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l. PROJECT OVERVIEW

General

This commercially zoned project proposes to develop a 0.70-acre parcel into a 4-story,
14-unit condominium building including one parking garage level. The building will have
an underground detention system to contain runoff from all new impervious surface
areas. The residential structure will attach to utilities provided by the City and utility
districts in the area. '

Project Location:

The project site address is 3803 NE 155" Street, Lake Forest Park, WA 98155 and is
located east of SR 522. More generally, the site is located within Section 15, Township
26 North, Range 4 East, W.M., King County, Washington.

Existing and Proposed Project Site Characteristics.

The parcel is currently developed with a single family residential building (with an office
and other internal use rooms) with a couple significant trees and much overgrown
vegetation on most of the site. The region of the site to be developed generally slopes
down from northwest to southeast at an average slope of approximately 14%+. The
steeper portion of the site, which will not be developed, contains slopes in excess of
60%. Most of the site was cleared in 2014 and plastic sheeting installed over the steep
slopes. Large areas of invasive species have taken hold on the slopes and around the
paved parking area in 2015.

The proposal is to develop the parcel into a 4-story condominium structure including
one parking garage level with below-grade detention vault. The project will have
frontage improvements including adding landscaping, sidewalks and driveway
entrances.

Critical Areas.

The property does contain Environmentally Sensitive Areas. Steep slopes are present
on the southern portion of the site. The sensitive area types include soil erosion (due to
steep slopes with loose fills), and steep slope and landslide hazard areas (due to slopes
steeper than 40% and higher than 10 feet). The site also contains a buffer for an
existing creek located offsite. This creek is located within 50 feet from the southern
property line. The buffers for the creek are well down the slope away from the proposed
construction and building area. The proposed development will be located entirely
outside of the steep slope hazard area and corresponding buffer area. Stormwater
released from the onsite stormwater detention facility will also be conveyed to existing
storm sewer, located along the south side of SE 155% Street, with a tightline to avoid
water seepage into the surrounding soils.




Soils.
Refer to attached geotechnical report prepared by Geo Group Northwest, Inc.

Proposed Stormwater Controls.

The storm drainage system has been designed according to the standards set forth by
the 2009 King County Surface Water Design Manual (KCSWDM). KCRTS was used to
size the required detention only system.

Refer to Section IV of this TIR for additional information regarding the Flow Control and
Water Quality BMPs.



KING COUi;ITY, WASHINGTOﬁ, SURFACE WATER DESIGN MANUAL

Figure 1

TECHNICAL INFORMATION REPORT (TIR) WORKSHEET

‘Part1 PROJECT OWNERAND
PROJECT ENGINEER _

'_;IﬁESCRIPTION

2 PROJECT LOCATION AND’L

Project Owner AML Construction & Developement
Phone _ 206-850-4586
Address 12055 Lakeside Place NE

Seattle, WA 98125

Project Engineer Chad Allen, PE

Company Incompass Engineering & Surveying
Phone 425-392-0250

Project Name _Lakeview 34
DDES Permit #
Location Township _26N
Range 4E
Section 15
Site Address 3803 NE 155th Street

Lake Forest Park, Wa. 98155

:.Part 3 TYPE OF PERM]T AF’PLICATION

D Landuse Services
Subdivison / Short Subd. / UPD

& Building Services
M/F / Commerical / SFR

Clearing and Grading
1 Right-of-Way Use
L other

L] prwHPA 1 shoreline

0 coe 404 Management
Structural

L DOE Dam Safety

0 . Rockery/Vault/

FEMA Floodplain D ESA Sect—ion ;
L] coe wetlands
L] other

gPart 5 PLAN AND REPORT INFORMATION

Technical informatlon Report

Type of Drainage Review Full / Targeted /
{circle): Large Site

Date (include revision 08-22-2016

dates):
Date of Finak

Site Imbrovement Plan (Engr. Plahs)

Type (circle one); Full / Modified /

Small Site
Date (include revision 08-22-2016
dates).
Date of Final:

Type (circle one):
Description: (include conditions in TIR Section 2)

Standard / Complex / Preapplication / Experimental/ Blanket

Date of Approval:

2009 Surface Water Design Manual

1/9/2009




KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

TECHNICAL INFORMATION REPORT (TIR) WORKSHEET

Pat7 MONTORNGREQUREMENTS

Monitoring Required: Yes / No
Start Date: N/A

Describe: '

Completion Date:

Part8. SITE COMMUNITY AND DRAINAGE BASIN

Community Plan : _Shoreline

Special District Overlays: __ N/A

Drainage Basin: _West Lake Washington - Lake Forest Park

Stormwater Reguirements:

Part9 ONSITE AND ADJACENT SENSITIVE AREAS

D River/Stream

D Lake

[.:I Wetlands

L closed Depression

Q Fioodplain

D Other

Steep Slope

Erosion Hazard

Landslide Hazard

D Coal Mine Hazard

D Seismic Hazard

D Habitat Protection

U

‘Part 10 . SOILS

Soil Type Erosion Potential
Qvt, Qcu, Qg Moderate
D High Groundwater Table (within 5 feet) 0 sole Source Aquifer
Other Fill M Seeps/Springs
[ Additional Sheets Attached
2009 Surface Water Design Manual 1/9/2009




KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

TECHNICAL INFORMATION REPORT (TIR) WORKSHEET

REFERENCE LIMITATION / SITE CONSTRAINT
Core 2 — Offsite Analysis '
Sensitive/Critical Areas

Q) sepa
Other Downstream Flooding Complaint

a

L] Additional Sheets Attached

‘Part 12 TIR: SUMMARY SHEET " {providé one TIR Summary Sheet per Threshold Discharge’Area) 0
Threshold Discharge Area:

(name or description) TDA-1

Core Requirements (all 8 apply)

Discharge at Natural Location Number of Natural Discharge Locations: 1

Offsite Analysis Level: 172173 dated:

Flow Control Level: 1/ 273 or Exemption Number
(incl. facility summary sheet) Small Site BMPs

Cenveyance System Spill containment located at: _Sediment Pond

Erosion and Sediment Control ESC Site Supervisor: TBD
Contact Phone:

After Hours Phone:
Maintenance and Operation Responsibility:  Private / Public
If Private, Maintenance Log Required: Yes /No
Financial Guarantees and Provided: Yes / No
Liability By Owner
Water Quality Type: Basic / Sens. Lake / Enhanced Basicm / Bog
(include facility summary sheet) or Exemption No.

Landscape Management Plan: Yes / No
Special Requirements (as applicable)
Area Specific Drainage Type: CDA/SDO/MDP/BP/LMP /Shared Fac. / None
Reguirements Name: N/A
Floodplain/Floodway Delineation

Type: Major / Minor / Exemption / None
100-year Base Flood Elevation (or range): N/A

Datum:
Flood Protection Facilities Describe:
N/A
Source Control Describe landuse: N/A

(comm.findustrial landuse) Describe any structural controls:

2009 Surface Water Design Manual 1/9/2009




KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

TECHNICAL INFORMATION REPORT (TIR) WORKSHEET

Oill Control High-use Site: Yes / No

Treatment BMP:  N/A

Maintenance Agreement; Yes / No
with whom?

Other Drainage Structures

Describe:

Part 13 EROSION AND SEDIMENT CONTROL REQUIREMENTS

MINIMUM ESC REQUIREMENTS
DURING CONSTRUCTION

X Clearing Limits

Cover Measlres
Perimeter Protection

L] Traffic Area Stabilization
Sediment Retention

D Surface Water Collection
U Dewatering Control

2 bust Control

& Flow Control

MINIMUM ESC REQUIREMENTS
AFTER CONSTRUCTION

X stabilize Exposed Surfaces
Remove and Restore Temporary ESC Facilities

Clean and Remove All Silt and Debris, Ensure
Operation of Permanent Facilities

4 Flag Limits of SAO and open space
preservation areas

|:| Other

Part 14 STORMWATER FACILITY DESCRIPTIONS {Note: Include Facility Summary and Sketch)

Flow Control Type/Description Water Quality Type/Description
Detention vault [ siofittration
L infiitration Q Wetpool
0 Rregional Facility L] Media Filtration
0] Shared Facility Q1 oil control
[ Fiow Control QA spilt Control
BMPs
D Fiow Controt BMPs
U other
U other
2009 Surface Water Design Manual 1/9/2009




KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

TECHNICAL INFORMATION REPORT (TIR) WORKSHEET

Part 15 EASEMENTS/TRACTS .. = | * Part 16 STRUCTURAL ANALYSIS
D Drainage Easement Cast in Place Vault

1 covenant (2 Retaining Wall

D Native Growth Protection Covenant Q Rockery > 4’ High

O Tract J structural on Steep Slope

O other Q) other

_Part 17 "SIGNATURE OF PROFESSIONAL ENGINEER

I, or a civil engineer under my supervision, have visited the site. Actual site conditions as observed were
incorporated into this worksheet and the altached Technical Information Report. To the best of my
knowledge the information provided here is accurate.

7W¢4.._M 5'22’/4

Slanad/Date

2009 Surface Water Design Manual 1/9/2009
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~ 10/8/2016 King Coumy Districts and Development Conditions for parcel number 6744701588

Klng County Dlstrlcts and Development Condmons for parcel

prirt

6744701588 ‘F,é MQ—E- 4;
Parcel 6744701588 Drainage  West Lake Washington - '
number Basin Lake Forest Park
Address 3803 NE Watershed Cedar River/Lake

155TH ST Washington
Jurisdiction  Lake Forest  WRIA Cedar-Sammamish (8)
Park PLSS SW-15-26-4
Zipcode 98155 Latilude  47.74058
Kroll Map 217 Longitude  -122.28728
page
Thomas 505
Guide page
Electoral Districts
Voting district LFP 46-0003 Fire district King County Fire Protection

District No. 16
does not apply
does not apply

King County Council district District 1, Rad
Dembowski
{206} 477-1001

Water district
Sewer district

Waler & Sewer does not apply
Congressional district 7 district
Legislative district 46 Parks & Recreation Shoreline Park & Recreation

School district

Shoreline #412

district
Hospital district

District
does not apply

does not apply
(notin Seattle)  w&yra fibrary district  Rural Kina County Library

King County planning and critical areas designations

Seattle school board district

King County zoning NA, check Potential annexation area does notapply
with
Rural town? o
Jjurisdiction wu:: 2 ieo blann :' t abpl
. grvie g8
Develapment conditions None ater service planning area oes not apply
vean o Roads MPS zone 175
Comprehensive Plan does not "
apply JTransportation Concurrency does not apply
Management
Urban Growth Area Urban . o
A Forest Production district? No
Gommunity Service Area does not . . L.
apply Agriculiural Production district?  No
Community Planning Area  Shoreline Critical aquifer recharge srea? None mapped
Coal mine hazards? None 100-year fiood plain? None mapped
mapped Wetlands at this parcel? None mapped
Erosion hazards? None Within the Tacoma Smeifer Non-Detect to 20.0
Plume? ppm

Related resources

mapped

h!t;::h‘www5.kingcoumy.govlkcglsreports{dd“rewt.aspx?PEN=6‘r‘44701 588




10/8/2015 King County Disfricts and Devslopment Congditions for parcel number 8744701588

King County Assessor: eReal Property Report

King County Assessor: Quarter Section Map (PDF format requires Acrobat)

King County DPER: Permit Applications Report (for unincorporated areas only)

King County Treasury Operations: Property Tax Information for this property

King County Recorders Office: Scanned inages of plats.

King County Recorders Office: Scanned images of surveys and other map documents,
Seattie/King County Public Health: Septic system as-buill documents.

Opan IMAP fo this property

Open Parcel Viewer fo this property

Search
Address or parcel number: | Search || Réseté

[7] search by condo name
example address: 201 S Jackson St | example parcel number: 0942000860

hite:/ArwwS kingcounty.covikcaisreports/dd reportaspx?PIiN=6744701588

14
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Il. CONDITIONS AND REQUIREMENTS SUMMARY
CORE REQUIREMENTS
Core Requirement #1: Discharge at the natural Location

Runoff generally sheet flows across the site from northwest to southeast.
Refer to the Level 1 Downstream Analysis in Section il for a complete
description of the existing drainage path.

Core Requirement #2: Offsite Analysis

An offsite drainage analysis is provided in Section Il of this TIR. Level 1
Drainage Analysis has been prepared and a drainage problem was
identified along the proposed downstream flowpath. Refer to section IV
for a complete description.

Core Requirement #3: Flow Control

The KCRTS analysis was performed and Level 3 Flow Control is being
provided to mitigate downstream drainage issues. A Level 3 flow control
detention facility is being provided for flow control. The vault will discharge
into an existing pipe located beneath NE 155% Street which will convey the
flow to the north side of NE 155! Street. Refer to section IV of this TIR for
additional information. The detention facility was designed by matching
developed discharge durations to predeveloped durations for the range of
predeveloped discharge rates from 50% of the 2-year peak flow up to the
full 50-year peak flow and also matching developed peak discharge rates
to predeveloped peak discharge rates for the 2-year, 10-year 100-year
return periods. Historic site conditions were assumed as the predeveloped
condition.

Core Requirement #4: Conveyance System
Conveyance system analysis and design will be provided in the Final TIR.

Core Requirement #5: Erosion and Sediment Control

A temporary erosion and sediment control (TESC) plan provides BMPs to
be implemented during construction. These consist of a silt fence at the
clearing limits, and interceptor trench with check dams that direct runoff
into a sediment pond (located on the eastern edge of the property. All
released storm drainage will be directed into an existing drainage system
along NE 155t Street and conveyed to Lake Washington, the release
point.

Core Requirement #6: Maintenance and Operations
Refer to section X of this TIR for Maintenance and Operations.

Core Requirement #7: Financial Guarantees and Liability



The owner will arrange for any financial guarantees and liabilities required
by the permit.
Core Requirement #8: Water Quality

Water Quality Control is not required for this project.

SPECIAL REQUIREMENTS
Special Requirement #1: Other Adopted Area-Specific Requirements
Critical Drainage Area — N/A
Master Drainage Plan — N/A

Basin Plan — This site is located within the Lake Washington drainage
basin

Lake management Plan — N/A
Shared Facility Drainage Plan — N/A
Special Requirement #2: Floodplain/Floodway Delineation
N/A
Special Requirement #3: Flood Protection Facilities
N/A
Special Requirement #4: Source controls
N/A

Special Requirement #5: Oil Control
N/A




. LEVEL | DOWNSTREAM ANALYSIS

Task 1 — Define and map the study area

The proposed site is located at 3803 NE 155" Street, Lake Forest Park, WA 98155,
Information provided by the City indicate that the entire City of LFP is in a conservation
zone (which requires flow control). See Figures 3A to 3F for drainage basin maps.

Task 2 — Review all available information on the study area

Regarding this parcel No. 6744701588, see attached districts and development
conditions report from King County

Task 3 & 4 — Field inspect the study area — Describe the drainage system, and its
existing and predicted drainage and water quality problems.

A site visit was conducted on September 14, 2015 (and also on June 14, 2016) to verify
the existing stormwater flowpath. At the time of the site visit, the weather was cloudy
with occasional sun and it was about 72 degrees. There was no construction or
clearing at the site. At one time, it may have been clear of vegetation, however, today it
was impassable due to overgrown Himalayan Blackberry and other invasive species
covering the site except as shown in the photos.

The stormwater leaving the site reaches Lake Washington via two separate flow paths,
which are described below.

Flow path #1:

Runoff from the northern portion of the site enters into a roadside drainage ditch at point
A, which is along NE 155th Street, and fravels to the east for approximately 65 feet and
then enters info a 12" RCP culvert pipe at Point B. The 12" RCP culvert pipe is
approximately 20 feet long drains into a ditch at point C. This ditch is approximately 5'
wide, 3’ deep and 38’ long. The flow then enters into a 12" CMP storm sewer at point D
and is conveyed northeast for approximately 32 feet until it enters into a Catch Basin at
point E, located on the north side of SE 155th Street. From here, the flow is conveyed
eastward by a 12" RCP storm sewer for approximately 91 feet and then enters into a
ditch at point F. The flow is conveyed the 5’ wide, 2’ deep ditch for approximately 19
feet and then enters into a 12" CPP storm sewer at point G. The flow is conveyed
through this pipe for approximately 45 feet and then enters a Catch Basin at point H.
From this point, the flow enters into a 12" CPP storm sewer, which is approximately 56’
in length, that drains into a Caich Basin located at point|. From here, the flow travels
eastward through a 12” RCP storm sewer, approximately 53 feet in length, and then
enters into a Catch Basin at point J. From here, the flow travels through a 12" CMP
storm sewer for approximately 70 feet and discharges info a 5’ wide, 2’ deep paved
ditch at point K. This paved ditch is approximately 38’ in length and conveys the flow to
point L, where it enters into a 12" RCP storm sewer. The flow is conveyed through this
pipe for 83 feet fo a Cafch Basin at point M. From here, the flow continues traveling



eastward via a 12" PVC pipe for approximately 34’ until it enters a Catch Basin at point
N. The flow is then conveyed southeast to a Catch Basin at point O by a 12" CPP storm
sewer, approximately 25’ in length. From there, the flow is conveyed eastward down a
steep slope into a Catch Basin at point P by a 12" RCP pipe which is approximately 23'
in length. The flow is then conveyed to an outfall location at point Q near the edge of
Lake Washington via a 12" PVC storm sewer that is approximately 151 feet in length
(see photos 3-5). Pipe and ditch slopes along NE 155" Street (from the project site to
Beach Dr NE) range from approximately 8 to 20 percent based on King County GIS
information. The City was consulted about drainage complaints in this neighborhood
and it was determined that an existing drainage problem exists along the downstream
flowpath for NE 155th Street (Flow Path #1). The drainage problem exists at 15502
Beach Dr NE, where ponding of water is occurring in a paved parking area. Storm
water is also entering a paved walkway along the south side of the home during larger
storm events.. Information regarding this drainage problem were verified from Mr. Frank
Zenk, who the Public Works Operations Director for Lake Forest Park, and from Mr.
Lane Ruud, who is the homeowner of the property with the existing drainage problem.

Flow Path #2:

Most of the project site drains down a steeply sloped region located on the south side of
the property (see photo 2). At the bottom of the steep siope is Bsche'tla Creek that
drains from the west side of Bothell Way NE (a major north-south roadway) to Lake
Washington. The creek conveys the flow to point R, near NE 153™ Street where it
enters into a 24" CMP storm sewer which conveys the flow under NE 153 Street to a
Catch Basin iocated at Point S. From here, the flow is conveyed beneath Beach Drive
NE and the Burke-Gilman Trail via another 24” CMP storm sewer which discharges the
flow into a channel draining into Lake Washington near the northern property line of
15304 Beach Dr NE. The channel then discharges the flow into Lake Washington at
point T.

During the site visit, there were no obvious signs of drainage problems along Flow Path
#2 but some erosion along the downstream end of Bsche’tla Creek (near 153" Street)
was evident and can be seen in photo 8. The Creek appears to be washing out soil
material from beneath the existing ground surface along the edge of the creek.

Task & — Mitigation of Existing or Potential Problems

No onsite drainage problems were identified but a downstream drainage problem does
exist at 15502 Beach Dr NE, where ponding of water is occurring in a paved parking
area. Storm water is also entering a paved walkway along the south side of the home
during larger storm events. This drainage problem exists along the flowpath for NE
155" Street (Flow Path #1). Much of the site currently flows toward a Bsche'tla Creek to
the south of the property but we have been directed by the City of Lake Forest Park to
direct all storm water runoff down NE 155t Street (along Flow Path #1). To minimize
the impact of the proposed development on the existing drainage system along NE




155" Street and the drainage problem for the home located at 15502 Beach Dr. NE,
Level lll flow control was used for the design of the stormwater detention vault. Level [lI
flow control requires matching the developed discharge durations to predeveloped
durations for the range of predeveloped discharge rates from 50% of the 2-year peak
flow up to the full 50-year peak fiow and also matching developed peak discharge rates
to predeveloped peak discharge rates for the 2-year, 10-year 100-year return periods.
Historic site conditions were assumed as the predeveloped condition.



Photo 1

in Photo 1 above, the road clearly siopes down to the left (east) and the far portion of
the property in front of the car slopes down to the southeast (Photo 2 below). A ditch
starts near the mailboxes and flows down to the left (east). No significant drainage
enters the property from the west. A small market is located on the corner and runoff
flows to the south and east into Bsche'tla Creek.

Photo 2




in Photo 3, we see a view down NE 155"
Street with Lake Washington in the distance.

In photo 4, we see NE 155" Street which
conveys drainage toward Lake Washington
through a series of ditches, culverts & catch

basins/storm sewer pipe.
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In photo 5, we see a catch basin located in the Burke Gilman trail which is part of the
storm water conveyance system that drains the flow from NE 155th Street to Lake
Washington.

Phto 6

Photo 6 shows a public tract of land located between
two residences (15502 Beach Dr NE & 15348 Beach
Dr NE). The flow from NE 155" Street is conveyed to
Lake Washington via an underground storm sewer
running beneath this tract and discharges into the lake
near the shoreline.




Photo 7

Bsche'tla Creek near NE 153" Street,



Bsche'tla Cfée drains into the Catch Basin shown b'dvevvia a 24" CMP pipe and
drains east to Lake Washington via a 24" CMP pipe.

F_’_hoto_ 10

Photo 10 shows the house located at 15502 Beach
Dr NE 98155 where an existing drainage problem
exists. This drainage issue is along the flow path for
NE 155% Street (Flow Path #1)




IV. FLOW CONTROL AND WATER QUALITY FACILITY ANALYSIS AND DESIGN

Existing Site Hydrology

Two existing wooden structures and an asphalt parking area currently exist on the
property. The existing structures have rooftop downspouts which release stormwater
directly onto the ground surface. Most of the runoff from the site currently flows to the
southeast and eventually enters Bsche'tla Creek at the bottom of a steep slope. The
rest of the runoff enters into a roadside ditch along NE 155" Street and is conveyed to
Lake Washington by a series of existing culverts, ditches, and storm sewer.

