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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

This Comprehensive Flood Hazard Management Plan details the planning process, technical
analysis, and improvement recommendations for managing the flood hazard in the lower
Samish River basin. The primarily agricultural land in this area, which is a Federal Emergency
Management Agency (FEMA) designated 100-year floodplain, historically experiences overbank
flooding on an average frequency of 2 to 5 years.

6 . comprehens1ve flood control
by the Washington State Depart-
State Department of Fish and

management plan to be adopted by the county and appr
ment of Ecology (Ecology) in consultation with+tF

An advisory committee composed of the“sffgcted g drainage districts was formed to
guide the planning process in develop' g+his plah. "Regular meetings were held with Skagit
County, the adwsory committee, ah '.the ns"u‘ltan o enable interactive participation in the
) ffort were also discussed by the Samish

ore broadly based public participation. Plan goals
and ob]ectzves were estabhshed ’by the Ska@t’County Department of Public Works, with input
from the advisory comngittée. Recdnunended flood hazard management measures were then
selected by a consensus ¥otéupf thej e:mmmee The. primary goals of this plan include the

following;:

. Improve protection of public health and safety from flooding threats in the lower
Samish River basin.

. Provide practical, cost-effective solutions that will result in measurable reduc-
tions in flooding frequency, duration, and frequently flooded area damages.

. Implement comprehensive floodplain management regulations to control future
watershed growth impacts to flooding in the lJower Samish River basin.

. Achieve diking/drainage district, County, and resource agency consensus for
recommended solutions.

. Document solutions consistent with Ecology s Flood Control Assistance Account
Program (FCAAP) requirements to maximize further grant funding opportum
ties for project and program implementation.

7/7/95 - 1 ‘ Executive Summary
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. Build effective political and legal strategy to result in implementation of plan
solutions.

SUMMARY OF PROPOSED SOLUTIONS AND COSTS

The recommendations of the advisory committee were divided into flood hazard management
measures that address problems in the specific planning area and measures that address the
Samish Watershed in general. Within these two categories, proposed solutions were further
divided into the following:

. Nonstructural, policy and program recommendations

County Plann‘mg Department, include:

. Floodplain development regulation

For the recommended capital "'pmvement program projects, the advisory committee reviewed
and ranked numerous suggestéd, preliminary projects and finally recommended eight projects
that have consensus support for funding and implementation. Table 1 briefly describes these
eight projects within the planning area and gives the advisory committee ranking and total
costs for each. Figure 1 shows the location of each project by the number noted on Table 1.

7/7/95 2 _ | Executive Summary
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Table 1
Capital Improvement Projects
Capital Projects
District 1995
Commissioners’ Capital Estimated
Priority Project Implementation
Ranking Number Project Description Cost
1 2 Roadside ditches and pipeline to river from Allen- $110,000
West Rd East. of Thomas Rd. ‘
2 3 Install new floodwater retum outfalls to river $250,000
upgrade existing outfalls ($42,000 ea. site)
(6 sites)
3 4 Install roadway culverts at histori $420,000
crossings (12 sites) $35,000 ea. site)
$540,000
$890,000
{$220,000 ea.)
6 $440,000
7 $8.8M
SLI3M (Ph. 1)
8 $400,000
$4.18M

7/7/95
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Section 2
RECOMMENDED FLOOD HAZARD MANAGEMENT
PLAN

This section reports the recommended Comprehensive Flood Hazard Management Plan
(CFHMP) that resulted from the study. The project background, planning and public involve-
ment process, planning area characterization, goals and objectives, applicable regulatory pro-
grams, and description of the alternatives follow in subsequent chapters of this plan.

Recommended flood hazard management measures were selected by consensus vote of the

plan’s advisory committee, which consists of the commissioners of the AHve diking and drainage
districts covering the study area. This committee has met seven‘tigies between February and

June with representatives of Skagit County Public Works and h <ensultant to review flooding
problems and issues and to develop and evaluate potepfig structural, (projects) and non-

structural solutions including recommended watershed arf ;ﬂf)o;lplam mhanjgement actions.

Based on the advisory committee's input on flood haz réd
provided guidance to the committee regarding Specific projéeg proposals and their feasibility,
cost, benefit, and potential impacts. The commiittee tias,used fhussinformation to rate and estab-
lish priorities for implementing the identified ¢ '
and policy and program recommendatior
the goals and objectives detailed in Sectig
cance placed on their order of preserifati
criteria. iy

Ziis p:'ie‘gsafi'ted below (with no emphasis or signifi-
Recomjended solutions must meet the following

. Have a reasowble, irfty &f.reducing frequent flooding hazards and their du-

ration, thus'reducin dgené“alﬁsks to public heaith and safety

Are practical, colbts }ective, and have realistic funding sources and plans for
their implementation

. Are comprehensive in nature, addressing watershed and floodplain management
issues as well as capital improvement project needs

. Identify upland development's responsibility to better control stormwater runoff
(quantity and quality) to limit increased study area river impacts

. Generally maximize environmental benefit and minimize adverse impact

. Can be irriplemented overa reasonablé period and will provide long-term benefit

. Are anticipated to be supported and approved by Skagit County and other regu-
latory and resource protection agencies

7/5/95 2-1 Recommended Flood Hazard Management Plan
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Meet the requirements of WAC 173-040, with potential for additional FCAAP
grant funding for projects implementation.

Specific recommendations of the advisory committee are summarized in Table 2-1.

