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THIS PRODUCT MAY BE PROTECTED BY ONE OR MORE OF THE FOLLOWING

U.S. PATENTS:  5,322,629; 5,524,576; 5,707,527; 5,985,157; 6,027,639; 6,649,048;

RELATED FOREIGN PATENTS, OR OTHER PATENTS PENDING.

STORMFILTER DESIGN NOTES

CARTRIDGE HEIGHT

SPECIFIC FLOW RATE (gpm/sf)

CARTRIDGE FLOW RATE (gpm)

RECOMMENDED HYDRAULIC DROP (H)

27" 18" LOW DROP

3.05' 2.3' 1.8'

2 gpm/ft²

22.5

1 gpm/ft² 2 gpm/ft² 1 gpm/ft² 2 gpm/ft² 1 gpm/ft²

11.25 15 7.5 10 5

STORMFILTER TREATMENTCAPACITY IS A FUNCTION OF THE CARTRIDGE SELECTION AND THE NUMBER OF CARTRIDGES.  THE STANDARD MANHOLE

STYLE IS SHOWN WITH THE MAXIMUM NUMBER OF CARTRIDGES (7).  VOLUME SYSTEM IS ALSO AVAILABLE WITH MAXIMUM 7 CARTRIDGES.

Ø72" MANHOLE STORMFILTER PEAK HYDRAULIC CAPACITY IS 1.5 CFS.  IF THE SITE CONDITIONS EXCEED 1.5 CFS AN UPSTREAM BYPASS STRUCTURE IS

REQUIRED.

CARTRIDGE SELECTION

GENERAL NOTES

1. CONTECH TO PROVIDE ALL MATERIALS UNLESS NOTED OTHERWISE.

2. DIMENSIONS MARKED WITH ( ) ARE REFERENCE DIMENSIONS.  ACTUAL DIMENSIONS MAY VARY.

3. FOR SITE SPECIFIC DRAWINGS WITH DETAILED VAULT DIMENSIONS AND WEIGHTS, PLEASE CONTACT YOUR CONTECH ENGINEERED SOLUTIONS

LLC REPRESENTATIVE.  www.ContechES.com

4. STORMFILTER WATER QUALITY STRUCTURE SHALL BE IN ACCORDANCE WITH ALL DESIGN DATA AND INFORMATION CONTAINED IN THIS

DRAWING.

5. STRUCTURE SHALL MEET AASHTO HS20 LOAD RATING, ASSUMING EARTH COVER OF 0' - 5' AND GROUNDWATER ELEVATION AT, OR BELOW, THE

OUTLET PIPE INVERT ELEVATION.  ENGINEER OF RECORD TO CONFIRM ACTUAL GROUNDWATER ELEVATION.  CASTINGS SHALL MEET AASHTO

M306 AND BE CAST WITH THE CONTECH LOGO.

6. FILTER CARTRIDGES SHALL BE  MEDIA-FILLED, PASSIVE, SIPHON ACTUATED, RADIAL FLOW, AND SELF CLEANING.  RADIAL MEDIA DEPTH SHALL

BE 7-INCHES.  FILTER MEDIA CONTACT TIME SHALL BE AT LEAST 39 SECONDS.

7. SPECIFIC FLOW RATE IS EQUAL TO THE FILTER TREATMENT CAPACITY (gpm) DIVIDED BY THE FILTER CONTACT SURFACE AREA (sq ft).

INSTALLATION NOTES

1. ANY SUB-BASE, BACKFILL DEPTH, AND/OR ANTI-FLOTATION PROVISIONS ARE SITE-SPECIFIC DESIGN CONSIDERATIONS AND SHALL BE

SPECIFIED BY ENGINEER OF RECORD.

2. CONTRACTOR TO PROVIDE EQUIPMENT WITH SUFFICIENT LIFTING AND REACH CAPACITY TO LIFT AND SET THE STORMFILTER STRUCTURE

(LIFTING CLUTCHES PROVIDED).

3. CONTRACTOR TO INSTALL JOINT SEALANT BETWEEN ALL STRUCTURE SECTIONS AND ASSEMBLE STRUCTURE.

4. CONTRACTOR TO PROVIDE, INSTALL, AND GROUT INLET PIPE(S).

5. CONTRACTOR TO PROVIDE AND INSTALL CONNECTOR TO THE OUTLET RISER STUB.  STORMFILTER EQUIPPED WITH A DUAL DIAMETER HDPE

OUTLET STUB AND SAND COLLAR.  IF OUTLET PIPE IS LARGER THAN 8 INCHES, CONTRACTOR TO REMOVE THE 8 INCH OUTLET STUB AT MOLDED

IN CUT LINE.  COUPLING BY FERNCO OR EQUAL AND PROVIDED BY CONTRACTOR.

6. CONTRACTOR TO TAKE APPROPRIATE MEASURES TO PROTECT CARTRIDGES FROM CONSTRUCTION-RELATED EROSION RUNOFF.

STRUCTURE ID

WATER QUALITY FLOW RATE (cfs)

PEAK FLOW RATE (cfs)

RETURN PERIOD OF PEAK FLOW (yrs)

# OF CARTRIDGES REQUIRED

MEDIA TYPE (CSF, PERLITE, ZPG, GAC, PHS)

PIPE DATA: I.E. MATERIAL DIAMETER

INLET PIPE #1

INLET PIPE #2

OUTLET PIPE

SITE SPECIFIC

DATA REQUIREMENTS

WIDTH HEIGHTANTI-FLOTATION BALLAST

NOTES/SPECIAL REQUIREMENTS:

UPSTREAM RIM ELEVATION

DOWNSTREAM RIM ELEVATION

CARTRIDGE FLOW RATE

* PER ENGINEER OF RECORD

www.contechES.com
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SECTION 1 – PROJECT OVERVIEW 

This Storm Drainage Report (SDR) describes the analysis of the surface water conditions, proposed 
development improvements, and required storm drainage facilities for Phase 2 and Phase 3 (Phase 
2/3) of the Saratoga Heights single-family and multi-family residential project located in the city of 
Mukilteo, Washington. For the purposes of this report and associated analysis, Phase 2/3 storm water 
flows are combined into one vault and have been analyzed as such. It summarizes the analysis criteria 
for the storm drainage collection systems, water quality systems, and temporary construction Best 
Management Practices (BMPs) proposed for the second phase of the project. The Vicinity Map below 
illustrates the general location of the project site. Figures 1 and 2 of this report (see Figures section) 
illustrate the existing (i.e., pre-developed) and proposed developed conditions of the project area 
respectively.  
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The revised phase 2/3 site plan proposes to construct 14 townhomes (phase 2) and 15 
condominium units (phase 3) consistent with current regulations of the City of Mukilteo multi-family 
residential (MRD) zoning and the Notice of Decision for Saratoga Heights, dated March 26, 2014.  The 
proposed phase 2/3 revision will be subject to the Department of Ecology, 2012 Stormwater 
Management Manual for Western Washington, as amended in December 2014. 

 The project itself is situated on 4.95 acres located at 8002 53rd Avenue West within the City of 
Mukilteo (Snohomish County tax parcel nos. 00611600005400 and 0061600005500) which is south 
west of the intersection of 53rd Avenue West and 80th Street SW. It is generally located in the SW ¼ 
of Section 9 Township 28 North, Range 4 East, W.M., Mukilteo, Washington. 

The phase 1 storm drainage collection system, the phase 1 and 2/3 stormwater vaults, and the 
steep slope tightline have all been installed per the approved plans (June 24, 2015).  The existing 
topography generally falls east to west away from 53rd Avenue West at approximately 8-10% 
grades.  The developable portion of the subject properties ends approximately 500 feet west of 53rd 
Avenue West where it slopes dramatically towards the Puget Sound.  The project site has Landslide 
areas as shown on the city’s Geological Features Boundary Map.  

The developed Saratoga Heights site plan includes an estimated 2.0 acres of new impervious area 
in the form of building roofs, new sidewalk, driveway and parking. The primary use of the site will be 
multifamily residential. The project proposes to construct 8 individual detached single-family cottage 
residences (phase 1, vault 1), 4 duplex style residences (phase 1, vault 1), 14 townhome units (phase 2, 
vault 2), and 15 condo units (phase 3, vault 2). The project is proposed to be developed in three 
separate phases. Phase 1 has already been constructed and flows to vault 1, phase 2 and 3 will both 
flow to vault 2. Each vault will has its own flow control riser. The phases and vault contributing areas 
are shown on Figure 3 in the Appendix. 

Surface water runoff from the new buildings and impervious area will be conveyed west via pipe 
and catch basin inlet conveyance to one of the proposed detention vaults. Controlled discharge from 
the detention vaults will be facilitated by a flow control riser and flow to a treatment vault. From the 
treatment vault, surface water then drains west through a proposed tightline and dispersed to the 
westerly property line and ultimately the Puget Sound.  
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Drainage Basin Summary Form (Snohomish County Form F-3042) 

Project Total Area: 4.95 acre (total site) 
Project Development Area:  2.75 acres  
Number of Lots (project description): Multi-use project that proposes to develop 8 individual 
detached single-family residences (phase 1), 4 duplex style residences (phase 1), 14 townhome 
units (Phase 2), and 15 condominium units (phase 3) for a total of 41 dwelling units. 

 

Drainage Basin Information* Basin Information  

 Vault 1 (phase 1) Vault 2 (phase 2/3) 

Sub-basin Area, Developed (acres)  1.32 1.43 

Type of Storage Proposed  Det. Vault Det. Vault 

Approx. Storage Volume (cu. ft.)  23,184 30,912 

Soil Type(s)  C/D C/D 

 

Flows Pre-developed (POC 1)** Post-developed (POC 1)** 

Q (cfs.) 2 yr.  0.042 0.017 

10 yr.  0.078 0.032 

100 yr.  0.143 0.064 

*Appendix C of this Storm Drainage Report contains for peak flow rate calculations. 
   **Flows shown are total flows from vault 1 and 2 combined to POC 1.  
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SECTION 2 – EXISTING CONDITIONS SUMMARY 

The Saratoga Heights site generally slopes from east to west at 8-10% slope for approximately 
500 feet at which point the property slopes steeply to the Puget Sound.  The site is bordered to the 
north and south by condominiums.  53rd Avenue W runs the length of the east border of the site while 
the Burlington Northern-Santa Fe Railroad runs the west boundary adjacent to the Puget Sound.  The 
site is comprised of two adjoining parcels totaling 4.95 acres approximately 2.93 acres of which is 
developable due to the steep slopes on the western portion of the site.   

The geotechnical report has been prepared by E3RA, Inc. and is dated September 30, 2013.  The 
geotechnical report found the developable portion of the site consisting of 2 to 5 feet of forest duff 
overlying loose to medium dense ablation glacial till, comprised of gravely silty sand that can contain 
copious tree roots.  Underlying the ablation glacial till dense to very dense basal glacial till was found.  

Phase 1 and the storm drainage system has already been constructed.  The remaining developable 
portion of the site has been cleared and is ready for construction.   
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SECTION 3 – SITE ANALYSIS 

 An analysis of the onsite and offsite drainage conditions has been performed in general 
accordance with the 2012 Department of Ecology’s Stormwater Management Manual for Western 
Washington. This section provides a summary of that analysis. Additional supporting documentation of 
the existing downstream drainage systems are provided in Appendices of this report.   

Off-site Analysis and Mitigation 

The proposed project requires roadway frontage improvements that will increase off-site 
impervious area along 53rd Avenue W. These improvements include street pavement widening and the 
installation of curb, gutter and sidewalk. Figure 5 in Appendix A shows the proposed improvements. 
The improved frontages will be treated with the proposed pre-manufactured StormFilter™ treatment 
systems. These are explained in further detail in Section 4. 

Downstream Analysis 

Surface runoff generated from the site drains westerly to the steep slopes of the site then continues 
west eventually reaching the Puget Sound.  To prevent erosion of the steep slopes on the western 
portion of the site a tightline will be used to convey stormwater down the slopes following an existing 
ravine to the adjacent Burlington Northern-Santa Fe Railroad.  An existing 36” culvert will convey the 
stormwater under the railroad to the Puget Sound.  The site will provide detention vaults and prior to 
discharge to the tightline system and railroad culvert which discharges to the Puget Sound and 
therefore does not have potential to create downstream flooding and erosion problems. 
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SECTION 4 – SWPPP, FLOW CONTROL,  
WATER QUALITY ANALYSIS AND DESIGN 
 

Storm Water Pollution Prevention Plan (SWPPP) 

See the SWPPP dated April 12, 2017 for detailed information.   

Flow Control  

The storm drainage analysis and facilities design for this project are proposed in general 
accordance with the 2012 Department of Ecology Stormwater Management Manual for Western 
Washington (DOE). The hydrologic analysis of the runoff conditions for the project site is based on 
drainage area characteristics such as basin area, soil type, and land use (i.e., pervious, impervious). 
Western Washington Hydrology Model (WWHM) software was used to evaluate the storm water 
hydrology/runoff conditions for Vault 1 and Vault 2. 

Flow control facilities are proposed to mitigate storm water runoff peak rate increases resulting 
from the change in land use and additional impervious coverage on the site. This facility has been 
designed according to the following performance criteria in accordance with SCDM standards and the 
detention vaults were enlarged to meet the 100-yr event storms for additional safety given the steep 
slopes to the west: 

Table 4.1 – Target Release Rate 

Event Storm 

Recurrence 

Target Release for Developed Site 

Conditions 

Half 2-year, 24-
hour 

0.5 x Pre-developed 2-yr, 24-hour 

100-year, 24-hour Pre-developed 100-yr, 24-hour 
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On-Site Stormwater Management 

Minimum Requirement #5 addresses the application of on-site stormwater management BMPs with 
the intent to “infiltrate, disperse, and retain stormwater runoff on-site to the extent feasible without 
causing flooding or erosion impacts.” Requirements for this project are specified on Table I-2.5.1 and 
Figure I-2.5.1. These are included here with the relevant text highlighted.  
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The feasibility of the BMPs in DOE List #2 have been evaluated for the Saratoga Heights Phase 2 
project as a new development inside the UGA. BMPs listed were considered for each type of surface to 
determine if their use/application for this project was feasible based on the following criteria: 

1. Design criteria, limitations, and infeasibility criteria identified for each BMP in this manual; and 
2. Competing Need Criteria listed in Chapter V-5 – On-Site Stormwater Management. 

Lawn and landscaped areas: 

1. Post-Construction Soil Quality and Depth in accordance with BMP T5.13 

This BMP is feasible. All soils in lawn and landscaped areas will meet the design guidelines of 
BMP T5.13. This will be accomplished through one or more of the following implementation 
methods identified in the manual:  

a. retention of undisturbed native vegetation and soil, or 
b. amendment of existing site topsoil, or 
c. stockpiling and reuse of existing topsoil or import of approved topsoil mix. 