Developed Site Hydrology and Performance Standards

The site storm drainage system has been designed according to the standards set forth
by the 2009 King County Surface Water Design Manual 2009 (KCSWDM). The project
proposes to develop a portion of the 0.70-acre parcel into a 14-unit condominium
building. The building is proposed to consist of 3 floors of residential condominium units
over one parking garage level with on-grade concrete slab. The proposed development
will also include street frontage improvements including new sidewalk, landscaping and
driveway entrances.

For conceptual drainage design, a KCRTS stormwater analysis was performed for
sizing of the stormwater detention facility and a level 3 flow control standard was utilized
to mitigate a downstream drainage issue. The level 3 flow control standard is the most
stringent flow control standard shown in the King County Stormwater Design Manual
and requires that the detention facility be designed by matching flow durations between
50 percent of the 2-year flow and the 50-year flows and matching the 100-year annual
peak outflow to the predeveloped level. See attached Conceptual Drainage Site plan
and KCRTS calculations.

Flow Conirol BMFs

A level 3 flow control detention facility will be constructed to provide the flow control for
this project. Runoff from the rooftop area (0.21 ac.) will be conveyed to the detention
vault which will discharge into the public storm drainage system via a water-tight storm
sewer system. The release location is a proposed catch basin located on the south side
of the NE 155" St which will connect to an existing storm sewer pipe.

Water Quality

This project will create less than 5,000 sq-ft of pollution generating surfaces (rooftop
area); therefore, water quality BMP’s are not required.

V. CONVEYANCE SYSTEM ANALYSIS AND DESIGN

The stormwater runoff from the roof will enter into multiple downspouts and piped to a
level 3 flow control detention facility located beneath the building. Discharge from the
detention facility into the public storm sewer system along NE 155th Street will have



minimal impact as the release rate from the level 3 flow control facility would be only
0.016 cfs during a 100-year storm event.

VI. SPECIAL REPORTS AND STUDIES

Geo Group Northwest, Inc. has provided a geotechnical engineering report and
recommendations dated July 9", 2015. The report also includes previous soil boring
logs and soil study performed by Cascade Geotechnical, Inc. dated July 20, 1990. The
investigation performed by Cascade Geotechnical, Inc. had utilized a rubber tire
backhoe which did not excavate through the fill and into the native soils. Reviewing this
report resulted in use of a boring machine to reach through to the native soils and the
resuiting recommendations are for auger-cast concrete pile installations to properly
support the structure. Both Geotechnical reports are included in Appendix A.

Vil.  OTHER PERMITS
Building permits will be required.

Vii. TESC ANALYSIS AND DESIGN

The potential for erosion within the site will be mitigated by use of erosion control
measures during clearing, grading, and site development activities. The BMP’s will
consist of a sediment pond with outlet riser, interceptor trench (sloped from the west to
the east with integral check dams). The sediment pond will outlet into an existing ditch
on the south side of NE 155 Street. The flow path down the street is the same as is
shown in the downstream analysis.

Silt fences will be installed along the downhill perimeter (clearing limit) of the site fo
protect adjacent properties from the possibility of sediment-laden water. A rocked
construction entrance will be installed at the entrance to the site to protect mud from
entering the paved roadway. Due to the very constricted nature of this site (very little
room for a contractor lay-down area), much of the initial site excavation will remove soils
immediately to an approved disposal site.

Stockpiles and exposed disturbed areas will be covered to protect from erosion and
sediment runoff. Erosion and sediment control will be continually monitored by a
Certified Erosion and sediment control lead. We consider the erosion and sediment
portion of this project to be continually upgraded as required.

IX. BOND QUANTITIES and DECLARATION of COVENANT
Will be provided with the final design.




X. __ OPERATION AND MAINTENANCE MANUAL

See Appendix B.
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Geolechnical Engineers, Geologists

) Group Northwest, Inc.  sogmes oo

Tuly 9, 2015 (G-2239-1

Mr. Adam Lundberg

AML. Construction & Development, LLC
12055 Lakeside P1. NE

Seattle, Washington 98125

Subject: Geotechnical Engineering Study
Proposed Residential Building
3803 NE 155" Street
Lake Forest Park, Washington

Dear Mr. Lundberg:

GEQ Group Northwest, Inc. is pleased to present its geotechnical engineering study report for
the above-subject property in Lake Forest Park, Washington. This geotechnical engineering
report summarizes our activities and presents our findings and conclusions regarding the site
conditions and geotechnical aspects of the proposed redevelopment of the site with a multi-story
residential building,

Due to the presence of loose filis and soils to depths of up to approximately 27 feet below
existing grades the site, we recommend that the proposed building be supported on a system of
augered concrete piles with interconnected grade beams and structurally supported floors,
Building support and other geotechnical issues are discussed in the enclosed report.

We appreciate this opportunity to provide you with geotechnical engineering services. Should
you have any questions regarding this report or need additional consultation during the design
and construction phases, please feel welcome to contact us.

13240 NE 20th Street, Suite 10 « Bellevue, Washington 98005
Phone 426/G49-8757 - Fax 425/649-8758




July 9, 2015
Mr. Adam Lundberg — AML Construction & Development, LLC

G-2239-1
Page 2

Sincerely,

GEO Group Northwest, Inc.

William Chang, P.E.
Principal

GEO Group Northwest, Inc.
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GEOTECHNICAL ENGINEERING STUDY
PROPOSED RESIDENTIAL BUILDING
3803 NE 155™ STREET
LAKE FOREST PARK, WASHINGTON

Project No. G-2239-1

1 INTRODUCTION

GEO Group Northwest, Inc. has completed a geotechnical engineering study of the property
located at 3803 NE 155" Street in Lake Forest Park, Washington, and prepared this report of
findings, conclusions, and recommendations. This study was completed for Mr. Adam Lundberg
of AML Construction & Development, LLC, for a proposed redevelopment of the property with
a multi-unit residential building having 5 or 6 stories.

2 SCOPE OF SERVICES

The scope of the work for this geotechnical engineering study consisted of the following tasks, as
outlined in our proposal dated April 28, 2015:

* Performing a subsurface exploration of the site, consisting of drilling three soil borings in
the proposed building location to supplement three borings that were drilled in 2006 for a
previously proposed development of the site;

¢ Performing engineering evaluation and analysis regarding foundation design parameters,
site grading (including structural fill specifications), soil liquefaction potential, and

subgrade preparation of the site prior to construction; and
* Preparing this report of our findings, conclusions, and recommendations regarding
geotechnical aspects of the proposed development of the site.
3 SITE CONDITIONS

3.1 SITE DESCRIPTION

The site is located on the south side of the 3800 block of NE 155" Street in a mixed small
commercial and residential area of Lake Forest Park, Washington, as illustrated in Plate 1 - Site

GEO Group Northwest, Inc.
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Location Map. The site property consists of an irregular-shaped lot that comprises 0.7 acres of
land. The north part of the site is occupied by a two-story residence that has been converted to
an office and a by a detached garage west of the residence. An asphalt paved parking area is
located east of the existing building. The area behind (south of) the existing buildings and
parking lot is vacant land that is mostly covered with heavy-gauge black plastic sheeting.
Vegetation mostly consisting of blackberry vines and knotweed has penetrated though the
sheeting in several locations.

The site has a steep slope along its south and east sides. The slope faces toward the south and
southeast and has a height typically ranging between approximately 40 and 50 feet. The slope
has inclinations typically ranging up to approximately 80 percent grade. The site topography and
existing features are illustrated in Plate 2 - Site Plan.

3.2 ADJACENT PROPERTIES

The adjacent property to the east (3829 NE 155" Street) is occupied by a single-family
residence. This residence is located approximately 5 feet from the site boundary and has a floor

elevation of approximately 139 feet,

A two-story apartment building is located on the adjacent property to the west. This building is
located approximately 5 feet away from the site boundary and appears to have a floor elevation
of about 152 or 154 feet.

3.3 PROPOSED DEVELOPMENT

We understand that the proposed development of the site is generally envisioned to involve the
construction of a multi-unit residential building. The building is proposed to be located on the
northern part of the site, as illustrated in Plate 2 — Site Plan. The building is proposed to have

two floors of parking below five floors of residences. The bottom floor of the building will have
an elevation of 140 feet. An exterior parking lot is proposed along the south side of the building,

34 GEOLOGIC OVERVIEW

According to the geologic literature for the vicinity of the project site, surficial soils at the site
consist of Quaternary-age glacial deposits associated with the Vashon Stade of the Fraser

GEO Group Northwest, Inc.
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Glaciation and older non-glacial deposits'. In order of relative age, youngest to oldest, these
deposits are identified as 1) Vashon glacial till, 2) Upper Clay, and 3) Unnamed Gravel. Mapped
surface exposure of these units in the site vicinity is illustrated in Plate 3 - Geclogic Map.

Vashon glacial till deposits (Qvt in the geologic map) typically consist of very dense, unsorted
mixtures of silt, sand, gravel, and occasional cobbles which were deposited by and then
overridden by the Puget Lobe glacier approximately 12,000 years ago. The silt and clay deposits
of the Upper Clay unit (Qcu in the geologic map) typically consist of very dense layers of
lacustrine (lake environment) sediments that were deposited before or during the early stages of
the Vashon glacial advance. The Unnamed Gravel unit (Qg in the geologic map) consists of
oxidized gravel and sand interpreted to have been deposited in an older non-glacial environment.

35 ENVIRONMENTALLY SENSITIVE AREAS REVIEW

A review of the Environmentally Sensitive Areas map on the City of Lake Forest Park internet
site indicates that the middle and southern portion of the site is located within an
environmentally sensitive area. This area includes the steep slope on the southern part of the
site. The sensitive area types which are present on the site include soil erosion (due to the
presence of slopes with loose fills), and steep slope and landslide hazard areas (due to the
presence of slopes steeper than 40 percent and higher than 10 feet).

4 SITE INVESTIGATION
4.1 SUBSURFACE EXPLORATION BY GEQO GROUP NORTHWEST

A GEO Group Northwest, Inc. geologist supervised the drilling of three exploratory soil borings
(B-1, B-2, and B-3) at the site on April 25, 2006, and an additional three borings (B-4, B-5, and
B-6) on June 10, 2015. The boring locations are illustrated in Plate 2 — Site Plan, The boring
locations were estimated by using a measuring tape and by visually estimating property line
locations relative to existing features. The borings were terminated in dense, native soils at
depths ranging between approximately 20 and 55 feet below the ground surface. Soil samples

"B.A. Liesch, et al., 1963, Geology and Ground-Water Resources of Northwestern King County, Washington. U.S.
Geological Survey Water Supply Bulletin No. 20,

GEO Group Northwest, Inc,
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were collected from the borings and were tested for moisture content. Copies of the logs for the
boring are provided in Appendix A,

Soil samples were collected during drilling by using a 2-inch outside-diameter split-spoon
sampler. Standard Penetration Test (SPT) data was recorded while sampling by driving the
sampling tube using a 140-pound hammer with a 30-inch drop. The soil samples were reviewed
in our office to verify the field classifications, and moisture content testing of the samples was
performed. The moisture content data are included on the boring logs.

The soils encountered in the borings typically consisted of a layer of loose fills underlain with a
relatively thin layer of loose to medium dense soils (apparent old topsoil or alluviur), all
underlain with medium dense to dense native soils. Boring B-6 was the only boring where the
fills were limited to a thin layer of pavement base course. The fills typically consisted of
heterogeneous mixtures of silty sand, sandy silt, and silt, commonly with trace or minor amounts
of wood fragments and lesser fine organics. Substantial amounts of wood were encountered at a
depth of about 12 feet in boring B-3 and at 27 to 30 feet in boring B-4. Fill thicknesses ranged
between approximately 7 and 27 feet, with the greatest thicknesses (over 20 feet) found in
borings B-1, B-3, and B-4.

The fills were observed to typically be underlain with relatively thin layer of loose to medium
dense, wet, grayish brown sand, dark gray silty sand, and black sandy silt, commonly containing
organics and mottling. These soils are interpreted to be variety of old topsoil, colluvium, and
stream alluvium and muck.

Dense native soils that were encountered in the borings typically consisted of layers of fine-

grained sand, silty sand, and siit. Depths to these soils ranged between approximately 27 and 40
feet, except at boring B-2 where the depth to dense soils was found to be approximately 15 feet.
Occasional medium dense layers of fine sand were found within these soils in borings B-4, B-5,

and B-6.

Groundwater was encountered in each of the borings except for B-2 at depths ranging between
approximately 17 and 22 feet. No groundwater was encountered in boring B-2, but the soils at
the bottom of the boring (at approximately 20 feet deep) were rather moist. The groundwater
elevations typically ranged between approximately 122 and 126 feet, except in boring B-6 where
is it was encountered at approximately 132 feet. The top of the groundwater commonly was

GEOQO Group Northwest, Inc.
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encountered a few feet above the base of the fills, but groundwater also was noted within many
of the native soil layers.

4.2 PREVIOUS GEOTECHNICAL INVESTIGATION BY OTHERS

Cascade Geotechnical, Inc., in Kirkland, Washington, completed a preliminary subsurface soils
investigation of the site in 1990. GEO Group Northwest, Inc., reviewed a copy of the report
from this investigation, dated July 20, 1990, which was prepared for Norbrook Consiruction. A
copy of the report is provided in Appendix B.

According to the report, four exploratory test pits were excavated on the site by using a backhoe.
The test pits were completed to depths ranging between 11.5 and 17 feet below the ground
surface. Approximate locations of these test pits, identified as TP1-1 through TP1-4, are
illustrated in Plate 2 - Site Plan. The locations of these test pits are based solely on the
information provided in the 1990 geotechnical report and have not been field-verified.

Subsurface soil conditions in the test pits were reported to consist of fills composed of loose silty
sand and sandy silt with trace amounts of debris. The thicknesses of the fills were reported to
range from 2.5 to 15 feet. Native soils under the fills consisted of medium dense or dense silty
sand and silt in test pits TP1-2 and TP1-4. In test pit TP1-1, the encountered native soils
consisted of very stiff silty clay and very dense sandy silt. In test pit TP1-3, the encountered
native soils consisted of soft to medium stiff clay and silt to the bottom of the test pit at 17 feet.

A site sketch and a written log that documented the excavation of an additional four test pits on
the northeast part of the site in 1996 was appended to the 1990 report. These four test pits were
excavated to depths ranging between 4.5 and 21 feet below the ground surface, and the
approximate locations of these test pits, identified as TP2-1 through TP2-4, as indicated in the
sketch are noted in Plate 2 — Site Plan. The locations of these test pits have not been field-
verified.

The fills encountered in these test pits were reported to have thicknesses ranging between 2.5 and
18 feet and to have consisted of loose mixtures of silt, sand, and gravel, occasionatly with
organic matter and pea gravel. Relatively dense native soils reportedly encountered in test pits
TP2-2, TP2-3, and TP2-4 at depths of about 2.5, 18, and 5 feet, respectively, consisted of silty
gravelly sand (TP2-2) or sand and silty sand(TP2-3 and TP2-4). Dense native soils were not
reported to be encountered in test pit TP2-1 which was terminated at a depth of 16.5 feet.

GEO Group Northwest, Inc.
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Groundwater seepage was reported encountered at a depth of 16 feet (two feet above the base of
the fill) in test pit TP2-3. Groundwater is not noted in the logs for the other test pits.

4.3 SUMMARY OF EXPLORATION FINDINGS

Based on the findings from the test pits and soil borings, the thickness of the fills and loose to
medium dense native soils varies by up to 23 feet across the northern part of the site (i.e., from 4
feet at test pit TP1-1 to 27 feet at boring B-4).

A summary of the exploration elevations, fill thickness and dense soil elevations for the test pits
and borings is presented in the table below. This information was used to create two cross
sections to interpret and illustrate the subsurface conditions of the site., These cross sections are
presented in Plate 4A — Profile A-A’ and Plate 4B — Profile B-B’. Soil and groundwater
conditions depicted beyond the exploration locations in the sections are inferred and may vary
from those shown.

SUMMARY OF SUBSURFACE EXPLORATION DATA

Exploration | Surface Fill Depth | Elevation Elevation Depth to Groundwater
ID Elevation | Thickness to of Top of of Bottom | Groundwater Elevation
Dense | Pense Seil | of Boring/
Soil Test Pit
Borings
B-1 143 20 30 113 106.5 17 126
B-2 147 7 15 132 1255 NE NE
B-3 145 22 27 118 108.5 20 125
B-4 141 27 40 101 84.5 19 122
B-5 142 8 30 2 95.5 18 124
B-6 154 <25 30 124 tt2.5 22 132

Notes: All data are in units of feet. NE = Not encountered.

GEO Group Northwest, Inc.
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SUMMARY OF SUBSURFACE EXPLORATION DATA (CONT’D)

Exploration | Surface Fill Depth Elevation Elevation Depth to Groundwater
ID Elevation | Thickness to of Topof | of Bottom | Groundwater Elevation
Dense | Dense Soil | of Boring/
Soil Test Pit
Test Pits
TPI-| 1495 25 4 140 138 NE NE
TPL-2 149 8 10.5 [37.5 136.5 NE NE
TPi-3 143 5 NE NE (<126) 126 NE NE
1D
TP1-4 143 8.5 NE NE (<129 129 NE NE
(>14)
TP2-1 136 16.5 NE NE 195 | NE NE
(>16.5) (<119.5)
TP2-2 142 2.5 4.5 137.5 137.5 NE NE
TP2-3 138 18 18 120 117 16 122
TP2-4 142 5 6.5 135.5 135.5 NE NE

Notes: All data are in units of feet. NE = Not encountered,

The native soils encountered in borings B-1, B-2, B-3, B-4, and B-5 are generally similar to the
Upper Clay deposits described in the referenced geologic literature, but also commonly contain
some fine-grained sandy layers. The soils encountered in boring B-6 at the northwest corer
(and highest portion) of the site are interpreted to be similar to weathered glacial till soils to a
depth of about 10 feet overlying other older Vashon-age glacial deposits that are generally sandy
but contain appreciable silty layers. Soils with the characteristics described for the Unnamed
Gravel deposit do not appear to have been encountered in the borings.

5 SITE SEISMICITY AND SOIL LIQUEFACTION EVALUATION

5.1 SEISMICITY HISTORY

The greater Puget Sound region has experienced a number of small to moderate earthquakes and
occasionally strong shocks during the period of historical record in the Pacific Northwest.

GEO Group Northwest, Inc.




July 9, 2015 G-2239-1
Mr. Adam Lundberg - AML Construction & Development, LL.C Page 8

Historical records for the region indicate that the Olympia earthquake of April 13, 1949, with a
Richter magnitude of 7.1, produced ground-shaking of intensity VIII on the Modified Mercalli
Scale near its epicenter; and the Seattle-Tacoma earthquake of April 29, 1965, with a Richter
magnitude of 6.5, produced a ground-shaking of intensity IV to VIII near its epicenter, More
recently, the Nisqually earthquake of February 28, 2001, with a Richter magnitude of 6.8,
produced ground shaking at intensities up to VIII near its epicenter and at scattered locations in
King County, including the Duwamish River valley area of Kent. These levels of ground-
shaking are estimated to be the maximum that have occurred in the local region during the period
of historic record keeping that goes back to approximately the 1850s,

52 SITE SEISMIC DESIGN CLASSIFICATION

Per the 2012 edition of the International Building Code (IBC), the project site meets Site Class E
(Soft Soil Profile), as outlined in Section 1613 in the code. This site class determination is based
on the observed presence of a thickness of more than 10 feet of loose or soft soils and fills that
have apparent shear strengths of less than 500 pounds per square foot (psf).

53 SOIL LIQUEFACTION POTENTIAL

Liquefaction is a phenomenon where soil below the water table temporarily loses strength and
behaves as a liquid due to strong shaking, such as from earthquakes. The results of soil
liquefaction can include ground settlement, sand boils, and lateral soil spreading, Loose,
saturated, medium- to fine-grained sands are the soj] types which typically are most susceptible
to liquefaction,

Soils encountered in boring B-1 at depths of approximately 20 to 25 feet and in boring B-4 at a
depth of approximately 30 feet consisted of saturated, loose to medium dense, fine-grained sand
and slightly silty sand. The thicknesses of these layers were found to be less than S feet, Other
loose, saturated soils encountered in the borings typically consisted of silty sand with appreciable
proportions of fines and are expected to have low susceptibility to liquefaction.

Based on the soil conditions found in the borings drilled for this study, we conclude that the site
has a low susceptibility to liquefaction from seismic shaking of the intensity, duration, and
location which have characterized past events in the region. If future events of greater severity at
the site occur, however, the susceptibility of these soils to liquefaction may be higher, The risk
of potential damage to the proposed redevelopment due to soil liquefaction can be mitigated by
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supporting the building on a deep foundation system that is embedded into dense, native soils
which are not susceptible to seismically-induced liquefaction.

6 SITE STABILITY EVALUATION

6.1 RECORD OF PREVIOUS LANDSLIDING

During our subsurface investigation work in 2006, we were told by the occupant of the existing
buildings that a landslide had occurred on the steep slope on the site about 15 years ago. The
black plastic sheeting that covers much of the southern part of the site was placed following the
landslide, and the sheeting also covered part of the steep slope. The landslide apparently was
located on or in proximity to the eastern edge of the project site, and abutted the adjacent
residence to the east. During our subsurface investigation work on site in 2015, neighboring
residents told us that a landslide had occurred on the steep slope many years ago. The extent of
the landslide reportedly reached the south side of the house on the adjacent property to the east.
Details about the date, extent, or cause of the landslide have not been provided to us.

