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1.0 PROJECT OVERVIEW

The proposed Cascade Christian School Improvement project is located at 815 21t
Street East, east of 215t Street East, in Puyallup, WA. The project is another phase of
work that was designed as part of the previously approved TIR dated November 1995,
which specified the original design of the school project. This report will supply
additional data for this phase of the Cascade Christian School but the previously
approved TIR should be referenced for the overall project construction, see Appendix.
The improvements proposed to the site in this phase extend improvements to an area
onsite that has been a pre-loaded (for future building construction) grassed area. This
area will have a new building constructed on it. Onsite utilities are stubbed to this
open area where the new building is to be constructed. As previously stated, the
original design accounted for the future construction of this building.

The site is also situated within a portion of Section 35, Township 20 North, Range 4
East, Willamette Meridian, City of Puyallup, and Pierce County Washington. Please
see Figure 2 for a more accurate depiction of the location of the project site.

The existing storm drainage pond will handle the detention requirements for the
project. The storm drainage pond was designed to the detention requirements in effect
at the time of development. The SBUH methodology has been used in the sizing of
the existing facility.

The soils are delineated as Briscott Loam by the NCRS Web Soil Survey, see Figure
3. There are no wetlands on the site. The site is shown on the FEMA FIRM
Community Panel Number 530144 0005 B and the site is designated as “ZONE AQ”
(Depth 1), see Appendix for FIRM Panel. The site is within the Deer Creek and
Puyallup River drainage basin.

Stormwater from the developed site will be conveyed through the existing
developments storm conveyance system to a bio-swale and then a detention pond and
released to the storm drain conveyance system in 215t Street East through an outlet
system onsite. Then surface water is conveyed north to Deer Creek and the Puyallup
River on the north side of East Pioneer.

This Technical Information Report identifies how the existing and proposed site
development improvements stormwater impacts are mitigated with the existing pond
as designed. '
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2.0 CONDITIONS AND REQUIREMENTS SUMMARY

The following is a response to each of the core requirements delineated in the 2005
SWMM.

Minimum Requirement No.1 — Storm Water Site Plan: The project will prepare a
Storm Water Site Plan per the requirements of the City of Puyallup.

Minimum Requirement No. 2 — Construction Stormwater Pollution Prevention: A
Stormwater Pollution Prevention Plan will be prepared for the project to comply with
Elements #1 through 12, DOE Manual, Volume |, Section 2.5. Element #10
Dewatering will not be needed for the project. The other 11 elements will be
addressed in the SWPPP.

Minimum Requirement No. 3 — Source Control of Pollution: The project is a
commercial project and source control Minimum Requirement #3 is applicable.

Minimum Requirement No. 4 Preservation of Natural Drainage System and
Outfalls: The project site will discharge stormwater through the existing conveyance
system onsite.

Minimum Requirement No. 5 — On-Site Stormwater Management: All stormwater
runoff generated from the developed on-site impervious and pervious areas will be
routed to the existing stormwater quantity (detention pond) and quality facilities (bio-
swale). Roof downspouts stubs are provided and will be utilized.

Minimum Requirement No. 6 — Runoff Treatment: The project provides basic water
quality treatment in a bio-filtration swale. The bio-swale portion of the pond is sized for
the proposed developed condition. The design of the bio-swale is 200’ long, 8’ wide
and sloped at 0.5%.

Minimum Requirement No. 7 — Flow Control: The project provides stormwater
detention as dictated by the flow control design requirements at the time of the original
construction; flow control of the existing pond is designed to release the developed
flows at the following rates: Dev Q2 =< 50% Ex.Q2

Dev Q10 = < Ex.Q10

Dev Q100 =< Ex.Q100
The pond volume has been as-built and the pond has the required volume of 55,461
cubic feet, see Stormwater Calculations in Appendix.

Minimum Requirement No. 8 — Wetland Protection: There are no wetlands on the
project. This requirement does not apply.

Minimum Requirement No. 9 — Basin/Watershed Planning: The project is within the
Deer Creek Basin. No specific basin plan exists that we are aware of. However, the
Ecology’s 2008 water quality assessment placed Deer Creek in Category 5 (Needs a
TMDL) for fecal coliform bacteria. The assessment did not identify any other
parameters of concern.
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Minimum Requirement No. 10 — Operation and Maintenance: The owner has
assumed the maintenance and operation of the stormwater facilities located on the
site. The storm facilities has been on-line for about 20 years and have been
maintained by the owner. A Stormwater Maintenance Manual for the project is
included in the Appendix.

Optional Guidance No. 1 — Financial Liability: Financial guarantees will be
provided, if necessary. The existing facilities are being connected to but only a limited
amount of new roof drains are proposed at this time.
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3.0 OFF-SITE ANALYSIS

See approved TIR dated November 1995. At the time of the original construction of
the site, the offsite storm conveyance system was improved. The flows discharge to
Deer Creek. The downstream conveyance system has capacity for the tributary area
to it.
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4.0 FLOW CONTROL AND WATER QUALITY FACILITY ANALYSIS AND
DESIGN '

4.1 Existing Site Hydrology

See approved TIR dated November 1995 in Appendix. For the purposes
of this report, the existing condition is considered to be that condition that
existing before the school was constructed (1995) and is described as
follows:

The site is mostly flat pasture land with few trees. The site is drained by
Deer Creek, which has been relocated to the east side of 25t Street.
The existing topography does not allow the proposed site and
surrounding land to drain tot eh relocated creek across 25t Street. The
area drains north to Pioneer Way and into Deer Creek on the north side
of Pioneer Way.

4.2 Developed Site Hydrology

Runoff from the improvements and existing site will be or are collected
and conveyed to the onsite storm bio-swale and detention pond. See
approved TIR dated November 1995 for additional information on the
developed site hydrology. The bio-swale and detention pond mitigate
the site’s surface water runoff before discharge to the downstream
conveyance system. The new building is to be collected and conveyed
to the existing bio-wale and detention pond. The following data was
used in the approved modeling of the existing onsite storm facilities:

West Basin Original Design (Parking Lot and Buildings)
Total Area: 8.33 acres
Impervious Area: 7.83 acres, CN 98
Pervious Area: 0.50 acres, CN 89
Soils Type: Briscot, Type D
Time of Concentration: 6.0 minutes
Flow Rates: Q 6mo =2.35 cfs
Q2 =3.93 cfs
Q10 =5.89 cfs
Q100 = 8.06 cfs

As shown on the Proposed Basin Map Exhibit in the 1995 Stormwater
TIR Report (see report in appendix), the impervious surface area
accounted for at the time of design is more than the impervious surface
area proposed now by inspection; in addition, for your information a West
Basin Map showing the revised site plan with tributary area calculations
is provided, see Appendix demonstrating the fact that the original design
impervious area is greater than that proposed now. In summary, there is
more landscaping proposed now than previously and the building
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4.3

4.4

4.5

proposed is smaller than what was accounted for. Therefore, the
existing pond design is adequately sized with this current proposal as per
the 1990 King County Manual.

West Basin with Current Site Plan (Parking Lot and Buildings)
Total Area: 8.33 acres
Total Impervious Area: 6.583 acres, CN 98
Building Area: 2.225 acres, CN 98
Paving Area: 3.6743 acres, CN 98
Sidewalk Area: 0.4038 acres, CN 98
Pond Area: 0.2799 acres, CN 100
Total Pervious Area: 1.747 acres, CN 89
Landscaping Area: 1.7470 acres, CN 89

East Basin Original Design (Athletic Fields) Does not change
Total Area: 8.75 acres
Impervious Area: 0.75 acres, CN 98
Pervious Area: 8.00 acres, CN 89
Soils Type: Briscot, Type D
Time of Concentration: 40.9 minutes
Flow Rates: Q 6mo = 0.58 cfs
Q2 =1.41cfs
Q10 = 2.60 cfs
Q100 = 4.02 cfs

Performance Standards

See approved TIR dated November 1995. In summary, the following
SBUH control standards were implemented in the original design:

Dev Q2 = < 50% Ex.Q2
Dev Q10 = < Ex.Q10
Dev Q100 = < Ex.Q100

Flow Control System

Detention storage is provided in the onsite storm pond, see approved
TIR dated November 1995. The required volume of 55,461 cubic feet
has been verified in the existing pond, see Storm Calculations in
Appendix.

Downspout Controls

Downspouts are to be connected to the existing stubs provided for the
building construction proposed at this time. The roof drain lines are 8” at
a minimum slope of 0.5%.
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4.6 Water Quality System

The existing bio-swale provides water quality mitigation as per the
requirements. See approved TIR dated November 1995 for additional
information.

4.7 Overflow System
The detention system and downstream conveyance system was

provided during the original construction. See approved TIR dated
November 1995.
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5.0 CONVEYANCE SYSTEM ANALYSIS AND DESIGN

Runoff from this phase will be collected in a series of catch basins and tight lined to
the storm pond constructed as part of the previous work. The conveyance system was
designed in accordance with the City of Puyallup requirements at the time of
construction. Calculations are provided in the 1995 TIR, see Appendix. See approved
TIR dated November 1995 for additional information.
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6.0 SPECIAL REPORTS AND STUDIES

See approved TIR dated November 1995 prepared by AHBL, Inc. in Appendix.
Additionally, a Geotechnical Engineering report prepared by Earth Consultants, Inc.
July 7, 1995 is provided in the Appendix. Further, a Limited Geotechnical Site
Evaluation letter prepared by Krazan & Associates, Inc. on March 4, 2008 is included
in the Appendix. Also, an “ADDENDA 1" to the TIR dated December 13, 1995 is
included in the Appendix. Finally, a Stormwater Maintenance Manual for the project is
included in the Appendix. All reports are provided as a reference and back-ground
information.
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7.0 OTHER PERMITS

Building permit.
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8.0

TESC ANALYSIS AND DESIGN

The TESC plans prepared for the project show the requirements for the project. The
site will have silt fences and catch basin inserts

Cover Measures: Cover measures will consist of mulching, and erosion control
seeding. Cover measures are specified on the TESC plans.

Traffic Area Stabilization: The site will utilize the existing paved parking lot for
the construction entrances. This shown on the engineering plans.

Sediment Retention: All sediment controls of catch basins inserts are shown on
the plan. The storm drain bio-swale detention pond (permanent facilities) will
also function as mitigating facilities.

Surface Water Control: The site currently drains to the storm detention pond.
Additional swales and sediment ponds are not needed..

Maintenance: Maintenance requirements are detailed in the TESC notes on the
engineering plans.

Final Stabilization: Upon completion of the project, all disturbed areas will be
stabilized and Best Management Practices removed, if appropriate.
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9.0 BOND QUANTITIES, FACILITY SUMMARIES, AND DECLARATION OF
COVENANT o

Proposed facilities are minimal (roof drain lines) and the existing storm facilities are
already subject to the legal documents in-place including the maintenance and
operations manual. If required, new documents will be submitted for the private
facilities.
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10.0 OPERATIONS AND MAINTENANCE MANUAL
See approved TIR dated November 1995.
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FIGURE 1
TECHNICAL INFORMATION
REPORT (TIR) WORKSHEET



King County Department of Development and Environmental Services

TECHNICAL INFORMATION REPORT (TIR) WORKSHEET

‘Part1 PROJECT OWNER AND PROJECT ENGINEER

Part2 PROJECT LOCATION AND DESCRIPTION

Project Owner ~ Cascade Christian School Project Name
Address 815 21% Street East Cascade Christian School
Puyallup, WA 98372 Location
» Phone Township 20N
Project Engineer _Ryan Jeffries, PE Range 4E
Abbey Road Group Land Developnient
Company _Setvices Co. Section 35
. . . Project .
Address/Phone 923 Shaw Road, Suite A Size: Work Linits = 2 acres
Puyallup, WA 98372 /(253) 435-3699
Part3 TYPE OF PERMIT APPLICATION Part4 OTHER REVIEWS AND PERMITS
'] Subdivision HPA [0 DFWHPA [ Shoreline Management
1 Short Subdivision 0  COE404 3 Rockery
0 Grading O DOE Dam Safety [3  Structural Vaults
I Commercial ']  FEMA Floodplain 3 Other
1 Other [0  COE Wetlands

Part6 SITE COMMUNITY AND DRAINAGE BASIN

Community
Puyallup

Drainage Basin
Deer Creek

Part6 SITE CHARACTERISTICS

3 River [J Floodplain

[ Stream [T Wetlands

[0  Critical Stream Reach 1 SeepsiSprings

3 Depressions/Swales High Groundwater Table
[} Lake [} Groundwater Recharge
[1 Steep Slopes 1 Other

-1-




Part7 SOILS

Soil Type Slopes Erosion Potential Erosive Velocities

_Briscott Loani 0% to 3% Slight NA

[ Additional Sheets Attached

Part8 DEVELOPMENT LIMITATIONS

REFERENCE LIMITATION/SITE CONSTRAINT

0
O
0
o
0

Additional Sheets Attached

Part9 ESC REQUIREMENTS

MINIMUM ESC REQUIREMENTS MINIMUM ESC REQUIREMENTS

DURING CONSTRUCTION AFTER CONSTRUCTION

[0 Sedimentation Facilities K Stabilize Exposed Surface

[} stabilized Construction Entrance Remove and Restore Temporary ESC Fagcilities

[0 Perimefer Runoff Contro} Clean and Remove All Silt and Debris

{1 Clearing and Grading Restrictions X Ensure Operation of Permanent Facilities ,
'E Cover Praclices O Flag Limits of SAO and Open Space Preservation Areas |
B  Construction Sequence 0 Other
'[] Other

Part 10 SURFACE WATER SYSTEM

[J Grass Lined Channel O  Tank O Infiltration Method of Analysis

K Pipe System 0 Vault [}  Depression V SBUH

3 Open Channel {0  Energy Dissipater [ Flow Dispersal Compensation/Mitigation
[0 DryPond 1 Wetland 0  Waiver of Eliminated Site Storage |
[0 WetPond [l Stream ] ]

Regional Detention

Brief Description of System Operation _Stormywater runoff will be collected in a series of existing catch basins and

 conveyance pipes, conveyed to a bioswale and then a detention pond built as part of the previous work onsite,
Facility Related Site Limitations - ' :
Reference Facility Limitation




Part11 STRUCTURAL ANALYSIS

Part 12 EASEMENTS/TRACTS

Cast in Place Vault
Retaining Wall

Rockery > 4' High
Structural on Steep Slope
Other

noooo

Drainage Easement

Actess Easement

Native Growth Protection Easement
Tract

Other

ooooo

Part 13 SIGNATURE OF PROFESSIONAL ENGINEER

I, o a civil engineer under my supervision, have visited the site. Actual site coriditions as observed were incorporated into this

worksheet and the attachments. To the best of my kno

y the information provided here is accurate.

o //7/
// .

SlgnecVDated

V4




Cascade Christian School

FIGURE 2
VICINITY MAP
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FIGURE 3
SOILS MAP & DESCRIPTION
And FEMA Panel



Soil Map—Pierce County Area, Washington
(Cascade Christian)
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Soil Map—Pierce County Area, Washington Cascade Christian

Map Unit Legend

’ Plerce County Area; Washln‘gtbh (WAB53) ,
Map Unit Symbol Map Unit Name AcresinAOl Percentof AOI
6A v Briscot loam ) 1.2 100.0%
| Totals for Area of Interest 1.2 100.0%
UsDA  Natural Resources . Web Soil Survey 312212016

Conservation Service National Cooperative Soil Survey Page 30f3




Map Unit Description: Briscot loam---Pierce County Area, Washington

Cascade Christian

Pierce County Area, Washington

6A—DBriscot loam

Map Unit Setting
National map unit symbol: 2hrc
Elevation: 20 to 250 feet
Mean annual precipitation: 30 to 55 inches
Mean annual air temperature: 48 to 50 degrees F
Frost-free period: 160 to 210 days
Farmland classification: Prime farmland if drained and either protected
from flooding or not frequently flooded during the growing season

Map Unit Composition
Briscot and similar soils: 100 percent
Es{imafes are based on observations, descriptions, and transects of the

Description of Briscot
Setting

Landform: Flood plains
Parent material: Alluvium

Typical profile
H1-01to 11 inches: loam
H2 - 11 to 38 inches: stratified fine sand to silt loam
H3 - 38 to 60 inches: sand

Properties and qualities
Slope: 0to 2 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat poorly drained
Capacilty of the most limiting layer to transmit water (Ksat):
Moderately high to high (0.57 to 1.98 in/hr)
Depth to water table: About 12 to 24 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Available water storage in profile: High (about 11.4 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: BID
Other vegetative classification: Seasonally Wet Soils
(GO02XN202WA)

Data Source Information

Soil Survey Area:  Pierce County Area, Washington
Survey Area Data:  Version 10, Sep 15,2015

Natural Resources Web Soil Survey
Conservation Service National Cooperative Soil Survey

3/22/2018
Page 1 of 1
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FIGURE 4
STORM CALCULATIONS & WEST BASIN MAP
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POND AREA
(WATER)=
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BASIN AREA SUMMARY

TOTAL AREA: 8.33 AC OR 362,855 SF
BUILDING AREA: 2.225 AC

PAVING AREA: 3.6743 AC

SIDEWALK AREA: 0.4038 AC
LANDSCAPE AREA: 1.7470 AC

POND WATER AREA: 0.2799 AC

GRAPHIC SCALE

0 40 &0 160
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1 inch = 80 t.

OR 362,855 SF
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WEST BASIN MAP
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Detention Pond Sizing Calculations

Adams, Hodsdon, Bessette & Lindsay Inc.

Cascade Christian School

page

CUSTOM STORAGE
Desgcription:

STAGE <---=STORAGE--~~->

STAGE STORAGE TABLE

ID No. s

STAGE <-~--STORAGE-=-~-->

STAGE <-=:-STORAGE=<+->

STAGE <-~-~-SYORAGE---->

(Ft) -=-cf--- --Ac-Ft- | (ft) --=cfrer == Ac-Ft- | (ft) r--cf-“- --Ac-Ft~ | (ft) <=-cf--- --Ac-Fi-
[57.00 _0.0000 0.0000} | 57.80 9886 0.2269 |58.60 28972 0.6651 | 59.40 _ 53454 1.2271
57.10 1236 0.0284 | 57.90 11121 0.2553  |58.70 31742 0.7207 |(59.50 56805 1.3041)
57.20 2471 0.0567 [(58,00 12357 0.2037§ |58.80 34511 0.7923 | 59.60 ~E0I56 1.3810
57.30 3707 0.085% | 58.10 15126 0.3473 |58,00 37280 0.8558 | 59.70 63507 1.4579
57.40 4943 0.1135 | 58.20 17895 0.4108 {59.00 40040 U.9194) | 59.80 66858 1.5369
75750 6178 0.14187 | 58.30 20665 0.47446 [59.10 43401 0.9963 |59.90 70210 1.6118
57.60 7414 0.1702 | 58.40 23434 0.5380 159.20 46752 1.0733 |60.00_ 73561 1.6867
5770 8650 0.1986 |[58.50 26203 0.6015) |59.30 50103 1.1502 go.oo 73561 1.6667 |
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PROJECT OVERVIEW

1.1 Purpose and Scope

This report accompanies the civil engineering plans for the proposed
improvements for Cascade Christian School in Puyallup. The proposed 17-
acre project site lies between 25th and 21st Street SE, approximately 1,000
feet south of Pioneer Way. Approximately 41 percent of the site will be
impervious area under developed conditions, including the track area. All
parking lot paving and drainage will be completed in Phase 1, as shown on
the plans. Phase 2 will include the construction of the second building, as
shown on the plans. A 100,200-square-foot building is proposed, including
the Phase 2 building. Stormwater conveyance and detention are propased

for all paving, buildings, and sport field areas of the project

In addition, roadway improvements are required and will be constructed
along 21st Street SE. Due to grading limitations, approximately 0.6 acres of
the site will drain to the 21st Street SE drainage system, which eventually

reaches the same point as the rest of the drainage from the site.

1.2 Pre-Development Conditions

Existing Site conditions

The site is mostly flat pasture land with few trees. Prior to farming

activities, which began in the early 1900’s, the area was drfair'"ued by what is
now Deer Creek, which has been relocated to the east side of 25th Street.
The existing topography does not allow the proposed site and surrounding
land to drain to the relocated creek across 25th street. The area drains north

to Pioneer Way and into Deer Créek on the north side of Pioneer Way. Refer




to the off-site storm discussion for a description of the existing storm system

upstream, downstream, and across the project site.