Roofs: 

1. Full Dispersion in accordance with BMP T5.30, or Downspout Full Infiltration Systems in 

accordance with BMP T5.10A 

These BMPs are not feasible. The geotechnical report recommends no water be allowed to flow 
freely and reach the top of the bluff as significant erosion has already taken place on the 
steep slopes.  There are also no feasible locations on site where the required vegetated flow 
path length can be accommodated. The glacial till soil on site exhibits low permeability and is 
not a suitable receptor for infiltration or retention facilities. 
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2. Bioretention facilities in accordance with BMP T7.30 

This BMP is not feasible. The glacial till soil on site exhibits low permeability and is not a 
suitable receptor for infiltration or retention facilities.  In addition, we do not want to introduce                    
groundwater with the potential for migration to the top of the steep slope.  

3. Downspout Dispersion Systems in accordance with BMP T5.10B 

This BMP is not feasible. The geotechnical report recommends no water be allowed to flow 
freely and reach the top of the bluff as significant erosion has already taken place on the 
steep slopes. 

4. Perforated Stub-out Connections in accordance with BMP T5.10C 

This BMP is not feasible. The glacial till soil on site exhibits low permeability and is not a 
suitable receptor for infiltration or retention facilities and we do not want to introduce                    
groundwater with the potential to migrate to the top of the steep slope. 

Other Hard Surfaces: 

1. Full Dispersion in accordance with BMP T5.30 

This BMP is not feasible. The geotechnical report recommends no water be allowed to flow 
freely and reach the top of the bluff as significant erosion has already taken place on the 
steep slopes to the west.   

2. Permeable Pavement in accordance with BMP T5.156 

This BMP is not feasible. The glacial till soil on site exhibits low permeability and is not a 
suitable receptor for infiltration or retention facilities. 

3. Bioretention facilities in accordance with BMP T7.30 

This BMP is not feasible. The glacial till soil on site exhibits low permeability and is not a 
suitable receptor for infiltration or retention facilities. 

4. Sheet Flow Dispersion in accordance with BMP T5.12, or Concentrated Flow Dispersion in 

accordance with BMP T5.11 

This BMP is not feasible. The geotechnical report recommends no water be allowed to flow 
freely and reach the top of the bluff as significant erosion has already taken place on the 
steep slopes to the west.   

The Geotechnical Report prepared by E3RA, Inc. (see Appendix A) specifically addresses the 
application of on-site stormwater management BMPs. In the Infiltration section of that report, Terra 
concludes that, “The glacial till soils composed of silty sand with gravel characteristically exhibits low 
permeability and would not be a suitable receptor soil for discharge of development stormwater using 
infiltration/retention facilities. Conventional stormwater detention with controlled release to the 
drainage basin should be used to manage development stormwater. Even low impact development 
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(LID) methods such as rain gardens ore dry wells would likely mound up and overtop during storm 
events.” 

Developed Site Hydrology 

Developed site conditions within the study area were modeled based on the sub-basin 
configurations shown in Figure 4 and land use covers summarized in Table 4.2 and Table 4.3. A 
detailed summary of the peak design rates resulting from the hydrologic model of the developed site is 
provided in Appendix B. Table 4.4 summarizes the model results for the developed site hydrology. 
Historic forested site conditions are used for the predeveloped conditions.  

Table 4.2 – Peak Design Rates, Predeveloped Conditions  

Basin 
Total Area 

(acres) 

Pervious Forest 

Area (acres) 

Pervious Lawn 

Area (acres) 

Impervious Area 

(acres) 

Phase 1 1.32 1.20 0.00 0.12 

Phase 2/3 1.43 1.43 0.00 0.00 

Total 2.75 2.63 0.00 0.12 

 

Table 4.3 – Peak Design Rates, Developed Conditions – Mitigated Flow 

Basin 
Total Area 

(acres) 

Pervious Forest 

Area (acres) 

Pervious Lawn 

Area (acres) 

Impervious Area 

(acres) 

Phase 1 1.32 0.00 0.46 0.86 

Phase 2/3 1.43 0.00 0.28 1.15 

Total 2.75 0.00 0.74 2.01 

 

The area of the first phase of the project which contributes to Vault 1 is approximately 1.34 acres, 
comprised of rooftops, sidewalks, roadways, and landscape areas. The area of the second phase of 
the project which contributes to Vault 2 is approximately 1.70 acres, comprised of rooftops, sidewalks, 
roadways, and landscape areas. Flow rates for on-site flows were determined using the Western 
Washington Hydrology Model (WWHM).  Basin areas for the catchment areas are shown in Figure 4 
of this report. 

 

Table 4.4 – Peak Design Rates, Developed Conditions – Mitigated Flow 

Contributing 

Drainage  

Sub-basins 

Contributing 

Drainage Area 

(acres) 

Developed Conditions (cfs) 

(1/2) 2-yr 100-yr 

POC 1 2.75 0.009 0.064 

Water Quality Facilities 
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Water quality facilities are required to meet the basic water quality standards per the DOE 
Manual.  Onsite water quality requirements are proposed to be met by a stand-alone StormFilter™ 
facility downstream of detention. Calculations for the minimum required filter performance are 
provided in Appendix C. The proprietary StormFilter™ facilities would be sited prior to the tightline 
system. As such, the water quality treatment capacity will be equivalent to the 2-year release rate. 
Table 4.5 provides a summary of the treatment flow rate provided by the treatment facility. 

Table 4.5 – On-site Water Quality Treatment Facility 

Treatment 

Facility 

Treatment Flow (cfs) 

2-yr Facility Release 
Rate 

SF99 0.02 

 

Conveyance System 

An analysis of the capacity of the conveyance facilities for the project was performed using a 
standard backwater approach. WWHM analysis software was used to generate the 100-year peak 
design flows as a basis for the backwater calculations for the tightline analysis. The completed 
backwater analysis confirmed that the proposed conveyance tightline has capacity for the proposed 
on-site development as well as both the Point View Condo drainage to the north of Saratoga Heights 
and the View Point Condo drainage to the south of Saratoga Heights. The storm drainage systems 
designed for the project contains 100-year design flows without overtopping catch basin/manhole 
inlets on the site. Conveyance calculations and figure are provided in Appendix B.  
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                   9802 29th Ave W, B102 
                   Everett, WA 98204 
                   425-356-3372 
                   425-356-3374 Fax 

 

E3RA 
 

 

September 30, 2013 

E13052 

 

Windward Real Estate Services, Inc. 

335 Park Place Center G111 

Kirkland, Washington  98033 

 

Attention: Jim Tosti 

 

Subject: Geotechnical Report 

Saratoga Passage Residential Development 

  Southwest Intersection 53rd Avenue West and 80th Street Southwest 

  Mukilteo, Washington 

 

Dear Mr. Tosti: 

 

E3RA is pleased to submit this Geotechnical Report for the Saratoga Passage residential development 

planned at the southwest corner of 53rd Avenue West and 80th Street Southwest in Mukilteo, 

Washington.   

 

Our scope of services is limited to surface observations, subsurface explorations, geologic research, and 

report preparation.  This report has been prepared for the exclusive use of Windward Real Estate Services, 

Inc., and their consultants, for specific application to this project in accordance with generally accepted 

geotechnical practice. 

 

1.0 SITE AND PROJECT DESCRIPTION  

The site is located east of Naketa Beach on uplands that overlook Possession Sound in Mukilteo, 

Washington, as shown on our Topographic and Location Map (Figure 1).  It is a rectangular-shaped 

parcel that measures about 250 feet north to south and extends from 53rd Avenue West over 800 feet west 

to the top of a steep bluff.  

 

Plans call for the construction of ten two-story, single family and duplex residences on the east and 

central parts of the site and 4 five-story apartment buildings on the west part of the site.  The first floor of 

the apartment buildings will be used for parking and will be excavated into the gentle slope upon which 

they will be built.  At the present time, cuts and fills of up to ten feet are planned as part of the grading 

activities for the project.  

 

2.0 EXPLORATORY METHODS 

We observed site and subsurface conditions on July 31 and August 12, 2013.  Our evaluation program for 

the project comprised the following elements:  

 

• A surface reconnaissance of the site;  

• Six test pit explorations (designated TP-1 through TP-6) advanced across the site; 
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• One geotechnical auger boring (designated B-1) advanced on the west part of the site 

near the bluff; and 

• A review of published geologic and seismologic maps and literature. 

 

Table 1 summarizes the approximate functional locations and termination depths of the observed septic 

test pits and Figure 2 depicts the approximate relative locations of the explorations.  

 

TABLE 1 
APPROXIMATE LOCATIONS AND DEPTHS OF EXPLORATIONS 

Exploration Functional Location Depth (feet) 
TP-1 
TP-2 
TP-3 
TP-4 
TP-5 
TP-6  
B-1 

East site 
Central site 
Central site 
West-central site 
West-central site 
West site 
West site 

4½ 
7½ 
5 
10 
9 

4½ 
57 

 

 

The specific number and locations of our explorations were selected in relation to the existing site 

features, under the constraints of surface access, underground utility conflicts, and budget considerations. 

 

It should be realized that the explorations performed and utilized for this evaluation reveal subsurface 

conditions only at discrete locations across the project site and that actual conditions in other areas could 

vary.  Furthermore, the nature and extent of any such variations would not become evident until 

additional explorations are performed or until construction activities have begun.  If significant variations 

are observed at that time, we may need to modify our conclusions and recommendations contained in this 

report to reflect the actual site conditions.  

 

2.1 Test Pit Procedures 

Our exploratory test pits were excavated with a rubber tracked excavator by a firm contract to E3RA.  An 

engineering geologist from our firm observed the test pit excavations and logged the subsurface 

conditions. 

 

The enclosed test pit logs indicate the vertical sequence of soils and materials encountered in each test pit, 

based on our field classifications.  Where a soil contact was observed to be gradational or undulating, our 

logs indicate the average contact depth.  We estimated the relative density and consistency of the in-situ 

soils by means of the excavation characteristics and the stability of the test pit sidewalls.  Our logs also 

indicate the approximate depths of any sidewall caving or groundwater seepage observed in the test pits.  

The soils were classified visually in general accordance with the system described in Figure A-1, which 

includes a key to the exploration logs.  Summary logs of the explorations are included in Appendix A. 

 

2.2 Auger Boring Procedures 

Our exploratory boring was advanced through the soil with a hollow-stem auger, using a track-mounted 

drill rig operated by an independent drilling firm working under subcontract to E3RA.  A geologist from 

our firm continuously observed the boring, logged the subsurface conditions, and collected representative 

soil samples.  All samples were stored in airtight containers and later transported to a laboratory for 

further visual examination.  After the boring was completed, the borehole was backfilled with bentonite 
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chips.  Soils were classified visually in general accordance with the system described in Figure A-1, 

which includes a key to the exploration logs.  Summary log of the exploration is included in Appendix A.  

 

Throughout the drilling operation, soil samples were obtained at 5-foot depth intervals by means of the 

Standard Penetration Test (SPT) per American Society for Testing and Materials (ASTM) D-1586.  This 

testing and sampling procedure consists of driving a standard 2-inch-diameter steel split-spoon sampler 

18 inches into the soil with a 140-pound hammer free-falling 30 inches.  The number of blows required to 

drive the sampler through each 6-inch interval is counted, and the total number of blows struck during the 

final 12 inches is recorded as the Standard Penetration Resistance, or "SPT blow count."  If a total of 50 

blows are struck within any 6-inch interval, the driving is stopped and the blow count is recorded as 50 

blows for the actual penetration distance.  The resulting Standard Penetration Resistance values indicate 

the relative density of granular soils and the relative consistency of cohesive soils.  

 

The enclosed boring logs describe the vertical sequence of soils and materials encountered in our borings, 

based primarily on our field classifications and supported by our subsequent laboratory examination and 

testing.  Where a soil contact was observed to be gradational, our logs indicate the average contact depth.  

Where a soil type changed between sample intervals, we inferred the contact depth.  Our logs also 

graphically indicate the blow count, sample type, sample number, and approximate depth of each soil 

sample obtained from the borings, as well as any laboratory tests performed on these soil samples.  If any 

groundwater was encountered in the boreholes, the approximate groundwater depth is depicted on the 

boring logs.  Groundwater depth estimates are typically based on the moisture content of soil samples, the 

wetted height on the drilling rods, and the water level measured in the boreholes after the auger has been 

extracted. 

 

3.0 SITE CONDITIONS 

The following sections present our observations, measurements, findings, and interpretations regarding, 

surface, soil, groundwater, seismic, liquefaction, and slope conditions.   

 

3.1 Surface Conditions 

Generally, the site can be divided into two general topographic parts.  The first is an upland, which is 

where the development will occur and comprises the east part of the site.  The second is a 350 foot high 

steep bluff and hillside, which extends west and descends down from the upland toward Possession 

Sound.  The bluff descends, at nearly vertical grades, down from the upland at for 40 to 50 feet.  Below 

the bluff, the hillside descends steeply down toward to the Sound. 

 

The upland of the site can be divided into three parts.  The first is the forested, level to gently sloping, east 

half in which a swale, which is located near the east boundary and is aligned east to west, trends down to 

the west toward the west part of the upland.  The second area, which comprises the central-west part of 

the site, is a slope that descends down to the west at 15 percent or so over an elevation change of about 20 

feet. The third part is the relatively level west one-fifth of the site, which terminates, to the west, at the top 

of the bluff.  

 

The Coastal Zone Atlas maps the entire upland area as S, Stable.  The Coastal Zone Atlas maps most of 

the bluff as Uos, unstable, old landslide, although several small areas near the railroad grade are mapped 

Urs, unstable, recent landslide.  Uos mapping identifies post-glacial but prehistoric landslide areas while 

Urs mapping identifies recent or historically active landslide areas that occurred prior to the late 1970s, 

when the field work for the Coastal Zone Atlas was conducted.  
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Three houses and several outbuildings, all abandoned, currently occupy the upland.  A gravel driveway, 

which parallels the north boundary and extends west from 53rd Avenue west to the central part of the site, 

provides site access.  An abandoned driveway parallels the south boundary.  Construction of the south 

driveway appears to have required some cutting and filling to traverse the swale located there and to 

address site grades.  Reportedly, a septic drain field is located in a grassy area on the northwest part of the 

site.  A small, wooden viewing platform extends out over the top of the central part of the bluff.  

 

Vegetation on the east part of the site consists mostly of large fir, cedars, and maples with an under story 

of ferns and other brush.  Some ornamental shrubbery and fruit trees grow near the abandoned houses.  

Much of the west part of the site is covered with grass lawn.  A vegetative buffer, 20 to 25 feet wide and 

comprised mostly of salal, extends onto the upland from the top of the central and east parts of the bluff.  

 

E3RA did not perform a reconnaissance of the bluff because of safety considerations.  Oblique shoreline 

photographs, dated June 27, 2006 and available online through the Washington State Department of 

Ecology, depict the bluff as heavily vegetated with mostly hardwood trees.  Bare soils are visible only in a 

small area near the bluff top, where, viewed by E3RA from the upland, the bluff is nearly vertical and 

vegetation cannot get a purchase (no slide deposits are visible below this area), and on the lower quarter 

of the bluff, near the railroad tracks, where it appears that several small landslides have occurred.  These 

landslides are in the same area that is mapped as Urs by the Coastal Zone Atlas.  

