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Schedule

Overview of Steps & Appendices
Example of a Watershed Assessment in Leavenworth

Break
* Group Discussion on Planning/Restoration Recommendations

Lunch Break

Introduction to Puget Sound Characterization Project
* Review of models for assessing Water Flow Processes

Example of using results to develop a Watershed Based Mitigation Plan for:
* Lewis County

Break

+ City of Issaquah

+ Birch Bay

Summary and Wrap Up



Objectives of Class:

Benefits of a watershed approach
Role of watershed processes

* Focus on water flow processes
How to apply the results of characterization to
local planning



A Watershed or Ecosystem
Approach to Plannin
PP ot 9

Ecosystem Services:

VALUE

(Benefits People
& Species)

: ..such as
habitat for
birds

=
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C— 4 ¢
..such as a stream channel

or estuary delta

Fine Scale



Effort
and
Focus

Low

|dentify best areas

Improved land use
planning & || for mitigation and
management protection

Success of mitigation
protection, &
restoration measures

Regulation &
Enforcement

I

Understand
processes at a
watershed scale

Level of Resource Protection |I~ High .




Guide future development

* Avoid creating
environmental problems

+ Reduce cost of infrastructure

* Streamline permitting

* Support Growth
Management and Shoreline
Management Planning




Watershed Based Planning Process

R

Framework for Planning at the Watershed Scale

Characterize
Watershed

Identify
important areas
for watershed
processes &
best areas for
protection,
restoration &
development

Adaptive Management (Feedback for Improvement)

Identify solutions
to reduce human
impacts and
improve
ecosystem
benefits

17

Take Actions

Implement
solutions to
reduce impacts
through land use
plans, permits,
and other
approaches

L

Monitor
Results

Monitor
effectiveness of
solutions

Jl




e Scales of Watershed Analysis

- .~

Broad-scale: Mid-scale: Fine-scale:

- County - Sub-Area - Subdivision
- River Basin - Watershed or Parcel



Tool box for Watershed Approach

ols

Application - Benefit

Broad
Scale

DOE Watershed
Characterization Guidance

Describe, Identify & Map Processes
that drive site functions

Mid -
Scale

DOE Characterization
Scoring Methods

|dentify areas for protection
and restoration

Fine
Scale

Mitigation Guidance

DOE Wet.
Assessment

DOE Rating

Design Mitigation

Assess functions
Assure

protection of
wet functs
no net
loss




Protecting Aquatic Ecosystems by
Understanding Watershed Processes

A Guide for Planners
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ECOLOGY

Ecology Publication #05-06-027

Introduction to
Department of
Ecology’s
Watershed
Guidance

http://www.ecy.wa.gov/programs/s

ea/pubs/0506027/review.html

2008

Revision
Due Out this
Spring
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Guidance Is For Western Washington

Whatcom County and
Birch Bay Watershed

For Freshwater and Estuarine Systems —
Marine not yet developed

12
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Identify Important Areas for Supporting
Watershed Processes
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And How Those Areas Have Been
Impaired

|dentifies the best areas to protect, restore, & develop
14



This Guidance is based on landscape

Physical characteristics of the landscape:

+ Aquatic resources develop and are maintained due to
interaction of hydrologic cycle with landscape
components including:

* Geology
* Soils
* Topography

Surficial

Geology
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Steps

Key Questions

Step 1: Define the
purpose of the
analysis.

What are the policy or regulatory
issues for which you need to
understand watershed
processes?

Who will assist you with the
analysis?

What resources already exist to
help with the analysis?

Step 2: Delineate
the analysis area,
hydrologic sub-units
and any
hydrogeologic units

What is the contributing basin
for the area affected by policy
or regulatory decisions?
What size of the sub-units
meets local planning and
permitting needs?

Are there different types of
precipitation, landform and
geology in the analysis areas?

Details

Pgo6 &7

Include surface watershed and
contributing area for
groundwater (if possible).
Determine appropriate size for
analysis units.

Step 3: Map the
relative level of
importance of each
sub-unit for each
watershed process.

In the absence of human
impairment, what areas are
important to each watershed
process?

Where are these different
areas located?

Describe relationship between
physical characteristics of a
watershed and each watershed
process.

Step 4: Map the
relative level of

Which human activities have
imnaired each watershed

Describe relationship between




Stepa1- e Purpose of Analysis

Table 1: Relationship between purpose, analysis area, and watershed processes requiring
analysis.

: Watershed
Purpose Analysis area
¢ processes

E_:}mrehne }.-'I;-Iaster Program Watersheds of
Comprehensive Plan i dicti
Watershed Plan LR IELIEL

Mitigation Plan
Conservation Plan
Restoration Plan
Plans for addressing environmental problems, Processes

Watershed of
ecosystem or habitat

e.g.. IMDLs, shellfish closures, water quality Vatershed affecting associated with
area of concern

violations, etc. key issue

> |ldentify specialists to help in the analysis:

o hydrologist, geologist, aquatic biologist, GIS
analyst
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Step 1 — Gather Information

Table 2: Selected sources of existing informartion and data

Tvpe of information

Studies/plans

Website

Water bodies
exceeding

http:/www _ecv.wa.gov/programs/ wqg/303d4/2002/

TMDL studies and
listings

water quality
standards
(303d list)

2004 documents/list by categoryv-cat5 html

TMDL clean
up plans

hitp:/www . ecv.wa. gov/programs/wg/ tmdl waters
hed/index html

Habitat and water
quality monitoring/
assessment reports

Puget Sound
Action Team

list of reports
on marine

FOTLY '-I. P L LA LT )
AL LLRNLLLLIL L.

http:/www psat. wa.gov/Publications/ Pub  Master
hitm

Watershed planning
Teports

Ecology list
of watershed
planning
IEpOIts

http:/www _ecv.wa.soviwatershed/index _hitml

Studies/environmental
Teports

Limiting
Factors

Reports

http-//salmon scc. wa_gov

Site-specific
studies

Literature data bases. tribal websites, agency
websites




Steps

Key Questions

Step 1: Define the
purpose of the
analysis.

What are the policy or regulatory
issues for which you need to
understand watershed
processes?

Who will assist you with the
analysis?

What resources already exist to
help with the analysis?