Fill over the west half of the project site has recently been brought in under

previously approved pre-load plans. Erosion control measures have been

~ implemented and are to be maintained during construction of the final

design.

Soils

The soils on the site are classified as mostly Briscot Loam with a small area
of Puyallup soils as classified by the Soil Conservation Service {SCS) (see
soil information Appendix B). A Geotechnical Engineering Study, completed
by Earth ConSu‘ltan‘ts, Inc. on July 7, 1995, has also been included as
Appendix D for general reference. The upstream and downstream areas of

the project basin are also mapped as Briscot soils.

The Geotechnical Study indicates that, based on mottling of the retrieved
soil samples, groundwater is likely to be located at depths ranging from three

to five feet below existing ground surface during the winter months.

Curve numbers used for runoff calculations have been determined from the
soil mapping and field observation. Briscot soils fall into Hydrologic Soil
Group D, as indicated by Table lII-1.6 of the Stormwater Management
Manual for the Puget Sound Basin. For Meadow or Pasture a CN of 89 is
given for Group D. The soil mapping only shows a very small portion of the

site to be Group B. An existing CN value of 89 for non-pervious areas has

AHBL
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been agreed on by the City of Puyallup for the basis for the analysis

regarding the subject project and upstream basin areas.

1.3 Post-Development Conditions

Detention and water quality controls will be implemented to mitigate the
impacts of the proposed development. Biofiltration has been designed to
enhance stormwater quality and to meet City requirements {see calculations
Appendix B). Flows from the site, will be discharged to the new and

improved downstream drainage system.

The upstream area runoff will be conveyed via a new tightlined system,
which will 'replace the ex'isti_ng.sys_fem across the site. The upstream
drainage areas will bypass the project’s proposed biofiltration and detention

facilities.

OFF-SITE DRAINAGE

2.1 Existing System

An extensive, existing drainage system drains the site, as well as properties
upstream and downstream. The system was first constructed as a 16-inch
cedar box culvert. The system has been maintained and upgraded with a
12-inch concrete pipe, and most recently with an 8-inch perforated pipe.
Several laterals connect to the mainline described above. The entire system

drains north to Pioneer Way, where it eventually connects with Deer Creek.

Over the years the system was maintained according to SCS requirements.

Within the past three years maintenance of the existing system has been




lacking and this has resulted in some drainage problems at the northern

reaches of the system near Pioneer Way,

A new manhole was installed by the City of Puyallup at the end of the
system just before it crosses Pioneer Way. A new 12-inch pipe was

installed under Pioneer Way from the new manhole.

The downstream drainage system needs improvements, as it is presently not
functioning as intended. Due to a lack of maintenance and the reduced
capacity in the existing 8-inch perforated pipe now installed, the capacity of

the downstream system is not adequate.

2.2  Off-Site Proposed Storm System

The existing off-site storm system will be replaced from where it entérs the
south side of the project property. The off-site drainage will then be
conveyed across the project site, down 21st Street SE, and across Pioneer
Way to an existing storm manhole on the north side of Pionegr Way. The

existing structure discharges to Deer Creek.

A drainage investigation and calculations indicate that a 24-inch pipe should be
installed across the project site to replace the existing system. Once drainage from
upstream and on-site come together after the detention pond a 30-inch pipe is
proposed. The 30-inch size is needed primarily because a maximum slope of
0.14% is all that can be obtained down to the discharge point on Pioneer Way.
There is & short 24-inch line from the existing structure to Deer Creek with a slope

of 4.4 percent * that has adequate capacity.

AHBL S~ ; 4




The on-site drainage will be detained in the detention pond, but off-site drainage
will bypass the detention pond. See the following conveyance section for
additional discussion and Appendix B for off-site calculations and backwater

analysis,

3.0 DETENTION SYSTEM ANALYSIS DISCUSSIONS

The SBUH method is used to estimate peak runoff for the storm events modeled.
The detention pond is designed t;) release the 2-year storm event at a maximum of
50 percent of the existing 2-year storm peak flow, and release the 10- and 100-
year peak events at or below existing storm peak flows according to City
requirements, For this projectthe 10- and 100-year storm events will be released
at peak flows less than the existing peak storm events rates. This is a result of the
practical design of the control structure configuration and the limited capacity of
downstream system during a 100-year storm event. For a 100-year event, 1-foot

of freeboard has been provided, which results in an overflow elevation at 61 feet.

The pond has been sized based on the fact that the entire fully-developed site will
be flowing to it. There are some small areas that do not flow to the pond (see
Grading Plans). The pond is therefore over-detaining the area that does flow to it,
this will account for some of the small site areas that do not flow to the pond. See

Appendix A for basin and detention pond calculations.

4.0 CONVEYANCE SYSTEM ANALYSIS

A report by David Evans & Associates indicates that the 100-year elevation in Deer
Creek is approximately 4 feet deep, or up to approximately elevation 57 feet at the
point where site drainage will enter the creek. The David Evans report can be

reviewed at the City of Puyallup. The on-site detention pond’s lowest bottom

AHBL
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elevation is also 57 feet. Deer Creek drains a larger basin, and the 100-year site
peak release may not occur at the same time as the highest water level in Deer
Creek. This simply indicates that peak flows are less likely to backup than it might

first appear.

A backwater analysis has been completed for the downstream s’tbrm system for a
100-year storm event. This analysis estimates th_e hydraulic grade elevation at the
pond to be just less than elevation 60 feet, which leaves 1-foot of freeboard on-site
during a coincident peak 100-year flow for both Deer Creek and the site. There is

flushing velocity greater than 2 feet per second in the 30-inch pipe.

All on-site storm pipe flowing to the detention pond is 12-inch pipe with a %-
percent minimum slope. A worst case backwater calculation indicates that no
structures will overflow during a 100-year storm event. No overflow occurs in the
24<inch upstream storm main. See the last part of Appendix B for b.ackwater

calculations.

The biofiltration swale has been designed to be 8 feet wide and 200 feet fong. The
8 feet in width is the maximum required by City standards. Residence time has
been calculated to be 13 minutes, which exceeds the 9 minutes required. See

Appendix B for bioswale calculations.

5.0 ERosion CONTROL
Interceptor ditches with rock check dams have been provided. Silt fence is also in
place under the previously approved pre-load plans. The ditches and overland flow

is directed to the detention pond, which will function as a sediment pond until the

AHBL 8




site is stabilized. All existing erosion control measures are to be maintained until

the site is stabilized.

6.0 Combws:oms

The proposed project will provide mitigation of the stormwater impacts to the area.
The existing downstream drainage course will be replaced with a new tightlined
system to convey runoff from the project and other properties. The project itself
will not increase existing peak ‘ﬂows even beyond a 100-year storm event, since

detention with a controlled release will be constructed for runoff from the project.

AHBL, Inc.

Seabrook M. Schilt
Design Engineer

SMS/oeb

9424710c.rep
November 1995

AHBL
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Basin & Detention Pond Calculaiions
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Time of Concentration CaloulationTable

¢ . 042(nL 0% For Sheet
(VP:)(8.)+  Flow

L

For Other

~ 60(149/m)R75JSo Flows

*R not applicable to sheet flow (enter 0 for sheet flow)
R = 0.1 for shallow concentrated flow (after shest flow)
R = 0.2 for Intermittent Channel Flow (at the beginning of channels)
R = 0.4 for Channel Flow (continuous stream)

filename: STORM1.XLS 11/29/95 4:05 FM

See Basin Exhibits for TC Routes

(P2yn | Length Slope | Assumed | Roughness| Time, T
2.00 " L(fy | So (/) R* | n (minutes)
Existing Onsite V
Section 1 300 0.009 0 0.150 41.08
Section 2| 566 0.004 0.1 0.030 13.94
| ] TC| 550
Prop. Parking & Bldg. |(Onsite West)
Section 1 I 200 0010 | 0 0.011 3.52
Section 2| 700 0.005 0.4 0.012 2.45
| ' o TC| 6.0
Prop. Athletic Fields  |(Onsite East)
S_éction 1 300 0.010 0 0.150 39.38
Section 2| 270 0.012 0.1 0.012 1.54
' TC| 40.9
Upstream :
'Section 1 - 300 0.005 0 0.150 51.97
Section 2 900 0.005 0.1 0.012 7.93
‘ TC 59.9
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Time of Concentration Calculation Table
- 0.42(n,L)*® ’

T WP

*R not applicable to sheet flow (enter 0 for sheet flow)
R = 0.1 for shallow concentrated flow (after sheet flow)
R = 0.2 for lntermittén_t Channel Flow (at the beginning of channels)
R = 0.4 for Channel Flow (continuous stream)

For Sheet
Flow

L.

B For Other
"~ 60(L49/m)R%PSo Flows

See Basin Exhibits for TC Routes

Filename: STORMI1.XLS 11/28/95 4:12 PM

(P2yr) Length Slope | Assumed | Roughness| Time, T
2.00 " L) | So(ftht) | R n (minutes)
{Existing Onsite :
Section 1 300 0.009 0 0.150 41.08
Section 2 566 0.004 0.1 0.030 13.94
‘ ' o ' TC 55.0
Prop. Parking & Bldg. [(Onsite West)
Section 1| 200 0.010 0 0.011 3.52
Section 2 700 0.005 0.4 0.012 2.45
I TC| 6.0
Prop. Athletic Fields  |(Onsite East) ‘
Section 1 300 0.010 0 0.150 39.38
Section 2| 270 0.012 0.1 0.012 1.54
' ' ' TC| 40.9
Upstream
Section 1| 300 0.005 0 - 0.150 51.97
Section 2| 900 0.005 0.1 0.012 7.93
TC 59.9
Phase | Roof . - ;
Section 1} 100 0.010 0 0,150 16.35
Section 2 500 0.005 04 0.012 1.75
' ' TC 18.1
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BASIN SUMMARY

BASIN ID: A NAME: 2YROFFSITE

SBUH METHODOLOGY

TOTAL AREA.......: 28.70 Acres BASEFLOWS: 0.00 c¢fs

RAINFALL TYPE. .. .2 USERL PERVIOUS AREA

PRECIPITATION....:  2.00 inches AREA..:  25.00 Acres

TIME INTERVAL....: 10.00 nin CNeeost 89.00

TIME OF CONC.....: 59.90 min IMPERVIOUS AREA

ABSTRACTION COEFF: 0.20 AREA. .: 3.70 Acres

. CNoooso? 28.00

PEAK RATE: 4,04 cfs VOI: 2.69 Ac~ft TIME: 490 nmin

BASIN ID: B ‘NAME: 1O0YROFFSITE

SBUH METHODOLOGY

TOTAL AREA.......: 28,70 Acres BASEFLOWS: 0.00 cfs

RAINFALL TYPE....: USERL » PERVIOUS AREA

PRECIPITATION....: 2.90 inches AREA. .: 25.00 Acres

TIME INTERVAL. ..: 10.00 min CN. oot 89,00

TIME OF CONC,+v..% 59,90 nin IMPERVIOUS AREA

ABSTRACTION COEFF: 0.20 AREA..: 3.70 Acres
: CN.ooao? 98,00

PEAK RATE: 7.39 cfs VOL: 4,59 Ac-ft TIME: 490 min

BASIN ID: C NAME: 100YROFFSITE

SBUH METHODOLOGY

TOTAL AREA.......: 28.70 Acres BASEFLOWS: 0.00 cfs

RAINFALL TYPE....: USER1 PERVIOUS AREA

PRECIPITATION....:? 3.90 inches AREA. . 25.00 Acres

TIME INTERVAL..,.: 10.00 min CNuesoa? 89.00

TIME OF CONC.:oes2f 59.90 nmin IMPERVIQUS AREA

ABSTRACTION COEFF: 0.20 : AREA..:  3.70 Acres

| , CN....:  98.00
PEAK RATE: 11.32 cfs VOL: 6.82 Ac-ft TIME: 490 min



11/29/95 Adams, Hodsdon, Bessette & Lindsay Inc. page 2
' Cascade Christian School
BASIN SUMMARY
BASIN ib: b NAME: GMONTHONSITEW
SBUH METHODOLOGY , -
TOTAL AREA.cs000¢3 8.33 Acres BASEFLOWS: 0.00 cfs
RAINFALL TYPE....: USER1 PERVIOUS AREA )
PRECIPITATION. .. .3 1.28 inches ARFEA..: 0.50 Acres
TIME INTERVAL....? 10.00 min CNeeoos 89.00
TIME OF CONC..v00? 6.00 min IMPERVIOUS AREA
ABSTRACTION COBFF: 0.20 AREA..: 7.83 Acres
: ) ) ’ CN.G'C: 98.00
PEAK RATE: 2.35 cfs VOL: 0.71 Ac-ft TIME: 470 min
BASIN ID: B NAME: 2YRONSITEW
SBUH METHODOLOGY ,
TOTAL AREA. . veot 8.33 Acres BASEFLOWS: 0.00 cfs
RAINFALL TYPE....: USER1 PERVIOUS AREA
PRECIPITATION....: 2.00 inches AREA.; .: 0.50 Acres
TIME INTERVAL....: 10.00 nin CNeoso? 89.00
TIME OF CONC.....} 6.00 min IMPERVIOUS AREA
ABSTRACTION COEFF:  0.20 AREA. . : 7.83 Acres
’ ' - CN....: 98.00
PEAK RATE: 3.93 cfs VOL: 1.20 Ac~ft TIME: 470 nin
BASIN ID: F NAME: 10YRONSITEW
SBUH METHODOLOGY
TOTAL AREA.¢ceseat 8.33 Acres BASEFLOWS: 0.00 cfs
RATINFALL TYPE....: USERL1 PERVIOUS AREA
PRECIPITATION....: 2.90 inches . AREA..: 0.50 Acres
TIME INTERVAL....$ 10.00 nin CNuoeoot 89.00
TIME OF CONC.....:  6.00 nmin IMPERVIOUS AREA
ABSTRACTION COEFT: 0.20 AREA..: 7.83 Acres
, , CN....: 98.00
PEAK RATE: 5.89 c¢fs VOL: 1.82 Ac~ft TIME: 470 min



11/29/95 Adams, Hodsdon, Bessette & Lindsay Inc. page
' Cascade Christian School '
BASIN SUMMARY
BASIN ID: & NAME: 100YRONSITEW
SBUH METHODOLOGY
TOTAL AREA.......: 8.33 Acres BASEFLOWS:  0.00 cfs
RAINFALL TYPE....: USER1 PERVIOUS AREA
PRECIPITATION. ... 3:.90 inches AREA..: 0.50 Acres
TIME INTERVAL....: 10.00 min CN....t 89.00
TIME OF CONC.ossw? 6.00 min- IMPERVIOUS AREA
ABSTRACTION COEFF: 0.20 AREA. .: 7.83 Acres
CN....: 98.00
PEAK RATE: 8.06 cofs VOL: 2.51 Ac-ft TIME: 470 min
BASIN ID: H NAME: 6MONTHONITEE
SBUH METHODOILOGY
TOTAL AREA...+0048 8.75 Acres BASEFIOWS: 0.00 cfs
RAINFALL TYPE....: USER1 PERVIOUS AREA
PRECIPITATION....:  1.28 inches AREA..: 8.00 Acres
TIME INTERVAL....: 10.00 nmin CNisao? 89.00
TIME OF CONC,....: 40.90 nmin IMPERVIOUS AREA
ABSTRACTION COEFF: 0.20 AREA..: 0.75 Acres
CN....: 98.00
PEAK RATE: 0.58 cfs VOL: 0.38 Ac~ft TIME: 490 min
BASIN ID: I NAME: 2YRONSITEE
SBUH METHODOLOGY L L _
TOTAL AREA.ciovaot 8.75 Acres- BASEFLOWS: 0.00 cfs
RAINFALL TYPE....: USER1 PERVIOUS AREA
PRECIPITATION...,: 2.00 inches AREA, . 8.00 Acres
TIME INTERVAL....: 10.00 min CN.veos 89.00
TIME OF CONC..oe.et 40.90 min IMPERVIOUS AREA
ABSTRACTION COEFF: 0.20 AREA..: 0.75 Acres
’ CN....: 98,00
PEAK RATE: 1.41 cfs VOL: 0.80 Ac~ft TIME: 490 min



11/29/95 Adams, Hodsdon, Bessette & Lindsay Inc. page
Cascade Christian School

BASIN SUMMARY

BASIN Ib: J NAME: 10YRONSITEE

SBUH METHODOLOGY o

TOTAL AREA:evosoos 8.75 Acres BASEFLOWS: 0.00 cfs

RAINFALL TYPE., ... USERL PERVIOUS AREA

PRECIPITATION....: 2.90 inches AREA, . : 8.00 Acres

TIME INTERVAL....$ 10,00 min CNeooos 8¢9.00

TIME OF CONC.....: 40.90 min IMPERVIOUS AREA

ABSTRACTION CODFF' 0.20 AREA..: 0.75 Acres

CN.oosos 08.00

PEAK RATE: 2,60 cfs VOL: 1.37 Ac=ft TIME: 480 min

BASIN ID: K NAME: 100YRONSITEE

SBUH METHODOLOGY ,

TOTAL AREA: o4 ovss? 8.75 Acres BASEFLOWS: 0.00 cfs

RAINFALL TYPE....: USER1 PERVIOUS AREA

PRECIPITATION....: 3.90 inches AREA. .: 8.00 Acres

TIME INTERVAL....: 10.00 nin CN....: 89.00

TIME OF CONC.....: 40.90 nmin IMPERVIOUS AREA

ABSTRACTION COEFF: 0.20 AREA, .: 0.75 Acres
‘ _ , A ‘ CN.ves.t 98.00

PEAK RATE: 4,02 cfs VOL: 2.05 Ac~-ft TIME: 480 nin

BASIN ID: L NAME: 100 YR 12~-INCH CONVEY CHECK

SBUH METHODOLOGY

TOTAL AREA, ¢, 0e048 2.70 Acres BASEFLOWS: 0.00 cfs

RATINFALL TYPE....: USER1 PERVIOUS AREA

PRECIPITATION,...: 3.90 inches AREA. .: 0.20 Acres

TIME INTERVAL....: 10.00 nin CN....: 89.00

TIME OF CONC.....: 6.00 min IMPERVIOUS AREA

ABSTRACTION COEFF: 0.20 AREA. .: 2.50 Acres

CNQ..'Q: 98.00
PEAK RATE: 2.60 cfs VOL: 0.81 Ac—-ft TIME: 470 min
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STACE STORAGE TABLE

CUSTOM STORAGE ID No. s
Description:

STAGE <----STORAGE->==>  STAGE <-~-~STORAGE----> STAGE <----STORAGE---->
(ft) ~==cf-an == Ac-Ft-  (ft) ~--cf--- -- Ac-Ft-  (ft) =--cf--- - Ac-Ft-

STAGE <--+=STORAGE-~-->

57;00 0.0000 0.0000 57.80 9886 0.2269 58.60 28972 0.6651
57.10 1236 0.0284  57.90 11121 0.2553 58.70 31742 0.7287
57.20 2471 0.0567  58.00 12357 0.2837  58.80 34511 0.7923

57.30 3707 0.0851 58.10 15126 0.3473  58.90 37280 0.8558 -

57.40 4943 0.1135  58.20 17895 0.4108  59.00 40049 0.9194
57.50 6178 0.1418  58.30 20665 0.4744  59.10 43401 0.9963
57.60 7414 0.1702  58.40 23434 0.5380  59.20 46752 1.0733
T 57.70 8650 0.1986  58.50 26203 0.6015  59.30 50103 1.1502

50.40 53454 1.2271
59.50 56805 1.3041
59,60 60156 1.3810
59.70 63507 1.4579
59.80 66858 1.5349
59.90 70210 1.6118
60.00 73561 1.6887
60.00 73561 1.6887
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Detention Pond Sizing Calculations

Adans,; Hodsdon, Bessette & DLindsay Inc. page
Cascade Christian School

3

MULTIPLE ORIFICE

Description:
Outlet Elev:
BElev:
Elev:

STAGE <--DISCHARGE--=->

57.00 ft
58.50 ft

STAGE DISCHARGE TABLE

ID No.

57.00
Orifice Diameter:
Orifice 2 Diameter:

STAGE  <--DISCHARGE--->

STAGE  <--DISCHARGE--->

5.8900 in.
8.0000 in.

