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Appendix III-B
Western Washington Hydrology Model — Information,
Assumptions, and Computation Steps

Please access Ecology’s or Thurston County’s website for latest information and updates at
http://www.ecy.wa.gov/programs/wa/stormwater/wwhm training/index.html or
http://www.co.thurston.wa.us/wwm/

The information and assumptions used in the Western Washington Hydrology Model (WWHM)
are described in this document. Thurston County’s enhancements, as well as Ecology updates,
may result in differences from what is written below.

WWHM Limitations

The WWHM has been created for the specific purpose of sizing stormwater control facilities for
new development and redevelopment projects in Western Washington. The WWHM can be
used for a range of conditions and developments; however, certain limitations are inherent in this
software. These limitations are described below.

The WWHM uses the EPA HSPF software program to do all of the rainfall-runoff and routing
computations. Therefore, HSPF limitations are included in the WWHM. For example,
backwater or tailwater control situations are not explicitly modeled by HSPF. This is also true in
the WWHM.

In addition, the WWHM is limited in its routing capabilities. The user is allowed to input a
single stormwater control facility and runoff is routed through this facility. If the proposed
development site contains multiple facilities in series or involves routing through a natural lake,
pond, or wetland in addition to a stormwater control facility then the user should use HSPF to do
the routing computations and additional analysis.

Routing effects become more important as the drainage area increases. For this reason it is
recommended that the WWHM not be used for drainage areas greater than one-half square mile
(320 acres). The WWHM can be used for small drainage areas down to less than an acre in size.

WWHM Information and Assumptions
1. Precipitation data.

Length of record.

The WWHM uses long-term (43-50 years) precipitation data to simulate the potential impacts of
land use development in western Washington. A minimum period of 20 years is required to
simulate enough peak flow events to produce accurate flow frequency results. A 40 to 50-year
record is preferred. The actual length of record of each precipitation station varies, but all
exceed 43 years.
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Rainfall distribution.

The precipitation data are representative of the different rainfall regimes found in western
Washington. A total of 17 precipitation stations are used. These stations represent rainfall at
elevations below 1500 feet. Snowfall and melt are not included in the WWHM.

The primary source for precipitation data is National Weather Service stations. The secondary
source is precipitation data collected by local jurisdictions. During development of WWHM,
county engineers at 19 western Washington counties were contacted to obtain local precipitation
data. Only King County provided local data.

The following precipitation stations have been included in the WWHM:

Precipitation Station | Years of Data County Coverage

Astoria, OR 1955-1998 = 43 | Wahkiakum

Blaine 1948-1998 = 50 | Whatcom, San Juan

Burlington 1948-1998 = 50 | Skagit, Island

Clearwater 1948-1998 = 50 | Jefferson (west)

Darrington 1948-1996 = 48 | Snohomish (northeast)

Everett 1948-1996 = 48 | Snohomish (excluding northeast)
Frances 1948-1998 = 50 | Pacific

Landsburg 1948-1997 = 49 | King (east)

Longview 1955-1998 = 43 | Cowlitz, Lewis (south)

McMillian 1948-1998 =50 | Pierce

Montesano 1955-1998 = 43 | Grays Harbor

Olympia 1955-1998 = 43 | Thurston, Mason (south), Lewis (north)
Port Angeles 1948-1998 = 50 | Clallam (east)

Portland, OR 1948-1998 =50 | Clark, Skamania

Quilcene 1948-1998 = 50 | Jefferson (east), Mason (north), Kitsap
Sappho 1948-1998 = 50 | Clallam (west)

SeaTac 1948-1997 = 49 | King (west)

The records were reviewed for length, quality, and completeness of record. Annual totals were
checked along with hourly maximum totals. Using these checks, data gaps and errors were
corrected, where possible. A "Quality of Record" summary was produced for each precipitation
record reviewed.

The reviewed and corrected data were placed in multiple WDM (Watershed Data Management)
files. One WDM file was created per county and contains all of the precipitation data to be used
by the WWHM for that particular county.

Computational time step.
The computational time step used in the WWHM is one hour. The one-hour time step was
selected to better represent the temporal variability of actual precipitation than daily data.
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2. Precipitation multiplication factors.

Precipitation multiplication factors increase or decrease recorded precipitation data to better
represent local rainfall conditions. This is particularly important when the precipitation gage is
located some distance from the study area.

Precipitation multiplication factors were developed for western Washington. The factors are
based on the ratio of the 24-hour, 25-year rainfall intensities for the representative precipitation
gage and the surrounding area represented by that gage’s record. The 24-hour, 25-year rainfall
intensities were determined from the NOAA Atlas 2 (Precipitation-Frequency Atlas of the
Western United States, Volume 1X — Washington, 1973).

These multiplication factors were created for the Puget Sound lowlands plus all western
Washington valleys and hillside slopes below 1500 feet elevation. The factors were placed in the
WWHM database and linked to each county’s map. They are transparent to the general user.
The advanced user will have the ability to change the precipitation multiplication factor for a
specific site. However, such changes will be recorded in the WWHM output.

3. Pan evaporation data.

Pan evaporation data are used to determine the potential evapotranspiration (PET) of a study
area. Actual evapotranspiration (AET) is computed by the WWHM based on PET and available
moisture supply. AET accounts for the precipitation that returns to the atmosphere without
becoming runoff. Soil moisture conditions and runoff are directly influenced by PET and AET.

Evaporation is not highly variable like rainfall. Puyallup pan evaporation data are used for all of
the 19 western Washington counties.

Pan evaporation data were assembled and checked for the same time period as the precipitation
data and placed in the appropriate county WDM files.

Pan evaporation data are collected in the field, but PET is used by the WWHM. PET is equal to
pan evaporation times a pan evaporation coefficient. Depending on climate, pan evaporation
coefficients for western Washington range from 0.72 to 0.82.

NOAA Technical Report NWS 33, Evaporation Atlas for the Contiguous 48 United States, was
used as the source for the pan evaporation coefficients. Pan evaporation coefficient values are
shown on Map 4 of that publication.

As with the precipitation multiplication factors, the pan evaporation coefficients have been
placed in the WWHM database and linked to each county’s map. They will be transparent to the
general user. The advanced user will have the ability to change the coefficient for a specific site.
However, such changes will be recorded in the WWHM output.
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4. Soil data.

Soil type, along with vegetation type, greatly influences the rate and timing of the transformation
of rainfall to runoff. Sandy soils with high infiltration rates produce little or no surface runoff;
almost all runoff is from groundwater. Soils with a compressed till layer slowly infiltrate water
and produce larger amounts of surface runoff during storm events.

The WWHM uses three predominate soil type to represent the soils of western Washington: till,
outwash, and saturated

Till soils have been compacted by glacial action. Under a layer of newly formed soil lies a
compressed soil layer commonly called "hardpan”. This hardpan has very poor infiltration
capacity. As a result, till soils produce a relatively large amount of surface runoff and interflow.
A typical example of a till soil is an Alderwood soil (SCS class C).

Outwash soils have a high infiltration capacity due to their sand and gravel composition.
Outwash soils have little or no surface runoff or interflow. Instead, almost of their runoff is in
the form of groundwater. An Everett soil (SCS class A) is a typical outwash soil.

Outwash soils over high groundwater or an impervious soil layer have low infiltration rates and
act like till soils. Where groundwater or an impervious soil layer is within 5 feet from the
surface, outwash soils may be modeled as till soils in the WWHM.

Saturated soils are usually found in wetlands. They have a low infiltration rate and a high
groundwater table. When dry, saturated soils have a high storage capacity and produce very
little runoff. However, once they become saturated they produce surface runoff, interflow, and
groundwater in large quantities. Mukilteo muck (SCS class D) is a typical saturated soil.

The user will be required to investigate actual local soil conditions for the specific development
planned. The user will then input the number of acres of outwash (A/B), till (C), and saturated
(D) soils for the site conditions.

Alluvial soils are found in valley bottoms. These are generally fine-grained and often have a
high seasonal water table. There has been relatively little experience in calibrating the HSPF
model to runoff from these soils, so in the absence of better information, these soils may be
modeled as till soils.

Additional soils will be included in the WWHM if appropriate HSPF parameter values are found
to represent other major soil groups.

The three predominate soil types are represented in the WWHM by specific HSPF parameter
values that represent the hydrologic characteristics of these soils. More information on these
parameter values is presented below.
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5. Vegetation data.

As with soil type, vegetation types greatly influence the rate and timing of the transformation of
rainfall to runoff. Vegetation intercepts precipitation, increases its ability to percolate through
the soil, and evaporates and transpires large volumes of water that would otherwise become
runoff.

The WWHM will represent the vegetation of western Washington with three predominate
vegetation categories: forest, pasture, and lawn (also known as grass).

Forest vegetation represents the typical second growth Douglas fir found in the Puget Sound
lowlands. Forest has a large interception storage capacity. This means that a large amount of
precipitation is caught in the forest canopy before reaching the ground and becoming available
for runoff. Precipitation intercepted in this way is later evaporated back into the atmosphere.
Forest also has the ability to transpire moisture from the soil via its root system. This leaves less
water available for runoff.

Pasture vegetation is typically found in rural areas where the forest has been cleared and replaced
with shrub or grass lots. Some pasture areas may be used to graze livestock. The interception
storage and soil evapotranspiration capacity of pasture are less than forest. Soils may have also
been compressed by mechanized equipment during clearing activities. Livestock can also
compact soil. Pasture areas typically produce more runoff (particularly surface runoff and
interflow) than forest areas.

Lawn vegetation is representative of the suburban vegetation found in typical residential
developments. Soils have been compacted by earth moving equipment, often with a layer of
topsoil removed. Sod and ornamental bushes replace native vegetation. The interception storage
and evapotranspiration of lawn vegetation is less than pasture. More runoff results.

Predevelopment default land conditions are forest, although the user has the option of specifying
pasture if there is documented evidence that pasture vegetation was native to the predevelopment
site. If this option is used, the change will be recorded in the WWHM output.

Forest vegetation is represented by specific HSPF parameter values that represent the forest
hydrologic characteristics. As described above, the existing regional HSPF parameter values for
forest are based on undisturbed second-growth Douglas fir forest found today in western
Washington lowland watersheds.