 

No seeps, springs or other surface expressions of groundwater were observed on the upland.  No streams, 

channels, or other signs of surface flow were observed on the upland, except for the swale along the south 

boundary.  

 

3.2 Soil Conditions 

Our test pit explorations indicate that soils on the forested eastern half of the upland are comprised of a 

surface mantling of forest duff overlying, to a depth that varies from 2 to 5 feet, loose to medium dense 

ablation glacial till, comprised of gravelly silty sand that can contain copious tree roots.  Underlying the 

ablation glacial till, and extending to the termination of our test pit exploration, we observed dense to very 

dense basal glacial till, which are comprised of silty, gravelly sand with some cobbles. 

 

Our test pit exploration, TP-6, and our auger boring, B-1, conducted in the westernmost part of the 

upland, indicated that soils there are comprised of the same ablation/basal glacial till deposits encountered 

on the east pat of the site, except that the surface is mantled with 8 or so inches of sod and topsoil, instead 

of forest duff.  Our auger boring also indicates that the basal glacial till layer extends down to a depth of 

at least 57 feet (refusal to drilling was met at that depth due to hard soils).  The observed ablation and 

basal glacial till soils were deposited during the Vashon Glaciation, which ended approximately 12,000 

years ago.  

 

We conducted two test pit explorations on the sloped, central part of the upland.  There native soils are 

comprised of medium dense to dense, inter-bedded silty sand, silt, and gravelly sand.  It is likely that 

these soils are ice-contact sediments deposited near the end of the Vashon Glaciation, when the Vashon 

Glacier was down-wasting.  

 

The enclosed exploration logs (Appendix A) provide a description of the soil strata observed in our 

subsurface explorations.   
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3.3 Groundwater Conditions 

No seeps, springs or other surface expressions of groundwater were observed on the site.  Our subsurface 

explorations, which extended down to a maximum depth of 57 feet, did not encounter groundwater.  It is 

possible that temporary, perched groundwater forms during the rainy season at the contact between the 

loose to medium dense ablation glacial till layer and the underlying dense to very dense basal glacial till 

layer.  In our opinion, groundwater is not at a depth that will affect site development or site slope stability.  

 

3.4 Seismic Conditions 

Based on our analysis of subsurface exploration logs and our review of published geologic maps, we 

interpret the onsite soil conditions to generally correspond with site class C, as defined by Table 1613.5.2 

of the 2012 International Building Code (IBC).   

 

Using 2012 UBC information on the USGS Design Summary Report website, Risk Category I/II/III 

seismic parameters for the site are as follows: 

 

Ss = 1.449 g Sµs  = 1.449 g SDS = 0.966 g 

S1 = 0.566 g Sµ1 = 0.736 g SD1 = 0.491 g 

 

Using the 2012 IBC information, MCER Response Spectrum Graph on the USGS Design Summary 

Report website, Risk Category I/II/III, Sa at a period of 0.2 seconds is 1.43 g and Sa at a period of 1.0 

seconds is 0.70g.   

 

The Design Response Spectrum Graph from the same website, using the same IBC information and Risk 

Category, Sa at a period of 0.2 seconds is 0.97 g and Sa at a period of 1.0 seconds is 0.50 g. 

 

3.5 Liquefaction Potential 

Liquefaction is a sudden increase in pore water pressure and a sudden loss of soil shear strength caused by 

shear strains, as could result from an earthquake.  Research has shown that saturated, loose sand with 

fines (silt and clay) content less than about 20 percent are most susceptible to liquefaction.  No easily 

liquefiable soils underlie the project site. 

 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

Plans call for the construction of ten two-story, single family and duplex residences on the east and 

central parts of the site and 4 five-story apartment buildings on the west part of the site.  A steep bluff is 

located on the westernmost part of the site. 

 

The first floor of the apartment buildings will be used for parking and will be excavated into the gentle 

slope upon which they will be built.  We offer the following general geotechnical conclusions and 

recommendations concerning this project. 

 

• Landslide Hazards:  In our opinion, based on our site observations, and geologic research, 

the site is globally stable.  The planned development will not adversely affect slope 

stability on the site if our recommendations are followed. 

• Storm Water Disposal:  Storm water should not be allowed to flow freely over the top of 

the bluff or down the bluff face.  Storm water should either be tight-lined down to 

Possession Sound or directed to an offsite storm water system.  Runoff from the 
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neighboring property to the south should be combined with site runoff as part of the 

tight-line to the Sound.   

• Erosion Hazards:  We recommend that silt fences be placed down gradient from work 

areas where soils have been disturbed.  Specific recommendations for silt fences are 

provided in the Section 4.1. 

• Foundation Subgrades:  Foundations should bear on medium dense or denser soils that 

are free of organics, which are usually present within 3 feet of the surface, although, root-

rich soils can extend down deeper than 3 feet in heavily timbered areas. 

• Buffers and Setbacks:  We recommend that all of the brushy vegetation that grows on the 

upland near the top-of-slope of the bluff (which is dominated by salal) remain as a 

vegetative buffer.  We recommend that buildings set back at least 25 feet from the top-of-

slope of the bluff, and that all of the area between the westernmost buildings and the top-

of-slope not included in the vegetative buffer area just described be vegetated.  

• Groundwater:  Surface expressions of groundwater were not observed on site.  It is our 

opinion that groundwater does not currently affect slope stability on site or nearby off site 

and, based on observations on site and nearby off site, that it is too deep to affect the 

planned construction.  

 

The following sections present our specific geotechnical conclusions and recommendations concerning 

site preparation, concrete foundations, slab-on-grade floors, drainage systems, and structural fill.  The 

Washington State Department of Transportation (WSDOT) Standard Specifications and Standard Plans 

cited herein refer to WSDOT publications M41-10, 1996 Standard Specifications for Road, Bridge, and 

Municipal Construction, and M21-01, Standard Plans for Road, Bridge, and Municipal Construction, 

respectively. 

 

4.1 Site Preparation 

Preparation of the project site should involve demolition, erosion control, temporary drainage, clearing, 

stripping, cutting, filling, excavations, and subgrade compaction.  

 

Demolition and Clean-Up:  The first step in site preparation will likely consist of demolishing existing 

structures.  Any associated underground structural elements or utilities, such as old footings, stemwalls, 

and drainpipes, should be exhumed as part of this demolition operation.  

 

Erosion Control:  Before new construction begins, an appropriate erosion control system should be 

installed.  This system should collect and filter all surface run off from the construction areas through silt 

fencing.  We anticipate a system of berms and drainage ditches around construction areas will provide an 

adequate collection system.  Silt fencing fabric should meet the requirements of WSDOT Standard 

Specification 9-33.2 Table 3.  In addition, silt fencing should embed a minimum of 6 inches below 

existing grade.  An erosion control system requires occasional observation and maintenance.  Specifically, 

holes in the filter and areas where the filter has shifted above ground surface should be replaced or 

repaired as soon as they are identified. 

 

As an alternative, mulch-type berms, such as described in the latest Washington Department of Ecology 

Storm Water Manual, can be deployed immediately down slope of construction areas until vegetation has 

been re-established. 
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Temporary Drainage:  We recommend intercepting and diverting any potential sources of surface or 

near-surface water within the construction zones before stripping begins.  Because the selection of an 

appropriate drainage system will depend on the water quantity, season, weather conditions, construction 

sequence, and contractor's methods, final decisions regarding drainage systems are best made in the field 

at the time of construction.  Based on our current understanding of the construction plans, surface and 

subsurface conditions, we anticipate that curbs, berms, or ditches placed around the work areas will 

adequately intercept surface water runoff. 

 

Clearing and Stripping:  After surface and near-surface water sources have been controlled, the 

construction areas should be cleared and stripped of all sod, topsoil, and root-rich soil.  Based on our 

subsurface explorations, the organic layer can be 1½ feet thick in the forested, central and east regions of 

the site, and root-rich looser soils that extended down to a depth of 5 feet was observed in one of our 

explorations on the forested east part of the site.  

 

Site Excavations:  Based on our explorations, we expect that site excavations will encounter dense to very 

dense glacial till.  Although it can be excavated using conventional earth working equipment, special 

teeth or rippers might be necessary to rapidly excavate deeply into this soil. 

 

Dewatering:  Our explorations did not encounter groundwater within their termination depths, nor do we 

expect that groundwater will be present in the planned excavations.  However, if groundwater is 

encountered, we anticipate that an internal system of ditches, sump holes, and pumps will be adequate to 

temporarily dewater excavations. 

 

Temporary Cut Slopes:  All temporary soil slopes associated with site cutting or excavations should be 

adequately inclined to prevent sloughing and collapse.  Temporary cut slopes in site soils should be no 

steeper than 1¼ H:1V, and should conform to Washington Industrial Safety and Health Act (WISHA) 

regulations. 

 

Subgrade Compaction:  Exposed subgrades for footings, slabs, and floors should be compacted to a firm, 

unyielding state before new concrete or fill soils are placed.  Any localized zones of looser granular soils 

observed within a subgrade should be compacted to a density commensurate with the surrounding soils.  

In contrast, any organic, soft, or pumping soils observed within a subgrade should be overexcavated and 

replaced with a suitable structural fill material. Surface compaction of all footing and slab subgrades is 

recommended, although surface compaction could become problematic during wet weather conditions or 

when in situ site soils become wet. 

 

Site Filling:  Our conclusions regarding the reuse of onsite soils and our comments regarding wet-weather 

filling are presented subsequently.  Regardless of soil type, all fill should be placed and compacted 

according to our recommendations presented in the Structural Fill section of this report.  Specifically, 

building pad fill soil should be compacted to a uniform density of at least 95 percent (based on ASTM D-

1557).  

 

Onsite Soils:  We offer the following evaluation of these onsite soils in relation to potential use as 

structural fill: 

 

• Surficial Organic Soils:  The topsoil and root-rich soil that overlies the site is not suitable 

for use as structural fill under any circumstances, due to high organic content.   
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• Ablation and Basal Glacial Till:  Both glacial till layers are currently dry of optimum 

moisture content so would need slight hydration before reuse.  However, both till layers 

contain significant amounts of silt, so become increasingly difficult to reuse as conditions 

become wetter.  

• Inter-Bedded Ice Contact Sediments:  Both inter-bedded silt, silty sand, and gravel 

observed sloped, central part of the upland contains significant amounts of silt and will be 

difficult or impossible to reuse as structural fill during wet weather.  

 

Permanent Slopes:  All permanent cut slopes and fill slopes should be adequately inclined to reduce long-

term raveling, sloughing, and erosion.  We generally recommend that no permanent slopes be steeper than 

2H:1V. For all soil types, the use of flatter slopes (such as 2½H:1V) would further reduce long-term 

erosion and facilitate revegetation. 

 

Slope Protection:  We recommend that a permanent berm, swale, or curb be constructed along the top 

edge of all permanent slopes to intercept surface flow.  Also, a hardy vegetative groundcover should be 

established as soon as feasible, to further protect the slopes from runoff water erosion.  Alternatively, 

permanent slopes could be armored with quarry spalls or a geosynthetic erosion mat. 

 

4.2 Spread Footings 

In our opinion, conventional spread footings will provide adequate support for the proposed structures if 

the subgrades are properly prepared.  

 

Footing Depths and Widths:  For frost and erosion protection, the bases of all exterior footings should 

bear at least 18 inches below adjacent outside grades, whereas the bases of interior footings need bear 

only 12 inches below the surrounding slab surface level.  To reduce post-construction settlements, 

continuous (wall) and isolated (column) footings should be at least 18 and 24 inches wide, respectively. 

 

Bearing Subgrades:  Footings should bear on medium dense or denser, undisturbed native soils or on 

properly compacted structural fill which bears on undisturbed medium dense or very dense native soils.  

In general, before footing concrete is placed, any localized zones of loose soils exposed across the footing 

subgrades should be compacted to a firm, unyielding condition, and any localized zones of soft, organic, 

or debris-laden soils should be over-excavated and replaced with suitable structural fill. We recommend 

vigorous surface compaction of footing subgrades to a medium dense or denser condition. 

 

Subgrade Observation:  All footing subgrades should consist of firm, unyielding, native soils or structural 

fill materials compacted to a density of at least 95 percent based on ASTM:D-1557.  Footings should 

never be cast atop loose, soft, or frozen soil, slough, debris, existing uncontrolled fill, or surfaces covered 

by standing water.  

 

Bearing Pressures:  In our opinion, for static loading, footings that bear on properly prepared subgrades 

can be designed for a maximum allowable soil bearing pressure of 2,500 pounds per square foot (psf).  

This value is somewhat conservative and may be increased for specific locations if we are consulted.  A 

one-third increase in allowable soil bearing capacity may be used for short-term loads created by seismic 

or wind related activities.  
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Footing Settlements:  Assuming that structural fill soils are compacted to a medium dense or denser state, 

we estimate that total post-construction settlements of properly designed footings bearing on properly 

prepared subgrades will not exceed ¾ inch.  Differential settlements for comparably loaded elements may 

approach one-half of the actual total settlement over horizontal distances of approximately 50 feet.  

 

Footing Backfill:  To provide erosion protection and lateral load resistance, we recommend that all 

footing excavations be backfilled on both sides of the footings and stemwalls after the concrete has cured.  

Either imported structural fill or non-organic onsite soils can be used for this purpose, contingent on 

suitable moisture content at the time of placement.  Regardless of soil type, all footing backfill soil should 

be compacted to a density of at least 90 percent (based on ASTM:D-1557).  

 

Lateral Resistance:  Footings that have been properly backfilled as recommended above will resist lateral 

movements by means of passive earth pressure and base friction.  We recommend using an allowable 

passive earth pressure of 300 pcf and an allowable base friction coefficient of 0.35. 

 

4.3 Slab-On-Grade Floors 

In our opinion, soil-supported slab-on-grade floors can be used in the proposed structures if the subgrades 

are properly prepared.  We offer the following comments and recommendations concerning slab-on-grade 

floors. 

 

Floor Subbase:  Structural fill subbases do not appear to be needed under soil-supported slab-on-grade 

floors at the site.  However, the final decision regarding the need for subbases should be based on actual 

subgrade conditions observed at the time of construction.  If a subbase is needed, all subbase fill should 

be compacted to a density of at least 95 percent (based on ASTM:D-1557). All subgrades should be 

vigorously surface compacted to a medium dense or denser condition before slab construction begins. 

 

Capillary Break and Vapor Barrier:  To retard the upward wicking of groundwater beneath the floor slab, 

we recommend that a capillary break be placed over the subgrade.  Ideally, this capillary break would 

consist of a 6-inch-thick layer of pea gravel or other clean, uniform, well-rounded gravel, such as “Gravel 

Backfill for Drains” per WSDOT Standard Specification 9-03.12(4), but clean angular gravel can be used 

if it adequately prevents capillary wicking.  In addition, a layer of plastic sheeting (such as Crosstuff, 

Visqueen, or Moistop) should be placed over the capillary break to serve as a vapor barrier.  During 

subsequent casting of the concrete slab, the contractor should exercise care to avoid puncturing this vapor 

barrier.  