Step 2: Delineate
the analysis area,
hydrologic sub-units
and any
hydrogeologic units

What is the contributing basin
for the area affected by policy
or regulatory decisions?
What size of the sub-units
meets local planning and
permitting needs?

Are there different types of
precipitation, landform and
geology in the analysis areas?

Details

Pgo6 &7

Include surface watershed and
contributing area for
groundwater (if possible).
Determine appropriate size for
analysis units.

Step 3: Map the
relative level of
importance of each
sub-unit for each
watershed process.

In the absence of human
impairment, what areas are
important to each watershed
process?

Where are these different
areas located?

Describe relationship between
physical characteristics of a
watershed and each watershed
process.

Step 4: Map the
relative level of

Which human activities have
imbaired each watershed

Describe relationship between



Step 2 — meate AnaIy5|s Area

22



Step

>

2 — Create Su
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b-units
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HUC - Hy
Unit Cod
watersheds:

Usually too large for
application in local
plans



Steps

Key Questions

Step 1: Define the
purpose of the
analysis.

What are the policy or regulatory
issues for which you need to
understand watershed
processes?

Who will assist you with the
analysis?

What resources already exist to
help with the analysis?

Step 2: Delineate
the analysis area,
hydrologic sub-units
and any
hydrogeologic units

What is the contributing basin
for the area affected by policy
or regulatory decisions?
What size of the sub-units
meets local planning and
permitting needs?

Are there different types of
precipitation, landform and
geology in the analysis areas?

Details

Pgo6 &7

Include surface watershed and
contributing area for
groundwater (if possible).
Determine appropriate size for
analysis units.

Step 3: Map the
relative level of
importance of each
sub-unit for each
watershed process.

Step 4: Map the
relative level of

In the absence of human
impairment, what areas are
important to each watershed
process?

Where are these different
areas located?

Describe relationship between
physical characteristics of a
watershed and each watershed
process.

Which human activities have
impaired each watershed

Describe relationship between



STEP 3— MAP IMPORTANT AREAS




R S i e

purpose of the —>

analysis.

Step 2: Delineate
the analysis area,
hydrologic sub-units | e—f>
and any

hydrogeologic units

Step 3: Map the
relative level of

importance of each —_—>
sub-unit for each

watershed process.

Step 4: Map the
relative level of
impairment to each

watershed process.

Ctan 5 Identifyv the

MIULESOTS T

Who will assist you with the
analysis?

What resources already exist to
help with the analysis?

What is the contributing basin
for the area affected by policy
or regulatory decisions?
What size of the sub-units
meets local planning and
permitting needs?

Are there different types of
precipitation, landform and
geology in the analysis areas?

Pgo6 &7

Include surface watershed and
contributing area for
groundwater (if possible).
Determine appropriate size for
analysis units.

In the absence of human
impairment, what areas are
important to each watershed
process?

Where are these different
areas located?

Describe relationship between
physical characteristics of a
watershed and each watershed
process.

Which human activities have
impaired each watershed
process?

Where have these activities
most impaired processes?

Describe relationship between
human activities and each
watershed process.

Where are watershed

Combine Map of Impairments

A AMMam AF TlimammAavrdbamt A vAacse




Battle G round




hydrologic sub-units
and any
hydrogeologic units

Step 3: Map the
relative level of
importance of each
sub-unit for each
watershed process.

Step 4: Map the
relative level of
impairment to each
watershed process.

Step 5: Identify the
most suitable areas
for protection,

restoration &
development.

—>

meets 10Cal planning and
permitting needs?

Are there different types of
precipitation, landform and
geology in the analysis areas?

groundwater (if possible).
Determine appropriate size for
analysis units.

In the absence of human
impairment, what areas are
important to each watershed
process?

Where are these different
areas located?

Pgo6 &7

Describe relationship between
physical characteristics of a
watershed and each watershed
process.

Which human activities have
impaired each watershed
process?

Where have these activities
most impaired processes?

Describe relationship between
human activities and each
watershed process.

Where are watershed
processes still intact or
minimally impaired?

Where have watershed
processes been impaired?

Combine Map of Impairments
and Map of Important Areas
for each watershed process;
Unimpaired [ protection
Impaired [] restoration or
development




Step 5 — Locate Areas for Protection and Restoration:

Watershed Management Matrix

Rating of Importance

' Leastimpact to

Prof:esses

Rating of Impairment

30



STEP 5 - LOCATE AREAS FOR
PROTECT ION AND RESTOE

Kalama

Watershed Management
Framework

G - Protection
| Protection2
B Protection/ Res

Protection / Rest 2
Restoration

Protection f Dev

| Development/ Res

- Development

North Bonneville

31



EXAMPLE OF WATERSHED
CHARACTERIZATION






How Water Moves Through a Watershed

Process: Delivery, Movement, & Loss of Water

Rainfall,

Evapotranspiration Snowmelt, & Stream & ground water
Evaporation Groundwater flow out of basin

Precipitation
Vegetation
Topography |Controls
Soils

Surficial
Geology

Vertical & Lateral
Sub-surface Flow




Methods
D 1_ﬂ"purpose of analysis

D 2 — Map analysis area and analysis units

Ste
Ste
Ste
Ste
Ste

D3 —
D 4, —

D § —

dentify and Map Key Areas
dentify and Map Types of Impairments

_ocate areas for protection and restoration

: B

Incorporate Results into Planning

35



* Sheet flooding
*+ Culvert flooding

+ Subsurface
flooding of
basements

¢ Previous wetland

study (1999)
+ |dentify local experts



o \ _ = : 3 1
ep 1 — Define Pur

D W

City WanBm S eops. K - Nk <

green infrastructure planfo = e

residential developmentin /-

upper Ski Hill.