Postdevelopment vegetation will reflect the new vegetation planned for the site. The user has the
choice of forest, pasture, and landscaped vegetation. Forest and pasture are only appropriate for
postdevelopment vegetation in parcels separate from standard residential or non-standard
residential/commercial. Development areas must only be designated as forest or pasture where
legal restrictions can be documented that protect these areas from future disturbances. The
WWHM assumes the pervious land portion of developed areas the standard residential and non-
standard residential/commercial is covered with lawn vegetation, as described above.
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6. Development land use data.

The WWHM user must enter land use information for the pre-developed condition and the
proposed development condition into the model.

There are 6 basic land use categories and 3 soil types available in the WWHM2. The land use
categories are: Impervious Area (Roof), Streets/Sidewalks/Parking, Landscaped Area (this is
modeled as includes lawn, garden, areas with ornamental plants, and any natural areas not legally
protected from future disturbance)), Forest, Pasture, and Pond. The soils types are A/B
(outwash), C/D (Till), and Saturated (wetland).

Forest and pasture vegetation areas are only appropriate for separate undeveloped parcels
dedicated as open space, wetland buffer, or park within the total area of the standard residential
development. Development areas must only be designated as forest or pasture where legal
restrictions can be documented that protect these areas from future disturbances.

Impervious, as the name implies, allows no infiltration of water into the pervious soil. All runoff
is surface runoff. Impervious land typically consists of paved roads, sidewalks, driveways, and
parking lots. Roofs are also impervious.

For the purposes of hydrologic modeling, only effective impervious area is categorized as
impervious. Effective impervious area (EIA) is the area where there is no opportunity for
surface runoff from an impervious site to infiltrate into the soil before it reaches a conveyance
system (pipe, ditch, stream, etc.). An example of an EIA is a shopping center parking lot where
the water runs off the pavement and directly goes into a catch basin where it then flows into a
pipe and eventually to a stream. In contrast, some homes with impervious roofs collect the roof
runoff into roof gutters and send the water down downspouts. When the water reaches the base
of the downspout it can be directed either into a pipe (which is connected to the local storm
sewer), dumped onto a splash block, or dispersed into soil. Well-dispersed roof water has the
opportunity to spread out into the yard and soak into the soil, so it may be considered non-
effective impervious area (see below for more information).

The non-effective impervious area uses the adjacent or underlying soil and vegetation properties.
Vegetation often varies by the type of land use. The assumption is made in the WWHM that the
EIA equals the TIA (total impervious area). This is consistent with King County’s determination
of EIA acres for new developments. Where appropriate, the TIA can be reduced through the use
of runoff credits (more on that below).

In addition, WWHMZ2 offers the following 2 optional features:

Standard Residential: For housing developments where lot-specific details (e.g., size of roof
and driveway) are not yet determined, the WWHM provides a set of default assumptions about
the amount of impervious area per lot and its division between driveways and rooftops. Ecology
has selected a standard impervious area of 4200 square feet per residential lot, with 1000 square
feet of that as driveway, walkways, and patio area, and the remainder as rooftop area. The rest of
the lot acres will be assumed to be landscaped area (including lawn). The user inputs the number
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of residential lots and the total acreage of the residential lots (public right-of-way acreages and
non-residential lot acreages excluded). The number of residential lots and the associated
number of acres will be used to compute the average number of residential lots per acre. This
value together with the number of residential lots and the impervious area in the public right-of-
way will be used by the model to calculate the TIA for the proposed development. The areas
covered by streets, parking areas, and sidewalk areas are input separately by the user.

Runoff Credits:

Runoff credits can be obtained using any or all of the low impact development methods listed
below. The WWHMZ2 has an automated procedure for taking credits for infiltrating or dispersing
roof runoff - methods #1 and #2 below. Credits for using methods 4, 6, 7, and 8 must be taken
by following the guidance in Appendix C. Roof areas using method #5 -rainwater harvesting
systems- designed in accordance with the guidance in Appendix C need not be entered into the
model. Also, if using method 9 — Full dispersion — the runoff model need not be used for the
area that meets the criteria in Appendix C.

Infiltrate roof runoff

Disperse roof runoff

Porous pavement for driveways and walks
Vegetated roofs

Rainwater harvesting

Reverse slope sidewalks

Low impact foundations

Rain gardens (Bioretention Areas)

Full dispersion

©CoNooA~WNE

1. Infiltrate roof runoff

Credit is given for disconnecting the roof runoff from the development’s stormwater
conveyance system and infiltrating on the individual residential lots. The WWHM assumes
that this infiltrated roof runoff does not contribute to the runoff flowing to the stormwater
detention pond site. It disappears from the system and does not have to be mitigated. See
Volume I11 for design requirements for downspout infiltration systems.

2. Disperse roof runoff

Credit is also given for disconnecting the roof runoff from the development’s stormwater
conveyance system and dispersing it on the surface of individual lots. If the runoff is
dispersed using splashblocks onto compost-amended soils or native vegetation and the
runoff’s vegetative flow path is 50 feet or longer, the roof area can be entered into the model
as landscaped area rather than impervious surface. This runoff is assumed to be the
equivalent of runoff from lawn vegetation.

3. Porous pavement for driveways and walks

The third option for runoff credit is the use of porous pavement for private driveways,
sidewalks, streets, and parking areas. The WWHM2 currently includes an option for
obtaining credits for the use of porous pavements on Streets/Sidewalk/Parking. The credit
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given under this option is believed to be too small. Until such time as WWHM?2 is upgraded
to WWHMS3, the LID credit guidance in Appendix C should be followed. It will direct you
to enter a certain percentage of the pervious pavement area into the lawn/landscaped area
category rather than the street/sidewalk/parking lot category.

Similar procedures should be followed for vegetated roofs, reverse slope sidewalks, and low
impact foundations. The LID credit guidance of Appendix C directs how these surfaces
should be entered into the model. If you do not know the specific quantities of the different
land cover types for your development (e.g., the individual lots will be sold to builders who
will determine layout and size of home), you should start with the assumption of 4200 sg. ft.
of impervious area per lot — including 1,000 sqg. ft. for driveways, and begin making
adjustments in those totals as allowed in the LID guidance of Appendix C.

Other Development Options and Model Features

The WWHM allows the flexibility of bypassing a portion of the development area around a
flow control facility and/or having offsite inflow that is entering the development area pass
through the flow control facility.

Bypass occurs when a portion of the development does not drain to a stormwater detention
facility. Onsite runoff from a proposed development project may bypass the flow control
facility provided that all of the following conditions are met.
1. Runoff from both the bypass area and the flow control facility converges within a
quarter-mile downstream of the project site discharge point, and
2. The flow control facility is designed to compensate for the uncontrolled bypass
area such that the net effect at the point of convergence downstream is the same
with or without bypass, and
3. The 100-year peak discharge from the bypass area will not exceed 0.4 cfs, and
4. Runoff from the bypass area will not create a significant adverse impact to
downstream drainage systems or properties, and
5. Water quality requirements applicable to the bypass area are met.

Offsite Inflow occurs when an upslope area outside the development drains to the flow
control facility in the development. If the existing 100-year peak flow rate from any
upstream offsite area is greater than 50% of the 100-year developed peak flow rate
(undetained) for the project site, then the runoff from the offsite area must not flow to the
onsite flow control facility. The bypass of offsite runoff must be designed so as to achieve
the following:
1. Any existing contribution of flows to an onsite wetland must be maintained, and
2. Offsite flows that are naturally attenuated by the project site under predeveloped
conditions must remain attenuated, either by natural means or by providing
additional onsite detention so that peak flows do not increase.

Application of WWHM in Re-development Projects
WWHM allows only forest or pasture as the predevelopment land condition in the Design
Basin screen. This screen does not allow other types of land uses such as impervious and
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landscaped areas to be entered for existing condition. However, WWHM can be used for
redevelopment projects by modeling the existing developed areas that are not subject to the
flow control requirements of VVolume | as offsite areas. For the purposes of predicting runoff
from such an existing developed area, enter the existing area in the Offsite Inflow screen.
This screen is designed to predict runoff from impervious and landscaped areas in addition to
the forest and pasture areas. If the existing 100-year peak flow rate from the existing
developed areas that are not subject to flow control is greater than 50% of the 100-year
developed peak flow rate (undetained but subject to the flow control requirements of Volume
1), then the runoff from the offsite area must not be allowed to flow to the onsite flow control
facility.

7. PERLND and IMPLND parameter values.

In WWHM (and HSPF) pervious land categories are represented by PERLNDSs; impervious land
categories (EIA) by IMPLNDs. An example of a PERLND is a till soil covered with forest
vegetation. This PERLND has a unique set of HSPF parameter values. For each PERLND there
are 16 parameters that describe various hydrologic factors that influence runoff. These range
from interception storage to infiltration to active groundwater evapotranspiration. Only four
parameters are required to represent IMPLND.

The PERLND and IMPLND parameter values to be used in the WWHM are listed below. These
values are based on regional parameter values developed by the U.S. Geological Survey for
watersheds in western Washington (Dinicola, 1990) plus additional HSPF modeling work
conducted by AQUA TERRA Consultants.