 

Vertical Deflections:  Due to elastic compression of subgrades, soil-supported slab-on-grade floors can 

deflect downwards when vertical loads are applied.  In our opinion, a subgrade reaction modulus of 250 

pounds per cubic inch can be used to estimate such deflections. 

 

4.4 Subgrade Walls 

Because many of the planned buildings will have a story below grade, we offer these recommendations 

for subgrade walls. These general recommendations can also be applied to the design of retaining walls.  

 

Wall Foundations:  Subgrade walls can be supported on shallow footings bearing on suitable soils as 

described in the Spread Footings section of this report.  Footings should be designed using the 

recommended allowable bearing pressures and lateral resistance values presented for building 

foundations.  
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Wall Drainage:  Drainage should be provided behind subgrade and retaining walls by placing a zone of 

drain rock containing less than 3 percent fines (material passing No. 200 sieve) against the wall.  This 

drainage zone should be at least 24 inches wide (measured horizontally) and extend from the base of the 

wall to within 1 foot of the finished grade behind the wall.  Smooth-walled perforated PVC drainpipe 

having a minimum diameter of 4 inches should be embedded within the sand and gravel at the base of the 

wall along its entire length.  This drainpipe should discharge into a tightline leading to an appropriate 

collection and disposal system.  Collected water should not discharge over the steep shoreline slope. 

 

Backfill Soil:  Ideally, all subgrade wall backfill would consist of clean, free-draining, granular material, 

such as "Gravel Backfill for Walls" per WSDOT Standard Specification 9-03.12(2).  A geotextile should 

be placed between the drainage zone and the backfill soil to prevent drain clogging. 

 

Backfill Compaction:  Because soil compactors place significant lateral pressures on subgrade walls, we 

recommend that only small, hand-operated compaction equipment be used within 2 feet of a backfilled 

wall.  Also, all backfill should be compacted to a density as close as possible to 90 percent of the 

maximum dry density based on ASTM:D-1557; a greater degree of compaction closely behind the wall 

would increase the lateral earth pressure, whereas a lesser degree of compaction might lead to excessive 

post-construction settlements. 

 

Grading and Capping:  To retard the infiltration of surface water into the backfill soils, we recommend 

that the backfill surface of exterior walls be adequately sloped to drain away from the wall.  Ideally, the 

backfill surface directly behind the wall would be capped with asphalt, concrete, or 12 inches of 

low-permeability (silty) soils to minimize or preclude surface water infiltration. 

 

Applied Soil Pressure:  Walls that are designed to move 0.1 percent of the wall height during and after 

construction are usually referred to as unrestrained walls.  We recommend that unrestrained cantilever 

walls supporting slopes inclined at 2H:1V or flatter be designed to resist an active pressure (triangular 

distribution) of 55 pounds per cubic foot (pcf).  If level backslopes are present, this pressure may be 

reduced to 35 pcf.  The recommended pressure does not include the effects of surcharges from surface 

loads hydrostatic pressures, or structural loads.  If such surcharges are to apply, they should be added to 

the above design lateral pressures. 

 

Wall Settlements:  We estimate that the settlement of the wall footings constructed as recommended will 

be on the order of ¾ inch or less.  Most of this settlement is expected to occur as soon as the loads are 

applied.  Differential settlement along the walls is expected to be 1 inch or less over a 50-foot span. 

 

4.5 Drainage Systems 

In our opinion, the planned structures should be provided with permanent drainage systems to reduce the 

risk of future moisture problems.  We offer the following recommendations and comments for drainage 

design and construction purposes. 

 

Perimeter Drains:  We recommend that structures be encircled with a perimeter drain system to collect 

seepage water.  This drain should consist of a 6-inch-diameter perforated pipe within an envelope of pea 

gravel or washed rock, extending at least 6 inches on all sides of the pipe, and the gravel envelope should 

be wrapped with filter fabric to reduce the migration of fines from the surrounding soils.  Ideally, the 

drain invert would be installed no more than 8 inches above the base of the perimeter footings.  
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Subfloor Drains:  Based on the groundwater conditions observed in our site explorations, we do not infer 

a need for subfloor drains.  

 

Discharge Considerations:  If possible, all perimeter drains should discharge to a storm sewer system or 

other suitable location by gravity flow.  Check valves should be installed along any drainpipes that 

discharge to a sewer system, to prevent sewage backflow into the drain system.  If gravity flow is not 

feasible a pump system is recommended to discharge any water that enters the drainage system. 

 

Runoff Water:  Roof-runoff and surface-runoff water should not discharge into the perimeter drain 

system.  Instead, these sources should discharge into separate tightline pipes and be routed away from the 

building to a storm drain or other appropriate location.  

 

Grading and Capping:  Final site grades should slope downward away from the buildings so that runoff 

water will flow by gravity to suitable collection points, rather than ponding near the building.  Ideally, the 

area surrounding the building would be capped with concrete, asphalt, or low-permeability (silty) soils to 

minimize or preclude surface-water infiltration. 

 

4.6 Asphalt Pavement 

We offer the following comments and recommendations for asphalt pavement design and construction. 

 

Subgrade Preparation:  Structural fill subbases do not appear to be needed under pavements at the site.  

However, the final decision regarding the need for subbases should be based on actual subgrade 

conditions observed at the time of construction.  If a subbase is needed, all subbase fill should be 

compacted to a density of at least 95 percent (based on ASTM:D-1557). 

 

All soil subgrades should be thoroughly compacted, then proof-rolled with a loaded dump truck or heavy 

compactor.  Any localized zones of yielding subgrade disclosed during this proof-rolling operation should 

be over excavated to a minimum depth of 12 inches and replaced with a suitable structural fill material.  

All structural fill should be compacted according to our recommendations given in the structural fill 

section.  Specifically, the upper 2 feet of soils underlying pavement section should be compacted to at 

least 95 percent (based on ASTM D-1557), and all soils below 2 feet should be compacted to at least 

90 percent. 

 

Pavement Materials:  For the base course, we recommend using imported crushed rock, such as "Crushed 

Surfacing Top Course” per WSDOT Standard Specification 9-03.9(3).  If a subbase course is needed, we 

recommend using imported, clean, well-graded sand and gravel such as “Ballast” or “Gravel Borrow” per 

WSDOT Standard Specifications 9-03.9(1) and 9-03.14, respectively.   

 

Conventional Asphalt Sections:  A conventional pavement section typically comprises an asphalt concrete 

pavement over a crushed rock base course.  We recommend using the following conventional pavement 

sections: 

 Minimum Thickness 

Pavement Course Parking Areas Access Roads and Areas 
Subject to Truck Traffic 

Asphalt Concrete Pavement 2 inches 3 inches 

Crushed Rock Base 4 inches 6 inches 

Granular Fill Subbase (if needed) 6 inches 12 inches 
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Compaction and Observation:  All subbase and base course material should be compacted to at least 

95 percent of the Modified Proctor maximum dry density (ASTM D-1557), and all asphalt concrete 

should be compacted to at least 92 percent of the Rice value (ASTM D-2041).  We recommend that an 

E3RA representative be retained to observe the compaction of each course before any overlying layer is 

placed.  For the subbase and pavement course, compaction is best observed by means of frequent density 

testing.  For the base course, methodology observations and hand-probing are more appropriate than 

density testing. 

 

Pavement Life and Maintenance:  No asphalt pavement is maintenance-free.  The above described 

pavement sections present our minimum recommendations for an average level of performance during a 

20-year design life; therefore, an average level of maintenance will likely be required.  Furthermore, a 20-

year pavement life typically assumes that an overlay will be placed after about 10 years.  Thicker asphalt 

and/or thicker base and subbase courses would offer better long-term performance, but would cost more 

initially; thinner courses would be more susceptible to “alligator” cracking and other failure modes.  As 

such, pavement design can be considered a compromise between a high initial cost and low maintenance 

costs versus a low initial cost and higher maintenance costs. 

 

4.7 Structural Fill 

The term "structural fill" refers to any material placed under foundations, retaining walls, slab-on-grade 

floors, sidewalks, pavements, and other structures.  Our comments, conclusions, and recommendations 

concerning structural fill are presented in the following paragraphs. 

 

Materials:  Typical structural fill materials include clean sand,  gravel, pea gravel, washed rock, crushed 

rock, well-graded mixtures of sand and gravel (commonly called "gravel borrow" or "pit-run"), and 

miscellaneous mixtures of silt, sand, and gravel.  Recycled asphalt, concrete, and glass, which are derived 

from pulverizing the parent materials, are also potentially useful as structural fill in certain applications.  

Soils used for structural fill should not contain any organic matter or debris, nor any individual particles 

greater than about 6 inches in diameter. 

 

Fill Placement:  Clean sand, gravel, crushed rock, soil mixtures, and recycled materials should be placed 

in horizontal lifts not exceeding 8 inches in loose thickness, and each lift should be thoroughly compacted 

with a mechanical compactor. 

 

Compaction Criteria:  Using the Modified Proctor test (ASTM:D-1557) as a standard, we recommend that 

structural fill used for various onsite applications be compacted to the following minimum densities: 

 

Fill Application  Minimum Compaction 
Footing subgrade and bearing pad 
Foundation backfill 
Slab-on-grade floor subgrade and subbase 
Asphalt pavement base and subbase 
Asphalt pavement subgrade (upper 2 feet) 
Asphalt pavement subgrade (below 2 feet) 

 95 percent 
90 percent 
95 percent 
95 percent 
95 percent 
90 percent 

 

Subgrade Observation and Compaction Testing:  Regardless of material or location, all structural fill 

should be placed over firm, unyielding subgrades prepared in accordance with the Site Preparation section 

of this report.  The condition of all subgrades should be observed by geotechnical personnel before filling 

or construction begins.  Also, fill soil compaction should be verified by means of in-place density tests 
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performed during fill placement so that adequacy of soil compaction efforts may be evaluated as 

earthwork progresses. 

 

Soil Moisture Considerations:  The suitability of soils used for structural fill depends primarily on their 

grain-size distribution and moisture content when they are placed.  As the "fines" content (that soil 

fraction passing the U.S. No. 200 Sieve) increases, soils become more sensitive to small changes in 

moisture content.  Soils containing more than about 5 percent fines (by weight) cannot be consistently 

compacted to a firm, unyielding condition when the moisture content is more than 2 percentage points 

above or below optimum.  For fill placement during wet-weather site work, we recommend using "clean" 

fill, which refers to soils that have a fines content of 5 percent or less (by weight) based on the soil 

fraction passing the U.S. No. 4 Sieve. 

 

5.0 RECOMMENDED ADDITIONAL SERVICES 

Because the future performance and integrity of the structural elements will depend largely on proper site 

preparation, drainage, fill placement, and construction procedures, monitoring and testing by experienced 

geotechnical personnel should be considered an integral part of the construction process.  Consequently, 

we recommend that E3RA be retained to provide the following post-report services: 

 

• Review all construction plans and specifications to verify that the design criteria 

presented in this report have been properly integrated into the design; 

• Prepare a letter summarizing all review comments (if required); and  

• Prepare a post-construction letter summarizing all field observations, inspections, and test 

results (if required).  
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Duff and Topsoil

(SM) Light brown gravelly silty sand with copious roots (loose to medium dense, damp) (Ablation Glacial Till)

(SM) Light gray-brown and mottled silty gravelly sand with scattered cobbles (very dense, damp to moist) (Basal Glacial
Till)

No caving observed
No groundwater seepage observed; saturated soils encountered below 7 feet

The depths on the test pit logs are based on an average of measurements across the test pit and should be considered
accurate to 0.5 foot.

Bottom of test pit at 4.5 feet.
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Figure A-2
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Duff and Topsoil

(SM) Light brown gravelly silty sand with copious roots (loose to medium dense, damp) (Ablation Glacial Till)

(SM) Light gray-brown and mottled silty gravelly sand with scattered cobbles (very dense, damp to moist) (Basal Glacial
Till)

No caving observed
No groundwater seepage observed; saturated soils encountered below 7 feet

The depths on the test pit logs are based on an average of measurements across the test pit and should be considered
accurate to 0.5 foot.

Bottom of test pit at 7.5 feet.
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Figure A-3
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5.0

Duff and Topsoil

(SM) Light brown gravelly silty sand with copious roots (medium dense, damp) (Ablation Glacial Till)

(SM) Light gray-brown and mottled silty gravelly sand with scattered cobbles (dense, damp to moist) (Basal Glacial Till)

No caving observed
No groundwater seepage observed; saturated soils encountered below 7 feet

The depths on the test pit logs are based on an average of measurements across the test pit and should be considered
accurate to 0.5 foot.

Bottom of test pit at 5.0 feet.
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Figure A-4

CLIENT Windward Real Estate Services, Inc.

PROJECT NUMBER E13052

PROJECT NAME Saratoga Passage Geotechnical

PROJECT LOCATION Mukilteo, Washington
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Duff and Topsoil

(SM) Light brown gravelly silty sand (medium dense, damp) (Ablation Glacial Till)

(ML) Gray and brown fine sandy silty with trace gravel (stiff, moist)

(SP-SM) Brown and mottled gravelly sand with some silt (dense, moist)

(SM) Gray silty fine sand with trace gravel and interbeds of hard silt (dense, moist to wet)

No caving observed
No groundwater seepage observed; saturated soils encountered below 7 feet

The depths on the test pit logs are based on an average of measurements across the test pit and should be considered
accurate to 0.5 foot.

Bottom of test pit at 10.0 feet.
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Figure A-5

CLIENT Windward Real Estate Services, Inc.

PROJECT NUMBER E13052

PROJECT NAME Saratoga Passage Geotechnical

PROJECT LOCATION Mukilteo, Washington
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9.0

8 inches Crushed Rock (Fill)

(SM) Light brown gravelly silty sand with cobbles (medium dense, damp to moist) (Fill)

(SM) Gray silty fine sand (dense, moist to wet)

No caving observed
No groundwater seepage observed; saturated soils encountered below 7 feet

The depths on the test pit logs are based on an average of measurements across the test pit and should be considered
accurate to 0.5 foot.

Bottom of test pit at 9.0 feet.
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Figure A-6

CLIENT Windward Real Estate Services, Inc.
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PROJECT LOCATION Mukilteo, Washington
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SM

SM
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3.5

4.5

8 inches Sod and Topsoil

(SM) Light brown gravelly silty sand with copious roots (medium dense, damp) (Ablation Glacial Till)

(SM) Light gray-brown and mottled silty gravelly sand with scattered cobbles (dense, damp to moist) (Basal Glacial Till)

No caving observed
No groundwater seepage observed; saturated soils encountered below 7 feet

The depths on the test pit logs are based on an average of measurements across the test pit and should be considered
accurate to 0.5 foot.