STAGE <--DISCHARGE--->

(ft) ~--cfg-= -m=x- (ft) ---cfses ~ovooan (ft) ---cfsm= ~=voee- (ft) ---cfses ~m=--ae
57.00  0.0000 57.80  0.8420 58.60  1.7401 59.40  3.1061

57.10  0.2977 57.90  0.8931 58,70  2.0042 59.50  3.2253

57.20  0.4210 58.00  0.9414 58.80 2.2143 59.60  3.3396

57.30  0.5156 58.10  0.9874 58.90  2.3961 59.70  3.4495

57,406 0.5954 58.20 1.0313 59,00  2.5595 59.80 3.5556

57.50  0.6657 58.30  1.0734 59.10  2.7096 59.90  3.6582

57.60  0.7292 58.40  1.1139 59.20  2.8495 60.00 3.7577

57.70  0.7877 58.50  1.1530 59.30  2.9812
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Adams, Hodsdon, Bessette & Lindsay Inc.
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LEVEL, POOL TABLE SUMMARY

Smmemmman DESCRIPTION-»~--~-=- > (cfs)

MATCH INFLOW -STO- -DIS- <-PEAK->  STORAGE

6 HONTH vevencveenoncencannnss

2 YEAR wecncessnsanesssnnanens
10 YEAR cuvvvrvinvainnccensnne
100 YEAR vevvvevnvoenaneninean

0,00
0.00
0.00
0.00

2.85
5.21
8.30
1.79

oo o T

57.74 16 9088.05 cf
58.43 17 24304,99 cf
58.86 18 36182.14 cf
59.46 19 55461.12 cf
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HYDROGRAPH SUMMARY

PEAK TIME VOLUME
HYD RUNOFF OF OF Contrib
NUM RATE PEAK HYDRO Area
cfs min. cf\AcFt Acres
1 4.041 490 117119 ef 28.702yr // }«’
2 7.387 490 200071 cf 28.70 |Gyr | LPS shecsion <5170
3 11.321 500 296915 cf 28.70 100yF._
4 2,349 470 31094 cf 8.33 G iohth
5 3.928 470 52298 cf 8.332 yr (\m,[w, Lot § : B LA0GS,
6 5.890 470 79137 cf 8.3316yr
7 8.058 470 109134 cf 8.33 jooyr :
8 0.576 490 16550 cf 8. 75@,,,01/4
9 1.406 490 34683 cf 8.752 Srbhedi e lofs
] 10 2.604 480 59818 cf 8.751 ve |
A ¥ 11 4.021 480 89238 cf 8. 75100y
Gt = 12 2.852 480 47644 cf 17.08 Graohti] / 4
&4 G 513 5.209 480 86981 cf 17.08 2y | c/mbmecq/ levetape
Lo =14 8.296 480 138955 cf 17.08 1oyr 519 ( Hydres a-ef/f’/ )
el 15 11.794 480 198372 cf - 17.08 laryr]
' 16 0.810 660 47644 cf 17,08 Cmontn ] L ihee Ao
17 1.130 790 86981 cf 17.08 270 | Coatrol Steuehuc clseh
18 2.328 650 138955 cf 17.08 10yr
19 3.183 660 198372 cf 17.08 1629 «
gy /4F 20 43,7980 520 495287 cf 45,78

R /
(oo plela ( Joves 'jt? ({mwn*"ﬁ {e’f’ef‘ »’wf Ripin
J’AC[};O{PS‘ e a/m sedf 5 /(\ mv?/ q/} & ‘j‘r(”r]fl; drEgs

\ / - o e
Thiz  Flowe wse ér doveasrlreaen  [3, cales,

Mot .
The G penth Slorm iy ram{xf Joo Shows +heit )
“he qu?/ e Gyt /‘J}f "??é‘ff”) Aoes 1’?(9} éﬁ("/ﬂ"/g ¥

&

/ 'A & é? 1DE\<AlE,
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Bioswale and Backwater Calculations
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Size Biofiltration SWaIe

|INote:
[IAll bold numbers are entered directly and this computer spreadsheet calculates the rest.
Bioswale Storm

S.C.S Type-1A Distribution 6  Month 24 Hour Storm
Total Precipitation 1,28 inches

‘Time of Concentration 6.0  minutes

Pervious area 0.50 acres CN= 89
Impervious area  7.83  acres CN= 98
Peak flow= 235 cfs B

Flow (Q2) 235 |cfs ,

slope (s) 0.50% |(bottom slope for for biofiltration design)

depth (y) 1 0.25 | , ' |

Mannings n 0.2 |ear Co ‘l;? Reg niremea”

Sides (z) 4 '

Actual Length | 200 |ft. (desired length is 200 ft.)

Required bottom width (b) calculation
Q = (149/n)x Ax R*’x\fS (mannings equation)
A = (b+2zy)y (Fig. 4.3.7E common sections)
R = A/(b+2yJ1+22) (Fig. 4.3.7E common sections)
Q = (149/m) x [(b + zy)yl x [b+zy)y / b + 2y(1+ 22 )’ xS

All variables in the aiaove equation are given except "b"

"b" is solved for using a computer spreadsheet function to obtain
a trail and error solution of b = | 44.21 |feet, for a desired length of 200 feet.
check @ = 2349 cfs, OK same as given

max bottom required ={8.0 ft.

Velogity Check |

- Flow | mannings | SLOPE | Velocity} flow Q
Depth n fU/ft fps | cfs
0.25 0.2 0.005  0.25 0.57

Residence Time 13.1 mins.

Cales. by SAMS v A
Filename GENERALXLS Tab BIOSWALE 11/3/95 5:00 PM
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page

/""
qudrauhc Gradell
<<FROM=> <"T0“> <FLOVW>

REACH SUMMARY

ﬁor Reach H1 COOW/‘» 5‘71”6’.@3."3

floss Ent_HGL Entloss Extloss

30" phoc. )

Qutlet

inlet Appliead Bndiead Junilead Headdtr -cb/mh-

----------------- cfs -loss- ~Elev-- --loss- --loss- --Elev- --Elev- --loss- --loss- ~--loss- ~-Elev- --Rim--
EX 13{3‘!’ dowﬂ‘flﬂi"“ﬂ Flae N‘,{‘(&Zo;‘;\'"w;;é Cgace/c is?m
€819 EX ST, 13.80) 0.06 57.06 0.06 0.12 57.24 56.9 0.12 A 57.28
€832 cB19  13.80 0.21 57.50 0.06 0,12 57.68 55.29  0.12 0,16 o.oo 57.72
c831 €832 13.80 0.37 58.09 0,06 0.12 58.27 55.82 0.12  0.06  0.00 58.15
€830 €831 13.80 0.25 58.39 0.06 0.12 58.58 546,18 0.12 0.00 0.00 58.46
£B29 B30 13.80 0.24 58.70 0.06 0.12 58.88 56.54 0.12  0.14  0.00 58.91
cB28 ©829 13.80 0.29 59.19 0.06 0,12 59.38 56.96 0.12 0,16 0,00 59.42
€825 cB28 13.80 0.34 59.76 0.06 0.12 59.95 57.46 0.20 0,09  0.03 59.86
Network Reach L1
REACH <“AREA> <-DIA> LENGTH SLOPE <n > DSGN Q % PIPE Ndepth %Depth Vact Vfull C_Arca
10 (AG)  (ft) (Ft)  ft/ft =----= (cfs) =-=-=- (ft) ~------ (fps)  (fps)

P10 45,78 2.50 359.68 0.0014 0.0120 13.80 77.2% 1.74 69.58 3.78  3.74

P1t  45.78 2.50  299.15 0.0014 0.0120 13.80 76.83 1.73 69.32 3.80 3.75

P12  45.78 2.50 254.52 0.0014 0.0120 13.80 76.55 1.73 69.12 3.81  3.77

P14 45.78 2.50 255.51 0.0014 0.0120 13.80 76.70 1.73 69.22 3.8t 3.76

P15 45,78 2.50 380.95 0.0014 0.0120 13.80 77:18 1.74 69.55 3.79 3.74

P16 45.78 2.50 222.24 0.0014 0.0120 13.80 77.08 1.74 69.49 3.79 3.7

PI7  45.78 2.50  61.77 0.0039 0.0120 13.80 46.18 1.25 50.19 5.65 6.25



12} 4795 Adang, Hodsdon, Beéessette & Lindsay an. page L
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' REACH SUMMARY

!lydraulic Gradetine for Reach H24 .?, /'2*% JLF Cefewn Starm h.r‘u;';’..
<-FROM-> <--TO--> <FLOW> floss Ent_HGL EntlLoss Extloss Outlet Inlet AppHead Bndliead Juniiead Headdtr -éb/mh-

----------- wwe== ¢fs -loss- -Elev-- --toss- --toss- --Elev: --Elev- --loss- --loss- --loss- --Elev- --Rim--

£825 ‘ 59.86

es27 €825 11.32 0.08 59.94 0.10 0.20 60.25 57.54 0.20 0.07 0.00 60.1%) 100, CfO

€835 £B27 11.32 0.89 61.01 0.10  0.20 61.3t 58.09 0.20 0.07 0.00 61.18 j/

EX1 €835 .32 0.60 61.78 0.10  0.20 62.08 58.46 0.00 0,00 0.00 62.084 /0
le(f) L’?V

SEE Plan

Hetwork Reach L24
REACH <-AREA> <-DIA>  LENGTH SLOPE < n > DSGH Q % PIPE lidepth %0epth  Vact  Vfull C_Area
1D (Ac)  (fR) ¢fty ft/ft ---~-- (cfs) ------ (ft) ------ ¢fps)  (fps)

P18‘ 28.70 2.00 280,56 0.0013 0.0120 11,32 >=100% Pressure flow 3.60 3.14
P19  28.70 2,00 421.63 0.0013 0.0120 11.32 >=100% Pressure flow 3.60  3.12
p20 28.70 2.00 39.69 0.0015 0.0120  11.32 >=100% Pressure flow 3.60 3.36
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REACH SUMMARY

) : , / s s
Hydraulic Gradeline for Reach 12 Mafn } 2.7 onsi /¢, Cyﬂa&fﬁﬁﬁﬁ) :
<-FROM-> <=-TO--> <FLOU> floss Ent_HGL EntLoss ExtLoss Outltet Inlet AppHead Bndiead Junilead HeadWtr -cbfmh-

---------------- cfs -loss- -Eley-- --loss- --loss- --Elev- --Elev- --loss- --loss~ --loss- --Elev- --Rim--
cBt 59.86

£B2 cB1 2.60 0.46 60.32 0.09 0,47 60.58 60.04 0.17 0,08  0.00 60.48 63.52
€84 cB2 2.60  1.20 61.81  0.09 0.17 62.07 6148  0.17  0.00 0.00 61.90 63.06
ca5 €84 2.60 0.55 62.46 0.09 0.17 62.71 62.11 0.7  0.23  0.00 62.77 63.69
€86 €85 2.60  0.55 63,32 0,09 0.17 6357 62.72 0.17 0,06 0.00 63.44 64.30
cB7 tB6 2.60 0.30 63.74 0,09 0.17 64,00 63.05 0.00 0.00 0.00 64.00 64.63

Metwork Reach L12
REACH <-AR$A> <-DIA> LENGTH SLOPE < n > DSGH Q % PIPE Hdepth %0Depth Vact Vfull €_Area
1D (Ac)  (f) (FE)  ft/ft -=---~ (cfs) ==vre- (ft) =om-e- (fps)  (fps)

¢87  2.70 1.00  66.07 0.0050 0.0120  2.60 88.46 0.78 77.95 3.96 3.8
cB6 2,70 1.00 121.664 0.0050 0.0120 2.60 88,28 0.78 77.78 3.97 3.85
c85 2.70 1.00 126.07 0.0050 0.0120  2.60 88,44 0.78 77.91 3.96  3.85
CB4 2.70 1.00 287.93 0.0050 0.0120  2.60 88.40 0.78 77.88 3.97  3.85
€82  2.70 1.00  98.25 0.0059 0.0120  2.60 B81.37 0.72 72.49 4.27  4.18



Calculations for slope and velocity
Q = 1.486/nxR**x §"*

Bold Numbers entered directly

PipeDia. (D) 30.00" | 24.00" | 12.00" |

Manning'sn (n)| 0.012 0.012 0.012

Slope )| 0.14% 0.13% 0.50%

Depth w 1.74' 1.92 077 |

Qactual - 13.79 ¢fs | 9.47 cfs | 2.58 ¢fs

Vactual 3.79¢cfs | 3.06 cf§ | 3.95¢fs

‘ . P9 ns e s o
QFull) Ti663cis | Bo4ch | 27566 |- 12" ansl fe conveydncs
V(Full) 3.39 ofs | 2.81<fs | 3.47 ofs- G FRE C) g

Lps

7\ AP
20 ¢ Aown stream 5

< ¥ % ;J(’ Y

Profect: 94322.10 Les Schwab, calcs, by SMS

“ = q »L A -
f‘?,dé‘” @'f’:\'{%l }»(‘ M(J.?f'\‘»’ (‘\c’..@(l ?

Noe-

head cond 17109

e f;',im'rm‘(ﬁﬁi {or 100ve4C

Caewea g,

J

C.

T

Filename GENERAL XLS Tab Pipé Flows 11/29/95 3:53 PM

5 cie. /i.\'z.n:'g. JICP ¢ g /C,



Roof Area Phase I BLDG.

Cascade Christian School

S.C.S Type-1A Distribution 100 Year 24 Hour Storm

Total Precipitation 3.90 inches

Time of Concentration 18.1 minutes

Pervious area 0.00 acres CN= 85
Impervious area 1,28 acres CN= 98

Total 128 T
Peak flow= 1.03 cfs Total Volume 16900 cf

Filename HYDS-TC.XLS 11/29/95 4:14 PA{
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Ses footnotes at end of table.