PERLND Parameters

TF TP TL OF OP oL SF SP SL

Name

LZSN 4.5 4.5 4.5 5.0 5.0 5.0 4.0 4.0 4.0
INFILT 0.08 | 0.06 | 0.03 2.0 1.6 0.80 2.0 1.8 1.0
LSUR 400 400 400 400 400 400 100 100 100

SLSUR 0.10 | 0.10 | 0.10 | 0.10 0.10 0.10 | 0.001 | 0.001 | 0.001

KVARY 0.5 0.5 0.5 0.3 0.3 0.3 0.5 0.5 0.5

AGWRC | 0.996 | 0.996 | 0.996 | 0.996 | 0.996 | 0.996 | 0.996 | 0.996 | 0.996

INFEXP 2.0 2.0 2.0 2.0 2.0 2.0 10.0 10.0 10.0

INFILD 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

BASETP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AGWETP | 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.7 0.7

CEPSC 0.20 | 0.15 | 0.10 | 0.20 0.15 0.10 0.18 0.15 0.10

UZSN 0.5 0.4 0.25 0.5 0.5 0.5 3.0 3.0 3.0

NSUR 035 | 030 | 0.25 | 0.35 0.30 0.25 0.50 0.50 0.50

INTFW 6.0 6.0 6.0 0.0 0.0 0.0 1.0 1.0 1.0

IRC 0.5 0.5 0.5 0.7 0.7 0.7 0.7 0.7 0.7

LZETP 0.7 0.4 0.25 0.7 0.4 0.25 0.8 0.8 0.8
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PERLND types:
TF = Till Forest
TP = Till Pasture
TL =Till Lawn

OF = Outwash Forest

PERLND parameters:

LZSN = lower zone storage nominal (inches)
INFILT = infiltration capacity (inches/hour)

OP = Outwash Pasture
OL = Outwash Lawn
SF = Saturated Forest
SP = Saturated Pasture

SL = Saturated Lawn

LSUR = length of surface overland flow plane (feet)
SLSUR = slope of surface overland flow plane (feet/feet)
KVARY = groundwater exponent variable (inch™)
AGWRC = active groundwater recession constant (day™)

INFEXP = infiltration exponent

INFILD = ratio of maximum to mean infiltration

BASETP = base flow evapotranspiration (fraction)
AGWETP = active groundwater evapotranspiration (fraction)
CEPSC = interception storage (inches)

UZSN = upper zone storage nominal (inches)

NSUR = roughness of surface overland flow plane (Manning’s n)

INTFW = interflow index

IRC = interflow recession constant (day™)

LZETP = lower zone evapotranspiration (fraction)

A more complete description of these PERLND parameters is found in the HSPF User Manual

(Bicknell et al, 1997).

PERLND parameter values for other additional soil/vegetation categories will be investigated

and added to the WWHM, as appropriate.

IMPLND Parameters

EIA
Name
LSUR 400
SLSUR 0.01
NSUR 0.10
RETSC 0.10

IMPLND parameters:

LSUR = length of surface overland flow plane (feet)

SLSUR = slope of surface overland flow plane (feet/feet)

NSUR = roughness of surface overland flow plane (Manning’s n)
RETSC = retention storage (inches)
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A more complete description of these IMPLND parameters is found in the HSPF User Manual
(Bicknell et al, 1997).

The PERLND and IMPLND parameter values will be transparent to the general user. The
advanced user will have the ability to change the value of a particular parameter for that specific
site. However, such changes will be recorded in the WWHM output.

Surface runoff and interflow will be computed based on the PERLND and IMPLND parameter
values. Where groundwater flow from small catchments reaches the surface and becomes
runoff, the groundwater flow can be computed and added to give the total runoff (i.e., surface
runoff, interflow, and groundwater.

8. Guidance for flow control standards.

Flow control standards are used to determine whether or not a proposed stormwater facility will
provide a sufficient level of mitigation for the additional runoff from land development.
Guidance is provided on the standards that must be met to comply with the Ecology Stormwater
Management Manual.

There are two flow control standards stated in the Ecology Manual: Minimum Requirement #7 -
Flow Control and Minimum Requirement #8 - Wetlands Protection (See Volume I).

Minimum Requirement #7 specifies flow frequency and flow duration ranges for which the
postdevelopment runoff cannot exceed predevelopment runoff. Minimum Requirement #8
specifies that discharges to wetlands must maintain the hydrologic conditions, hydrophytic
vegetation, and substrate characteristics necessary to support existing and designated beneficial
uses.

Minimum Requirement #7 specifies that stormwater discharges to streams shall match developed
discharge durations to predeveloped durations for the range of predeveloped discharge rates from
50% of the 2-year peak flow up to the full 50-year peak flow. In general, matching discharge
durations between 50% of the 2-year and 50-year will result in matching the peak discharge rates
in this range.

The WWHM uses the predevelopment peak flow value for each water year to compute the
predevelopment 2- through 100-year flow frequency values. The postdevelopment runoff 2-
through 100-year flow frequency values are computed from the outlet of the proposed
stormwater facility. The user must enter the stage-surface area-storage-discharge table (HSPF
FTABLE) for the stormwater facility. The model then routes the postdevelopment runoff
through the stormwater facility. As with the predevelopment peak flow values, the maximum
developed flow value for each water year will be selected by the model to compute the
developed 2- through 100-year flow frequency.

The actual flow frequency calculations are made using the federal standard Log Pearson Type |11
distribution described in Bulletin 17B (United States Water Resources Council, 1981). This
standard flow frequency distribution is provided in U.S. Geological Survey program J407,
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version 3.9A-P, revised 8/9/89. The Bulletin 17B algorithms in program J407 are included in the
WWHM calculations.

Minimum Requirement #7 is based on flow duration. The WWHM will use the entire
predevelopment and postdevelopment runoff record to compute flow duration. The standard
requires that postdevelopment runoff flows must not exceed the flow duration values of the
predevelopment runoff between the predevelopment flow values of 50 percent of the 2-year flow
and 100 percent of the 50-year flow.

Flow duration is computed by counting the number of flow values that exceed a specified flow
level. The specified flow levels used by WWHM in the flow duration analysis are listed below.

1. 50% of the 2-year predevelopment peak flow.
2. 100% of the 2-year predevelopment peak flow.
3. 100% of the 50-year predevelopment peak flow.

In addition, flow durations are computed for 97 other incremental flow values between 50
percent of the 2-year predevelopment peak flow and 100 percent of the 50-year predevelopment
peak flow.

There are three criteria by which flow duration values are compared:

1. If the postdevelopment flow duration values exceed any of the predevelopment flow levels
between 50% and 100% of the 2-year predevelopment peak flow values (100 Percent
Threshold) then the flow duration requirement has not been met.

2. If the postdevelopment flow duration values exceed any of the predevelopment flow levels
between 100% of the 2-year and 100% of the 50-year predevelopment peak flow values more
than 10 percent of the time (110 Percent Threshold) then the flow duration requirement has
not been met.

3. If more than 50 percent of the flow duration levels exceed the 100 percent threshold then the
flow duration requirement has not been met.

The results are provided in the WWHM report.

Minimum Requirement #8 specifies that discharges to wetlands must maintain the hydrologic
conditions, hydrophytic vegetation, and substrate characteristics necessary to support existing
and designated beneficial uses. Criteria for determining maximum allowed exceedences in
alterations to wetland hydroperiods are provided in guidelines cited in Guide Sheet 2B of the
Puget Sound Wetland Guidelines (Azous and Horner, 1997).

Because wetland hydroperiod computations are relatively complex and are site specific, they
have not yet been included in the WWHM2. HSPF is required for wetland hydroperiod analysis.
Ecology intends to include the ability to perform hydroperiod computations in WWHM3.
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WWHM Computation Steps: For sizing a detention pond. Follow steps under Quick
Start in WWHM2 under Help/Contents. These are also reproduced below:

Quick Start

Here is a brief set of steps to demonstrate pond sizing using the WWHM2.

1. On the map screen (the first screen that shows up) click somewhere within the county

boundaries.

I |

nuni

Tool bar
2. On the Tool bar (above the map screen) click the second button to switch to the Scenario Editor.
Schematic Schematic
4———-”'“ Basin H Basin

LL' Splitter

Estender

F‘IIIE

Schematic

l% Splitter

Eutender

F'IIIE

3. Drag and drop the Basin Icon somewhere towards the top of the Schematic. You should then
have a basin in your schematic flowing to the Point of Compliance (POC) The POC represents outflow or

the sum of all flow from your project.
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4, Left click on the basin you just added. This will open a window on the right where you can enter
land use for this basin.

Basin Information

5. Enter 10 acres in the field for Till Forest, and then click the Update button. You have now set
your pre-developed conditions to 10 acres of Till Forest.
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Change Scenarios

6. Now press the Developed Unmitigated button just below the schematic. Now you can enter
basins and land use for your Developed unmitigated Scenario.

Now drag and drop a basin as you did in step 3. Click on it to enter land use as in step 4. This time
instead of 10 acres of till forest, enter:

5 acres of Streets/Sidewalks/Parking.
3 acres of Landscaped Area.

1 acre of Impervious Area (Roof).

1 acre of Pond.

Be sure it's all in the middle column indicating it's on till soils as in the pre-developed Scenario. The
screen should look like this:

Developed Land Use

Then click the update button.
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7. Now click the Developed Mitigated button below the schematic. This brings you to the final
Scenario where your detention facility will be placed. Notice that your Developed basin is
already there. Now drag and drop a pond into the space just below the basin. The
schematic should look like this:

Drag and drop a pond

8. Click on the pond to open the pond-editing window. You can edit any aspect of the pond from
here, but for now, just click the Auto Pond button at the bottom. This will open up the Pond Wizard
window.

[ Pond wizard

First choose an outlet structure from the drop-down
list in the middle of the Pond Wizard form. Select
the first option (1 Orifice & Rectangular Notch).

Next, press the Create Pond button. You will see a
progress bar pop up to indicate that HSPF is running
the model and the pond wizard is creating a pond
according to the results.

Pond Wizard
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9. The Pond Wizard will then automatically bring you to the Run Model screen.

B Western Washington Hydrology Model for Thurston County

He

0 Dmdmmlnlnnd

¥ Developed with Facility

8
@
oy
£
2
o

10E5 3 10E4  10E3 10E-2 10E-1
Percent Exceeding

Run Model Screen

You can view the results in graphs or tables. For yearly peaks, select a scenario to view (upper left) and
click the yearly peaks button. Flow frequency and durations always show pre-developed vs. developed
mitigated.

If you wish to change the pond and re-run the model, take the following steps:

Go back to the Scenario editor (2nd Tool bar button).
Chose the Developed Mitigated Scenario.

Click on your pond.

Change one or more pond values and click Update.

Go back to the Run Model screen (3rd Tool bar button).
Chose the developed mitigated Scenario.