&

*

Ski Hill — Future

The plan must show:

v Areas most suited for
development

v Areas to be protected

v Area suitable for
restoration
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Step 3 — Identify and map important areas
— surface water flow

Rain on Show

Surface Storage: depressional wetlands &
floodplains

Recharge
Storage Capacity
Discharge Areas

39



Delivery of Water

Compenent of Process

Important areas for process

W@‘it—-f—runoﬁ

Rain-on-snow zone

=
®
-
f=1
=
=]
=
™
z
o
E
E
=
-

Rainfall, Snowmelt
& Groundwater

)
M Percolat\gn

Shallow Sub-surface flow

7 ET AN

4 Vertical & lateral
Ce sub-surface flow




Movement of surface water

Component of process

Important areas for process

Surface storage

Floodplains

JN———

_— Groundwater
Evaporation & Groundwater
D flow out of

’ basin

Shallow Sub-surface flow

7 ET AN

. Vertical & lateral
Ce sub-surface flow

drainage

L
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<4% slope

Slope Wetlands:
mmm Hydric soil &
4-8% slope

Existing Wetlands
]




Movement of surface water

Compoenent ofiProcess | Important areas for process

Surface'storage Depressional wetlands

| Depressional
Wetlands

Transpiration Rainfall, Snowmelt
Evaporation & Groundwater

flow out of
basin

Shallow Sub-surface flow

4 Vertical & lateral $
Ce sub-surface flow




© ¢l surficial Geology

A
1
G !

Older Alluvium —
courser material

Ski Hill Dr

Older Alluvium —
finer material

Wheeler St

i o R o]

bt



Movement of sub-surface water

Component of Process Important area for process

- | Areaswith soils of high infiltration capacity
e and permeable surficial deposits
v -

- e L P Groundwaier
o8 | et 1 Evaporation & Groundwater ~ Sroundwate
' | | - | i : flow out of

£ | ¢ LS : M basin
.l.!' 1 e I ¥ o ) Pl # ' J.‘ T ‘ 4

E iz 5

Leavenworth
._e‘. “ -.i:-,

. Vertical & lateral
Ce sub-surface flow




Movement of sub-surface water — vertical and
lateral flow.

Leavenworth Fault —
represents a major
shear zone

T & 7,
Leavenwo_r;tlﬂi'ig/_v, .-\f

Fault
¥

Glacier advances

¥ 5
. ikl ‘::’

General Location
of Moraines
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Movement of sub-surface water — vertical and
_:Iateral flow

The fault acts like a
“culvert” and collects
™ i groundwater from
Leavenworth » "W several subbasins

Increases water to
lower basin

umwater Mountain

|

47



N # Movement of sub -SU rface water

Component of Important areas for
process process

S B \/ertlcal & Iateral Determined locally

\,
{‘

Vertical & lateral
o) ¢ sub-surface flow
iy




<« Sedimentary Formation —

View Northwest from Ski Hill Road Towards Tumwater Mnt.
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Older Alluvium —

Profile storage

Location
Older Alluvium —

discharge

Ski Hill Dr

Stream &
Groundwater
flow out of

’ basin

! Transpiration Rainfall, Snowmelt

™ Evaporation & Groundwater

¥

Surface storage

Wheeler St

ertical & lateral
sub-surface flow




slacial Deposts

Deposits

51



Where'Water Typically Surfaces

Depressional wetland in

Slope wetlands form below riverine setting influenced by
seeps where clay deposits overbank flooding,hyporheic
; (lacustrine deposits) are | flows, return flows and
\ exposed at slope face  Depressional groundwater
" P Wetland on
s e SN upland terrace
Clay layer ~ Return flows at
e U / base of slope
Weathered \ N
till soils \ I
= St .
i Sy : River
v
» valley floors “w SV
-~
* slope breaks _ g
-
* base of slopes —_——_—_—-
EN[ES

» an exposed impermeable deposit 52



eturn Flow

= . g J ; 4 > ;
3 - : 4 iy ; ' g ol ; ié

% i e 4 A - ""—iﬁt‘" - lﬂ » A7
L . SR 2 s R i T Sy e W oA ot

eturn Flow at the base of a slope in rural setting
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Northwest
A ?

“In most humid regions,
Infiltration capacities are
high because vegetation
protects the solil from
rain-packing and
dispersal, and because
the supply of humus and
the activity of microfauna
create an open soll
structure.”

Dunne & Leopold 1978




Component of process Important areas for
Process

Subsurface storage Permeable deposits

Discharge areas Slope breaks, different
permeabilites

edrock

_ Older Alluvium - Hydric soils —
Discharge coarse material finer material

Till — dense
/ material
LN Morame Discharge to
S R R Wenatchee

River

Discharge of
groundwater
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Upper Ski Hill — Area of Older Alluvium

View East Towards Chumstick River Valley 56



Area of Greater Groundwat:

R0y it P 4 b

View SE Towards Ranger & Wheeler Rd & Town of Leavenworth 57



Presumed Pattern of Historic
Groundwater and Surface Flow

58



o

W\ Final Map of Key Areas for Surface and Sub-surface
Components of Water Process

b4

Probable areas
of highest
discharge

59




Step 4 — Identify and map types of
Impairments



Indicators of Impairment |
s of Stream Floodplain:




Indicators o Impairment to Surface Water Runoff

Loss of Surface Storage:

I

Important Areas for
.. Surface Storage —
Depressmnal Wetlands




Impairment of Groundwater Flows

3 -~ "
s . ) =

Ski Hill
Road Ditch
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Inadequate
Culvert/Storm
drain

T .
i i -
o *

Northeast Corner 0-1-‘ Intersection of Pin and Ski Hill Road




Impairment of Groundwater Movement
and Surface Runoff

o _ _,__.Inadequate culvert  Surface water preSen-t
- Ditchesand Roads ~~ ~*

In groundwater
-~ discharge area




Indicators of Impairment to Groundwater Movement
Decrease in Groundwater Discharge to Aquatic Resources
ety T




}Iﬁ:looding:‘

- culverts

Iy
R

T

Analyzing
“hanges to

\;‘\ Water Flows

i, o

Ditches
intercept
groundwater
and bring it to
surface. This
increases the

flooding
problems.