PIERCE COUNTY AREA, WASHINGTON 121
TABLE 11,~=PHYSICAL AND CHEMICAL PROPERTIES OF SOILS
[The symbo} < means less than; > means greater than. The erosion tolerance faetor (1) is for the
entire profile. Absence or an entry means data vere not estimated)
: g Available Shrink- {__Risk of corrosion Erosion
Soil name and Depth} Permea-~ water Soil swell | Uncoated | Lors__
rap symbol . bility capacity reaction | potential steel Concrete T
In in/hr . I_nﬂ_n.' pH '
Alderwood: ] o
1B, 1€, 1Dmmrmmimcn 07 0.6-2.0 {0.07~0.11 | 5,6-6.0 {[LOWwerrm= - Hoderdte Hoderate 0.20 2
7-38 | 0.6~2.0 {0.07-0.11 { 5.6-6.0 }[LOWwwmmran Moderate Hoderate 0,20
38.60 —— ———— B £ e 1 o e e -
Aquic Xerofluvents: )
2Arie st 0-60 Ly LR - —— rerrrermnsamiar | verene —-——era
Barneston: ] . i .
3B, 3C, 3D, 3E«w-w| 0-13 | _6.0-20 0.06-0.08 [<U.5-5,5 [LOWmwrmuun Moderate |[Hoderate 0.15 1
13~60 520 0.03-0.05 6-6.0  JLOWwmmmmr- [ T R LOWmmrmmeerame 0.10
Bellinghanm: o ) ! .
HAm - 0-4 10.06-0.2 ' §0.20-0.24 | 5.1%6,5 |Highwrm=wn Highammmsm Hoderate e e
-} 4-60 }0.06-0.2 0,20-~0.24 5.6-7.3 lHighmrewwu~ HighmwawwalHoderate -
Bow: : i
5B, 5C, 5Dmemmecmimal 0.7 0.2-0.6 [0.19-0.21 | 5.6-6.5 [Moderate [High~-——c- Moderate 0.28 5
. 7~26 10.06-0.2 10,16-0.18 | 5.6-6.0 [High-=mna- Higherivmmm |Hoderate o.24 |
26~60 }0.06-0.2 [0.05-0.08 | 6.1-6.5 |LOW-~rmmsmn Moderate Hoderate 0.24
¢
Briscot: ommee. ‘ » ' B ‘
Ammmmimrneiiemnnion] 0211 | 0.6-2.0 }0,20~0.24 | 5.6-6.5 ]LOoWetmrnn= Bigheeemmn ‘IModerate —— ———
- 11-60 | 0.2-0.6 [0.16~0.20 } 6.1-7.3 |LOWwwwwn~n|Hoderate-~{Moderate -
Briscot variant: ‘ ) B B ) o
~~~~~~~~~~~~~~~~~~ 0-13 1.2.0-6.0 }0.15-0.19 | 5.6~6.0 [LOW=nw~wn~|{Moderate [Moderate ——— -
13-58 | 0.6-2.0 10.08-0.12 } 5.6-6.0 |}LOWmwrrrmn Moderate |Moderate N
| 54-60 - 320 0.03-0.05 | 5.6~6.0 [LOW~~~~~~~{Hoderate [Moderate -
Buckley: o ] :
g LT S, 0-10 0.6-2.0 0.,20-0.24 5.6-6.0 LoWremnmas 'Highw—rr--lHoderate o o
. £10-60 [0.06~0.2 0.12-0, 14 5.6=6.5 Low ~|High Moderate e
Chehalis: , L
GAmm e e weel 0-17 } 0,6-2.0 0.19~0.21 | 6.1+7.3 |LOW~=ummen Hoderate |[LoWmemmwwn oo e
[17-55 | 0.2-0.6 ]0.19-0.21 | 6.1-7T.3 [LOW~smnmrwm Moderate [LoWamammm i
55-63 0.2+0.6 0.15-0.21 «1-7.3 LoH=nwanaalModerate LoWmmmimica] wme 3
. ] i ' :
‘Cinebar: o s o ) ;
10c, 10D, 10E ————— 0-14 | 0.6-2.0 0.18~0.25 | 6.16.5 |LOW-rerarmeme Hoderate~~|Highw~wew~u| 0.28 5
14-60 | 0.6~2.0 |o, 19~0 25 | 5.6-6.0 {LOW~cmmwm= Hoderate [Moderate | 0.55
Coastul beaches: ; '
114,
Dupont ' . ‘
12R=mmmrariacem e ===l 072 | 0.2-0.6 10.19-0.21 { 4.5<5.5 |LOW~wrimen Hilgh High- — ——
Everett: v _ .
13B, 13C, 13D~wrwn 0-8 R 0~20 0.08-0.12 | 5.6-6.0 LOoW=rm~nn<lHoderate Hoderate 0.7 {1 2
8-19 | 6.0-20 0.05-0.08 | 5.6~6.0 [LOW=narmmn Moderate |[Moderate 0.10
19-60 >20 0.02-0.05 | 5.6-6.0 [LOW-—rwemmnr Hoderate [Hoderate 0.10
L L -~ 0-8 | 6.0-20 0.08-0.10 } 5.6-6.0 !LOW-=~—-=~|Hoderate [Hoderate 0,17 5
8-~20 | 6.0-20 0.06-0,08 | 5,6-6.0 JLOW~—rwmm= Moderate [Hoderate 0.10
120-60 >20 0.04-0,06 | 5.6-6,0 [LOWmwmsmman= LOW=mmmeemes Hoderate 0.10
Greenwater; ) ) 2
15h e e 0-19 | 2.0-6.0 [0.06~0.08 | 5,6-6,0 [LOWwrrmmmnn= Moderate [Moderate - ———
‘ 19-61 | 0.6-2,0 10,05-0.07 | 5.6-6.0 |LOWwmmwnu ~|Hoderate [Moderate ———
Harstine: ) ;
168, 16C, 16D, 16E 3?-23 1 0.6-2.0 [0,07-0.09 | 5.1+6.0 (LOW~mr=nunm Hoderate [Moderate 0.20°}F 2
Hydraquents' g i ) ’ T R S R A T
TThw e a e 0-60 —— - - - I JOTS P ———— ———




PIERCE COUNTY AREA, WASHINGTON . 51

structure; hard, firm, very sticky and plastie; common finé to medi-
um roots; few very fine porés; less than 5 percent gravel; medium
acid (pH 65.8); clear smooth boundary. (3 to 7 inches thick)

B&A—T to 26 inches; the A2 portlon of the horizon is dark grayish
brown (10YR 4/2) silty clay loam, occupies 10 to 15 percent of the
Jorizon, and fs 1 to 8 millimeters wide on ped surfaces. The B por-
tion is grayish brown (26YR 5/2) slity clay and light brownish gray
(25YR 7/2) clay; many medium prominent strong brown (7.5YR b5/6)
mottles; moderate fine subangular blocky structure parting to
moderate very thin platy; very hard, firm, very sticky and plastic;
few very fine roots along vertical ped faces; few very fine and fine
pores; thick continuous clay films in pores; less than 5 percent
grac;l):l medium acid (pH 5.8); clear wavy boundary. (10 to 20 inches
thi

-B2tg—26 to 84 inches; grayish brown (25Y 5/2) sandy clay, light gray
(25Y 7/2) dry; many medium prominent strong brown (75YR 5/6)
mottles along horizontal planes; massive; very hard, firm, sticky and
plastic; few very fine roots; patehy elay films; shghtly acid (pH 6.2);
gradual wavy boundary. (7 to 10 inches thick)

11G—24 to 60 inches; dark grayish brown (10YR 4/2). gravelly loam,
light brownish gray (10YR 6/2) dry; massive; very hard, friable,
slightly sticky and slightly p)astxc, 15 to 25 percent gravel; slightly
acid (pH 6.2).

Coarse fragments make up less than 15 percent of the uppet part of
the profile and from 15 to 25 percent of the lower part.

The A1 horizon has value of 2 or 8 moist, 4 through 6 dry, and chroma
of 2 or 3. It is silt loam, loam, or clay loam. The A2 horizon has value of
8 or 4 moist, 6 or 7 dry; and- chroma of ‘1 or 2 moist or dry. It is silt
loam, clay loam, ér silty .clay loam. The B&A: horizon is mottled with
strong brown and yellowish brown. The B portion has hue of 10YR or
25Y and value of 4 or & moist and 6 throigh 8 dry. It is silty clay or
clay. The B2tg horizon has hie of 25Y or 10YR and value of 5 through
8 dry. The B2tg horizon has strong brown or yellowish brown mottles. It
is sandy elay loam, sandy clay, or silty clay loam. The YIC horizon has
colors similar to those of the B horizon. It is loam, sty elay loam, sandy
clay, or silty clay.

}:'Briscbt series sswemmo
The Briscot series consists of somewhat poorly drained
soils that formed in alluvium. Briscot soils are on flood
plains of the Puyallup and Stuck River valleys. Slopes are
0 to 2 percent. The 1nean annual precipitation is 85 to 50
inches, and the mean annual air tempexature is about 50

degrees .

_ Typical pedon of Briscot loam, 1,320 feet east and 948
feet north of the southwest corner of section 80, T.'20 N,,
Apl—0 to 6 inches; dark brown (10YR 8/3) loam, brown (10YR §/8) dry;
weak very fine and fine subangular blocky structure; slightly hard,
friable; nonsticky and slightly plastic; common roots; medium acid

(pH 60), clear smooth bcundary (6 to 8 inches thick)
Ap2—6 to 11 inches; dark brown (10YR 4/3) loam, brown (10YR 5/3)

dry; moderate ‘mediuni subangular blocky structure; slightly hard, -

friable, nonsticky and slightly plastic; common roots; few very fine
pores; slightly acid (pH 6.2); abrupt smooth boundary (4 to 6 inches
thick)

Clg—11 to 16 inches, dark grayish brown (10YR 4/2) fine sandy loam,
grayish brown (10YR 5/2) ‘dry; common fine distinet yellowish ved
(8YR 4/6) mottles; wesk medium subangular blocky structure; soft,
very friable, nonsticky and shghtly plastic; edmmon roots; few very
fine pores; slightly acid (pH 6.2); abript smooth boundary. (4 to 6
inches thick)

C2g—15 to 29 inches; dark grayish brown (10YR 4/2) silt Toam, pale
brown (10YR 6/3) dry; common fine distinct yellowish red (SYR 4/6)
raottles; moderate medium subangular b!ocky structure; hard, firm,
sticky and plastic; few roots; many very fine and few fine pores;

moderately thick dark reddish brown (SYR 3/8) silt deposits in
pores; slightly acid (pH 6.4); abrupt smooth boundary. (14 to 16
inches thick) .

C3g—29 to 38 inches; very dark grayish brown (10YR 8/2) medium
‘sand, grayish brown (10YR 5/2) dry; commen fine distinet yellowish
red (BYR 4/6) mottles; single grained; loose, very friable, nonsticky
and nonplastic; very few roots; neutral (pH 68); abrupt smooth
boundary. (8 to 10 inches hick)

Cdg—88 to b8 Inches; gray (10YR 5/1) silty clay loam, light gray (10YR
712y dry; common fine distinct yel]owish red (5YR 4/6) and yel-
lowish brown (10YR 5/6) mottles; massive; very ‘hard, very firm,
very sticky and very plastic; common very fine and few fine pores;
thick dark reddish brown (YR 8/4) silty deposits in pores; neutral
(pH 6.8); abrupt smooth boundary. (18 to 22 inches thick)

CBg—58 to 65 inches; very dark grayish brown (10YR 8/2) sand, grayish
brown (10YR 5/2) dry; common fine distinet yellowish red (5YR 4/6)
mottles; single grained; loose, very friable, nonsticky and nonplastic;
slightly acid (pH 6.4).

“The Ap horizon has chroma of 2 or 3 moist or dry and is loani or very
fine sandy loam. It has granular or blocky structure, The C horizon has
value of 8 through & moist end b6 through 7 dry. HMottles range in hue
from 2BYR through 1I0YR and in chroma from 2 to 6, The € horizon
may contain layers of loamy fine sand, very fine sand, loam, and silty

_clay in the upper part.

Briscot variant

¢ The ancot variant consists of moderately well drained
soils that formed in salluvium. These soils are on flood
plains along South Prairie and Ohop Creeks: Slopes range
from 0 to 8 percent. The mean annual precxpztatlon is 85
to 50 inches, and the mean annual air temperature is
about 50 degrees F.

Typical pedon of Briscot loam, variant, 2,895 feet west
and 1,862 feet south of northwest corner of section 23, T.
19N, R.5E.:

Ap—0 to 6 inches; dark brown (10YR 8/3) loam, brown (10¥R &/8) dry;
moderate medium granular structure; hard, friable, slightly aticky
and slightly plastic; thany fine and very fine roots; medium acld (pH
6.8); clear smooth boundary. (6 to 9 inghes thick)

AC—6 to 18 inchies; dark brown (10YR 3/3) loam, brown (10Y R 5/8) dry;

- moderate finé and medium subangular blocky structure; hard, fria-
ble, slightly sticky -and slightly plastic; many fine and very fine
roots; very few medium pores; medium acld (pH 6.8); clear smooth
boundaxy (4 to 8 inches thick)

C1—18 to 82 inches; dark yellowish brown (10YR 3/4) sandy loam, yel-
lowish brown (10YR b/4) dry; massive; soft, friable, slightly sticky
and slightly plastic; common very fine roots; common fine and few
medium pores; meditim acid (pH 6.0); abrupt smooth boundary. s
to 22 inches thick)

282 to 36 inches; brown (10YR 4/3) sand, pale brown (10YR 6/3) diy;
single grained; loose; few very fine roots; medium acid (pH 6.0);
abrupt smooth boundary. (3 to 5 inches thick) B

C3—36 to 64 inches; dark gray (10YR 4/1) fine sandy loam, light
brownish gray (10YR 6/2) dry; -common medium prominent yel-
lowish red (YR 4/6) mottles; massivé; soft, friable, slightly sticky
and slightly plastie; very few very fine roots; common fine pores;
medium acid (pH 6.0); abrupt smooth boundary (10 to 22 inches
thick)

C4—54 to 60 inches. dark gray (10YR 4/1) very gravelly sand, gray
(10YR 6/1) dry; single grained; ioose, nonsticky; meditm aeid (pH
6.0).

The Ap and AC honzons have chroma of 2 or 8 moist or dry and are
loam or sandy loam. The C horizon has chroma of 1 to 4 moist or dry. In
aome pedons the lower part of the C horizon is coarse sand. Reaction is
medium acid to slightly acid.




STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BASIN

Table II-1.6 Hydrologic Soil Groups fos Soils in the Puget Sound Basin

Hydrologic Soil Hydrologic Soil

Soil Type Group Seil Type Group
Agnew (s} Colter C
Ahl B . Custer ND
Aits c Dabob ND
Alderwood c | Delphi D
Arents, Alderwood B Dick. ND
Arents, Everelt B Pimal D
Athos B Dupont D
Baldhilt B Earimont c
Barneston c Edgewick c
Baumgard B ‘Eld B
Beausite B Elwell B
Belfast c | Esquatzel B
Bellingham D | Everent A
Bellingham variant C Everton D
Boistfort B . Galvin D
Bow D Getchell A
Briscot D e} Giles B
Buckley c | Godfrey D
Bunker B Greenwater A
Cigey C . Grove (o}
Carsborg ND | Harstine c
Carcy ND Hartnit ND
Causolary o] - Hoh ND
Catheart B Hoke ND
Centralia B Hoodsport ND
Chehalis B Hoogdat Cc
Chessw A Hoypus ND
Cioebar B | Huel ND
Chllam led Indianola ND
Clayton B Jonas B
Coastal beaches vatisble Jumpo ND
Kapowsin ciD | Kalaloch cC
Kawla c Renton D
Kilchis c Republic B
Kitsap [} Riverwash variable
Klsus ND Rober C
Klone ND Salal c
Lates c Salkum B
Ecbam B Sammamish D
Lummi ND San Juan ND
Lynnwood ND | Scamman D
Lystair ND | Schncider B
Mal ) E Seaule D
Manley B | Sckiu ND
Mashel B Semiahmoo D
Maytown c Shalear b
McKenna D ‘Shano B
McMurray ND Shelton C
Mclboumne B Si c
Menze! ND [ Sinclair c
Mixed Alluvial variable Skipopa D
Molson B Skykomish B
Mukilteo c/D Snshopish ND
Naff B Snohomish D
Nargar A Soldue B .
Natiopal . ND Solleks ND
Neilton A “} Spana D

FEBRUARY, 1992




STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BASIN

Table 1II-1.3 S€S Western Washington Runoff Curve Numbers
(Published by SCS in 1982) Runoff cui¥ve numbers for selected agricultural,
suburban and urban
land use for Type 1A ra;nfall distribution, 24~hout storm duration.

LAND USE DESCRIPTION kCURVE NUMBERS BY 65~ﬁ
HYDROLOGIC SOIL GROUP (I
A B c D’
Cultivated land(l): . .winter condition 86 91 94 95
Mountain open areas: low growing brush & grasslands 74 82 89 92
Meadow or pasture: » | 65 78 85 (B
Wood or forest land: undisturbed 42 64 76 81
Wood or forest land: young second growth or brush 55 72 81 86
Orchard: . with cover crop | -81 88 92 94
Open spacee, lawns, parks, golf courses, cemeteries,
landscaping. i )
Good condition: grags cover on :75% of the 68 80 86 90
area -
Fair ¢ondition: grass cover on 50-75% of 77 85 90 92
the area :

Gravel roads & parking lots: 76 85 89 91
Dirt roads & parklng lots: 72 82 87 89

Impervious surfaces, pavement, roofs etc. 98 98 98 98
Open water bodies: lakes, wetlands, ponds etc. | 100 100 100 100
Single family residential(2):
Dwelling Unit/Gross Acre $Impervious(3) Separate cuxrve number
1.0 pu/ea 15 - shall be selected for
1.5 DU/GA 20 | pervious & impervious
2.0 pu/Ga 25 | portions of the site
2.5 DU/GA 30 or basin
3.0 DU/GA 34
3.5 DU/GA 38
4.0 bU/Ga 42
4.5 DU/GA - 46
- 5.0 DU/GA 48
5.5 DU/GA 50
6.0 DU/GA 52
6.5 DU/GA 54
7.0 DU/GA 56
PUD's, condos, apartments, simpervious
commercial businesses & must be
industxial areas computed

(1) For a more detailed description of agricultural land use curve numbers refer
to National Engineering Handbook, Sec. 4, Hydxology, Chapter 9, Rugust 1972.
{2) Assumes roof and driveway runoff is directed into street/storm system.
{(3) The remaining pervious areas {lawn) are considered to be in good
condition for these curve numbers.

‘III-1-12 FEBRUARY, 1992
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~* IMPORTANT INFORMATION
~ ABOUTYOUR . |
GEOTECHNICAL ENGINEERING REPORT

More construction problems are caused by site subsur-
face conditions than any other factor: As troublesome as
subsurface problems can be, their frequency and extent
have been lessened conslderably in recent years, due in
large measure to programs and publications of ASFE/
The Association of Engineering Firms Practicing In

the Geosciences.

The following suggestions and observations are offered
to help you reduce the geotechnical-related delays,
cost-overruns and other costly headaches that can
occurduring a construction project.

A GEOTECHNICAL ENGINEERING
REPORT IS BASED ON A UNIQUE SET
OF PROJECT-SPECIFIC FACTORS

A geotechnical engineering report Is based on a subsur
face exploration plan designed to Incorporate a unique
set of project-specific factors. These typically include:
the general nature of the structure involved, its size and
configuration; the location of the structure on the site
and its orientation; physical concomitants such as
access roads, parking lots, and underground utilities,
and the level of additional risk which the dient assumed
by virtue of limitations imposed upon the exploratory
program. To help avoid costly problems, consult the
geotechnical engineer to determine how any factors
which change subsequent to the date of the report may
affect its recommendations,

Unless your consulting geotechnical engineer indicates
otherwise, your geotechinical engliteering report should not
be used:

« When the nature of the proposed structure is
changed, for example, if an office building will be
erected instead of a parking garage, or if a refriger-
ated warehouse will be built instead of an.unre-
frigerated one; L .

= when the'size or configuration of the proposed
structure Is altered:

o when the location or orientation of the proposed
structure is modified; .

o when there is a change of ownership, or

« for application tg an adjacent site,

Geotechuical engineers cannol accept responsibility Jor problems

which may develop if they are not consulled after factors consid-
ered in Uelr report's development fiave changed.

MOST GEOTECHNICAL “FINDINGS”
ARE PROFESSIONAL ESTIMATES

Site exploration identifies actual subsurface conditions
only at those points where samples are taken, when
they are taken. Data derived through sampling and sub-
sequent laboratory testing are extrapolated by geo-

“technical engineers who then render an opinion about
overall subsurface conditions, their likely reaction to
proposed construction activity, and appropriate founda-
tlon deslgn. Even under optimal ¢lrcumstances actual
conditions may differ from those inferred to exist,
because no geotechnical engineer, no matter how
qualified, and no subsurface exploration program, no
atter how comprehensive, can reveal what is hidden by
earth, rock and time. The actual interface between mate-
rlals may be far more gradual or abrupt than a report
indicates. Actual conditions in areas not sampled may
differ from predictions. Nothing can be dotte to prevent the
inanticipated, but steps can be takeit to fielp minimlze thelr
impact. For this reason, ntost experienced owners retain their
geolechnical consultants Hhrough the construction stage, to iden-
tify variances, conduct additional tests which may be
needed, and to recommend solutions to problems
encountered on site.

~ SUBSURFACE CONDITIONS

CAN CHANGE

Subsurface conditions may be modified by constantly-
changing natural forces. Because a geotechnical engi-
neering report is based on conditions which existed at
the time of subsurface exploration, coustruction decisions
sfiould not be based on a gedtechnical engineering report whose
adequacy may have been affected by tine. Speak with the geo-
technical consultant to learn if additional tests are
advisable before construction starts,

| Construction operations at or adjacent to the site and

natural events such as floods, earthquakes or ground-
water fluctuations may also affect subsurface conditions
and, thus, the continuing adequacy of a geotechnical
veport. The geotechnical engineer should be kept
apprised of any such events, and should be consulted to
determine if additional tests are necessary.

GEOTECHNICAL SERVICES ARE
PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS

Geotechnical eéngineers' réports are prepared to meet
the specific needs of specific individuals. A report pre-
pared for a consulting civil englneer may not be ade-
quate for a construction contractor, or even some other
consulting civil engineer. Unless indicated otherwise,
this report was prepared expressly for the client Involved
and expressly for purposes indicated by the client. Use
by any other persons for any purpose, or by the client
for a different purpose, may result in problems, No indi-
vidual otfier than the client should apply this report for its
Intended purpose withotet first canferring with the geotechnical
engineer. No person sfiould apply this report for any purpose
other than that origlnally contemplated without first conferring
with the geotechnical engineer:




A GEOTECHNICAL ENGINEERING
REPORT IS SUBJECT TO -
MISINTERPRETATION

Costly problems can occur when other design profes-
slonals develop thelr plans based on mislnterpretations
of a geotechnical engineering report. To help avold
these problems, the geotechnical engineer should be
retained to work with other appropriate design profes-
sfonals to explain relevant geotechnical findings and to
review the adequacy of thelr plans and specifications
relative to geotechnical Issues.

BORING LOGS SHOULD NOT BE
SEPARATED FROM THE
ENGINEERING REPORT

Final boring logs are developed by geotechnical engl-
neers based upon their interpretation of fleld logs
lassembled by site personnel) and laboratory evaluation
of field samples. Only final boring logs customarlly are
Included In geotechnical englneering reports. These logs

| should riot under any clrcumstances be redrawn for inclusion in
architectural or other design drawings, because drafters
may commit errors or omissions in the transfer process.
Although photographic reproduction eliminates this
problem, it does nothing to mintmize the posstbility of
contractors risinterpreting the logs during bid prepara-
tion. When this occurs, delays, disputes and unantici-
pated costs are the all-too-frequent resuilt.

To minimize the likelihood of boring log misinterpreta-
tion, give contractors ready access 16 the complete geotecfinical
enginteerlng report prepared or authorized for their use.
Those who do not provide such access may proceed un-

der the mistaken Impression that simply disclaiming re-
sponsibllity for the accuracy of subsurface Information
always Insulates them from attendant liabtlity. Providing
the best availablé informatlon to contractors helps pres

| vent costly construction problems and the adversarial

attitudes which aggravate them to disproportionate
scale,

READ RESPONSIBILITY
CLAUSES CLOSELY

‘Because geotechnical englneering Is based extenstvely
on judgment and opinfon, it Is far less exact than other
design disciplines. This situation has resulted in wholly
unwarranted daims being lodged against geotechnical
consultants, o help prevent this problem, geotechnlcal
engineers have developed model clauses for use In writ-
ten transmittals, These are nol exculpatory dauses

- designed to foist geotechnical engineers' liabilities onto

. someone else, Rather, they are definitive clauses which
identify where geotechical engineers' responsibilities
begin and end. Thelr use helps all parties involved rec-
ognize thelr indlvidual responsibllities and take appro-
priate action, Some of these definitive clauses are likely
to.appear in your geotechnical engineering report, and

' you are encouraged to read them closely. Your geo-

technical englneer will be pleased to give full and frank

- answers to your questions.

OTHER STEPS YOU CAN TAKE TO
REDUCE RISK '

Your consulting geotechnical enginéer will be pleased to
discuss other techniques which can be employed to mit-
igate risk. In addition, ASFE has developed a varlety of
materlals which may be beneficlal. Contact ASFE for a
complimentary copy of its publications directory.

Publisfied by

8811 Colesville Road/Suite G106/Silver

THE ASSQCIATION
OF ENGINEERING FIRMS