Table 2-1
Lower Samish River Basin
Comprehensive Flood Hazard Management Plan Recommendations

Planning Area

Policy and Program;

. Interim Flood Path Policy

. Floodplain/Floodway Mapping
. Flood Damage Protection Ordi

. Critical Areas Ordinance  #

U Inventory Flood Prone Struc

Struct. Flood Prot. Progzam
Capital Improvement Projects:  °

. Capital Project
West Rd

Cﬁpm&%ré]ect'ig*ﬂood path roadway culverts
—Cgpxtal Pre;ee:t 5—iiversion to Joe Leary Slough
”“Caihtal Pro;ec:t 6—District 5 outfalls

Ca‘pltai_P J]ect 7-—Edison Slough improvements

Watershed Area

Policy and Program:

Development Standards
Drainage Ordinance
Developer Education
Flood Warning Program
Drainage Utility Funding

7/5/95
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River Corridor

Policy and Program:

. Dike Maintenance Projects

. Reestablish Flow Gages

. Road Crossing Structure Maintenance
. Vegetative Maintenance

Capital Improvement Projects

. Capital Project 9 — Setback dikes, road cr
ments

ing improve-

POLICY AND PROGRAM RECOMMENDATIO

Recommendations presented in this section re'cognizé%t{}_ webdito better manage and regulate
land uses within the floodplain and watershed to limit futthet increases in potential severity of
flooding and flood damages. Watershed recogiméndationssextend beyond the bounds of the

study planning area but affect the nature and exgent-of ffiesproblems within the study area and

are indeed part of the comprehensive solution. Bgéause”ﬂfthe existing frequency and extent of
flooding within the lower Samish RiverBakig, and, the’potential for more severe impacts from
larger regional flooding conditions that*coigld, restiit in Skagit River overflows to the Samish
River, control measures that help protéct public fieal#i and safety are of critical importance. To
meet stakeholder needs and provide 4n ifnproved.efonomic base for the farming uses predomi-
nant in the lower valley, relj ﬁg;iﬁi@%t'ent duration of flooding is needed.

E ¥

The following recommeﬁid" jons w_fﬂ I ed to be evaluated for consistency with the final rec-
ommendations of the Watarshed Action Plan (currently being prepared in draft form) by the

Skagit County Planning Depa.-t:tﬁten ih cooperation with the Washington State Department of

Ecology (Ecology). L
Floodpiain Development Regulation

The following nonstructural policy and program recommendations are made for those areas af-
fected by the 100-year floodplain of the Lower Samish River.

Institute Interim Policy Restricting Development/Fill in Flood Overflow Paths

Based on flood overflow paths identified in this plan and other overflow routes documented
from field review, institute a temporary policy of restricting further development or permitted
filling within those areas. Use County SEPA ‘and Shoreline Management Program where pos-
sible to temporarily regulate and enforce such restrictions. Where this is not feasible for indi-
vidual parcel developments, institute a temporary policy to limit filling and expand building
permit inspection enforcement assuming. '

7/5/45 2-3 Recommended Flood Hazard Management Plan
SEA /1002B36E.DOCp



O R e e R

Prepare Floodplain and Floodway Mapping

Prepare priority request to Federal Emergency Management Agency (FEMA) and Ecology for
detailed floodplain/floodway restudy of the lower Samish River below Thomas Creek
(including Samish River-only hydrologic condition). Develop topographic mapping for river
floodplain, overflow paths, and sloughs. Consider options for floodway designation (equal
conveyance or negotiated) to reflect overflow paths and Joe Leary/Edison Sloughs. Hold a
public meeting to review results and solicit comments. Provide a letter requesting map revi-
sions to FEMA based on the results of revised mapping.

Strengthen Flood Damage Protection Ordinance

Review County flood damage protection ordinance for update t& péflect a more restrictive
regulation of revised floodplain/floodway mapping. Consider a fnore restrictive allowable
floodway elevation rise of less than current 1 -foot FEMA mjs mibyn “standard (e.g., zero rise
and reflect in revised floodway mapping as well). Build“stipporfsfor adoption of revised
ordinance. F

sveldpment of a critical areas ordi-

Support current efforts of County plahning depigrtme
$cHtic with ties to flood damage protec-

nance. Ensure that floodplains are designated as
tion ordinance. This ordinance would alse.strengthg
risioniharard areas, that would benefit watershed

areas, such as wetlands, steep slopesand-

The following nonstructral’ polic égram recommendations are made for the entire

Samish River watershe(f_:‘&ge

T,

Implement Restrictive S%r;@#ﬁgtér Runoff Deve!opment Standards

Promote a more restrictive detention and water quality control development standard for the

Samish Watershed area based on the significance of existing flooding issues and the current

Samish Bay shellfish bed closure. Consider a standard that would restrict post-development
land use runoff from the 100-year design storm to a 2-year existing conditions release rate

(approximate capacity of diked river channel). Also, reduce 2-year post-development runoff to -

50 percent of the existing 2-year discharge condition to comply with Washington State Depart-
ment of Fish and Wildlife (DFW) criteria to protect downstream habitat. Consider requirements
for use of a long duration design storm (e.g., 7-day) to help compensate for development runoff
volume impacts. Pursue an inter-local agreement with Whatcom County to provide similar de-
velopment standards in upstream portions of the watershed. :

Consider alternatives to control upland development ditch and drain practices. This may in-
clude onsite development standards for attenuation of runoff, development and enforcement of
clearing impervious area limitations, and system connection charges under a drainage utility
for offsite (downstream) mitigation.

7/5/95 2-4 Recommended Flood Hazard Management Plan
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Adopt a More Restrictive Drainage Ordinance

EERERRS

Continue process to adopt proposed (draft) drainage ordinance that meets minimum require-
ments of Ecology's Stormwater Management Manual for the Puget Sound Basin (Ecology, 1992).
Consider specific needs of that ordinance to enforce more restrictive set of development stan-
dards for Samish Watershed as presented above.

Educate Development Community on Nature/Extent of Downstream Problem

Prepare a pamphlet to be distributed with development permit applications that summarizes
the revised ordinance and development standards, and describes the underlying need for and
benefit of Samish River improvement programs. Consider sponsorjng a training seminar for -
development interests in use of new standards.