Final Impairment Map

DJsconnecf
floodplains Drainaga/il of i
& sfreams deprassional

Armoning & ~ wallands

Drainage of  |shannelization : Non-forest
discharge, _~ofstreams | ;. _covar
watlands ¥ B~ Voo ﬁs‘f’t"@&';,

%gzzt _Surface starage

¢

: 4
Shallow Sub-surface flow

Flooding *
culverts
: ﬂ




GROUP ACTIVITY

DEVELOP RESTORATION AND
PROTECTION PLAN BASED ON
CHARACTERIZATION RESULTS

69



Evaluate Restoration & Protection Opportun Lg;

g - ﬁ% . |

‘A# ¥l i i, [ J

: ik : i ,',. ¥ - L ke .:-L- .4_

ol 5 - ; 2 KIRd
o
=
i
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o

Mountain

:
L=1
=

Protection

Rating of Importance

Lzast Impact to
Processes

Rating of Impairment



To Address the Flooding Problem, Answer
the Following Questions

Which areas should be protected (i.e. critical to
maintaining processes)

W
W
W

nich areas should be restored & w

nat type of restoration plan woulc

ny’?
you implement?

nere would you site future develo

configuration, design)?

oment (type,

What type of development measures/standards
would you require?

71
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Purpose

Souna-wide assessment of:

* Freshwater processes

Threats / Stressors
¢ Nearshore processes

+ Wildlife habitat

Broad Scale

Ecosystem Services:

VALUE

(Benefits People
& Species)

_ ..such as {
: habitat for ..such as a stream channel
birds or estuary delta

Fine Scale e



Objectives

“the gap” between science and its

Characterize Prescribe
Watershed Solutions
Processes

Identify Identify solutions Implement
important areas to reduce human solutions to Monitor
for watershed impacts and reduce impacts effectiveness of
processes & improve through land use solutions
best areas for ecosystem plans, permits,
protection, benefits and other
restoration & approaches
development

Adaptive Management (Feedback for Improvement)



Objectives

Id‘?ioritize areas for protection,

restoration and development

@
Q
c
o
; =
o)
o
£
(T
(o)
(=)
c
—
(]
14

LeastImpact to
Processes

Rating of Impairment



SMP updates
GMA updates
Specific Plans

Acquisition and
Restoration Actions

Alternative Mitigation
(Banks, In-Lieu Fee
progams)




Products — Phase 1

Wa lon Index for water flow processes

Provided for three landscape groups within each
WRIA

Due Spring 2010

(.., Coastal Group

-, Lowland Group
Analysis Unjts
to 5 sq mil



Products — Phase 2

InteMér process models:

* Fish and Wildlife Index
* Water Quality Models (stormwater, nutrients)
* PSNERP Change Analysis

Conduct 2 or 3 characterizations at finer scale
* (e.g. “specific plan” scale such as Birch Bay)

Spring 2010 — June 2011



Introduction to Models

S

Logic model - Indicators (variables) are
combined using logic statements (and, or,
if...then)

Mechanistic model - Indicators (variables) are
combined in equations using mathematical
operators

Methods are a collection of models




Limitation of Rapid Assessment
Models

Varia can only represent fixed structural
characteristics of a wetland or landscape.

*EE
soil type
% forest cover

Not a mathematical representation of dynamic
processes:
rates of flow, etc.



Process — Scoring Movement of
Water in a Sub-basin.

Score =Surface Water + Groundwater +
Evapotranspiration

Purpose: Compare
importance of sub-
basins in the entire
watershed and rank
them.




Assessment of Water Processes
Model 1: Importance

Important Area for Water Process =

Delivery Movement

Surface
Storage

All areas assumed to be

|P - Precipitation | HU2-Depressional Wetlands HUS -Recharge forested & have equal
evapotranspiration

HU1.— Snow & HU3 —Unconfined Floodplains HU6 —Slope Wetlands
rain-on-snow/

s HU4 —Moderately Confined HU7 —High Perm Floodplains
Floodplains

Highest sum

e

W, [w‘ W,,[ Hu2 + HU3 + HU4]

Highest Sum Highest Sum

Max Score=1 Max Score=1 Max Score=1

Model 1




Assessment of Water Processes
Model 2: Impairment

Impairments to Water Process =

Delivery Movement Loss

Overland Flow, Surface
Storage
il " 0
HI-1—Forest HI-2 — Impervious cover HI-7 — Loss of Recharge
Loss

Timing Evapo-

transpiration

HI-14 — Impervious
cover

Depressional Wetland Loss

Lateral Flow

HI-3 —Urban HI-8 — Road density

HI-4 — Rural

Discharge —Wells, Floodplain, & Slope Wetland Loss
HI-9 — Well density

Floodplain Loss

HI-5 —Unconfined HI-10 /11— High perm floodplain in urban/rural

HI-6 — Moderately confined

HI-12/13 —Slope wetlands in urban/rural

w" m WH i’:z + H‘—s * !—‘ + H;'s + H,—s + ’ | g . - _ AR e, s e e o] A WH‘ H,-Id
Highest Sum HS  Highest Sum Highest Sum L ' Highest Sum

[ Max Score=1 Max Score=1

Max Score=1 Max Score=1

Model 2




Synthesis of Results

Watershed Process Component & | Process Component & Impairment
Issue Landscape Group Landscape Group

Lowland Deliveryin Storage in Lowland Group
Flooding: Rain- Mountainous Group
on-Snow events
Look Analysis Units ranking Analysis units ranking high for High impairment for delivery and low | Protect floodplain and depression

for: high for delivery + storage in upper and mid portions | forstorage areas areas in upper/mid watershed and
greatest area of “rain- of watershed and located restore forested cover in

on-snow” and “snow downstream of delivery areas in See Figure 13 mountainous group .
dominated” zones. column 2.

See Figure 18

See Figure 8 See Figure 9 High impairment forstorage and low | Restore depressional and wetland

for delivery areas storage in upper/mid watershed.
See Fig. 13 See Figure 18.

S T S—

PReE— -
ot muststg

| e
a1

Important areas for rain on
snow and snow dominated
processesin upper

watershed of WRIA 11 & 13

Overall impairment map above shows
high impairment in the rain dominated
delivery area and low impairment in the
“rain on snow" delivery area.

The upper alluvial valley requires a
“protection” (darker geen areas)
management strategy due to
relatively low impairment and high
important and location higher in the
watershed.

oA

Lower relstive impairment | f | The lower alluvial valley requires a
[for “storage” processin S g “restoration” (bright yellow)

upper alluvial valley but B managementstrategy as does the
higher in lower reaches . rain dominated delivery area.




TIONSTONMODELING

APPLYING
CHARACTERIZATIONTO
MITIGATION PLANNING IN THE
CHEHALIS BASIN



Step 1 — Define the Purpose

Wy do you need to
understand watsrshed
processes?

