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DRAFT PRE-DESIGN RECORD
DRAINAGE ANALYSIS& DESIGN CRITERIA SUMMARY

Project Name: Poplar Way Extension — Phase 2 Perteet Job No: 20100156

Date: September 23, 2013

Project Manager: Carl Einfeld, P.E.

Surface Water Brian Caferro, P.E.
Engineer:

Client: City of Lynnwood Public Works

City or County: Snohomish County

Project Description:

Major elements of the Poplar Way Extension Bridge project will include a new multi-lane bridge structure with 6 lanes, pedestrian and bicycle facilities;
intersection modifications and grade adjustments to accommodate tie-in to existing streets on either side of the freeway; and widening and restriping of port
Poplar Way, 196th Street SW, Alderwood Mall Boulevard, 33rd Avenue W and Alderwood Mall Parkway.

A. Summary of Recommendations

Provided below isa summary of the major drainage design standardswhich will be followed on the Poplar Way Extension Bridge Pr oj ect.

Since a large portion of the project is within WSDOT right-of-way the project will follow the 2011 WSDOT Highway Runoff Manual (HRM) for runoff
flow control and water quality treatment and the 2010 WSDOT Hydraulics Manual (HM) for conveyance and hydraulic report format. The HRM and t
Washington State Department of Ecology’s 2005 “Stormwater Management Manual for Western Washington” are deemed equivalent by Ecology.
Conveyance systems are to be designed for ‘undetained flows’, in the event that a detention facility fails to function properly.

Detention and Water Quality Hydrologic Analysis: WWHM™ version 4 will be used for flow control analysis (Existing pond retrofit with Thirsty Duck
flow regulators) and to size Filterra units.

Conveyance Model: StormShed3G™ model, using the SBUH method and a 25 year storm event, will be used to size the conveyance systems.
‘Enhanced Treatment’: This criterion is a function of ADTs, derived to the design year of the project, year 2040. This defines whether or not the wat
quality treatment facilities are to be designed to ‘basic’ or ‘enhanced’ treatment levels. (Note: the project will require enhanced treatment since the
current and future ADT levels are greater than 7,500)

Oil Control Treatment at Intersections: This criterion is a function of ADT’s at the intersections. The 2040 forecast ADT's for the two intersections
associated with this project are as follows:
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Poplar Way/Alderwood Mall Blvd
West leg = 27,800 South leg = 31,500

East leg = 13,400 North leg = 23,800
Poplar Way/196 Street SW

West leg = 42,500 South leg = 40,400
East leg = 32,300 North leg = 31,500

The ADT numbers above exceed the thresholds for oil treatment, therefore both intersections will need to incorporate measures for oil treatment.

» If Infiltration is feasible: Use minimum clearances between the bottom of the infiltration facility and the high groundwater table, listed in the HRM, or
mounding analysis can be done by the geotechnical engineer to demonstrate the infiltration facility will function if minimum clearances cannot be
achieved.

» Stormwater BMP’s: The list of options in the HRM and HRM Category 1 BMPs are acceptable, with the following exceptions: Sand filters are strong!
discouraged given their high maintenance needs. Stormwater BMPs approved by Ecology through the TAPE protocol testing and review process, s
Filterra™ and StormFilters, are also acceptable stormwater BMPs.

Standards

Minimum Requirement for Runoff Control and Water dtyalreatment, Threshold Analysis and BMP Design Criteria-
The 2011 WSDOT Highway Runoff Manual (HRM).

Conveyance and Hydraulic Report Format-
The 2010 WSDOT Hydraulics Manual (HM)
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B. Documentation Summary of Drainage Design Standards

Design Element

Standard Requirement

Sour ce

Threshold Analysis
Minimum
Reguirements:

This project shall follow the threshold analysis and minimum requirement determination
procedures as outlined in Section 3-2 and 3-3 of the HRM.

The threshold determination will be based on requirements set forth in Chapter 3 of the H
The following will be applied:

Flow Control area = minimum requirement from HRM + 3% (design contingency)

Water Quality Treatment area= minimum requirement from HRM and + 3% (design

contingency)

Since the project is in an early stage of design, a 3% design contingency will be added to
calculation to account for minor changes that may occur during the on-going road design

HRM pgs. 3-1 to 3-30

RM.

the area
Drocess.

Hydrologic/Hydraulic
M ode!:
Flow Control:

Water Quality:

Conveyance

MGSFlood for continuous simulation modeling (Version 4) or WWHM4 will be used.

MGS Flood (Version 4) or WWHM4 (for Filterra sizing)

Storm Drains:

StormShed3G for pipe sizing and backwater analysis
- SBUH Method to be used (minimum Time of Concentration = 5 minutes)
(Manning’s roughness coefficient per HM Appendix 4-41)

Culverts:

HRM pg. 3-25

HRM pg. 3-17

HM pgs. 1-9, 6-11, 6-12

HM pg. 1-9

For hydrologic analysis use published flow records, flood reports, USGS Regression or Rational

Method. WSDOT has also allowed the use of MGSFlood in the past. For hydraulic analy
culvert sizing use HY-8 or HEC-RAS. WSDOT has also allowed the use of CulvertMaster
past.

Ditches, channels, roadway gutters, etc. (open channel flow):

5is and
in the

HM pg. 1-9

StormShed3G model using SBUH method. A simple software program such as Flowmaster has
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Design Element

Standard Requirement

Source

also been allowed by WSDOT in the past. (Manning’s roughness coefficient per HM Appe
41)

ndix 4-

Water Quality:

Conveyance

the 2-yr storm up to the 50-yr storm flow, using a flow restrictor (such as an orifice or weir
1 hour time steps. Check the 100-yr peak flow for property damage. The pre-developed

Gutter Flow: | Modified WSDOT Spreadsheet HM pg. 1-9
Runoff coefficients to be used for the Rational Method shall be taken from Figure 2-5.2 of the
2010 WSDOT Hydraulics Manual (HM). These coefficients are for the 10-year return
frequency.
Infiltration: | MGS Flood (Version 4) — 1 hour time steps HRM pg. 4-53
Design Storm Events:
Flow Control: | Provide storage volume required to match the duration of pre-developed peak flows from b6fRMfpg. 3-25

@hable 3-6)

condition to be matched shall be a forested land cover unless the project meets the exceptions as

listed under HRM.

Volume based (on-line) (1 hour time steps):
Size the wetpool to store the*jdercentile, 24-hour runoff volume. Other volume based

HRM pg. 3-17
(Table 3-3)

infiltration and filtration facilities — Size the facility to treat 91% of the estimated runoff file for

the post-developed condition.

Flow-based upstream of flow control facility (15 minute time steps):
Size treatment facility so the 91% of the annual average runoff will receive treatment at or

HRM pg. 3-17
[{@lable 3-3)

the design loading criteria, under post developed conditions for each TDA. If the flow rate is

split upstream of the treatment facility, use the off-line flow rates. (15-minute time steps)

Flow-based downstream of flow control facility (1 hour time steps):
Size treatment facility using the full 2-year release rate from the detention facility, under p
developed conditions for each TDA.

Storm drain pipes & ditches:
25-year recurrence interval for storm drain laterals and trunks and the 10-year recurrence
for laterals without trunks.

Culverts:
» Circular Pipe, Box Culverts and Pipe Arches: 25-year flow event WSEL should no
exceed the allowable headwater. Additionally, the WSEL for the 25-year event sh

HRM pg. 3-17
p¢Table 3-3)

HM pg. 6-9
interval

t HM pg. 3-8
puld
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Design Element

Standard Requirement

Source

Gutter Flow:

Infiltration:

not exceed the elevation of the base course of tdway. It is recommended that the

culverts be sized such that there is no roadway overtopping during the 100-year flow

event.

« Concrete or Metal Bottomless Culverts: 1 foot of debris clearance should be providetM pg. 3-9

between the water surface and the top of the arch during the 25-year flow event.

Additionally the WSEL for the 25-year event should not exceed the elevation of the base

course of the roadway. The depth of flow during the 100-year flow event should not

exceed the height of the arch.
e Temporary Culverts: 2-year storm event unless a different storm event can be jus
per the guidelines outlined on pg. 3-12 of the HM.

Ditches, channels, roadway gutters, etc. (open channel flow):

10-year recurrence interval
10-year recurrence interval for continuous grade analysis
50-year recurrence interval for sag analysis

Water Quality Treatment (1 hour time steps):
Size the facility to treat 91% of the estimated runoff file for the post-developed condition.

Flow Control (1hour time steps):

Size facility to infiltrate sufficient volumes so that the overflow matches the duration stand
and check the 100-year peak flow to estimate the potential for downstream property dama
infiltrate the entire runoff file.

ifiéd pg. 3-12

HM pg. 4-11

HM pg. 5-5

HRM pg. 3-17
(Table 3-3)

HRM pg. 3-25
afd able 3-6)
\ge, or

Precipitation Data
Sour ce:

Rational Method: Rainfall intensity values from Figure 2-5.4A (Everett):
10yr: m=6.31,n=0.575

25yr:  m=7.83,n=0.582

100yr m=10.07,n=0.586

SBUH Method (Type 1A storm):
Precipitation isopoluvial maps: Appendix 4A
2yr:1.50" 10yr: 2.20" 25yr: 3.00" 100 yr: 3.50"

Continuous Simulation:

HM pg. 2-14

HM pg. 2-18

HRM pg. 4-14
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Design Element

Standard Requirement

Source

Extended Time Series Region Map: Puget East 40 in MAP

Pre-Developed
Conditions: (Forested,
etc.)

Forested conditions. (per HRM Glossary of Terms: pre-developed conditions defined, akg
“historic land cover”)

A HRM pg. 3-25

Conveyance Design
Criteria

Storm Drains:
Pipe runs between junctions should not exceed 300 feet for pipes smaller than 48-inches
diameter and 500 feet for pipes 48-inches or larger in diameter.

Minimum design velocity is 3 feet per second under full flow conditions. Maximum design
velocity is 10 feet per second under full flow conditions.

Branch or trunk line pipe crowns of differing diameter should be at the same elevation whg
entering and exiting junctions.

Minimum pipe diameter is 12 inches.

HM pg. 6-3

HM pg. 6-3

2iM pg. 6-4

HM pg. 6-4

Storm drains should be designed to include all Schedule A pipe options, unless specific sit¢iM pg. 6-4

constraints limit options.
Pipe diameters shall not decrease in downstream runs.

Pipes systems shall be designed such that the HGL does not exceed any rim elevations w
system.

Ditches/Open Channels:
Ditches shall have 0.5 feet of freeboard and a max 2:1 side slope.

Vegetated ditch lining is acceptable for ditch grades up to 6% and with a maximum velocit
feet per second. For higher velocities and channel slopes, more protective channel lining
required.

Culverts:
The minimum diameter of culvert pipes under a main roadway shall be 18 inches and the
minimum diameter of culvert pipes under a roadway approach shall be 12 inches.

HM pg. 6-4

ithM e 6-14

HM pg. 4-11

yH¥15pg. 4-11
5 are

HM pg. 3-6
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Design Element

Standard Requirement

Source

Circular Pipe, Box Culverts and Pipe Arches: 25-year flow event WSEL should not exceed ttiel pg. 3-8

allowable headwater. Additionally, the WSEL for the 25-year event should not exceed the
elevation of the base course of the roadway. It is recommended that the culverts be sized
that there is no roadway overtopping during the 100-year flow event.

Culvert spans over 20 feet are considered bridges and any hydraulic design for bridges is
responsibility of HQ Hydraulics.

Concrete or Metal Bottomless Culverts: 1 foot of debris clearance should be provided bet

such

th#M pg. 3-8

wekhpg. 3-9

the water surface and the top of the arch during the 25-year flow event. Additionally the WSEL

for the 25-year event should not exceed the elevation of the base course of the roadway.
depth of flow during the 100-year flow event should not exceed the height of the arch.

Allowable Headwater for circular culverts, box culverts and pipe arches shall be as follows
*  HWI/D < 1.25 for the 25-year event
* Headwater shall not overtop the roadway during 100-year event

Allowable Headwater for bottomless culverts shall be as follows:
« 1 foot of debris clearance shall be provided between the 25-year flow event water
elevation and the culvert crown.
« Headwater depth shall not exceed the culvert crown during the 100-year flow even

The

‘HM pg. 3-14

HM pg. 3-15
surface

t.

Flow Control/Water
Quality Facility
Design Criteria:

Detention Pond:
1 foot minimum freeboard between design surface water elevation and top of pond.

Primary overflow (typically the control structure riser pipe) shall be designed to bypass the
year post developed peak flow in the event the control structure becomes plugged.

Minimum orifice diameter is 0.50 inches.
Minimum vertical rectangular orifice length is 0.25 inches.
Consider the use of a flow screen on orifices less than 1 inch in diameter.

Ponds must provide an emergency overflow capable of conveying the 100 year peak flow

HRM pg. 5-179

HRM pg. 5-181

HRM pg. 5-181
HRM pg. 5-182
HRM pg. 5-181

HRM pg. 5-185
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Design Element

Standard Requirement

Source

For impoundments of 10 acre-feet or greater, the emergency overflow spillway must meet tHRM pg.

state’s dam safety requirements.