Protection of Existing Structures

The following nonstructural policy. and program reco,
within the floodplain.

inventory Fiood Prone Structures

.10 flooding based on information
presented in this plan and the existing Sa ish Rivér-floddptain mapping. Inform residents of
potential flooding risk and alternativé_medsuresifof’ protection. Also, provide information
about flood warning and emergency“agti

2 stfu;ﬁlre flood protection program. Alternatives may
ring*dikes to protect low-lying structures, and possible reloca-
der furding support options (state, federal) for such program.

In coordination with FEbvﬁ_a develap
- include elevation of striighites
tion or buyout options. Cchs

Flood Warning and Monitoring Program

The following nonstructural policy and program recommendations are made for actions
throughout the watershed.

Implement Flood Warning Program

Implement flood warning program currently being developed on a county-wide basis. Con-
sider individual needs within the Samish Watershed and required response times. Coordinate
with the County's existing emergency action program.

Reestablish Samish River Flow Monitoring Gage(s)
Prepare request to the U.S. Geological Survey to reestablish a streamflow gage (or gages) on the

Samish River (at Highway 99 and possibly at Friday Creek). Consider extension of flow moni-
toring program to include multiple crest stage gages at the various bridge sections in the lower

7/5/95 : 2-5 Recommended Flood Hazard Management Plan
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river to better document flood elevations. Coordinate monitoring information with the flood
warning program currently being developed.

Fiood Facility Maintenance Program

The following policy and program recommendations are made for small river corridor
(maintenance) projects and required maintenance actions along the river corridor.

Diking and Drainage District River Corridor Maintenance Projects

Continue to assist diking and drainage districts with implementation of annual maintenance
projects through the County's River Improvement Fund. Review prgjects to ensure that they
are in compliance with the recommendations of this plan.

Road Crossing and Flood Path Drainage Structures M hfené‘nce

hnprove maintenance of channel sections at County roadway’ crossmgs ﬁf Samish River and
to dramage structures in flood overflow paths (enstmg and

The advisory comumittee reviewed and ranked several iterations of suggested and preliminary
proje. ts and recommended eight projects that have consensus support for funding and imple-
mentation. The majority of these projects address improvements for the most frequently
flooded areas by prowdmg additional flood water return capacity to the river. A large scale
recommendation included in the list proposes the construction of setback dlkes from the river
mouth to Highway 99.

The locations of each of the recommended projects are shown in Figure 2-1. Flgures 2-2
through 2-9 provide an overview of each of the proposed projects, include specific site loca-
tions, show graphic details, and provide a summary of benefits, costs, funding, and permitting
requirements.

The advisory committee set priorities for the capital projects. The ranking results, presented in
Table 2-2, show the priority rankings of the capital projects developed for this plan.

7/5/95 2-6 Recommended Flood Hazard Management Flan
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Pro
Location:

Issues:

- Proposal:

Estimated
Implementation
Cost:

Proposed Capital Project 2

Location:

_ Issue:

Proposal:

Estimated
Implementation
Cost:

7/5/95

posed Capital Project 1

Allen-West Road west of Thomas Road (See Figure 2-2)

Flood water is trapped on the south side of Allen-West Road by the road-
way fill. An existing 15-inch-diameter drainage pipe requires 4 to 6 weeks
to drain trapped flood water to Joe Leary Slough. Flood water affects one
residence and approximately 200 acres of fields.

Replace existing 15-inch-diameter drain with 36-inch drain and multiple
inlet structures fitted with trash racks. Route 36-inch drain to Joe Leary
Slough and install outfall protection. Pipelinecould provide approxi-

mately 30 to 40 acre-feet per day of outfall capagih

$440,000

C ‘of*Allen-West Road. No culverts cur-
oad to'allgw flood water to flow naturally back to
ds’in fields for several weeks following a
ooded area affects both commercial and

Flood water is trap
rently exist under.
the river. Trapped

. wiater ‘eollection ditch on south side of Allen-West Road.

:ditch to a set of roadway culverts. Excavate a ditch
through, tfie field from the road to the river dike. Install a return culvert
with flap gatéthsd