Who will assist you with the
analysis?

What resources already exist
o help with the analysis?

Step 1: Define the
purpose of the
analysis

nolude suface watershac
and contributing area for
groundwater

Cver what area do watershed
wrocesses operate?

Under natural condificns

where are the physical Diescribe relationship
characieristics important o ) between physica
each watershed process? characterisfics of a
Where are these different wiatzrshed and =ach
areas lozated? watershed process

Which human activities can

Step 4: Map types of Describe relationship
alter each watershed P e AP

setween human activities
alterations to each and each watershed
- ; — watershed process S mee e
KWhere do these activitiss IrOCESS
occur?

WWhere are walershead Step 5 Locats Owerlay Map of Alterations
orocesses still intact or potental areas for on Map of Key Arsas for
minimally altered ? pratection and =ach watershed process;

Where have watershac restoration unaltered e protection
wrecesses been impaired? altered ®» restoration




Wy do you need to
understand watsrshed
processes?

Who will assist you with the
analysis?

What resources already exist
o help with the analysis?

Step 1: Define the
purpose of the
analysis

Step 2 — Delineate Analysis Area

Cwver what area do watershed
processes gperate?

Step 2: Delineate the
analysis area

Under natural condificns
where are the physical
characteristics important o
each watershed process?

Where are these different
areas located?

Inziude surface watershead
and contributing area for
groundwater

Which human activities can

alter each watershed

Where do these activities
ooour?

Diescrite relaticnship
between physica
characterisfics of a
watershed and sach
watershed process

Step 4 Map types of
alterations to each
watershed process

Describe relationship
setween human activities
and each watershed

=

=
DMOCeS

Where are watershed
srocesses still intact or
minimally altered ?

Where have watershac
wrocesses been impaired?

Step 5 Locats
potental areas for
pratection and
restoration

Owerlay Map of Alterations
on Map of Key Arsas for
=ach watershed process;
unaliered e protection
sltered k= restoration




Delineate Landscape Groups

Based on Similar:

Criteria for Landscape Groups
Precipitation Type _— P P

— Generally > 500 feet elevation

Geology

* Comprised of:
— Bedrock areas

Landform _ ,
— Rain-on-snow & snow dominated areas
— High ip ar

Groundwater i
— High relief topography

Patterns — Analysis Unit size: average of 8-10 sg mi

+ Generally less diverse landcover
* Not high development pressure

*+ Lowland * Coastal
— Generally < 500 feet elevation Size: 1-2 sq mi or smaller (average 1 sq mi)
Glacial drift
Discharges directly to nearshore
Stream order: 15t or 2" and
¢ Lower precip / rain dominated Captures small drainages systems that
= Size: 2-5 sq mi (average 3-5 sq mi) are less complex
*« More diverse land cover Captures remnant areas between
coastal streams
Exclude major river deltas
Islands: grouped to ~1 sq mi

+ Low gradient terrace landform
+ Glacial drift

+ Higher development pressure
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Delineate Landscape Groups

Baseco
Precipitation Type
Geology
Landform

Groundwater
Patterns

91



Step 3 — Assess & Map Key Areas

Wy do you need to
understand watsrshed
processes?

Who will assist you with the
analysis?

What resources already exist
o help with the analysis?

Step 1: Define the
purpose of the
analysis

Cwver what area do watershed
processes gperate?

Step 2: Delineate the
analysis area

Under natural conditicns,
where are the physical
characteristics important o
each watershed process?

Where are these different
areas logated?

Inziude surface watershead
and contributing area for
groundwater

Step 2 Map key
areas for each
watershed process

Which human activities can

alter each watershed

Where do these activities
ooour?

Diescrite relaticnship
between physica
characteristics of a
watershed and sach
watershed process

Step 4 Map types of
alterations to each
watershed process

Describe relationship
setween human activities
and each watershed

=

=
DMOCeS

Where are watershed
srocesses still intact or
minimally altered ?

Where have watershac
wrocesses been impaired?

Step 5 Locats
potental areas for
pratection and
restoration

Owerlay Map of Alterations
on Map of Key Arsas for
=ach watershed process;
unaliered e protection
sltered k= restoration




ance ofz; sub-basin in the hydrologic
Process =

Important for delivery +
Importance for surface water +
Importance for groundwater +

Importance in evapotranspiration
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Assessment of Water Processes
Model 1: Importance

Delivery

Important Area for Water Process =

Movement

Surface
Storage

L

P - Precipitation

HU2 - Depressional Wetlands

HU1-—Snow &
rain-on-snow
area

P+ HU1
{Highest sum above)

Max Score=1

HU3 —Unconfined Floodplains

HU4 — Moderately Confined
Floodplains

+ HU3 + HU4)
Highest Sum

Cof HUZ
Highest Sum

!

HUS - Permeability

All areas assumed to be
forested & have equal
evapotranspiration

HU6 —Slope Wetlands
HU7 —High Perm Floodplains

Max Score=1

Max Score=1

Model 1



Example of Scoring for Importance
Surface Water Variables

Area of Wetlands - 0% of wetlands

Area of Sub-basin IN sub-basin

Scoring Based on Total Range of Wetlands in Analysis
Area for a Landscape Group. For Example:

5% = 0.2
10% = 0.4
20% = 0.8

25% = 1.0
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Results of Importance of Delivery

S BRI a gy o AR setRghs ) a)

= . L RE
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Results of Imp

ortance of Recharge

‘g..\ 8 '.‘ A A i z Ml |‘;- PNk ; { B 1
\ ?1 e G epiRbz S 1) 3
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Results of Importance of Discharge
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Results of Importance of Recharge and
Discharge (overall results for groundwater)

P P2 NP
i
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Step 4 — ldentify and Map Impairments

Wy do you need to
understand watsrshed
processes?

Who will assist you with the
analysis?

What resources already exist
o help with the analysis?

Step 1: Define the
purpose of the
analysis

Cwver what area do watershed
processes gperate?

Step 2: Delineate the
analysis area

Under natural conditicns,
where are the physical
characteristics important o
each watershed process?

Where are these different
areas logated?

Inziude surface watershead
and contributing area for
groundwater

Step 2 Map key
areas for each
watershed process

Which hurman activities can
alter each watershed
process?