Check the Run HSPF and Duration Analysis check boxes.
Click Run Analysis.
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Appendix lI-C

Washington State Department of Ecology Low
Impact Development Design and Flow Modeling
Guidance

This guidance suggests how to represent various LID techniques within continuous
simulation models, so that their benefit in reducing surface runoff can be estimated. The
lower runoff estimates should translate into smaller stormwater treatment and flow
control facilities. In certain cases, use of various techniques can result in the elimination
of those facilities.

The flow control credits presented in this chapter were developed by an LID credit
committee comprised of stormwater managers from various local jurisdictions, WSU and
Ecology.

This section identifies seven categories of LID techniques. For each category, the
guidance lists basic design criteria that Ecology considers necessary in order to justify
use of the suggested runoff “credit” or “runoff model representation.” More detailed
design guidance is available in the Low Impact Development Technical Guidance
Manual for Puget Sound (LID Manual), published by the Puget Sound Water Quality
Action Team and the Washington State University Cooperative Extension, Pierce
County. It may be found at http://www.psat.wa.gov/Programs/LID.htm.

As Puget Sound gains more experience with and knowledge of LID techniques, the
design criteria will evolve. Also, our ability to model their performance will change as our
modeling techniques improve. Therefore, we anticipate this guidance will be updated
periodically to reflect the new knowledge and modeling approaches. Meanwhile, we
encourage all to use the guidance, and to give us feedback on its usefulness and
accuracy. Comments can be sent to Ed O'Brien of the Washington State Department of
Ecology at eobr461@ecy.wa.gov.

Note that the terminology for grass has changed in the WWHM. The term grass has
been replaced with landscaped area.

7.1 Permeable Pavements

7.1.1 Credits

7.1.1.1 Porous Asphalt or Concrete

Description of Public Road or Public Parking lot Model Surface as

1. Base material laid above surrounding grade:

a) Without underlying perforated drain pipes Grass over underlying soil
to collect stormwater type (till or outwash)
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b) With underlying perforated drain pipes for
stormwater collection:

at or below bottom of base layer Impervious surface

elevated within the base course Impervious surface

2. Base material laid partially or completely below surrounding grade:

a) Without underlying perforated drain pipes Option 1: Grass over
underlying soil type
Option 2: Impervious surface
routed to an infiltration

basin®
b) With underlying perforated drain pipes:
at or below bottom of base layer Impervious surface
elevated within the base course? Model as impervious

surface routed
to an infiltration basin®

Description of Private Facilities (driveways, parking lots, walks, patios)

1. Base material below grade without 50% grass on underlying
underlying perforated drain pipes soil; 50% impervious
2. Base material below grade with Impervious surface

underlying perforated drain pipes

7.1.1.2 Grid/lattice systems (non-concrete) and Paving Blocks

Description of Public Road or Public Parking lot Model Surface as

1. Base material laid above surrounding grade

a) Without underlying perforated drain pipes Grid/lattice systems: grass on
underlying soil (till or
outwash).

Paving Blocks: 50% grass on
underlying sail;
50% impervious.

! See section 7.8 for detailed instructions concerning how to represent the base material below grade as an
infiltration basin in the Western Washington Hydrology Model.

2 |f the perforated pipes function is to distribute runoff directly below the wearing surface, and the pipes are
above the surrounding grade, follow the directions for 2a above.
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b) With underlying perforated drain pipes Impervious surface
2. Base material laid partially or completely below surrounding grade

a) Without underlying perforated drain pipes Option 1:
Grid/lattice as grass on
underlying soil.
Paving blocks as 50% grass;
50% impervious.
Option 2:
Impervious surface routed to
an infiltration basin.*

b) With underlying perforated drain pipes

at or below bottom of base layer Impervious surface

elevated within the base course? Model as impervious surface
routed to an infiltration
basin.

Description of Private Facilities (driveways, parking lots, walks, patios)

Base material laid partially or completely below surrounding grade
a) Without underlying perforated drain pipes 50% grass; 50% impervious

b) With underlying drain pipes Impervious surface

7.1.2 Design Criteria for Permeable Pavements

Subgrade

¢ Compact the subgrade to the minimum necessary for structural stability. Use static
dual wheel small mechanical rollers or plate vibration machines for compaction. Do
not allow heavy compaction due to heavy equipment operation. The subgrade
should not be subject to truck traffic.

e Use on soil types A through C.

Geotextile

o Use geotextile between the subgrade and base material/separation layer to keep soil
out of base materials.

e The geotextile should pass water at a greater rate than the subgrade soils.

Separation or Bottom Filter Layer (recommended but optional)
o Alayer of sand or crushed stone (0.5 inch or smaller) graded flat is recommended to
promote infiltration across the surface, stabilize the base layer, protect underlying
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soil from compaction, and serve as a transition between the base course and the
underlying geotextile material.

Base material

¢ Many design combinations are possible. The material must be free draining. For
more detailed specifications for different types of permeable pavement, see section
6.2: Permeable Paving.
o Driveways (recommendation):

v' > 4" layer of free-draining crushed rock, screened gravel, or washed sand.

v' < 5% fines (material passing thru #200 sieve) based on fraction passing #4
sieve.

0 Roads: The standard materials and quantities used for asphalt roads should be
followed. For example:

v Pierce Co. cites larger rock on bottom, smaller on top (e.g., 2" down to 5/8");
compacted; minimal fines; 8 inches total of asphaltic concrete and base
material.

v' WSDOT lists coarse crushed stone aggregate (AASHTO Grading No. 57: 1.5
inch and lower); stabilized or unstabilized with modest compaction; meets
fracture requirements.

v' FHWA suggests three layers between the porous pavement and geotextile.
Typical layers would be:

Filter course: 13 mm diameter gravel, 25 to 50 mm thick.
Stone reservoir: 40-75 mm diameter stone.
Filter course: 13 mm diameter gravel, 50 mm thick.

Wearing layer
o For all surface types, a minimum initial infiltration rate of 10 inches per hour is

necessary. To improve the probability of long-term performance, significantly higher
infiltration rates are desirable.

e Porous Asphalt: Products must have adequate void spaces through which water can
infiltrate. A void space within the range of 12 — 20% is common.

e Porous Concrete: Products must have adequate void spaces through which water
can infiltrate. A void space within the range of 15 — 21% is common.

e Grid/lattice systems filled with gravel, sand, or a soil of finer particles with or without
grass: The fill material must be at least a minimum of 2 inches of sand, gravel, or
soil. It should be underlain with 6 inches or more of sand or gravel to provide an
adequate base. The fill material should be at or slightly below the top elevation of
the grid/lattice structure. Modular-grid openings must be at least 40% of the total
surface area of the modular grid pavement. Provisions for removal of oil and grease
contaminated soils should be included in the maintenance plan.

e Paving blocks: 6 inches of sand or aggregate materials should fill spaces between
blocks and must be free draining. Do not use sand for the leveling layer or filling
spaces with EcoStone.

e The block system should provide a minimum of 12% free draining surface area.

e Provisions for removal of oil and grease contaminated soils should be included in the
maintenance plan.

Drainage conveyance
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Roads should still be designed with adequate drainage conveyance facilities as if the
road surface were impermeable. Roads with base courses that extend below the
surrounding grade should have a designed drainage flow path to safely move water
away from the road prism and into the roadside drainage facilities. Use of perforated
storm drains to collect and transport infiltrated water from under the road surface will

result in less effective designs and less flow reduction credit.

Acceptance test

Driveways can be tested by simply throwing a bucket of water on the surface. If
anything other than a scant amount puddles or runs off the surface, additional testing
iSs necessary prior to accepting the construction.

Roads may be initially tested with the bucket test. In addition, test the initial
infiltration with a 6-inch ring, sealed at the base to the road surface, or with a
sprinkler infiltrometer. Wet the road surface continuously for 10 minutes. Begin test
to determine compliance with 10 inches per hour minimum rate.

Limitations

No run-on from pervious surfaces is preferred. If runoff comes from minor or
incidental pervious areas, those areas must be fully stabilized.

Slope impervious runoff away from the permeable pavement to the maximum extent
practicable. Sheet flow from up-gradient impervious areas is not recommended, but
permissible if porous surface flow path > impervious surface flow path. (Note:
Impermeable surface that drains to a permeable pavement can also be modeled as
noted above as long as the flow path restriction is met.

Do not use at “high-use” sites, auto commercial services (gas stations, mini-marts,
commercial fueling stations, auto body and auto repair shops, auto wash),
commercial truck parking areas, areas with heavy industrial activity (as defined by
USEPA regulations), or areas with high pesticide use.

Soils must not be tracked onto the wear layer or the base course during construction.
Slopes:

0 Asphalt: Works best on level slopes and up to 2%. Do not use on slopes > 5%.
0 Concrete: Maximum recommended slope of 6%.

0 Interlocking pavers: Maximum recommended slope of 10%.

o Grid/lattice systems: Maximum generally in 5-6% range.

Do not use in areas subject to heavy, routine sanding for traction during snow and
ice accumulation.

Comply with local building codes for separation distances from buildings and wells.
Inquire with the local jurisdiction concerning applicable setbacks.

Maintenance

Inspect project upon completion to correct accumulation of fine material. Conduct
periodic visual inspections to determine if surfaces are clogged with vegetation or
fine soils. Clogged surfaces should be corrected immediately.

Surfaces should be swept with a high-efficiency or vacuum sweeper twice per year;
preferably, once in the autumn after leaf fall, and again in early spring. For porous
asphalt and concrete surfaces, high pressure hosing should follow sweeping once
per year.
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7.2 Dispersion

7.2.1 Full Dispersion for the Entire Development Site (fulfills treatment and flow control
requirements)

Developments that preserve 65% of a site (or a threshold discharge area of a site) in a
forested or native condition can disperse runoff from the developed portion of the site
into the native vegetation area as long as the developed areas draining to the native
vegetation do not have impervious areas that exceed 10% of the entire site. Runoff
must be dispersed into the native area in accordance with the BMPs cited in BMP T5.30
of Volume V - Chapter 5. Additional impervious areas are allowed, but should not drain
to the native vegetation area and are subject to the thresholds, treatment and flow
control requirements of this stormwater manual.