$108,000

2-7 Recommended Flood Hazard Management Flan
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Table 2-2 L
PROPOSED CAPITAL IMPROVEMENT PROJECTS
District Commissioner's Priority Rankings
Overflow Retum Channel/ Dike Improvements
FEI T A I S L i
§35 | 533 | ede | 3d | 3% | 9 | 51 | 53
Esilopie | BEE) EL | B | BE| BRI O
Fr: | 58z | F&f | Ee g5 | 82 | 55 | 832
- Total Project Ranking Points* 50 58 50 46 38 a6 | as 51
(Initial Screening Evaluation}
Consensus (Yes or No) L Y I ¥ L Y r ¥ I Y I ¥ l_ ¥ L Y
LJune 22, 1995 Stakeholder Meeting
Al Districts Represented
iking District 5
Jerry Benson 5 2 3 4 7 1 8
Jim Sullivan .1 3 2 6 5 4 8
Ron Knuizen ’ ‘ 6 1 2 7 4 3 8
Sum of District 5 12 6 7 17 18 9 15 24
District § Priorities” 3 1 2 6 7 3 5 8
iDrainage District 14
Roger Knutzen (not present)
Fred Boonstra 7 1 2 3 4 5 6
John Bouslog 1 3 2 8 4 6
Sum of District 14 14 2 5 5 16 8 11 11
District 14 Priorities _ 7 1 2 3 8 4 5 6
rainage District 16
Leonard Lee {not present)
Art Voorde Poorte 7 1 4 5 8 6 2 3
Sum of District 16 7 1 4. 5 8 6 2
District 16 Priorities” : 7 1 4 5 8 6 2. 3
iking District 19 _
Ron Johnson (not present)
David Hall ' ? 4 2 8
Jerry Robbins (not present) -
Sum of District 19 7 4 2
District 19 Priorities® T 4 2 8
2-3
wes)002B36F X151
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Table 2-2
PROPOSED CAPITAL IMPROVEMENT l_’ROJ ECTS
District Commissioner's Priority Rankings
DOverflow Return Chanpelf Dike Improvements
g | 32| 4 : i g
2 £ E = E o £ "
= & E g 2 o £
E'E ‘é £ ,; E E\ E_ é g
B R 'E - 2 . - E &5
£2% | 530 | B§g | L i | 1§ | &8 53
Esf | Ei: | E2: | E3 Eg | Eo | ES | B3E
i g3t FFE g 2E FE L R
== W SE 8 2 RE 2 g £ £ 5 = 8
FEE e &od by gz ol &E &t 5
VE S WO Qo g [ Na vo Q Dwg
{king/Drainape District 25
Dick Meade (not present) 5 3 6 2 1 7 3 4
Tom McGekHee 3 2 1 5 4 & 7
John Sandell (not present) 5 B 6 1 2 7 3 4
Sum of District 25 13 18 - 13 8 7 20 13 16
District 25 Priorities” 5 7 3 2 1 8 4 6
[Sum of District Priorities* 23 10 11 16 24 21 16 23
Sum of District Commissioners’ Priorities® 46 27 29 35 49 43 41 54
All Districts’ Priorities® 6 1 2 3 8 5 9 7
Largest score rates highest,
"Lowest total rates highest.
[Dristrict 19 not included due to incomplele response,
ate:
L[}I[uue 8, 1995, Stakeholder Meeting
Districts Represented: Dike/ Drainage District 25, Diking District 5, Drainage District 16.
Not in Attendance: Diking District 19, Drainage District 14.

1ea1002BACF X1.5/7
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Proposed Capital Improvement Project 3

Location: River dikes between Farm to Market Road and Chuckanut Drive {See
Figure 2-4)
Issue: Existing return culverts through dikes have a limited capacity for return of

flood water. Most culverts are 18 inches in diameter or smaller. Most of
the existing culverts are fitted with metal flap gates, several of which are in
disrepair.

Proposal: Install additional 48-inch-diameter return culverts with greater capacity
' through the dike at several locations as shown in Figure 2-4. Install low
maintenance elastomeric check valves at each of the new outfalls and on
existing outfalls where the existing metal gates need replacement. Re-

pair/replace existing return culverts as required.

Estimated

Implementation
Cost: $42,000 each new outfall site

Proposed Capital Project 4

Location: . Along various roadways crossing historic flood channels within the flood-
plain area (See Figure 2-5)
Issue: Roadway fills block natural floodways in several locations across the flood

plain, trapping water on the upstream side of the road fill, impeding
drainage of the upstream areas, and creating artificially high flood water

elevations.

Proposal: Install sets of multiple culverts under road fills blocking natural flood
paths to pass flood water. Stabilize fill slopes to prevent washouts during
overtopping events

Estimated ‘

Implementation

Cost: $35,000 per site

Proposed Capital Project 5
Location: West side of Farm to Market Road south of Samish River {See Figure 2-6)

7/5/95 2-29 Recommended Flood Hazard Management Plan
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Issue:

Proposal:

"Estimated

Implementation
Cost:

CHMHILL

Insufficient capacity to drain flood water trapped on field south of river.
Floodwater ponds behind dike while the river is at or near flood stage. On
several occasions in recent history flood water has overtopped Farm to
Market Road, flooding 2,700 acres within Diking District 5. Water depth
on the south side of the road creates a hazard to traffic as well as to ani-
mals and humans.

Install floodwater return channel/pipe along Farm to Market Road from
south side of river discharging to Joe Leary Slough. Install a pump station
at the outlet of slough to match the diversion system capacity. Remove

‘constrictions in slough capacity downstream of Farm to Market Road.

$396,000

Proposed Capital Project 6

Location:

Issue:

Proposal:

" Estimated

Implementation

Cost:

Diking District 5 (See Figure 2-7)

District currently has insufficient interior drainage capacity to dispose of
trapped-out-of-bank flood water. Post flood drainage time has been re-
corded at up to 6 weeks. Flood damage impacts the farm fields by delay-
ing spring planting dates and results in structure flooding and livestock
displacement. '

Install four additional 48-inch diameter outfalls to Samish Bay and River.
Include a base flow pump at each outfall to prevent sedimentation of the
discharge channels and clogging of the flood gates. Excavate collection
ditches as required to route filed drainage to the new outfall locations

$150,000 each site

Proposed Capital Project 7

Location:

Issue:

7/5/95

Edison Slough from Worline Road to crossing at Edison (See Figure 2-8)

Roadway fills and field grading have constricted the historic floodway and
drainage channel. Roadway culverts in several locations are of insufficient
capacity to handle minor event runoff flows. Impounded water constricted
segments takes several weeks to recede, creating saturated fields and lead-
ing to livestock displacement.

2-30 _ Recommended Flood Hazard Management Plan



CHMHILL

Proposal: Improve channel to provide even capacity throughout system. Install ad-
ditional culverts at road crossings where necessary to provide capacity.
Improve/ widen constricted portions of existing channel. Stabilize channel
and install erosion protection where needed.

Estimated

Implementation
Cost: $540,000

Proposed Capital Project 9
Location: River channel from mouth to Highway 99 {setback dikes) {See Figure 2-9)

Issues: Capacity of existing channel/dikes is limited to the 2- to 5-year return
' flow. Samish Valley area suffers from frequent flooding damage resulting
from the limited capacity of the existing channel. Existing channel has low

habitat value for migrating fish.

