Soil (gm) (w5=w2-w3) 

2298.5   Weight Of Sample (gm) 
  Tare  Weight  (gm)  

2191.8  
2191.8 249.9 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

   Moisture Content (%)  (w4/w5)*100 249.9 (W6)  Total Dry Weight (gm) 1941.9 

106.7 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

1941.9   SIEVE ANALYSIS 
Cumulative 5 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

 Wt Ret  (Wt-Tare)  (%Retained) % PASS 
 +Tare {(wt ret/w6)*100} (100-%ret) 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

  249.9 0.00 0.00 100.00 

249.9 0.00 0.00 100.00 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

 

       DESCRIPTION   Sandy GRAVEL with trace silt 

GP 



THE RILEY GROUP, INC. PHONE:  (425) 415-0551 17522 Bothell Way NE      FAX:     (425) 415-0311 
Bothell, WA 98011 

GRAIN SIZE ANALYSIS 

ASTM D421, D422, D1140, D2487, D6913 

 PROJECT TITLESAMPLE ID/TYPE   

PROJECT NO.SAMPLE DEPTH   

USCS   

Prepared For: Raging River Quarry 

Raging River 

Reviewed By: KMW 

cobbles coarse gravel coarse gravel coarse gravel coarse gravel 

coarse gravel fine gravel fine gravel fine gravel coarse sand 

medium sand medium sand fine sand fine sand fine sand fines 

silt/clay 

 

Grain size in millimeters 

 

       

719.0 469.10 24.16 75.84 

       

863.4 613.50 31.59 68.41 

       

1178.8 928.90 47.83 52.17 

1401.4 1151.50 59.30 40.70 

1633.9 1384.00 71.27 28.73 

       

2012.0 1762.10 90.74 9.26 

      

2126.3 1876.40 96.63 3.37 

2142.2 1892.30 97.45 2.55 

2191.8 1941.90 100.00 0.00 

#10 



 

 

  

Other Permits  
  

Grading Permit, 1998  

  

  

  

  
  

  

Appendix F  

  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
  



 

 
 