Where do these activities
ooour?

Diescrite relaticnship
between physica
characteristics of
watershed and sach
watershed process

Step 4: Map types of
alterations to each
watershed process

Describe relationship
between human activities
and each watershed
process

Where are watershed
orocesses still intact or
minimally alizred ¥

Where have watershad
nrocesses been impaired?

Step 5 Locats
potental areas for
pratection and
restoration

Owerlay Map of Alterations
on Map of Key Arsas for
=ach watershed process;
unaliered e protection
sltered k= restoration




Assessment of Water Processes

Model 2: Impairment

Impairments to Water Process =

Delivery Movement Loss
Fming 1| + Overland Flow, Surface | " Evapo-
Storage transpiration
Il i1
- Recharge -
HI-1 —Forest HI-2 — Impervious cover HIZZ— ifipervioiis Cover HI-14 — Impervious
Loss cover
Depressional Wetland Loss
Lateral Flow
HI-3 —Urban HI-8 — Road density
HI-4 — Rural
Discharge — Wells, Floodplain, & Slope Wetland Loss
Floodplain Loss HI-9 —Well density
HI-5 —Unconfined HI-10 /11— High perm floodplain in urban/rural
HI-6 — Moderately confined HI-12/13 —Slope wetland in urban/rural
HEL g Cyy HE-2+ HI3 + HI-Q + HIES #HEE | HI-14
Highest Sum Highest Sum Above _ Highest Sum
Max Score=1 Max Score=1 Max Score=1 Max Score=1

Model 2




Example of Scoring for Impairment
Surface Water Variables

Area of Rural Wetlands
Area of Sub-basin

X 2 = Score

Area of Urban Wetlands
Area of Sub-basin

X 3 = Score
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Results of Impairments to Delivery —
Forest Loss »




Results of Impairments to Surface Storage
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Results of Impairments to Recharge

.&g - ___..rl" _‘f'_ :‘_f S ho' & ‘a}‘: -“-ﬁ
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Results of Impairments to Discharge

" ".. :_.'-l’\w% 3, '. r, !
. L T s b
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STEP 5 LOCATE AREAS FOR PROTECTION AND RESTORATION -

STORAGE

Lakewood

Legend

Protection 1 [ ] Restoration 1
Protection 2 [] Restoration2
Protection 3 [1 Restoration 3

Conservation1 [ Limited Impactto
Processes

Protection / Restoration 1
Protection / Restoration 2

Protection / Restoration 3
Conservation 2



LOCATE AREAS FOR PROTECTION AND RESTORATION -

Legend

Protection 1 [ ] Restoration 1
Protection 2 [] Restoration2
Protection 3 [1 Restoration 3

Conservation1 [ Limited Impactto
Processes

Protection / Restoration 1
Protection / Restoration 2

Protection / Restoration 3
Conservation 2




LOCATE AREAS FOR PROTECTION AND RESTORATION -

DISCHARGE

Legend

Protection 1 [ ] Restoration 1
Protection 2 [] Restoration 2
Protection 3 [ Restoration 3

Conservation1 [ Limited Impact to
Processes

Protection / Restoration 1
Protection / Restoration 2

Y

Protection / Restoration 3 | SRR PR 8 78 3 uc
Conservation 2 ' \



LOCATE AREAS FOR PROTECTION AND RESTORATION -

OVERALL

AN
4 -

. Mot s . . _ 'OhyTTpia
Protection 1 [ ] Restoration 1 e : S LWL ' oK.
Protection 2 [ 1 Restoration 2 : : : Tl 3 ' : n
Protection 3 [ Restoration 3

Conservation1 [ Limited Impact to
Processes

Legend

Protection / Restoration 1

Protection / Restoration 2

Protection / Restoration 3
Conservation 2



Step 5 — Synthesis: Locate Areas for Protection and Restoration:
Based on Watershed Issue - Lowland Flooding and Erosion

Lowland Delivery in
Flooding: Rain- Mountainous Group
on-Snow events

High impairment for delivery areas Protect floodplain and depression

and low for storage areas areas in upper/mid watershed and
restore forested cover in mountainous
group.

High impairment for storage and low
for delivery areas
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Step 5 — Synthesis: Locate Areas for Protection and Restoration:
Based on Watershed Issue - Lowland Flooding and Erosion

Process Component
Landscape Group

Lowland
Flooding: Rain-
on-Snow events




Step 5 — Synthesis: Locate Areas for Protection and Restoration:
Based on Watershed Issue - Lowland Flooding and Erosion

Process Component & | Process Component &
Landscape Group Landscape Group

Delivery in Storage in Lowland Group P
Mountainous Group K: :

Analysis Units ranking Analysis units ranking high for ";:5
high for delivery + storage in upper and mid portions—1
greatest area of “rain- of watershed and located

on-snow” and “snow downstream of deliveryareas in
dominated” zones, column 2.




Step 5 — Synthesis: Locate Areas for Protection and Restoration:

Based on Watershed Issu nd

Floodin d Erosion

Watershed Process Component & | Process Component & Impairment Actions
lssue Landscape Group Landscape Group
Lowland Delivery in Storage in Lowland Group
Flooding: Rain- Mountainous Group
on-Snow events
Look | Analysis Units ranking Analysis units ranking high for High impairment for delivery areas Protect floodplain and depression
for: high for delivery + storage in upper and mid portions | and low for storage areas areas in upper/mid watershed and
greatest area of “rain- of watershed and located restore forested cover in mountainous
on-snow” and “snow downstream of delivery areas in group.
dominated” zones, column 2.
High impairment for storage and low | Restore depressional and wetland
for delivery areas storage in upper/mid watershed. See.




Step 5 — Synthesis: Management Recommendations ?

Watershed Process Component & | Process Component & Impairment Actions

lssue Landscape Group Landscape Group

Lowland Delivery in Storage in Lowland Group

Flooding: Rain- Mountainous Group

on-Snow events
Look | Analysis Units ranking Analysis units ranking high for High impairment for delivery areas Protect floodplain and depression
for: high for delivery + storage in upper and mid portions

greatest area of “rain-

of watershed and located

on-snow” and “snow

downstream of deliveryareas in

dominated” zones.

column 2.

and low for storage areas

areas in upper/mid watershed and

restore forested cover in mountainous

group.