Pond bottoms must be a minimum of 0.5 feet below the outlet invert elevation to provide
sediment storage.

Interior side slopes should not be steeper than 3H:1V unless fence is provided.

Exterior side slopes must not be steeper than 2H:1V unless analyzed or stability by a
geotechnical engineer.

Pond walls may be vertical subject to the requirements outlined in HRM pgs. 5-186 to 5-1
There shall be a minimum 6 foot top width for pond berms up to 6 feet high.

Pond berms greater than 4 feet high must be constructed by excavating a key trench equg
of the berm embankment cross-sectional height and width unless specified otherwise by 3

geotechnical engineer.

Ponds must be a minimum of 5 feet from any property line or vegetative buffer and 100 fe
any septic tank or drain field.

If grade allows a gravity drain shall be installed.

Constructed Wetland:
Consists of two cells: pre-settling cell and wetland cell.

Pre-settling cell must contain approximately 33% of the wet pool volume and be between
and 8 feet deep, excluding 1 foot of sediment storage.

Wetland cell must not exceed a water depth of about 1.5 feet (plus or minus 3 inches).
Setbacks same as detention ponds.

For combined detention pond and constructed wetlands, the detention (live) storage shall
limited to the pre-settling cell.

Detention Vault/Tank:

1

HRM pg.

HRM pg.

HRM pg.

3HRM pg.
HRM pg.

aHRBOPG.

eHfirRWhpg.

HRM pg.

HRM pg.

AHiEY pg.

HRM pg.
HRM pg.

beRM pg.

5-185

5-186

5-186

5-186

5-186

5-187

5-187

5-189

5-27

5-101

5-101

5-102

5-189

5-114

X:\Lynnwood, City of\Projects\20100156 - Poplar Way Extension Bridge\Design\Drainage\2-Standards\Pre-Design Record\PreDesign Record_2013-09-23.doc

Perteet, Inc.

Page ¢



Design Element | Standard Requirement

See 2005 Ecology Manual for detention vault and tank guidelines.
StormTank (Plastic Detention Chamber):

Design criteria per manufacturer’'s recommendations.

Source

Infiltration facilities:

Infiltration facilities shall meet the site suitability criteria outlined in the HRM on pgs.kﬁiM 0gs. 4-34 to 4-37
34 to 4-37 '
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Alternative #1
Concrete Detention Vault / Filterra Units

Planning Level Cost

$811,700
Advantages Disadvantages
Concrete vaults are long lasting. » Concrete vaults are very expensive.
Facility concentrated within a smaller » Construction is very labor intensive.
footprint than an open pond. * When maintenance is required the
Facility located within project area limits. procedure is more costly due to confined
Less storm drain pipe than Altenative #2 space rules, visibility and ventilation issues.

» Vault located within PUD property.
Easement or other agreement needed
between PUD and City of Lynnwood.

* Cover above vault lid varies from 1 foot to
15 feet. This adds to cost of vault.

* Vault would need to be two celled. Hardest
to maintain.




Alternative #2
Concrete Detention Vault / Filterra Units

Planning Level Cost

$839,600

Advantages

Disadvantages

Concrete vaults are long lasting.

Facility concentrated within a smaller
footprint than an open pond.

Facility located within project area limits.
Proposed location provides easier access
and a shallower system than Alternative #1.
One cell. Easier to maintain than vault in
Alternative #1.

Concrete vaults are very expensive.
Construction is very labor intensive.
When maintenance is required the
procedure is more costly due to confined
space rules, visibility and ventilation issues.
Vault located within PUD property.
Easement or other agreement needed
between PUD and City of Lynnwood.
Proposed location of vault is outside of
current project limits and would therefore
require additional survey.

More conveyance is required for this
alternative.

Additional Survey is needed.




Alternative #3
Existing Pond Retrofit / Filterra Units

Planning Level Cost

$319,900
Advantages Disadvantages
No new facility needed. * Would be the first installation of this product
Utilizes an existing regional facility within the City of Lynnwood. City is fairly
No maintenance required besides the unfamiliar with the product.

maintenance which the existing pond
currently receives.
Cheapest Alternative.




Alternative Comparison

ltem Alternative #1 Cost | Alternative #2 Cost | Alternative #3 Cost
Detention Vault $380,000 $350,000 N/A
Filterra Units $121,000 $121,000 $121,000
Conveyance $117,410 $143,417 $74,100
Shoring/Excavation $57,930 $81,690 $21,400
Additional Survey N/A $3,500 N/A
Thirsty Duck
Retrofit N/A N/A $50,100
Contingencies $135,270 $139,920 $53,300
Total $811,700 $839,600 $319,900
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Inspection and Maintenance Documentation
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DRAINAGE REPORT
ALDERWOOD MALL EXPANSION

INTRODUCTION

General Growth properties is proposing to expand the Alderwood Mall. The mall
expansion project is located within the City of Lynnwood in the northwest quarter of
Section 14/northeast quarter of Section 15, Township 27 North, Range 4 East, Willamette
Meridian, in Snohomish County, Washington. The site comprises 83.9 acres. Figure 1 is
a vicinity map for the project. The existing and proposed site plans are shown in

figures 2 and 3. The site is bounded by 184 Street SW to the north, 26th Avenue W to
the east, Alderwood Mall Boulevard to the south, and 33rd Avenue W to the west. The
proposed modifications to the existing retail site includes demolishing 192,000 sf; adding
245,000 sf to the existing mall complex; and constructing 196,000 sf of exterior pedestrian
shopping area, a new 80,000 sf cinema, three parking garages. The project is also
expected to provide a net increase in landscaped area. The topography is fairly flat, with
the grade sloping slightly from the north to the south.

This report addresses the storm drainage issues associated with proposed expansion
project using criteria developed with the City of Lynnwood Department of Public Works,
including the Washington State Department of Ecology (Ecology) Stormwater
Management Manual for the Puget Sound Basin, 1992. The Ecology manual outlines the
hydraulic modeling and treatment techniques. Applicable portions of the Ecology Design
Manual and other documents are provided.

EXISTING CONDITIONS
Soils

The soil on the project site is classified in the Soil Survey of Snohomish County Area,
Washington (USDA Soil Conservation Service, 1973) as Urban land (see figure 4).
Urban land is considered to be compacted imported or native soils with runoff
characteristics similar to glacial till. Till soils have a high runoff potential and are typically
classified as hydraulic soil group “D”.
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See next page for list of soil units.
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SOIL LEGEND

NAME

Alderwood gravelly sandy loam, 2 to B percent slopes
Alderwood gravelly sandy loam, 8 to 15 percent slopes
Alderwood gravelly sandy loam, 15 to 25 percent slopes
Alderwood-Everett gravelly sandy loams, 25 to 70 percent siopes
Alderwood-Urban land complex, 2 to B percent slopes
Alderwood-Urban land complex, B to 15 percent slopes
Bellingham silty clay loam

Bellingham Variant mucky silty clay loam

Cathcart loam, 3 to 15 percent slopes

Cathcart loam, 15 1o 25 percent slopes

Cathcart loam, 25 1o 50 percent slopes

Cryohemists, nearly level

Custer fine sandy loam

Etwell silt loam, 3 1o 30 percent slopes

Elwell-Olomount complex, 15 to 30 percent slopes
Elwell-Otomount-Rock outcrop complex, 30 to 60 percent slopes
Everett gravelly sandy losm, O to 8 percent slopes

Everett gravelly sandy loam, 8 to 15 percent slopes

Everett gravelly sandy loam, 15 to 25 percent slopes
Fluvaquents, tidal

Getchell silt Joam, 3 10 30 percent siopes

Getchell-Oso complex, 15 10 30 percent slopes
Getchell-Oso-Rock outcrop complex, 30 to 65 percent siopes
Greenwater Joamy sand

Hartnit-Potchub-Rock outcrop complex, B85 to 90 percent slopes
Indianola loamy sand, 15 10 25 percent slopes

Kitsap silt loarm O to 8 percent slopes

Kitsap silt loam, B to 25 percent slopes

Kitsap sitt loam, 25 10 50 percent slopes

Lynnwood loamy sand, 0 1o 3 percent slopes
Lynnwood-Nargar complex, 65 to 90 percent siopes
McKenna gravelly sitt loam, 0 to B percent stopes

Menzel silt loam, O 1o 3 percent slopes

Mukilteo muck

Nargar fine sandy loam, 0 to 15 percent siopes

Nargar fine sandy loam, 15 to 30 percent slopes
Nargar-Lynnwood complex, 30 to 65 percent slopes

Narmgar Variant sandy 1oam, 3 1o 30 percent slopes

Norma loam

Norma Vanant loam

Ogarty-Tokul-Rock outcrop complex, 65 to 90 percent slopes
Oiomount gravelly ioam, 3 to 15 percent slopes

Olomount Elwel-Rock outcrop complex, 65 to 90 percent slopes
Orcas peat

Oso gravelly loam, 3 to 15 percent stopes

Oso-Getchell-Rock outcrop complex, 65 to 90 percent slopes
Pastik silt toam, O to 8 percent slopes

Pastik silt loam, B to 25 percent slopes

Pastik silt loam, 25 to 50 percent slopes

Pichuck loamy sand

Pits

Potchub silt loam, 3 10 30 percent slopes

Potchub-Harmit complex, 15 to 30 percent slopes
Potchub-Hartnit-Rock outcrop complex, 30 to 65 percent slopes
Puget sifty clay loam

Puyallup fine sandy loam

Ragnar fine sandy loam, 0 to B percent slopes

Ragnar fine sandy loam, B to 15 percent slopes

Riverwash

Rober silt loam, O to 15 percent slopes

Rober silt loam, 15 to 30 percent siopes

Rober silt loam, 30 to 65 percent slopes

Skykomish gravelly loam, 0 to 30 percent slopes

Snohomish silt loam

Suisavar gravelly oam, 0 to 8 percent slopes

Sultan siit loam

Sultan Variant silt loam

Sumas silt loam

Terric Medisaprists, nearly level

Tokul silt loam, 2 to B percent siopes

Tokul silt loam, 8 to 15 percent slopes

Tokul gravelly 1oam, 0 to B percent siopes

Tokul gravelly loam, B to 15 percent slopes

Tokul gravelly loam, 15 to 25 percent siopes
Tokul-Ogarty-Rock outcrop complex, 0 to 25 percent stopes
Tokul-Ogarty-Rock outcrop complex, 25 to 65 percent slopes
Tokul-Winston gravelly loams, 25 10 65 percent slopes

Urban land

Verot mucky silt loam, 3 to 25 percent slopes

Winston gravelly loam, 0 to 3 percent slopes

Winston gravelly loam, 3 1o 30 percent slopes

Xerorthents, nearly fevel

w\00151\reports\prelimdrain(06/21/02):sks
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Existing Stormwater System
Existing Detention

Alderwood Mall was constructed in 1978 in compliance with requirements in place at that
time. A detention pond was created to mitigate impacts for the 175-acre basin that
includes the 83.9-acre mall. In 1995, KPFF performed a study on the operational
capacity of that original pond for a previous mall expansion entitled, Stormwater
Management Analysis for Alderwood Mall Expansion, (KPFF, 01/27/95). This operational
analysis stated that the original pond was sized to release the 10- and 25-year, 6-hour
storm at predeveloped rates. The report mentioned a proposed increase in impervious
area of 4.7 acres, but proposed no additional volume to be added to the existing pond.
According to the report, this acreage was considered to be “grandfathered” in the original
construction of the pond. Calculations were performed to ensure that the existing pond
with the new impervious area met the City standards at the time. The following excerpt is
KPFF’s summary of the analysis performed:

“To determine if under current requirements for detention the new parking areas
would require more detention volume than provided for the previous design,
KPFF ran hydrographs of the 10-year and 25-year, 6-hour storms predeveloped
and developed, and the 10-year and 25-year, 24-hour storm predeveloped and
developed. We determined from these hydrographs that the storage volume for
the 6-hour storm was actually greater than would be required for the 24-hour
storm (see Appendix D). Since the new parking lots were included in the
original detention design, no additional detention would be required.”
(KPFF, 01/27/95)

The standards the City appeared to be using at the time of the KPPF report in 1995 are
different than those outlined in the 1992 edition of the Ecology Manual, the current
regulations for the City. According to the report, the grandfathered pond volume of 3.6
acre-feet was adequate.

Some assumptions in the KPFF report are used in the current storm system analysis for
consistency.

Existing Water Quality

The existing pond water quality system was enhanced according to the KPFF report,
using the Ecology Manual as a guideline. No specific sizing criteria were mentioned,
though the addition of a “forebay” was proposed to facilitate settling of particles. Oil/water
separators and catch basin filters were considered too costly, and the small area of
increased impervious area was not considered to create a noticeable decrease in water
quality. In addition, this “forebay” was assumed to provide additional detention volume for
the pond.

wA00151\reports\prelimdrain{06/21/02):sks 7



Existing Conveyance

On-site stormwater generally sheet flows to the mall’s catch basin and pipe conveyance
system. Off-site stormwater flows through a conveyance system that ties into the system
that services the mall. This network drains to the existing detention pond in the southwest
corner of the site.