Bottom of test pit at 4.5 feet.
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Figure A-7
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PROJECT LOCATION Mukilteo, Washington
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Grades to moist

(SM) Gray silty gravelly sand (very dense, moist) (Glacial Till)

NOTES

GROUND ELEVATION

LOGGED BY FER and ZLL

DRILLING METHOD

DRILLING CONTRACTOR Holocene GROUND WATER LEVELS:

CHECKED BY DMW

DATE STARTED 8/12/13 COMPLETED 8/12/13

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---

HOLE SIZE 4.25" ID HSA
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Figure A-8

CLIENT Windward Real Estate Services, Inc.

PROJECT NUMBER E13052

PROJECT NAME Saratoga Passage Phase I ESA

PROJECT LOCATION Mukilteo, Washington
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(SM) Gray silty gravelly sand (very dense, moist) (Glacial Till)

Gray and brown

Bottom of borehole at 57.0 feet.
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General Model Information
Project Name: Saratoga Heights Phase 2 Mod

Site Name: Saratoga Heights

Site Address:

City: Mukilteo

Report Date: 1/9/2019

Gage: Everett

Data Start: 1948/10/01

Data End: 2009/09/30

Timestep: Hourly

Precip Scale: 0.800

Version Date: 2018/10/10

Version: 4.2.16

POC Thresholds

Low  Flow Threshold for POC1: 50 Percent of the 2 Year

High Flow Threshold for POC1: 50 Year
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Landuse Basin Data
Predeveloped Land Use

Ex Basin Phase 1 
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Mod      1.203

 Pervious Total 1.203

Impervious Land Use acre
 ROADS FLAT         0.12

 Impervious Total 0.12

 Basin Total 1.323

Element Flows To:
Surface Interflow Groundwater
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Ex Basin Phase 2/3
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Mod      1.428

 Pervious Total 1.428

Impervious Land Use acre

 Impervious Total 0

 Basin Total 1.428

Element Flows To:
Surface Interflow Groundwater
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Mitigated Land Use

Dev Basin Phase 1
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Lawn, Mod        0.462

 Pervious Total 0.462

Impervious Land Use acre
 ROADS MOD          0.502
 ROOF TOPS FLAT     0.356

 Impervious Total 0.858

 Basin Total 1.32

Element Flows To:
Surface Interflow Groundwater
Phase 1 Vault Phase 1 Vault
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Dev Basin Phase 2/3
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Lawn, Mod        0.281

 Pervious Total 0.281

Impervious Land Use acre
 ROADS MOD          0.518
 ROOF TOPS FLAT     0.627

 Impervious Total 1.145

 Basin Total 1.426

Element Flows To:
Surface Interflow Groundwater
Vault  2 Vault  2
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Routing Elements
Predeveloped Routing
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Mitigated Routing

Phase 1 Vault
Width: 45.5 ft.
Length: 36 ft.
Depth: 14 ft.
Discharge Structure
Riser Height: 13.5 ft.
Riser Diameter: 18 in.
Orifice 1 Diameter: 0.32 in. Elevation:0 ft.
Orifice 2 Diameter: 0.5 in. Elevation:10.2 ft.
Orifice 3 Diameter: 0.5 in. Elevation:12 ft.
Element Flows To:
Outlet 1 Outlet 2

              Vault Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.037 0.000 0.000 0.000
0.1556 0.037 0.005 0.001 0.000
0.3111 0.037 0.011 0.001 0.000
0.4667 0.037 0.017 0.001 0.000
0.6222 0.037 0.023 0.002 0.000
0.7778 0.037 0.029 0.002 0.000
0.9333 0.037 0.035 0.002 0.000
1.0889 0.037 0.040 0.002 0.000
1.2444 0.037 0.046 0.003 0.000
1.4000 0.037 0.052 0.003 0.000
1.5556 0.037 0.058 0.003 0.000
1.7111 0.037 0.064 0.003 0.000
1.8667 0.037 0.070 0.003 0.000
2.0222 0.037 0.076 0.004 0.000
2.1778 0.037 0.081 0.004 0.000
2.3333 0.037 0.087 0.004 0.000
2.4889 0.037 0.093 0.004 0.000
2.6444 0.037 0.099 0.004 0.000
2.8000 0.037 0.105 0.004 0.000
2.9556 0.037 0.111 0.004 0.000
3.1111 0.037 0.117 0.004 0.000
3.2667 0.037 0.122 0.005 0.000
3.4222 0.037 0.128 0.005 0.000
3.5778 0.037 0.134 0.005 0.000
3.7333 0.037 0.140 0.005 0.000
3.8889 0.037 0.146 0.005 0.000
4.0444 0.037 0.152 0.005 0.000
4.2000 0.037 0.157 0.005 0.000
4.3556 0.037 0.163 0.005 0.000
4.5111 0.037 0.169 0.005 0.000
4.6667 0.037 0.175 0.006 0.000
4.8222 0.037 0.181 0.006 0.000
4.9778 0.037 0.187 0.006 0.000
5.1333 0.037 0.193 0.006 0.000
5.2889 0.037 0.198 0.006 0.000
5.4444 0.037 0.204 0.006 0.000
5.6000 0.037 0.210 0.006 0.000
5.7556 0.037 0.216 0.006 0.000
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5.9111 0.037 0.222 0.006 0.000
6.0667 0.037 0.228 0.006 0.000
6.2222 0.037 0.234 0.006 0.000
6.3778 0.037 0.239 0.007 0.000
6.5333 0.037 0.245 0.007 0.000
6.6889 0.037 0.251 0.007 0.000
6.8444 0.037 0.257 0.007 0.000
7.0000 0.037 0.263 0.007 0.000
7.1556 0.037 0.269 0.007 0.000
7.3111 0.037 0.274 0.007 0.000
7.4667 0.037 0.280 0.007 0.000
7.6222 0.037 0.286 0.007 0.000
7.7778 0.037 0.292 0.007 0.000
7.9333 0.037 0.298 0.007 0.000
8.0889 0.037 0.304 0.007 0.000
8.2444 0.037 0.310 0.008 0.000
8.4000 0.037 0.315 0.008 0.000
8.5556 0.037 0.321 0.008 0.000
8.7111 0.037 0.327 0.008 0.000
8.8667 0.037 0.333 0.008 0.000
9.0222 0.037 0.339 0.008 0.000
9.1778 0.037 0.345 0.008 0.000
9.3333 0.037 0.351 0.008 0.000
9.4889 0.037 0.356 0.008 0.000
9.6444 0.037 0.362 0.008 0.000
9.8000 0.037 0.368 0.008 0.000
9.9556 0.037 0.374 0.008 0.000
10.111 0.037 0.380 0.008 0.000
10.267 0.037 0.386 0.010 0.000
10.422 0.037 0.391 0.012 0.000
10.578 0.037 0.397 0.013 0.000
10.733 0.037 0.403 0.014 0.000
10.889 0.037 0.409 0.014 0.000
11.044 0.037 0.415 0.015 0.000
11.200 0.037 0.421 0.016 0.000
11.356 0.037 0.427 0.016 0.000
11.511 0.037 0.432 0.017 0.000
11.667 0.037 0.438 0.017 0.000
11.822 0.037 0.444 0.018 0.000
11.978 0.037 0.450 0.018 0.000
12.133 0.037 0.456 0.021 0.000
12.289 0.037 0.462 0.023 0.000
12.444 0.037 0.468 0.024 0.000
12.600 0.037 0.473 0.025 0.000
12.756 0.037 0.479 0.026 0.000
12.911 0.037 0.485 0.027 0.000
13.067 0.037 0.491 0.028 0.000
13.222 0.037 0.497 0.029 0.000
13.378 0.037 0.503 0.030 0.000
13.533 0.037 0.508 0.127 0.000
13.689 0.037 0.514 1.323 0.000
13.844 0.037 0.520 3.041 0.000
14.000 0.037 0.526 4.672 0.000
14.156 0.037 0.532 5.737 0.000
14.311 0.000 0.000 6.417 0.000
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Vault  2
Width: 45.5 ft.
Length: 64 ft.
Depth: 10.5 ft.
Discharge Structure
Riser Height: 10 ft.
Riser Diameter: 18 in.
Orifice 1 Diameter: 0.358 in. Elevation:0 ft.
Orifice 2 Diameter: 0.5781 in.Elevation:8.7 ft.
Orifice 3 Diameter: 0.5313 in.Elevation:9.5 ft.
Element Flows To:
Outlet 1 Outlet 2

              Vault Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.066 0.000 0.000 0.000
0.1167 0.066 0.007 0.001 0.000
0.2333 0.066 0.015 0.001 0.000
0.3500 0.066 0.023 0.002 0.000
0.4667 0.066 0.031 0.002 0.000
0.5833 0.066 0.039 0.002 0.000
0.7000 0.066 0.046 0.002 0.000
0.8167 0.066 0.054 0.003 0.000
0.9333 0.066 0.062 0.003 0.000
1.0500 0.066 0.070 0.003 0.000
1.1667 0.066 0.078 0.003 0.000
1.2833 0.066 0.085 0.003 0.000
1.4000 0.066 0.093 0.004 0.000
1.5167 0.066 0.101 0.004 0.000
1.6333 0.066 0.109 0.004 0.000
1.7500 0.066 0.117 0.004 0.000
1.8667 0.066 0.124 0.004 0.000
1.9833 0.066 0.132 0.004 0.000
2.1000 0.066 0.140 0.005 0.000
2.2167 0.066 0.148 0.005 0.000
2.3333 0.066 0.156 0.005 0.000
2.4500 0.066 0.163 0.005 0.000
2.5667 0.066 0.171 0.005 0.000
2.6833 0.066 0.179 0.005 0.000
2.8000 0.066 0.187 0.005 0.000
2.9167 0.066 0.195 0.005 0.000
3.0333 0.066 0.202 0.006 0.000
3.1500 0.066 0.210 0.006 0.000
3.2667 0.066 0.218 0.006 0.000
3.3833 0.066 0.226 0.006 0.000
3.5000 0.066 0.234 0.006 0.000
3.6167 0.066 0.241 0.006 0.000
3.7333 0.066 0.249 0.006 0.000
3.8500 0.066 0.257 0.006 0.000
3.9667 0.066 0.265 0.006 0.000
4.0833 0.066 0.273 0.007 0.000
4.2000 0.066 0.280 0.007 0.000
4.3167 0.066 0.288 0.007 0.000
4.4333 0.066 0.296 0.007 0.000
4.5500 0.066 0.304 0.007 0.000
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4.6667 0.066 0.312 0.007 0.000
4.7833 0.066 0.319 0.007 0.000
4.9000 0.066 0.327 0.007 0.000
5.0167 0.066 0.335 0.007 0.000
5.1333 0.066 0.343 0.007 0.000
5.2500 0.066 0.351 0.008 0.000
5.3667 0.066 0.358 0.008 0.000
5.4833 0.066 0.366 0.008 0.000
5.6000 0.066 0.374 0.008 0.000
5.7167 0.066 0.382 0.008 0.000
5.8333 0.066 0.390 0.008 0.000
5.9500 0.066 0.397 0.008 0.000
6.0667 0.066 0.405 0.008 0.000
6.1833 0.066 0.413 0.008 0.000
6.3000 0.066 0.421 0.008 0.000
6.4167 0.066 0.429 0.008 0.000
6.5333 0.066 0.436 0.008 0.000
6.6500 0.066 0.444 0.009 0.000
6.7667 0.066 0.452 0.009 0.000
6.8833 0.066 0.460 0.009 0.000
7.0000 0.066 0.468 0.009 0.000
7.1167 0.066 0.475 0.009 0.000
7.2333 0.066 0.483 0.009 0.000
7.3500 0.066 0.491 0.009 0.000
7.4667 0.066 0.499 0.009 0.000
7.5833 0.066 0.506 0.009 0.000
7.7000 0.066 0.514 0.009 0.000
7.8167 0.066 0.522 0.009 0.000
7.9333 0.066 0.530 0.009 0.000
8.0500 0.066 0.538 0.009 0.000
8.1667 0.066 0.545 0.009 0.000
8.2833 0.066 0.553 0.010 0.000
8.4000 0.066 0.561 0.010 0.000
8.5167 0.066 0.569 0.010 0.000
8.6333 0.066 0.577 0.010 0.000
8.7500 0.066 0.584 0.012 0.000
8.8667 0.066 0.592 0.014 0.000
8.9833 0.066 0.600 0.015 0.000
9.1000 0.066 0.608 0.016 0.000
9.2167 0.066 0.616 0.017 0.000
9.3333 0.066 0.623 0.017 0.000
9.4500 0.066 0.631 0.018 0.000
9.5667 0.066 0.639 0.021 0.000
9.6833 0.066 0.647 0.023 0.000
9.8000 0.066 0.655 0.024 0.000
9.9167 0.066 0.662 0.025 0.000
10.033 0.066 0.670 0.123 0.000
10.150 0.066 0.678 0.947 0.000
10.267 0.066 0.686 2.153 0.000
10.383 0.066 0.694 3.478 0.000
10.500 0.066 0.701 4.670 0.000
10.617 0.066 0.709 5.532 0.000
10.733 0.000 0.000 6.046 0.000
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Analysis Results
POC 1

+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #1
Total Pervious Area: 2.631
Total Impervious Area: 0.12

Mitigated Landuse Totals for POC #1
Total Pervious Area: 0.743
Total Impervious Area: 2.003

Flow Frequency Method: Log Pearson Type III 17B

Flow Frequency Return Periods for Predeveloped.  POC #1
Return Period Flow(cfs)
2 year 0.042086
5 year 0.062446
10 year 0.07843
25 year 0.10171
50 year 0.121448
100 year 0.143372

Flow Frequency Return Periods for Mitigated.  POC #1
Return Period Flow(cfs)
2 year 0.016583
5 year 0.025631
10 year 0.033434
25 year 0.045749
50 year 0.056984
100 year 0.070241

Annual Peaks
Annual Peaks for Predeveloped and Mitigated.  POC #1
Year Predeveloped Mitigated
1949 0.023 0.013
1950 0.062 0.017
1951 0.035 0.015
1952 0.033 0.014
1953 0.043 0.013
1954 0.065 0.017
1955 0.080 0.047
1956 0.048 0.091
1957 0.068 0.014
1958 0.063 0.016
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1959 0.045 0.016
1960 0.039 0.014
1961 0.061 0.017
1962 0.035 0.012
1963 0.067 0.014
1964 0.044 0.014
1965 0.031 0.016
1966 0.023 0.013
1967 0.066 0.016
1968 0.051 0.017
1969 0.043 0.015
1970 0.029 0.015
1971 0.057 0.037
1972 0.050 0.013
1973 0.030 0.016
1974 0.046 0.018
1975 0.030 0.013
1976 0.031 0.016
1977 0.020 0.012
1978 0.035 0.013
1979 0.098 0.011
1980 0.030 0.014
1981 0.040 0.012
1982 0.042 0.017
1983 0.032 0.017
1984 0.037 0.023
1985 0.066 0.036
1986 0.132 0.023
1987 0.052 0.022
1988 0.036 0.016
1989 0.048 0.013
1990 0.033 0.015
1991 0.038 0.017
1992 0.036 0.015
1993 0.023 0.012
1994 0.021 0.016
1995 0.033 0.018
1996 0.083 0.018
1997 0.159 0.156
1998 0.034 0.015
1999 0.042 0.019
2000 0.040 0.017
2001 0.022 0.009
2002 0.037 0.030
2003 0.025 0.013
2004 0.047 0.016
2005 0.035 0.014
2006 0.091 0.037
2007 0.074 0.034
2008 0.083 0.020
2009 0.037 0.015