High impairment for storage and low
for delivery areas

Restore depressional and wetland

storage in upper/mid watershed. See.
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Characterizing the Watershed

King CWeveloped Basin Plans in 1990

e Goal was to address surface water problems at multiple
scales (broad, mid and fine)

e Centered on pragmatic solutions to address underlying
causes at the watershed scale

* Altered hydrology, hydraulics and sediment supply

Recent SMP Characterization (Stanley et al 2005)
e Rating of important areas for water flow process

e Rating of degree of impairment across the watershed



SMP Characterization

Im

A

&

DM for Hyd

Characterize
Watershed

Processes

Identify
importantareas

forwatershed
processes, level
ofimpairment &
bestareas for
protection,
restoration &
development




SMP Characterization

Impairment

TN

AL N B, '
J ke \ i 1
: / i Bt
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Characterize
Watershed

Processes

Identify
importantareas

forwatershed
processes, level
of impairment &
bestareas for
protection,
restoration &
development




Prescribe Solutions -

PotentigM Protection and Restoration

Prescribe
Solutions

Identify solutions
to reduce human

impacts and
improve

ecosystem
benefits



Take Action —

-

Restoration of
Watershed - City
Developed a
Restoration Plan
as part of SMP

Stream and Riparian Areas
Restoration Plan

Prepared for:

City of Issaquah
P.O. Box 1307
Issaquah, Washington 98027

Prepared by:

17 November 2006

THE
= WATERSHED
COMPANY




Prioritize Using
Characterization
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Why this Worked

-

Planning of the right elements at the right time:

* Problems had compatible solutions (flooding and habitat
need)

+ Solutions had a value for both people and aquatic
resources

Cooperation between County, City, and Non-Profit
Groups

Long term involvement by key individuals from agencies
and non-profit groups



NTRODUCTION'TO MODELS

APPLYING THE MODEL
RESULTS TO PLANNING &
PERMITTING IN BIRCH BAY



A Watershed Based Management Plan for

v CoRormoed
“Shimafer_Boach Hords

(e )]
Fiisid Sunai

oyt I piane: |
Flest

Tiaied| Cinad mg =
| wress nili 4 “‘};;_E‘-_"

_axtial Upd o ke
Faud

" Temed| Cree
Lower Trib A E

Lake Torrdl
Tiib 4

Vike Terel]
= Eag ]

A Coordinated Approach

Whatcom County

Local Citizen Groups

WA Dept of Fish & Wildlife
WA Dept of Ecology

WA Dept of Transportation

WA Dept of Community Trade
& Economic Development

Puget Sound Partnership

Environmental Protection Agency
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Watershed Planning Process

SR

STEP 1:
ANALYZING STEP 2: STEP 3:
THE PRESCRIBING TAKING
LANDSCAPE SOLUTLONS ACTIONS
ANDITS
WETLANDS

Pilot Study
(Analysis

Inventory, ldentify solutions Implement

and collect data, and (regulatory and solutions to reduce

Planning)

analyze processes risks through
and functions educe risks fro permits and other
at multiple / approaches
geographic
scales

Adaptive Management (Feedback for Improvement)

STEP 4:
MONITORING
RESULTS

Monitor
effectivencss of
solutions

Future
Implementation
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Objectives of Watershed Plan

Identify important ecosystem relationships
within the Birch Bay watershed
* Areas sensitive to changes from land use

* Areas where protection and restoration can address
current problems (reduce risk)

Provides a framework for coordination of

planning activities

+ Comprehensive Plan, Shoreline Management Plan and
Critical Areas Ordinance update
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Components of the Plan

T
. mental Problems (Risks)

* Wetlands
* Streams and Riparian areas

Analysis of (Step 1)
* Water quality and water flow processes
+ Wildlife and habitat conditions
* Future development patterns

b Synthesis to develop watershed
solutions (Step 2)
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Step 1 - Inventory of Environmental
Problems or “Risks”

WmBirch

Bay
* Pathogens
* Nutrients

Impacted
Large population ke Shellfish
. 8y beds
increase
L(?ss _of habitat and —
wildlife

Decreased “quality of
life” for residents

Potential loss of heron
rookery

131



Step 1 — Analysis

Identh?ee scales (broad, mid, fine) in
watershed:

Areas important for maintaining watershed
processes and wildlife

How these important areas have been altered

Areas for protection and restoration

132



Nutrients
Pathogens
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Important Areas for Restoring & Protecting
Hydrologic Processes

Watershed Management Matrix

High

|
Protection

@
o
E
]
1§.
E
]
=1}
]
E=]
o]
14

Rating of Impairment
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Important Areas for Pathogen Process

Most important areas
Reduces f e 2
e or protec .|on
shellfish restoration

Pathogen Process
Suitability for:

Fretection

Potential
Sources







Why Plan for Wildlife?

—a— Percent of Species with Persistence Expected

——Potential Percent of Species Persistence if Very
High Level of Conservation

wn
o
O
D
o
o
—
o
i
=
@
(&
| S
@
(4

1du/40 1o 1du/20ac 1du/10ac 1du/Sac 1dwiac fo >4dw/ac fo
1duw/80ac 4du/ac

Dwelling Unit Density {du)




| ocal Habitat Assessment

gional Assessments

and Conversion

Peaks = Favorable

ing

Rank

Valleys = Poor
Ranking

PHS/Heritage data
(local empirical data)

Road Density



"é Valleys—Poor
| Ranklng (purple)

l‘::."_

Q& . Wildlife Analysis

,‘E] ‘irch Bay Walers
u LET:B
I:: '*- pvalleinr Watar

o S (R AT  Local Habitat
X% Assessment -

. Broad Scale
Wildlife Habitat Assessment Peaks — Favorable

. Aol o " Ranking (green
| | gk 1_ - : ,_'_.?' Ll BN

o Eirch Bay Seal Haulout e
;(\% -ﬂn:rhaaarﬂqrug o Aess
i




Effects of Growth on the System

Critical Area Buffers

Future Buildout Potential
- Naon Residential
Fully-Developed
Undeveloped or Underdeveloped
. Open Space
Dwelling Units/Parcel
T e | Ot
* DU_dens

Caf

Alderson Rd.