During our visits to the site we have observed no evidence of recent, fresh landslides. However,
much of the eastern and southern portions of the site have been obscured by thick overgrown
vegetation, and much of the ground surface has been covered with black plastic sheeting. Some
apparent cracks were observed on the ground surface between the locations of borings B-4 and
B-35 during our exploration work in 20135.

6.2  EVALUATION OF SOIL STABILITY

Based on I) the findings from our subsurface investigation, 2) the local geologic conditions
reported in the literature we reviewed, 3) the findings reported in the previous soil investigation
report for the site by Cascade Geotechnical, 4) the surface conditions as depicted in the
topographic survey for the site, and 5) the anecdotal information we received about a past
landslide on site, we have developed the following comments and conclusions.

¢ The eastern and southern portions of the site are marginally stable in their present
condition, in our opinion. This is due to multiple factors, chiefly that 1) the fills are loose
and are thick in proximity to the slope, the slope inclination approaches the typical angle
of repose for relatively loose soils (independent of the effects of rooted vegetation,
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surface hardening/compacting, and the like), and the base of the fills and underlying
loose soil zone are wet.

* The northern portion of the site in the vicinity of the existing buildings appears to be
relatively stable, in our opinion. These soils have higher densities, the extent of the loose
fills is less, and slope conditions are much gentler.

¢ In our opinion, the proposed building can be constructed in a manner that will not
adversely affect the stability of the site or of the adjacent property to the east provided
that it is supported on a pile and structural heam foundation system. Resistance of lateral
forces against pile caps and grade beams can be provided by compacting the existing
subgrade soils to a firm condition.,

* In addition fo compacting the subgrade below the proposed building, we also recommend
that the fills beyond the south and east limits of the proposed building be improved by
compacting them to a firm condition. This improvement to the exterior fills will
supplement the building’s resistance against lateral forces and will improve the stability
of the fills and slope.

e It should be understood that post-construction settlement of the fills can be expected.
Compaction of the surticial portion of the fills likely will reduce the magnitude of such
settlement but will not eliminate it. This settlement may result in visible settlement of
structures and pavements which are supported on these materials,

¢ We understand that the proposed office building will be located at least 40 feet away
from the top of the steep slope (25 feet steep slope buffer plus 15 feet building setback).
In our opinion, this proposed distance of the proposed building from the top of the steep
slope is sufficient to avoid adverse impact to the slope and the proposed building,
provided that the development is designed and constructed in conformance with the
recommendations in this report.

¢ We understand that a parking lot may be planned next to the south side of the proposed
building and may abut the top of the steep slope. We understand that the parking lot will
not extend into the 25 feet wide steep slope buffer. In our opinion, the proposed parking
lot will be susceptible to gradual settlement if it will rely on the underlying subgrade for
suppot, due to the presence of loose fills across much of the area. The degree of

GEO Group Nerthwest, Inc.



July 9, 2015 G-2239-1
Mr. Adam Lundberg — AML Construction & Development, LLC | Page 11

potential settlement can be reduced by compacting the subgrade below the parking lot, or
by constructing it as a structurally supported concrete slab on angered concrete piles that
are embedded in the deeper dense native soils, or both.

o The site has a potential for significant soil erosion due to the loose condition of the fills
and steepness of the slope area. Stormwater generated during construction should be
controlled so that it does not accumulate in proximity to the steep slope or flow onto the
steep slope. Post-construction stormwater also should be controlled to avoid its
accumulation near the steep slope or flow onto the slope, and preferably should be
tightlined to the local stormwater utility system.

7 CONCLUSIONS AND RECOMMENDATIONS

Based on the results from our subsurface investigation, it is our opinion that the main
geotechnical issues to be considered for the proposed development inctude building support, site
stability, excavations and slopes, excavation support, basement and retaining walls, and
subsurface drainage.

The presence of loose fills with thicknesses of up to about 27 feet and the saturated condition of
the lower portion of these fills and of the underlying soils lead us to recommend that a pile
foundation system be used to support the proposed building. In our opinion, the preferred piling
alternative for the project is auger-cast concrete piles that are embedded into the dense native
soils. We anticipate that installing piles by using ‘open-hole’ methods may encounter difficulties
at maintaining open boreholes and with groundwater accumulation in the boreholes. We
anticipate that similar difficulties would be encountered with installing aggregate piers at the site.

In our opinion, the steep slope on site appears to be marginally stable based on the loose
condition of the fills, the steepness of the slope, and the presence of saturated soils and fills at the
bottom of the fill section. Improvement to the stability of the site can be achieved by compacting
the surface of the loose fills below the proposed building location and beyond the building
toward the top of the steep slope.

Our recommendations regarding these and other geotechnically-related aspects of the proposed
site development are presented in the following sections of this report.

GEO Group Northwest, Inc.
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7.1 GRADING AND EARTHWORK

7.1.1 Site Clearing and Grubbing

The construction area should be cleared and grubbed of vegetation, organics, debris, and other
deleterious materials if present. Silt fencing should be installed around areas to be disturbed by
construction activity to prevent sediment being carried off site.

7.1.2 Excavations and Slopes

We recommend that temporary excavation slopes not exceed the limits specified in local, state
and federal government safety regulations. We recommend that temporary cuts greater than

4 feet in height be sloped at an inclination no steeper than 1.5H: 1V (Horizontal:Vertical) in the
fills due to their variable and uncontrotled composition, and to no steeper than 1H:1V in the
native soils. If groundwater seepage is encountered during excavation, the excavation work
should be halted, and the stability of the excavation and issues regarding slope stability and
potential need for engineered support should be evaluated on site by the geotechnical engineer.
We recommend that permanent slopes be graded to no steeper than 3H:1V.

1.1.3 Subprade Preparation

Loose fills were encountered during the exploration work we performed on the site. These fills
typically consisted of loose silty sand and silt with occasional wood debris. These soils are
susceptible to deep rutting and pumping from construction traffic during wet weather conditions.
Therefore, we recommend that the subgrade be stabilized by compacting it to a firm condition by
using a full-size vibratory roller at the start of construction. A layer of clean crushed rock also
can be placed over the subgrade for additional protection to the subgrade due to construction

activity.

7.1.4 Structural Fill

Fills placed to achieve design site elevations below building, pavement, patio, or sidewalk areas
should meet the requirements for structural fill in situations where the fills will provide support
to these improvements.

GEO Group Northwest, Inc.
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The on-site soils have moisture contents and in some instances also have relatively high silt
contents. For these reasons, these soils are unlikely to be suitable for use as structural fill. We
recommend that an imported granular soil or aggregate material be used as structural fill; this
material should have a moisture content that is at or near its optimum value for attaining
compaction density requirements. This material should be free of organic or other deleterious
substances and should contain no particles larger than three inches in diameter. During wet
weather, however, we recommend that this material not contain more than 5 percent fines (silt
and clay-size particles passing the No, 200 mesh sieve), so that it can more readily be compacted
to the required standards.

Structural fill material should be placed at or near its optimum moisture content. The optimum
moisture content is the water content in soil that enables the soil to be compacted to the highest

dry density for a given compaction effort.

Structural fill should be placed in horizontal lifts no greater than 10 inches in loose thickness.
Structural fill under parking lots, driveways, patios and sidewalks should be compacted to at
least 90 percent of maximum density, with the exception of the upper 12 inches. The top

12 inches should be compacted to at least 95 percent maximum dry density, as determined by
ASTM Test Designation D-1557-91 (Modified Proctor).

We recommend that GEO Group Northwest, Inc. be retained to 1) evaluate the suitability of
material that is proposed for use as structural fill, and 2) to monitor the placement and
compaction of structural fill for quality assurance of the earthwork.

7.2 BUILDING SUPPORT

The proposed building can be supported on anger-cast concrete piles that penetrate through the
fills and loose to medium dense soils and are embedded into the underlying native, dense soils.
We recommend that the piles have a minimum diameter of 18 inches and a minimum
embedment of 20 feet into the native, dense soils. Allowable bearing capacities for a selection of
pile sizes and embedment lengths are presented in the table
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AHowable Axial Pile Capacities
Pile Diameter ~ Pile Allowa'ble Uplif:t
(inches) Embedment Capacity Capacity
{feet) (tons) (tons)
18 20 45 22
18 25 58 29
18 30 B 36
24 20 75 37
24 25 o8 49
24 30 121 60
30 20 115 57
30 25 148 74
30 30 182 91
36 20 163 81
36 25 208 104
36 30 256 128

A safety factor of 3.0 is included in the tabulated capacities. The capacities were calculated
based on the soil conditions encountered in the soil borings completed for this study. These
capacities are based on skin friction and end bearing resistance in the medium dense to dense
soils that were found below depths of approximately 30 to 40 feet. Negative skin friction
resistance (also referred to as “down-drag”) associated with potential settlement of the upper
loose fills and soils are not anticipated to significantly affect the pile capacitics, as these
materials have low relative densities and minimal cohesiveness that would generate down-drag.

No reduction in pile capacity is required if the pile spacing is at least three times the pile
diameter. A one-third increase in the above allowable pile capacities can be used when
considering short-term transitory wind or seismic loads. We estimate that the maximum total
post-construction settlement should be one-quarter (1/4) inch or less, and the differential
settlement across building width should be one-quarter (1/4) inch or less.

Lateral forces against the foundation system can be resisted by passive earth pressure and friction
of an improved subgrade against the pile caps and grade beams. The subgrade should be
improved by thoroughly compacting it to a firm condition. The improved subgrade can be
assigned a passive soil pressure of 250 pcf (pounds per cubic foot) equivalent fluid weight. A
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coefficient of friction of 0.35 may be used between the improved subgrade and the foundation
clements. Alternatively, lateral forces can be resisted by using battered augered piles or inclined

helical anchors.

The performance of piles depends on how and into what bearing stratum the piles are instatled.

It is critical that judgment and experience be used as a basis for determining the embedment
length and acceptability of a pile. Therefore, we recommend that GEO Group Northwest, Inc. be
retained to monitor the pile installation operation, collect and interpret installation data, and
verify suitable bearing stratum. We also suggest that the contractor’s equipment and installation
procedure be reviewed by GEO Group Northwest, Inc. prior to pile installation to help mitigate
problems which may delay work progress.

7.3 EXCAVATION SUPPORT

We understand that construction of the proposed building will require temporary excavation
reaching depths of up to approximately 9 to 15 feet in depth in proximity to the north and west
property lines, and will therefore require shoring. Cantilever soldier pile shoring with timber
lagging can be used to support portions of the excavation where open cut slopes are not feasible.

Active Earth Pressures

We recommend that the cantilever soldier pile and lagging shoring for level backslope conditions
be designed to resist an active pressure distribution of 35 pounds per cubic foot (pcf). The active
soil pressure should be considered to act on a width of one pile-spacing above the excavation line
and of one pile-diameter below the excavation line.

Backslope Considerations

Backslopes which extend a height approximately equal to or greater than the excavation height
should be considered as “infinite” slopes for purposes of engineering design. For “infinite”
backslopes of approximately 1H:1V, an active pressure of 50 pef should be used for design.

Smaller backslopes that have inclinations of approximately 1H:1V, however, can be considered
as surcharge loads having a value equivalent to the soil weight of one-half the height of the
backslope using a unit weight of 125 pounds per square foot (psf). For example, a 4-feet high
backslope can be considered equivalent to a surcharge load of 250 psf.
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Other Surcharge Pressure

We recommend that surcharge pressure associated with construction equipment operating in
proximity to the shoring be accounted for in the shoring design as equivalent to an additional 2
feet of soil height against the shoring.

Seismic Earth Pressure

If the shoring is to provide permanent support, a rectangular pressure of 8H pounds per square
foot (psf), where H is the wall height in feet, should be added to active pressure distribution
account for seismic pressure on the wall,

Passive Farth Pressure

The shoring can be designed using a passive soil pressure of 350 pef, equivalent fluid weight.
The passive pressure zone should start at one foot below the lowest level of excavation or soil
disturbance. The passive pressure can be considered to act on a width of one pile-spacing or two
pile-diameters, whichever is less. Mabilization of the full passive pressure assumes that the
grade in front of the wall relatively level for a distance of four times the pile embedment. These
recommended pressures apply to drained soil conditions.

The distribution of the above-described earth pressures acting on the shoring wall is
schematically illustrated in Plate 5 - Lateral Earth Pressure Diagram.

Wall Lagging.

Due to soil arching effects in the soil, timber lagging for the shoring system can consist of either
pressure-treated or untreated lumber designed to resist 50 percent of the apparent lateral soil
pressure for pile spacing up to four times the pile diameter. In order for this soil arching effect to
occeur, the pile holes should be backfilled with grout approximately to soil grade behind the wall,

Excavation work to install the lagging should be performed in lifts approximately 4 to S feet in
depth, or to less depth as appropriate to avoid significant sloughing of soils from beyond the
property line. Void areas behind the lagging should be backfilled with a granular material that
contains no more than five percent fines (i.e., material passing a U.S. #200 sieve).
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Performance Monitoring

Select points on off-site structures, driveways, or sidewalks located in proximity to the shoring
should be surveyed or documented before the start of construction to record their baseline
conditions. Existing cracks, sags, or other damage to the adjacent buildings, retaining walls,
pavements, and sidewalks also should be documented prior to the start of construction.

The off-site points and selected points along the top of the shoring should then be monitored for
movement (vertical and horizontal) following construction. We recommend that every other pile
along the shoring wall be monitored. The points should be surveyed on a weekly basis and the
information provided to the geotechnical engineer and the structural engineer for review until the
shoring has been structurally restrained or has been backfilled.

7.4 CONVENTIONAL BASEMENT WALLS AND RETAINING WALLS

The following recommendations regarding conventional concrete basement walls and non-
basement retaining walls are provided for use if these features are planned to be included in
development of the site. These recommendations apply only to fully-drained wall systems. If
hydrostatic pressures may be exerted on such walls, due to groundwater or other periodic or
occasional un-drained conditions, these recommendations should be re-evaluated to incorporate
the added hydrostatic pressures, Similarly, if other nearby structures may impose surcharge
loads against such walls, these recommendations should be re-evaluated to address those factors.

Retaining walls which are restrained horizontally on top (such as basement walls) are considered
unyielding and should be designed for a lateral soil pressure under the at-rest condition.
Retaining walls which are free to rotate on top by 0.002 times their height or more should be
designed for a lateral soil pressure under the active condition.

Active Earth Pressure: 35pcf (equivalent fluid pressure), for level ground behind the
wall;

At-Rest Earth Pressure: 45pcf (equivalent fluid pressure), for level ground behind the
wall;
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Passive Earth Pressure: 175 pef (as equivalent fluid pressure) for unimproved soil; 350
pef for compacted granular fill having a depth of at least 3 feet below and horizontal
distance of 10 feet beyond the edge of the wall footing;

Seismic Loading Pressure: 8H psf, where H is the height of the wall in feet;
Base Coefficient of Friction: 0.35 for compacted granular fill or competent soil

To prevent buildup of hydrostatic pressure behind conventional concrete basement or refaining
walls, we recommend that a vertical drain mat be used to facilitate drainage behind the walls.
The drain mat core should be placed against the wall with the filter fabric side of the mat facing
toward the backfill. The drain mat should extend from near the finished surface grade down to
the base of the wall, where it should be directed to discharge to a drainage system to be conveyed
to an appropriate discharge facility. For long-term drainage ability, a prism at least 18 inches
wide of free draining backfill material also should be placed against the wall after the drain mat
has been installed. The free-draining backfill should extend downward to the base of the drain
mat. We also recommend that a waterproofing layer be applied to basement and retaining watls
to prevent moisture intrusion through the wall,

The top 12 inches of backfill behind retaining or basement walls should consist of compacted
and relatively impermeable soil. This cap material can be separated from the underlying more
granular drainage material by a geotextile fabric, if desired. Altematively, the surface can be
sealed with asphalt or concrete paving. The ground surface should be sloped to drain away from
the wall.

GEO Group Northwest, Inc. recommends that backfill material which will support structutes or
improvements (such as patios, sidewalks, driveways, etc.) behind permanent concrete retaining
walls and basement walls be placed and compacted consistent with the structural filt
recommendations presented in this report.

7.5 UNDERGROUND UTILITIES
Underground utilities that are installed in the loose fills at the site should be supported on a layer

of at least 6 to 12 inches of granular bedding material to provide support to rigid conduits, It
may be necessary (o line the bottom portion of the utility trench with geotextile fabric to confine
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the bedding material if conditions are particularly soft. We recommend that a granular material
that requires minimal compaction effort to achieve a supporting condition be used for backfill.

7.6 SITE DRAINAGE

7.6.1 Surface Water Drainage during and affer Construction

Water should not be allowed to stand in areas where foundations, siabs or pavements are to be
constructed. During wet weather, these areas should be protected when idle by compacting the
surface or covering the surface with plastic sheeting and directing the water away from the areas.
Final site grades should direct drainage away from the building.

7.6.2 Subsurface and Roof Drain Lines

Roof downspout drain lines should be tightlined separately from subsurface drainage systems
(such as retaining wall, basetent wall, or foundation drainage systems) to their point of
discharge into a storm water handling system. We recommend that sufficient cleanouts be
installed at strategic locations to allow for periodic maintenance of the roof downspout drainage

system,
7.7 PAVEMENT SECTION SUPPORT AND DESIGN

We recommend that parking and driveway areas on site be supported on a layer of structural fill
that is at least 12 inches in thickness. We recommend that fill be underlain with a layer of
durable woven geotextile fabric, such as Mirafi 500X or similar so that separation of the fill from
the underlying soils is maintained. The acceptability of the structural fill layer should be
checked by performing a proof-rolling of the surface by using a fully loaded dump truck or other
heavy construction vehicle. If areas of soft or unstable subgrade soils are discovered during
proof-rolling, they should be excavated and replaced with structurat fill or crushed rock.

We recommend that parking and driveway areas on site have a pavement section that consists of

at Jeast 3 inches of asphalt over 6 inches of crushed rock base course above the structural fill
layer.
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8 LIMITATIONS

This report has been prepared for the spécific application to this site for the exclusive use of
Mr, Adam Lundberg, AML Construction & Development, LLC, and his authorized
representatives or agents. We recommend that this report be included in its entirety in the
project contract documents for the information of project designers and contractors.

Our findings and recommendations stated herein are based on the field observations, our
experience and judgment. The recommendations are our professional opinion derived in a
manner consistent with the level of care and skill ordinarily exercised by other members of the
profession currently practicing under similar conditions in this area and within the budget
constraints. No warranty is expressed or implied. In the event soil conditions vary from those
described herein, during site excavation or construction, GEQ Group Northwest, Inc. should be
notified, and the above recommendations should be reviewed and, where appropriate, be revised.

9 ADDITIONAL SERVICES

We recommend the GEO Group Northwest, Inc. be retained to perform a general review of the
final design and specifications of the proposed development to verify that the earthwork and
foundation recommendations have been properly interpreted and implemented in the project
documents., We also recommeiid that GEO Group Northwest, Inc. be retained to provide
monitoring and testing service for geotechnically-related work during construction. Work that
should be monitored or verified by the geotechnical engineer typically includes the following:

¢ Preparation of soil subgrade in building and pavement areas;
e Structural fill selection, placement, and compaction;
 Placement and compaction of utility trench backfill

The purposes of this monitoring are to comply with construction permit requirements, where
applicable, and to provide independent quality control engineering services. Construction
monitoring services also can involve reviewing unanticipated conditions and providing
consultation and recommendations that may involve changes to project design or methods.
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10 CLOSING
We appreciate this opportunity to provide you with geotechnical engineering services. Please

feel welcome to contact us if you have any questions regarding this report or need additionat
consultation. '

Sincerely,

GEO GROUP NORTHWEST, INC.
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Keith Johnson
Project Geologist
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William Chang, P.E.
Principal
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LATERAL EARTH PRESSURE DIAGRAM
CANTILEVER SOLDIER PILE AND LAGGING SHORING

B R
Active Soil Pressure:
35 pct
Wall Face
Height (H)
Neglect top 1 foot of soil from "
embedment zone, due to soll
N disturbance during construction
............. < \\

Pile
Embedment
Zone (D)

7

Passive Soil Pressure: Seismic Loading:
350 pet B(H) psf {for permanent wall
condition)

NOT TO SCALE

NOTES:

Active and passive soil pressures noted above are fluid-equivalent praessures.

The active soil pressures act on ane pile spacing behind the wall and on the pile width below the wall.

The passive soil pressure acts on two pile diamelers or one pile spacing, whichever Is smaller.

The wall is assumed to be fully drained; no hydrostatic pressures act on the wall.

Surcharge loads from nearby traffic, buildings, or backslopes are not considered in this diagram, but should
be evaluated and included in the design of the shoring.

RhoD

LATERAL EARTH PRESSURE DIAGRAM

X8) Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
4 Geolechnical Enginears, Gealogisis, & 3803 NE 155TH STREET

Envirenmenilal Sciantists LAKE FOREST PARK, WASHINGTON

Gl

scAaLE  NONE DATE 6/24/2015 MADE KJ | CHKD WC JOB NO. G-2239-1 PLATE 5




COMPOSITE DRAINAGE MAT,
AFFIXED TO LAGGING

SOLIDIER PILE WALL

™ WALL

. MOISTURE
* ; SLAR

’
*

CLEANROCK OR X
GRAVEL

4-INCH DIAMETER RIGID SCH40
PVC PIPE, TIGHTLINED TO
COLLECTION SUMP OR OTHER

2-INCH DIAMETER SOLID
PVC WEEP PIPE, AT
HORIZONTAL SPACING

NOT TO SCALE

)) Group Northwest, Inc.