7.2.2 Full Dispersion for All or Part of the Development Site

Developments that maintain ratios of:

> 65% forested or native condition; and

< 10% effective impervious surface of the area draining into the native vegetation area
may disperse runoff into the native area in accordance with the BMPs cited in BMP
T5.30 of Volume V - Chapter 5. Examples of such ratios are:

% Native Vegetation Preserved % Effective Impervious % Lawn/Landscape
(min. allowed) (max. allowed) (max. allowed)

65 10 35

60 9 40

55 8.5 45

50 8 50%

45 7 55%

40 6 60*

35 5.5 65*

* Where these lawn/landscape areas are established on till soils, and exceed 50% of the
total site, they should be developed using guidelines in BMP T5.13 of Volume V —
Chapter 5, or a locally approved alternative soil quality and depth specification.

Within the context of this dispersion option, the only impervious surfaces that are
ineffective are those that are routed into an appropriately sized dry well or into an
infiltration basin that meets the flow control standard and does not overflow into the
forested or native vegetation area.

Note: For options in 7.2.1 and 7.2.2, native vegetation areas must be protected from
future development. Protection must be provided through legal documents on record
with the local government. Examples of adequate documentation include: a
conservation easement, conservation parcel or tract area, or deed restriction.

7.2.3 Partial Dispersion on residential lots and commercial buildings

If roof runoff is dispersed on single-family lots and the vegetative flow path is 20 feet or
larger through undisturbed native landscape or lawn/landscape area that meets the
guidelines in BMP T5.13 (compost-amended soil), the roof area may be modeled as
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landscaped area. This is done by clicking on the "Credits" button in the WWHM and
entering the percent of roof area that is being dispersed.

The vegetated flow path is measured from the downspout or dispersion system
discharge point to the downstream property line, stream, wetland, or other impervious
surface.

Where BMP T5.11 (concentrated flow dispersion) or BMP T5.12 (sheet flow dispersion)
of Volume V — Chapter 5 is used to disperse runoff into a native vegetation area or an
area that meets the guidelines in BMP T5.13 of Volume V — Chapter 5, the impervious
area may be modeled as landscaped area. This can be done by entering the impervious
area as landscaped area rather than entering it as impervious area.

7.2.4 Road Projects

1) Uncollected or natural dispersion into adjacent vegetated areas (i.e., sheet flow into
the dispersion area).

Full dispersion credit (i.e. no other treatment or flow control required) for sites that meet
the following criteria:

a) Outwash soils (Type A — sands and sandy gravels, possibly some Type B — loamy
sands) that have an initial saturated infiltration rate of 4 inches per hour or greater. The
infiltration rate must be based on one of the following: (1) A Dq size (10% passing the
size listed) greater than 0.06 mm (based on the estimated infiltration rate indicated by
the upper-bound line in Figure 3.26a of Ecology Manual Volume Ill — Chapter 3 for the
finest soil within a three foot depth; (2) field results using procedures (Pilot Infiltration
Test) identified in Appendix V-B of Volume V.

o 20 feet of impervious flow path needs 10 feet of dispersion area width.
o Each additional foot of impervious flow path needs 0.25 feet of dispersion area width.

b) Other soils: (Types C and D and some Type B not meeting the criterion in 1a above)

o Dispersion area must have 6.5 feet of width for every 1 foot width of impervious area
draining to it. A minimum distance of 100 feet is necessary.

c) Criteria applicable to all soil types:

o Depth to the average annual maximum groundwater elevation should be at least 3
feet.

e Impervious surface flow path must be < 75 ft. Pervious flow path must be < 150 ft.
Pervious flow paths are runoff contributions to the dispersion area from pervious
surfaces, and include up-gradient road side slopes that run onto the road and down-
gradient road side slopes that precede the dispersion area.

o Lateral slope of impervious drainage area should be < 8%. Road side slopes must
be < 25%. Road side slopes do not count as part of the dispersion area unless
native vegetation is re-established and slopes are less than 15%. Road shoulders
that are paved or graveled to withstand occasional vehicle loading count as
impervious surface.

e Longitudinal slope of road should be < 5%.
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e Length of dispersion area should be equivalent to length of road.
e Average longitudinal (parallel to road) slope of dispersion area should be < 15%.
o Average lateral slope of dispersion area should be < 15%.

2) Channelized (collected and re-dispersed) stormwater into areas with (a) native
vegetation or (b) cleared land in areas outside of Urban Growth Areas that do not have a
natural or man-made drainage system.

Full dispersion credit (i.e., no other treatment or flow control required) is given to projects
that meet the following criteria:

a) Outwash soils (Type A — sands and sandy gravels, possibly some Type B — loamy
sands) that have an initial saturated infiltration rate of 4 inches per hour or greater. The
infiltration rate must be based on one of the following: (1) A D,g size (10% passing the
size listed) greater than 0.06 mm (based on the estimated infiltration rate indicated by
the upper-bound line in Figure 3.26a of Ecology Manual Volume Ill — Chapter 3 for the
finest soil within a three foot depth; 2 field results using procedures (Pilot Infiltration Test)
identified in Appendix V-B of Volume V.

o Dispersion area should be at least ¥ of the impervious drainage area.
b) Other soails: (Types C and D and some Type B not meeting the criterion in 2a above)

o Dispersion area must have 6.5 feet of width for every 1 foot width of impervious area
draining to it. A minimum distance of 100 feet is necessary.

c¢) Other criteria applicable to all soil types:

e Depth to the average annual maximum groundwater elevation should be at least
three feet.
Channelized flow must be redispersed to produce longest possible flow path.

o Flows must be evenly dispersed across the dispersion area.

Flows must be dispersed using rock pads and dispersion techniques as specified in

BMP T5.30, of Ecology Manual Volume V — Chapter 5.

Approved energy dissipation techniques may be used.

Limited to onsite (associated with the road) flows.

Length of dispersion area should be equivalent to length of the road.

Average longitudinal and lateral slopes of the dispersion area should be < 8%.

3) Engineered dispersion of stormwater runoff into an area with engineered soils

Full dispersion credit (i.e., no other treatment or flow control required) is given to projects
that meet the following criteria:

e Stormwater can be dispersed via sheet flow or via collection and re-dispersion in
accordance with the techniques specified in BMP T5.30 in Ecology Manual Volume V
— Chapter 5.

o Depth to the average annual maximum groundwater elevation should be at least
three feet.
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e Type C and D soils must be compost-amended following guidelines in BMP T5.13 of
Volume V — Chapter 5. The guidance document Guidelines and Resources for
Implementing Soil Depth & Quality BMP T5.13 in WDOE Western Washington
Stormwater Manual, 2003 can be used, or an approved equivalent soil quality and
depth specification approved by the Department of Ecology.

o Dispersion area must meet the 6.5 to 1 ratio for full dispersion credit.

e Type A and B soils that meet the 4 inches per hour initial saturated infiltration rate
minimum (See Section 2.D.1. above) must be compost amended in accordance with
guidelines in BMP T5.13 of Volume V — Chapter 5. Compost may be incorporated
into the soil in accordance with the guidance document cited above, or can be placed
on top of the native soil.

0 20 feet of impervious flow path needs 10 feet of dispersion area width.
o0 Each additional foot of impervious flow path needs 0.25 feet of dispersion area
width.

e Average longitudinal (parallel to road) slope of dispersion area should be < 15%.
Average lateral slope of dispersion area should be < 15%.

e The dispersion area should be planted with native trees and shrubs.

4) Other Characteristics for Dispersal areas

e Dispersal areas must be outside of the urban growth area; or if inside the urban
growth area, in legally protected areas (easements, conservation tracts, public
parks).

e If outside urban growth areas, legal agreements that run with the land are necessary
with property owners of dispersal areas subject to stormwater that has been
collected and is being re-dispersed.

e An agreement with the property owner is advised for uncollected, natural dispersion
via sheet flow that represents a continuation of past practice. If not a continuation of
past practice, an agreement must be obtained with the property owner.

7.3 Vegetated Roofs

7.3.1 Option 1 Design Criteria
e 3inches to 8 inches of soil/growing media

Runoff Model Representation
o till landscaped area

7.3.2 Option 2 Design Criteria
e > 8inches of soil/media

Runoff Model Representation
o till pasture

7.3.3 Other Necessary Design Criteria

¢ Soil or growth media that has a high field capacity, and a saturated hydraulic
conductivity that is > 1 inch/hour (i.e., equivalent to a sandy loam or soil with a higher
hydraulic conductivity).

¢ Drainage layer that allows free drainage under the soil/media.
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e Vegetative cover that is both drought and wet tolerant.
o Waterproof membrane between the drain layer and the structural roof support.
e Maximum slope of 20%.

7.4 Rainwater Harvesting

7.4.1 Design Criteria

e 100% reuse of the annual average runoff volume (use continuous runoff model to get
annual average for drainage area).

e System designs involving interior uses must have a monthly water balance that
demonstrates adequate capacity for each month and reuse of all stored water
annually.

Runoff Model Representation:
e Do not enter drainage area into the runoff model.

7.4.2 Other Criteria
e Restrict use to 4 homes/acre housing and lower densities when the captured water is
solely for outdoor use.

7.5 Reverse Slope Sidewalks

Reverse slope sidewalks are sloped to drain away from the road and onto adjacent
vegetated areas.

7.5.1 Design Criteria:

e > 10 feet of vegetated surface downslope that is not directly connected into the storm
drainage system.

o Vegetated area receiving flow from sidewalk must be native soil or meet guidelines in
BMP T5.13 of Volume V — Chapter 5.

7.5.2 Runoff Model Representation:
o Enter sidewalk area as landscaped area.

7.6 Minimal Excavation Foundations

Low impact foundations are defined as those techniques that only minimally disturb the
natural soil profile within the footprint of the structure. This preserves most of the
hydrologic properties of the native soil. Pin foundations are an example of a minimal
excavation foundation.