> Impervious
Surface Analysis

SIRCH 2AY
STATEEASK




Potential
Change in
Impervious
Cover

Conflicts in Central
Sub-basins With
Characterization
Results
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C - T 'F M Wildlife]Ha ;
0 and Srgmf cant Bro.fog:cagAreas

Synthesis:
Identifying Solutions (Step

Addresses

) B %=  Issue of
« Concentrate development in N o B £k ncreased
“red” management units "-_‘_"" . e g 55 popvbliltc':lhtlon
» Allow use of mitigation credits e SE : “sustainable
n “yellow and green” zones for \ 4 <> “ % development
Impacts in “red zone.” —{ o & Dk g * ratterns”
3 Pr@'t?ctionn&-- % m““" ff

e Cluster development in
“yellow and green” zones.

Restoration

* Use low impact development
measures

@  Birch Bay Seabird Nesting Arahr
O Birch Bay Seal Haulout Area

* Provide for habitat protection €| on eyt es
overlay o

Wildlife Habitat Assessment
T High wildlife Value

ow Wildlife Value
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e Habitat Mosaic - wetlands, open . bl 2 g rﬁﬂ,@ |

grassy areas, and connectivity P - AL e v
areas, <= l1du/20ac o

 Minimize new roads, traffic
softening, signs for crossings

« Connectivity — greater than 80%
native vegetation cover

* Flyways — maintain 0.5 mile
wide, no tall buildings or towers, e
greater than 80% native vegetation @ BTt b

1 - Hatsh By Bl Hirabul e vw
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Synthesis:

Addresses

- - ; Issue of
red” management units would be i .

: N of ' increased
used to help farmers in green zone. W e = population
Examples include: | [iRestdFation & | ‘. with

« Implementing Farm Plans in dzlxj/:imrizlr?t
critical areas | patteFr)ns

 Planting riparian buffer areas

Pr@'tgction"&"
 Restoring degraded reaches Restoration

of creeks

* Purchasing conservation
easements (similar to Wetland
Reserve Program)

@  Birch Bay Seabird Nesting AR S
O Birch Bay Seal Haulout Area
) ,**aimh Bay Heritage Area

« Selling Credits to developers for "
wetlands created on rural properties v

Wildlife Habitat Assessment
T High wildlife Value

Low Wildiife Value
T



Applying Characterization Results at Fine Scale

Proposed
Development

Hydrolaglc Process
Suitability for:



Water Flow

Bifch Point/

Semiahimoo
= Uplands| |
!/ rd A )
Birch Pont |
South | S
e Birch Bay
Maring..

Conra l.lpimcls IR
-

lﬂ"lﬂ Cl'u:k
Lower Trib 1 'Well

Texredl Creek
E stuarine Rmh

JUSGS Groundwater Level
Contoury

- Hypothetical groundwater
= flow directiony|

V' Terrell Creek

Lower.Trib 1 East

Lake Terredl
A Mainstern 3

Lake Terredl
Trib 1

Lake Ter rdll‘
East

Proposed
Development
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Wetlands Inventory & Characterization
Results

Proposed i,
Development -

' Hnl Fawt|, | ¥, b =
K bl
o ! L . K

e I;‘{é,stofa[ti'on |s
-proposed primarily
to the north pf the

4 development site k=
148



sy

tual 'l_i:mh

149



Surrounding Uses

o e

icrosoft:

Mic a0
Virtual Earth™ 1]




Site Conditions & Development Impacts

|__lap | Satellite | Terrain |

[v Show labels

Septic System

Proposed
Development
Site

. Development
Envelop’e

- - .
. = Pt : i 4
i g 4 o
! & - 2 o - M o -
= . s ’

Wetlands were r?ted ascategory g(low performance of
all functions).

-
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Satellite I Terrain




Next Steps

SR

STEP 1:
ANALYZING STEP 2: STEP 3:
THE PRESCRIBING TAKING
LANDSCAPE SOLUTLONS ACTIONS
ANDITS
WETLANDS

Pilot Study
(Analysis

Inventory, ldentify solutions Implement

and collect data, and (regulatory and solutions to reduce

Planning)

analyze processes risks through
and functions educe risks fro permits and other
at multiple / approaches
geographic
scales

Adaptive Management (Feedback for Improvement)

STEP 4:
MONITORING
RESULTS

Monitor
effectivencss of
solutions

Future
Implementation
(if adopted)
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SUMMARY & WRAP-
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Department of cology | //\WW\W.EeCY.wa.gov/programs/sea/wetlands

Home | About Us | Environmental Education Public Input | News | Employment

Toxics Waste

47l Wetlands

Wetland Mitigation v Home =

Air Land
b =g id -"-.'

[/www.ecy.wa.gov/mitigation/landscapeplan.html

Wetland Mitigation Y Home | About Us | Environmental Education | Public Input | News | Employment
Home (coming soon!) Wetlands: Natul

Wetland Mitigation Water Filters alls

Banking

Wetland Mitigation around. More ik SR Mltlgatlon That Works

Land Water Toxics Waste

Guidance

"Mitigation that :
Wurlg_:." Stakeholder acres in W MITIGATION HOME

Forum land. Wetlands are cril Permitting Proc

Wetland Mitigation Giidans d Sl

Erlicatian Sty Guidance and Regulations
e Planning

Wetland Regulation % Mitigation Options

Environmental " )
Permitting Services Wetland functions in

GMA and Local people, including:
Wetland Regulations

Isolated Wetlands

Training

igation News

Prior Converted . Publications

Croplands

Wetland Stewardship

Wetland Tools
Wetland Delineation

— e Contact:
| Stephen Stanley ssta46l@ecy.wa.goV
i § Susan Grigsby sgri4d6l@ecy.wa.gov

quality
& Guides future developl

Training & Education

Dh:.‘heetira::::fhficatiﬂns : ._-_ = : s 0 -. Sk Work Funded by EPA
Frequently Asked i o

Questions (coming E[ol@gy's Role it = - fM and CZM Grants

soon!) -
Wetland Contacts Managlng Wetla

Wetland Listserv
How t fied

te la the

oreline Management the community

Watershed Characterization
In its most basic form, watershed characterization information can help identify areas that are:
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