Proposal: Construct setback dikes along river corridor. Use existing dikes where
' possible and construct new dikes where required to provide a 300-foot-
wide (1) floodway corridor. Upgrade flow capacity at four to five bridge
crossings. Excavate high flow bypass channels/dikes as required. Off- and
stream corridor vegetation could be reestablished. channel habitat areas

could be provided at various locations

- Estimated
Implementation
-Cost $8.8 million total project
' mouth to Farm to Market Road) ($1.13 M Phase 1, river mouth to Farm to

- Market Road)

ESTIMATED PROGRAM COSTS

Table 2-3 presents the implementation costs for the capital projects listed above, arranged by the
priority identified in Table 2-2. Project development would be based on funding availability
and would be implemented following these priorities. Funding of these proposals is discussed
- below. It is not anticipated that funding would be available for implementation of all projects
during the 6-year funding period.

The policy and program cost estimate given in Table 2-3 is the anticipated level of expenditure
needed to administer the various programs. This cost could vary widely based on the level of
staff effort the County commits to program development, review, enforcement, and ongoing
operation. The maintenance cost presented in Table 2-4 has been based on past expenditures by
the diking and drainage districts for annual maintenance and repairs of flood control facilities.

7/5/95 2-31 Recommended Flood Hazard Management Plan
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Maintenance expenditures recommended in this plan have been estimated slightly higher than
the current annual expenditures to cover maintenance of newly constructed facilities.

Table 2-3
Estimated Program Costs
Capital Projects
District 1995
Commissioners’  Capital Estimated
Priority Project Implementation
Ranking Number Project Description Cost
1 2 Roadside ditches and pipeline to river from $110,000
Allen-West Rd east of Thomas Rd.
2 3 Install new floodwater return outfalls to river $250,000
and upgrade existing outfalls {$42,000 ea. site)
(6 sites)
3 14 Install roadway culverts at historic flood path $420,000
crossings (12 sites) ($35,000 ea. site)
4 7 Improve Edison Slough capacity $540,000
5 6 Install additional outfalls to bay in District 5 $890,000
west of Samish River (4 sites) {$220,000 ea.)
6 1 Install pipeline to Joe Leary Slough along $440,000
Allen-West Rd. _
7 9 Construct setback dikes along river corridor $8.8M
from river mouth to I-5. Upgrade flow capacity $1.13M
at four bridge crossings. (Phase 1)
8 5 Floodwater diversion to Joe Leary Slough $400,000
along Farm-Market Rd. Construct pump sta-
tion at mouth of Joe Leary Slough.
Total Capital Project Costs $4.18M
Table 24
Estimated Program Costs
Policy and Programs
Floodplain Development Regulations
Watershed Development Regulations
Protection of Existing Structures
Flood Waming and Monitoring Program
Total Annual
Policy and Program Costs $80,000

7/5/95

2-32

Recommended Flood Hazard Management Flan
SEA /1002B36E.DOCp



Table 2-5
Estimated Program Cost
Flood Reduction Maintenarice Costs

River Corridor Maintenance Projects
Road Crossing and Drainage Structure Maintenance
River Corridor Vegetative Maintenance

Total Annual
Maintenance Costs | $120,000

FUNDING PROGRAM

With costs identified in the previous section, attention can be turned to the sources of funds to
" “implement the plan recommendations. Potential sources include traditional tax revenues for
the County, special purpose districts, the River Improvement Fund, the County Road Fund, and
state and federal grants. A more complete listing of these sources is included in Appendix A.

The majority of County tax revenues are distributed for special purposes such as schools, roads,
the Port District, and the cities. Only a fraction of total property taxes are available to the
County without previous designated uses. These funds are used to support the basic functions
of County government and are placed in the current expense fund. The great majority of these
funds go to support the criminal justice system. Because of this, there is substantial competition
for the remaining funds and generally little or no money left for special needs such as drainage
and flood hazard reduction. Therefore, other funding sources must be considered.

In the Samish floodplain, many of the local flooding problems are caused by roads that have
been constructed without provision to pass flood flows. Projects to correct the resulting
problems are proposed to be funded by the County Road Fund. The remaining projects and
program elements will require other sources of funding. | '

. Three assumptions have been used in evaluating potential funding sources. The first is that the
funding program will not rely on grants. The second assumption is that project elements must -
be funded locally. The third is that the program will be pay-as-you-go; it must be able to stand
on its own merit. The County will pursue grant funding and apply grant funding where pos-
sible, but evaluation of the costs and benefits of proposed solutions will not rely on an assump-
tion of grant funding. If available, grants may lower the cost of implementing the proposed
program elements. Similarly, other sources such as the proposed surface water management
(SWM) utility may be used in the future to supplement the program where a direct contribution
to flooding or benefit from the program can be shown. At the present time, the Edison Slough
project is the only project listed in this plan that is proposed to be funded in part with SWM
utility fees because there was a demonstrated relationship between upland development and
increased flooding in the floodplain. This project was included in a previous plan for Skagit
County that was developed to support the SWM fees. Bonds or other debt financing have not
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been assumed, as there are opportunities to spread the costs of implementation over multiple
years and debt financing is not necessary.

The Skagit County Flood Control Zone District is inactive because of the perceived conflict with
the proposed surface water management utility fee. '

The assumptions noted above limit the remaining funding sources to the County’s River Im-
provement Fund and the existing drainage and diking districts. The River Improvement Fund
is limited to approximately $200,000 per year county-wide as a result of competition for other
County-wide tax revenues. It will be used to fund portions of this plan implementation, but
Samish River projects will be required to compete for river improvement funds with other
projects throughout the County.