7.6.1 Runoff Model Representation

o Where residential roof runoff is dispersed on the up gradient side of a structure in
accordance with the design criteria and guidelines in BMP T5.10 of Volume V —
Chapter 5, the tributary roof area may be modeled as pasture on the native soil.

o Where “step forming” is used on a slope, the square footage of roof that can be
modeled as pasture must be reduced to account for lost soils. In “step forming,” the
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building area is terraced in cuts of limited depth. This results in a series of level
plateaus on which to erect the form boards. The following equation (suggested by
Rick Gagliano of Pin Foundations, Inc.) can be used to reduce the roof area that can
be modeled as pasture.
Al - C(S!XA]_:AZ
dP

A; = roof area draining to up gradient side of structure

dC = depth of cuts into the soil profile

dP = permeable depth of soil ( The A haorizon plus an additional
few inches of the B horizon where roots permeate into
ample pore space of soil).

A, = roof area that can be modeled as pasture on the native soll

o If roof runoff is dispersed down gradient of the structure in accordance with the
design criteria and guidelines in BMP T5.10 of Volume V — Chapter 5, AND there is
at least 50 feet of vegetated flow path through native material or lawn/landscape
area that meets the guidelines in BMP T5.13 of Volume V — Chapter 5, the tributary
roof areas may be modeled as landscaped area.

7.6.2 Limitations

¢ To minimize soil compaction, heavy equipment cannot be used within or immediately
surrounding the building. Terracing of the foundation area may be accomplished by
tracked, blading equipment not exceeding 650 psf.

7.7 Bioretention areas (rain gardens)

The design criteria provided below outline basic guidance on bioretention design
specifications, procedures for determining infiltration rates, and flow control guidance.
For details on design specifications see section 6.1: Bioretention Areas of the Low
Impact Development Technical Guidance Manual for Puget Sound (LID Manual). Also
contact the local permitting authority, which may have design specifications that would
supersede the design criteria.

7.7.1 Design Criteria

%

oils
The soils surrounding bioretention facilities are a principal design element for
determining infiltration capacity, sizing and rain garden type. The planting soil mix
placed in the cell or swale is a highly permeable soil mixed thoroughly with compost
amendment, and a surface mulch layer.
e Soil depth should be a minimum of 18 inches to provide acceptable minimum
pollutant attenuation and good growing conditions for selected plants.
e The texture for the soil component of the bioretention soil mix should be a loamy
sand (USDA Soil Textural Classification). Clay content for the final soil mix should
be less than 5 percent. The final soil mix (including compost and soil) should have a
minimum short-term hydraulic conductivity of 1.0 inches/hour per ASTM Designation
D 2434 (Standard Test Method for Permeability of Granular Soils) at 80 percent
compaction per ASTM Designation D 1557.
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e The final soil mixture should have a minimum organic content of approximately 10
percent by dry weight.
e The pH for the soil mix should be between 5.5 and 7.0.

Mulch layer
e Bioretention areas can be designed with or without a mulch layer.

Compost

e Material must meet specifications in WSDOT Standard Specification 9-14.4(8).

e pH between 5.5 and 7.0.

e Carbon nitrogen ratio between 20:1 and 35:1 (35:1 CN ratio recommended for native
plants)

e Organic matter content should be between 40% and 50%.

Installation

e Minimize compaction of the base and sidewalls of the bioretention area. Excavation
should not be allowed during wet or saturated conditions. Excavation should be
performed by machinery operating adjacent to the bioretention facility and no heavy
equipment with narrow tracks, narrow tires or large lugged, high pressure tires
should be allowed on the bottom of the bioretention facility.

¢ On-site soil mixing or placement should not be performed if soil is saturated. The
bioretention soil mixture should be placed and graded by excavators and/or
backhoes operating adjacent to the bioretention facility.

Plant materials

¢ Plants should be tolerant of ponding fluctuations and saturated soil conditions for the
length of time anticipated by the facility design, and drought during the summer
months.

e In general, the predominant plant material utilized in bioretention areas are
facultative species adapted to stresses associated with wet and dry conditions.

Maximum ponding depth

e A maximum ponding depth of 12 inches is recommended.

e A maximum surface pool drawdown time of 24 hours is recommended.

e Ponding depth and system drawdown should be specified so that soils dry out
periodically in order to:
0 Restore hydraulic capacity to receive flows from subsequent storms.
0 Maintain infiltration rates.
0 Maintain adequate soil oxygen levels for healthy soil biota and vegetation.
o0 Provide proper soil conditions for biodegradation and retention of pollutants.

7.7.2 Limitations

¢ A minimum of 3 feet of clearance is necessary between the lowest elevation of the
bioretention soil, or any underlying gravel layer, and the seasonal high groundwater
elevation or other impermeable layer if the area tributary to the rain garden meets or
exceeds any of the following limitations:
0 5,000 square feet of pollution-generating impervious surface; or
o0 10,000 square feet of impervious area; or
0 ¥ acres of lawn and landscape.
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o If the tributary area to an individual rain garden does not exceed the areal limitations
above, a minimum of 1 foot of clearance is adequate between the lowest elevation of
the bioretention soil (or any underlying gravel layer) and the seasonal high
groundwater elevation or other impermeable layer.

7.7.3 Runoff Model Representation

Pothole design (bioretention cells)

The rain garden is represented as a pond with a steady-state infiltration rate. Proper
infiltration rate selection is described below. The pond volume is a combination of the
above ground volume available for water storage and the volume available for storage
within the imported soil. The latter volume is determined by multiplying the volume
occupied by the imported soil by the soil's percent porosity. Use 40 percent porosity for
bioretention planting mix soils recommended in section 6.1.2.3: Bioretention components
of the LID Manual. That volume is presumed to be added directly below the surface soil
profile of the rain garden. The theoretical pond dimensions are represented in the Pond
Information/Design screen. The Effective Depth is the distance from the bottom of the
theoretical pond to the height of the overflow. This depth is less than the actual depth
because of the volume occupied by the soil. Approximate side slopes can be
individually entered. On the Pond Information/Design screen, there is a button, which
asks, “Use Wetted Surface Area?” Pushing that button is an affirmative response. Do
not push the button if the rain garden has sidewalls steeper than 2 horizontal to 1
vertical.

Rain gardens with underlying perforated drain pipes that discharge to the surface can
also be modeled as ponds with steady-state infiltration rates. However, the only volume
available for storage (and modeled as storage as explained herein) is the void space
within the imported material (usually sand or gravel) below the invert of the drain pipe.

Linear Design: (bioretention swale or slopes)

Swales

Where a swale design has a roadside slope and a back slope between which water can
pond, and an overflow/drainage pipe at the lower end of the swale, the swale may be
modeled as a pond with a steady state infiltration rate. This method does not apply to
swales that are underlain by a drainage pipe.

If the long-term infiltration rate through the imported bioretention soil is lower than the
infiltration rate of the underlying soil, the surface dimensions and slopes of the swale
should be entered into the WWHM as the pond dimensions and slopes. The effective
depth is the distance from the soil surface at the bottom of the swale to the invert of the
overflow/drainage pipe. If the infiltration rate through the underlying soil is lower than the
estimated long-term infiltration rate through the imported bioretention soil, the pond
dimensions entered into the WWHM should be adjusted to account for the storage
volume in the void space of the bioretention soil. Use 40 percent porosity for
bioretention planting mix soils recommended in section 6.1.2.3: Bioretention components
of the LID Manual. For instance, if the soil is 40% voids, and the depth of the imported
soils is 2 feet throughout the swale, the depth of the pond is increased by 0.8 feet. If the
depth of imported soils varies within the side slopes of the swale, the theoretical side
slopes of the pond can be adjusted.
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This procedure to estimate storage space should only be used on bioretention swales
with a 1% slope or less. Swales with higher slopes should more accurately compute the
storage volume in the swale below the drainage pipe invert.

Slopes

Where a bioretention design involves only a sloped surface such as the slope below the
shoulder of an elevated road, the design can also be modeled as a pond with a steady
state infiltration rate. This procedure only applies in instances where the infiltration rate
through the underlying soil is less than the estimated long-term infiltration rate of the
bioretention imported soil. In this case, the length of the bioretention slope should
correspond to the maximum wetted cross-sectional area of the theoretical pond. The
effective depth of the theoretical pond is the void depth of the bioretention soil as
estimated by multiplying the measured porosity times the depth of the bioretention soils.
Use 40 percent porosity for bioretention planting mix soils recommended in section
6.1.2.3: Bioretention components of the LID Manual.

7.7.4 Infiltration Rate Determinations

The assumed infiltration rate for the pond must be the lower of the estimated long-term
rate of the imported soil or the initial (a.k.a. short-term or measured) infiltration rate of
the underlying soil profile. Using one of the procedures explained below, the initial
infiltration rates of the two soils must be determined. Then after applying an appropriate
correction factor to the imported soil of the rain garden, the designer can compare and
determine the lower of the long-term infiltration rate of the imported soil, and the initial
infiltration rate of the underlying native soil. The underlying native soil does not need a
correction factor because the overlying imported soil protects it. Below are explanations
for how to determine infiltration rates for the imported and underlying soils, and how to
use them with the WWHM.

7.7.4.1 Imported Soil for the rain garden

1. Method for imported soil in a rain garden with a tributary area of or exceeding any of
the following limitations: 5,000 square feet of pollution-generating impervious
surface; or 10,000 square feet of impervious surface; or % acres of lawn and
landscape:

0 Use ASTM D 2434 Standard Test Method for Permeability of granular Soils
(Constant Head) with a compaction rate of 80% using ASTM D1557 Test Method
for Laboratory Compaction Characteristics of Soil Using Modified Effort.

0 Use 4 as the infiltration reduction correction factor.

o0 Compare this rate to the infiltration rate of the underlying soil (as determined
using one of the methods below). If the long-term infiltration rate of the imported
soil is lower, enter that infiltration rate and the correction factor into the
corresponding boxes on the pond information/design screen of the WWHM.

2. Method for imported soil in a rain garden with a tributary area less than 5,000
square feet of pollution-generating impervious surface; and less than 10,000 square
feet of impervious surface; and less than % acres of lawn and landscape:

0 Use ASTM D 2434 Standard Test Method for Permeability of granular Soils
(Constant Head) with a compaction rate of 80% using ASTM D1557 Test Method
for Laboratory Compaction Characteristics of Soil Using Modified Effort.