PRACTICING IN THE GEOSCIENCES

Spring, Maryland 20910/(301) 565-2733

0788/3M




" Earth Consultants Inc.

(xzotcchmca!'linglnmrs, Geologlsts & Environmental Scientlsis

July 7, 1995 E-6932

Cascade Christian Schools
306 North Meridian , '
Puyallup, Washington 98371-8634

Attention:  Mr. Don~Johnson
Dear Mr. Johnson:

We are pleased to submit our report titled "Cascade Christian Schools Secondary Campus,
21st Street East, Puyallup, Washington." This report presents the results of our field explora-
tion, selective laboratory tests, and engineering analyses. The purpose and scope of our study
was outlined in our work order dated June 6, 1995,

In general, our study indtcates that the site ground conditions consists of loose to med;um
dense alluvial soils which have been deposited by the nearby Puyallup River. The alluvial solls
consist of silty sand, sandy slit, and poorly graded sands.

Based on the encountered -cOnditions, it is our opinion the proposed structurés may be
supported by conventional foundations following successful completion of a preload program.
These recommendations, along with other geotechnically related aspects of the project, are
discussed in more detail in the text -of the ‘attached report.

We appreciate this opportunity to have been of service to you ‘during, this initial phase of
project development, and we look forward to working with you in future phases. Should you
or your consultants have any questions about the content of this report, or if we can be of
further assistance, please call.

Very truly yours,

EARTH CONSULTANTS, INC.

- Cfn

Kyle R. Camipbell, P.E,
Manager of Geotechnlcal Services

DSL/KRC/kml

1805 - 136th Pléce N.E., Suite 201, Belleﬁue. Washington 98005 '
Bellevue (206) 643-3780  Seallle (206) 464-1584  FAX (206) 746-0860  Tacoma (206) 272:6608
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GEOTECHNICAL ENGINEERING STUDY
CASCADE CHRISTIAN SCHOOLS SECONDARY CAMPUS
218T STREET EAST
PUYALLUP, WASHINGTON

E-6932

INTRODUCTION

General

This report presents the results of the geotechnical engineering study for the proposed
Cascade Christian Schools Secondary Campus, in Puyallup, Washington, The generallocation
of the site is shown on the Vicinity Map, Plate 1. The purpose of this study was t0 explore
the subsurface conditions at the subject property and based on the conditions encountered
to develop geotechnical recommendations for the proposed site development.

Project Description

At the‘time our study was performed, the site, proposed building locations, ex:stmg structures
and test pit locations were approximately as shown on the Test Pit Location Plan, Plate 2,

Based on information provided by AHBL, we anticipate the buildings to be two-stories in
helght and elther concrete tilt-up or cancrete masonry unit (CMU) construction. Grades are
anticipated to be raised about four to five feet in the building areas and up to three feet for
the parking areas. _

While no specific building load data are presently available, based on our experience with
similar construction, we estimate maximum building wall and column loads will be as follows:

o Wall loads ) - 3-5 kips per lineal foot
o Column loads - 75 kips
o Slab loads - 160 pounds per square foot {psf)

If any of the above design criteria are incorrect or change, or the thickness of fill to be placed
changes, we should be consulted to review the recommendations contained in this report.
In any case, we recommend that Earth Consultants, Inc. (ECI) be retalned to perform a general
review of the final design.

Eerth Consultants, Ino.
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SITE_ CONDITIONS

Surface

The subject site is located between 21st Street East and 25th Street East in Puyallup,
Washington, as indicated on the Vicinity Map, Plate 1. The site is bounded on the north and
south by rural pasture, to-the east by 26th Street East and to the west by 21st Street East.

The roughly twelve-acre site is irregular In shape and Is currently being used as pasture land.

The ground surface Is relatively level with topographlc relief of generally less than about two
feet. Vegetative cover consists primarily of grass with some patches of trees and heavier
brush. There are several old structures on the site in various states of disrepalr. These
structures appear to have been associated with the use of the site as pasture or farming.

Subsurface

The site was explored by excavating twelve (12) test pits at the approximate locations shown
on Plate 2, Please refer to the test pit logs, Plates A2 through A13, for a more detalled
description of the conditions encountered at each location explored. A description of the fleld
exploration methods and laboratory testing program is included Appendix A. The following
is a generalized description of the subsurface conditions encountered.

Based on our exploration, the site is underlain by loose to medium dense, Interbedded sands
and silts. The surface soils observed during our exploration, ranged from silty sand (Unified
Soll Classification SM) to silt (ML). These soils typically graded to a poorly graded sand {SP}
or poorly graded sand with silt {SP-SM} at depths ranging from four to ten feet beneath the
existing grades. The poorly graded sands were observed to the maximum exploration depth
of twelve and one-half {12.5) feet,

These solls appear to be fluvial deposits from the nearby Puyallup river. Fluvial deposits
typlcally are coarser where the stream bed load was deposited and finer where the stream
overflowed its banks and deposited the suspended load. The flood deposits also normally
have rootlets and wood debris scattered throughout the layer.

Earth Consultants, Ine.
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Groundwater

Groundwater seepage levels did not have time to stabilize within the test pits. Based on
mottling of the retrieved soil samples, groundwater is likely to be located at depths ranging
from three to five feet below the existing ground surface during the winter months, Very
slow to heavy groundwater seepage was observed at depths ranging from five and one-half
(6.5) to eleven and one-half (11.5) feet below the existing ground surface,

The groundwater seepage levels encountered In the test pits are not static; thus one may
expect fluctuations in the leve! and volume depending on the season, amount of rainfall,
surface water runoff, and other factors. Generally, the water level Is higher and the amount
of flow Is greater, in the wetter winter months. :

DISCUSSION AND RECOMMENDATIONS
General

Given the encountered soil characteristics, in our opinion, the primary geotechnical
development concerns will bé obtaining adequate support for the proposed buildings while
limiting the magnitude and effect of anticipated settlements.

Based on the observed soll conditions, it is our opinion that the anticipated settlement of the
buildings is in the range of two to three inches. We recommend the use of a preload or
surcharge program in order to pre-induce the majority of the anticipated settlements.
Following successful completion of a surcharge program, settlements are anticipated to be
less than one inch. With successful completion of a preload program, settlements are
anticipated to be In the range of one inch to one and one-half inches. The majority of the
settlements would occur during construction as the dead loads are applied.

Based on the anticipated filling of the site, we anticipate the buildings will be entirely
supported by structural fill with about two feet of structural fill beneath the footings.

These and other geotechnically related aspects of the project are discussed in more detail in
the following sections of the report,

Eatth Consultante, fne,
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This report has been prepared for specific application to this project in a manner consistent
with that level of care and skill ordinarily exercised by other members of the profession
currently practicing under similar conditions in this area for the exclusive use of Cascade
Christian Schools and their representatives. No warranty, expressed or implied, is made, We
recommend that this report, in its entirety, be included in the project contract documents for
the information of the contractor.

Site Preparation and General Earthworlk

Depending upon final grades, some building and pavement areas may need to be stripped and
cleared of all sod and topsoll, and any other surface vegetation. Stripping can be limited
depending on the amount of fill to be placed. In buildirig areas where two feot or more of
structural fill will be present below footing subgrade elevations, stripping is not necessary,
However, the existing grass must be mowed and the cuttings removed. In road and parking
areas to receive more than one foot of structural fill, the existing grass can be simllarly mowed
and the cuttings removed. Heavy brush should be stripped in all fill areas. Stripped materials
should be removed from the site and disposed, or "lost" in landscaping berms, as desired.
The stripped material should not be mixed with any matetials to be used as structural fill.

Following the stripping operation, fills required to attain site grades can be placed. The
ground surface where foundations, slabs or structural fill are to be placed should be firm and
stable, or compacted to a competent non-ylelding condition. These areas should be observed
by a representative of ECI to ensure adequate bearing conditions are available. Proofrolling
may be required in some areas. Soil In any loose or soft areas, If ré-compacted and still
yielding, should be over excavated and replaced with structural fill to a depth that will provide
a stable base beneath the foundation. Typlecally, a depth of two feet is adequate for this
purpose, : " ’

Structural fill is defined as any compacted fill placed under buildings, roadways, slabs,
pavements, or any other load bearing areas. Structural fill under floor slabs and footings
should be placed in thin horizontal lifts not exceeding twelve (12} inches in loose thickness.
Each lift must be compacted to at least 90 percent of Ia’bor‘atory maximum dry denslity,
determined In accordance with ASTM Test Designation D-1557-78 (Modified Proctor). Fill
under pavements and walks should be placed In similar thin horizontal lifts and, with the
exception of the upper twelve (12) inches, be compacted to at least 90 percent of maximum
density. The top twelve (12) inches should be compacted to at least 95 percent maximum’
density.

Earth Consultants, Ino.
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The éxisting near surface native soils are moisture sensitive due to thelr relatively high fines
content, and were also above optimum mdisture content at the time of our exploration. As
such, In an exposed condition they will become disturbed from normal construction activity
especially when in a wet or saturated condition. Once disturbed, in a wet condition, they will
be unsuitable for support of floor slabs'and pavements. Therefore, during construction, where
these solls are exposed and will support new construction, care must be exercised not to
disturb their condition. If disturbed conditlons develop, the affected soils must be removed
and replaced with structural fill or crushed rock., The use of a geotextile fabric, such as Mirafi
800-X, can be used to help stabilize the yielding area. Given the conditions described above,
a summer earthwork construction schedule is recommended. If this is not possible, some
budget contmgency should he allowed for additional earthwork to replace unstable soll.

Laboratory tests Indicate the majority of near surface solls expected to be exposed In the’
excavations have In excess of 23 percent fines and a natural molsture content ranging from 9
to 37 percent. As mentioned above, due to the relatively high fines and natural moisture
contents, it is our opinion this soil would not be suitable for use as a structural fill In its
present condition. Unless the moisture content ¢an be lowered to near optimum conditlons,
any native soil excavated from foundation or utility areas should either be removed from the
site or used in non-structural areas.

If the on-site soil is exposed to molisture and cannot be adequately compacted then it may be
necessary to use an imported free-dralning granular fill. Fill for this purpose and for use in wet
weather should consist of a fairly well graded granular material having a maximum size of
three Inches and no more than five percent fines passing the No. 200 sleve based on the
minus 3/4-inch fraction,

Preload Program

The preload program is designed to pre-consolidate the compressible soil underlying the site,
The structural fill placed to raise the site grades should be placed to the finish floor elevation.

The preload flll should extend at least five feet beyond the perimester of the buildings. The
side slopes of the fill should not be Inclined steeper than 1H:1V, If a wet weather
construction schedule is planned, the preload fill should meet the requirements of a wet
weather fill as discussed inthe Site Preparation and General Earthwork section of this study.

The structural fill placed as preload material must have a minimum unit weight of one hundred
twenty (120} pcf.

Earth Consultants, Inc.
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The settlement induced by the preload is anticlpated to be two to three inchaes, as mentioned
earlier., Based on the soil stratigraphy observed during our site exploration, we anticlpate the
duration of the preload program to be about two to three weeks. A smaller magnltude of
settlement than estimated would indicate the soils have been pre-consolidated and soil
conditions are better than anticlpated. Conversely, a larger settlement than that estimated
would indicate the soll conditions are worse than anticipated, and that additional time and
measurements should be taken to obtain satisfactory results,

In order to verlfy the magnitude and rate of induced settlement, it is necessary to monitor the
settlement. The settlement monitoring program should Include placing settlement markers on
the existing site subgrade before any fill is placed, monitoring them through and after
completion of fill placement, until settlements cease or are considered to be within tolerable
fimits. More specific detalls of this program are presented below:

o Settlement markers should be placed on the native subgrade of the building pads
before any fill is placed. Five to six markers should be installed within each
building footprint., ECI can supply and install these markers. (A typlcal detall is
provided on Plate 3).

e A baseline reading is obtalned on each marker and is referenced to a temporary
benchmark located on a feature that will be unaffected by the fill-induced
settlements.

e The fills are then placed. Settlement readings are taken at relatively short
intervals during this process, since this phase generates relatively large and rapid
settlement.

©  Once the fill operation is complete, readings are obtained on a periodic basis,
typically weekly, until the settlement ceases or is judged by the geotechnical
enginéer to be within the limits given In the Foundations section.

© Each set of settlement readings are plotted graphically against time to determine
the magnitude and rate of settlement, and are matched against the predicted
magnitudes and rates to verify the accuracy of earlier estimates and to make any
appropriate modifications.

Earth Consultents, Ino.
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ECl should be retained to acquire the settlement readings. If another organization obtains the
readings, the information should be provided to us as quickly as possible after their acquisition
for plotting and Interpretation. This will help avoid any misinterpretation or misunderstanding
regarding the success of the preload program.

A major concern in the settlement monitoring program is the maintenance of settlement
markers, In our experience, earthwork equipment (dozers and trucks} often damage or
destroy markers at a very high rate. This adds to the project costs in that they need 1o bhe
_ replaced and It makes the information obtained less reliable. To avold this scenario, it Is
suggested that the project specifications include a requirement that the earthwork contractor
is required to Immediately replace any damaged settlement markers and have the settlement
readings reobtained at his own cost. This requirement makes the earthwork contractor more
consclous of the Importance of the preload program and will aid in maintaining the integrity
of the monitoring program,

If future e'xpa'nsi_on of the buildings is anticipated, the preload should extend at least twenty
(20) feet in the direction of the future addition. This extended preload Is needed to reduce
the possibllity of settlement of the then-existing bullding from future bundtng or surcharge
loads.

As mentioned In the Foundations section, the post-construction settlement can be reduced
with the use of a surcharge program. In general the surcharge program is performed as
Indicated for the preload program; however, additional fill should be placed as a surcharge to
a maximum helght of two feet above the finish floor elevation. This fill is intended to equai
or exceed, building loads.” As with the preload program, the duration of the surcharge is
anticlpated to be on the order of two to three weeks,

Fill for landscaping purposes should not be placed near the bullding since additional fill could
induce further settlements after the building is constructed. If such fill is planned, the preload
should be extended to five feet beyond the planned landscape fill, or a lightweight fill, such
as "hog fuel" should be tised.

Earth Consultants, Ino,
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Foundations

Following successful completion of a preload, or surcharge, program, It Is our opinion that
the proposed buildings can be supported by spread footings bearing on a minimum of two feet
of structural fill. As previously mentionad, It appears that the fills required to bring the site
to grade will apparently provide the minimum two feet of structural fill bengath the footings.
In areas where there will be less than two feet of structural fill separating the footings from
the native soil, the native soll should be overexcavated to a depth that will provide the
minimum depth of structural fill,

We recommend perimeter footings be bottomed a minimum depth of eighteen {18) inches
below final exterior grade. Interior spread footings may be bottomed at a depth of twelve (12)
inches below finish grade elevation.

Footings founded on the compacted structural fill may be designed using an allowable bearing
capacity of two thousand five hundred (2,500} pounds per square foot (psf), Loading of this
magnitude would have a theoretical factor of safety in excess of three against an actual shear
(bearing capacity) failure. A one-third increase in the above allowable soil bearing pressures
can be used when consldering short-term transitory wind or selsmic loads.

Without completion of a surcharge or preload program, we anticipate post-construction to be
on the order of two to three inches with differential settlement of about one inch to one and
one-half inches, With structural loading as expected after successful completion of a preload
program, post-construction total settlement of approximately one to one and one-half inches
Is expected with differential settlements of approximately one- -half to one Inch. With
successful completion of a surcharge program, post-construction total settlement of
approximately one mch is expected, with differential settlements of approximately one-half
of an Inch.

Lateral loads can be reslsted by friction between the foundation and the supporting native or
compacted fill subgrade or by passive earth pressure acting on the burled portions of the
foundations. The foundations must be poured "neat" against the existing soll or backfilled
with a’ compacted fill meeting the requirements of structural fill:

© Passive pressure
© Coefficient of friction

350 pcf equivalent fluid weight
0.40

nn

Note that the above values include a factor of safety of 1,5,

Earth Consultants, Ino,
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All foating excavations should be examined by a representative of ECI, prior to placing forms
or rebar, to verify that conditions are as anticipated in this report. Due to the moisture
sensitive nature of the site solls, care should be taken to protect the bearing surface.

Seismic Design Considerations

The Puget Sound reglon is classified as Seismic Zone 3 by the Uniform Building Code (UBC).
The largest earthquakes In the Puget Sound are widespread and have been subcrustal events,
ranging in depth from 50 to 70 miles. Such deep events have not exhibited surface faulting.

The UBC earthquake regulations contain a static force procedure and a dynamic force
procedure for design base shear calculations. Based on the encountered soll conditions, it is
our opinion that a site coefficlent of 1.4 should be used for the statlc force procedure, as
outlined in Section 1628 of the 1994 UBC. For the dynamic force procedure outline in
Section 1629 of the 1994 UBC, the curve for deep coheslonless or stiff clay soils (soil type 2)
should be used on Figure 16-3, Normalized Response Spectra Shapes.

Liquefaction is a phenomenon in which soils lose all shear strength for short periods of time
during an earthquake, The effects of liquefaction may be large total and/or differential
settlement for structures with foundations founded in the liquefying soils. Groundshaking of
sufficient duration results in the loss of grain to grain contact and rapld Increase In pore water
pressure, causing the soil to behave as a fluld for short periods of time. To have potential for
llquefaction, a soil must be cohesionless with a grain size distribution of a specified range
{(generally sands and silt); [t must be loose to medium-dense; it must be below the
groundwater table; and It must be subject to sufficient magnitude and duration of
groundshaking.

Based on the subsurface information obtained during our field exploration and laboratory
testing, it Is our opinion that the potential for liquefaction of the soils at this site Is moderate.
However, based on the current plan, foundations will be bottomed a minimum of five to six