Downstream Analysis

The on-site and off-site stormwater is routed through the existing detention system which
outlets to a virtually flat, 54-inch conveyance line. This conveyance system continues
south and drains to Swamp Creek.

DEVELOPED CONDITIONS
Drainage Plan

The proposed development includes the construction of new structures and additions to
an existing structure. The proposed site area will include more pervious area than the
existing, as impervious parking areas will be replaced by parking structures, freeing up
more area for landscaping.

The proposed on-site drainage is similar to the existing system. The construction of the
parking structures, retail space, cinema, and mall additions will require that portions of the
existing stormwater system be rerouted. This system will transport both the on-site and
off-site flows to a new water quality and detention system in the location of the existing
pond. The portions of the site disturbed by construction and not covered by surface
parking or the proposed buildings will be landscaped or hydroseeded to protect against
erosion.

Runoff Calculations

Design flow rates were calculated with Waterworks design software using SBUH type 1a
rainfall distribution. Precipitation volumes for design storms are listed in table 1. The
hydrologic soil group used was “D” and the pervious and impervious areas are based on
assumed final conditions. The time of concentration for the predeveloped on-site area
was calculated using the grading shown as existing in the original construction documents
for the mall (Edward J. DeBartollo and Associates, 9-2-77). The proposed on-site time
of concentration was calculated based on assumed final design for the on-site
conveyance system. The off-site time of concentration and pervious and impervious
areas were taken from Stormwater Management Analysis for Alderwood Mall Expansion,
(KPFF, 01/27/95). Please see Appendix A for calculations.

w\00151\reponts\prelimdrain{06/21/02):sks 8



Table 1
Precipitation Volumes for Design Storms.

Precipitation
Storm Event (in/day)

Water Quality Storm (64% of 2-yr) 0.96

2-year 1.50
10-year 2.20
100-year 3.30

Detention

Bill Franz with the City of Lynnwood Public Works Department agreed that the proposed
detention system should control flows for the 83.9-acre mall site to current City standards
and should provide adequate storage as to not overtop during the 100-year event for the
175-acre basin. Current City detention standards are taken from the Ecology Manual,
1992. The proposed detention pond system will be designed to release the proposed on-
site 2-year flow rate at one-half of the predeveloped 2-year flow rate, the proposed on-site
10-year flow rate at the predeveloped 10-year flow rate, and the proposed on-site 100-
year flow rate at the predeveloped 100-year flow rate, per the requirements outlined in the
Ecology Manual, 1992. Flows in excess of design flows for the on-site storms, the flow
generated in the remaining area of the 175 acres off-site, will be routed through the
system with the peak 100-year elevation for the entire basin not exceeding the top
elevation of the pond, plus one-foot of freeboard.

The proposed pond and outlet structure were designed using Waterworks hydraulic
modeling software. For comparison, the existing pond was also modeled to show the
improved detention performance. The current operation of the existing detention system
differs from the KPFF report. The pond has a 30-inch weir outlet structure set 1.88 feet
below the rim elevation of the structure. The elevation of this weir sets the permanent
pool water surface elevation and leaves 1.88 feet of live storage in the pond before
overflow. In the overflow condition, when the rim of the control structure is overtopped,
the walls of the concrete box become the outlet structure. This condition was modeled as
a riser pipe with a 10-foot diameter for simplification. Table 2 shows the design flows and
compares the outflows from the existing and proposed system. Please see Appendix B
for the, preliminary pond configuration and staging, the routing table, and the inflow and
outflow hydrographs.

w\00151\reports\prelimdrain(06/21/02).sks 9



Table 2
Detention Flow Rates

Peak Flow Rate Peak System Release Rate
(cfs) (cts)

Existing Proposed

Storm Event Developed Predeveloped Detention Detention
2-year on-site 19.78 5.97 10.62 2.98
10-year on-site 30.62 13.09 17.33 8.03
100-year on-site 47.58 25.72 38.55 25.60
100-year full basin 81.74 N/A 76.86 46.71

Water Quality

The proposed water quality pond is sized to contain the volume of the 6-month, 24-hour
storm per the Ecology Manual, 1992. The 6-month, 24-hour storm is equivalent to

64 percent of the 2-year, 24-hour storm. See Appendix B for the stormwater quality
volumes and the preliminary pond configuration.

Conveyance

The onsite conveyance system will be designed and modeled prior to completion of mall
improvements. It will provide conveyance capacity such that the 25-year storm hydraulic
gradeline will be one-half foot below the rim elevation of the catch basins.

Downstream Analysis

The proposed detention system will outlet to the existing 54-inch conveyance system,
which discharges to Swamp Creek. The downstream conveyance system will operate
better, and the impact to Swamp Creek will be less, in the proposed condition than in the
existing, because the proposed peak release rates are less for every design storm, and
significantly less for the 100-year, 175-acre basin condition (see table 2).

Conclusion

The proposed pond is shown in figure 5. The pond was designed to provide a water
quality treatment volume of 247,383 cubic feet for the 83.9-acre mall site and a

WADD151\reports\prelimdrain(06/21/02):sks 10



minimum live storage volume of 461,982 cubic feet plus one foot of freeboard over the
peak water surface elevation for the 175-acre basin.

WA00151\reports\prelimdrain(06/21/02):sks 11
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6/13/02

BASIN ID: E10
SBUH METHODOLOGY
TOTAL AREA
RAINFALL TYPE
PRECIPITATION
TIME INTERVAL

--------
.....
.....

ABSTRACTION COEFF:
TcReach - Sheet

TcReach - Shallow
PEAK RATE: 13.09

BASIN ID: E100

SBUH METHODOLOGY
TOTAL AREA
RAINFALL TYPE
PRECIPITATION
TIME INTERVAL

.....

ABSTRACTION COEFF:

TcReach - Sheet
TcReach - Shallow
PEAK RATE: 25.72

BASIN ID: E2
SBUH METHODOLOGY
TOTAL AREA
RAINFALL TYPE
PRECIPITATION
TIME INTERVAL

........
.....
-----

.....

ABSTRACTION COEFF:

TcReach - Sheet
TcReach - Sheet
TcReach - Shallow
TcReach - Shallow
TcReach - Shallow
PEAK RATE: 5.97

5:5:51 pm

Entranco Engineers, Inc. - Bellevue page 1
ALDERWOOD MALIL EXPANSION
BASIN SUMMARY
NAME: PREDEVELOPED 10 YEAR
83.86 Acres BASEFLOWS : 0.00 cfs
TYPE1A PERV IMP
2.20 inches AREA 83.86 Acres 0.00 Acres
10.00 min CN....: 89.00 0.00
TC....: 48.58 min 0.00 min
0.20 )
L: 300.00 ns:0.1500 p2yr: 1.50 s:0.0200
L:2100.00 kg:11.00 s:0.0200
cfs VOL: 8.36 Ac-ft TIME: 490 min
NAME: PREDEVELOPED 100 YEAR
83.86 Acres BASEFLOWS : 0.00 cfs
TYPE1A PERV IMP
3.30 inches AREA..: 83.86 Acres 0.00 Acres
10.00 min CN....: ' 89.00 0.00
TC....: 48.58 min 0.00 min
0.20
L: 300.00 ns:0.1500 p2yr: 1.50 s:0.0200
L:2100.00 ks:11.00 s:0.0200
cfs VOL: 15.19 Ac-ft TIME: 490 min
NAME: PREDEVELOPED 2 YEAR
83.86 Acres BASEFLOWS : 0.00 cfs
TYPE1A PERV IMP
1.50 inches AREA 83.86 Acres 0.00 Acres
10.00 min CN....: 89.00 0.00
TC....: 48.58 min 0.00 min
0.20
L: 250.00 ns:0.1500 p2yr: 1.50 s:0.1750
L: 50.00 ns:0.1500 p2yr: 1.50 s8:0.0070
L: 240.00 ks:11.00 s8:0.0750
L: 640.00 ks:11.00 s:0.0250
L:1280.00 ks:11.00 s:0.0110
cfs VOL: 4.41 Ac-ft TIME: 490 min



6/13/02 5:5:28 pm Entranco Engineers, Inc. - Bellevue page 1
ALDERWOOD MALIL EXPANSION
BASIN SUMMARY

BASIN ID: D10 NAME: DEVELOPED 10 YEAR

SBUH METHODOLOGY

TOTAL AREA.......: 83.86 Acres BASEFLOWS : 0.00 cfs

RAINFALL TYPE....: TYPE1lA PERV IMP

PRECIPITATION....: 2.20 inches AREA 7.28 Acres 76.58 Acres

TIME INTERVAL....: 10.00 min CN....: 90.00 98.00
TC....: 20.73 min 20.73 min

ABSTRACTION COEFF: 0.20

TcReach - Sheet L: 100.00 ns:0.1500 p2yr: 1.50 s:0.0200

TcReach - Shallow L: 100.00 ks:27.00 s:0.0200

TcReach - Channel L:3000.00 kc:42.00 s:0.0100

impTcReach - Sheet L: 100.00 ns:0.1500 p2yr: 1.50 =8:0.0200

impTcReach - Shallow L: 100.00 ks:27.00 s:0.0200

impTcReach - Channel L:3000.00 kc:42.00 s:0.0100

PEAK RATE: 30.62 cfs VOL: 13.36 Ac-ft TIME: 480 min

BASIN ID: D100 NAME: DEVELOPED 100 YEAR

SBUH METHODOLOGY ‘ b

TOTAL AREA.......: 83.86 Acres BASEFLOWS : 0.00 cfs

RAINFALL TYPE....: TYPE1A PERV IMP

PRECIPITATION....: 3.30 inches AREA 7.28 Acres 76.58 Acres

TIME INTERVAL....: 10.00 min CN....: 90.00 98.00
TC....: 20.73 min 20.73 min

ABSTRACTION COEFF: 0.20

TcReach - Sheet L: 100.00 ns:0.1500 p2yr: 1.50 s5:0.0200

TcReach - Shallow L: 100.00 ks:27.00 s:0.0200

TcReach - Channel L:3000.00 kc:42.00 s:0.0100

impTcReach - Sheet L: 100.00 ns:0.1500 p2yr: 1.50 s:0.0200

impTcReach - Shallow L: 100.00 ks:27.00 £:0.0200

impTcReach - Channel L:3000.00 kc:42.00 s:0.0100

PEAK RATE: 47.58 cfs VOL: 20.95 Ac-ft TIME: 480 min

BASIN ID: D2 NAME: DEVELOPED 2 YEAR

SBUH METHODOLOGY

TOTAL AREA.......: 83.86 Acres BASEFLOWS : 0.00 cfs

RAINFALL TYPE....: TYPE1A PERV IMP

PRECIPITATION. .. .: 1.50 inches AREA 7.28 Acres 76.58 Acres

TIME INTERVAL....: 10.00 min CN....: 90.00 98.00
TC....: 20.73 min 20.73 min

ABSTRACTION COEFF: 0.20

TcReach - Sheet L: 100.00 ns:0.1500 p2yr: 1.50 s:0.0200

TcReach - Shallow L: 100.00 ks:27.00 s:0.0200

TcReach - Channel L:3000.00 kc:42.00 s:0.0050

impTcReach - Sheet L: 100.00 ns:0.1500 p2yr: 1.50 s:0.0200

impTcReach - Shallow L: 100.00 ks:27.00 s:0.0200

impTcReach - Channel L:3000.00 kc:42.00 s:0.0100

PEAK RATE: 19.78 cfs VOL:

8.58 Ac-ft TIME:

480 min
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6/19/02 12:36:24 am Entranco Engineers, Inc. - Bellevue page 1

BASIN SUMMARY

BASIN ID: D10ORBRIG NAME: DEVELOPED 100 YEAR WHOLE BASIN

SBUH METHODOLOGY

TOTAL: AREA.......: 175.00 Acres BASEFLOWS : 0.00 cfs

RAINFALL TYPE....: TYPE1A PERV IMP

PRECIPITATION. .. .: 3.30 inches AREA. .: 22.00 Acres 153.00 Acres

TIME INTERVAL....: 10.00 min CN....: 90.00 98.00
TC....: 40.00 min 40.00 min

ABSTRACTION COEFF: 0.20

TcReach - Sheet L: 100.00
TcReach - Shallow L: 100.00
TcReach - Channel L:3000.00

impTcReach - Sheet L: 100.
impTcReach - Shallow L: 100.
impTcReach - Channel L:3000.

PEAK RATE: 80.35 cfs VOL:

ns:
:27.00 8:0.0200
kc:

ks

00
00
00

0.1500 p2yr: 1.50 s:0.0200

42.00 s:0.0100

ns:0.1500 p2yr: 1.50 s:0.0200
ks:27.00 s:0.0200

kc:42.00 s:0.0100

43.25 Ac-ft TIME: 490 min
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STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BASIN R

' (

Hydrologic Soil Hydrologic Soii

Group Soil Type Group
Newberg B Spanaway A/B
Nisqually B Springdale B
Nooksack (o4 Sulsavar B
Norma C/D Sultan C
Ogarty C Sultan variant B
Olete ND Sumas (o
Olomount cC Swantown ND
Olympic B Tacoma D
Orcas D Tanwax ND
Oridia D Tealwhit ND
Orting ND Tenino C
Oso C Tisch D
Ovsll C Tokul ND
Pastik C Townsend (o
Phecoey C Triton ND
Phelan ND Tukwila D
Pilchuck C Tukey ND
Potchub [of Urban variable
Poulsbo Cc Vailton B
Prather C Verlot C
Puget D Wapato ND
Puyallup B Warden B
Queets ND Whidbey ND L
Quilcene ND Wilkeson B
Ragnar B Winston A
Rainier C Woodinville B
Raught B Yelm C
Reed ND Zynbar B

Hydrologic Soil Group Classifications

A. (Low runoff potential). Soils having high infiltration rates, even when
thoroughly wetted, and consisting chiefly of deep, well-to-excessively drained
sands or gravels. These soils have a high rate of water transmission.