0 Use 2 as the infiltration reduction correction factor.
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o Compare this rate to the infiltration rate of the underlying soil (as determined
using one of the methods below). If the long-term infiltration rate of the imported
soil is lower, enter that infiltration rate and the correction factor into the
corresponding boxes on the pond information/design screen of the WWHM.

7.7.4.2 Underlying Soil:

e Method 1: Use Table 3.70of Ecology Manual Volume Il — Chapter 3 to determine the
short-term infiltration rate of the underlying soil. Soils not listed in the table cannot
use this approach. Compare this short-term rate to the long-term rate determined
above for the bioretention imported soil. If the short-term rate for the underlying soil
is lower, enter it into the measured infiltration rate box on the pond
information/design screen in the WWHM. Enter 1 as the infiltration reduction factor.

e Method 2: Determine the D,q size of the underlying soil. Use the “upperbound line” in
Figure 4-17 in WSDOT’s Highway Runoff Manual March 2004 to determine the
corresponding infiltration rate. If this infiltration rate is lower than the long-term
infiltration rate determined for the imported bioretention soil, enter the rate for the
underlying solil into the measured infiltration rate box on the pond/information design
screen. Enter 1 as the infiltration reduction factor.

¢ Method 3: Measure the in situ infiltration rate of the underlying soil using procedures
(Pilot Infiltration Test) identified in Appendix V-B of Volume V. If this rate is lower
than the long-term infiltration rate determined for the imported bioretention soil, enter
the underlying soil infiltration rate into the corresponding box on the pond
information/design screen of the WWHM. Enter 1 as the infiltration reduction factor.

7.7.5 WWHM Routing and Runoff File Evaluation

In WWHM2, all infiltrating facilities must have an overflow riser to model overflows that
occur should the available storage be exceeded. So in the Riser/Weir screen, for the
Riser head enter a value slightly smaller than the effective depth of the pond (say 0.1 ft
below the Effective Depth); and for the Riser diameter enter a large number (say 10,000
inches) to ensure that there is ample capacity for overflows.

Within the model, route the runoff into the pond by grabbing the pond icon and placing it
below the tributary “basin” area. Be sure to include the surface area of the bioretention
area in the tributary “basin” area. Run the model to produce the effluent runoff file from
the theoretical pond. For projects subject to the flow control standard, compare the
flow duration graph of that runoff file to the target pre-developed runoff file for
compliance with the flow duration standard. If the standard is not achieved a
downstream retention or detention facility must be sized (using the WWHM standard
procedures) and located in the field. A conveyance system should be designed to route
all overflows from the bioretention areas to centralized treatment facilities, and to flow
control facilities if flow control applies to the project

7.7.6 Modeling of Multiple Rain Gardens

Where multiple rain gardens are scattered throughout a development, it may be possible
to represent those as one rain garden (a “pond” in the WWHM) serving the cumulative
area tributary to those rain gardens. For this to be a reasonable representation, the
design of each rain garden should be similar (e.g., same depth of soil, same depth of
surface ponded water, roughly the same ratio of impervious area to rain garden volume).
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7.7.7 Other Rain Garden Designs

Guidance for modeling other bioretention designs is not yet available. However, where
compost-amended soils are used along roadsides the guidance in section 7.2:
Dispersion can be applied.

7.8 WWHM Instructions for Estimating Runoff Losses in Road Base Material
Volumes that are Below Surrounding Grade

Prerequisite

Before using this guidance to estimate infiltration losses, the designer should have
sufficient information to know whether adequate depth to a seasonal high groundwater
table, or other infiltration barrier (such as bedrock) is available. The minimum depth
necessary is 3 feet as measured from the bottom of the base materials.

7.8.1 Instructions for Roads on Zero to 2% Grade

For road projects whose base materials extend below the surrounding grade, a portion
of the below grade volume of base materials may be modeled in the WWHM as a pond
with a set infiltration rate.

First, place a “basin” icon in the “Schematic” grid on the left side of the “Scenario Editor”
screen. Left clicking on the basin icon will create a “basin information” screen on the
right in which you enter the appropriate pre-developed and post-developed descriptions
of your project site (or threshold discharge area of the project site). By placing a pond
icon below the basin icon in the Schematic grid, we are routing the runoff from the road
and any other tributary area into the below grade volume that is represented by the
pond.

The dimensions of the infiltration basin/pond to be entered in the Pond
Information/Design screen are: the length of the base materials that are below grade
(parallel to the road); the width of the below grade material volume; and the Effective
Depth. Note that the storage/void volume of the below grade base has to be estimated
to account for the percent porosity of the gravel. This can be done by multiplying the
below grade depth of base materials by the fractional porosity (e.g., a project with a
gravel base of 32% porosity would multiply the below grade base material depth by
0.32). This is the Effective Depth. If the below grade base course has perforated
drainage pipes elevated above the bottom of the base course, but below the elevation of
the surrounding ground surface, the Effective Depth is the distance from the invert of the
lowest pipe to the bottom of the base course multiplied by the fractional porosity.

Also in WWHMZ2, all infiltrating facilities must have an overflow riser to model overflows
that occur should the available storage get exceeded. So in the Riser/Weir screen, for
the Riser head enter a value slightly smaller than the effective depth of the base
materials (say 0.1 ft below the Effective Depth); and for the Riser diameter enter a large
value (say 10,000 inches) to ensure that there is ample capacity should overflows from
the trench occur.
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On the Pond Information/Design screen, there is a button that asks, “Use Wetted
Surface Area?” Pushing that button is an affirmative response. Do not push the button.

Using the procedures outlined above, estimate the long-term infiltration rate of the native
soils beneath the base materials. If using Method 1, enter the appropriate “short-term
infiltration rate” from Table 3.7 into the “measured infiltration rate” box on the “Pond
Information Design” screen of WWHM. Enter the correction factor from that table as the
“Infiltration Reduction Factor.” If using Method 2, enter the appropriate long-term
infiltration rate from Table 3.8 into the “measured infiltration rate” box. Enter “1” as the
correction factor. If using Method 3, enter the measured in-situ infiltration rate as the
“Measured Infiltration Rate” in the Pond Information/Design Screen. Also enter the
appropriate cumulative correction factor.

Run the model to produce the overflow runoff file from the base materials infiltration
basin. Compare the flow duration graph of that runoff file to the target pre-developed
runoff file for compliance with the flow duration standard. If the standard is not achieved
a downstream retention or detention facility must be sized (using the WWHM standard
procedures) and located in the field. The road base materials should be designed to
direct any water that does not infiltrate into a conveyance system that leads to the
retention or detention facility.

7.8.2 Instructions for Roads on Grades above 2%

Road base material volumes that are below the surrounding grade and that are on a
slope, can be modeled as a pond with an infiltration rate and a nominal depth.
Represent the below grade volume as a pond. Grab the pond icon and place it below
the “basin” icon so that the computer model routes all of the runoff into the infiltration
basin/pond

The dimensions of the infiltration basin/pond to be entered in the Pond
Information/Design screen are: the length (parallel to and beneath the road) of the base
materials that are below grade; the width of the below grade base materials; and an
Effective Depth of 1 inch. In WWHM2, all infiltrating facilities must have an overflow riser
to model overflows that occur should the available storage get exceeded. So in the
Riser/Weir screen, enter 0.04 ft (% inch) for the Riser head and a large Riser diameter
(say 1000 inches) to ensure that there is no head build up.

Note: If a drainage pipe is embedded and elevated in the below grade base materials,
the pipe should only have perforations on the lower half (below the spring line) or near
the invert. Pipe volume and trench volume above the pipe invert cannot be assumed as
available storage space.

Estimate the infiltration rate of the native soils beneath the base materials. See the
previous section (Instructions for Roads on Zero to 2% Grade) for estimating infiltration
rates and for how to enter infiltration rates and infiltration reduction factors into the “Pond
Information/ Design” Screen of WWHM. Enter the appropriate information for the
theoretical pond of ¥2-inch maximum depth.

On the Pond Information/Design screen, there is a button that asks, “Use Wetted
Surface Area?” Pushing that button is an affirmative response. Do not push the button.
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Run the model to produce the effluent runoff file from the base materials. Compare the
flow duration graph of that runoff file to the target pre-developed runoff file for
compliance with the flow duration standard. If the standard is not achieved a
downstream retention or detention facility must be sized (using the WWHM standard
procedures) and located in the field. The road base materials should be designed to
direct any water that does not infiltrate into a conveyance system that leads to the
retention or detention facility.

7.8.3 Instructions for Roads on a Slope with Internal Dams within the Base Materials that
are Below Grade

In this option, a series of infiltration basins is created by placing relatively impermeable
barriers across the below grade base materials at intervals. The barriers inhibit the free
flow of water down the grade of the base materials. The barriers must not extend to the
elevation of the surrounding ground. Provide a space sufficient to pass water from
upgradient to lower gradient basins without causing flows to surface out the sides of the
base materials that are above grade.

Each stretch of trench (cell) that is separated by barriers can be modeled as an
infiltration basin. This is done by placing pond icons in series in the WWHM. For each
cell, determine the average depth of water within the cell (Average Cell Depth) at which
the barrier at the lower end will be overtopped.

Specify the dimensions of each cell of the below-grade base materials in WWHM on the
screen, which asks for pond dimensions. The dimensions of the infiltration cell to be
entered in the Pond Information/Design screen are: the length of the cell (parallel to the
road); the width; and the Effective Depth (In this case, it is OK to use the total depth of
the base materials that are below grade).

Also in WWHMZ2, all infiltrating facilities must have an overflow riser to model overflows
that occur should the available storage get exceeded. For each trench cell, the
available storage is the void space within the Average Cell Depth. So, the storage/void
volume of the trench cell has to be estimated to account for the percent porosity of the
base materials. For instance, if the base materials have a porosity of 32%, the void
volume can be represented by reducing the Average Cell Depth by 68% (1-32%). This
depth is entered in the Riser/Weir screen as the Riser head. The gross adjustment
works because WWHMZ2 (as of March 2004) does not adjust infiltration rate as a function
of water head. If the model is amended such that the infiltration rate becomes a function
of water head, this gross adjustment will introduce error and therefore other adjustments
should be made.) For the Riser diameter in the Riser/Weir screen,, enter a large
number (say 10,000 inches) to ensure that there is ample capacity should overflows
from the below-grade trench occur.