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1
Rank Predeveloped Mitigated
1 0.1594 0.1558
2 0.1323 0.0906
3 0.0983 0.0473
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4 0.0913 0.0374
5 0.0832 0.0372
6 0.0828 0.0359
7 0.0800 0.0341
8 0.0745 0.0301
9 0.0680 0.0234
10 0.0674 0.0232
11 0.0661 0.0220
12 0.0657 0.0196
13 0.0645 0.0186
14 0.0626 0.0181
15 0.0624 0.0180
16 0.0606 0.0178
17 0.0569 0.0175
18 0.0518 0.0173
19 0.0507 0.0169
20 0.0496 0.0169
21 0.0479 0.0167
22 0.0478 0.0165
23 0.0471 0.0165
24 0.0465 0.0165
25 0.0448 0.0164
26 0.0436 0.0164
27 0.0435 0.0162
28 0.0431 0.0161
29 0.0423 0.0161
30 0.0417 0.0159
31 0.0400 0.0158
32 0.0397 0.0157
33 0.0388 0.0155
34 0.0375 0.0154
35 0.0372 0.0153
36 0.0370 0.0152
37 0.0366 0.0151
38 0.0361 0.0151
39 0.0359 0.0150
40 0.0354 0.0148
41 0.0354 0.0143
42 0.0351 0.0142
43 0.0347 0.0142
44 0.0336 0.0138
45 0.0335 0.0137
46 0.0331 0.0137
47 0.0328 0.0136
48 0.0322 0.0133
49 0.0315 0.0133
50 0.0312 0.0132
51 0.0304 0.0130
52 0.0302 0.0129
53 0.0301 0.0129
54 0.0288 0.0128
55 0.0246 0.0127
56 0.0235 0.0124
57 0.0230 0.0123
58 0.0226 0.0116
59 0.0218 0.0116
60 0.0208 0.0114
61 0.0203 0.0086
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
0.0210 2841 1271 44 Pass
0.0221 2499 1126 45 Pass
0.0231 2232 1012 45 Pass
0.0241 1997 911 45 Pass
0.0251 1771 858 48 Pass
0.0261 1553 814 52 Pass
0.0271 1390 775 55 Pass
0.0281 1236 738 59 Pass
0.0292 1107 704 63 Pass
0.0302 1000 639 63 Pass
0.0312 896 590 65 Pass
0.0322 813 537 66 Pass
0.0332 741 463 62 Pass
0.0342 675 372 55 Pass
0.0352 618 297 48 Pass
0.0363 571 224 39 Pass
0.0373 525 194 36 Pass
0.0383 474 181 38 Pass
0.0393 447 167 37 Pass
0.0403 417 153 36 Pass
0.0413 384 143 37 Pass
0.0423 363 132 36 Pass
0.0434 344 120 34 Pass
0.0444 316 105 33 Pass
0.0454 301 97 32 Pass
0.0464 284 92 32 Pass
0.0474 262 83 31 Pass
0.0484 244 80 32 Pass
0.0494 234 71 30 Pass
0.0505 218 67 30 Pass
0.0515 206 64 31 Pass
0.0525 197 60 30 Pass
0.0535 190 57 30 Pass
0.0545 185 46 24 Pass
0.0555 176 38 21 Pass
0.0565 168 33 19 Pass
0.0576 159 32 20 Pass
0.0586 153 31 20 Pass
0.0596 148 29 19 Pass
0.0606 144 28 19 Pass
0.0616 140 27 19 Pass
0.0626 132 25 18 Pass
0.0636 126 23 18 Pass
0.0647 120 21 17 Pass
0.0657 112 21 18 Pass
0.0667 109 20 18 Pass
0.0677 103 19 18 Pass
0.0687 99 19 19 Pass
0.0697 95 19 20 Pass
0.0707 91 19 20 Pass
0.0718 89 19 21 Pass
0.0728 85 16 18 Pass
0.0738 80 15 18 Pass
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0.0748 78 15 19 Pass
0.0758 75 15 20 Pass
0.0768 74 14 18 Pass
0.0778 69 14 20 Pass
0.0789 68 13 19 Pass
0.0799 67 12 17 Pass
0.0809 63 12 19 Pass
0.0819 61 12 19 Pass
0.0829 56 12 21 Pass
0.0839 55 12 21 Pass
0.0849 55 12 21 Pass
0.0860 53 11 20 Pass
0.0870 53 11 20 Pass
0.0880 52 11 21 Pass
0.0890 51 11 21 Pass
0.0900 51 11 21 Pass
0.0910 49 10 20 Pass
0.0920 47 10 21 Pass
0.0931 45 10 22 Pass
0.0941 44 9 20 Pass
0.0951 42 9 21 Pass
0.0961 40 9 22 Pass
0.0971 40 9 22 Pass
0.0981 39 9 23 Pass
0.0991 35 9 25 Pass
0.1001 33 9 27 Pass
0.1012 31 9 29 Pass
0.1022 30 8 26 Pass
0.1032 29 8 27 Pass
0.1042 28 8 28 Pass
0.1052 28 7 25 Pass
0.1062 27 7 25 Pass
0.1072 25 7 28 Pass
0.1083 24 7 29 Pass
0.1093 23 7 30 Pass
0.1103 22 7 31 Pass
0.1113 21 7 33 Pass
0.1123 21 6 28 Pass
0.1133 20 6 30 Pass
0.1143 16 6 37 Pass
0.1154 16 6 37 Pass
0.1164 16 6 37 Pass
0.1174 16 6 37 Pass
0.1184 14 6 42 Pass
0.1194 12 5 41 Pass
0.1204 12 4 33 Pass
0.1214 12 3 25 Pass
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Water Quality
Water Quality BMP Flow and Volume for POC #1
On-line facility volume: 0 acre-feet
On-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
Off-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
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LID Report
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Model Default Modifications

Total of 0 changes have been made.

PERLND Changes
 No PERLND changes have been made.

IMPLND Changes
No IMPLND changes have been made.
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Appendix
Predeveloped Schematic
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Mitigated Schematic
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Predeveloped UCI File
RUN

GLOBAL
  WWHM4 model simulation
  START       1948 10 01        END    2009 09 30
  RUN INTERP OUTPUT LEVEL    3    0
  RESUME     0 RUN     1                   UNIT SYSTEM     1
END GLOBAL

FILES
<File>  <Un#>   <-----------File Name------------------------------>***
<-ID->                                                              ***
WDM        26   Saratoga Heights Phase 2 Mod.wdm
MESSU      25   PreSaratoga Heights Phase 2 Mod.MES
           27   PreSaratoga Heights Phase 2 Mod.L61
           28   PreSaratoga Heights Phase 2 Mod.L62
           30   POCSaratoga Heights Phase 2 Mod1.dat
END FILES

OPN SEQUENCE
    INGRP              INDELT 00:60
      PERLND      11
      IMPLND       1
      COPY       501
      DISPLY       1
    END INGRP
END OPN SEQUENCE
DISPLY
  DISPLY-INFO1
    # -  #<----------Title----------->***TRAN PIVL DIG1 FIL1  PYR DIG2 FIL2 YRND
    1        Ex Basin Phase 1            MAX                    1    2   30    9
  END DISPLY-INFO1
END DISPLY
COPY
  TIMESERIES
    # -  #  NPT  NMN ***
    1         1    1
  501         1    1
  END TIMESERIES
END COPY
GENER 
  OPCODE
    #    # OPCD ***
  END OPCODE
  PARM
    #    #         K ***
  END PARM
END GENER
PERLND
  GEN-INFO
    <PLS ><-------Name------->NBLKS   Unit-systems   Printer ***
    # -  #                          User  t-series Engl Metr ***
                                           in  out           ***
   11     C, Forest, Mod          1    1    1    1   27    0
  END GEN-INFO
  *** Section PWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC ***
   11         0    0    1    0    0    0    0    0    0    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <PLS > ***************** Print-flags ***************************** PIVL  PYR
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC  *********
   11         0    0    4    0    0    0    0    0    0    0    0    0    1    9    
  END PRINT-INFO
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  PWAT-PARM1
    <PLS >  PWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP UZFG  VCS  VUZ  VNN VIFW VIRC  VLE INFC  HWT ***
   11         0    0    0    0    0    0    0    0    0    0    0    
  END PWAT-PARM1

  PWAT-PARM2
    <PLS >      PWATER input info: Part 2         ***
    # -  # ***FOREST      LZSN    INFILT      LSUR     SLSUR     KVARY     AGWRC
   11              0       4.5      0.08       400       0.1       0.5     0.996
  END PWAT-PARM2

  PWAT-PARM3
    <PLS >      PWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
   11              0         0         2         2         0         0         0
  END PWAT-PARM3
  PWAT-PARM4
    <PLS >     PWATER input info: Part 4                               ***
    # -  #     CEPSC      UZSN      NSUR     INTFW       IRC     LZETP ***
   11            0.2       0.5      0.35         6       0.5       0.7
  END PWAT-PARM4

  PWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
              ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***
    # -  # ***  CEPS      SURS       UZS      IFWS       LZS      AGWS      GWVS
   11              0         0         0         0       2.5         1         0
  END PWAT-STATE1

END PERLND

IMPLND
  GEN-INFO
    <PLS ><-------Name------->   Unit-systems   Printer ***
    # -  #                     User  t-series Engl Metr ***
                                      in  out           ***
    1      ROADS/FLAT             1    1    1   27    0
  END GEN-INFO
  *** Section IWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL   ***
    1         0    0    1    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <ILS > ******** Print-flags ******** PIVL  PYR
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL    *********
    1         0    0    4    0    0    0    1    9    
  END PRINT-INFO

  IWAT-PARM1
    <PLS >  IWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP  VRS  VNN RTLI     ***
    1         0    0    0    0    0    
  END IWAT-PARM1

  IWAT-PARM2
    <PLS >      IWATER input info: Part 2         ***
    # -  # ***  LSUR     SLSUR      NSUR     RETSC    
    1            400      0.01       0.1       0.1
  END IWAT-PARM2

  IWAT-PARM3
    <PLS >      IWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN              
    1              0         0
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  END IWAT-PARM3

  IWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
    # -  # ***  RETS      SURS  
    1              0         0
  END IWAT-STATE1

END IMPLND

SCHEMATIC
<-Source->                  <--Area-->     <-Target->   MBLK   ***
<Name>   #                  <-factor->     <Name>   #   Tbl#   ***
Ex Basin Phase 1 ***
PERLND  11                       1.203     COPY   501     12
PERLND  11                       1.203     COPY   501     13
IMPLND   1                        0.12     COPY   501     15
Ex Basin Phase 2/3***
PERLND  11                       1.428     COPY   501     12
PERLND  11                       1.428     COPY   501     13

******Routing******
END SCHEMATIC

NETWORK
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
COPY   501 OUTPUT MEAN   1 1   12.1        DISPLY   1     INPUT  TIMSER 1

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
END NETWORK

RCHRES
  GEN-INFO
    RCHRES       Name        Nexits   Unit Systems   Printer                 ***
    # -  #<------------------><---> User T-series  Engl Metr LKFG            ***
                                           in  out                           ***
  END GEN-INFO
  *** Section RCHRES***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
  END ACTIVITY

  PRINT-INFO
    <PLS > ***************** Print-flags ******************* PIVL  PYR
    # -  # HYDR ADCA CONS HEAT  SED  GQL OXRX NUTR PLNK PHCB PIVL  PYR  *********
  END PRINT-INFO

  HYDR-PARM1
    RCHRES  Flags for each HYDR Section                                      ***
    # -  #  VC A1 A2 A3  ODFVFG for each *** ODGTFG for each     FUNCT  for each
            FG FG FG FG  possible  exit  *** possible  exit      possible  exit
             *  *  *  *    *  *  *  *  *       *  *  *  *  *         ***
  END HYDR-PARM1

  HYDR-PARM2
    # -  #    FTABNO       LEN     DELTH     STCOR        KS      DB50       ***
  <------><--------><--------><--------><--------><--------><-------->       ***
  END HYDR-PARM2
  HYDR-INIT
    RCHRES  Initial conditions for each HYDR section                         ***
    # -  # ***   VOL     Initial  value  of COLIND     Initial  value  of OUTDGT
          *** ac-ft     for each possible exit        for each possible exit
  <------><-------->     <---><---><---><---><---> *** <---><---><---><---><--->
  END HYDR-INIT
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END RCHRES

SPEC-ACTIONS
END SPEC-ACTIONS
FTABLES
END FTABLES

EXT SOURCES
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   # <Name> # tem strg<-factor->strg <Name>   #   #        <Name> # #  ***
WDM      2 PREC     ENGL    0.8       SUM  PERLND   1 999 EXTNL  PREC
WDM      2 PREC     ENGL    0.8       SUM  IMPLND   1 999 EXTNL  PREC
WDM      1 EVAP     ENGL    0.76           PERLND   1 999 EXTNL  PETINP
WDM      1 EVAP     ENGL    0.76           IMPLND   1 999 EXTNL  PETINP

END EXT SOURCES

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name>   #        <Name> # #<-factor->strg <Name>   # <Name>    tem strg strg***
COPY   501 OUTPUT MEAN   1 1     12.1      WDM    501 FLOW     ENGL      REPL
END EXT TARGETS

MASS-LINK
<Volume>   <-Grp> <-Member-><--Mult-->     <Target>       <-Grp> <-Member->***
<Name>            <Name> # #<-factor->     <Name>                <Name> # #***
  MASS-LINK       12
PERLND     PWATER SURO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   12

  MASS-LINK       13
PERLND     PWATER IFWO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   13

  MASS-LINK       15
IMPLND     IWATER SURO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   15

END MASS-LINK

END RUN
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Mitigated UCI File
RUN

GLOBAL
  WWHM4 model simulation
  START       1948 10 01        END    2009 09 30
  RUN INTERP OUTPUT LEVEL    3    0
  RESUME     0 RUN     1                   UNIT SYSTEM     1
END GLOBAL

FILES
<File>  <Un#>   <-----------File Name------------------------------>***
<-ID->                                                              ***
WDM        26   Saratoga Heights Phase 2 Mod.wdm
MESSU      25   MitSaratoga Heights Phase 2 Mod.MES
           27   MitSaratoga Heights Phase 2 Mod.L61
           28   MitSaratoga Heights Phase 2 Mod.L62
           30   POCSaratoga Heights Phase 2 Mod1.dat
END FILES