feet above the liquefiable zone. In our opinion, settlement resulting from liquefaction would
likely be in the range of the estimated post-construction settlements discussed in-a previous
section of this study.

Earth Constltents, Inc,
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Slab-on-Grade Floors

Based on the planned filling of the site, we anticipate that the stab-on-grade floors will be
entirely supported by about four feet of structural fill. Should loose fill be encountered at slab
subgrade, it should be recompacted to the requirements of structural fill.

Concrete slabs resting on solil ultimately cause the molsture content of the underlying soils to
rise. This results from continued caplillary rise and the ending of normal evapotranspiration,
As concrete is permeable, moisture will eventually penetrate the slab unless some protection
is provided. Therefore, the slab should be provided with a capillary break of a minimum of
four inches of free-draining sand or gravel. In addition, In areas where slab moisturg Is
undesirable, a vapor barrier such as a 6-mil plastic membrane should be placed béneath the
slab. Two inches of damp sand should be placed over the membrane for protection during
construction and to aid in curing of the concrete,

Concrete toppings or additives and synthetic molsture-resistant membranes may be used in
lieu of a 6-mil plastic membrane in areas where moisture is undesirable. Information on the
product usage, Installation and warranty should be obtained from the manufacturer if these
products are used.

Excavations and Slopes

The following information is provided solely as a service to our client. Under no circumstances
should the information provided below be interpreted to mean ECI is assuming responsibility
for construction site safety or the contractor’s activities; such responsibllity Is not being
implied and should not be Inferred.

As mentioned previously, we do not anticipate that major cuts will be needed to achieve the
proposed building subgrade elevations, It appears that there is adequate room for any building
or utility excavation slopes to be laid back at safe angles using an open cut method, provided
the excavatlon slopes are no greater than the limits specified in local, state and federal safety
regulations. Based on the conditions observed in our test pits, the site soils are classified
Type C by OSHA, and as such, temporary cuts greater than four feet in helght should be
sloped at an inclination no steeper than 1.5H:1V {Horizontal: Vertical),

Eorth Consultants, Inc.
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If slopes of this inelination, or flatter, cannot be constructed, temporary shoring may be
necessary. This shoring will help protectagainst slope or excavation collapse, and will provide
protection to workmen In the excavation. |f temporary shoring is required, we will be
available to prowde shoring deslgn criteria, If requested. We also recommend that all cut
slopes be examined by Earth Consultants, [nc. during excavation to verify that conditions are
as-anticipated.

All permanent cut and fill slopes should be inclined no steeper than 2H:1V or flatter.
Permanently-exposed slopes should be seeded with an appropriate species of vegetation to
reduce erosion and Improve stability of the surficial layer of solil.

Site Drainage

Depending on the time of year of the earthwork, groundwater seepage may be encountered
at relatively shallow depths of three to five feet below the existing ground level. Thus,
foundation and utility excavations which extend to or below these levels may encounter this
seepage. We do not expect the site groundwater lévels will present any major construction
related problems unless winter construction is planned. Site soils are fined grained and poorly
drained. Thus, surface run-off will pond on the ground surface and construction traffic will
disturb these soils quickly.

If seepage is encountered in the foundation excavations during construction, the bottom of
the excavation should be sloped to one or more shallow sump pits. The collected water can
then be pumped from these pits to a positive and permanent discharge, such as a nearby
storm draln, Depending on the magnitude of such seepage, it may also be necessary to
interconnect the shallow sump pits by a system of shallow connector trenches.

The construction area should be graded such that surface water is directed off the site. Water
should not be allowed to stand in any area where buildings, slabs or pavements are to be
constructed. During construction, loose surfaces should be sealed at night by compacting the
surface to reduce the potential for moisture infiltration into the soils.

Final site grades should allow for drainage away from the building foundations. We suggest
that the ground be sloped at a gradient of three percent for a distance of at least ten feet
away from the buildings except in areas that are to be paved, which can be sloped at a
gradient of two percent.

Earth Consultants, Inc.
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Due to the iaoor drainage conditions of the near surface site soils, we recommend that all the
buildings be provided with perimeter footing dralns. The drains should be placed just below
the Invert of the footings, with a gradient sufficient to initiate flow. A typical detail is provided
on Plate 4.

Under no circumstances should roof downspout drain lines be connected to the footing drain
system. All roof downspouts must be separately tightlined to discharge, Sufficient cleanouts
should be installed at strategic locations to allow for perlodic maintenance of the footing drain
and downspout tightline systems,

We understand a detention pond is proposed north of the football and soccer field. We
anticipate this pond will require cuts of up to about three to four feet In order to provide
adequate detention storage for the project. Cuts of this depth will likely expose poorly graded
sand or silty sand. In our experience, these soil types have permeabilities in the range of 0.1
to 0.0001 centimeters per second (cm/sec). If permeabilities in this range are excessive, we
can provide alternative recommendations.

Utility Support and Backfill

The site soils anticipated to be exposed in utility excavations should provide adequate support
for utilities. Some recompaction, or replacement, of solls exposed In the base of the utility
excavations may be necessary should very loose conditions be encountered. If seepags is
encountered in utility excavations, it should be collected and removed from the trench to
reduce the potential for creating unstable subgrade conditions.

Adequate compaction of utility trench backfill Is a major concern in reducing the potential for
settlement along utility alignments, particularly in pavement areas. It is Important that each
section of utility line be adequately supported in the bedding material, The materlal should
be hand tamped to ensure support is provided around the pipe haunches. Fill should be
carefully placed and hand tamped to at least twelve (12) inches above the crown of the pipe
before any compaction equipment is used over the pipe. The remainder of the trench backfill
should be placed in lifts having a loose thickness of less than twelve (12) inches. A typical
utility trench backfill section and compaction requirements for load supporting and non-load
supporting areas Is presented as Plate 5.

Trench backfill beneath bullding, parking and roadway areas should consist imported materials,

provided they are near the optimum moisture content. We recommend using structural filt due
to the molsture sensitive nature of the site soils as described earlier,

Esrth Consultants, Ino,
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Pavement Areas

The adequacy of site pavements Is related In part-to the condition of the underlying subgrade.
To provide a properly prepared subgrade for pavements, we recommend the subgrade be
treated and prepared as described In the Site Preparation Section of this report. This means
at least the top twelve (12) Inches of the subgrade should be compacted to 95 percent of the
maximum dry density (per ASTM D-1557-78) and be stable. It is possible that some focalized
areas of soft, wet or unstable subgrade may still exist after this process. Therefore,
replacement with structural fill or crushed rock may be needed to stabilize these localized
areas.

The following pavement sections ate recommended for lightly loaded areas:

®  Two inches of asphalt concrete (AC) over four inches of crushed rock base
(CRB) material, or .

° Two inches of AC over three inches of asphalt treated base (ATB) material.
Heavier truck or bus traffic areas will require thicker sectlons depending upon site usage,

pavement life and site traffic. As a general rule, the following sections ¢an be considered for
truck-trafficked areas:

° Three inches of AC over six inches of CRB, or
o ‘Three inches of AC over four inches of ATB.

Asphalt concrete (AC), asphalt treated base {ATB), and crushed rock base (CRB) materials
should conform to WSDOT specifications. All rock base should be compacted to at least 95
percent of the ASTM D-1557-78 laboratory test standard.,

LIVITATIONS

Our recommendations and conclusions are based on the site materlals observed, selective
laboratory testing and engineering analyses, the design information provided us by your
architect, and our experience and engineering judgement. The conclusions and
recommendations are professional opinions derived in a manner consistent with that level of
care and skill ordinarily exerclsed by other members of the profession currently practicing
under similar conditions in this area. No warranty is expressed or implied.

Earth Consultants, Ine,
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The recommendations submitted in this report are based upon the data obtained from the test
pits. Soil and groundwater conditions between test pits may vary from those encountered,
The nature and extent of variations between our exploratory locations may not become
evident until construction. If variations then appear, ECI should be requested to reevaluate
the recommendations of this report and to modify or verify them in writing prior to proceeding
with the construction.

Addltional Services

We recommend that ECI be retained to perform a general review of the final design and
specifications to verify that the earthwork and foundation recommendations have been
properly interpreted and implemented in the design and in the construction specifications,

Wae also recoramend that ECI be retained to provide geotechhical services during construction.
This is to observe compliance with the design concepts, specifications or recommendations
and to facilitate design changes In the event subsurface conditions differ from those
anticipated prior to the start of construction, Because of the settlement-sensitive nature of
this project we do not accept responsibility for the performance of the foundation or
earthwark unless we are retained to review the construction drawings and specifications, and
to provide construction observation and testing services.

Earth Consultants, Ino.
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STANDARD NOTES

Base conslsts of 3/4 Inch thick, 2 foot by 2 foot plywood with center drliled
§/8 Inch diameter hole.

Fill

Ceatechnical Englneers, Geofogists & Environnxenial Sckentlsts

2) Bedding materlal, If required, should conslst of Traction Sand.
3) Marker rod Is 1/2 inch dlameter steel rod threaded at both ends..
4) Marker rod Is attached to base by nut and washer on each slde of base,
6) Protective sleeve surraunding matker rod should conslst of 2 inch dlameter
. plastlc tubing. Sleeve Is NOT attached to rod or base,
6) Additional sectlons of steel rod can be connected with threaded couplings.
7 Additlonal sectlons of plastic sleeve can be connected with press-fit plastic
couplings. ,
8) Steel marker rod should extend at least 6 Inches above top of plastic
sleeve,
9) Marker should extend at least 2 feet above top of fill-surface,
NN : , TYPICAL SETTLEMENT MARKER DETAIL
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APPENDIX A
E-6932

FIELD EXPLORATION

Our test pit exploration was performed on June 15, 1995. The subsurface conditions at the
site were explored by excavating twelve test pits to a maximum depth of twelve and one-half
{12.5) feet below the existing ground surface. The test pits were excavated using a
rubber-tire-mounted backhoe.

The approximate test pit locations were determined by visual estimation based on property
lines and existing nearby features. The locations of the test pits should be considered
accurate only to the degree implied by the method used. These approximate locatlons are
shown on the Test Pit Location Plan, Plate 2, The field exploration was continuously
monitored by an engineer from our firm, who classified the soils encountered and maintained
a log of each test pit, obtained representative samples, and observed pertinent site features.

All samples were visually classifled in accordance with the Unified Soil Classification System
which Is presented on Plate A1, Legend. Logs of the test pits are presented on Plates A2
through A13. The final logs represent our Interpretations of the fleld logs and the results of
thé laboratory tests on field samples. The stratification lines on the logs represent the
approximate boundaries between soil types. Inactuality, the transitions may be more gradual.
Representative soil samples were placed in closed containers and returned to our laboratory
for further examination and testing.

Earth Consultants, Inc.
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seopage oncountored at 8 {eet durlng excavation,
M £, , Test Pit Log
Earth CODSUITanTS Inc. Cascade Chrlstlan School

Puyallup, Washington

TPL 6982  B/23/95

Pro). No. 6932

' pwn. GLS

- Date Juhe '95 | Checked DSL Date 6/22/95 Plata A2

Subsurface conditlons de%p!c\ed represent our observalions at the {ime and locatlon of this exe}!;xatgry hole, modified by englnsering tesls,

analysls and Judgment,
Interpretation by others of In

he?r aro nol necsssarlly representative of other tlmes and locations,
0

'@ cannot accept responsibliity for the use or

rmatlon presented on thislog.




TPL 6932 5/38/95

Test Pit Log

Projact Name: ‘ Sheet  of
Cascade Chrlstian School , i 1
Job No. Logged by: Date; Test Pit No.:
6932 DSL 6/15/95 TP-2
Excavatlon Contactor: Ground Surface Elsvatlon:
. ByCllent
Notes:
25le 9], 5| SufaceCondlons: Depth of topsoll and sod 8", grass
Wk ey Qg
%) o Efo .
B = e
SM ‘Brown siity fine SAND, loasg, molst
9‘4 ‘ e
27;‘*
3 ——
288 4 -hecormes wet
61—
6 SP-8M|  Grades to gray poorly graded medium SAND with siit, loose to medlum dense, wel
7
8
EE 9 ¥ ) v .
251 | : = -slow to moderate seopage
2 T -bscomes watet bearlng
10}
a7a P M
12 Test plt terminated at 120 faot below existing grade. Slow to mOderaie groundwalef
seepage encountered at 9 feet durlng excavation, '
. , , Test Pit Log
i
Earth Consultants Inc. Cascade Christlan School
CoomctmitaTgines. Oethogtts b Bmiomenil scktntte Puyallup, Washington
Pro}. No, 6932 bwn,  GLS Date June '98 Checked DSL Date 6/22/95 Plate A3

Subsurface conditions jdgrp!cted rapresort our observations at the time and location of this ex%ora_(ory hole, modified by enginearing tests,

analysls and Judgment.

1. They are not necessarlly repressntalive of other lirnes and locations,
Interpretatlon by others of informatien prasented on thls log.

a cannot accept responsibllity forthe usoor - -~ *
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Test Pit Log

-becomes loose to medlum dense and gray

Projsct Narne: » - Sheet  of
__Cascade Chrlstlan School 1 i
1 Job No. - Logged by: Dale: - Test Pit Nou:

6932 DSL 6/15/95 TP-3
- Excavatlon Contaclor: Ground Surfaco Elevatlon:
By Cllent

Noles:

W %"g 5;& . % 9 E’ Surface Conditlons:. Depth of topsoll and sod 8", grass
|3kt 5183
; M | Brown slity flne SAND, loose, wel

SP-SM Grades 1o gray poorly graded medium SAND with slit, Ioose 10 medium dense, wet

-slow seepage at8'

-slow o mocderate sespage
v pag

= | Testpitterminated at 12,0 feet below existiné Qrade. Slow to moderate groundwater

soopage sncountered at 12 fest durlng excavation,

6932 6/23/95

Earth Consultanis Inc.

Oeokstmical Pngindect, Ceogiits & iavirommdotel Beidnnislg

Test Pit Log

Cascade Chrlstlan School
Puyallup, Washington

Proj. No, 6932 l bwn, GLS

l Date "June'85 | Checked DSL

| vato 6/22/95

Plate A4’

Subsurface conditlons deploted represent our ohservations at the time and locallon of this exploratory hole, mod
analysis and Judgraent, her are not necessarlly representailve of ot
ormallon presented on this log, . -

Interpretalion by others of in

ifled by englnsering fests,
her imes and locatlons. We cannot accept responsibliity for the use or
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Test Pit Log

Projoct Name: | Sheet  of
Cascade Christian School . ' 1 1
Job No, Logged by: Date: Test Pit No,:
6932 pSL 6/15/95 - TP-4
| Excavalion Contactor: | Ground Surface Elevatlon:
By Cllent
- Notes:
g ol =1 Sud ditlons: 1 of to] sod 8", gras
w |2 8 % .3 ®’g Surface Conditions:  Depth of topsoll and sod 8", grass
@ |50 G55
0P ol a
SM Brown sliy fine SAND, loose, wet
7
] -becomes loose to moedium dense and gray
| 320 o
" -moderate caving
SP-8M - Grades to gray poorly graded fing to medium SAND with sllt, ooss to medlum dense,
yrot
-very slow sespage at 8'
L 27.6
-sevare oaving
¥ B ,
= -mdderale ssepage o
Test pitterminated at 11.6 foot below oxisting grade, Very slow to moderate
groundwaler soopage oncountored at 11 feet during excavation.
\ L o } Test Pit Log
i Barth Consultants Inc. | Cascade Christlan School

Oedictinkal Ingloddes, Caelgiith b Emironminkl Scinttye

Puyallup, Washington

- Pro]. No. 6932 Dwn. GLS Date June'9s | Checked DSL | Dale 6/22/95 | Plate A5

Subsurface condilions deploted represent our observations at the time and locatlon of this exploratory hole, modified by enginsering tests,
analysls and Judgment, They are not necessarlly representative of other tirmes and locatlons, We cannot accept responsibility for the use or
Intefpretalion by others of Information presented on thislog, - S



Test Pit Log

- Profeot Name: ‘ V v Shest  of
. Cascade Christlan School ‘ 1 i
Job No. Logged by: Date: Test Pit Nos:
6932 DSL | 6/15/95 TP-5
‘Excavalion Contactor: Ground Surface Elevation:
By Cllent j
| Noles:
s Sle @l 5| Sutacs Condions: Depth of topsoll and sod 6", grass
Wl diE 5838
o |F 5|8 5125
150 R olTo
gRet SM/MU  Brown sandy SILT / silty flne SAND, loose, wet
| 185 fi 1
2 ]
i -hecomes loose to medium denss and gray
323 .
5
8 SP-8M A ’G'radés to gray poorly gra‘déd ﬁne 10 medium SAND v}mi élit; looss 1o n\adtum dense,
i vet
7 fonnoae f
3 28.7 ’;:}.' 8
9 o |
10
11— -sovare caving
12 Test plt tesminated at 12,0 feet balovs existing grade. No groundwaler seepage
encountsred during excavallon,
| | Test Pit Log
Eaﬁh C()nsuuants Inc. Cascade Chrlstian School
| Qekctwica! Brigihetet, Godlogiis b Bmirntolit Bekrcley Puyallup, Washington
Pro}. No, 6932 bwn, GLS I Date June '95 Checked DSL Dale 6/22/95 Plate AB

TPL_ 6932 6/23/95

Subsurlacs condltlons deplcted represent our obsarvations at the ilme and locatlon of this exploratory hole, moditied by engineering tests,
analysls and Judgment. Thoy are not necessarily representative of other times and locations, We cannot aceapt responsiblilty for the use or
intsrprelation by othars of informatlon presentsd on this log, : .




Test Pit Log

Projsot Name: » Sheet of
Cascade Chrlstlan School _ 1 -t
| Job No. Logged by: Date: Tost Pit No.t
6932 _DSL 6/15/95 TP-6
Excavatlon Contactor: Ground Surface Elevation:
By Cllent
- Notes:
, 81 5| Surface Condittons: Depth of topsoll and sod 6°, grass
o | 2184
%, .
(%) | 81=a
| SM Brown silty {ine SAND, loose, wet
w0 | ||
Bl -savero caving
j SP-SM|  Grades to gray poorly graded fina lo medium SAND with silt, loose to medium denss,
26,1 i wet
|y
v -hecames \'{aterlbeadng
| -slow to moderate seepage
| 250 [aiil]
: Test pltterminated at 8,6 feet below existing grade. Slow to modarate groundwatar
seepage encountered at 6 feet durlng excavation,
D ) » Test Pit Log
‘ ilim Earth Consultants Inc. Cascade Chrlstlan School
1) A ) N
Qs GeohechmicelRrglodict. Grologits b rvisameatal Beentes Puyallup, Washington
Prof. No. -6932 { Dwn. GLS } Date June '95 Chocked DSL Date 6/22/95 Plate A7

TPL_ 6932 6/23/95

Subsufface conditlons deploted sopresent our observations at the fime and locatlon of this exploratory hole, modifled by enginsering tests,
analysls and judgment. her are not necessarlly representative of other times and locations. We cannot acespt responsibility for the use or .
Interpretation by others of Informatlon presented on this log. :
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TPL 6932  6/23/95

ProJest Name: Shiet of
__Cascade Chilstlan School ‘ 1 1
Job No, Logged by: Date: | Test Pit No.:
6932 DSL. 6/15/95 TP-7
Excavation Contactor; o | Grotind Surface Elevalion:
By Client
Notes:
S — ' L - ,
W -‘;5.8 E,,: QE Egé Surface Qond{tions. Depth of topsoll and scd 6", grass
g £ ElH
(%) E%gl‘-g:a
g E SM Browin sifty fine SAND, foose, wet
22,1
-becomes foose to rnedlum dense and gray
L 23.5 EZ Dark gray pobrly graded medlum SAND, loose 1o medium dense, water bearing
-moderate seepage
. -sévere caving
Tost plt terminated at 7.5 {eet below exlsting grade. Moderate groundwater seepage
encounterad at 5.6 fest during excavation,
A7 Z8) , Test Pit Loy
‘~ \gjm Earth COI'ISUITHHJIS Inc. Cascade Chrlstian Schaol
/N comormentingossen oxsngts htimtommenilecentts Puyallup, Washington
Pro}. No, 6932 Dwn, GLS Dato JUne’95 | Checked DSL | Dato 6/22/95 | Plate A8

Subsurface condltions deplsted represent our chservations al tho time and location of this exploratory hole, modiliad by englneering tests,
analysls and Judgmont, ‘me?/ are not nacossad
o

Interprotation by others of In

rrnation presonte

d

rapresantative of other imes and locallons,

onthislog, .

' canniot accapt responsibility for the usoe or
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TPL _B932 6/23/95

Interpretalion by others

ofi

Profect Name: Shest  of
|._Cascade Chtlstlan School . _ 1 i
Job No, Logged by: | Dater Test Pit No.:
6932 DS, 6/15/95 TP-8 »
EBxcavatlon Contaclor: Ground Surfdce Elevation:
| ByCllent
| Notes:
W E Surface Conditlons:  Depth of topsoll and sod 6", grass
) | 5
] R
M | Brown slity fins SAND, Joose, mofst to wet
163
hecomes dark gray and looseé 1o medium dense
- 31.0
-decrease in {ines content