B. (Moderately low runoff potential). Soils having moderate infiltration rates
when thoroughly wetted, and consisting chiefly of moderately fine to moderately
coarse textures. These soils have a moderate rate of water transmission.

C. (Moderately high runoff potential). Soils having slow infiltration rates when
thoroughly wetted, and consisting chiefly of soils with a layer that impedes
downward movement of water, or soils with moderately fine to fine textures.
These soils have a slow rate of water transmission.

D. (High runoff potential). Soils having very slow infiltration rates when
thoroughly wetted and consisting chiefly of clay soils with a high swelling
potential, soils with a permanent high water table, soils with a hardpan or
clay layer at or near the surface, and shallow soils over nearly impervious
material. These soils have a very slow rate of water transmission.

ND Data not currently available for this soil type.

*From SCS, TR-55, Second Edition, June 1986, Exhibit A-1. Revielons made from i
SCS, Soil Interpretation Record, Form #5, September 1988 and various county soi—
surveys. ™

II1-1-10 FEBRUARY, 1992



STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BASIN

Table III-1.3 SCS Western Washington Runoff Curve Numbers (;{w
(Published by SCS in 1982) Runoff curve numbers for selected agricultural, e
suburban and urban
land use for Type 1A rainfall distribution, 24-hour storm duration.

LAND USE DESCRIPTION CURVE NUMBERS BY
HYDROLOGIC SOIL GROUP
A B C D
Cultivated land(1l): winter condition 86 91 94 95
Mountain open areas: low growing brush & grasslands 74 82 89 92
Meadow or pasture: 65 78 85 89
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 spaces, lawns, parks, golf courses, cemeteries,
landacaping.
Good condition: grass cover on :75% of the 68 80 86 90
area
Fair condition: grass cover on 50-75% of 77 85 90 92
the area
Gravel roads & parking lots: 76 85 89 91
Dirt roads & parking 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 curve number
1.0 DU/GA 1s shall be selected for
1.5 DU/GA 20 pervious & impervious
2.0 pU/Ga 25 portions of the site
2.5 pDU/GA 30 or basin
3.0 DU/GA 34
3.5 pu/Ga 38
4.0 DU/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 bu/Ga 56

PUD's, condos, apartments, timpervious

commercial businesses & must be

industrial areas computed

(1) For a more detailed description of agricultural land use curve numbers refer

to National Engineering Handbook, Sec. 4, Hydrology, Chapter 9, August 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.

f""ll.

IT1I-1-12 FEBRUARY, 1992






(cfs) VOL (cf)

4.3426 ac-ft
5.7462

6.6950

ac-ft
ac-ft

9/27/02 2:11:34 pm Entranco Engineers, Inc.
ALDERWOOD MALL EXPANSION
LEVEL POOL TABLE SUMMARY

MATCH INFLOW -STO- -DIS- <-PEBK-> OUTI'LOW STORAGE

Qemmmmme - DESCRIPTION--------- > (cfs) {cfs) --id- --id- <-STAGE> id

2yr to 1/2 2yr ... 2.99 19.78 9-26-02 combol 376.09 11 2.98

10yr to 10yr ....... ... 13.09 30.62 9-26-02 combol 376.98 12 8.03

100 yr to 100 yr ............. 25.72 47.58 9-26-02 combol 377.58 13 25.60

100yr whole basin ............ 0.00 80.35 9-26-02 combol 379.85 14 46.71

10.5180 ac-ft



9/27/02 2:11:45 pm  Entranco Engineers, Inc. - Bellevue

ALDERWOOD MALL EXPANSION

STAGE DISCHARGE TABLE

COMBINATION DISCHARGE ID No. combol
Description: orifice and riser
Structure: ORFICE Structure:
Structure: riser Structure:

Structure:

STAGE <~-DISCHARGE---> STAGE <--DISCHARGE---> STAGE <--DISCHARGE---> STAGE

<~ ~-DISCHARGE- -~ >

(£t} ---cfg-- ------- (ft) ~---cfB-- ------- (ft) ---cfs-- ~------ (ft) ~--cfg8-- -------
373.00 0.0000 376.30 3.0766 379.60 44,950 382,90 64.423
373.10 0.5356 376.40 3.1229 379.70 45.665 383.00 64.920
373.20 0.7574 376.50 3.1685 379.80 46,369 383.10 65.414
373.30 0.9276 376.60 3.2134 379.90 47.062 383.20 65.904
373.40 1.0711 376.70 3.5300 380.00 47.745 383.30 66.391
373.50 1.1976 376.80 4.7159 380.10 48.418 383.40 66.874
373.60 1.3119 376.90 6.3881 380.20 49.081 383.50 67.353
373.70 1.4170 377.00 8.4287 380.30 49.735 383.60 67.829
373.80 1.5148 377.10 10.779 380.40 50.381 383.70 68.302
373.90 1.6067 377.20 13.402 380.50 51.018 383.80 68.771
374.00 1.6936 377.30 16.271 380.60 51.648 383.90 69.237
374.10 1.7763 377.40 19.367 380.70 52.269 384.00 69.700
374.20 1.8553 377.50 22.673 380.80 52.883 384.10 70.160
374.30 1.9310 377.60 26.177 380,90 53.490 384.20 70.617
374.40 2.0039 377.70 27.893 381.00 54.090 384.30 71.071
374.50 2.0743 377.80 29.059 381.10 54.683 384.40 71.522
374.60 2.1423 377.90 30.177 381.20 55.270 384.50 71.971
374.70 2.2082 378.00 31.251 381.30 55.851 384.60 72.416
374.80 2.2722 378.10 32.288 381.40 56.425 384.70 72.859
374.90 2.3345 378.20 33.290 381.50 56.994 384.80 73.299
375.00 2.3951 378.30 34.262 381.60 57.557 384.90 73.736
375.10 2.4543 378.40 35.205 381.70 58.114 385.00 74.171
375.20 2.5120 378.50 36.122 381.80 58.666 385.10 74.603
375.30 2.5685 378.60 37.01e 381.90 59.213 385.20 75.033
375.40 2.6237 378.70 37.887 382.00 59.755 385.30 75.460
375.50 2.6778 378.80 38.738 382.10 60.291 385.40 75.885
375.60 2.7309 378.90 39.570 382.20 60.823 385.50 76.307
375.70 2.782% 379.00 40.384 382.30 61.351 385.60 76.727
375.80 2.8340 379.10 41.181 382.40 61.873 385.70 77.145
375.90 2.8841 379.20 41.963 382.50 62.392 385.80 77.560
376.00 2.9334 379.30 42.730 382.60 62.906 385.90 77.974
376.10 2.9819 379.40 43.483 382.70 63.415 386.00 78.385

376.20 3.0296 379.50 44,223 382.80 63.921



10. 606 @ PtAK
100- YR
wWE

75 -A

cRe

pASIA

9/27/02 1:37:2 pm Entranco Engineers, Inc. - Bellevue page
ALDERWOOD MALL EXPANSION
STAGE STORAGE TABLE

CUSTOM STORAGE ID No. 9-26-02
Description: 9-26-02 pond
STAGE <----STORAGE----> STAGE <----STORAGE----> STAGE <----STORAGE----> STAGE <---~STORAGE---->

(ft) ---cf--- --Ac-Ft- (ft) ---cf--- --Ac-Ft- (fr) ---cf--- --Ac-Ft- (ft) ---cf--- --AC-Ft-
373.00 0.0000 0.0000 375.10 126982 2.89151 377.20 265356 6.0917 379.30 417192 9.5774
373.10 5831 0.1339 375.20 133225 3.0584 377.30 272205 6.2490 379.40 424657 9.7488
373.20 11662 0.2677 375.30 139468 3.2017 377.40 279054 6.4062 379.50 432122 9.9202
373.30 17493 0.4016 375.40 145711 3.3451 377.50 285902 6.5634 379.60 439587 10.092
373.40 23324 0.5354 375.50 151954 3.4884 377.60 292751 6.7206 379.70 447052 10.263
373.50 29155 0.6693 375.60 158197 3.6317 377.70 299600 6.8779 379.80 454517 10.434
373.60 34986 0.8032 375.70 164440 3.7750 377.80 306449 7.0351 3793, 90 4651982
373.70 40817 0.9370 375.80 170683 3.9183 377.90 313298 7.1923 380.00 469448 10.777
373.80 46648 1.0709 375.90 176926 4.0617 378.00 320147 7.3496 380.10 477380 10.959
373.90 52479 1.2048 376.00 183169 4.2050 378.10 327612 7.5209 380.20 485313 11.141
374.00 58311 1.3386 376.10 190017 4.3622 378.20 335077 7.6923 380.30 493246 11.323
374.10 64553 1.4819 376.20 196866 4.5194 378.30 342542 7.8637 380.40 501178 11.505
374.20 70796 1.6253 376.30 203715 4.6767 378.40 350007 8.0351 380.50 509111 11.688
374.30 77039 1.7686 376.40 210564 4.8339 378.50 357472 8.2064 380.60 517044 11.870
374.40 83282 1.9119 376.50 217413 4.9911 378.60 364937 8.3778 380.70 524977 12.052
374.50 89525 2.0552 376.60 224262 5.1483 378.70 372402 B.5492 380.80 532909 12.234
374.60 95768 2.1985 376.70 231111 5.3056 378.80 379867 8.7206 380.90 540842 12.416
374.70 102011 2.3418 376.80 237960 5.4628 378.90 387332 8.8919 381.00 548775 12.598
374.80 108254 2.4852 376.90 244809 5.6200 379.00 394797 5.0633
374.90 114497 2.6285 377.00 251658 §5.7773 379.10 402262 9.2347
375.00 120740 2.7718 377.10 258507 5.9345 379.20 403727 9.4060



Hydrograph List

Predeveloped 2-year runoff for mall site
Predeveloped 10-year runoff mall site

Predeveloped 100-year runoff mall site

Proposed 2-year runoff mall site

Proposed 10-year runoff mall site

Proposed 100-year runoff mall site

. Proposed 100-year runoff 175-acre basin

11 2-year outflow from detention system for mall site
12. 10-year outflow from detention system for mall site
13. 100-year outflow from detention system for mall site

Nogkwh-



9/27/02

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No.

Peak runoff:

TIME DESIGN TIME
RUNOFF

(min) (cfs) (min)

10 410
20 420
30 430
40 440
50 450
60 460
70 470
80 480
90 490
100 500
110 510
120 520
130 530
140 540
150 550
160 560
170 570
180 580
190 590
200 600
210 610
220 620
230 630
240 640
250 650
260 660
270 670
280 680
290 690
300 700
310 0.0023 710
320 0.0215 720
330 0.0683 730
340 0.1384 740
350 0.2264 750
360 0.3279 760
370 0.4313 770
380 0.5333 780
390 0.6380 790

400 0.7452 800

2:10:14 pm

Entranco Engineers,

Inc.