Geotechnkal Engineers, Geologists, &
Envirorarental Seientisis

TYPICAL SHORING WALL DRAINAGE

PROPOSED RESIDENTIAL BUILDING
3803 NE 1565TH STREET
LAKE FOREST PARK, WASHINGTON

DATE 6/15/2015

MADE KJ

SCALE NONE

PLATE 6

CHKD WG JOB NO. G-2238-1




BASEMENT WALL

(LATERALLY RESTRAINED
AT TOP)
SURFACE GRADE "
Sloped to drain away j%\ 1
the wall -] _ DRAINAGE MAT
T o s O o A Bottom of the mat should
' s extend into the drain rock.
8 ¢ 0 O
[+]
f O 0 o
o o e e
WALL BACKFILL ° ¢ o

Refer to geotechnical report
for specific recommendations

GEOTEXTILE FILTER FABRIC rﬁ O - I CAPILLARY BREAK
Nonwoven (Mirafi 140N, or equivalent), L ' —
wrapped around the drain rock Q j FOOTING

WASHED DRAIN ROCK DRAIN LINE

Bedded gn{irely around the Minimum 4-inch diame.rEr, rl'gfd PVC

drain line perforated pipe; lay pipe to have

sufficient gradient toward discharge

NOT TO SCALE

NOTES:
1.} Do not replace rigid PVC pipe with flexible corrugated plastic pipe.

2.) Perforated PVC pipe should be tight jointed, laid with perforations facing downward, and sloped
toward discharge location(s).

3.} The geotextile filter fabric should be wrapped around the drain rock that surrounds the pipe, not
wrapped directly around the pipe.

4.) Wall backfill should meet structural fill specifications if it will support pavements,
slabs, or structures. Refer to the geotechnical report for structural fill recommendations and
specifications.

5.) Surface grade above the backfill can be covered with a layer of relatively impermeable topsoil or
pavement or slab to reduce infiltration of surface water into the backfill and drainage system.

TYPICAL BASEMENT WALL DRAINAGE

%8) Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
Gaatechnicat Engers, Gaologisls, & 3803 NE 155TH STREET
Bvironmental Scientists LAKE FOREST PARK, WASHINGTON

SCALE: NONE | DATE: 6/12/2015 |MADE: KJ CHKD: WC |[JOBNO. G-2239-1 | PLATE 7




RETAINING WALL
(UNRESTRAINED AT TOP)

R _ DRAINAGE MAT
- © 0 o B The mat should extend
o 0 . into the drain rock
WALL BACKFILL 0 v I

Refer to geotechnical reporf
for specific recommendations

GEOTEXTILE FILTER FABRIC
Nonwoven (Mirafi 140 NL, or equivalent),
wrapped around the drain rock

KRR AR RE R NN E AR ERT LW N E S

FOOTING

DRAIN LINE

WASHED DRAIN ROCK
Bedded entirely around the Minimum 4-inch diameter, rigid PVC
drain line perforated pipe; lay pipe to have

sufficient gradient toward discharge
NOT TO SCALE
NOTES:

1.} These recommendations are intended for walls 4 feet or greater in height, but can also be
used for walls of lesser height, where desired.

2.) Do not replace rigid PVC pipe with flexible corrugated plastic pipe.

3.) Perforated PVC pipe should be tight jointed and laid with perforations oriented downward, The
pipe should be gently sloped to provide flow toward the tightline or discharge location.

4.) Do not connect other drain iines into the footing drain system,

5.) Backfill should meet structural fill specifications if it will support driveways, sidewalks, patios, or
other structures. Refer to the geotechnical engineering report for structural fill recommendations.

TYPICAL RETAINING WALL DRAINAGE

ﬁ Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
Ceolechnical Bnginesrs, Geologists, & 3803 NE 155TH STREET

Enviranmental Scientists

LLAKE FOREST PARK, WASHINGTON

SCALE NONE DATE 6/12/2015 MADE KJ CHKD WC JOB NO. G-2239-1 | PLATE 8




TYPICAL FOOTING DRAIN

Slope the surface to drain
away from the wall

Compacted soll general backfill, or ‘
structural fill where applicable (refer -
0 notes below)

" a——
s o i Ay L]
A B ASAARe b ARAaAa
o A AT I LA o N T A Y
S R T O A TIA T AT N
M i A N AT P N x - -
N SRR Y L P A P e - -
R e, R ARA T e LS AR AT AL
mhgeaaumaanasananant . . FLOOR SLAB
Y ;
_ U1 TR A G I 17 S s U M A .
NOH‘ waoven geﬂfﬁ’l”[‘.’ﬂ“t’r §§§§§§%§§§§aa§§% .
Sfubric {Mirafi 140 NL, or ‘”\N,,M A A R I AT Y
] - Lo VTR A 5 e L L S oA
equivalent}, wrapped arotnd . F A CAPILLARY BREAK

the drain rock

. FOOTING

- "
-

Washed drain rock

Minimum 4-inch diameter
slotied or perforated PVC pipe
{perforations facing down); fay
pipe to have sufficient gradient
toward discharge

NOT TO SCALE

NOTES:

I.) Perforated or slotted rigid PVC pipe should be tight jointed and laid with perforations or siots down, and with
positive gradient toward discharge location(s). The pipe should be placed at or slightly above the elevation of
the bottom. of the footing. Do not replace rigid PYC pipe with flexible corrugated plastic pipe.

1) Do not connect other drainage lines to the footing drain lines. Drain line cleanouts should be installed at
appropriate locations to allow periodic inspection and maintenance of the lines after construction.

3.y If the backfill will support sidewalks, driveways, patios, or other structures, it should meet the
recommendations for structural fill provided in the geotechnical report.

4.) The geotextile filter fabric should be placed around the drain rock as shown, and not wrapped directly around

the pipe.
| TYPICAL FOOTING DRAIN
#120) Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
: Gagtachnical Engineors, Geologits, & 3803 NE 155TH STREET
Environmental Scientists LAKE FOREST PARK, WASHINGTON
SCALE: NONE | DATE: 3/12/2015 | MADE: KJ CHKD: WC |[JOBNO. G-2239-1 | PLATE
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G-2239-1

BORING LOGS

GEO Group Northwest, Inc.




SOIL CLASSIFICATION & PENETRATION TEST DATA EXPLANATION

. UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)

GROUP
MAJOR DIVISION SYMBOL TYPICAL DESCRIPTION LABORATORY CLASSIFICATION CRITERIA
aw WELL GRADED GRAVELS, GRAVEL-SAND Cu = (D8O / DY) greater than 4
Gg:i:f:s MIXTURE, LITTLE OR NO FINES CONTENT Ge = (DIOF° /(D10 * DAO) hetween 1 and 3
- - OF FINES BELOW s -
GRAVELS (littte af no ap POORLY GRADED) GRAVELS, AND GRAVEL-SAND 5% CLEAN GRAVELS NOT MEETING ABOVE
(More Then Hafl fires) MIXTURES LITTLE OR NO FINES REQUIREMENTS
COARSE- fo] Fraction I8 | smdu i uasiesos
GRAINED SOILS L:r.;;:f Tr::n hg; §: | GM: ATTERBEAG LIMITS BELOW "A" LINE
Sisve) . :::g . GM SILTY GRAVELS, BRAVEL-SAND-SILT MIXTURES CONTENT or Pl LESS THAN 4
OF FINES EXCEEDS . - - -
{with somp se CLAYEY GRAVELS, GRAVEL-SAND-GLAY 2% GG: ATTERBERG LIMITS ABOVE "A” LINE.
lines) MIXTURES of Pl MORE THAN 7
SANDS A oW WELL GRADED SANDS, GRAVELLY SANDS, Cur = (D60 / D10} greater fhan &
CLEAN LITTLE DR NO FINES CONTENT Ce = (030)° { {10 * DBO) betwesa 1 and 3
SANDS
{More Tran Hall OF FINES BELOW |-
Comse Fraction 1s | (itlle of o POORLY GRADED SANDS, GRAVELLY SANDS, 5% CLEAN SANDS NOT MEETING ABOVE
More Thun Halt | Goarse Fradtion is : sP
Smaltar Thar No fines) LITTLE OR NO FINES REQUIREMENTS
by Waeight Largar . -
Than No. 200 4 Sleve)
Stave ATTEABERG LIMITS BELOW A" UINE
DIRTY sM SILTY SANDS, SAND-SILT MIXTURES with .1 LESS THAN 4
sSaNDS | CONTENT OF FINES
{with EXCERDS 12% ATTERBERG LIMITS ABQOVE "A" LINE
with some A
fines) 8C CLAYEY SANDS, SAND-CLAY MIXTURES with P.1. MORE THAN 7
SILTS Liquid Limit ML INORGANIC SILTS, ROCK FLOUR, SANDY SILTS
(Below A-tlneon | <50% OF SLIGHT PLASTICITY o S S — :
Plasticlty Gha, | - PLASTICITY CHART ,'
FINE-GHAINED Nagligible Liguid Limit NH NORGANIC SILTS, MICACEOUS OR 50 + FOR BOIL PASSING 2 A ]
B0LS Organics) > 50% DIATOMACEOUS, FINE SANDY OR SILTY SOIL NO. 40 SIEVE 4 /
T " INGRGANIC CLAYS OF LOW PLASTICITY, £ 0 Alen| A
CLAYS Mauid Limit [ g GRAVELLY, SANDY, OR SILTY CLAYS, CLEAN ] 0§ P2
(Phove Adinson | <50% CLAYS fa] / uline
Plasticity Chart, |- - , £ ., Vs Adine
Negligible Liguld Limiy cH INDRGANIC CLAYS OF HIGH PLASTICITY, FAT | [~ /]
Organics) > 650% CLAYS g /
[
Fiese Than Hat by : e g 20 4
Weight Larger Llquid Limit oL ORGANIC SILTS AND ORGANIC SILTY CLAYS OF ,’ cL / MH of OH
Than No, 200 | QRGANICSILTS ; 0, LOW PLASTICITY B /‘
Sieve & CLAYS . 10 7 g
{Belaw A-Line on o 717 Pl ML ar Ok,
Biasticity Chart) | Hauid Limit oH ORGANIC CLAYS OF HiGH FLASTICITY 4 ™
> §50% a h .
© 10 20 30 40 50 80 70 80 &0 100
HIGHLY ORGANIC SOILS [ PEAT AND OTHER HIGHLY CRGANIC 801LS LIQUID LIMIT (%)
SOIL PARTICLE SIZE GENERAL GUIDANCE FOR ENGINEERING PROPEATIES OF SOILS, BASED ON STANDARD
i : - PENETRATION TEST (S
U.S. STANDARD SIEVE TEST (SPT) DATA
ERACTION Pasaing Retatnad SANDY SOILS SILTY & CLAYEY SOILS
Size sizs || h .
Unconfined
Steve {mm} Steve (mm) " Blow Counls Relalive Friclion Angle Descrioli Biow Counts Dsscratl
T N Density, % &, dafrens eacription N Strengih Qu, § Desaription
SILT/ CLAY #200 0.075 isf
SAND 0-4 0-15 Vary Locas =2 <0.25 Vary soft
FINE #40 | 0425 H200 6075 4-10 15-38 26 30 taose 2.4 025050 SoR
MEDIUM #0 | 200 440 0.425 19- 30 35- 65 28- 385 Medism Dense 4.8 050-100 | Medium SHif
COARSE ¥4 4.75 no 2.00 30- 50 85 - 86 35-42 Dense B-15 1.00-2.00 SHff
GRAVEL = 50 85- 100 28-46 Very Densa 15- 30 2.00-4.00 Very Stf
FINE 0.76" 19 4 4.75 = 30 > 4,00 Herd
- i)
S
COARSE a3 76 075" 19 antii..
COBBLES 76 mim to 203 mm -
: Group Northwest, Inc.
BOULDERS > 208 mm = Geotechnioal Engineers, Genlogiats, &
R eplecnnica: Engneers, Geologiata,
ROGCK 76 tarm Environmental Scientiata
-3
_ FRAGMENTS 13240 NE 20th Street, Suils 10 Ballevue, WA 96005
cock 2078 cublo mater i vatmn Phone (425) 649-8767 Fax (426} 649-8760 PLATE Al




BORING NO. B-1 Page [ of |

Logged By: KJ Date Drilled: 4/25/2006 Surface Elev, 143 feet +/-
. Sample Blow Water
b { Countper | Content Other Tests &
Depth USCS Description & inches Py Comments
ft. Code Type | No.
A SM-| Brown SILTY SAND to SANDY SILT, damp, loose, mottled _L . 223 I
i ML | (FILL), S (N=5) Fast
" SM- . 2,22 )
| ML As above. I 52 (Noh) 216
3 SM
] - , 2,34
i As above, I S (N o
" SM Gray SILTY SAND, moist, lonse, hae vmble voids (FILL). I 34 (2}32-'42) 12.0 |
10
] SM § As above, some brownish blotches. I S5 (:r:ﬁ-;) 2.1
- SM/ | Gray SILTY SAND and dark brown SILTY MUCK, I < 532 £6.0
" OL | heterogeneous, moist, loose, s:lly sand is as above {N=3)
15 TP gt s Era ot gty Mty dunguat
e 43,
§ SM | Brown-gray SILTY SAND and WOOD, moist to wet, loose, I 87 m’,j) A8
457
SM- .
. Gray SANDY SILT to SILTY SAND, meist, foose. I 53 (11{33:'63' 7.0
. )
20 VR R U U, - b o st i o s
~ Sp | Gray SAND, wet, loose, some fine black organics, speckled with I 59 1.2.2 14
) brown medivm sand grains (SUSPECT NATIVE SOIL), . {N=4)
- SP- | Grayish brown SAND, wet, medium dense, damp brown silt lens I <10 1.4,8 8.9
N SM | at bottom of lmmple (NATIVE SOIL). (N=12}
25 L o e i 2 b b ko o -
. gpy | Brownish gray SAND and olive SILTY SAND and SILT. wet, I 511 ] 9944 .4
medium dense, gradationatly becomes finer toward bottom of N=23)
7 sampile, silt is damp,
30 ] i
§ ML | Brown SILT, damp, medium dense te dense, grades to gray very I s12 1 a5 16,3
fine sandy silt toward bottom of sample. N=29)
3B
. ML | Gray SILT, damp, dense. I $i3 7&' '321‘)’ 313
) : (N=
N Bottom of boring: 36.5 feet. Drilling Method: Hollow-stem
i auger. Sampling Methotd: 2-inch-O.D, saimpler and 140 Ib.
hammer. Groundwater encountered at 20 feet during drilling,
40 measured at 17 feet afier drilling was completed. !
LEGEND: T 27 0.D. Split-Spoon Sampler GROUNDWATER senl
I 3 O.D. Shelby Tube Sampler OBSERVATION WELL: measured waker lovel
T[ 3" 0.0 Dames & Moore Sampter well tip {scréen’
Group Northwest, Inc. PROPOSED OFFICE BUILDING
=4 3803 NE 155TH STREET

Ggotechnical i‘]ng!m’ers, Genloglsts, & LAKE FGREST PARK WASI'MGTON
Eoviconmental Scientists >
_ _ JOB NO. G-2239 I DATE 5/4/2006 i PLATE A2 i




r
BORING NO. B-Z Page | of ]
Logged By: KJ Date Drifled: 4/25/2006 Surface Elev. 147 feet +/-
Sample Blow Waier
. . Count per | Conlent Other Tests &
Depth USCS Description pra py Comments
ft. Clode _ _ _ Type | No.
1 | sM | Brown SILTY SAND, dry to damp, loose, mostly fine and _L 323
meddivm grained with minor gravel (FILL). S {N=5} s
- SM | As above, with mottling, medium dense, no gravel, I 52 (:{fi‘;) 199
5 |
i S | As above, dry, with much wood and sawdust. I 53 {Lig)
4 | ML | Pale gray-brown SANDY SILT, dry ta damp, medium dense, with I o | 557 208
i woud waste as above (DISTURBED NATIVE SOIL), ) (N=12)
10
™ ML, | Grayish brown SANDY SlL'!‘: daryp, medium dense, some very < 4,10.12 162
" fine grained sand, deep red oxidation (NATIVE SOIL), 53 (N=22) -
~ ML- | Brown and gray SILTY SAND to SANDY SILT, damp, medivm I 56 6,10,13 226
N SM | dense, deep red oxidation blotches and bands, (N=23)
15
' ML/ | Gray SILT and brown GRAVELLY SILTY SAND, interbedded, I ¢ | 73028 114
. L (N=43} ’
SM | damp, dense, strong red oxidation in sandy layers,
20
] As above, gravelly sand in bottom of sample is moist S8 3.22.22 20.9
- SM » gravelly P ’ (N=44) :
- Bottom of boring: 21.5 feet. Drilling Method: Hollow-stem
25 - auger. Sampling Method: 2-inch-Q.D. sampler and 140 fb.
hammer. Groundwater not encountered,
30 ]
35 |
wf
w
LEGEND: T 20D, Split-Spoon Sampler GROUNDWATER
:[L—_ 3" 0.3, Shelby Tube Sampler OBSERVATION WELL: mensired winer fovel
TL 3" 0.0. Dames & Moore Sampier well 2ip (scrven)
|
@ Gr(mp Northwest, Inc. PROPOSED OFFICE BUILDING
T 3803 NE 155TH STREET
Gentechaical Englocers, Genlogists, &
A LAKE FOREST PARK, WASHINGTON
JOB NO, (G-2239 DATE 5/4/2006 PLATE A3




BORING NO. B-3 Page ! of 1

Logged By: KJ Date Drilled: _4/25/2006 Surface Elev, 145 feet +/-
' ' Sample Blow Water
st Countper } Content Other Tests &
Depth USCS, Description & inchres % Comments
(1, Code . Type | No.
i SM | Brown SILTY SAND, damp, medium dense, trace gravel (FILL). -L ) 579
] S (N=16) .
- M 45 ~ |Seme rock or concrete
| 5 As above, loose. I 2 (N=10) 3.3 thelow surface.
5
1 M Brown SILTY SAND, damp, loose, some red oxidation staining, . 14,5
" brown/black silty sand with fine organics at bottom of sample, 30 (N=0) 213
N moist.
. SM | Dark gray and brown SILTY SAND, damp, loose, trace charcoal. I [ (i}i'% 13.3
10 ]
SM | As above. g 12,2 27
A M I 53 (N=st)
: SM . o | X : 145.11 190 Blow count affected
) As above, with wood as most of sample, moist to wet, :l: 36 (l‘\Iz.:iﬁ) S by wood waste.
15
- \ 21,1
| SM | As above, very loose, damp to moist. I 57 (N=2) 2y
1
“ SM | As above, very mottied, foose, moist. I 58 (AR 171 i
i (=)
20 <z
¥ SM | Gray SILTY SAND, wet, loose, minor gravel, brown at bottom. :[ §9 (;}iﬁ) 16,7
o S -
N smy | Gray SAND and SILTY SAND dnd black SANDY SILT to I 510 0,1.2 237
25 gp | SILTY SAND, wet, very loose, fine organics in black soil. (N=3)
] SM- | Dark gray SAND to SILTY SAND, wet, lonse, trace rootlets, I SUE 0,2, 258
some brownish lenses (SUSPECT NATIVE SOIL). (N=Ty
i Dark olive SILT to SANDY SILT, wet 10 damp, dense, sand is . 10.15.20
ML very fine, grades finer and damp and brown toward botlom of I 12 (;\3,_3‘5) 4.1
30 1 sample (NATIVE SOIL).
B ML { Brown and gray SILT and SANDY SILT, damp to moist, dense, I i3 | 81824 271
b wet gray sand at bottom of sample. (N=42) l
35 |
MI. | Gray SILT, damp, dense to very dense. I sS4 [(‘;JIE? 335
. " =a30)
4 Bottom of boring: 36.5 feet. Drilling Method: Hollow-stem
. suger. Sampling Method: 2-inch-Q.D. sampler and 140 Ih,
hammer. Groundwater encountered al 20 feet during drilling,
40 measured at 17 feet after drilling was completed,
LEGEND: T  2"0.D.Split-Spoon Sampler GROUNDWATER <7 =at time of drilling
T 3" O.D. Shelby Tube Sampler OBSERVATION WELL: weasured woter fevel "7 = later measurement
]E 3" O.D. Dames & Moare Sampler well tip {sereen)
— | BORING LOG
(€39 Group Northwest, Inc. PROPOSED OFFICE BUILDING
g ) 3803 NE 155TH STREET
{zeotechnlcal Engineers, Geologists, & HING
Envirenmental Sclentlsts LAKE FOREST PARK, WAS GTON
JOB NO. (3-2239 DATE 5/4/2006 PLATE A4
- N




BORING NO- B - 4 Page | of 3
Logpged By: KIJ Date Drilled: 6/10/2015 Surface Elev, 141" (£)
Drilled By: Geologic Drill
- .
a SPT Water
= S |
Depth| ¥ | USCS Descriptien Ampe Blow Content Other Tests/
E Counts % Comments
ft. 5] Code Loc, § No.
] Cut back blackberry vines and knotweed on bare o
] ground,
N SM SILTY SAND, dark grayish brown, dry, loose, sand is T 2,3.3
i mostly fine grained, some organics mixed in (FILL). (N=6) 8.1
5 —_
i SM/ML | SILTY SAND and SILT, dark grayish brown and olive 2.2.1
_ gray, damp, loose, mixed/hetergenous texture (FILL), (N=3) 33.1
_: ML SILT, olive gray, moist, loose, lesser very dark gray T 323
i sand, mottled, heterogeneous texture (FILL). (N=5) 20.6
0 _] —
. MIL/SM| SILT and SILTY SAND, very dark grayish brown and 2,33
_ dark gray, moist, loose, mixed/heterogenzous texiure, (N=6) 325
A accasional wood and finer erganics (FILL). _J__
] ML | SANDY SILT and SILT, dark brown and dark gray, .
- moist, very loose, hetergenous/mixed texture, some 2,12
i wood and other fibrous organics, mottled (FILL). (N=3) 24.0
15 ] S
A ML As above, moist to wet, loose, mottled coloring. 1.33
N (N=6) | 296
_: ML As above, damp to moist, loose to medium dense, T 2,46
1 (N=10) 26.0
pvgne -1
20 ] —_
i sM SILTY SAND, gray with some brown, wet, loose to 873 poor sample recovery
] medium dense, sand is mostly fine grained, trace gravel, (N=10) 12,1 {(may include slough)
..: SM SILTY SAND, dark brown, wet, Joose, contains weod, T 2,15
| very silty (APPARENT FILL). (N=6) 359
....4 —n
25 ]
LEGEND: T 2" Q.D. SPT Sampler 7 Water Level noted during drilling
T 3" O.D. California Sampler W Water Level measured at kater time, as noted

up Northwest, Inc.