30.4 S—Z -slow seepage
SP-SMI  Grades to gray poorly graded {ine to medium SAND with siit, loose to medium dense,
- wotlo water bearlng
-minof caving
Tost pit terminated al 12,6 feot below exlsting grads. Slow groundwater seepage
sncountored at 9 foet durng excavation.
AR AN , ' Test Pit Log
‘ y{ﬂw Earth Consultants Inc. Cascade Christian School
JNQY/ ceorstetentinginetss cucopsts b imtronmicl et Puyaliup, Washington
Pro). No, 6332 l Dwn,  Gls ‘ Date June'95 - | Checked DSL | pate 6/22/95 { Plate A9
Subsurface conditions deTplcted reprosent our ohservalions at the lime and locatlon of this sxploratory hole, maedified by snglneering tests,
analysts and Judgment, he?/ are not necessartly roprosentative of othot {imes and locations. We cannot accept responsibilily for the uss or
nlo )

tenatlon pressnted on this log.
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TPL 8932

- Project Name: Sheet of
Cascade Christian School 11
| Joh No, Logged by: | Date: - Tost Pit No.!
6932 DSL | 6/15/95 P-9
Excavation Contactor: ' Ground Surface Elevation:
By Cllent
| Nofes:
.0 ol 25l SuaceConditons: Depth of topsoll and sod 6", grass
Wolgalh e & ~§~g”:
| ghIgL 4135
3 | ni~a
: SM Browm slity fine SAND, looss, wot
ats | T
Py —
3 —
-bacomes loose to medlum dense and gray
4
5 'SP-SM Dark gray poorly graded {lne to medium SAND wﬂhvsvm,w foose to medlum d édse.’ w8 tvié
' wator bearing
256 6
. -severe caving
7 1 = -slow to moderate seépage
''''' 8 Tost pil terminated at 8.0 {eot below exlsting grade, Slow fo moderate groundwator
seepage encountered al 7 fest durdng excavation.
) Test Pit Log
Earth Consultants Inc. Cascade Chrlstlan School
: ekl ngingtoh Orogils b Bnvimmentol Bt Puyallup, Washington
Pro}, No. 6932 | Dwn. GLS Date June '95 Checked DSL Date 6/22/95 Plale A10

Subsurface conditlops depleted reprasent our observations at the iime and locatlon of this oxpl

analysls and Judgmont,

Interprotation by others of In

ha

aratory hole, modified by enginoering tests,

are not necessarlly representatlve of other thmes and focatlons, We cannot accapt responsibllity for the use or

ormation presonted on thislog.
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Test Pit Log

359

-becomss sandy-

Project Name: ) Sheot of

Cascade Christian School 1 1
Job No, Logged by: Dale: | Test Pit No.

6932 DSL 6/15/95 TP-10
Excavation Contactor! Ground Surface Elovation:

By Cllent '
Notes;

D—le 9] | sutace Conditions: Dépth of topsoll and sod 6", grass
WoIEa e e g X
1 SM Brown SILT with sand, loose, wet

-hecomes looss to medium dense and gray

ML Gray SILT foose to medium dense, wet

Ceokatmie Inglnaseh, R00ZIH & Bmbronméntl Geldniiele

56.9 Arace organlos and wood debrls
| 8P | Gray poorly graded medium SAND, loose to medium denss, wet
195
g L
s -becomnes water bearlng
Test plt terminated at 12,0 feet below existing grads. Slow te moderate groundwater
soopage encountered at 11.5 fest durlng excavatlon.
2\ N . Test Pit Log
Earth Consultants Inc. Cascade Chrlstlan School

Puyallup, Washington

Pro}, No, 6932

bvin. GLS

[ pate June'9s ohecked DSL,

| e 6722705 | pie At

‘Subsurface condlitions deplcted reprasont our observallons at the time and locatlon of this exploratory hole, modiiled by englneering tesls,
analysis and judgment, Thor are not nocossall
o

Interpretation by others of In

rmatlon presented on thislag. .

y reptesentatlve of other timos and locatlons.

o carinot accept responsibility for the use or |
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329

-rootlels

| Project Name: ‘ Shseet of
Cascade Christlan School 1 1
Job No. Logged by: Date: - Tost Pit No.t
6932 DSL 6/15/95 TP-11
| Excavation Contaclor: - Grotind Surface Elgvatlon:
By Cllent
Notes:
w :;;E g . % 073 Surface Condittons:  Depth of topsoll and sod 8", grass
| g5lgn g8 5
EOR ol 6}
i 1 sM Brown slity fine SAND, loose, wet
8.1 ]
2
3 S—
4 et
335 :
5 ]
35.2 i 6 ML Gray SILT, loose to madium densa,v)et

-axiremely slow soopa.ge

N\ -lrace organles

Grades to gray silty fire SAND, loose to medlum dense, wet

Test plt termlnated at 8.0 fast balow existing grads, Very slow groundivater seepage
ancounlored at 8 feet during excavation,

\Barth Consultants Inc.

GooRCInKe: Bngindéng, Geoigith & Emirnmiaial Scientitig

Test Pit Loy
Cascade Chrlstian School
Puyallup, Washington

Pro]. No, 6932

TPL 6932 6/308/95

' bwa. GLS

Date June'gs Checked ' DSL

Date 6/22/95 PlateA{2

Subsurface conditlons deplotad represent our observations at the ime and location of this exploratory hols, madifled by englneeting tests,
analysis-and judgment. They are not necessarlly represontative of other imes and locatlons,
Intérpretation by others of inforration presented on this fog.

e cannot accept responsibility for the use or




Test Pit Log

Project Narne: o ' Sheet  of
Cascade Christlan Schoo} . 1 i
Job No, Logged by: ' | Date: Test Pit No.:
6932 DSL | ®6/15/95 _TP+12
Excavation Contactor! Grovind Surface Elévation:
| ByCllent
| Notes:
L Sle Y1, 5| Surace Condiions: Depth of topsoll and sod 6, grass
WilLalh o g a ‘
m [ FSI8E 535 ‘
SHP w|T k| , ,
M Brovin siity fina SAND, loose, wet
34.6 ]
-6" layor of poorly graded sand with slit
-becores looss to redium dénse and gray
4 Grados to black poorly graded fine 1o medlum SAND, loose to medium dense, water
236 v bsarlng ’
= -severa caving
-modorate to heavy sespage
26,6 | '
Tost pi,; lerminated at 7.0 f_eéx below existing grade, Moderate to heavy groundwater
seopage encountered at 6 feot during éxoavatlon.
‘ . Test Pit Log
Earth Consultants Inc. 1 Cascade Chtistlan School
Desetmicalnginiek Oigiogits b Brntmmenla fclentiid Puyallup, Washington
Pro}. No, 6932 pwn. GLS l Date June'ss Checked DSL l Date 6/22/05 Plate A13

TPL 6932 6/23/95

Substirface conditlons daploted rapresent our observatlons at tiie ime and locatlon of this exploratory hols, madifled by englneering tests,
analysls and Judgmont. They are not necessarlly rapressntalive of other {imas and locations, We cannot accopt responsibliity for the use or
Intofpretation by others of Information presented on this log. .
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FIGURE 6
LIMITED GEOTECHNICAL SITE EVALUATION
LETTER



& ASSOCIATES, INC.

GEOTECHNICAL ENGINEERING » ENVIRONMENTAL ENGINEERING
CONSTRUCTION TESTING & INSPECTION

March 4, 2008 KA Project No. 092-08024

CASCADE CHRISTIAN MASTER PLAN
Atin; Job #03-143-1

P.O. Box 207

Puyallup, Washington 98371

RE:  Limited Geotechnienl Site Evaluation
Caseade Christinn School Campus
Parcel No’s, 0420351003 & 0420352148
Puyallup, Washington

To Whom It May Concern,

This letter report presents the results of our Limited Geotechnical Site Evaluation for the referenced
project,

The purpose of this evaluation is to perform a limited background review of available historical records
and published geologic information for the site, and to perform a limited visual site evaluation with
regard to 1he existing site conditions. A Krazan & Associates senior engineering geologist completed the
Limited Geotechnical Site Evaluation on February 26, 2008.

The subject site is relatively level and approximately 26,79 acres in total size. The western 17.07 acres is
developed with the Caseade Cliristian School facility and associated parking lots (west side of 25" Street
Southeast). The eastern 9.72 acres is undeveloped farm land (east side of 25" Street Southeast).

Based on our review of Earth Consultants, Inc. Geotechnical Engineering Study, Cascade Christian
Schools, Secondary Campus, 21* Street East, Puyallup, Washington, dated July 7, 1995, we understand
that the existing school facxllty was constructed on structural fill preload material. This engineering
report and school construction was based on the 1994 Unified Building Code (current code at that time),
Currently the City of Puyallup is using the 2006 Iuternational Building Code (2006 IBC).

The United States Geological Survey (USGS) Miscellancous Field Investigation, Geologic Map of the
Puyallup Quadrangle, Washington, indicates that the properly is located in an arca that is predominantly
undetlain by Alluvium, The Alluvium consists of interbedded, silt, sandy silt, silty sand, sand, gravel,
local areas of peat and clay, and includes lahars from Mount Rainier and rework lahar deposits, The
-finer material represents overbank material, and local lacustrian deposits, while the coarser materials
- most likely represent lahars and abandoned channel deposits of the Puyallup River and its tributaries,

Eleven Offices Serving The Western Unlted States
11715 N. Creck Packway S., C-106 ¢ Bothell, Washington 98011 o (425) 485-5519 o Faux: (425) 485-6837




KA No. 092-08024
March 4, 2008
Pape 2 of 3

We have reviewed the Cily of Puyallup Municipal Code — Chapter 21.06 — Critical Areas ~ Arlicle X1I -
Geologically Hazardous Areas, Geologic Hazards Areas Map, and Pierce County’s Seismic hazard Area
Map. The above maps indicate that the subject site is designated as a geologic hazardous area and &
flood hazard area,

In accordance with the Pierce County Seismic Hazard Map, the site is designated as a potential
liquefaction and/or dynamic seftlement hazard area. Soil liquefaction is a state where soil particles lose
contact with each other and become suspended in a viscous fluid, This suspension of the soil grains -
resulls in a complete loss of strength as the effective stress drops to zero. Liquefaction normally oceurs
under saturated conditions in soils such as sand in which the strength is purely filctional. However,
liquefaction has occurred in soils other than clean sand. Liquefaction usually oceurs under vibratory
conditions such as those induced by seismic events,

To evaluate the liquefaction potemiél of the site, t'he'followiug factors should be analyzed:
1)) Soil type
2) Groundwater depth
3) Relative soil density
4) Initial confining pressure
5) Maximum anticipated intensity and duration of ground shaking

The currently accepted 2006 International Building Code (2006 IBC) requires that liquefaction potential
evaluations use the Maximum Considered Earthquake (MCE) selected in accordance with the 2006
International Building Code (2006 IBC) Chapter 16 and the U.S. Geological Survey (USGS) Earthquake
Hazards Program website. The probabilistic maximum considered earthquake is a 2,500 year event
which has a 2 percent probability of being exceeded in 50 years. Currently for {his area, the one in 2,500
year event has a peak horizontal ground acceleration of 0.5379g (per U.S. Geological Survey). For the one
in 2,500 year event, it is our opinion that there would be a moderate fo high potential for liquefaction
potential, within the sites underlying soils (dependent on the earthquake’s magnitudé, depth and location,
and the existing soil eharacteristics and groundwater elevations at the time of the earthquake).

Based on the-findings of this limited evaluation, it is our opinion that the combined two parcel subject
site is feasible for fulure construction and development with geotechnical requirements and
recommendations, We anticipate that the City of Puyallup will likely require a full geotechnical
engineering investigation for the site’s future development due to its location within desigiated Critical
Areas, and current code standards, Depending on the proposed development, this would at a minimum
require four to six exploratory borings where accessible within the proposed two-story school building area,
and possibly six to eight exploratory test pits within the proposed football field and parking lot area on the
undeveloped parce! east of 25" Street Southeast. Depending on the proposed development, this would at a
minimum require four exploratory borings where accessible within the proposed Junior High Building and
Administration Building aren on the existing schoo! facility parcel to assess the existing preload and

Krazan & Assoclates, Inc.
Offices Serving The Western United States
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underlying soil conditions. The depth of the borings and test pits, and the final boring and test pit locations
will be dependent on the proposed site development.

The geotechnical information presented herein is based upon professional interpretation utilizing
standard engineering practices and a degree of conservatism deemed proper for this project. It is not
warranted that such information and interpretation cannol be superseded by future geotechnical
developments. We emiphasize that this letter report is valid for this project as outlined above, and should
not be used for any other site.

We hope that this letter report provides the information required at this time. If you have any questions,
or if we may be of further assistance, please do not hesitate to contact our office at (425) 485-5519,

Respectfully submitted,
KRAZAN & ASSOCIATES, INC,

CHRIS J. BEHRENS |

Chris Behrens, L.G., L.E.G.
Senior Engineering Geologist

CB/ph

Krazan & Assaclates, Inc,
Offices Serving The Western United States
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Addenda 1 (Dec. 13, 1995)
Contains additional or revised sheets for
, STORMWATER

TECHNICAL INFORMATION REPORT

for

CASCADE CHRISTIAN JUNIOR
AND SENIOR HIGH

November 1995

Prepared For:

“City of Puyallup
and
Cascade Christian Schools

Prepared By: -
Seabrook M. Schilt, Design Engineer
Sean M. Comfort P.E., Project Manager

| Reviewed By:
George J. Lindsay, P.E., Principal

94247.10, T-12



12/13/95

Adans, Hodsdon, Bessette & Lindsay Inc. page

Cascade Christian School

BASIN SUMMARY

BASIN ID: M
SBUH METHODOLOGY

TOTATs ARFA..o: st 17.09 Acres

RAINFALL; TYPE. ... USER1
PRECIPITATION. o .. 3.90 inches
TIME INTERVAL....: 10.00 min

TIME OF CONC.....: 55,00 min
ABSTRACTION COEFF: 0.20

PEAK RATE: 9.04 c¢fs VOL:

BASIN ID: N
SBUH METHODOLOGY

TOTAL AREA.....0..3 17.09 Acres

RAINFALL TYPE.:...: USERL
PRECIPITATION,...: 2.90 inches
TIME INTERVAL, ...: 10.00 min
TIME OF CONC..,...: 55.00 nin

ABSTRACTION COEFF: 0.20

PEAK RATE!: 6.61 cfs VOL:

BASIN ID: O
SBUH METHODOLOGY

TOTAL AREA.......! 17.09 Acres

RAINFALL TYPE....: USER1
PRECIPITATION. ...: 2,00 inches
TIME INTERVAL....: ~10.00 min
TIME OF CONC.....: 55.00 min

ABSTRACTION COEFF: 0.20

PEAK RATE: 4,41 ofs VOL:

3.76 Ac-ft TIME:

NAME: 100 YR. EXISTING ONSITE

BASEFLOWS: 0,00 cfs
PERVIOUS AREA
AREA..: 0.50 Acres
CNeooas 89.00
TMPERVIOUS AREA
AREA, .3 16.59 Acres
CNeoos? 98,00
5.18 Ac-ft TIME: 480 min

NAME: 10 YR EXISTING ONSITE

BASEFLOWS:  0.00 cfs
PERVIOUS AREA

AREA..: 0:.50 Acres
CNooo'o: 89-00
IMPERVIOUS AREA
AREA..: 16.59 Acres
CNooows 98.00
480 min

NAME: 2 YR EXISTING ONSITE

BASEFLOWS: 0.00 cfs

PERVIOUS AREA .
AREA..: 0.50 Acres
CN....: 89.00

IMPERVIQUS AREA ;
AREA.,: 16.59 Acres
CN....: 98.00

2.50 Ac~-ft TIME: 490 min
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STRUCTURAL ENGINEERS ° LAND PLANNERS * LANDSCAPE ARCHITEGTS

,«//
Response Me P
TO:  Greg Stidham Project No. 9427410

.
o

City of Puyallup, 330 3rd Street SW T
Mailing Address '

Regarding: _Site Plan Review

218 West Pioneer Avenue ’
Puyallup, WA 98371:9,187“”
7 Date: 12/13/95
- A

O@em by item reponse to Gray & Oshorne’s Dec. 8, 19‘95\review comments.-

Tf?f_olf

1) NAto AHBL
2) )

. a. The hydrograph summary does not include the worst case subbasin for on site 12

conveyance calculations. BasinL is the basin routed through reach H12. This subbasin
delineation has been added to the revised Basin Exhibit (Proposed). Flows routed for
backwater are correct for Basin L.
b. Even though backup occurs in the upstream 24" line it does not overflow upstream rims as
discussed. See plan grades for verification of report HGL grades given.

c. The bioswale calculations which include the roof areas are conservative, There is no reason
to redo them unless we wished to reduce the size of the bioswale. Since the swale'is the

maxim 8’ wide redoing the calculations would not allow us to significantly change the size of

the design anyway.

This information is shown on the basin printouts. 8.58 Ac (50%) of the onsite area has conservatively
been used as impervious in the calculations. 3.75 Ac of 28.7 Ac assumed impervious upstream
offsite. Existing onsite basin assumed 0.5 Ac. of 17.09 Ac. impervious.

4) Existing basin printouts have been added to the report as addenda.

While these suggestions may be technically correct they do not significantly effect the calculations. it
is also arguable that CN of 90 is no more correct and maybe less correct than a CN of 89 for
landscape areas on fill areas. | took another look at the impervious area takeoff and the original

2215 NORTH 30th SUITE 300 o TACOMA, WA 98403 o (206) 383-2422 o FAX (206) 383-2572




CIVIL & STRUCTURAL ENGINEERS ° LAND PLANNERS * LANDSCAPE ARCHITECTS

~dakeoff is conservative as the landscape Islands were ignored among other things. |used a total of
8.58.acres as impervious onsite This is 50% of the site and covers the pond as well. Redoing the

c‘alCul’é’e‘ons would not change the results within the limits of accuragy for storm water runoff

estimates.

6) Office building roofdrainage system added as noted.

7)  Drainage for driveway ar

s will be addre:s;d in the offsite road plans yet to be compleéted. A note to
this effect has been added togheet C2 pé

r our discussion.
8) These existing drains have b? approved and installed under the preload plans. A note has been

added to the plans calling forthe existint\pipe to remain.

9) Waterline restraint infill will be discussed among.our staff.
10)  Storm notes gif sheet C6 do reflect city pipe requirements.
11)  Trashfack was called out on C3 instead of C2 and rip rap callout has been added as noted.

/12) In the interest of addition emergency storage and protection of adjacent properties an overflow on the

pond embankment has not been provided. This does not pose any addition danger since the pond is
mostly an excavated hole with a 1 foot high berm providing freeboard. Should the downstream
system become plugged, the pond will eventually overflow but the pond sides cannot below eroded
below the approximately existing elevation of 60°. The 100 year water elevation in the pond during
backwater conditions is calculated to be 59.86". As discussed eliminating the pond side overflow
poses no risk and give an added level of protection before overflowing to adjacent properties.

.
13)  Atthe time of the first design, §' was the required berm width. In addition the berm is only 1" high at

the border of the pond and is not a significant berm.

14) a. \%approva! blocks Z@aﬂ\oted
b. No K:‘ow and scgl added as noted.
c. Zoning has been/ addressed in other documents and SEPA
d

Bearings an%ces are included on the plans
22156 NORTH 30th SUJT;‘\’QO o TACOMA, WA 98403 o (206) 383-2422 ° FAX (206) 383-2572



DEM

Storm Drainage [1?"5*@
The City of Puyallup has recezltl& contracted a consulting firm té}@}od | ’ﬁ”é‘é“@(lreek
from the Puyallup River to it’s headwaters. The model used for Stgim flow and
flooding predictions was SWIM. Flows from this model will lf'e'é;s?d fc lgﬁ’i‘isi‘gn of

the open and closed storm drainage conveyance system. ~ m"@

At this time, the model has been calibrated with a typical 2 year storm event and
interpolated to simulate the laiger events. This could produce sn underestimate of
the actual flows and associated elevations for the larger storm events, due to errors
encountered by interpolation. Tt would be beneficial for the model to be calibrated
with varying levels of storm events this rainéy season to account for saturated
conditions, fluxing ground water elevations and increased precipitation.

The storm conveyance system, for the off site flows, will require sizing to convey a
100 year storm event. Upstream of East Pioneer Avenue, along the easterly ditch
system of 25th Street East; private driveways have undersized culverts, creating a
restrictions of flow within the system. These restrictions create flooding of thé
existing ditch system, overflowing onto private property. If the design for this project
can not convey the larger storm events (25 year storm events and up) a backwater
effect will create additional flooding along the easterly ditch system of 25th Street
East, If the culverts along the easterly side of 25th Street East are every increased
additional flows will be encovntered through the project and flooding could occur.
Therefore, the storm drainage system along East Pioneer will be designed for the 100
year storm event as a minimum level. Refer to Appendix S.D.(Storm Drainage) of
this report for sizing of critical culverts, critical ditch sections and modelled flows.

Deer Creek

Deer Creek had - field investigation for presence of fish and potential fish habitat
by DEA in August, 1992. A letter report of these findings was submitted to the City
and the State Departinent of Transportation. A copy of this letter report can be
found in Appendix D.C. (Deer Creek). In summary, the stream is of low value to

fish rearing habitat due to it’s lack of: thermal protection through vegetation and

depth of flow during the dry season, minimum stream gradient and sinuosity, poor

pools/riffles ratio and lack of gravel stream bed mix (spawning habitat).

'That portion of Deer Creek scheduled to be relocated to the north side of East

Pioneer Avenue, approximately 260-feet, will be mitigated with improved spawning
and fish rearing habitat. These mitigated measures discussed with Joe Robel, State
Department of Fisheries were: thermal protection (shade trees/shrubs), plunge pools
at culvert inlet/outlet, obstructions in ditch bottom to simulate riffle action and

‘page 11
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SUMMARY OF CULVERT SIZING RESULTS

Culverts sized to convey estimated 100 year flow for Deer Creek (Q = 41 CES) are:

1. Arch CMP 42"x29"; HW = 3.5’ (outlet control) 0,20’ frecboard available.

OR ’

2. Concrete bottomless culvert 4’x4°; HW = 2,05 (free flowing) 1.7’ from
finished roadway grade to depth of flow.

Culvert sized to convey estimated 100 year flow for combined flow of Deer Creek
and remainder of ditches (Q = 88 CFS) is:

1. Arch CMP 71"x47"; HW = 3.6’ (outlet control) 0.80’fresboard availble.

S.D.-2
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3.43 Corrugated Metal Pipe-Arch (Inlet Control Nomograph) Standard Sizes and {8-Inch Corner Radius

18-IN. GORNER RADUS
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3-5.4 Corrugated Metal Pipe-Arch {Outlet Control Nomograph)
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MAN-MADE CHANNELS

VARIABLES LIST:

Y.-
Q‘c

FLOW DEPTH B - CHANNEL BOTTOM WIDTH