ALDERWOOD MALL EXPANSIO

1
5.9668 cfs

DESIGN TIME DESIGN
RUNOFF RUNOFF

(cfs) (min) (cfs)
0.8551 810 2.9095
0.9639 820 2.8251
1.2611 830 2.7581
1.7472 840 2.7055
2.2287 850 2.7017
3.0738 860 2.7426
4.2813 870 2.7783
5.4700 880 2.8049
5.9668 890 2.8335
5.8183 900 2.8591
5.7283 910 2.8774
5.6251 920 2.8993
5.5105 930 2.9192
5.4390 940 2.9328
5.2454 950 2.9508
4.9464 960 2.9676
4.7127 970 2.8564
4.5356 980 2.6501
4.3967 990 2.4830
4.2925 1000 2.3429
4.1843 1010 2.2345
4.0720 1020 2.1469
3.9874 1030 2.1554
3.9213 1040 2.2474
3.8782 1050 2.3236
3.8496 1060 2.3870
3.7607 1070 2.4400
3.6214 1080 2.4845
3.5121 1090 2.4819
3.4313 1100 2.4357
3.3651 1110 2.3990
3.3149 1120 2.5271
3.2822 1130 2.4752
3.2548 1140 2.2821
3.2361 1150 2.2829
3.2288 1160 2.2794
3,2219 1170 2.2774
3.2197 1180 2.2818
3.1484 1190 2.2811
3.0157 1200 2.2814

=s=sc===a=x

Total Vol:
TIME  DESIGN
RUNOFF
(min) (cfs)
1210 2.2877
1220 2.2885
1230 2.2901
1240 2.2973
1250 2.2989
1260 2.3010
1270 2.3088
1280 2.3107
1290 2.3130
1300 2.3210
1310 2.3231
1320 2.3255
1330 2.2861
1340 2.2126
1350 2.1533
1360 2.1002
1370 2.0629
1380 2.0330
1390 2.0038
1400 1.9859
1410 1.9719
1420 1.9556
1430 1.9481
1440 1.9425
1450 1.7564
1460 1.4286
1470 1.1620
1480 0.9451
1490 0.7687
1500 0.6253
1510 0.5086
1520 0.4136
1530 0.3364
1540 0.2736
1550 0.2226
1560 0.1810
1570 0.1472
1580 0.1198
1590 0.0974
1600 0.0792

TIME

(min)

1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000

- Be

DESIGN
RUNOFF
(cfs)

0.0644
0.0524
0.0426
0.0347
0.0282
0.0229
0.0187
0.0152
0.0123
0.0100
0.0082
0.0066
0.0054
0.0044
0.0036
0.0029
0.0024
0.0019
0.0016
0.0013
0.0010
0.0008
0.0007
0.0006
0.0005
0.0004
0.0003
0.0002
0.0002
0.0002
0.0001
0.0001

llevue page

4.41 ac-ft
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9/27/02 2:10:14 pm Entranco Engineers, Inc. - Bellevue page 2
ALDERWOOD MALIL EXPANSION

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No. 2

Peak runoff: 13.0933 cfs Total Vol: 8.36 ac-ft
TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN
RUNOFF RUNOFF RUNOFF RUNOFF RUNOFF
(min) (cfs) (min) (cfs) (min) (cfs) (min) (cfs) (min) (cfBs)
10 410 2.9382 810 5.1588 1210 3.8552 1610 0.1069
20 420 3.1199 820 4.9993 i220 3.8535 1620 0.0870
30 430 3.7723 830 4.8715 1230 3.8530 1630 0.0707
40 440 4.8602 840 4.7696 1240 3.8621 1640 0.0575
50 450 5.8677 850 4.7536 1250 3.8618 1650 0.0468
60 460 7.6150 860 4.8159 1260 3.8624 1660 0.0381
70 470 10.0518 870 4.8691 1270 3.8724 1670 0.0310
80 480 12.3097 880 4.9069 1280 3.8727 1680 0.0252
90 490 13.0933 890 4.9483 1290 3.8738 1690 0.0205
100 500 12.5685 900 4.9844 1300 3.8843 1700 0.01867
110 510 12.1807 910 5.0081 1310 3.8849 1710 0.0135
120 520 11.7874 920 5.0380 1320 3.8862 1720 0.0110
130 530 11.3913 930 5.0646 1330 3.8179 1730 0.0090
140 540 11.0959 940 5.0804 1340 3.6929 1740 0.0073
150 550 10.5863 950 5.1039 1350 3.5917 1750 0.0059
160 560 9.8948 960 5.1253 1360 3.5012 1760 0.0048
170 570 9.3438 970 4.9276 1370 3.4368 1770 0.0039
180 580 8.9139 980 4.5677 1380 3.3850 1780 0.0032
190 590 8.5679 990 4.2757 1390 3.3345 1790 0.0026
200 600 8.2970 1000 4.0305 1400 3.3027 1800 0.0021
210 610 8.0279 1010 3.8402 1410 3.2774 1810 0.0017
220 620 7.7593 1020 3.6861 1420 3.2485 1820 0.0014
230 0.0006 630 7.5489 1030 3.6962 1430 3.2343 1830 0.0011
240 0.0112 640 7.3783 1040 3.8487 1440 3.2232 1840 0.0009
250 0.0457 650 7.2547 1050 3.9743 1450 2.9136 1850 0.0008
260 0.1048 660 7.1616 1060 4.0780 1460 2.3698 1860 0.0006
270 0.1831 670 6.9636 1070 4.1638 1470 1.9275 1870 0.0005
280 0.2766 680 6.6786 1080 4.2351 1480 1.5678 1880 0.0004
290 0.3796 690 6.4513 1090 4.2265 1490 1.2752 1890 0.0003
300 0.4906 700 6.2786 1100 4.1441 1500 1.0372 1900 0.0003
310 0.6681 710 6.1348 1110 4.0781 1510 0.8436 1910 0.0002
320 0.9126 720 6.0220 1120 1.2904 1520 0.6862 1920 0.0002
330 1.1656 730 5.9423 1130 4.1991 1530 0.5581 1930 0.0001
340 1.4228 740 5.8738 1140 3.8692 1540 0.4539 1940 0.0001
350 1.6812 750 5.8222 1150 3.8670 1550 0.3692 1950
360 1.9384 760 5.7920 1160 3.8575 1560 0.3003 1960
370 2.1661 770 5.7635 1170 3.8508 1570 0.2443 1970
380 2.3647 780 5.7442 1180 3.8548 1580 0.1987 1980
390 2.5575 790 5.6042 1190 3.8505 1580 0.1616 1990

400 2.7477 800 5.3574 1200 3.8478 1600 0.1314 2000



9/27/02

2:10:14 pm

Entranco Engineers,

Inc.

ALDERWOOD MALL EXPANSION

HYDROGRAPH No.
Peak runoff:

TIME

(man)

mazoansslesossoan

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190

210
220
230
240

280
290
300
310
320
330
340
350
360
370
380

400

DESIGN
RUNOFF

(cfs)

0.0076
0.0476
0.1322
0.2534
0.4008
0.5659
0.7474
0.9379
1.1631
1.4195
1.6773
1.9380
2,.1904
2.4387
2.8721
3.4725
4.0430
4.5841
5.0967
5.5820
5.9787
6.2953
6.5934
6.8821

DETAIL HYDROGRAPH SUMMARY

SEEEECC OO CSSSSRRSSOSOssSsInomssSSoRsS

DESIGN
RUNOFF

(cta)

. 7696
.4866
.2584
.0748
.0363
.1299
.2086
.2615
.3207
L3713
.4012
.4417
.4769
.4941
.5241
.5508
L2144
. 6096
.1183
. 7056
.3845
.1240
.1355
.3826
. 5851
. 7512
.8878
.0003
-9812
.8408
L7275
L0717
L9172
L3712
.3634
.3438
.3288
.3316
.3207
.3127

3
25.7197 cfs
TIME DESIGN TIME
RUNOFF
(min) (cfs3) (min)
410 7.1692 810
420 7.4358 820
430 8.6981 830
440 10.8423 840
450 12.7453 850
460 16.0312 860
470 20.5455 870
480 24.5504 880
490 25.7197 890
500 24.4517 900
510 23.4650 910
520 22,4973 920
530 21.5510 930
540 20.8112 940
550 19.7136 950
560 18.3166 960
570 17.1928 970
580 16.3035 980
590 15.5792 990
600 15.0014 1000
610 14.4397 1010
620 13.8897 1020
630 13.4510 1030
640 13.0896 1040
650 12.8168 1050
660 12.6027 1060
670 12.2132 1070
680 11.6792 1080
690 11.2497 1090
700 10.9181 1100
710 10.6396 1110
720 10.4176 1120
730 10.2546 1130
740 10.1129 1140
750 10.0018 1150
760 9.9289 1160
170 9.8602 1170
780 9.8082 1180
790 9.5537 1190
800 9.1202 1200

Total Vol:

TIME

(min)

1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600

DESIGN TIME
RUNOFF

(cfs) (min)
6.3211 1610
6.3147 1620
6.3104 1630
6.3218 1640
6.3178 1650
6.3154 1660
6.3284 1670
6.3255 1680
6.3241 1690
6.3378 1700
6.3356 1710
6.3346 1720
6.2205 1730
6.0143 1740
5.8471 1750
5.6973 1760
5.5902 1770
5.5035 1780
5.4192 1790
5.3654 1800
5.3221 1810
5.2731 1820
5.2479 1830
5.2279 1840
4.7249 1850
3.8430 1860
3.1258 1870
2.5424 1880
2.0679 1890
1.6820 1900
1.3680 1910
1.1127 1920
0.9050 1930
0.7361 1940
0.5987 1950
0.4870 1960
0.3961 1970
0.3222 1980
0.2620 1990
0.2131 2000

- Bellevue

page

15.19 ac-ft
DESIGN
RUNOFF
(cfs)

0.1734
0.1410
0.1147
0.0933
0.0759 .
0.0617
0.0502
0.0408
0.0332
0.0270
0.0220
0.0179
0.0145
0.0118
0.0096
0.0078
0.0064
0.0052
0.0042
0.0034
0.0028
0.0023
0.0018
0.0015
0.0012
0.0010
0.0008
0.0007
0.0005
0.0004
0.0004
0.0003
0.0002
0.0002
0.0002
0.0001
0.0001



9/27/02 2:10:14 pm Entranco Engineers, Inc. - Bellevue page 4
ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No. 4

Peak runoff: 19.7786 cfs Total Vol: 8.58 ac-ft
TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN

RUNOFF RUNOFF RUNOFF RUNOFF RUNOFF
{min) {cfs) {min) (cfs) (min) (cfs) (min) {(cfa) {min) {(cfa)

10 410 5.5802 810 3.9654 1210 3.0502 1610 0.0008
20 420 5.6168 820 3.8266 1220 3.0466 1620 0.0005
30 430 6.9877 830 3.7425 1230 3.0448 1630 0.0003
40 440 9.2150 840 3.6918 1240 3.0582 1640 0.0002
S0 450 10.6490 850 3.7740 1250 3.0524 1650 0.0001
60 460 13.5233 860 3.9515 1260 3.0492 1660

70 470 17.3196 870 4.0609 1270 3.0618 1670

80 0.0076 480 19.7786 880 4.1147 1280 3.0555 1680

90 0.0616 490 18.7177 890 4.1626 1290 3.0520 1690

100 0.1785 500 15.4511 900 4.1927 1300 3.0643 1700

110 0.3300 510 13.4715 910 4.1979 1310 3.0579 1710

120 0.4949 520 12.0478 920 4.2161 1320 3.0543 1720

130 0.6952 530 10.9749 230 4.2280 1330 2.9380 1730

140 0.9254 540 10.3305 940 4.2220 1340 2.7530 1740

150 1.1384 550 9.3747 950 4.2333 1350 2.6400 1750

160 1.3290 560 8.2254 960 4.2410 1360 2.5568 1760

170 1.5105 570 7.5275 970 3.8789 1370 2.5204 1770

180 1.6751 580 7.1191 980 3.3187 1380 2.4984 1780

190 1.8182 590 6.8601 990 2.9764 1390 2.4707 1790
200 1.9576 600 6.7060 1000 2.7533 1400 2.4683 1800

210 2.0836 610 6.5057 1010 2.6313 1410 2.4670 1810

220 2.1907 620 6.2768 1020 2.5569 1420 2.4521 1820

230 2.2989 630 6.1400 1030 2.7383 1430 2.4574 1830

240 2.3969 640 6.0457 1040 3.0904 1440 2.4608 1840

250 2.5587 650 6.00483 1050 3.3061 1450 1.9765 1850

260 2.7604 660 5.9828 1060 3.4385 1460 1.2084 1860

270 2.9165 670 5.7363 1070 3.5200 1470 0.7387 1870

280 3.0513 680 5.3520 1080 3.5703 1480 0.4516 1880

290 3.1523 690 5.1188 1090 3.4881 1490 0.2761 1890

300 3.2418 700 4.9918 1100 3.3105 1500 0.1688 1900

310 3.6736 710 4.9019 1110 3.2022 1510 0.1032 1910

320 4.3175 720 4.8486 1120 3.5768 1520 0.0631 1920

330 4.7612 730 4.8315 1130 3.3657 1530 0.0386 1930

340 5.0780 740 4.8086 1140 2.8108 1540 0.0236 1940

350 5.3131 750 4.7962 1150 2.9123 1550 0.0144 1950

360 5.4949 760 4.8040 1160 2.9605 1560 0.0088 1960

370 5.5484 770 4.7962 1170 2.9902 1570 0.0054 1970

380 5.5184 780 4.7929 1180 3.0230 1580 0.0033 1980

390 5.5135 790 4.5681 1190 3.0291 1590 0.0020 1990

400 5.5340 800 4.1936 1200 3.0331 1600 0.0012 2000



9/27/02

2:10:14 pm

HYDROGRAPH No.
Peak runoff:

TIME

(min)

EEErroo—szassounRSDSEESS =S

10
20

40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190

210
220

240
250
260
270
280
290
300

320
330

350
360
370
380
390
400

DESIGN
RUNOFF
(cfs)

0.0044
0.0857
0.2970
0.5892
0.9089
1.2272
1.5295
1.8865
2.2895
2.6347
2.9222
3.1866
3.4165
3.6052
3.7886
3.9498
4.0805
4.2193
4.3453
4.5867
4.8995
5.1321
5.3283
5.4664
5.5829
6.2724
7.3085
7.9961
8.4652
8.7959
9.0381
9.0733
8.9766
8.9246
8.9168

TIME

{min)

410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800

5

Entranco Engineers,

Inc.

ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

30.6216 cfs

DESIGN
RUNOFF
{cfs)

8.9532
8.9771
11.1066
14.5712
16.7612
21.1599
26.9488
30.6216
28.8842
23.7875
20.6882
18.4590
16.7799
15.7642
14.2845
12.5180
11.4425
10.8100
10.4067
10.1640
9.8530
9.4997
9.2866
9.1384
9.0714
9.0331
8.6568
8.0734
7.7182
7.5236
7.3852
7.3021
7.2736
7.2367
7.2155
7.2249
7.2109
7.2037
6.8639
6.2996

TIME

(min)

SmsoocEmoNSSEsNCCoCARSES

810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200

DESIGN

RUNOFF

(cfs)

5.9553
5.7455
5.6179
5.5405
5.6624
5.9274
6.0902
6.1695
6.2399
6.2837
6.2902
6.3160
6.3326
6.3223
6.3379
6.3481
5.8052
4.9661
4.4533
4.1189
3.9358
3.8241
4.0948
4.6205
4.9424
5.1397
5.2607
5.3352
5.2115
4.9456
4.7833
5.3419
5.0261
4.1971
4.3481
4.4194
4.4634
4.5117
4.5203
4.5259

Total Vol:

TIME

DESIGN TIME
RUNOFF

(cfs) (min)
4.5508 1610
4.5450 1620
4.5418 1630
4.5613 1640
4.5522 1650
4.5470 1660
4.5653 1670
4.5554 1680
4.5497 1690
4.5677 1700
4.5576 1710
4.5518 1720
4.3782 1730
4.1021 1740
3.9334 1750
3.8092 1760
3.7547 1770
3.7215 1780
3.6800 1790
3.6761 1800
3.6739 1810
3.6514 1820
3.6591 18130
3.6639 1840
2.9428 1850
1.7991 1860
1.0998 1870
0.6724 1880
0.4111 1890
0.2513 1900
0.1536 1910
0.0939 1920
0.0574 1930
0.0351 1940
0.0215 1950
0.0121 1960
0.0080 1970
0.0049 1980
0.0030 1990
0.0018 2000

13.36 ac-ft
DESIGN
RUNOFF

(cfs)



9/27/02

2:10:14 pm

Entranco Engineers,

Inc.

ALDERWOOD MALL EXPANSION

- Bellevue page 6

HYDROGRAPH No.
Peak runoff:

DESIGN
RUNOFF
(cEs)

TIME

300
310
320
330
340
350

370
380
390
400

0.0041
0.0867
0.2980
0.7345
1.3621
1.9976
2.5943
3.1333
3.6099
4.1818
4.8305
5.3497
5.7542
6.1221
6.4356
6.6824
6.9267
7.1379
7.2977
7.4709
7.6220
7.9706
B8.4405
8.7719
9.0417
9.2154
9.3549
10.4382
12.0838
13.1449
13.8427
14.3133
14.6407
14.6385
14.4292
14.2967
14.2390

TIME

(min)

6

DETAIL HYDROGRAPH SUMMARY

47.5799 cfs

DESIGN
RUNOFF
(cfa)

cmxsmoponeeORSS=SSS

410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800

14.2554
14.2552
17.5700
22.9689
26.3377
33.1162
42.0157
47.5799
44.7804
36.8201
31.9685
28.4790
25.8515
24.2548
21.9560
19.2250
17.5594
16.5767
15.9477
15.5667
15.0825
14.5349
14.2027
13.9702
13.8624
13.7988
13.2198
12.3253
11.7797
11.4795
11.2653
11.1357
11.0896
11.0307
10.9959
11.0077
10.9841
10.9707
10.4515

9.5906

TIME

(min)

810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200

DESIGN
RUNOFF
(cfs)

S==missgsszIns=s

9.0649
8.7441
8.5486
8.4296
8.6137
9.0154
9.2616
9.3808
9.4865
9.5517
9.5602
9.5981
9.6219
9.6050
9.6274
9.6417
8.8161
7.5411
6.7619
6.2535
5.9751
5.8050
6.2153
7.0125
7.5004
7.7990
7.9819
8.0942
7.9059
7.5018
7.2550
8.1014
7.6220
6.3644
6.5928
6.7005
6.7666
6.8394
6.8520
6.8599

Total Vol:

TIME

(min)

1210
1220
1230
1240
1250
1260
1270
12B0
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600

DESIGN
RUNOFF
(cfs)

6.9116
6.8975
6.8890
6.9162
6.9009
6.8917
6.9185
6.9029
6.8936
6.6303
6.2118
5.9561
5.7677
5.6848
5.6343
5.5713
5.5651
5.5615
5.5271
5.5385
5.5455
4.4540
2.7229
1.6647
1.0177
0.6222
0.3804
0.2325
0.1422
0.0869
0.0531
0.0325
0.0199
0.0121
0.0074
0.0045
0.0028

TIME

20.95 ac-ft
DESIGN




9/27/02 2:10:51 pm  Entranco Engineers, Inc.

ALDERWOOD MALL EXPANSION

1

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No. 7

Peak runoff: 80.3515 cfs Total Vol:

43 .25 ac-ft

DESIGN
RUNOFF
(cfs)

0.1856
0.1444
0.1123
0.0873
0.0679
0.0528
0.0411
0.0320
0.0249
0.0193
0.0150
0.0117
0.0091
0.0071
0.0055
0.0043
0.0033
0.0026
0.0020
0.0016
0.0012
0.0009
0.0007
0.0006
0.0004
0.0003
0.0003
0.0002
0.0002
0.0001

TIME DESIGN TIME DESIGN TIME DESIGN TIME DES1IGN TIME
RUNOFF RUNOFF RUNOFF RUNOFF

(min) (cfa) (min) (cfs) (min) (cfs) (min) (cfs) (min)
10 410 28.7101 810 20.3585 1210 14.3746 1610
20 420 28.8416 820 19.6389 1220 14.3580 1620
30 430 32.8486 830 19.0800 1230 14.3454 1630
40 0.0047 440 39.9424 840 18.6462 1240 14.3742 1640
50 0.0999 450 45.5538 850 18.6141 1250 14.3587 1650
60 0.3575 460 55.5007 860 18.9329 1260 14.3469 1660
70 0.9090 470 68.8715 870 19.1818 1270 14.3764 1670
80 1.7501 480 79.4449 880 19.3384 1280 14.3613 1680
90 2.6919 490 80.3515 890 19.4994 1290 14.3499 1690
100 3.6623 500 73.6722 900 19.6255 1300 14.3796 1700
110 4.6160 510 68.4987 910 19.6865 1310 14.3647 1710
120 5.5258 520 63.8581 920 19.7730 1320 14.3534 1720
130 6.5539 530 59.6663 930 19.8413 1330 14.0383 1730
140 7.6952 540 56.4199 940 19.8572 1340 13.4868 1740
150 8.7229 550 52.3293 950 19.9086 1350 13.0580 1750
160 9.6234 560 47.5782 960 19,9495 1360 12.6864 1760
170 10.4666 570 43.8886 970 18.9896 1370 12.4358 1770
180 11.2297 580 41.0619 980 17.3274 1380 12.2412 1780
190 11.8920 590 38.8310 990 16.0348 1390 12.0516 1790
200 12.5197 600 37.1009 1000 14.9916 1400 11,9427 1800
210 13.0838 610 35.4581 1010 14.2187 1410 11.8582 1810
220 13.5624 620 33.8827 1020 13.6178 1420 11.7543 1820
230 14.0261 630 32.6612 1030 13.7619 1430 11.7119 1830
240 14.4430 640 31.6769 1040 14.5238 1440 11.6792 1840
250 15.0681 650 30.9527 1050 15.1170 1450 10.3497 1850
260 15.8561 660 30.3929 1060 15.5790 1460 8.0497 1860
270 16.5247 670 29.3170 1070 15.9389 1470 6.2609 1870
280 17.1268 680 27.8389 1080 16.2193 1480 4.8696 1880
290 17.6094 690 26.6914 1090 16.1322 1490 3.7875 1890
300 18.0273 700 25.8387 1100 15.7207 1500 2.9458 1900
310 19.5197 710 25.1395 1110 15.4011 1510 2.2912 1910
320 21.8325 720 24.5975 1120 16.3386 1520 1.7820 1920
330 23.7028 730 24.2158 1130 15.8824 1530 1.3860 1930
340 25.2215 740 23.8827 1140 14.3805 1540 1.0780 1940
350 26.4606 750 23.6254 1150 14.3984 1550 0.8385 1950
360 27.4767 760 23.4649 1160 14.3744 1560 0.6521 1960
370 28.0352 770 23.3038 1170 14.3562 1570 0.5072 1970
380 28.2306 780 23.1801 1180 14.3806 1580 0.3945 1980
390 28.3814 790 22.4770 1190 14.3616 1590 0.3068 1990
400 28.5301 800 21.2849 1200 14.3472 1600 0.2386 2000



9/27/02

2:10:14 pm

HYDROGRAPH No.
Peak runoff:

TIME

(min)

L e e L e e e Y

10
20
30
40
50
60
70
80
20
100
110
120
130
140
150
160

DESIGN
RUNOFF
(cfs)

0.0002
0.0020
0.0084
0.0216
0.0425
0.0722
0.1117
0.1611
0.2186
0.2830
0.3533
0.4280
0.5063
0.5574
0.5931
0.6304
0.6691
0.7099
0.7539
0.7909
0.8290
0.8685
0.9089
0.9492
0.9938
1.0458
1.0989
1.1518
1.2059
1.2564
1.3064
1.3521

TIME

(min)

410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800

Entranco Engineers,

Inc.

ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

11
2.9759 cfs

DESIGN TIME DESIGN
RUNOFF RUNOFF

(cfs) (min) (cfs)
1.3970 810 2.8656
1.4400 820 2.8715
1.4817 830 2.8764
1.5291 B40 2.8808
1.5909 850 2.8848
1.6660 860 2.8888
1.7515 870 2.8934
1.8560 880 2.8986
1.9754 890 2.9043
2.0921 200 2.9101
2.1884 910 2.9161
2.2642 920 2.9221
2.3271 930 2.9282
2.3806 940 2.9342
2.4279 950 2.9397
2.4696 960 2.9452
2.5046 970 2.9506
2.5339 980 2.9553
2.5598 990 2.9581
2.5834 1000 2.9589
2.6057 1010 2.9585
2.6268 1020 2.9574
2.6463 1030 2.9558
2.6648 1040 2.9545
2.6825 1050 2.9543
2.6995 1060 2.9554
2.7162 1070 2.9571
2.7322 1080 2.9593
2.7462 1090 2.9618
2.7586 1100 2.9642
2.7701 1110 2.9661
2.7809 1120 2.9673
2.7912 1130 2.9691
2.8012 1140 2.9712
2.8111 1150 2.9717
2.8209 1160 2.9713
2.8306 1170 2.9711
2.8401 1180 2.9711
2.8495 1190 2.9713
2.8583 1200 2.9715

Total Vol:

TIME

(min)

1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600

DESIGN
RUNOFF
(cfs)

2.9718
2.9721
2.9724
2.9727
2.9730
2.9734
2.9737
2.9741
2.9744
2.9747
2.9751
2.9755
2.9758
2.9759
2.9753
2.9742
2.9726
2.9707
2.9688
2.9667
2.9646
2.9625
2.9604
2.9582
2.9561
2.9530
2.9472
2.9389
2.9284
2.9163
2.9035
2.8905
2.8771
2.8635
2.8498
2.8362
2.8224
2.8087
2.7949
2.7812

- Bellevue

page

8.30 ac-ft

DESIGN
RUNOFF
(cfs)

2.7674
2.7536
2.7398
2.7261
2.7122
2.6984
2.6847
2.6709
2.6571
2.6433
2.6296
2.6158
2.6019
2.5882
2.5745
2.5607
2.5468
2.5330
2.5193
2.5055
2.4917
2.4779
2.4642
2.4504
2.4365
2.4227
2.4090
2.3953
2.3814
2.3676
2.3538
2.3401
2.3263
2.3124
2.2987
2.2849
2.2713
2.2573
2.2435
2.2297

7
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ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No. 11

Peak runoff: 2.9759 cfs Total Vol: 8.30 ac-ft
TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN

RUNOFF RUNOFF RUNOFF RUNOFF RUNOFF
(min) (cfs) (min) (cfB) (min) (cfs) (min) (cfs) (min) (cfs)