To assist the advisory committee in evaluating the funding options, Table 2-6 was prepared to
illustrate the implications of various packages of capital plan recommendations. These will be
discussed by the committee on July 11, 1995. '

It is assumed that the County Road fund will pay for maintenance of facilities constructed to
mitigate the impacts of the roads or to provide drainage of the roads and that the diking dis-
tricts will fund maintenance of ali other facilities. It is further assumed that the County’s cur-
rent expense fund and/or the surface water utility will fund implementation of the remaining
program elements such as additional studies and plans, education, and preparation and en-
forcement of regulations to guide development. The resuits of the advisory committee’s discus-
sion of funding issues and a recommended funding plan will be incorporated in the final
CFHMP. :
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Section 3

BACKGROUND AND APPROACH

LEGAL AUTHORITY

State Authority and Requirements

Chapter 86-26 of the Revised Code of Washington (RCW) requires that counties requesting state
funding participation for flood control maintenance prepare a comprehensive flood control
management plan to be adopted by the county and approved.sby the Washington State
Department of Ecology (Ecology) in consultation with the Washingteft State Department of Fish
and Wildlife. RCW 86.26.105 states that a comprehensive floog cmatral ,management plan must
be completed and adopted within 3 years of the certification: 'fat itis heunaprepared

Skagit County previously developed a county-wide £oy ot

Plan (Brown and Caldwell, 1989) in response to Chaptér, i3 RCW to address the Skagit River
and numnerous other flooding sources within the county mgludmg the Samxsh River. That pian
was broad-based and did not examine the lov¢e ;

| & Tlﬁs Comprehenswe Flood Hazard
Management Plan (CFHMP), which addresses thgt ghificant and frequent flooding problems
that exist along the lower Samish Rlver" X ¥in
> Grarg Agree' ént No. G9500194 between Skagit County
and Ecology, using a 75 percent® gran ' :
additional Flood Control Assu-:,tance_+
county-wide CFHMP is targe’teql tobe c

gount "Brogram (FCAAP) funding, a fully-updated
ﬁieted

CH2M HILL has beentpntracted by Skaglt County under Contract Agreement No. 002334,
dated February 13, 1995, to».de\?elop this' CFHMP for the lower Samish River basin. The CFHMP
must comply with the admuﬂstrahve rules established for comprehensive flood control
management plans in the Was}ﬂngton Administrative Code {(WAC), Section 173-045-040. Those
guidelines require the following broad elements be addressed by the plan:

1. Determine the need for flood control work, including description of the watershed and
identification of types and locations of specific flooding problem areas; historical and
potential flood damages; goals and objectives for planning area; applicable local
regulations description and consistency with proposed instream flood contro} work.

2. Alternative flood control work, including description of potential instream flood control
work and alternatives to instream measures.

3. Identify and consider potential impacts of instream flood control work on instream uses
and resources (fish; wildlife; scenic, aesthetic, historic resources; navigation; water
quality; hydrology; and existing recreation). : '

4. Define the specific area of coverage of the plan, including the limits of the 100-year
frequency floodplain within the study reach.

7/7/95 3-1 Background and Approach
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5. Discuss conclusions and propose solutions based on evaluation of problems, needs, and
alternative solutions; recommended corrective actions and ‘priorities with resource
impact resolution measures; and certification from the state Department of Community
Development that the county is administering an acceptable comprehensive emergency
operations program.

In accordance with Chapter 86.16 RCW, Floodplain Management, the state (as administered by
Ecology} has full regulatory control over waters of the state for the purpose of alleviating
recurring flood damage and promoting public health and safety. This includes requirements
that local jurisdictions adopt floodplain management ordinances meeting minimum standards
of the National Flood Insurance Program (NFIP). The administrative rules for implementing
Chapter 86.16 RCW are contained in Chapter 173-158 WAC, Floodplajn Management.

Flood Control Assistance Account Program

""atc:hmg relmbursable

The Flood Control A551stance Account Program (FCAAF’} prowde&

Administered by Ecology's shoreland and caastal zoﬁe management program, FCAAP
: To be eligible for funding, a

E
in consultation with the Department of E;shenes antl erdflfe Local jurisdictions must also
parttc:pate in and meet all the requ, eme.nts of ﬂwwNFIP and must restrict land use in the

The maximum amount of funds: ¥ courl‘cy is $500,000 per blenmum (begmmng July 1
of odd-numbered years), sub;gct axaﬁablﬁty Grants of up to 75 percent can be provided for
planning work. Provided g CFHMP has Beén completed and adopted, or is in the process of
being prepared, grants of, , Up t to 50 percent of eligible maintenance projects construction costs
can be provided, subject f ~of funds. For emergency flood repair, grants of up to
80 percent can also be issued

. Sponsorship and Authority of Local Government

To maintain compliance with the FCAAP program and its flood control maintenance funding
provisions, Skagit County meets the following minimum requirements of WAC 173-145-050:

1. Participates in and complies with minimum requirements of the NFIP.

2. Regulates land uses within the floodplain and floodway (where designated) to only
flood-compatible uses through a Flood Damage Prevention Ordinance and a Shoreline

Management Program.
These and other Skagit-County regulatory programs are described in Section 5.

Skagit County has provided a 25 percent local match funding share for development of this
plan. It has an established flood control emergency operations and maintenance program,
including a flood warning and emergency action program under the direction of the Public

7/7/95 3-2 : Background and Approach
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Works Department. The county actively participates in flood control maintenance projects in
support of the local diking and drainage districts through an established River Improvement
Fund.

The Skagit County Planing Department, in coordination with Ecology, is concurrently
developing a Samish Watershed Action Plan, with focus on water quality improvement and
habitat management throughout the watershed. A separate interagency and interest group
advisory committee is developing specific policy recommendations targeted for
implementation to meet that plan's goals and objectives. Limited coordination of the
preliminary solutions developed in this plan and the policy guidance being developed by the
watershed action plan committee has occurred; additional coordination is required prior to final
Plan development and adoption. The two draft plans (the Watershed:Action Plan draft has not
been issued yet) will need to be reviewed for consistency in peéligy recommendations and
project implementation objectives and requirements. )

This CFHMP is also an element of Skagit County's plar” tp ‘meet “the>goals of the Growth
Management Act (GMA) and associated comprehensive dnning guidélinés. The 1990 GMA
requires county-wide planning to guide sensitive, eehnoipigal, 4nd planned development for
qualifying communities. Under the GMA, all countiés. witli'a population of at least 50,000

people and a population increase of more thapd( percerit, irk.the last 10 years must adopt a

comprehensive plan. Skagit County's current GMA.. 'nggm“’ishdiéscribed in Section 5.