(.!_(_) Gro

Geotechnical Engnaesrs, Gaologists, &
Enviranmenial Sclantists

BORING LOG

PROPOSED RESIDENTIAL BUILDING

3803 NE 155TH STREET

LAKE FOREST PARK, WASHINGTON

JOBNO. G-2239-1

DATE _ 3/4/2015 PLATE AS




BORING NO; B - 4 | | Page 2 of 3 l

Logged By: KIJ Date Drilled: 6/10/2015 Surface Elev, 141" (£)
Drilled By: Geologic Driil
g sPr | wa
B 5 | dler
Depth g uscs Description ampe Blow Content %‘2::::::’
i | @ | Code Loc. | No. | Counts % .
1 | SP-SM| SANDto SILTY SAND, gray, wet, loose, sund Is fine 1,34
] SM-ML] grained, trace gravel. Qccasional SANDY SILT to (N=7) 243
] SILTY SAND értathat are brown and contain wood 1
- ‘ ,.fj
_" SM SILTY SAND, greenish gray, wet, loose in sampler, T 2,16,50-5" * Note:
] sand is fine grained (APPARENT NATIVE SOIL). (N=50+)* 13.9 |[Blow counts affected
] 1 by log encountered
| in boring.
30 _| —
) SP-SM | SAND to SILTY SAND, dark gray, wet, medium 13.7.5
_ dense, fine grained, some wood in sample (APPARENT (N=12) 32.7
i NATIVE SOIL). i
7 SM/ML| SILTY SAND and SILT, interlayered, dark gray and T 13,6,6
] dark brownish gray, moist, medium dense, some fine (N=12) 21.6
_ blackish organics, sand is fine grained (NATIVE SOIL).  §_1 1
35 ] —_
i SM/ML| SILTY SAND and SILT, dark gray and bluish gray, 485
N moist (ML) to wet (SM), sand is fine grained, minoy {N=13) 23.8
§ fine gravel in SM. .
40 _] —
i SP-SM | SAND to SILTY SAND, dark gray, moist to wet, dense, 40,17,23
_ sand is very fine grained, coarsens downward (but {N=:40) 26.8
i remains fine), occasional rootiets/organics, finely i
] stratified.
45 _ ——
i SP-SM | Asabove, gray. 513,23
N (N=36} 30.7
50|

LEGEND: T_ 2" O.D. SPT Sampier
I 3" O.D, California Sampler

7 Waler Level noted during drilling
W Water Level measured at later time, as noted

28) Group Northwest, Inc.

Geatechnical Enginears, Geologists, &
Bwironmental Scientists

BORING LOG

PROPOSED RESIDENTIAL BUILDING
3803 NE 155TH STREET
LAKE FOREST PARK, WASHINGTON

JOB NO. G-2239-1 DATE  3/4/2015 PLATE Ao l




BORING NO. B - 4 oo ot 3

Logged By: KJ Date Drilled: _6/10/2015 Surface Elev, 141" ()
Drilled By: Geologic Drill

=
.2 SPT Water
= Samipi
Depth g USCS Description e Blow Content %2::::::15&
ft | © | Code | Lo, | No | Coumts b
] SAND, dark gray, wet, medium dense, finc grained, 1,49
.._, SP no fines. (N=13) 26.1
55 _| S
i SM-ML.| SILTY SAND (o SILT, gray, damp o moist, dense, 10,1520
_ sand is very fine grained, finely stratified. (N=15) 28.4
_: Depth of boring: 56.5 feet.
i Drilling Method: Hollow-stem auger.
60 _| Sampling Method: 2-inch-0.D. standard penetration
] sampler driven using a 140 Lb. hammer with a 30-inch drop.
_: Groundwater seepage encountered at approximately 19 feet
_ below ground surface during drilling.
65 _
70 _]
75
LEGEND: T 2" 0.D. SPT Sampler 7 Water Level noted daring drilling
I 3" 0.D. California Sampier W Waler Level measured at later time, as noted
= _ ORING LO
810(8) Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
T Gaotachnical Englieers, Gef)iogisla. & 3803 NE 155TH STREET
Swianmental Schnists LAKE FOREST PARK, WASHINGTON
JOB NO. G-2239-1 DATE  3/4/2015 I PLATE A7




BORING NO. B-5 Page 1 of 2

Logged By: KIJI Date Drilled: 6/10/2015 Surface Elev, 142" ()
Drilled By: Geologic Drill '

=]
8] ! SPT Water
= Sampl
Depth] § | uscs Description "IPE 1 Blow | Content Other Tests/
B Counts % Comments
fl. T3] Code Lo¢. { Ne. _
1 Asphult pavement over tirin Tayer of busg course,
—
. SM SILTY SAND, dark brown-gray, dry lo damp, loose, T 5.4.4
sand is mostly fine to medium grained, little grave! (N=8) 9.9
2 (FILL), i
5 ——
i sM SILTY SAND with gravel, brown, damp, loose, 434
| sand is mostly fine to medium grained, mottled (FILL). (N=T) 16.8
,: [ SM_ | _ Asabove, moist, oxjdized, _ . __ T 9,13,15
i SILTY SAND, olive brown, damp. mydium dease, some (N=28) 9.9
_ SM oxide staining, sand is fine grained, minor gravel _
i (APPARENT NATIVE SOIL).
10 g
] SM SILTY SAND with gravel, brown, damp to moist, 8,11,14
- medium dense, some oxide staining, sand is mostly (N=25) 10.4
A fine to medium grained (NATIVE SOIL). .
15 | —
i SM As above, but poor sample recovery, moist to very 11.8.8 poor sample recovery |
_ moist, mottled. {N=16) 14.6 '
#d B )
\vall
20 ] —_—
A SP-SM | SAND, brown, wet, medium dense, fine grained, 5-10% 9,10,10
_ fings (NATTVE SOIL). (N=20} 28.8
25 .
LEGEND: T 2" O.D. SPT Sampler 7 Water Level noted during drilling
:I]: 3" 0.D. California Sampler W Waier Level measured at later time, as noted
) ( ‘) Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
Goslechokat Bignass, Grokpisls, & 3803 NE 155TH STREET
v anmenta Sclnf: o LAKE FOREST PARK, WASHINGTON
JOB NO. (-2239-1 DATE  3/4/2015 PLATE A8
L e e B R R e K RO
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BORING NO. B-5 Page 2 of 2

Logged By: KJ Date Drilled: 6/10/2015 Surface Elev, 142" ()
Drilled By: Geologic Drill
=
.8 Samp! SPT Water
Depth] ¥ | uscs Description fmpe Blow Content Other Tests/
L) Counts % Comments
fi. m Code Loc. | No.
i B R 9,10,14
SILT to SANDY SILT, brown, damp to moist, mediam (N=24) 26.0
_: ML dense, weakly stratified, some oxide staining near top. A
30 ] —_
i SP/ML | SAND and SILT, inlerbedded, brown to olive brown, 9,15,15
_ damp (ML) to moist (SM), medium dense to dense, (N=3() 203 Isand
i sand is fine grained. 1 28.0 isilt
<]
35 ] -
] SP/SM | SAND and SILTY SAND, interbedded, olive brown to 10,15,20
_ light olive gray, moist (SM) to wet (SP), dense, has {N=35) 25.5
) some strongly oxidized bands, sand is fine grained —
40 _ —
| SM SILTY SAND, olive brown, wet, medium dense, 10-15% 6,13,13
_ fines, sand is fine grained. (N=26) 9.1
45 _] —_
] SM-ML{ SILTY SAND to SILT, bluish gray, damp, dense, sand 11,13,30
_ is very fine prained, weakly stratified to massive fexture, {N=43) 32.9
§ Depth of boring: 46.5 feet. -
- Drilling Method: Hollow-stem auger.
7 Sampling Methed: 2-inch-0.D. standard penetration
] sampler driven using a 140 Ib. hammer with a 30-inch drop.
] Groundwater encountered at approximately 18 feet below
] ground surface during drilling.
50
LEGEND: T 2" 0.D. SPT Sampler N7 Water Leve! noted during drilling
:H: 3" O.D. California Sampler W Water Level measured at later time, as poted
G I* ( ) Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
. Geolechnicat Enginesrs, Geologlsl, & 3803 NE 155TH STREET
Fvkonmental Sclrlts LAKE FOREST PARK, WASHINGTON
JOB NO. G-2239-] DATE  3/4/2015 PLATE A9
e e i e




BORINGNO. B-6  Pagelof2

Logged By: KJ Date Prilled:  6/10/2015 Surface Elev. 154" (£)
Dritled By: Geologic Drill .

=
8 Sample SPT Water
Depth] T | USCS Description amp Blow Content Other Tests/
A Counts % Comments
it 75} Code _ Loc. | No,
' | Pasking area asphall pavement over huse course, '
] SM SILTY SAND with gravel, brown, damp to moist, T 7,10,13
] mottled, some blackish organics and oxide staining, (N=25) 10.2
a massive texture (APPARENT NATIVE SOIL), 1 l
5 ——
SP/SM ; SAND and SILTY SAND, brown and grayish brown, 5,6,6
2 damp to moist, medium dense, little grave!, some (N=I2) 14.6
i oxide stain, sand is mostly fine to medium grained I
N (NATIVE SOIL).
__'_' SP/SM | As above, moist. 4,5,7 |
N (N=12) 152
10 _ -
i SM SILTY SAND, brown, moist, loose 1o medium dense, r 3,55
_ sand is somewhat graded, minor gravel. {N=10} 13.2
J e ¥
_:_ SM SILTY SAND, brown and gray, moist, medium dense, T 7.8,10
i sand is mostly fine grained, motiled, very silty. (N=18) 15.1
15 ] —_—
A sM SILTY SAND, olive brown, moist medivm dense, sand 5,711
. is fine to medium grained, little gravel, some oxide (N=18} 23.1
] staining. .
20 | —_—
i ML SANDY SILT and SILT, olive brown / olive gray, 44,8
_ moist, medium dense, trace gravel, contains occastonal (N=12) 19.6
_ i wet lenses of cican fine sand _J____
A
-
25 . .
LEGEND: T 2" 0.D, SPT Sampler <7 Water Level noted during drilling
T 3" 0.D. California Sampler W Water Level measured at fater time, as noted
= BORING LOG
Al B W T i
@. Group Northwest, Inc. PROPOSED RESIDENTIAL BUILDING
o Geatachnical Engineers, Geologists. & 3803 NE 155TH STREET
Eronmeni) Selentets | LAKE FOREST PARK, WASHINGTON
JOBNO. G-2239-1 | DATE 3/4/2015 PLATE AlQ
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BORING NO. B-6 Page 2 of 2
Logged By:  KI Date Drilled: 6/10/2015 Surface Elev, 154' (x)
Drilled By: _Geologic Drill
g SPT W. § .
= S | wier
Depth g USCS Deseription Ample Blow Content %‘gfr:::s?’
nis
. | @ | Code Loc, | No, | Counts #
i ML-SM| SANDY SILT te SILTY SAND, dark gray, moust, 71512
N ] - wedinodense sapd is Gne fomedwn g@iped, - o oo oo (N=23) | 22.)
] 5P SAND, dark gray, wet, medium dense, fine grained.
30 ] —
i SM SILTY SAND, olive brown, moist, dense, occasional 10,17,25
_ lenses of wel clean fine sand. (N=42) 20.1
35 _| —
i sp SAND, olive brown, wet, medium dense, fine grained, 8.9,12
N 5% fines, (N=21) | 254
40 _| —
. SP-SM | SAND to SILTY SAND, olive gray, wet, dense, fine 14,23,20
_ grained, 5-10% fines. (N=41) 260
] Depth of boring: 41.5 feet.
o Drilling Method: Hollow-stem auger.
45 ) Sampling Method: 2-inch-0.D. standard penctration
. sampler driven using a 140 1b. hammer with a 30-inch drop.
. Groundwater encountered at approximately 22 feet during
- drilling,
50|
LEGEND: T 2" O.D. SPT Sampler 7 Water Level noted during drilling
1 3" O.D. California Sampler W Water Level measured at later tirae, as noted

(@8 Group Northwest, Inc.

Gootachakini Inghedes, Gealoghis, &
Environmantal Sclantists

BORING LOG

3803 NE 155TH STREET

PROPOSED RESIDENTIAL BUILDING

LAKE FOREST PARK, WASHINGTON

JOB NO. G-2239-|
A — i —

DATE

3/4/2015

PLATE All
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| CASCADE GEOTECHNICAL, INC.

r B 12913 N.E 126TH PLACE (206) B231-5080
B KIRKLAND, WASHINGTON 98034  FAX: (206) 823.2203

July 20, 1990

Job No. 9006-26G

Norbrook Construction
P.0O. Box 27205
Seattle, Washington 98125

Attention: Mike Sorenson

Reference: Norbrook Office Site .-
3803 N.E. 155th Street
King County, Washington

Dear Mr. Sorenson:

At your request, we have completed our preliminary subsurface sqils
investigation for the above site. The following report presents
the results of our findings and offers preliminary conclusions and
recommendations for the proposed office building in King County,
Washington.

ECOPE

The scope of our study was to investigate the subsurface soil and
ground water conditions in order to formulate preliminary
conclusions and recommendations for construction and development
of the site. A Cascade Geotechnical representative visited the
above site on July 2, 1990 to view the site and to investigate the
subsurface soil and ground water conditions.

The site investigation was based on a surface reconnaissance of the
site, a review of available the geclogic maps and four (4) backhoe
test pits. This report offers conclusions and recommendations for
site preparation, foundation design parameters, drainage and slope
stability.




CASCADE GEOTECHNICAL

July 20, 1990
Norbrook Construction
Job No. 9006-26G
Page 2

PROJECT DESCRIPTION

We understand that the proposed project is to consist of the short
platting of an existing lot, removing the existing buildings and
constructing a two (2) story office building on the northwest
corner of the proposed western lot. No topographic or building
plans have bheen provided to us. A previously completed soilkéhivey
of the ground near the slope break was not provided to us for
review. We should be engaged to review the site and building plans
to see that our recommendations are properly interpreted.
-

A plat map prepared by Reid, Middleton and Associates, Inc. and
dated August 8, 1986 has been provided to us.

8ITE DESCRIPTION

The - site is an irregular, 42,846 square foot property which is
located at the top of a south and southeastern sloping hillside
approximately 1000 feet east of Lake Washington in northwestern
King County, Washington. The property is bounded by office and
residential buildings to the west, N.E. 155th Street to the north
and a residence to the south.

Two (2) older, wood-framed buildings are located on the proposed
building site, located on the northwest corner of the property.
The buildings have slab-on-grade basement floors which were
observed to have cracks with one (1) to two {2) inches of vertical
displacement.

As determined from our visual observations on July 2, 1990, the
. ground is relatively flat on a one~hundred (100) foot wide terrace
directly adjacent to N.E. 155th Street. The ground slopes down
towards the south and east on the southern half and eastern end
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CASCADE GEOTECHNICAL

July 20, 1990
Norbrook construction

Job No. 9006~26G
Page 3

at approximately twenty-five (25) to thirty (30) degrees,

respectively.

lear in the areas adjacent to the
ing portions of the property were

The property was relatively ¢
existing buildings. The remain
covered with dense blackberry pushes and grasses. .t

SUBSURFACE SOIL CONDITIONS

etermined by excavating four (4}

Site subsurface conditions were d
The test pit locations vere

packhoe test pits on July 2, 1990.
selected by an engineering geologist from our office and located
in or near the proposed puilding site by pacing relative to
property lines and other identifiable landmarks.

The Test Pit Location Map is presented in Appendix B&. Depths

referred to in this report are relative to the existing gxround
For detailed test pit

All soils were

surface at the time of our investigation.
logs and soil descriptions see Appendix B.
classified according to the Unified Scils classification System.
A copy of this classification is contained in Appendix C.

Up to eight (8) and one-half (8 1/2) feet of uncontrolled fill was

observed in the south and northwest sections of the proposed
building area. Under the southwest section, approximately two and
one-half (2 1/2) feet of uncontrolled fill was observed in Test Pit

{ﬁéii The uncontrolled fill was observed to thicken towards the

—south and approximately thirty (30) feet south of the southeast
corner of the existing east building, fifteen (15) feet of

ps

uncontrolled f£ill material was observed in /Test _pit—#3.) The
uncontrolled f£ill was observed to consist of gray and brown loose

silty sand and sandy silt.
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Page 4

st e . ”'w_,“

A soft to:/ med;mm Stlff sa;jﬁifigt was encounterasd under the
*#3.

uncontrolled fill in Test P ~ Test Pit #3 was terminated
within this soil at seventeen (17) feet below the surface.

Underlying the uncontrolled £ill in Test Pit #1, a loose sand
approximately one and one-half F&ﬂjiglﬂ;ggg_ggipk was observed
overlying a dense s;lty sand. A one (1) foot thick 1ayer of a
blue-gray to grayish brown, very stiff clayey silt was found
underlying the silty sand at nine and one-half (9 1/2) feet below
the surface. This soil was observed to grade into a mottled,
grayish-brown, very dense sandy silt. Test Pit #1 was terminated
in the very dense sandy silt at a depth of eleven and one-half (11

1/2) feet, ,

Below the uncontrolled £ill in Test Pit #2, a gray, loose to medium
silty sand was found at a depth of eight (8) feet. This soil was
found to overlie a dense silty sand which was encountered at ten
and one-half (10 1/2) feet. The dense silty sand was found to the
termination depth of twelve and one-half (12 1/2) feet.

In Test Pit #4, a medium dense gravelly sand with some cobbles and

. very thin silt layers was found to underlie the uncontrolled £i1l

below eight and one-half (8 1/2) feet. The contact between the
uncontrolled fill and the gravelly sand was observed to slope
towards the south at approximately twenty-five (25) degrees. A two
(2) inch metal pipe was found to slope down with the gravelly sand
contact. Test Pit #4 was terminated within the gravelly sand at
fourteen (14) feet.

The property lies within an area that has been geologically mapped
as the contact between the Vashon glacial till and the older clay
as shown on the "Preliminary Geologic Map of Seattle and Vicinity"
(USGs Map I-354, Waldron et al, ;gg;). The property has been
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extensively filled, especially towards the south. Overconsolidated
material was observed in Test Pits #1 and #2 on the relatively
higher sections of the property but no glacially consclidated soils
were encountered in Test Pits #3 and #4. The gravelly sand found
at depth in Test Pit #4 may be a recessional outwash which had
previously been deposited in a gully eroded into the older glacial
materials then covered with the fill material. ;

GROUND WATER

No ground water seepage was observed in the test pits. Wet 'silty
sand was encountered immediately below uncontrolled fill in Test
Pit #2 and mottling was observed in the native silty sand and sandy
silt in Test Pits #1 and #2. We would expect ground water seepage
above the relatively impermeable, dense soils in the wetter, winter
months. '

CONCLUSBIONS AND RECOMMENDATIONS

The building site is located in an area where up to eight and one-
half (8 1/2) feet of uncontrolled f£fill has been placed on a pre-
existing slope. However, no evidence of slope movement was noted
on the property. Due the considerable set-back from the existing
£fill slope, we expect that the construction of the proposed office
building will not decrease the stability of the site, if our
recommendations are closely followed. The owner should be aware
that the potential for slope movement on the southern portion of

the property will continue to exist.

Based upon the test pit data, development and use of the Building
site will require that the proposed building foundation bear on the
underlying medium dense to dense silty sand and medium dense
gravelly sand. A spread and strip footing foundation may bear on
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adequately placed and compacted structural £ill placed on
horizontal surfaces cut well into the native soil. The £ill should
be limited to a thickness no greater than four (4) feet. Specific
and detailed recommendations regarding structural fill placement
in the eastern half of the proposed building area are provided
below. The amounts of uncontrolled fill to be excavated and
structural fill to be placed in the eastern section of the prcﬁased
building area will be large for such a constricted site, so a
relatively long term earthwork construction schedule should be
anticipated.

1
I¥ the proposed floor elevations on the eastern half of the
proposed building area are situated where a spread footing
foundation cannot be economically used, an alternate option would
be to use a deep foundation to 1limit settlement. The deep
foundation may consist of drilled piers. If you decide to proceed
with this option, we can provide the specific design parameters.

If the proposed building utilizes a slab-on-grade floor in
conjunction with spread footings, structural £ill which is placed
and adequately compacted according to our recommendations should
be placed under the slab area to prevent excessive settlement. If
a deep foundation is placed and structural support for the slab-
on-grade is not provided, some differential settlement can be
expected in. If no significant settlement can be tolerated, pier
support for the slab will be necessary.