OPN SEQUENCE
    INGRP              INDELT 00:60
      PERLND      17
      IMPLND       2
      IMPLND       4
      RCHRES       1
      RCHRES       2
      COPY         1
      COPY       501
      DISPLY       1
    END INGRP
END OPN SEQUENCE
DISPLY
  DISPLY-INFO1
    # -  #<----------Title----------->***TRAN PIVL DIG1 FIL1  PYR DIG2 FIL2 YRND
    1        Phase 1 Vault               MAX                    1    2   30    9
  END DISPLY-INFO1
END DISPLY
COPY
  TIMESERIES
    # -  #  NPT  NMN ***
    1         1    1
  501         1    1
  END TIMESERIES
END COPY
GENER 
  OPCODE
    #    # OPCD ***
  END OPCODE
  PARM
    #    #         K ***
  END PARM
END GENER
PERLND
  GEN-INFO
    <PLS ><-------Name------->NBLKS   Unit-systems   Printer ***
    # -  #                          User  t-series Engl Metr ***
                                           in  out           ***
   17     C, Lawn, Mod            1    1    1    1   27    0
  END GEN-INFO
  *** Section PWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC ***
   17         0    0    1    0    0    0    0    0    0    0    0    0    
  END ACTIVITY

  PRINT-INFO
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    <PLS > ***************** Print-flags ***************************** PIVL  PYR
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC  *********
   17         0    0    4    0    0    0    0    0    0    0    0    0    1    9    
  END PRINT-INFO

  PWAT-PARM1
    <PLS >  PWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP UZFG  VCS  VUZ  VNN VIFW VIRC  VLE INFC  HWT ***
   17         0    0    0    0    0    0    0    0    0    0    0    
  END PWAT-PARM1

  PWAT-PARM2
    <PLS >      PWATER input info: Part 2         ***
    # -  # ***FOREST      LZSN    INFILT      LSUR     SLSUR     KVARY     AGWRC
   17              0       4.5      0.03       400       0.1       0.5     0.996
  END PWAT-PARM2

  PWAT-PARM3
    <PLS >      PWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
   17              0         0         2         2         0         0         0
  END PWAT-PARM3
  PWAT-PARM4
    <PLS >     PWATER input info: Part 4                               ***
    # -  #     CEPSC      UZSN      NSUR     INTFW       IRC     LZETP ***
   17            0.1      0.25      0.25         6       0.5      0.25
  END PWAT-PARM4

  PWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
              ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***
    # -  # ***  CEPS      SURS       UZS      IFWS       LZS      AGWS      GWVS
   17              0         0         0         0       2.5         1         0
  END PWAT-STATE1

END PERLND

IMPLND
  GEN-INFO
    <PLS ><-------Name------->   Unit-systems   Printer ***
    # -  #                     User  t-series Engl Metr ***
                                      in  out           ***
    2      ROADS/MOD              1    1    1   27    0
    4      ROOF TOPS/FLAT         1    1    1   27    0
  END GEN-INFO
  *** Section IWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL   ***
    2         0    0    1    0    0    0    
    4         0    0    1    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <ILS > ******** Print-flags ******** PIVL  PYR
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL    *********
    2         0    0    4    0    0    0    1    9    
    4         0    0    4    0    0    0    1    9    
  END PRINT-INFO

  IWAT-PARM1
    <PLS >  IWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP  VRS  VNN RTLI     ***
    2         0    0    0    0    0    
    4         0    0    0    0    0    
  END IWAT-PARM1

  IWAT-PARM2
    <PLS >      IWATER input info: Part 2         ***
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    # -  # ***  LSUR     SLSUR      NSUR     RETSC    
    2            400      0.05       0.1      0.08
    4            400      0.01       0.1       0.1
  END IWAT-PARM2

  IWAT-PARM3
    <PLS >      IWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN              
    2              0         0
    4              0         0
  END IWAT-PARM3

  IWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
    # -  # ***  RETS      SURS  
    2              0         0
    4              0         0
  END IWAT-STATE1

END IMPLND

SCHEMATIC
<-Source->                  <--Area-->     <-Target->   MBLK   ***
<Name>   #                  <-factor->     <Name>   #   Tbl#   ***
Dev Basin Phase 1***
PERLND  17                       0.462     RCHRES   1      2
PERLND  17                       0.462     RCHRES   1      3
IMPLND   2                       0.502     RCHRES   1      5
IMPLND   4                       0.356     RCHRES   1      5
Dev Basin Phase 2/3***
PERLND  17                       0.281     RCHRES   2      2
PERLND  17                       0.281     RCHRES   2      3
IMPLND   2                       0.518     RCHRES   2      5
IMPLND   4                       0.627     RCHRES   2      5

******Routing******
PERLND  17                       0.462     COPY     1     12
IMPLND   2                       0.502     COPY     1     15
IMPLND   4                       0.356     COPY     1     15
PERLND  17                       0.462     COPY     1     13
PERLND  17                       0.281     COPY     1     12
IMPLND   2                       0.518     COPY     1     15
IMPLND   4                       0.627     COPY     1     15
PERLND  17                       0.281     COPY     1     13
RCHRES   1                           1     COPY   501     16
RCHRES   2                           1     COPY   501     16
END SCHEMATIC

NETWORK
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
COPY   501 OUTPUT MEAN   1 1   12.1        DISPLY   1     INPUT  TIMSER 1

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
END NETWORK

RCHRES
  GEN-INFO
    RCHRES       Name        Nexits   Unit Systems   Printer                 ***
    # -  #<------------------><---> User T-series  Engl Metr LKFG            ***
                                           in  out                           ***
    1     Phase 1 Vault           1    1    1    1   28    0    1
    2     Vault  2                1    1    1    1   28    0    1
  END GEN-INFO
  *** Section RCHRES***

  ACTIVITY
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    <PLS > ************* Active Sections *****************************
    # -  # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
    1         1    0    0    0    0    0    0    0    0    0    
    2         1    0    0    0    0    0    0    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <PLS > ***************** Print-flags ******************* PIVL  PYR
    # -  # HYDR ADCA CONS HEAT  SED  GQL OXRX NUTR PLNK PHCB PIVL  PYR  *********
    1         4    0    0    0    0    0    0    0    0    0    1    9    
    2         4    0    0    0    0    0    0    0    0    0    1    9    
  END PRINT-INFO

  HYDR-PARM1
    RCHRES  Flags for each HYDR Section                                      ***
    # -  #  VC A1 A2 A3  ODFVFG for each *** ODGTFG for each     FUNCT  for each
            FG FG FG FG  possible  exit  *** possible  exit      possible  exit
             *  *  *  *    *  *  *  *  *       *  *  *  *  *         ***
    1        0  1  0  0    4  0  0  0  0       0  0  0  0  0       2  2  2  2  2
    2        0  1  0  0    4  0  0  0  0       0  0  0  0  0       2  2  2  2  2
  END HYDR-PARM1

  HYDR-PARM2
    # -  #    FTABNO       LEN     DELTH     STCOR        KS      DB50       ***
  <------><--------><--------><--------><--------><--------><-------->       ***
    1              1      0.01       0.0       0.0       0.5       0.0
    2              2      0.01       0.0       0.0       0.5       0.0
  END HYDR-PARM2
  HYDR-INIT
    RCHRES  Initial conditions for each HYDR section                         ***
    # -  # ***   VOL     Initial  value  of COLIND     Initial  value  of OUTDGT
          *** ac-ft     for each possible exit        for each possible exit
  <------><-------->     <---><---><---><---><---> *** <---><---><---><---><--->
    1            0         4.0  0.0  0.0  0.0  0.0       0.0  0.0  0.0  0.0  0.0
    2            0         4.0  0.0  0.0  0.0  0.0       0.0  0.0  0.0  0.0  0.0
  END HYDR-INIT
END RCHRES

SPEC-ACTIONS
END SPEC-ACTIONS
FTABLES
  FTABLE      1
   92    4
     Depth      Area    Volume  Outflow1 Velocity  Travel Time***
      (ft)   (acres) (acre-ft)   (cfs)   (ft/sec)    (Minutes)***
  0.000000  0.037603  0.000000  0.000000  
  0.155556  0.037603  0.005849  0.001096  
  0.311111  0.037603  0.011699  0.001550  
  0.466667  0.037603  0.017548  0.001898  
  0.622222  0.037603  0.023398  0.002192  
  0.777778  0.037603  0.029247  0.002451  
  0.933333  0.037603  0.035096  0.002685  
  1.088889  0.037603  0.040946  0.002900  
  1.244444  0.037603  0.046795  0.003100  
  1.400000  0.037603  0.052645  0.003288  
  1.555556  0.037603  0.058494  0.003466  
  1.711111  0.037603  0.064343  0.003635  
  1.866667  0.037603  0.070193  0.003797  
  2.022222  0.037603  0.076042  0.003952  
  2.177778  0.037603  0.081892  0.004101  
  2.333333  0.037603  0.087741  0.004245  
  2.488889  0.037603  0.093590  0.004384  
  2.644444  0.037603  0.099440  0.004519  
  2.800000  0.037603  0.105289  0.004650  
  2.955556  0.037603  0.111139  0.004777  
  3.111111  0.037603  0.116988  0.004901  
  3.266667  0.037603  0.122837  0.005022  
  3.422222  0.037603  0.128687  0.005141  
  3.577778  0.037603  0.134536  0.005256  
  3.733333  0.037603  0.140386  0.005369  
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  3.888889  0.037603  0.146235  0.005480  
  4.044444  0.037603  0.152084  0.005588  
  4.200000  0.037603  0.157934  0.005695  
  4.355556  0.037603  0.163783  0.005799  
  4.511111  0.037603  0.169633  0.005902  
  4.666667  0.037603  0.175482  0.006003  
  4.822222  0.037603  0.181331  0.006102  
  4.977778  0.037603  0.187181  0.006200  
  5.133333  0.037603  0.193030  0.006296  
  5.288889  0.037603  0.198880  0.006391  
  5.444444  0.037603  0.204729  0.006484  
  5.600000  0.037603  0.210579  0.006576  
  5.755556  0.037603  0.216428  0.006667  
  5.911111  0.037603  0.222277  0.006756  
  6.066667  0.037603  0.228127  0.006844  
  6.222222  0.037603  0.233976  0.006932  
  6.377778  0.037603  0.239826  0.007018  
  6.533333  0.037603  0.245675  0.007103  
  6.688889  0.037603  0.251524  0.007187  
  6.844444  0.037603  0.257374  0.007270  
  7.000000  0.037603  0.263223  0.007352  
  7.155556  0.037603  0.269073  0.007433  
  7.311111  0.037603  0.274922  0.007514  
  7.466667  0.037603  0.280771  0.007593  
  7.622222  0.037603  0.286621  0.007672  
  7.777778  0.037603  0.292470  0.007750  
  7.933333  0.037603  0.298320  0.007827  
  8.088889  0.037603  0.304169  0.007903  
  8.244444  0.037603  0.310018  0.007979  
  8.400000  0.037603  0.315868  0.008054  
  8.555556  0.037603  0.321717  0.008128  
  8.711111  0.037603  0.327567  0.008202  
  8.866667  0.037603  0.333416  0.008274  
  9.022222  0.037603  0.339265  0.008347  
  9.177778  0.037603  0.345115  0.008418  
  9.333333  0.037603  0.350964  0.008489  
  9.488889  0.037603  0.356814  0.008560  
  9.644444  0.037603  0.362663  0.008630  
  9.800000  0.037603  0.368512  0.008699  
  9.955556  0.037603  0.374362  0.008768  
  10.11111  0.037603  0.380211  0.008836  
  10.26667  0.037603  0.386061  0.010655  
  10.42222  0.037603  0.391910  0.012169  
  10.57778  0.037603  0.397759  0.013207  
  10.73333  0.037603  0.403609  0.014058  
  10.88889  0.037603  0.409458  0.014800  
  11.04444  0.037603  0.415308  0.015469  
  11.20000  0.037603  0.421157  0.016084  
  11.35556  0.037603  0.427006  0.016657  
  11.51111  0.037603  0.432856  0.017196  
  11.66667  0.037603  0.438705  0.017708  
  11.82222  0.037603  0.444555  0.018195  
  11.97778  0.037603  0.450404  0.018663  
  12.13333  0.037603  0.456253  0.021590  
  12.28889  0.037603  0.462103  0.023193  
  12.44444  0.037603  0.467952  0.024489  
  12.60000  0.037603  0.473802  0.025629  
  12.75556  0.037603  0.479651  0.026667  
  12.91111  0.037603  0.485500  0.027631  
  13.06667  0.037603  0.491350  0.028538  
  13.22222  0.037603  0.497199  0.029399  
  13.37778  0.037603  0.503049  0.030221  
  13.53333  0.037603  0.508898  0.127862  
  13.68889  0.037603  0.514747  1.323485  
  13.84444  0.037603  0.520597  3.041905  
  14.00000  0.037603  0.526446  4.672308  
  14.15556  0.037603  0.532296  5.737321  
  END FTABLE  1
  FTABLE      2
   92    4
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     Depth      Area    Volume  Outflow1 Velocity  Travel Time***
      (ft)   (acres) (acre-ft)   (cfs)   (ft/sec)    (Minutes)***
  0.000000  0.066850  0.000000  0.000000  
  0.116667  0.066850  0.007799  0.001188  
  0.233333  0.066850  0.015598  0.001680  
  0.350000  0.066850  0.023398  0.002058  
  0.466667  0.066850  0.031197  0.002376  
  0.583333  0.066850  0.038996  0.002656  
  0.700000  0.066850  0.046795  0.002910  
  0.816667  0.066850  0.054594  0.003143  
  0.933333  0.066850  0.062394  0.003360  
  1.050000  0.066850  0.070193  0.003564  
  1.166667  0.066850  0.077992  0.003757  
  1.283333  0.066850  0.085791  0.003940  
  1.400000  0.066850  0.093590  0.004115  
  1.516667  0.066850  0.101390  0.004283  
  1.633333  0.066850  0.109189  0.004445  
  1.750000  0.066850  0.116988  0.004601  
  1.866667  0.066850  0.124787  0.004752  
  1.983333  0.066850  0.132586  0.004898  
  2.100000  0.066850  0.140386  0.005040  
  2.216667  0.066850  0.148185  0.005178  
  2.333333  0.066850  0.155984  0.005313  
  2.450000  0.066850  0.163783  0.005444  
  2.566667  0.066850  0.171582  0.005572  
  2.683333  0.066850  0.179382  0.005697  
  2.800000  0.066850  0.187181  0.005820  
  2.916667  0.066850  0.194980  0.005940  
  3.033333  0.066850  0.202779  0.006057  
  3.150000  0.066850  0.210579  0.006173  
  3.266667  0.066850  0.218378  0.006286  
  3.383333  0.066850  0.226177  0.006397  
  3.500000  0.066850  0.233976  0.006507  
  3.616667  0.066850  0.241775  0.006614  
  3.733333  0.066850  0.249575  0.006720  
  3.850000  0.066850  0.257374  0.006824  
  3.966667  0.066850  0.265173  0.006927  
  4.083333  0.066850  0.272972  0.007028  
  4.200000  0.066850  0.280771  0.007128  
  4.316667  0.066850  0.288571  0.007226  
  4.433333  0.066850  0.296370  0.007323  
  4.550000  0.066850  0.304169  0.007419  
  4.666667  0.066850  0.311968  0.007513  
  4.783333  0.066850  0.319767  0.007607  
  4.900000  0.066850  0.327567  0.007699  
  5.016667  0.066850  0.335366  0.007790  
  5.133333  0.066850  0.343165  0.007880  
  5.250000  0.066850  0.350964  0.007969  
  5.366667  0.066850  0.358763  0.008057  
  5.483333  0.066850  0.366563  0.008144  
  5.600000  0.066850  0.374362  0.008230  
  5.716667  0.066850  0.382161  0.008316  
  5.833333  0.066850  0.389960  0.008400  
  5.950000  0.066850  0.397759  0.008484  
  6.066667  0.066850  0.405559  0.008566  
  6.183333  0.066850  0.413358  0.008648  
  6.300000  0.066850  0.421157  0.008730  
  6.416667  0.066850  0.428956  0.008810  
  6.533333  0.066850  0.436755  0.008890  
  6.650000  0.066850  0.444555  0.008969  
  6.766667  0.066850  0.452354  0.009047  
  6.883333  0.066850  0.460153  0.009125  
  7.000000  0.066850  0.467952  0.009202  
  7.116667  0.066850  0.475751  0.009278  
  7.233333  0.066850  0.483551  0.009354  
  7.350000  0.066850  0.491350  0.009429  
  7.466667  0.066850  0.499149  0.009504  
  7.583333  0.066850  0.506948  0.009578  
  7.700000  0.066850  0.514747  0.009651  
  7.816667  0.066850  0.522547  0.009724  
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  7.933333  0.066850  0.530346  0.009796  
  8.050000  0.066850  0.538145  0.009868  
  8.166667  0.066850  0.545944  0.009939  
  8.283333  0.066850  0.553743  0.010010  
  8.400000  0.066850  0.561543  0.010080  
  8.516667  0.066850  0.569342  0.010150  
  8.633333  0.066850  0.577141  0.010219  
  8.750000  0.066850  0.584940  0.012316  
  8.866667  0.066850  0.592740  0.014059  
  8.983333  0.066850  0.600539  0.015252  
  9.100000  0.066850  0.608338  0.016227  
  9.216667  0.066850  0.616137  0.017078  
  9.333333  0.066850  0.623936  0.017843  
  9.450000  0.066850  0.631736  0.018546  
  9.566667  0.066850  0.639535  0.021178  
  9.683333  0.066850  0.647334  0.023096  
  9.800000  0.066850  0.655133  0.024595  
  9.916667  0.066850  0.662932  0.025900  
  10.03333  0.066850  0.670732  0.123935  
  10.15000  0.066850  0.678531  0.947251  
  10.26667  0.066850  0.686330  2.153026  
  10.38333  0.066850  0.694129  3.478431  
  10.50000  0.066850  0.701928  4.670189  
  10.61667  0.066850  0.709728  5.532588  
  END FTABLE  2
END FTABLES