The recommendations of this draft CFHMR,will y county staff for compliancé with
the requirements of Skagit County's”

zoning ordinance in accordance wit

antesie

eline maffter program, comprehensive plan, and

nditiohs-f the FCAAP grant agreement for this plan.

Under Chapter 86.12 RCW, cgu.m;ygd\r n;s ?:‘ah l'evy taxes, exercise eminent domain, and
take action to control and pfevent tgod'dainage. The authority of counties was substantially
enlarged in 1991 with the'passage &f ESSB%411, which authorized counties to adopt CFHMPs

"for any drainage basin t’hgxﬁt_ whollyt of partially within the county.” It requires that the plan:
71. Designate areas that;ﬁf‘e,%h usg_eptlble to periodic ﬂboding.
2. Establish a comprehensixr:ﬁ;ch;eme of flood control protection and improvements.
3. Establish land use regulations that preclude the location of structures, works, and
improvements in critical portions of such areas subject to periodic flooding.
4, Establish restrictions on construction activities in areas subject to periodic floods.
5. Establish restrictioﬁs on land use clearing activities and development practices that

exacerbate the fload problems by increasing the flow or accumulation of flood waters.

7/7/95 3-3 Background and Approach
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PROJECT BACKGROUND

Study Area

The required area of study for this plan, in conformance with RCW 86.26, is the 100-year
floodplain of the lower Samish River, from Samish Bay upstream to its confluence with Friday
Creek (at river mile 10.8). The specific study area limits for flood hazard reduction planning are
shown in Figure3-1. The entire watershed area was considered in evaluation of potential
hydrologic effects of changmg basin land uses.

Need for Plan

The county and affected local diking and drainage districts hav ‘leng realized the need for
flood hazard reduction measures in the lower Samish River Significant areas of land
beyond the principal channel have frequently been flooded ..wef'du;aﬂqns that have extended
up to 8 weeks after major flooding events. Overbank flooding has hmtoncally occurred on a
frequency of between 2 and Syears. This has resulted“in flooding of various structures,
overtopping of numerous roadways (including Chuckanut ve), and agricultural economic

damages to crop production, dairy farming, and supporﬂng businesses prevalent 1n the

According to the diking and dramage distncts a _-'sﬂry committee, the need for ﬂood hazard
reduction actions have resulted pnmaﬂl from t’he fa].lowmg

. Raising of publicand, pfwa?be roadways within the floodplain without installing
culverts to Proﬁde passag r:historical flood path overflows.

| :
. Developm&zt “and ﬁﬂmg of private properties within the floodplain and
overflows channeisz tHatobstruct overflows conveyance

¢ Raising of dikes long the edge of the river channel resulting in increased
upstream flood elevations and redirection of overflows

. Watershed development with insufficient stormwater runoff controls to mitigate
downstream impacts

e Reduction in allowable river channel maintenance actions based on increased
regulatory controls

. The potential for redirection of a portion of Skag:t River overflows down the
lower Samish River valley

These problems and issues are depicted and described in more detail in Section 5.

7/7/95 _ B 3-4 Background and Approach
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The need clearly exists for a coordinated plan, supported by Skagit County and the affected
stakeholders (dike and drainage districts, public, agencies, tribes), to guide implementation of
appropriate and cost-effective solutions (both nonstructural and structural) that reflect local
stakeholder priorities. The plan will only be implemented if it is supported by the stakehoiders
and County commissioners, and it will be supported only if there is consensus on solutions. In
the past, flood protection improvements by one dike or drainage district have impacted others,
with resulting difficulties in building collective agreements to implement projects benefiting all
districts. This has been the focus of the advisory commifttee/stakeholder involvement process.

Citizens and public officials are increasingly aware of the interrelated issues of comprehensive
planning, stormwater management, resource preservation, and flood damage reduction.
Within this context, it is acknowledged that floods are natural eventssand often it is the human
. activities that must be better managed to minimize watershed igthacts that make flooding a
more frequent and serious hazard. In the lower Samish River Basin, given the frequency and
extent of the existing flooding problems and future potentia] £ ddjtibnal watershed land use
conversions, it is even more imperative that enhanced watéréhed andifldedplain development
standards be applied to minimize the potential for incr
nonstructural control solution opportunities within thé bas

o Felp communities and local gov-
ernments comply with the state statutes callingfor abed flood protection activities.
To qualify for these funds, a flood hazard manigemefst plaivdemonstrating an overall water-

- shed understanding and management appzpach st Be déveloped. This plan, coupled with
the watershed action plan (cm'rentlybemg &;evelgpeﬂ), provides the required framework and
policy recommendations for implefhegitatigh*of-gfféctive watershed (nonstructural) protection
measures.

PLANNING PROCE >
Ptinciples of Compreﬁé“ tue Flood Hazard Management

The flood hazard managementiglanning approach considers floodplain management, which
seeks to plan floodplain uses considering balances in resource protection, environmental en-
hancement, flood damage protection, and land use development. To be effective, it must also
consider land uses, hydrology, and environmental and economic issues beyond the designated
floodplain (e.g., within the watershed). In the case of the lower Samish River basin, these issues
are key considerations of recommended nonstructural solutions and policies being developed
jointly in this plan and the watersked action plan.