Site Preparation

The native soils on the site are moisture sensitive due to the high

" amount of fine grained material. We therefore recommend performing

site preparation and excavation work during an extended period of
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dry weather to aveoid excess costs and construction problems

associated with soil detericoration.

We recommend adjusting site grades to provide proper drainage
throughout the site. All excess soil should be removed from the
site. During construction, the site slopes should be disturbed as
little as possible to avoid erosion and scil saturation.';Care
should be taken so that no excavated soil is placed on the southern
slope. We recommend that any excavation cuts deeper than four (4)
feet should be no steeper than a 1.5(H):1(V) slope for temporary
construction purposes.

Foundation Desgsign {Spread Footings)

In the western portion of the proposed building area, conventional
spread or strip footings which bear on a horizontal, firm,
undisturbed surface of the native medium dense to dense silty sand
or medium dense gravelly sand are suitable for design loads up to
2000 psf maximum safe bearing value. This native bearing soil
should be free of organic material, water or loose soils and should
not become wet prior to concrete placement. A one-~third (1/g
increase of the bearing value may be used for the calculation of
wind and seismic loading. The bearing surface should be cut at
least eighteen (18) inches into the suitable soil. Spread footings
should have a minimum width as determined by local building codes
and be placed at least eighteen (18) inches below final grade for
frost protection.

Since the uncontrolled fill is of unknown stability, building and
foundation design should take the possibility of downhill movement

_of the £ill into account.
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Btructural Fill

Structural fill should be used to support the eastern portion of
the foundation where grades require it. Fill should be placed
directly on a firm, horizontal subgrade of native bearing soil.
The structural f£ill may consist of an imported free-draining
material which meets the following gradation: '

Sieve Size Percent Passing
4 inch 100 ﬁ
#4 25-75
#200 5 maximum, based on the
fraction passing the
#4 sieve.

Fill should be placed in twelve (12} inch, loose 1lifts and
compacted to at least 95 percent of the ASTM D-1557 maximum dry
density. The f£ill should be limited to a thickness no greater than
four (4) feet and should extend out from the outside edge of the
footing a distance at least equal to the fill thickness. Fill
should be placed under dry conditions.

bPrainage

Strict control of all drainage will be necessary. All drainage
should be designed so as not to direct surface and subsurface water

flows onto the slope.

Footing drains should be placed at the base of all footings and

"tightlined to the storm sewer system. We suggest using a four (4)

inch diameter, rigid, perforated pipe bedded and backfilled with
at least twelve (12) inches of pea gravel.
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Roof drains should be tightlined to the storm sewer system. These

drains should be separate from the footing drains.

Parking areas should be tightlined to the storm sewer system with
the surface graded to direct the water away from the slope and the
edges curbed to aveid ponding of water. These drains should be
separate from the footing drains. T

General

We recommend that we be engaged to review the final grades and
building plans as they become available. If you decide to proceed
with a deep foundation in the eastern half of the building area,
we should be engaged to provide additional recommendaéions. We
should be retained to observe the excavation of all uncontrolled
fill and the placement and compaction of any structural f£ill.

We expect the on site soil conditions to reflect our findings;
however, some variations may occur. Should soil conditions be
encountered that cause concern and/or are not discussed herein,
Cascade Geotechnical should be contacted immediately to determine
if additional or alternate recommendations are required,

This report has been prepared for the exclusive use of Norbrook
Construction for specific application to the proposed office
building at 3803 N.E. 155th Street, King County, Washington, in
accordance with generally accepted soils engineering practices.
No other warranty, expressed or implied, is made.
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Thank you for this opportunity to assist you with this project.
Should you have any questions, please feel free to contact us at

any time.

Sincer&ly, d\'*' JLCR \ ) .
GQ‘QE'-E;’ L, T .

CASCADE_GEOTECHNI ; §Vh$; A

0“ \"

) 5 e
oo ge Ef h ‘?r' Gtsrﬁ“f:":
‘ S t.i' \Q’
Principal Engineer \\hfuum. St

LIRS
///ﬂ;son Qlsson

ngineering Geologist
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Soil Description & Classification

Soil Description & Classification

0 -2.5"UNCONTROLLED FILL; DEBRIS
AND LOOSE SILTY SAND.

“1 2.5'-4'SAND; TAN~BROWN, WITH
: PLANT DEBRIS, LOOSE,
MDIST. (SW)

TY4 4'-9.5'SILTY SAND; MOTTLED LIGHT

GRAY, WITH SOME GRAVEL,
DENSE, MOIST,BECOMING
SILTIER WITH DEPTH (sM)

1 9.5'-10.5'SILTY CLAY; BLUE~GRAY
T0 GRAYISH BROWN, VERY

STIFF, MOIST. (CL)
10.5'~11.5'SANDY SILT; MOTTLED

GRAYISH~BROWN, VERY DENSE,
MOIST. (ML)

T.D. = 11.5'

~15-

Notes:

NO GROUND WATER SEEPAGE.
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B 8'-10.5'SILTY SAND;GRAY, WITH

f TRACE ORGANICS AND ROOTS
THROUGHOUT, MEDIUM DENSE,
WET. (SM)

el

=ty

10.5'-12.5'SILTY SAND; LIGKT
GRAY WITH SOME OXIDATION
STAINING, TRACE
ROOTLETS, DENSE, MOIST.
(SM)

TUETLE

NO GROUND WATER SEEPAGE.
MNotes:

TEST PIT LOG
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T.P- 3 Soil Description & Classificatian T.P- 4 Soil Description & Clossificglion
ey 0 -15'UNCONTROLLED FILL; GRAY, 0 :E‘. -8.5'UNCONTROLLED FILL; GRAY
B MOTST TO WET SANDY SILT === AND BROVINISH=GRAY SILTY
AND SILTY SAND WITH TRACE :-E’: SAND AND SANDY SILT.
4 DEBRIS. 5=
-5 -
y Te"]8.5"~14 GRAVELLY SAND; LIGHT
‘":;:.' BROWN, WITH SOME COBBLES
10— VS AND VERY THIN SILT LAYERS,
MEDIUM DENSE, ‘MEDIUM
. N ) GRAINED, MOIST, (SW)
| T.D. = 14'
=15 15'-17'SANDY SILT; GRAY, WITH =154
" MINOR GRAVEL AND CLAY, .
SOFT TO MEDIUM STIFF, WET.
(ML ; uncontrelled fi117) -
i T.0, =177 "
-20 J -20

Nofes:

CAVING THROUGHOUT TEST PIT.

2" METAL PIPE SLOPING DOWN AT 2H:1V

Notss;

ANGLE AT CONTACT,BETWEEN FILL AND NATIVE

SOIL.

TEST PIT LOG

CASCADE GEOTECHNICAL
A DIVISION OF
CASCADE TESTING LABORATORY, INC.

NE 155TH ST. OFFICE SITE

NORBROOK

Date

07/02/90 Jab MNe. 9006- 266

Dwn.8y AEM

Geo/Eng. ’d

id
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UNIFIED SOILS CLASSIFICATION SYSTEM

MAJOR DIVISIONS SYMBOLJLETTER DESCRIPTION
Li‘}:ﬁ:’:,: 1 ew Well - graaed growsis o7 gravel - sand mixtures,
CLEAN ;.;‘g*:ﬂ-;*:,. itte or no fines
GRAVELS Poorly graded gravels or gravel-end mistures
GRAY| '
M e * B 8 GP fitie or no fines
GRAVELLY
S0ILS M wrals i -
GRAVELS G Sitey pravels o grovw! ~ ssnd =it wiztures
WITK FINES
COARSE GC Claywy gravsls o gravet-sand - clay sixtures
GRAINED METSED .
SOILS q,o“s:n. SW Wellegraiiad sancta oF gravally saewis, tittle ar
CLEAK 2t 0 »o lines
SAMDS : v & Poarly graded sands ¢! .vn;llf sEnts, litthe
S4ND 4 i §P or po tines
SAKDY ¥
B0iLe Bty sands s wang-slll mizturee
SANDS SM ty - :
WITH FINES
s§C Cloyey sends or sang~clay mistures
A ’ .
Inargenic BINB & very (ine 3ANGR, reck fNowt sty
Mi or tinyey Fine sangs, or Claywy sifte with slight
8ILTS & CLavs 8 pesaticity _
‘ ct norgenit clays of tow 10 medm pleslictty,
A gravaliy clays, sawty cisys, slity clays o¢ lsan claye
. Liguid Limit Lese Yhan 30 pIRARAAL Grgenic sHts & erganic gilty tlays of low
iy :HH;: ot pinsticity
GRAINED : o ;ak P aremce Y,
BONLE MH L] - micaceous @ diatomaceous
3 e wlity solls. winstic silts
SILTS & ClAYS sendy or Bl
%/ # CH insrgenie cleys of high plusticity, Ind cleye
Ligquid Limit Grester Than 60 Crs o Orgunic cleya of medium 1 Bigh plastisity,
A AN srganic aths
HIGHLY ORGANIC SOILS 2T Pea! or other Wighly orgenic wolly
TOPSOIL Humus & duff lsysr
FiLy Uncontrotled. with highly verisbis constituente
iy DATUM NOTE o DATUM NOTE
' 1 I 2’f 0.B. Spiit Spoon Sempler Sample Interval -g Water Leval Date Racorded
! ]I Ring or Sheiby Semplur Sampl» Interval Ts | Torvans Reading
_ F Sampiar Pushed Sampi¢ interval CRY' | Penstrometer Resding
*- Other lélmnh Typs Sample Interval i Watyr Observstion Well Tip Elavation

J| CASCADE GEOTECHNICAL
5 B A DIVISION OF
|  CASCADE TESTING LABORATORY, INC.

KEY CHART




EXIST TK

BEILOW 1 LIFT
, OF ASPHALT 90.00’ T gy '
" NE. 155TH. STREET ’@ARK BOULEVARD)
il J 231.65 ,
90.00' [ o F 79.32' 62.33 /
2 2 ' _
%HOUSE . +__-_‘_;.!‘
24.0' o -7 T VAT i 2l
i " r 44 . (A /o)
™ o @ |
CARAGE Ao p/ " T Te /
{ - o;"(‘lﬁ'ﬂ’ 4’*{—-“‘“"‘ ____,_:..‘ '
- 8.3 30" —;E:,--g@a (7 *_
LOT ’ = |
g "+12334 sq. .
o 18875 SQ. FT. . -~
€2 . A O iy
R 4 O 4
oo, ;"} Q
S 85
] (G "
o0
A
Xz




#1

#2

#3

#4

16.5°

0!

2.5

4.5’

18’

21

0!

5”

614’

L

-

-

—

—

-

-

-

e

-

TEST PIT LOGS

Highly variable gray and brown fill consisting of sand and silt with gravel
(loose, soft)

Completed 1-26-96; no groqx;dyvatér encountered

-

-
L I

Brown variable fill consisting of silt and sand (géncraliy compacted as
a result of surface traffic)

Rusty brown silty gravelly sand (weathered glacial till, grades
increasingly dense with depth)

Completed 1-25-96; no groundwater encountered

Highly variable gray and brown fill consisting of sand, silt, and gravel
with erganic matter throughout (loose, soft)

Brown silty sand (dense to very dense)

Completed 1-26-96; groﬁndwater seepage from 16’ and below

Variable brown silty sand fill including pea gravel pipe bedding
(generally compacted in upper 1 to 2 feet)

Brown to gray F-M sand and silty sand (increasingly dense with depth)

Completed 1-26-96; no groundwater pﬁcbuntcred
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Compliance with Stormwater Facility Maintenance Requirements

All property owners are responsible for ensuring that stormwater facilities
installed on their property are properly maintained and that they function as
designed. In some cases, this maintenance responsibility may be assigned
to others through special agreements. The maintenance responsibility for a
stormwater facility may be designated on the subdivision plat, the site
development plan, and/or within a maintenance agreement for the property.
Property owners should be aware of their responsibilities regarding
stormwater facility maintenance. Maintenance agreement(s) associated with
this property are provided in Appendix A.

Inspection & Maintenance — Annual Reporting

Requirements for the inspection and maintenance of stormwater facilities, as
well as reporting requirements are included in this Stormwater Management
Facility Operation and Maintenance {O&M) Manual.

Verification that the Stormwater facilities have been properly inspected
and maintained; submittal of the required inspection and Maintenance
Forms and Inspector qualifications shall be provided to Arapahoe
County on an annual basis. The annual reporting form shall be
provided to Arapahoe County prior to May 31st of each year.

Copies of the Inspection and Maintenance forms for each of the stormwater
facilities are located in Appendix D and E. A standard annual reporting form
is provided in Appendix F. Each form shall be reviewed and submitted by the
property owner or property manager to Arapahoe County.

Preventative Measures to Reduce Maintenance Costs

The most effective way to maintain your water quality facility is to prevent the
poliutants from entering the facility in the first place. Common pollutants
include sediment, trash & debris, chemicals, dog wastes, runoff from stored
materials, illicit discharges into the storm drainage system and many others.
A thoughtful maintenance program will include measures to address these
potential contaminants, and will save money and time in the long run. Key
points to consider in your maintenance program include:
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+ Educate property owners/residents to be aware of how their actions affect
water quality, and how they can help reduce maintenance costs.
» Keep properties, streets and gutters, and parking lots free of trash, debris,

and lawn clippings.

Ensure the proper disposal of hazardous wastes and chemicals.

Plan lawn care to minimize the use of chemicals and pesticides.

Sweep paved surfaces and put the sweepings back on the lawn.

Be aware of automobiles leaking fluids. Use absorbents such as cat litter

to soak up drippings — dispose of properly.

Re-vegetate disturbed and bare areas to maintain vegetative stabilization.

Clean out the upstream components of the storm drainage system,

including inlets, storm sewers and outfalls.

» Do not store materiats outdoors (including landscaping materials) unless
properly protected from runoff.

% & & @

Access and Easements

All stormwater management facilities located on the site have both a
designated access location as well as a maintenance easement. Refer to the
Stormwater Facilities Map focated in Appendix G for access and easement

locations.

Safety

Keep safety considerations at the forefront of inspection procedures at all
times. Likely hazards should be anticipated and avoided. Never enter a
confined space (outlet structure, manhole, etc) without proper training or
equipment. A confined space should never be entered without at least one
additional person present.

If a toxic or flammable substance is discovered, leave the immediate area
and contact the local Sheriff at 911.

Potentially dangerous (e.g., fuel, chemicals, hazardous materials) substances
found in the areas must be referred to the local Sheriff's Office immediately
for response by the Hazardous Materials Unit. The emergency contact
number is 911,

Vertical drops may be encountered in areas located within and around the
facility. Avoid walking on top of retaining walls or other structures that have a
significant vertical drop. If a vertical drop is identified within the pond that is
greater than 48" in height, make the appropriate note/comment on the
maintenance inspection form.

If any hazard is found within the facility area that poses an immediate
threat to public safety, contact the local Sheriff’'s Office immediately.
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Field Inspection Equipment

It is imperative that the appropriate equipment is taken to the field with the
inspector(s). This is to ensure the safety of the inspector and allow the
inspections to be performed as efficiently as possible. Below is a list of the
equipment that may be necessary to perform the inspections of all
Stormwater Management Facilities:

» Protective clothing and boots.
s Safety equipment (vest, hard hat, confined space entry equipment).

» Communication equipment.

» Operation and Maintenance Manual for the site including stormwater
management facility location maps.

» Clipboard.

o Stormwater Facility Maintenance Inspection Forms (See Appendix D).

¢ Manhole Lid Remover

= Shovel

Some of the items identified above need not be carried by the inspector
(marthole lid remover, shovel, and confined space entry equipment).
However, this equipment should be available in the vehicle driven to the site.

inspecting Stormwater Management Facilities

The quality of stormwater entering the waters of the state relies heavily on the
proper operation and maintenance of permanent best management practices.
Stormwater management facilities must be periodically inspected to ensure
that they function as designed. The inspection will determine the appropriate
maintenance that is required for the facility.

A. Inspection Procedures

All stormwater management facilities are required to be inspected by a
gualified individual at a minimum of once per year. Inspections should follow
the inspection guidance found in the SOP for the specific type of facility.
(Appendix C of this manual).

B. Inspection Report

The person(s) conducting the inspection activities shall complete the
appropriate inspection report for the specific facility. Inspection reports are
located in Appendix D.




The following information explains how fo fill out the Inspection Forms:

General Information

This section identifies the facility location, person conducting the
inspection, the date and time the facility was inspected, and approximate
days since the fast rainfall. Property classification is identified as single-
family residential, multi-family residential, commercial, or other.

The reason for the inspection is also identified on the form depending on
the nature of the inspection. All facilities should be inspected on an annual
basis at a minimum. In addition, all facilities shouid be inspected after a
significant precipitation event to ensure the facility is draining appropriately
and to identify any damage that occurred as a result of the increased
runoff.

Inspection Scoring

For each inspection item, a score must be given to identify the urgency of
required maintenance. The scoring is as follows:

0= No deficiencies identified.

1= Monitor — Although maintenance may not be required at this time,
a potential problem exists that will most likely need to be
addressed in the future. This can include items like minor erosion,
concrete cracks/spalling, or minor sediment accumulation. This
item should be revisited at the next inspection.

2 = Routine Maintenance Required — Some inspection items can be
addressed through the routine maintenance program (See SOP in
Appendix C). This can include items like vegetation management
or debris/trash removal.

3= |mmediate Repair Necessary — This item needs immediate
attention because failure is imminent or has already occurred.
This could include items such as structural failure of a feature
(outlet works, forebay, etc), significant erosion, or significant
sediment accumulation. This score should be given to an item
that can significantly affect the function of the facility.

N/A This is checked by an item that may not exist in a facility. Not all
facilities have all of the features identified on the form {forebay,
micro-pocl, etc.).

Inspection Summary/Additional Comments

Additional explanations to inspection items, and observations about the
facility not covered by the form, are recorded in this section.
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Overall Facility Rating

An overall rating must be given for each facility inspected. The overall
facility rating should correspond with the highest score (0, 1, 2, 3) given to
any feature on the inspection form.

C. Verification of Inspection and Form Submittal

The Stormwater Management Facility Inspection Form provides a record of
inspection of the facility. Inspection Forms for each facility type are provided
in Appendix D. Verification of the inspection of the stormwater facilities, the
facility inspection form(s), and Inspector Qualifications shall be provided to
Arapahoe County on an annual basis. The verification and the inspection
form(s) shall be reviewed and submitted by the property owner or property
manager.

Refer to Section II of this Manual regarding the annual reporting of
inspections.

Maintaining Stormwater Management Facilities

Stormwater management facilities must be properly maintained to ensure that
they operate correctly and provide the water quality treatment for which they
were designed. Routine maintenance performed on a frequently scheduled
basis, can help avoid more costly rehabilitative maintenance that results
when facilities are not adequately maintained.

A. Maintenance Categories

Stormwater management facility maintenance programs are separated into
three broad categories of work. These categories are based largely on the
Urban Drainage and Flood Control District’s Maintenance Program for
regional drainage facilities. The categories are separated based upon the
magnitude and type of the maintenance activities performed. A description of
each category follows:

Routine Work

The majority of this work consists of scheduled mowings and trash and
debris pickups for stormwater management facilities during the growing
season. This includes items such as the removal of debris/material that
may be clogging the outlet structure well screens and trash racks. It also
includes activities such as weed control, mosquito treatment, and algae
treatment. These activities normally will be performed numerous times
during the year. These items can be completed without any prior
correspondence with Arapahoe County; however, completed inspection
and maintenance forms shall be submitted to Arapahoe County for each
inspection and maintenance activity.




Restoration Work

This work consists of a variety of isolated or small-scale maintenance and
work needed to address operational problems. Most of this work can be
completed by a small crew, with minor tools, and small equipment. These
items require prior correspondence with Arapahoe County and require
that completed maintenance forms be submitted to Arapahoe County for
each maintenance activity.

Rehabilitation Work

This work consists of large-scale maintenance and major improvements
needed to address failures within the stormwater management facilities.
This work requires consultation with Arapahoe County and may require
an engineering design with construction plans to be prepared for review
and approval. This work may also require more specialized maintenance
equipment, surveying, construction permits or assistance through private
contractors and consultants. These items require prior correspondence
with Arapahoe County and require that completed maintenance forms be
submitted to Arapahoe County for each maintenance activity.

B. Maintenance Personnel

Maintenance personnel must be qualified to properly maintain stormwater
management facilities. Inadequately trained personnel can cause additional
problems resulting in additional maintenance costs.

C. Maintenance Forms

The Stormwater Management Facility Maintenance Form provides a record of

maintenance activities. Maintenance Forms for each facility type are
provided in Appendix E. Maintenance Forms shall be completed by the
contractor completing the required maintenance items. The form shall then
be reviewed by the property owner or an authorized agent of the property
owner and submitted on an annual basis to the Arapahoe County.

Refer to Section |l of this Manual regarding the annual reporting of
inspections and maintenance activities performed.




APPENDIX A MAINTENANCE REQUIREMENTS FOR FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 3 - DETENTION TANKS AND VAULTS

Results Ex;iected When

Maintenance Defect or Problem Conditions When Mainfenance is Needed
Component Maintenance is Performed
Site Trash and debris Any trash and debris which exceed 1 cubic foot Trash and debris cleared from site.

per 1,000 square feet (this is about equal to the
amount of trash it would take to fill up one
standard size office garbage can). In general,
there should be no visual evidence of dumping.

Noxious weeds

Any noxious or nuisance vegetation which may
constitute a hazard to County personnel or the
public.

Noxious and nuisance vegetation
removed accerding to applicable
regulations. No danger of noxious
vegetation where County personnel
or the public might normally be,

Contaminants and
pollution

Any evidence of contaminants or pollution such
as oil, gasoline, concrete slurries or paint.