EXT SOURCES
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   # <Name> # tem strg<-factor->strg <Name>   #   #        <Name> # #  ***
WDM      2 PREC     ENGL    0.8       SUM  PERLND   1 999 EXTNL  PREC
WDM      2 PREC     ENGL    0.8       SUM  IMPLND   1 999 EXTNL  PREC
WDM      1 EVAP     ENGL    0.76           PERLND   1 999 EXTNL  PETINP
WDM      1 EVAP     ENGL    0.76           IMPLND   1 999 EXTNL  PETINP

END EXT SOURCES

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name>   #        <Name> # #<-factor->strg <Name>   # <Name>    tem strg strg***
RCHRES   1 HYDR   RO     1 1        1      WDM   1000 FLOW     ENGL      REPL
RCHRES   1 HYDR   STAGE  1 1        1      WDM   1001 STAG     ENGL      REPL
COPY     1 OUTPUT MEAN   1 1     12.1      WDM    701 FLOW     ENGL      REPL
COPY   501 OUTPUT MEAN   1 1     12.1      WDM    801 FLOW     ENGL      REPL
RCHRES   2 HYDR   RO     1 1        1      WDM   1002 FLOW     ENGL      REPL
RCHRES   2 HYDR   STAGE  1 1        1      WDM   1003 STAG     ENGL      REPL
END EXT TARGETS

MASS-LINK
<Volume>   <-Grp> <-Member-><--Mult-->     <Target>       <-Grp> <-Member->***
<Name>            <Name> # #<-factor->     <Name>                <Name> # #***
  MASS-LINK        2
PERLND     PWATER SURO       0.083333      RCHRES         INFLOW IVOL
  END MASS-LINK    2

  MASS-LINK        3
PERLND     PWATER IFWO       0.083333      RCHRES         INFLOW IVOL
  END MASS-LINK    3

  MASS-LINK        5
IMPLND     IWATER SURO       0.083333      RCHRES         INFLOW IVOL
  END MASS-LINK    5

  MASS-LINK       12
PERLND     PWATER SURO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   12

  MASS-LINK       13
PERLND     PWATER IFWO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   13
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  MASS-LINK       15
IMPLND     IWATER SURO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   15

  MASS-LINK       16
RCHRES     ROFLOW                          COPY           INPUT  MEAN
  END MASS-LINK   16

END MASS-LINK

END RUN
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Predeveloped HSPF Message File
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Mitigated HSPF Message File

ERROR/WARNING ID:   238   1

The continuity error reported below is greater than 1 part in 1000 and is
therefore considered high.

Did you specify any "special actions"?  If so, they could account for it.

Relevant data are:
DATE/TIME: 1948/12/31 24: 0

RCHRES :    1

RELERR       STORS        STOR       MATIN      MATDIF
-6.524E-03     0.00000  0.0000E+00     0.00000  -4.629E-08

Where:

RELERR is the relative error (ERROR/REFVAL).
ERROR  is (STOR-STORS) - MATDIF.
REFVAL is the reference value (STORS+MATIN).
STOR   is the storage of material in the processing unit (land-segment or
reach/reservior) at the end of the present interval.
STORS  is the storage of material in the pu at the start of the present
printout reporting period.
MATIN  is the total inflow of material to the pu during the present printout
reporting period.
MATDIF is the net inflow (inflow-outflow) of material to the pu during the
present printout reporting period.

ERROR/WARNING ID:   238   1

The continuity error reported below is greater than 1 part in 1000 and is
therefore considered high.

Did you specify any "special actions"?  If so, they could account for it.

Relevant data are:
DATE/TIME: 1958/ 8/31 24: 0

RCHRES :    1

RELERR       STORS        STOR       MATIN      MATDIF
-1.454E-03     0.00000  0.0000E+00     0.00000  -2.091E-07

Where:

RELERR is the relative error (ERROR/REFVAL).
ERROR  is (STOR-STORS) - MATDIF.
REFVAL is the reference value (STORS+MATIN).
STOR   is the storage of material in the processing unit (land-segment or
reach/reservior) at the end of the present interval.
STORS  is the storage of material in the pu at the start of the present
printout reporting period.
MATIN  is the total inflow of material to the pu during the present printout
reporting period.
MATDIF is the net inflow (inflow-outflow) of material to the pu during the
present printout reporting period.

ERROR/WARNING ID:   238   1

The continuity error reported below is greater than 1 part in 1000 and is
therefore considered high.

Did you specify any "special actions"?  If so, they could account for it.

Relevant data are:
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DATE/TIME: 1967/ 8/31 24: 0

RCHRES :    1

RELERR       STORS        STOR       MATIN      MATDIF
-1.788E-03     0.00000  0.0000E+00     0.00000  -1.716E-07

Where:

RELERR is the relative error (ERROR/REFVAL).
ERROR  is (STOR-STORS) - MATDIF.
REFVAL is the reference value (STORS+MATIN).
STOR   is the storage of material in the processing unit (land-segment or
reach/reservior) at the end of the present interval.
STORS  is the storage of material in the pu at the start of the present
printout reporting period.
MATIN  is the total inflow of material to the pu during the present printout
reporting period.
MATDIF is the net inflow (inflow-outflow) of material to the pu during the
present printout reporting period.

ERROR/WARNING ID:   238   1

The continuity error reported below is greater than 1 part in 1000 and is
therefore considered high.

Did you specify any "special actions"?  If so, they could account for it.

Relevant data are:
DATE/TIME: 1994/ 8/31 24: 0

RCHRES :    1

RELERR       STORS        STOR       MATIN      MATDIF
-1.611E-03     0.00000  0.0000E+00     0.00000  -1.861E-07

Where:

RELERR is the relative error (ERROR/REFVAL).
ERROR  is (STOR-STORS) - MATDIF.
REFVAL is the reference value (STORS+MATIN).
STOR   is the storage of material in the processing unit (land-segment or
reach/reservior) at the end of the present interval.
STORS  is the storage of material in the pu at the start of the present
printout reporting period.
MATIN  is the total inflow of material to the pu during the present printout
reporting period.
MATDIF is the net inflow (inflow-outflow) of material to the pu during the
present printout reporting period.

ERROR/WARNING ID:   238   1

The continuity error reported below is greater than 1 part in 1000 and is
therefore considered high.

Did you specify any "special actions"?  If so, they could account for it.

Relevant data are:
DATE/TIME: 2003/ 7/31 24: 0

RCHRES :    1

RELERR       STORS        STOR       MATIN      MATDIF
-9.664E-03     0.00000  0.0000E+00     0.00000  -3.151E-08

Where:

RELERR is the relative error (ERROR/REFVAL).
ERROR  is (STOR-STORS) - MATDIF.
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REFVAL is the reference value (STORS+MATIN).
STOR   is the storage of material in the processing unit (land-segment or
reach/reservior) at the end of the present interval.
STORS  is the storage of material in the pu at the start of the present
printout reporting period.
MATIN  is the total inflow of material to the pu during the present printout
reporting period.
MATDIF is the net inflow (inflow-outflow) of material to the pu during the
present printout reporting period.

The count for the WARNING printed above has reached its maximum.

If the condition is encountered again the message will not be repeated.
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Disclaimer
Legal Notice
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear 
Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either 
expressed or implied, including but not limited to implied warranties of program and accompanying 
documentation.  In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever 
(including without limitation to damages for loss of business profits, loss of business information, 
business interruption, and the like) arising out of the use of, or inability to use this program even 
if Clear Creek Solutions Inc. or their authorized representatives have been advised of the 
possibility of such damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2019; All 
Rights Reserved.

Clear Creek Solutions, Inc.
6200 Capitol Blvd.  Ste F
Olympia, WA.  98501
Toll Free 1(866)943-0304
Local (360)943-0304

www.clearcreeksolutions.com

www.clearcreeksolutions.com
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Size and Cost Estimate 

11835 NE Glenn Widing Dr., Portland OR 97220     

Toll-free: 800.548.4667  Fax: 800.561.1271 
©2012 Contech Engineered Solutions LLC  
www.ContechES.com 

Page 1 of 1 
TS-P022 

 
 
Prepared by Stephanie Jacobsen on March 5, 2015 
 

Saratoga Heights – Stormwater Treatment System 
Mukilteo, WA 
 
Information provided: 
 Total contributing area = 3.044ac 
 Impervious area = 1.903ac 
 Detention release rate, Qtreat = 0.024cfs 
 Presiding agency = City of Mukilteo 
Assumptions: 
 Media = ZPG cartridges 
 Per cartridge flow rate = 11.25gpm 
 Drop required from inlet to outlet = 3.05’ minimum 
 
Size and cost estimates: 
The StormFilter is a flow-based system, and therefore, is sized by calculating the peak water quality flow rate 
associated with the design storm.  However, when the StormFilter is placed downstream of detention the flow rate 
generated at the water quality storm is not always representative of the total volume of water that will go through the 
system or type of pollutant-loading the system may experience in one year.   

For this site, Contech Engineered Solutions LLC recommends using a 72” Manhole StormFilter with 5 cartridges 
(see attached detail).  The estimated cost of this system is $24,300, complete and delivered to the job site.  This 
estimate assumes that the vault is 6 feet deep.  The final system cost will depend on the actual depth of the unit and 
whether extras like doors rather than castings are specified.  The contractor is responsible for setting the StormFilter 
and all external plumbing. 

Typically, precast StormFilters have internal bypass capacities of 1.8 cfs.  If the peak discharge off the site is 
expected to exceed this rate, we recommend placing a high-flow bypass upstream of the StormFilter system.  
Contech Engineered Solutions could provide our high-flow bypass, the StormGate, which provides a combination 
weir-orifice control structure to limit the flow to the StormFilter.  The estimated cost of this structure is $4,500.  The 
final cost would depend on the actual depth and size of the unit. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CONTECH Stormwater Solutions Inc. Engineer: SKJ
Date 3/5/2015

Site Information
Project Name Saratoga Heights
Project State Washington
Project Location Mukilteo
Drainage Area, Ad 3.04 ac
Impervious Area, Ai 1.80 ac
Pervious Area, Ap 1.24
% Impervious 59%
Runoff Coefficient, Rc 0.58

Upstream Detention System
Peak release rate from detention, Qrelease peak  0.04 cfs
Treatment release rate from detention, Qrelease treat 0.02 cfs

Detention pretreatment credit 50%
(from removal efficiency calcs)

Mass loading calculations
Mean Annual Rainfall, P 38 in
Agency required % removal 80%
Percent Runoff Capture 90%
Mean Annual Runoff,Vt 220,347 ft3

Event Mean Concentration of Pollutant, EMC 60 mg/l
Annual Mass Load, Mtotal 824.85 lbs

Filter System
Filtration brand StormFilter
Cartridge height 27 in
Specific Flow Rate 1.00 gpm/ft2

Number of cartridges - mass loading
Mass removed by pretreatment system, Mpre 412.42 lbs

Mass load to filters after pretreatment, Mpass1 412.42 lbs

Estimate the required filter efficiency, Efilter 0.60

Mass to be captured by filters, Mfilter 247.45 lbs

Allowable Cartridge Flow rate, Qcart 11.25

Mass load per cartridge, Mcart (lbs) 54.00 lbs

Number of Cartridges required, Nmass 5

Treatment Capacity 0.13 cfs

Determine Critical Sizing Value
Number of Cartridges using Qrelease treat, Nflow 1

Method to Use: MASS-LOADING

SUMMARY
Treatment Flow Rate, cfs 0.13
Cartridge Flow Rate, gpm 11.3
Number of Cartridges 5

Determining Number of 
Cartridges for Systems 
Downstream of Detention

1 of 1
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                        WWHM2012  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Mitigated.  POC #2  
Return Period         Flow(cfs)  
2 year                  0.237567  
5 year                  0.324582 
10 year                 0.38606 
25 year                 0.468216 
50 year                 0.53272 
100 year                0.600094 
___________________________________________________________________ 
 
 

Sediment Trap Vault 2 Dimensions: 

SA = 2 x Q10/.00096 

 SA: Required surface area of vault when depth is at the top of riser. 

 Q10: Flow into the vault during a ten-year rain event. 

SA = 2 x 0.3861/.00096 = 804.375 ft2   

SA < area provided (Vault 2, 2994 ft2) therefore, OK. 
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