B e L e L e e L T L LT T T T LT T T T T T R PP ey P e

2010 2.2161 2210 1.9404 2410 1.6623 2610 1.3668 2810 1.0728
2020 2.2023 2220 1.9266 2420 1.6475 2620 1.3521 2820 1.0573
2030 2.1884 2230 1.9127 2430 1.6329 2630 1.3375 2830 1.0418
2040 2.1746 2240 1.8988 2440 1.6183 2640 1.3232 2840 1.0265
2050 2.1608 2250 1.8850 2450 1.6038 2650 1.3087 2850 1.0115
2060 2.1472 2260 1.8713 2460 1.5887 2660 1.2934 2860 0.9967
2070 2.1333 2270 1.8578 2470 1.5737 2670 1.2782 2870 0.9820
2080 2.1194 2280 1.8438 2480 1.5589 2680 1.2633 2880 0.9677
2090 2.1056 2290 1.8299 2490 1.5442 2690 1.2485 2890 0.9535
2100 2.0919 2300 1.8160 2500 1.5297 2700 1.2339 2900 0.9395
2110 2.0783 2310 1.8023 2510 1.5153 2710 1.2195 2910 0.9254
2120 2.0644 2320 1.7887 2520 1.5002 2720 1.2052 2920 0.9093
2130 2.0505 2330 1.7751 2530 1.4851 2730 1.1905 2930 0.8935
2140 2.0367 2340 1.7611 2540 1.4703 2740 1.1751 2940 0.8780
2150 2.0230 2350 1.7471 2550 1.4555 2750 1.1599 2950 0.8628
2160 2.0093 2360 1.7333 2560 1.4409 2760 1.1449 2960 0.8478
2170 1.9955 2370 1.7196 2570 1.4265 2770 1.1301 2970 0.8331
2180 1.9816 2380 1.7060 2580 1.4119 2780 1.11585 2980 0.8186
2190 1.9677 2390 1.6923 2590 1.3967 2790 1.1011 2990 0.8044
2200 1.9540 2400 1.6773 2600 1.3817 2800 1.0868 3000 0.7904
2210 1.9404 2410 1.6623 2610 1.3668 2810 1.0728
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ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No. 12

Peak runoff: 8.0254 cfs Total Vol: 12.73 ac-ft
TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN
RUNOFF RUNOFF RUNOFF RUNOFF RUNOFF
(min) (cfs) (min) (cfs) (min) (cfs) (min) (cfs) (min) (cfs)
10 410 1.8992 810 7.2263 1210 4.6927 1610 3.1018
20 420 1.9496 820 7.0459 1220 4.6775 1620 3.0893
30 430 1.9985 830 6.8497 1230 4.6647 1630 3.0768
40 440 2.0529 840 6.6581 1240 4.6527 1640 3.0642
50 450 2.1239 850 6.4810 1250 4.6427 1650 3.0516
60 460 2.2099 860 6.3453 1260 4.6342 1660 3.0391
70 0.0001 470 2.3116 870 6.2702 1270 4.6259 1670 3.0265
80 0.0025 480 2.4375 880 6.2345 1280 4.6190 1680 3.0139
90 0.0127 490 2.5818 890 6.2202 1290 4.6132 1690 3.0013
100 0.0357 500 2.7227 900 6.2181 1300 4.6072 1700 2.9888
110 0.0740 510 2.8395 910 6.2241 1310 4.6024 1710 2.9763
120 0.1273 520 2.9319 920 6.2327 1320 4.5985 1720 2.9636
130 0.1944 530 3.0023 930 6.2423 1330 4.5942 1730 2.9511
140 0.2756 540 3.0628 940 6.2535 1340 4.5814 1740 2.9386
150 0.3728 550 3.1164 950 6.2636 1350 4.5477 1750 2.9253
160 0.4848 560 3.1640 960° 6.2726 1360 4.4953 1760 2.9114
170 0.5660 570 3.2042 970 6.2822 1370 4.4337 1770 2.8977
180 0.6221 580 3.3896 980 6.2542 1380 4.3693 1780 2.8840
190 0.6826 590 3.7873 990 6.1356 1390 4.3070 1790 2.8701
200 0.7464 600 4.4610 1000 5.9410 1400 1.2471 1800 2.8563
210 0.8002 610 5.1585 1010 5.7151 1410 4.1909 1810 2.8426
220 0.8535 620 5.8205 1020 5.4848 1420 4.1400 1820 2.8288
230 0.9084 630 6.3468 1030 5.2657 1430 4.0928 1830 2.8150
240 0.9589 640 6.8383 1040 5.0874 1440 4.0496 1840 2.8012
250 1.0076 650 7.2279 1050 4.9878 1450 4.0113 1850 2.7875
260 1.0583 660 7.5359 1060 4.9597 1460 3.9413 1860 2.7736
270 1.1075 670 7.7848 1070 4.9708 1470 3.7862 1870 2.7598
280 1.1580 680 7.9587 1080 5.0021 1480 3.5554 1880 2.7460
290 1.2094 690 8.0254 1090 5.0425 1490 3.4640 1890 2.7323
300 1.2583 700 8.0042 1100 5.0740 1500 3.3841 1900 2.7185
310 1.3082 710 7.9413 1110 5.0746 1510 3.3006 1910 2.7047
320 1.3582 720 7.8614 1120 5.0459 1520 3.2158 1920 2.6909
330 1.4166 730 7.7764 1130 5.0482 1530 3.2016 1930 2.6772
340 1.4791 740 7.6962 1140 5.0667 1540 3.1893 1940 2.6633
350 1.5448 750 7.6239 1150 5.0046 1550 3.1770 1950 2.6495
360 1.6112 760 7.5586 1160 4.9047 1560 3.1646 1960 2.6358
370 1.6763 770 7.5031 1170 4.8336 1570 3.1520 1970 2.6221
380 1.7366 780 7.4563 1180 4.7801 1580 3.1395 1980 2.6082
390 1.7935 790 7.4154 1190 4.7401 1590 3.1270 1990 2.5944
400 1.8476 800 7.3528 1200 4.7113 1600 3.1144 2000 2.5806
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HYDROGRAPH No.

2:10:14 pm

Peak runoff:

TIME DESIGN
RUNOFF

(min) (cfs)

Sps==Ss=asaaosarsax

2010 2.5669
2020 2.5531
2030 2.5392

2040 2.5255
2050 2.5118
2060 2.4979
2070 2.4841
2080 2.4703
2090 2.4567
2100 2.4428
2110 2.4290
2120 2.4152
2130 2.4015
2140 2.3877

2150 2.3738
2160 2.3600
2170 2.3463
2180 2.3326
2190 2.3187
2200 2.3049
2210 2.2911

TIME

(min)

Entranco Engineers,

Inc.

ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

12

8.0254 cfs

DESIGN TIME
RUNOFF

(cfs) (min)

2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410

2.2911 2410
2.2775 2420
2.2636 2430
2.2497 2440
2.2359 2450
2.2222 2460
2.2086 2470
2.1947 2480
2.1808 2490
2.1670 2500
2.1533 2510
2.1396 2520
2.1257 2530
2.1119 2540
2.0981 2550
2.0844 2560
2.0707 2570
2.0568 2580
2.0429 2590
2.0291 2600
2.0155 2610

DESIGN

RUNOFF

(cEs)

2.0155
2.0018
1.9879
1.9740
1.9602
1.9465
1.9329
1.9190
1.9050
1.8912
1.8775
1.8639
1.8502
1.8362
1.8223
1.8085
1.7948
1.7813
1.7674
1.7534
1.7398

Total Vol:

TIME

(min)

2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
27390
2800
2810

DESIGN TIME
RUNOFF
(cfs) (min)

1.7395 2810
1.7258 2820
1.7121 2830
1.6986 2840
1.6840 2850
1.6691 2860
1.6542 2870
1.6395 2880
1.6249 2890
1.6104 2900
1.5955 23910
1.5804 2920
1.5656 2930
1.5508 2940
1.5362 2950
1.5218 2960
1.5070 2970
1.4919 2980
1.4770 2930
1.4622 1000
1.4475

Bellevue

page

12.73 ac-ft

DESIGN
RUNOFF

(cfs)

1.4475
1.4330
1.4187
1.4035
1.3884
1.3735
1.3587
1.3441
1.3296
1.3153
1.3003
1.2851
1.2700
1.2552
1.2405
1.2260
1.2117
1.1975
1.1820
1.1667
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ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No. 13

Peak runoff: 25.6043 cfs Total Vol: 20.26 ac-ft
TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN
RUNOFF RUNOFF RUNOFF RUNOFF RUNOFF
(min) (cfs) (min) (cfs) (min) (cfs) (min) (cfs) (min) (cfs)
10 410 2.5336 810 11.0048 1210 7.0262 1610 3.1429
20 420 2.5964 820 10.6704 1220 7.0020 1620 3.1304
30 430 2.6574 830 10.3408 1230 6.9840 1630 3.1178
40 440 2.7252 840 10.0245 1240 6.9678 1640 3.1052
50 0.0001 450 2.8123 850 9.7378 1250 6.9562 1650 3.0927
60 0.0025 460 2.9171 860 9.5108 1260 6.9477 1660 3.0802
70 0.0127 470 3.0316 870 9.3808 1270 6.9388 1670 3.0676
80 0.0397 480 3.1712 880 9.3356 1280 6.9329 1680 3.0550
20 0.0938 490 5.7138 890 9.3329 1290 6.9289 1690 3.0424
100 0.1789 500 12.9434 900 9.3517 1300 6.9235 1700 3.0299
110 0.2924 510 19.3236 910 9.3830 1310 6.9205 1710 3.0173
120 0.4303 520 23.1578 920 9.4152 1320 6.9189 1720 3.0047
130 0.5577 530 25.0382 930 9.4458 1330 6.9155 1730 2.9922
140 0.6330 540 25.6043 940 9.4765 1340 6.8903 1740 2.9797
150 0.7204 550 25.4576 950 9.5021 1350 6.8133 1750 2.9670
160 0.8048 560 24.8316 960 9.5234 1360 6.6936 1760 2.9545
170 0.8873 570 23.7030 970 9.5441 1370 6.5571 1770 2.9419
180 0.9676 580 22.3086 980 9.4853 1380 6.4208 1780 2.9290
190 1.0454 590 20.9827 990 9.2414 i390 6.3114 1790 2.9152
200 1.1197 600 19.7884 1000 8.8512 1400 6.2147 1800 2.9014
210 1.1932 610 18.8021 1010 8.4155 1410 6.1264 1810 2.8877
220 1.2619 620 17.9717 1020 8.0379 1420 6.0496 1820 2.8738
230 1.3300 630 17.2163 1030 7.6854 1430 5.9806 1830 2.8600
240 1.3951 640 16.5363 1040 7.4105 1440 5.9195 1840 2.8462
250 1.4582 650 15.9720 1050 7.2798 1450 5.8680 1850 2.8325
260 1.5213 660 15.5130 1060 7.2760 1460 5.7495 1860 2.8187
270 1.5842 670 15.1373 1070 7.3373 1470 5.4545 1870 2.8049
280 1.6479 680 14.7738 1080 7.4281 1480 5.0095 1880 2.7911
290 1.7105 690 14.3270 1090 7.5282 1490 4.5660 1890 2.7774
300 1.7692 700 13.8191 1100 7.6056 1500 4.1960 1900 2.7635
310 1.8263 710 13.3357 1110 7.6217 1510 3.8311 1910 2.7497
320 1.8860 120 12.9311 1120 7.5818 1520 3.5170 1920 2.7360
330 1.9532 730 12.5744 1130 7.5976 1530 3.4259 1930 2.7222
340 2.0268 740 12.2731 1140 7.6409 1540 3.3353 1940 2.7084
350 2.1031 750 12.0231 1150 7.5347 1550 3.2460 1950 2.6946
360 2.1799 760 11.8150 1160 7.3614 1560 3.2055 1960 2.6809
370 2.2562 770 11.6474 1170 7.2441 1570 3.1930 1970 2.6671
380 2.3305 780 11.5131 1180 7.1603 1580 3.1805 1980 2.6532
390 2.4013 790 11.4027 1190 7.1017 1590 3.1681 1990 2.6395

400 2.46G88 800 11.2602 1200 7.0597 1600 3.1555 2000 2.6258
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ALDERWOOD MALL EXPANSION

DETAIL HYDROGRAPH SUMMARY

HYDROGRAPH No. 13

Peak runoff: 25.6043 cfs Total Vol: 20.26 ac-ft
TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN TIME DESIGN

RUNOFF RUNOFF RUNOFF RUNOFF RUNOFF
(min) (cfs) (min) (cfa) (min) (cfs) (min) (cfs) (min) (cfs)
2010 2.6119 2210 2.3363 2410 2.0605 2610 1.7849 2810 1.4959
2020 2.5981 2220 2.3224 2420 2.0466 2620 1.7712 2820 1.4810
2030 2.5843 2230 2.3086 2430 2.0328 2630 1.7571 2830 1.4661
2040 2.5706 2240 2.2948 2440 2.0191 2640 1.7432 2840 1.4514
2050 2.5568 2250 2.2811 2450 2.0055 2650 1.7294 2850 1.4369
2060 2.5429 2260 2.2674 2460 1.9916 2660 1.7158 2860 1.4225
2070 2.5292 2270 2.2535 2470 1.9777 2670 1.7022 2870 1.4076
2080 2.5155 2280 2.2396 2480 1.9639 2680 1.6881 2880 1.3925
2090 2.5017 2290 2.2259 2490 1.9502 2690 1.6731 2890 1.3775
2100 2.4878 2300 2.2123 2500 1.9366 2700 1.6582 2900 1.3627
2110 2.4740 2310 2.1984 2510 1.9227 2710 1.6434 2910 1.3480
2120 2.4603 2320 2.1845 2520 1.9088 2720 1.6288 2920 1.3335
2130 2.4465 2330 2.1707 2530 1.8949 2730 1.6143 2930 1.3192
2140 2.4327 2340 2.1570 2540 1.8812 2740 1.599% 2940 1.3044
2150 2.4189 2350 2.1434 2550 1.8675 2750 1.5845 2950 1.2891
2160 2.4052 2360 2.1294 2560 1.8539 2760 1.5696 2960 1.2741
2170 2.3914 2370 2.1156 2570 1.8399 2770 1.5548 2970 1.2592
2180 2.3775 2380 2.1018 2580 1.8260 2780 1.5402 2980 1.2444
2190 2.3637 2190 2.0881 2590 1.8122 2790 1.5257 2990 1.229%
2200 2.3500 2400 2.0745 2600 1.7985 2800 1.5111 3000 1.2155
2210 2.3363 2410 2.0605 2610 1.7849 2810 1.4959



STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BASIN

FIGURE III-1.1
Volume Correction Factor to be Applied to
Streambank Erosion Control BMPs
Based on Site Impervious Cover

50

v 45 -
Yo ) S
an |-
oy
A\
o 35 |
<
v 30 |-
Z
o
5
u 25 (-
a
[o]
($]
20 |-
15 |-
10 ] L ] 1 1 § 1 1

]
0 20 40 60 80 100
SITE IMPERVIQUS COVER (%)

ToTatr S1TE AREA = 339 Acres

SITE IMPERVIOUS AREA = 76,6
- 166 | 2
PERCENT |MmpPERVIOUS = 2% 91

CORRECTION EpAcToOR = 46D

II1-1-3 FEBRUARY, 1992



Du"wd“""\ (Lcﬁvtfd‘(/vv\-cm/""’ ('107[‘ )

STORMWATER MANAGEMENT MANUAY, FOR THE PUGET SOUND BASIN

nutrients are phosphorus and nitrogen. Nutrients can be a concern for both surface
water and ground water. Eutrophication of lakes is typically caused by nutrients
and ground water contamination by nitrates is also a common problem.