Each cell should have its own tributary drainage area that includes the road above it, any
project site pervious areas whose runoff drains onto and through the road, and any
offsite areas. Each drainage area is represented with a “basin” icon.

Up to four pond icons can be placed in a series to represent the below grade trench of
base materials. The computer graphic representation of this appears as follows:
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B Western washington Hydrology Model for Thurston County _ [l

Poirt of Cormpliance

Nob ACtyate

It is possible to represent a series of cells as one infiltration basin (using a single pond
icon) if the cells all have similar length and width dimensions, slope, and Average Cell
Depth. A single “basin” icon is also used to represent all of the drainage area into the
series of cells.

On the Pond Information/Design screen (see screen below), there is a button, which
asks, “Use Wetted Surface Area?” Pushing that button is an affirmative response. Do
not push the button if the below-grade base material trench has sidewalls steeper than 2
horizontal to 1 vertical.
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Using the procedures explained above for roads on zero grade, estimate the infiltration
rate of the native soils beneath the trench. Also as explained above, enter the
appropriate values into the “Measured Infiltration Rate” and “Infiltration Reduction
Factor” boxes of the “Pond Information/Design” screen.

Run the model to produce the effluent runoff file from the below grade trench of base
materials. Compare the flow duration graph of that runoff file to the target pre-developed
runoff file for compliance with the flow duration standard. If the standard is not achieved
a downstream retention or detention facility must be sized (using the WWHM standard
procedures) and located in the field. The road base materials should be designed to
direct any water that does not infiltrate into a conveyance system that leads to the
retention or detention facility.

7.9 Compost-amended soils

Compost-amended soils improve infiltration and moisture-holding capacities, and reduce
the need for chemical and irrigation inputs. Landscaped areas that receive compost-
amended soils in accordance with BMP T5.13 can be modeled (in WWHM) as till or
outwash pasture (depending on underlying soil), instead of till or outwash
grass/landscaped area.
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Appendix llI-D
Soil Evaluation Report Forms




STAFF USE ONLY

PREPARER: PLEASE
READ ALL

INSTRUCTIONS

FIRST.

SOIL EVALUATION REPORT
FORM 1: GENERAL SITE INFORMATION

PROJECT TITLE: SHEET OF
PROJECT NO.: DATE:
PREPARED BY:

1. SITE ADDRESS OR LEGAL DESCRIPTION:

2. PROJECT DESCRIPTION:

3. SITE DESCRIPTION:

4. SUMMARY OF SOILS WORK PERFORMED:

5. ADDITIONAL SOILS WORK RECOMMENDED:

6. FINDINGS (Including pre-development site percolation rate):

7. RECOMMENDATIONS:

| hereby certify that | prepared this report, and conducted or supervised the performance
of related work. | certify that | am qualified to do this work. | represent my work to be
complete and accurate within the bounds of uncertainty inherent to the practice of soil
science, and to be suitable for its intended use.

SIGNED:

DATE:




APPENDIX R (CONTINUED)

SOIL EVALUATION REPORT INSTRUCTIONS FOR COMPLETING FORM 1

Form 1 is the “cover page” for all projects that require a soil evaluation report. One copy
of Form 1 must accompany all soil evaluation reports. Certain information may be
omitted for soil evaluations completed for small projects (e.g., single-family residences,
duplexes). The following instructions should give you the guidance needed to complete
the form:

1.

Provide project name and address or legal description. Attach a legible map on 8 ¥2”
by 11” paper showing site and major landmarks (e.g., roadways and surface waters)
within approximately one-quarter mile radius around site.

Provide acreage, parcel dimensions, type of development proposed, and approximate
proposed coverage of impervious surfaces.

Describe site topography, geomorphology, terrain, and natural cover. Distinguish
among areas of the site with significantly different characteristics.

Provide description and purpose of soils work done. List methods used to expose,
sample, and test soils. Give number of test holes logged. Describe field and lab tests
performed. Attach a scaled map of good accuracy on 8 ¥2” by 11” paper showing
locations of soil logs. Except small projects, using soil log results, divide map area
into sub-areas according to hydrologic group (A through D).

Describe soils work still needed. For example, more work may be needed to obtain
accurate percolation or infiltration rates for stormwater facilities not yet constructed.

Describe results of soil logs and tests and compare with expected soils from SCS
Soils maps. As appropriate for the project, give your best estimate of the (a) overall
predeveloped site infiltration rate, (b) the saturated infiltration rate for the above-
ground stormwater facility, or (c) the saturated percolation rate for the below-ground
stormwater trench or drywell. Discuss soils factors related to erosion control,
infiltration, percolation, and placement of buildings, as these vary on the site.

Describe the recommended general approach for managing stormwater on the site.
For example, if stormwater can be infiltrated or percolated, indicate where and at
what depth. If erosion, soil stability, or high ground water are problems, can these
problems be avoided or mitigated?

Sign the form and affix any relevant professional seal (e.g., P.E., ARCPACS). The form
becomes the cover page to one or more copies of Form 2, which has soil logs for each
test hole evaluated.



PREPARER: PLEASE
READ ALL
INSTRUCTIONS
FIRST.

STAFF USE ONLY

SOIL EVALUATION REPORT
FORM 2: SOIL LOG INFORMATION

PROJECT TITLE: SHEET OF
PROJECT NO.: DATE:
PREPARED BY:

SOIL LOG:

LOCATION:

1. TYPES OF TESTS DONE:

2. SCS SOIL SERIES (mapped and

observed):

3. HYDROLOGIC SOIL GROUP

4. DEPTH TO SEASIONAL HW:

5. CURRENT WATER DEPTH | 6. DEPTHTO IMPERV | 7. MISC:

LAYER:

8. POTENTIAL FOR: EROSION | RUNOFF | PONDING
9. SOIL STRATA DESCRIPTION:
HORZ | DEPTH | COLOR | TEXTURE | %CL | %ORG | %CF | STR MOT | ROO <X> FSP

10. FINDINGS AND RECOMMENDATIONS:




APPENDIX R (CONTINUED)
SOIL EVALUATION REPORT INSTRUCTIONS FOR COMPLETING FORM 2

Form 2 is the detailed record of soil information obtained on the development site. One
copy of Form 2 must be completed for each soil location where testing has been done.
For tests other than soil logs for which the scientist wants to submit numerical results,
please attach a separate sheet and briefly describe the results under “Findings and
Recommendations.” The summary information that heads the sheet should be self-
explanatory. Regarding location, reference the location to features that are permanent
and static, such as roads or property lines.

1. State briefly tests that were done. Indicate whether tests were field, laboratory, or
other.

2. Determine the soil series from the maps provided in the Soil Conservation Service
(SCS) Soil Survey of Thurston County. Then, indicate what soil series was observed
as a result of the soil testing done.

3. Indicate SCS hydrologic soil group (e.g., letter designation A through D).

4. Indicate seasonal high water table depth based upon the presence of mottling, gleying,
or other evidence. Indicate how you determined this value under “Findings...”
section. If information available is inadequate, state value to be “greater than”
bottom of hole depth.

5. Indicate current water table depth based upon observation. If saturated conditions are
not observed, state value to be “greater than” bottom of hole depth.

6. Indicate depth to effectively impermeable layer (e.g., basal till). If information is
inadequate, state value to be “greater than” bottom of hole depth.

7. Space for other miscellaneous observations regarding setting of site (e.g., concave,
convex, swale, hillslope).

8. Indicate susceptibility of area to erosion, runoff, and ponding problems. The
susceptibility should be rated based upon relevant physical characteristics and
development operations planned for the area, such as shape of the area (e.g., concave,
convex, flat) removal or addition of fill, time of year, existing and planned vegetative
cover, degree of soil compaction, etc. For erosion, the K-factor for the soils series in
question might help in assessing relative credibility.

9. The profile description provides the minimum information on the physical attributes
of the soil. Additional factors may be assessed at the option of the scientist, but data
on these factors should be tabulated separately and summarized briefly in the
“Findings and recommendations” section.



TABLE 3.1 (CONTINUED)

All information provided for the profile shall utilize standard SCS nomenclature and
abbreviations. The following are the factors to be addressed, with brief examples of
acceptable responses. Further information on most of these is provided in the SCS Soil
Survey of Thurston County.

a. Hor(izon): A layer of soil with distinct characteristics, labeled A, AB, B, C, Ccw, etc.

b. Depth: Starting at 0” (surface), depth, and interval of horizon.

c. Color: Munsell code for hue, value, and chroma, such as 10YR %. Indicate whether
color is wet or dry.

d. Textur(al class): Class that best describes relative percentages of sand, silt, and clay
in horizon, such as sandy loam (SL).

e. %Cl(ay): Clay percentage is very useful as a guide to determining the drainage
capability of a soil.

f.  %Org(anic)M(atter): Organic matter percentage by volume is related to the
infiltration as well as pollutant removal capability of soils.

g. %C(oarse)F(ragments): Coarse fragment percentage is relevant to drainage and other
site management factors.

h. Str(ucture): Describes the size and shape of soil “clods.”

i. Mot(tling): Where present, describe using three-letter abbreviation to indicate
abundance, size, and contrast, such as CFD (common, fine, distinct).

J. Roo(ts): Where present, describe using two-letter abbreviation to indicate abundance
and size, such as CF (common, fine).

k. Generalized range of infiltration rates from SCS Soil Survey <X>.

I. F(ield) S(aturated) P(ercolation rate): Using all available information, estimate the
field saturated percolation rate. This rate should be a single number, and may vary
from that range (see previous column) published in the SCS Soil Survey to horizon-
specific factors.

10. Discuss results of tests done on soil. Indicate features of soil that most affect
stormwater management at this location. Provide recommendations to the Project
Engineer on soil-related factors such as problems and controls, and for additional
work needed (if necessary).