FLOWRATE M - CHANNEL SIDE SLOPE

VARIABLE TO BE SOLVED (Y,Q,B,M,8 ORN) ? ¥

(CFS) ?
(FT) ?
(re/FT) 2
(FT/FT) 7
(FT*1/6) ?

ZWRWO

<shift> <Prt

S - CHANNEL SLOPE
N - CHANNEL ROUGHNESS

41 = DEER ek RESULTS
4 ; : ==
o Flod oo 2.05 FT
.01 \= 8.21 SF
.03 = 8,10 ET
= 5.00 ¥FPS ,
e 0.61 SUB~CRITICAIL FLOW
Sc> print <Return> repeat <Space Bar> back to menu
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MAN-MADE CHANNELS
VARIABLES LIST: )
Y - FLOW DEPTH B ~ CHANNEL BOTTOM WIDTH S -~ CHANNEL SLOPE
Q - FLOWRATE M - CHANNEL SIDE SLOPE N ~ CHANNEL ROUGHNESS

VARIABLE TO BE SOLVED (¥,Q,B,M,S OR N) ? ¥

D (CFS) ? 88 RESULTS

B (FT) 2?5 . = :

M (FD/FT) ? .5 = 2.96 FT

8 (FT/FT) ? .006 A= 19.16 SF

N (FT~1/6) ? .035 = 11.61 FT

V= 4,59 FPS ‘ _
= 0.52 SUB~CRITICAL FLOW

<shift> <Pxrt Sc> print <Return> repeat <Space Bar> back to menu
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MAN-MADE CHANNELS
JARIABLES LIST:
Y - FLOW DEPTH B - CHANNEL BOTTOM WIDTH S ~ CHANNEL SLOPE
Q - FLOWRATE M ~ CHANNEL SIDE SLOPE N — CHANNEL ROUGHNESS

JARIABLE TO BE SOLVED (Y,Q,B,M,S OR N) ? Y

) (CFS) ? 49 ’ RESULTS
3 (FT) ? 5
M (FT/FT) ? .5 = 2.56 FT
3 (FT/FT) ? .003 A= 16.09 SF
I (FT*1/6) ? .035 = 10.73 FT
= 3.05 FPS ‘
fr= 0.37 SUB-CRITICAL FLOW
<Shift> <Prt Sc> print <Return> repeat <Space Bar> back to menu
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Memo

Kramer, Chin & Mayo, Inc,

Date:
To:

From:

Proj. Number:

Subject

Copies:

October 14, 1992

Marlene Ford, David Evans & Assoc.
| Pr;?"'{, "‘/ g 2

Lorna Taylor, P.E. i&' ‘ PUY Ly ‘LFP

3045-06 0CT 15 ;992

~-.‘

Pioneer Avenue F lo‘od Flows

@e?v

c:f..

U

Dave Carlton, Greg Gaasland, Tom Heinecke (Puyallup)

In response to your request, attached is a sketch showing flows, velocities and water surface

elevations for

the area near the intersection of 25th Street SE and Pioneer Avenue East as

predicted by our recent computer modeling. Several factors must be considered if these data

are to beused

¢

for design purposes:

The model is predicting extensive flooding upstream along 25th Street SE. If
drainage improvements are ever constiucted to reduce this ﬂoodmg, the flows
along Pioneer Avenue East may be substantially increased. This is the reason

- for the extremely small difference between the 25 and 100 year storm at this

location. Excess flows are flooding into storage upstream.

While the elevation of the area is above the 100 year flood elévation predicted for
the Puyallup River, substantial backwater conditions may still occur upstream of
the wetland north of the railroad tracks.

The SWMM model is a dynamic model, therefore peak flows predicted occur at
varying times during the simulation.

The model was calibrated using a fairly small storm without much overall
volume. It would be better to obtain flow data for a major rainfall event and
recalibrate the model prior to using it for design purposes.

If you have any further questions, please feel free to call.

BECM o 1917 First Avenue o Scattle WA 98101-1027 o (208) 443-5300 o TFax: (206) 443-5372

an_4o




Map provided by KCM on October 14, 1992

Ty

m

21st St. SE

25th St. SE

R e ?“&‘; 2 st*y/e" -

S e e

SD.-13.




Cascade Christian School

FIGURE 8
STORMWATER MAINTENANCE MANUAL
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2.0 STORMWATER MANAGEMENT FACILITIES

To help understand stormwater facility malntenance requirements, it is useful
to have a general kiowledge of how they function. Some malntenance heeds
are common to all types of facilities, while others depend on the specific
facllity.

The three major components of stormwater management Include stormwater
collection/conveyance, stormwater quantity control (detention/retention) and
stormwater quality control (treatment). This section describes general
stormwater management theories and goals. Specific stormwater facllity
descriptions and maintenance requnements are provided in Section 3.0,

Collection and Conveyance Systems

Collection and conveyance systems intercept and transport stormwater and
typlcally consist of inlets that collect water and pipes and/or open channels
(ditches). Stormwater conveyance systems are designed to provide capacity
for a specific maximuni flow rate. Typical failures include reduced capacity
due to clogged surface grates and plpes. Plugging commonly occurs due to
sediment and large debris washed from adjacent surfaces. Reduced
conveyance system capacity resuits in localized flooding and possible property
damage.

Stormwater Quantity Control
(Detention/Retention)

The Intent of stormwater quantity control facllities is to slow dowh stormwater
flow discharged to the environment from developed sites. Impervious
surfaces, such as roads, roofs, and lawns, quicken the rate of stormwater
runoff Into hatural streams which can create flooding, Stormwater quantity
contro] facllities mitigate the increased runoff by providing temporary storage
and controlling the release rate from the site to prevent flooding and eroslon.
Detention and retention facilities may be deslgned as ponds or underground
facilltles,

Detention facilities function hy provxdmg femporary storage of stormwater
runoff to be released at a controlled rate. The intent of the detention facility is
to match the pre-developed runoff rates for several specific storm events In the
developed condition..

Retention facllities are typically located in areas where water soaks easily into
the ground. Retention facllities provided temporary storage while allowing the
water to soak into the ground, mimicking natural conditions. There Is typlcally
no release of stormwater to other plpes or water bodles.

Pierce County Stormwater Maintenance Manual Page 8 Stormwater Management Facllities




stormwater Quality Control (Treatment)

There are a several Best Management Practices (BMPs) utilized for
stormwater quality control. These systems provide stormwater treatment
through a combination of filtration, sediment settling, plant nutrient uptake, and
physical separation. The most common treatment systems include biofiltration
swales, filter strips, wetponds, and sandfilters. There are also some
proprietary structural tleatment systems Including Stormfilters®, oil/water
separators, and Vortech® treatment units, The intent of all stormwater
treatment facllities is to remove olls, chemicals, metals, and sediment from
stormwater runioff prior to being discharged from the property.

Stormwater {reatment facilities have 4 limited poHutant removal capabllity and
are not intended to replace proper site management. The most effective
technique for reducing pollutant discharge from the site Is to provide good -

» housekeeping through source control Best Management Practices (BMPs) as

provided in the Stormwater Pollution Prevention Manual located at
hitp:/lwww.co.plerce wa.us/PClsetvices/liome/environ/water/swm/sppman/.

Pierce County Stormwaler Malntenance Manual Page 9 - Stormwater Management Facilitles




3.1 Detention Ponds

tormwater detention ponds are open basins bullt by excavating below
existing ground or by constructing above-ground berms
(embankments). The detention pond temporarily stores stormwater
runoff during raln events and slowly releases it through an outlet (control
structure). Detention ponds are typlcally designed to completely drain within
24 hours after the completion of a storm event. Components that are typlcally
assoclated with a detention pond Include the following: control structure/flow

restrictor, debris barrier (e.g. trash rack), energy dissipaters, access road, and
fence. )

T

access ramp
Into pond

~—— pond Inlet plpe

alternatlve emergency
outflow structure for
ponds not required to
provide a splllway

. raintenance Foad

compact ——

erbankment
control
structure
emergency
ovarflow

splltway rlip rap

8)! 3T
(2. 12T s S 8 o
A
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L padt - . ~% B *H .
Detention Ponds Checklist
-=‘=~,,M;~;;;-_-r—.-,“‘ == Date = e e
‘Dralnage ] : e NS
. ‘ . e e \ » -~ Gonditions That
Frequency fS‘Z:(tS;‘; Aelolod CProblem : 7, 1 Conditlons to Check For Should Exlst
s === S e
Any trash and debrls
Whleh eXceed 6 cuble fesl
per 1,000 squars fee! (this
IS about equal to the
- amount of trash It wotild
take o fill up one standard |
» ! : slze garbage can). In [ Trash and debrls
»M.’S General Trash & Debrls general, there should be cleared from slte.
 na visual evidence of
 dumplng. [fless than
threshold all {rash and
 debris wiil be removed as
part of next scheduled
malntenance. - .
o | No danger of .
Any polsonous or nulsance | polsonaus vegstation
vegelation which may- \where malnlenance
constitulo @ hazard to personnel or the public
ialntenance personnel or | might normally be.
] pol the public. Any evidence | (Coordinate with focal
A General v‘ééé’c’%?r‘éi and  |of noxlous weeds as weod board) Complete
‘noxlotts waeds dofined by State orfocal | sradicallon of noxlous
w v e f - S AR ;egulat[onsw.(App]y.w...ﬁ. _wéa‘ds.may‘nol.bg,..‘..,.,»
requlrements of adopted possible. Compliance
IPM policles for the use of | with State or local
herblcldes), eradlcatlon policles
. ) required
No contaminants or
i e  pollutants present,
; Any evidence of oll po
5 ; Contamlnants and 7° ! (Coordinate
Ms | General Follullon g;zhs:rling’,]:g:‘!gmlnants °" | removalicleanup vith
TP lacal water qualily
response agency).
v B Rodents deslroyed and
Any evidence of rodent dam or berm repalred.
holes If facllity Is acting as (C,oordgale with focal
! a dam or betm, ot any health depariment;
M General ‘ Raodent Holes avidonce of \-Je:ter,plplng coordinale with
] through dam or berm via Ecology Dam Safety
 rodent holes, Olfice if pond exceeds
j 10 acre-fesl.)
Facliity Is relurned to
design function,
1M General Beaver Dams Rimur::g‘f(?h!g f:;ﬂf’e or g?‘éﬁ;d&gfs‘zgg Pping
: ol ¥ removal of dams with
appropriate permitiing
. agengles)
o : : Insects destroyed or
A General [nsecls X‘Y::;slgggcgz;ﬁg * X] m?vfr?s;r&mizie(:'ln
; Interfere with maintenance | 2PP y" it
activitles. compllance wit
i  adopled IPM policies,
Tres growth does not allow | Frees do not hinder
malntenance access or maintenance activliles,
) ' . Interferes with Harvested trees
A | General Mo Siquiand | malntenance activity (le., | should be recycled
' ) ' slope mowing, siit into mulch or other
! removal, vactoring, or beneficlal uses (e.g.,
) [ e squipment movements), If alders for firewood).
e == -

e |

Detention Ponds Checklist




Detention Pends

Checklist (Continued)
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o Date
Dralnage 3 ] - ‘ RN Ny
Frequency System ‘Problem ! Cond'(ipps to Check F'or . nglull!t‘olné ':‘htal
| Feature |+ L N _f e Bxlst
- - o Irees are not ln(erferlng -
with access or
malntenance, do not
remove
{f.dead, diseasad, or dylng
trees are Idenlified (Usea |
A General cerlifled Arborlst to Remove hazard Trees
determine health of {res or
removal requirements)
) - Slopes should be
Eroded darnage over 2 stabillzed using
)  Slde Slopes Inchos deep where causo | approprlate eroslon
M o Pond Erosion of damago Is slili present | conlrol measure(s);
or where thers Is potontlal |e.g., rock -
for continued eroston. Telnforcenent, planting
of grass, compaction.
If eroslon Is occurring
g on compacted berms a
MS ,Slda Slopes 233:1 e;g?é%ﬂbgl:;snewed oM 8 }jcansed clvli englneer
: of Pond embfmkment . should be consulied to
‘ resolve source of
 erosion.
Accuriulated sediment 2 .
that exconds 10%
e | poaiy 010 42 o the... Sedment dlanod out
M %%‘399 Sedimont doslgned pond depth  shape and depth; pond
4 unless olhorwise specified reseodod If necessary
or affects Inleiting or fo control oroslon.
outlelting condllion of the :
facllity.
p Liner Is vislble and has Liner repalred or :
M 2:2‘:99 f,;}"eéc(gb, o) more than threa 1/4-Inch | replaced. Liner.s fully |}
PP ‘| holes In .  covered.
Any parl of berm which i
has settled 4 Inches lower
than the design elevation.
If settlement Is apparent,
‘moasure berm to
_ s determine amount of
i Pond Berms ! ! selilement, Sellling can Dike Is bullt back to
A  (DTkes) ~, Setilements be an Indicalfon of more | the desldn elevation.
savere problems with the
berm or outlet works, A
licensed civil enginesr
should bs consulied lo
determine the source of
the settloment.
 Discernable water flow
through pond barm,
Ongolng eroslon with
polential for eroslon to
A Porid Berms Pipin conllnue. (Recommend a ‘2’%‘2{%: lirg{gg:rg,
! {Dikes) ping Gostechnleal englneer be resolvedp
called In 1o inspsct and '
evaluale condition and
recommend repalr of
o . . [ oo |ocondilion, L

Detention Ponds Checkilst




Detention Ponds Checklist (Continued)

e - =r=

oS ]

Emergency
A Qverllow/
Splilway

. Datg T
: Drainage . ) Cregs oy
Frequency .| Syslem ' Problem ... | Conditions to Check For C%‘:d"ﬁ"é’ }Pta‘ :
. ’ Feature lviv . : - 1would Exls .

B eyt

e

—c—r—e

Tree Growth

Tree growth on emergency

splilways creates blockage
problems and may cause
fallure of the berm dus lo
unconlrolled overtopping.

 engineer should be

Trees should be
removed. If rool
system s small {base
less than 4 Inches) the
rool system may be
left In place.

Othsrwise the roots
should be femoved -
and the berm restored.
Alicensed civll

consulted for proper

herm/splilway
réstoralion.
| Only one layer of rock -
exlsts above native soll In
area five square fest or & Br y
A %’33:‘333? y Emergency larger, or any oxposure of Ef: ,:gs?ro]\igig 322&
 Spliiway  Overlloiv/ Splliway | niative soll at the tap of out praey T

flow path of splilway.
(Rip-rap on Inslde slopes

| standards.

need not be replaced.)

If you are unsure whether a problem exists, please contact a Professlonal Engineer,

Comments:

Key:

(M) Monthly from November through April.

(A) Once In late summer (preferably September)

(8) After any major storm (use 1-inch in 24 hours as a guideline).
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4.0 Developing a Maintenance Program

A stormwater malntenance program Is essentlal to ensure that the facilities
continue to function as designed to prevent possible flooding and property
damage. The maintenance program consists of Inspections and repairs as
detailed in the maintenance checklists provided in Section 3.0.

Stormwater management facilities are not Intended to replace good
housekeeping procedures. Good housekeeping includes educating facllity
users of proper storage and disposal of chemicals and potential pollutants, -
procedures for splll cleanup, proper use of fertilizers and other lawn care
products, and maintenance of equipment to prevent release of pollutants to the
stormwater system. Guidelines for establishing good housekeeping
procedures (Source Gontrol BMPs) and developing a tralnlng program to
educate facllity users can be found in the Pierce County Stormwater Pollution
Prevention Manual located at:

http://www.co.pierce.wa.us/PC/services/home/environ/water/swin/sppman/.

Who Should Perform Maintenanceé Duties?

Private stormwater facllity owners are responsible for ensuring that the
facllities are malntained and continue to function as designed. Some activities
such as litter removal and mowing can be effectively undertaken by facllity
owners, however, It Is usually worth the cost to have a professional do the
more difficult tasks. Fllling eroded areas and soll disturbing activities, such as
reseeding or re-planting vegetation are tasks that a professlonal landscaping
firm should manage. If these tasks are not performed properly, erosion may
ocour resulting in accelerated sedimentation of stormwater facllities. Grading
and sedlment removal are tasks that are best left to professional contractors
with the equipment and experlence to safely perform the task and who are also
able to Identify potential problems early when it is most cost effective to make
repalrs or alteratlons.
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Working with Maintenance Contractors

Selecting and working with a maintenance contractor can be an intimldating
process for many private facllity owners. The following Is a guideline for
researching and choosing a qualified contractor to meet your maintenance
needs.

Start your search for a_contractor the right way ~ be Informed. The Information
provided below will help you in your search for the right contractor for your job.

°

Landscape maintenance contractors are typically capable of providing
most routine maintenance for stormwater facllities. Special, non-routine
maintenance may require an earthwork contractor or vactor company.
Recently, several contractors have started specializing in stormwater
facllity maintenance. Private owners can choose to hire contractors when
Indlvidual maintenance needs arlse or enter Into annual malntenance
agreements where the contractor monltors and provides routine
malntenance throughout the year as needed.

Develop a list of potentlat contractors. Look in the Yellow Pages and/or
ask friends, nelghbors, relatives, and coworkers who they have used, Find
out if thelr experlences were good or bad and why. Ask If they would use
the contractor agalin.

Ask contractors for references. Gall your potential contractors and ask for
a list of their customers or locations of completed jobs. Call references and
ask whether they were satisfled with the Job done, If the contractor kept to
the agreed upon schedule, and whether they would hire the same
contractor agaln.

Ask to which trade associations the contractor belongs. Membership in a
professional assoclation Is one sign the contractor recognizes the
responsibilities of being a professional.

Make sure to obtaln and evaluate bids. Ask for a free written estimate of
the work you want done. Be sure everyone Is bldding on the same exact
scope of work and Including the exact materials you want. Be sure all
quotes include everything you want and that there Is a clear understanding
of work to be performed by owner and work to be performed by contractor.

Remember "you gef what you pay for.” A higher bid may be worth the price
for better workmanship and contractor reliabllity, i

Make sure you understand the different types of bids you may recelve. Be
careful about hiring a contractor on an hourly time-and-materials, or cost-
plus basis. Although the price may seem high at first, a fixed-price bld may
glve you the best protection and price. Also beware of "spaclal deals,"
"demonstration projects,” or "a great deal from a frlend of a friend.”
Completely review and understand the contract prior to authorizing work.
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Questions to Ask Before Hiring a Gontractor

o What experience, expertise and/or certification do you have? Do you
speclalize?

¢ Who will be dolng the actual work: you personally, your employees, of
subcontractors?

o Who will overses the day-to-day job? (You may really like the contractor,
but that person may not be the one performing or supeivising the work.)

o How many other jobs will you be working on at the same time as mine? (If
there are several, yours may not get the attention you want. On the other
hand, the contractor's business may be large and he may be able to
handle several jobs.)

o How long will the job take? What kind of mess, nolse, and inconvenlence
should | expect? What problems may come up? (Asking questions before
the job starts helps prevent surprises later.)

o Where wiil you dispose of material removed from storm drainage facilities?
Is there an extra fee for contaminated materials?

> Does hiring this contractor feel right? (Use Intultion - If you do not feel
comfortable, find someone elss.)

o Do I have rapport with this contractor?- Am 1 confident in his expertise and
Ideas? Does he care about my concerns? Will he be reliable, keep his
appointments, and return my telephone calls?

> Ganl communicate with this person? Does he seem honest and forthright?
(The contractor may be top-notch at the trade, but If the final product is not
what you expected, you will not be happy.)

o Am | willing to be reasonable about unexpected costs that arise and to |ot
my contractor make a profit?

o Am | ready for the unexpected, such as digging into solld rock, major
replacement, etc.? '

o Can | be flexible when the job takes longer than expected?

o Are my expectations so high that | will never be satisfied with my
contractor?
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4,

3

How much will it Cost to Maintain &
stormwater Management System?

Specific maintéhance costs depend on the characteristics of the facility, the
site, and the area that contributes runoff to the facility. The general rule of
thumb Is that annual maintenance costs will be 5 to 10% of the facility's total
capital cost. Routine, scheduled maintenance can help keep overall costs
down by addressing problems before they require major attention.

Most of the routine maintenance measures recommended in the checklists
(excluding major repair and replacement) are estimated to have an annual cost
of $200 to $600 per acre of facility, above current landscape malntenance
costs. Costs can vary depending on the types and level of mainténance
practices used.

The cost and intenslty of mainténance activities are usually higher during the

two-year plant establishment petlod than after the facility has “settled in” after
those first two years, -

You need to determine how you will finarice your maintenance needs. A
healthy reserve should be put into place for both capltal malntenance
procedures (e.g., facility replacement and non-routine maintenance such as
sediment removal, facllity component repalr or replacement, major replanting,
or safety structure construction) and operating malntenance procedures
(routine activities such as facllity Inspection, debris removal, and vegetation
management).

The best recommendation Is to establish a facillty malntenance fund. For

homeowner assoclatlons, this could be a portion of homeowner fees or a
specific assessment. The fund should Include:

° Ten percent of the facility's capltal cost for annual routine maintenance per
year,

° A percentage of the non-routine maintenance costs peryear (i.e. for
sediment removal, vegetation replacement) based on the frequency of
removal. For example, if the facility needs mechanical sediment rémoval every
10 years; 10 percent of the total cost should be put aside each year.

° An additional 3 to 5% of the facillty’s capital cost per year for eventual facility
replacement, based on the facility’s life expectancy. Most of thess facilities
have a life expectancy of 25 to 50 years,
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