A subcategory of runoff treatment BMPs ig those that provide pretreatment in order
to protect primary treatment BMPs from siltation. The selection of pretreatment
BMPs is described further in the BMP selection process (Section I-4.3) and
illustrated in Table I-4.6.

A special category of runoff treatment BMPs includes those designed to remove oil
contained in runoff. o0il, being lighter than water, typically floats on top of the
water column and different removal techniques may be needed for treatment. 0il
will, however, often adhere to suspended solids. O0il concentrations in urban runoff
are often too low to justify the use of oil/water separators, but some land uses may
require these BMPsg, especially when the possibility of spills is present. There are
three basic types of oil/water separators. Spill control (SC-type) are designed
only to capture spills, while API and CPS-type separators are specifically designed
to remove free oil from the water column. Sand filtration BMPs are currently
allowed as an interim alternative to API and CPS oil/water separators in this
edition of the manual. The ability of sand filtration to remove free oil shows
promise but is under further investigation.

I-4.2.3 Streambank Erosion Control BMPsg

conditions. Conventional flood control ponds are only marginally effective at
controlling streambank erosion because they control only peak flow rates. The goal
of streambank erosion control BMPs is to replicate, to the extent possible, the pre-
existing hydrologic regime in streams by attenuating runoff from development sites
and slowly releasing it back to the natural system,

The two-year return period storm has been identified as a key event for controlling
streambank erosion. The two-year storm is typically the event in which streams are
flowing "bankfull," a highly erosive condition. Urbanization increases the
frequency and duration of bankfull conditions, thus greatly accelerating the
streambank erosion process. Larger storms, such as the 10-year and 100-~year events,
are also important for streambank erosion control. These storms may periodically
alter the morphology of streams and are important for the transport and deposition
of sediments necessary for the ecological health of stream systems.

Ecology's streambank erosion control standards attempt to replicate, to the extent
practicable, the stream flow conditions that would occur under natural conditjions
for specified design storms. Accordingly BMPs are to be designed to meet the
following on~site detention requirements:

- Limit the peak rate of runoff to 50 percent of the existing site
condition 2-year, 24-hour design storm, with a correction factor
applied;

- Maintain the peak flow rate of runoff for the existing site condition

10-year and 100-year, 24-hour storms, with a correction factor applied.

The correction factor is applied to the BMP volume and should range from 20 to 50
percent for sites with impervious cover ranging from 20 to 100 percent. A
correction factor is necessary to account for the inadequacies of current hydrologic
analysis methods. Improved methods are under development and should be available no
later than 1993. Ssee Chapter III-1 for more details.

I-4-5 FEBRUARY, 1992






Water Quality Volume Required=Volume of 6-month, 24-hr storm

6~month, 24 hr precipitation volume=0.64 X 2-year precipitation (in.)

2-yr precip. = 1.5 inches
6-month, 24 hr precip. = 0.64x1.5= 0.96 inches

Volume required=4.98 acre-ft
=216,929 cubic feet

Volume provided=5.51 acre-ft
=240,000 cubic feet
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ALDERWOOD MALL EXPANSION

BASIN SUMMARY

BASIN ID: Démo NAME : DEVELOPED 6 MONTH

SBUH METHODOLOGY

TOTAL AREA.......: 83.86 Acres BASEFLOWS: 0.00 cfs

RAINFALL TYPE....: TYPE1A PERV IMP

PRECIPITATION....: 0.96 inches AREA. . : 7.28 Acres 76.58 Acres

TIME INTERVAL....: 10.00 min CN....: 90.00 98.00
TC....: 20.73 min 20.73 min

ABSTRACTION COEFF: 0.20

TcReach - Sheet L: 100.00
TcReach - Shallow L: 100.00
TcReach - Channel L:3000.00
impTcReach - Sheet L: 100
impTcReach - Shallow L: 100
impTcReach - Channel L:3000
PEAK RATE: 11.42 cfs VOL:

ns

ks:
kc:
.00
.00
.00

:0.1500 p2yr: 1.50 s:0.0200
27.00 s8:0.0200

42.00 s8:0.0050

ns:0.1500 p2yr: 1.50 8:0.0200
ks:27.00 s:0.0200

kc:42.00 s:0.0100

4.208 Ac-ft TIME: 480 min
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STAGE STORAGE TABLE

CUSTOM STORAGE ID No. WQ
Description: WATER QUALITY

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

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

() ---cf--- --Ac-Ft- (ft) ---¢f--- ~-Ac-Ft- (ft) ---cf--- --Ac-Ft-
368.00 0.0000 0.0000 369.60 71759 1.6474 371.20 150428 3.4533
368.10 4485 0.1030 369.70 76244 1.7503 371.30 155488 3.5695
368.20 8970 0.2059 369.80 80729 1.8533 371.40 160549 3.6857
368.30 13455 0.3089 369.90 85214 1.9563 371.50 165610 3.8019
368.40 17940 0.4118 370.00 89699 2.0592 371.60 170670 3.9181
368.50 22425 0.5148 370.10 94760 2.1754 371.70 175731 4.0342
368.60 26910 0.6178 370.20 99821 2.2916 371.80 180792 4.1504
368.70 31395 0.7207 370.30 104881 2.4077 371.90 185852 4.2666
368.80 35880 0.8237 370.40 109942 2.5239 372.00 190913 4.3828
368.90 40365 0.9266 370.50 115003 2.6401 372.10 196560 4.5124
369.00 44850 1.0296 370.60 120063 2.7563 372.20 202207 4.6420
369.10 49335 1.1326 370.70 125124 2.8725 372.30 207854 4.7717
369.20 53820 1.2355 370.80 130185 2.9886 372.40 213501 4.9013
369.30 58305 1.3385 370.90 135245 3.1048 372.50 219148 5.0309
369.40 62790 1.4414 371.00 140306 3.2210 372.60 224795 5.1606
369.50 67274 1.5444 371.10 145367 3.3372 372.70 230442 5.2902

(ft) ---cf--- --Ac-Ft-
372.80 236089 5.4198
372.90 241736 5.5495
371.00 247383 5
373.10 253029 5.8088
373.20 258676 5.9384
373.30 264323  6.0680
373.40 269970 6.1977
373.80 275617 6.3273
373.60 281264 6.4569
373.70 286911 6.5866
373.80 292558 6.7162
373.90 298205 6.8458
374.00 303852 6.97S5

c791—="TOP OF

weargh
QuALIT
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STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BASIN

Design Criteria
Sizing Wet Ponds

Wet ponds designed for treatment of conventional pollutants utilize a permanent pool
of water to provide treatment and are to be designed using the hydrologic analysis
methods presented in Chapter III-1.

Eermanent Pool Volume

The permanent pool volume shall be equal to the runoff volume of the 6~month, 24-
hour design storm. It is not necessary to vegetate the permanent pool, but
establishment of a shallow marsh system can provide additional pollutant removal
capabilities.

Surface Area-Pool Depth Relationships

The pond surface area ig found by dividing the permanent pool volume by the depth,
with a maximum depth of six (6) feet recommended. A minimum depth of three (3) feet
is recommended so that resuspension of trapped pollutants is inhibited. permanent
pools deeper than six (6) feet could potentially contaminate ground water (should
they intersect the existing ground water level). Also, deeper ponds can stratify
and create anaerobic condition that can cause pollutants which are normally bound in
the sediment (e.g., metals and phosphorus) to resolubilize; their release back to
the water column can seriously affect the effectiveness of the BMP and also create
nuisance conditions. .

See Table III-4.2 for the surface area-pool depth relationship. Table III-4.3
illustrates typical surface area-to-drainage area ratios for this and other
detention BMPs.

If the wet pond is also designed to provide streambank erosion control, then
additional surface area and depth will be required for the "live storage" volume
located above the permanent pool. There is no specific surface area-pool depth
relationship for the "live storage" volume.

Ponds designed to provide streambank erosion control may be deeper than six feet as
long as the permanent pool volume provided for runoff treatment does not exceed six
feet.

Outlet Structure

The outlet structure must be designed to accomplish an extended detention time so
that runoff can be released at the flow rates established by Minimum Requirement #5,
Streambank Erosion Control (see Chapter I-2). Figure III-4.3 illustrates methods
for extending detention time in wet ponds.

Pond Configuration and Geometry

Wet ponds shall be multi-celled with a least two cells, and preferably three. The
cells should be approximately equal in size. The first cell should be three feet
deep in order to effectively trap coarser sediments and reduce turbulence which can
resuspend sediments. It should be easily accessible for maintenance purposes.

Long, narrow, and irregularly shaped ponds are preferred, as these configurations
are less prone to short-circuiting and tend to maximize available treatment area.
The length-to-width ratio should be at least 3:1 and preferably 5:1. Irregularly
shaped ponds may perform more effectively and will have a more natural appearance.
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STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BASIN

The inlet and outlet should be at opposite ends of the pond where feasible. If thhgg

is not possible, then baffles can be installed to increase the flow path and water
residence time (see BMP RD.10, Presettling Basin, for details).

Interior side slopes up to the maximum water surface shall be no steeper than 3H:1V.
Exterior side slopes shall be no steeper than 2H:1V.

The pond bottom shall be level to facilitate sedimentation.

Pond walls may be retaining walls, provided that the design is prepared and stamped
by a structural engineer registered in the State of Washington, that they are
constructed of reinforced concrete per Section III-4.6.1, that a fence is provided
along the top of the wall, and that at least 25 percent of the pond perimeter will
be a vegetated soil slope of not greater than 3H:1V.

Other Design Considerations
Liner to Prevent Infiltration

Detention BMPs should have negligible infiltration rates through the bottom of the
pond. Infiltration will impair the proper functioning of detention BMPs and can
contaminate ground water. If infiltration is anticipated, then a detention facility
must either not be used and an infiltration BMP used instead (see Chapter III-3) or
a liner should be installed to prevent infiltration. If a liner is used, the
specifications provided in Section III-3.7 (Filtration BMPs) can be used. When
using a liner the following are recommended:

° A layer of (track) compacted top soil (minimum 18" thick shall be placed over
the liner prior to seeding with an appropriate seed mixture (see BMP E1l.35 in
Chapter II-5).

° Other linere may be used provided the design engineer can supply support
documentation that the material will provide the required performance.

Overflow and Emergency Spillway

If streambank erosion control is not required, a pond overflow system must provide
controlled discharge of the 100-year, 24-hour design storm event for developed site
conditions without overtopping any part of the pond embankment or exceeding the
capacity of the emergency spillway. The design must provide controlled discharge
directly into the downstream conveyance system. This assumes the pond will be full
due to plugged control structure inflow pipe and/or plugged restrictor/orifices
conditions.

Open Type 2 catchbasins can function as weirs when used as pond overflow structures
to control overtopping. The overflow structure, as shown in Figure III-4.5, may be
required in some circumstances to protect embankments from overtopping.

In addition to the above overflow requirements, an emergency overflow spillway
(secondary overflow) must be provided to safely pass the 100-year, 24-hour design
storm event (for developed site conditions and assuming the pond is full to the
crest of the spillway) over the pond embankment in the event of control structure
failure or for storm/runoff events exceeding design. The spillway must be located
to direct overflows safely towards the downstream conveyance system and shall be
located in existing soil wherever feasible. The emergency overflow spill shall be
armored with riprap in conformance with Table III-2.4 and shall extend to the toe of
each face of the berm embankment.

© Design of emergency overflow spillways requires the analysis of a broad-
crested trapezoidal weir. The following weir section is required for the
emergency overflow spillway, as per Figure III-4.4.
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