Materlals removed and disposed of
according to applicable regulations.
Source controi BMPs implemented if
appropriate. No contaminants
present other than a surface oil film,

Grassfgroundcover

Grass'ér groundcover exceeds 18 inches in
height.

Grass or groundcover mowed to a
height no greater than § inches.

Tank or Vauit

Trash and debris

Any trash and debris accumuiated in vault or tank

No trash or debris in vault,

Storags Area (includes floatables and non-floatables}.
Sediment | Accumulated sediment depth exceads 10% of the | All sediment removed from storage
accumulation diameter of the storage area for ¥z length of area.
storage vault or any point depth exceeds 15% of
diameter. Example: 72-inch storage tank would
require cleaning when sediment reaches depth of
7 inches for more than %% length of tank.
Tank Structure Plugged alr vent Any biockage of the vent. Tank or vault freely vents.
Tank bent out of Any part of tank/pipe is bent out of shape more Tank repaired or replaced {o design.
shape than 10% of its design shape,
Gaps betwsen A gap wider than ¥inch at the joint of any tank No water or soil entering tank
sections, damaged sections or any evidence of soil particles entering | through joints or walls.
joints or cracks or the tank at a joint or through a wall.
tears in wall
Vault Structure Damage to wall, Cracks wider than %-inch, any evidence of soil Vault is seated and structurally
frame, bottom, andfor | entering the structure through cracks or qualified sound,
top slab inspection personnel determines that the vault is
not structurally sound.
intet/Outlet Pipes Sediment Sediment filling 20% or more of the pipe. Inlet/ouflet pip'es clear of sediment.
accumulation

Trash and debris

Trash and debris accumulated in inletfoutlet
pipes (includes floatables am_i non-floatables).

No trash or debris in pipes.

' Damaged

Cracks wider than ¥-inch at the joint of the
inlet/outlet pipes or any evidence of soit entering
at the joints of the intet/outlet pipes.

No cracks more than Ya-inch wide at
the joint of the inlet/outiet pipe.

2009 Surface Water Design Manual - Appendix A
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APPENDIX A MAINTENANCE REQUIREMENTS FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 3 - DETENTION TANKS AND VAULTS

Maintenance
Component

Pefect or Problem

Conditions When Malntenance is Needed

Results Expected When
Maintenance is Parformed

Access Manhole

Caverllid not in place

Coverfiid is missing or only partially in place.
Any open manhale requires immediate
maintenance.

Manhole access covered,

Locking mechanism
not working

Mechanism cannot be opened by one
maintenance person with proper tools. Bolts
cannot be seated. Self-locking cover/lid does not
work,

Machanisrﬁ 6pens with proper tools.

Coverflid difficuit fo
remove

One maintenance persen cannot remove
cover/lid after applying 80 tbs of liff.

Coverflid can be removed and
reinstalled by one maintenance
person.

Ladder rungs unsafe Missing rungs, misalignment, rust, or cracks. Ladder meets design standards.
Allows maintenance person safe
access.
Large access Damaged or difficult Large access doors or plates cannot be Replace or repair accass door so it
doorsiplate fo open openedfremoved using normal equipment. can opengd as designed.
Gaps, doesn't cover Large access doors not fiat and/or access Doors close flat and covers access
completely opening not completely covered. opening completely.
Lifting Rings missing, | Lifting rings not capable of fifting weight of door Lifting rings sufficient to lift or
rusted or plate. rermove door or plate.
1/9/2009 2009 Surface Water Design Manual — Appendix A




APPENDIX A MAINTENANCE REQUIREMENTS FOR FLOW CONTROL., CONVEYANCE, AND W(Q FACILITIES

NO. 4 - CONTROL. STRUCTURE/FLOW RESTRICTOR

Maintenance
Component

Defect or Problem

Conditlon When Maintenance is Needed

Results Expected When
Maintenance is Performed

Structure

Trash and'd.e.hris

Trash or debris of more than % cubic foot which
is located immediately in front of the sfructure
opening or is blocking capacity of the structure by
more than 10%.

No Trash or debris blocking or
potentially blocking entrance to
structure,

Trash or debris in the structure that exce'éds 'y
the depth from the bottom of basin {o invert the
lowest pipe into or out of the basin.

No trash or debris in the' éﬁructufe,

Deposits of garbage exceeding 1 cubic foot in
volume.

No condition presaht which would
attract or support the breading of
insects or rodents.

Sediment

) Sediment exceeds 60% of the depth from the

bottom of the structure to the invert of the lowest
pipe into or out of the structure or the bottom of
the FROP-T section or is within 6 inches of the
invert of the lowest pipe into or out of the
structure or the bottom of the FROP-T seclion.

Sump of structure contains no
sediment,

Damage to frame
and/or top slab

Corner of frame extends more than % inch past
curb face into the street (if applicable).

Frame is even with curb,

Top slab has holes larger than 2 square inches or
cracks wider than % inch.

Top slab is free of holes and cracks.

Frame not sitting fiush on top slab, i.e.,
geparation of more than % inch of the frame from

the top slab.

Frame s silting flush on fop siab.

Cracks in walls or
botiom

Cracks wider than ¥ inch and longer than 3 feet,
any evidence of soll particles entering structure
through cracks, or maintenance person judges
that structure is unsound,

Structurs is sealed and structurally
sound.

Cracks wider than % inch and longer than 1 foot
at the joint of any inlet/outlet pipe or any evidence
of soil particles entering structure through cracks,

No cracks more than '/, inch wide at
the joint of inleVouttet pipe.

Settlement/
misalignment

Siructure has setiled more than 1 inch or has
rotated more than 2 inches out of alignment.

Basin replaced or repaired to design
standards.

Damaged pipe joints

Cracks wider than ¥%-inch at the joint of the
inlat/outlet pipes or any evidence of soil entering
the structure at the joint of the inlet/outiet pipes.

No cracks more than Va-inch wide at
the joint of inlet/outlet pipes.

Contaminants and
poliution

Any evidence of contaminants or poflution such
as vil, gasoline, concrete slurries or paint.

Materials removed and disposed of
according {o applicable regulations.
Sourca cantrol BMPs implemented if
appropriate. No contaminants
present other than a surface ofi film,

Ladder rungs missing
of unsafe

Ladder is unsafe due to missing rungs,
misalignment, rust, cracks, or sharp edges.

Ladder meets desigh standards and
allows maintenance person safe
acceass.

FROP-T Section

Damage

T section Is not securely attached to structure
wall and outlet pipe structure should support at
least 1,000 ibs of up or down pressure.

T section securely aftached to wall
and outlet pipe.

Structure is not In upright position (allow up to
18% from plumb}.

Structure in correct position.

Connections to outlet pipe are not watertight or
show signs of deteriorated grout.

Connections to outiet pipe are water
tight; structure repaired or replaced
and works as designed.

Any holes—ather than designed holes—in the
structure.

Structure has no holes other than
designed holes.

Cleanout Gate

Damaged or missing

Cleanout gate is missing.

Replace cleanout gate.
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APPENDIX A MAINTENANCE REQUIREMENTS FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 4 - CONTROL STRUCTURE/FLOW RESTRICTOR

inlet/outiet pipes or any evidence of soll entering
at the joints of the inlet/outlet pipes,

Maintenance Defect or Problem Condition When Maintenance Is Needed Results Expectett When
Component Maintenance is Performed
Cleanout gate is nof watertight. Gate is watertight and works as
designed.
Gate cannot be moved up and down by one Gate moves up and down easily and
maintenance person. is watertight.
Chain/rod leading to gate is missing or damaged. { Chain is in place and works as
designed.
Orifice Plate Damaged or missing Control device is not working properly due fo Plate is in pface and works as
missing, out of place, or bent orifice plate. designed.
Obstructions Any trash, debris, sediment, or vegetation Plate is free of all obstructions and
blocking the plate. works as designed.
Overflow Pipe Obstructions Any trash or debris blogking (or having the Pipe is free of all obstructions and
potential of blocking) the overflow pipe. works as designed.
Deaformed or damaged | Lip of overflow pipe is bent or deformed. Qverflow pipe does not allow
lip overflow at an etevation lower than
design
Inlet/Qutiet Pipe Sediment Sediment filling 20% or mare of the pipe. Inlet/outlet pipes clear of sediment,
accumulation .
Trash and debris Trash and debris accumulated in inlet/outlet No trash or debtis in pipas.
pipes (includes floatables and non-floatables).
Damaged Cracks wider than Y-inch at the joint of the No cracks more than %-inch wide at

the joint of the inlet/outlet pipe.

Metai Grates

Unsafe grate opening

Grate with opening wider than /s inch,

Grate opening meets design
standards.

{If Applicable)
Trash and debris Trash and debrls that is biocking more than 20% | Grate free of trash and debris,
of grate surface. foolnote to guidelines for disposal
Damaged or missing Grate migsing or broken mamber(s) of the grate, Grate s in place and mests design
standards.
Manhole Cover/Lid Coverllid not in place Coverflid is missing or only partiatly in place. Coverflid protects opening to
Any open structure requires urgent structure,
mainfenance.
Locking mechanism Mechanism cannot he opened by one Mechanism opens with proper tools,
Not Working maintenance person with proper tools. Bolts
cannot be seated. Self-locking cover/lid does not
work.
Coverllid difficult to One maintenance person cannot remove Cover/lid can be removed and
Ramove coverflig after applying 80 Ibs. of lift. reinstalled by one maintenance
person.
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APPENDIX A MAINTENANCE REQUIREMENTS FOR FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 5 - CATCH BASINS AND MANHOLES

Maintenance
Component

Defect or Problem

Condition When Maintenance is Neadad

Resuits Expected When
Maintenance is Performad

Structure

Sediment

Sediment exceeds 60% of the depth from the
bottom of the catch basin to the invert of the
iowest pipe inte or out of the catch basin or is
within § inches of the invert of the lowest pipe
into or aut of the calch hasin.

Sump of catch basin contains no
sediment.

Trash and debris

Trash or debris of more than % cubic foot which
is tocated immaediately in front of the catch basin
opening or is blocking capacity of the catch basin
by more than 10%.

No Trash or debris blocking or
potentially blocking entrance to
catch basin.

Trash or debris in tﬁe catch basin that exceeds
Y4 the depth from the bottom of basin fo invert the
lowest pipe info or out of the basin.

No trash or debris in the calch basin.

Dead animals or vegetation that could generate
odors that could cause complaints or dangerous
gases {e.g., methane).

No dead animals or vegetation
present within cateh basin,

Deposits of garbage excaeding 1 cubic foot in
volume.

| insects or rodents,

No conditlon' present which would
attract or support the breeding of

Damage to frame
and/or top slab

Corner of frame eﬁtlénds more than % inch past
curb face into the street (If applicable).

Frame is even with curb.

Top slab has heles larger than 2 square inches or
cracks wider than % inch.

Top slab is free of hotes and cracks.

Frame not sitting fiush on top slab, i.e.,
separation of more than % inch of the frame from

the top slab,

Frame is sitting flush on top slab.

Cracks in walls or
hottom

Cracks wider than %2 inch and longer than 3 feet,
any evidence of soil particles entering catch
basin through cracks, or maintenance person
judges that catch basin is unsound.

Cateh basin is sealed and
structurally sound.

Cracks wider than ¥z inch and longer than 1 foot
at the joint of any inlet/outlet pipe or any evidence
of soil particles entering catch basin through
cracks.

No cracks miore than '/, inch wide at
the joint of inlet/outiet plpe.

Settlement/
misalignment

Catch basin has setited more than 1 inch or has
rotated more than 2 inches out of afignment.

Basin replaced or repaired o design
standards.

Damaged pipe joints

Cracks wider than Y-inch at the joint of the
inletfoutiet pipes or any evidence of soil entering
the catch basin at the joint of the inlet/ouliet

plpes.

No cracks more than %-inch wide at
the joint of inletfoutiet pipes.

Contaminants and
pollution

Any evidence of contaminants or pollution such
as oil, gasoline, concrete slurries or paint.

Materials removed and disposed of
according to applicable regulations.
Source control BMPs implemented if
appropriate. No contaminants
present other than a surface oil film.

Inlet/Qutlet Pipa

Sediment
accumulation

Sediment fliling 20% or more of the pipe.

(nlet/outlet pipes clear of sadiment,

Trash and debris

Trash and debris accumulated in inletfoutlet
pipes (inciudes floatables and non-floatabies).

No trash or debris in pipes.

Damaged

Cracks wider than “2-inch at the joint of the
inlet/outiet pipes or any evidence of soll entering
at the joints of the inlet/outlet pipes.

No cracks more than ¥-inch wide at
the joint of the inlet/outiet pipe.
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APPENDIX A MAINTENANCE REQUIREMENTS FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 5 - CATCH BASINS AND MANHOLES

Maintenance
Component

Defect or Problem

Condition When Maintenance is Needed

Resuits Expected When
Maintenance is Performed

Metal Grates
(Catch Basins)

Unsafe grate 6paning

Grate with opening wider than /s inch.

Grate opening meets design
standards.

Trash and debris

Trash and debrls that is blocking more than 20%
of grate surface.

Grate free of trash and dabris,
footnote to guidelines for disposal

Damaged or missing

Grate missing or broken member(s) of the grate.
Any open structure regulres urgent
maintenance.

Grate is in place and meets design
standards.

1 Manhole Cover/Lid

Covaer/lid not in place

Coverllid is missing or oniy partially in place.
Any open structure requires urgent
maintenance.

Coverfiid proté'ct's opening to
structure,

Locking mechanism
Not Working

Mechanism cannot be opened by one
maintenance person with proper tools. Bolts
cannot be seated. Seif-locking cover/iid does not
WOrkK.

Mechanism apens with proper tools.

Coverllid difficuit to
Remove

One maintenance person cannot remove
cover/lid after applying 80 ibs. of lift.

Coverflid can be removed and
reinstalied by one maintenance
person.

17972009
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APPENDIX A MAINTENANCE REQUIREMENTS FOR FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 6 - CONVEYANCE PIPES AND DITCHES

Maintenance
Component

Defact or Problem

Conditions When Maintenance is Needed

Results Expected When
Maintenance is Performed

Pipes

Sediment & debris

Accumulated sediment or debris that exceeds

Water flows freely through pipes.

accumu!atlon 20% of the diameter of the pipe.

Vegetation/roots Vegetation/roots that reduce free movement of Water flows freely through pipss.
water through pipes.

Contaminants and Any evidence of contaminants or pollution such Materials removed and disposed of

pollution as oli, gasoline, concrete slurries or paint. according to applicable regulations.

Source control BMPs implemented if
appropriate. No contaminants
presant other than a surface oil film.

Damage to protective
coaling or corrosion

Protective coating is damaged; rust or corrosion
is weakening the structurat integrity of any part of
pipe.

Pipe repaired or replaced.

Damaged

"Any dent that decreases the cross section area of

pipe by more than 20% or is determined to have
weakened structural integrity of the pipe.

Pipe repair'e'd'or replaced.

Ditches

Trash and debrls

Trash and debris exceeds 1 cubic foot per 1,000
siuare feet of ditch and slopes.

Trash and debris cleared from
ditches.

Sediment
accumulation

Accumulated sediment that exceeds 20% of the
design depth.

Ditch cleanedflushed of all sediment
and debris so that It matches design.

Noxious weeds

Any noxious or nuisance vegetation which may
constilute a hazard fo County personnel or the
public.

Noxious and nuisance yegetation
removed according to applicable
regulations. No danger of noxious
vegelation where County personnel
or the public might normally be.

Contaminants and
poliution

Any evidence of contaminants or pollution such
as oil, gasoline, concrete slurries or paint.

Materials removed and disposed of
according to applicable regulations.
Source control BMPs implemented if
appropriate. No contaminants
present other than a surface oil film.

Vegetation

Vegetation that reduces free movement of water
through ditches.

Water flows freely through ditches.

Erosion damage to
slopes

Any erosion observed on a ditch slope.

Slopes are not erading.

Rock lining out of
place or missing {If
Applicable}

One layar or less of rock exists above native soil
area 5 square feet or more, any exposed native
spil.

Replace rocks to design standards.
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APPENDIX A MAINTENANCE REQUIREMENTS FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 7 — DEBRIS BARRIERS (E.G., TRASH RACKS)

Mélnienance Defect or Probiem Condition When Maintenance is Needed Results Expected When

Component Maintenance is Performed.

Site Trash and debris Trash or debris plugging more than 20% of the Barrier clear to receive capacity flow,

area of the barrier.
Sediment Sediment ascumuiation of greater than 20% of Barrier clear to receive capacity flow.
accumuiation the area of the barrier

Structure Cracked broken or Structure which bars attached to is damaged - Structure barrier attached to is
inose pipe is loose or cracked or concrete structure is sound.

cracked, broken of loose.

Bars Bar spacing Bar spacing exceeds 6 inches, Bars have at most 6 inche spacing.
Damaged or migsing Bars are bent out of shape more than 3 inches. Bars in place with no bends more
hars than % inch.

Bars are missing or entire barrier missing. Bars in place according to design.
Bars are {oose and rust is causing 50% Repair or replace barrier to design
deterioration to any part of barrier. standards.
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APPENDIX A MAINTENANCE REQUIREMENTS FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 11 - GROUNDS (LANDSCAPING)

per 1,000 squeare feet {this is about equal to the
amount of trash it would teke to fill up one
standard size office garbage can). In general,
there should be no visual evidence of dumping.

Maintenance Defect or Problem Conditions When Maintenance is Needad Resuits Expected When
Component Maintenance is Performed
Site Trash or litter Any trash and debris which exceed 1 cubic foot Trash and debris cleared from sile.

Noxious weeds

Any noxious or nuisance vegetation which may
constitute a hazard to County personnel or the
public. -

Noxious and nuisance vegetation
removed according to applicable
reguiations. No danger of noxious
vagetation where County personnel
or the public might normally be.

Contaminants and
poliution

Any evidence of contaminants or pollution such
as oil, gasoline, concrete slurries or paint.

Materials removed and disposed of
according to applicable regulations.
Source control BMPs implemented if
appropriate. No contaminants
present other than a surface ofl film.

Grass/groundcover

Grass of groundcover exceeds 18 inches in
height.

Grass or groundcover mowed to a

height no greater than 6 inches.

Trees and Shrubs

Hazard

Any tree or limb of a tree Identified as having a
potential to fall and cause property damage or
threaten human life. A hazard {ree identified by
a qualified arborist must be removed as soon
as possibie.

No hazard trees in facility.

Damaged

Limbs or parts of trees or shrubs that are spiit or
broken which affect more than 25% of the total
foliage of the tree or shrub.

Trees and shrubs with less than 5%
of total foliage with split or broken
limbs.

Trees or shrubs that have been blown down or
knocked over,

No blown down vegetation or
knocked over vegetation, Trees or
shrubs free of injury.

Trees or shrubs which are not adequately
supporied or are leaning over, causing exposure
of the roots.

Tree or shrub in place and
adequately supported; dead or
diseased trees removed.

1/9/2009
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APPENDIX A MAINTENANCE REQUIREMENTS FOR FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 12 - ACCESS ROADS

Maintenance
Component

Defect or Problem

Condition When Maintenance is Needed

Results Expected When
Maintenance is Performed

Site

Trash and debris

Trash and debris exceeds 1 cubic foot per 1,000
square feet (i.e., trash and debris would fill up
oneg standards size garbage can}.

Roadway drivable by maintenance
vehicles.

Debris which could damage vehicle tires or
prohibit use of road.

Road\.&éy driﬁabte by maintenance
vehicles.

Contaminants and
pollution

Any evidence of contarninants or pollution such
as oil, gasoline, concrate slurries or paint.

Materials removed and disposed of
aceording to applicable reguiations.
Source control BMPs implemented if
appropriate. No contaminants
present ather than a surface ofl film.

Blocked roadway

Any obstruction which reduces clearance above
road surface to lass than 14 feet,

Readway overhead ciear to 14 feet
high.

Any obstruction restricling the access to a 10- to
12 foot width for a distance of more than 12 feet
or any point restricting access to less than a 10
foot width.

At least 12.-foot of width on access
road.

Road Surface

Erosion, settlement,
potholes, soft spots,
ruts

Any surface defact which hinders or prevents
maintenance access.

Road drivable by maintenance
vehicles.

Vegetation on road
surface

Trees or other vegetation prevent access to
facility by maintenance vehicles.

Maintenance vehicles can access
facility.

Shoulders and
Ditches

Eraston

Erosion within 1 foot of the roadway more than 8
inches wide and 6 inches deep.

Shoulder free of erosion and
maiching the surrounding road.

Weeds and brush

Weeds and brush exceed 18 inches in height of
hinder maintenance access.

Weeds and brush cut to 2 inches in
height or cleared in such a way as io
gllow maintenance access.

Modular Grid
Pavement

Contarminants and
pollution

Any evidence of contaminants or pollution such
as oil, gasoline, concrete slurries or paint.

Materials removed and disposed of
according to applicable regulations.
Sourca control BMPs implemented if
appropriate. No contamintants
present other than a surface oil film.

Damaged or missing

Access surface compacted because of broken on
missing modular block.

Access road surface restored so
road infllirates,
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APPENDIX A MAINTENANCE REQUIREMENTS FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 21 - STORMFILTER (CARTRIDGE TYPE)

Maintenance
Component

Defect or Problem

Conditioh When Maintenance is Needed

Results Expected When
Maintenance is Performed

Site

TFrash and debris

Any trash or debris which impairs the function of
the facility.

Trash and debris removed from
facility.

Contaminants and
pollution

Any evidance of contaminants or poliution such
as oils, gasofine, concrete slurries or paint.

Materials removed and disposed of
according to applicable regulations.
Source control BMPs implemented if
appropriate. No contaminants
present other than a surface oil fiim.

Life cycle

System has not been inspected for three years.

Facility Is re-Iﬁépecled and any
needed maintenance performed,

Vauit Treatment
Area

Sediment on vauit
floor

Greater thén 2 iaéhes of sediment.

Vault is free of sediment.

Sediment on top of
cartridges

Greater than ¥ inch of sediment.

Vault is free of sediment.

fultiple scum lines
above top of
cartridges

Thick or multiple scum lines above top of
cartridges. Probably due to plugged canisters or

_underdrain manifold.

Cause of plugging corrected,
canisters replaced if necessary.

Vault Structure

Damage to wall,
Frame, Bottom, and/or
Top Slab

Cracks wider than ¥-inch and any evidence of
soll particles entering the structure through the
cracks, or qualified inspection personnel
determines the vault is not structurally sound.

Vault replaced or repairad to design
specifications.

Baffles damaged

Bafﬂes corroding, cracking warping, and/or
showing slgns of fallure as determined by
maintenance/inspaction person.

Repair or replace baffles to
spacification.

Filter Media

Standing water in
vault

9 inches or greater of sfatic water in the vault for
more than 24 hours following a rain avent and/or
overflow occurs freguently. Probably due to
plugged fitter media, underdrain or outlet pipe.

No standing water in vault 24 hours
after a rain event.

Short circuiting Flows do not properly enter filter cartridges. Flows go through filter media.
Underdrains and Sediment/debris Underdrains or clean-outs partially plugged or Underdrains and clean-outs free of
Clean-Outs filed with sediment and/or debris. sediment and debris.
Inlet/Cutlet Pipe Sediment Sediment filling 20% or more of the pipe. Inletfoutlet pipes clear of sediment.
accumutation

Trash and debris

Trash and debris accumulated in inlet/outlet
pipes (includes floatables and non-floatables),

No trash or debris in pipes.

Bamaged

Cracks wider than ¥-inch at the joint of the
inlet/outlet pipes or any evidence of soil entering
at the joints of the inlet/outlet pipes.

Neo cracks more than Y-inch wide at
{he joint of the inlet/outiet pipe.

Access Manhole

Coverllid not in place

Coveillid is missing or only partially in place.
Any open manhole requires immediate
maintenance.

Manhole access covered.

Locking mechanism
not warking

Mechanism cannot be opened by one
maintenance person with proper tools, Bolts
cannot be seated. Self-locking cover/lid does not
work.

Mechanism opens with proper tools.

Cover/iid difficult to
remove

One maintenance person cannot remove
coverflid after applying 80 lbs of ift.

Covetfiid can be removed and
reinstalfed by one maintenance
person,

Ladder rungs unsafe

Missing rungs, misalignment, rust, or cracks,

Ladder meets design standards.
Allows maintenance person safe
access.

Replace or repair access door so it

[.arge access Damaged or difficuit Large access doors of plates cannot be
doors/plate fo open opened/removed using normal equipment. can opened as designed,
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APPENDIX A MAINTENANCE REQUIREMENTS FOR FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 21 - STORMFILTER (CARTRIDGE TYPE)

Maintenance
Component

Defect or Problem

Condition When Maintenance Is Needed

Results Expected When
Maintenance Is Performed

Gaps, doasn't cover
completely

t.arge access.doors not flat and/for access
opening not completely covared.

Doors close fiat and cover access

opening compietely.

Lifting Rings missing,
rusted

Lifting rings not capable of lifting weight of door
or plate.

Lifting rings sufficient to it or
remove door or plate.
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APPENDIX A MAINTENANCE REQUIREMENTS FOR FLOW CONTROL, CONVEYANCE, AND WQ FACILITIES

NO. 24 — CATCH BASIN INSERT

catch basin properly media.

Maintenance Defect or Problem Conditlons When Maintenance is Naeded Results Expected When
Component Maintenance Is Performed
Media insert Visible Oil | visible oil sheen passing through media Media inset replaced.

Insert does nat fit Flow gets into catch basin without going through | Alt flow goes through media.

Filter media plugged Filter media plugged,

Flow through filter media is normal.

Qil absorbent media Madia oll satﬁréted.
saturated

Of abgorbent media replaced.

Water saturated Catch basin insert is saturated with water, which
no longer has the capacity to absorb.

Insert reptaced. .

Sarvice life exceeded | Regular interval replécement dué to typical
average life of media insert product, typically one
manth.

Media replaced at manufacturer's
recommended interval.

Seascnal When storms occur and during the wet season.
maintenance

| interval.

Remove, clean and replace or install
new insert after major storms,
meonthly during the wet season or at
manufacturer's recommended
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APPENDIX C

KCRTS Drainage Calculations




Level 3 Detention Vault

Retention/Detention Facility

Type of Facility: Detention Vault
Facility Length:
Facility Width:
Facility Area:
Effective Storage Depth:
Stage 0 Elevation:
Storage Volume:

Riser Head:
Riger Diameter:
Number of orifices:

Qrifice #

1
2

Stage
(ft)
.00
.01
.02
.18
.34
.50
.65
.81
.97
.13
.28
.44
.60
.76
.91
.07
.23
.39
.55
.70
.86
.02
.18
.33
.49
.65
.81
.96

W WWwWWWwhNNNMNNNRPE PR, R, OO0

Top Notch Weir:
Outflow Rating Curve:

(ft)
0.00
7.00

Elevation
(ft)

WWWwWwWwWwWWwhNoNMNNMNdMNNERE R RERERERERODOOO OO OOO

.00
.01
.02
.18
.34
.50
.65
.81
.97
.13
.28
.44
.60
.76
.91
.07
23
.39
.55
.70
.86
.02
.18
33
.49
.65
.81

Perceolation

44,00 ft
12.00 £t
528. sq. ft
9.30 ft
0.00 ft
4910. cu, ft
9.30 ft
18.00 inches
2
Full Head Pipe
Height Diameter Discharge Diameter
{(in) (CFS) (in)
0.28 0.007
0.47 0.010 4.0
None
None
Storage Discharge
(cu, ft) {ac—ft) (cfs) (cfs)
0. ¢.000 0.000 0.00
5. 0.000 0.000 0.00
11. 0.000 0.000 0.00
95. 0.002 0.001 0.00
180. 0.004 0.001 0.00
264, 0.006 0.002 0.060
343, 0.008 0.002 0.00
428. 0.010 0.002 0.00
512. 0.012 0.002 0.00
597. 0.014 0.002 0.00
676. 0.016 0.002 ¢.00
760. 0.017 0.003 0.00
845. 0.01% 0.003 0.00
929. 0.021 0.003 0.00
1009. 0.023 0.003 0.00
1G93. 0.025 0.003 0.00
1177. 0.027 0.003 0.00
1262. 0.029 0.003 0.00
1346. 0.031 0.003 0.00
1426. 0.033 0.004 0.00
1510, 0.035 0.004 0.00
1595. 0.037 0.004 ¢.00
1679. 0.039 0.004 0.00
1758. 0.040 0.004 0.00
1843. G.042 0.004 0.00
1927, 0.044 0.004 0.00
2012, 0.046 0.004 0.00
2091, 0.048 0.004 0.00

.96
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.12
.28
.44
.59
.15
.91
.07
.23
.38
.54
.70
.86
.01
17
.33
.45
.64
.80
.96
.00
.01
.02
.03
.04
.20
.36
.52
.67
.83
.95
.15
.30
.46
.62
.78
.94
.09
W25
.30
.40
.50
.60
.70
.80
.90
.00
.10
.20
.30
.40
.50
.60
.70
.80
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.12
.28
.44
.59
.75
.91
.07
.23
.38
.54
.70
.86
.01
.17
.33
.49
.64
.80
.96
.0C
.01
.02
.03
.04
.20
.36
W52
.67
.83
.99
.15
.30
.46
.62
.78
.94
.09
.25
.30
.40
.50
.60
.10
.80
.80
.00
.10
.20
.30
.40
.50
.60
.70
.80

2175.
2260.
2344,
2424.
2508.
2593.
2677,
2761,
2841,
2925,
3010.
30094.
3173.
3258.
3342.
3427.
3506.
3590.
3675.
3696.
3701.
3707.
3712,
3717.
3802,
3886,
3971,
4050.
4134,
42189,
4303.
4382.
4467,
4551.
4636.
4720.
4800.
4884.
4910.
4963,
5016.
5069.
51z22.
5174.
5227,
5280C.
5333.
5386.
5438.
5491.
5544,
5597.
5650.
5702.

OCC OO0 0O OO C O OO0 OO OO0 OO0 C OO OO0 0COO00OCOOCOO0O0O0Oo0Co

. 050
.052
.054
.056
.058
.060
.061
.063
.065
.067
.069
.071
.073
.075
077
.079
. 080
.082
.084
.085
,085
. 085
.085
.085
. 087
.089
.091
.093
.09%
. 097
,09%
.101
.103
.104
L1086
.108
.110
L1122
L1313
.114
.115
116
.118
.119
.120
L1211
.122
.124
125
.126
127
.128
.130 10
.131 10

WO J AU WNEFEFODOD OO OO oo oo oo OO oL C OO0 CooCo

[t

. 004
.004
,005
.005
.005
.005
.005
.005
.005
.005
.005
.005
.005
.005
.005
.005
.006
.006
.006
.006
.006
.007
.007
.007
.008
.009
.010
.011
011
L012
.013
013
013
014
014
.015
015
.015
016
.478
.320
L 420
. 710
.180
.610
.140
.630
.080
.530
. 940
. 340
.720
.080
.440

C OO0 OO0 OO0 OO0 C OO0 0O OO OO CoOCoOCoO O CoOO0O OO0 C OO OO0 OCOoo

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.C0
.00
.00
.00
. G0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.0C
.0G
.0C
.00
.00
.00
.0G
.0C
.0G
.00



10.90 10.90 5755, 0.132 10.780 0.00

11.00 11.00 5808. 0.133 11.11¢0 0.00
Hyd 1Inflow Outflow Peak Storage
Target Calc Stage Elev (Cu-Ft) {Ac-Ft}
1 0.10 0.02 0.02 9.29 9.29 4903, 0.113
2 0.07 *k*xkxx 0.01 7.51 7.51 3966. 0.091
3 0.06 0.01 0.01 7.29 7.29 3848, 0.088
4 0.04 ***kxskx 0.00 5.34 5,34 2820. 0.065
5 0,04 *dxkkxx 0.00 4.89 4,89 2579, 0.059
6 0.07 0.01 0.00 3.87 3.87 2043, G.047
7 0,08 #xkkkxx 0.00 3.15 3.15 1661, 0.038
8 0.04 #*xxdkkxx 0.00 2.06 2.06 1086. 0.025
Route Time Series through Facility
Inflow Time Series File:15620d.tsf
Outflow Time Series File:Level3
Inflow/Outflow Analysis
Peak Inflow Discharge: 0.096 CFS at 7:00 on Jan 9 in Year 8
Peak Outflow Discharge: 0.016 CFS5 at 19:00 on Jan 9 in Year 8
Peak Reservoir Stage: 9.29 Ft
Peak Reservoir Elev: 9.29 Ft

Peak Reservoir Storage: 4903. Cu-Ft
: 0.113 Ac-Ft

Flow Frequency Analysis
Time Series File:level3.tsf
Project Location:Landsburg

~--Annual Peak Flow Rates--- = —-———w Flow Freguency Analysig-——--——-
Flow Rate Rank Time of Peak - - Peaks - - Rank Return Prob
{CF'S) (CFS) (ft) Period
0.009 3 2/09/01 21:00 0.016 9.29 1 100.090 0.990 100yr
0.003 8 11/05/01 3:00 0.010 7.51 2 25.00 0.960
0.005 5 3/06/03 23:00 0.009 7.31 3 10.00 0.900 10yr
0.004 7 8/26/04 6:00 0.005 5.34 4 5.00 0.800
0.005 4 1/08/05 7:00 06.005 4,91 5 3.00 0.667
0.004 6 10/28/05 2:00 0.004 3.87 6 2.00 0.500 2yr
0.010 2 11/24/06 8:00 0.004 3.18 7 1.30 0.231
0.016 1 1/068/08 19:00 0.003 2.06 8 1.10 0.091
Computed Peaks 0.014 8.59 50.00 0.98¢0
Flow Duration from Time Series File:level3.tsf
Cutoff Count Frequency CDF Exceedence Probability
CFS % % %
0.000 77 0.126 0.126 99.874 0.999E+00
0.000 16435 26.802 26.928 73.072 0.731E+00
0.001 13811 22.523 49.450 50.550 0.505E+00
0.001 2334 3.806 53.257 46.743 0.467E4+00
0.001 8405 13.707 66.963 33.037 0.330E+00
0.001 1472 2.401 69.364 30.636 0.306E+00
0.002 1245 2.030 71.394 28.606 0.286E+00




.002
. 002
.002
.003
.003
.003
.003
.004
.004
.004
.004
.005
.005
.005
.005
.006
.006
.006
.006
. 007
.00%
. 007
.007
.008
.008
.008
.008
.009
.009

OO OO OO OO0 OO COOOCODOOO00OO0000Q0C

97
1058
33

4
7
9

269

21
322
)

7

5
123

6
6
9
9
4
3

15

1

34

5

9

Y DO

P EaENWREN RO R OO

.5>88
.265
. 553
.439
.352
.261
.16l
.129
.088
. 011
.024
.024
.015
.569
.003
.003
. 007
.064
.000
.002
. 000
.010
. 007
.003
002
005
. 003
. 007
. 002

OO 0O C OO0 O CC OO0 00 OO0 000000 NCOC OO OO

72.
90C.
S0,
91.
91.
96.
97.
97.
97.
99.
99,
99.
99.
99.
99.
99.
99.
99.
99,
99.
99.
99.
99.
99.
99.
99.
99.
99.
99.

983
248
801
239
592
853
014
143
231
242
266
291
305
874
878
881
887
951
951
953
953
962
965
972
974
979
982
989
930

Route Time Series through Facility
Iinflow Time Series File:l15620d.tsf
Outflow Time Series File:Level3

Inflow/Qutflow Analysis
Peak Inflow Discharge:
Peak OQutflow Discharge:
Peak Reservoir Stage:
Peak Reserveir Elev:
Peak Reservoir Storage:

49

Time Series File:level3.tsf
Project Location:lLandsburg

—-——-Annual Peak Flow Rates——-
Rank Time of

Flow Rate

(CF3}
0.005
0.003
0.605
0.004

~] 7 00 (W

2/09/01
11/05/01
3/0&/03
8/26/04

Peak

21:00
3:00
23:00
6:00

.017
152
.199
.161
.408
.147
. 986
.857
.7168%
.758
134
.709
. 695
.126
.122
.119
.113
.049
.049
.047
.047
.038
.031
.028
.02¢6
.021
.018
.01l
.010

OO0 OO OO OQOCNNNW®®WIW I

COOoOOCCL OO OO0 OO OOO

0.096 CFS at 7:00
0.016 CFS at 19:00
%.29 Ft
8.29 Ft
03. Cu-Ft

0.113 Ac-Ft

Flow Frequency Analysis

- - Peaks =~ =

(
0
0
0
0

CFS)
.0l16
.010
,008
.005

. 270E+00
975E-01
.920E-01
.876E-01
.841E~01
.315E-01
.299E~01
.286E-01
.2TTE-01
. 758E~02
. 7134E-02
.709E-02
.695E-02
.126E-02
.122E-02
.119E~02
.113E-02
.489E-03
.489E-03
.A4T3E-03
.473E-03
.375E-03
.310E-03
.277E-03
.261E-03
.212E-03
.179E-03
.114E-03
. 878E-04

on Jan
on Jan

Rank

B W N

9 in Year 8
9 in Year 8

Flow Freguency BAnalysis

Return

Period
100.00
25.00
10.900
5.00



0.005 4 1/08/05 7:00 0.005 4,91 5 3.00 0.667
0.004 6 10/28/05 2:00 0.004 3.87 6 2.00 0.500
0.010 2 1i/24/06 8:00 0.004 3.18 7 1.30 0.231
0.016 1 1/08/08 19:00 0.003 2.06 8 1.10 0.091
Computed Peaks 0.014 8.59 50.00 0.980
Flow Duration from Time Series File:level3.tsf
Cutoff Count Frequency CDF Exceedence Probability

CFEFS % % %

¢.000 77 0.126 0.1286 99.874 0.999E+00

G.000 16435 26.802 26.928 73.072 0.731E+00

0.001 13811 22.523 49,450 50.550 0.505E+00

0.001 2334 3.806 53,257 46.743 0.467E+00

0.001 8405 13.707 66.963 33.037 0.330E+00

0.001 1472 2.401 69.364 30.636 0.306E+00

0.002 1245 2.030 71.394 28.606 0.286E+00

0.002 974 1.588 72.983 27.017 0.270E+00

0.002 10587 17.265 90.248 9.752 0.975E-01

0.002 339 0.553 20.801 9.199 0.920E-01

G.003 269 0.439 91.239 8.761 0.876E-01

0.003 216 0.352 91.592 8.408 0.841E~01

0.003 3226 5.261 96.853 3.147 0.315E-01

0.003 99 0.161 57.014 2.986 0.299E-01

0.004 79 0.129 897.143 2.857 0.286E~-01

0.004 54 0.088 97.231 2.769 0.277E~01

0.004 1233 2.011 99,242 0.758 0.758E~02

0.004 15 0.024 99,266 0.734 0.734E~02

0.005 15 0.024 99.291 0.709 0.709E~02

0G.005 9 0.015 99.305 0.695 0.695E~02

0.005 349 0.569 99.874 0.126 0.126E-02

0.005 2 0.003 99.878 0.122 0.122E-02

0.006 2 0.003 99.881 0.119 0.11%E-02

0.006 4 0.007 99.887 0.113 0.113F-02

0.006 39 0.064 99.951 0.048 0.489E-03

0.006 0 0.000 99,951 0.049 0.489E-03

0.007 1 0.002 99,953 0.047 0.473E~03

0.007 0 0.000 99.953 0.047 0.473E-03

0.007 6 0.010 99.9%62 0.038 0.375E-03

0.007 4 0.007 99.969 0.031 0.310E-03

0.008 2 0.003 99.972 0.028 0.277E-03

0.008 1 0.002 99.974 0.026 0.261E-03

0.008 3 0.005 99.979 0.021 0.212E-03

0.008 2 0.003 99.982 0.018 0.178%E-03

0.009 4 0.007 99.989 0.011 0.114E-03

0.009 1 0.002 99.990 0.010 0.978E-04




Discharge (CFS)

0.02

s

0.01

0.0

a.01

0.01
1

400

0.00

0.0¢

Probabinty Exceedence



Existing Conditions KCRTS Peaks

Flow Frequency Analysis
Time Series File:15620u.tsf

Project Location:Landsburg

~---Annual Peak Flow Rates—---
Peak

Flow Rate

(CFS)

(oo e B B oo BN oo 3 oo B a0

.016
.003
011
.002
.010
.008
L0113
0.

019

Rank

H W oW -3

Computed Peaks

Developed Conditions KCRTS Peaks

Flow Freguency Analysis
Time Series File:15620d.tsf

Time of

2/09/01
1/05/02
2/28/03
3/03/04
1/05/05
1/18/06
11/24/06
1/09/08

15:

16:
16:
i:
11:
21:
5:
7z

Project Location:Landsburg

co
co
00
00
00
00
00
00

---Annual Peak Flow Rateg—~-
Rank Time of Peak

Flow Rate

(CFS)

o T e S o e I s [ e I v

.057
.040
.071
.076
.063
.066
.074
0.

096

7
8
4
i
6
5
3
1

Computed Peaks

2/09/01
12/03/01
9/10/03
8/26/04
10/28/04
10/22/05
10/26/06
1/09/08

2
17:
15:

1:
18:
17:

3:

7

00
00
co
co
0o
00
00

: 00

~ ~ Peaks - -

(
0
0
0
0
0
0
0
0

-~ =~ Peaks - -

(
0
0
0
0
0
6
0
0

Flow Frequency Analysis
Rank Return
Period

CFS)

.
.
.
.

Flow Freguency Analysis
Rank Return
Period

018
016
013
011
010
008
003
002

CFS)

-
.
.
.
.

096
076
074
071
066
063
057
040

O~ U D N

O~y W N

100.
25.
10.

.00

.00

.00

.30

.10

RN Ww;

100.
25,
10.

5.

.00

.00

.30

.10

PR W

o0
00
00

00
00
00
(031]

OO OO OO OO

OO ocooc oo o




PROGRAM INPUT DATA

KCRTS Program,..File Directory:
C:\KC_SWSM\KC_BATA\
f{C}] CREATE a new Time Series

LA
0.21 0.00 0.000000 Till Forest
0.00 0.00 0.000000 Till Pasture
0.00 0.00 0.000000 Till Grass
0.00 0.00 0.00C000 Outwash Forest
0.00 0.00 0.000000 Outwash Pasture
0.00 0.00 0.006000 Outwash Grass
g.00 0.00 0.000000 Wetland
0.00 0.00 0.000000 Impervious
15620u.tsf
T
G.85
T

[T] Enter the Analysis TOOLS Module
[P] Compute PEAKS and Flow Frequencies
15620u.tsf

15620u.pks

[R] RETURN to Previous Menu

[C] CREATE a new Time Series

LA
0.00 0.00 0.000000 Till Forest
0.00 0.00 0.000000C Till Pasture
0.00 G.00 ¢.000000 Till Grass
0.00 .00 G.000000 Cutwash Forest
0.00 .00 0.000088 Cutwash Pasture
0.00 .00 G.000000 Outwash Grass
0.00 0.00 6.000000 Wetland
0.21 0.00 0.000000 Impervious (Impervious Roof Area)
156204d.tsf
T

0.85