In recognition of the above goals, the process for development of this plan considered the fol-
lowing fundamental principles set out by the FCAAP program for comprehensive flood hazard
management planning;

L It is often more cost-effective and beneficial to accommodate a waterway's dynamic
nature than to build structural improvements to contain the waterway.

2. The causes of flood damage must be identified and understood early in the planning
process to be effectively addressed.

7/7/95 3-7 Background and Approach
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3. A watershed-based solutions approach across jurisdictional boundaries (where possible)

provides the greatest opportunity for effective flood hazard management.

4. Stakeholder, public, and agency participation in the planning process and accep-
tance/support of plan solutions is critical to the success of the plan and its implementa-
tion.

5. The process of alternatives evaluation to meet plan goals and objectives should consider -

technical feasibility, benefit, cost, environmental impact, funding capabilities, and public
acceptance and priorities for solutions.

6. Protection of resource management goals through preservation of natural hydrologic

processes and other related approaches should be integratédvith flood hazard man-
agement solutions. .

7. The CFHMP process and documentation provid opportupities to improve inter-
departmental coordination needed to effectivel guide actions fr Jmplementing solu-
tions. ' :

8. A CFHMP comprehensive solutions planning apgr(gch provides a framework for

addressing and proposing modiﬁcatioﬁfﬁ G —ll‘i‘"e.-::z,:,.'_;,_;_1&c.‘?esg= dry) to other related local pro-
& program, iermwater, growth, shoreline man-

grams and policies (e.g., flood insuranc '
agement, and recreational planning).

Process for Plan Development,~

This CFHMP was developed i a_cco?‘daﬁce ’tﬁ*ﬁﬁ%ilogy’s Comprehensive Planning for Flood Haz-

g .

ard Management (Ecology, 199}4. fffaﬂ‘tert_gﬁxgance document, the following steps outlined for
GFHMPywére atepmplished in development of this plan. References

successful completion of #'GFHMPiréy
10 sections in this plan that Sigcuss ts fevelopment process (where applicable) are provided.

T='=-:. Tz“"’v:m .:,'n"': S
1. Establish citizen and %gﬁi?@fspirticipaﬁon process (Section 3). _
2. Setflood hazard mmageﬁmt short- and long-term goals and objectives (Section 4).

3. Inventory and analyze physical conditions (Section 6).

4. Determine the need for flood hazard management measures (Sections 3 and 6).
5. Identify alternative flood hazard management measures (Section 7).

6. Evaluate alternative measures (Section 7). | |

7. Hold public alternative evaluation workshop (Section 3).

8. Develop flood hazard management strategy (Sections 2 and 7).

9. Complete draft CFHMP and SEPA documentation (entire document). (Note to.reader:
Funding plan and SEPA documentation not yet complete.) '

7/7/95
SEA /1002B35A.DOCp



CHMHILL

10. Submit final CFHMP to Ecology. (Note to reader: This and succeeding steps to come
after draft plan agency review and comment.) : '

11 Hold public hearing and pass intent to adopt resolution.
12. Notify Ecology that the final plan is adopted.

Scope of Work for Plan Development

The scope of work to accomplish the above planning process was jointly established with the
Skagit County Department of Public Works with input from the affected dike and drainage dis-
tricts (Nos. 5, 14, 16, 19, and 25). A briefing session with the Skagit County commissioners was
held prior to the Ecology grant and consultant contract execution 6 yéview the scope of serv- -
ices. A brief summary of the contracted scope of work tasks co ‘i')leggd (or to be completed) is
provided below. ‘ '

Task 1-Public, Agency, and Stakeholder Involvement,#Thé strategy and process for involve-
ment of citizens, agencies, and affected stakeholders/'wds ipitiglly established. An advisory
committee composed of the affected diking and draifwagt“diStricts was formed and regular
meetings were held for interactive participation in,the plariging process (seven meetings held to
date). Documentation of those meetings is prdvided'tn.Appéndix B. Selective agency contacts
have been made to discuss potential solutions “fe4sibility,, résource benefits, and support.
Additional agency coordination will ocgur durik o*draft plan review process. A public
meeting for review of plan results an nipendatidns will be held after draft plan review.

Task 2-Flood Hazard Managemeht Iny nfory, Goals and Objectives, Criteria, and Needs.
The primary data gathering and.reviéw ngeded 6 develop this CFHMP was performed under
this task. Specific subtasks*includéd réujeing existing background data; interviewing local

residents and diking distri¢t comtmisgioners and performing field review; developing and

documenting CFHMP geglsiobjectiviesz and evaluation criteria; documenting existing flooding
problem type, location, severity, and frequency; documenting regulatory and historical flood-
plain limits; assessing river chgniielhydraulic capacities for flood flow conveyance and over-
flow frequency; assessing poténtial effects of watershed growth on flood hazards; and

identifying needs and opportunities for flood hazard management measures.

Task 3-Development and Evaluation of Flood Hazard Management Alternative Solutions.
Alternative flood hazard management solutions were developed and were evaluated jointly
with Skagit County and the dike and drainage district advisory committee. Numerous struc-
tural projects (localized spot, capital improvement, and maintenance) and nonstructural
(floodplain and watershed) management strategies were presented and screened with the advi-
- sory committee. Weighted evaluation criteria established from the committee goals and objec-
tives were used to evaluate alternatives. Preliminary estimates of alternative projects
implementation costs were also developed to establish the feasibility of alternatives. Benefits
and potential impacts within the floodplain were considered for screened alternatives.

Task 4-Flood Hazard Management Program and Policy Recommendations. Based on the
results of Task 3 and Skagit County and advisory committee guidance, program and policy rec-
ommendations that would provide flood hazard reduction benefit have been made for
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implementation consideration.  These recommendatlons include specific nonstructural
(regulatory) and structural (project) measures that would reduce future flood event damages.

Task 5-Funding and Implementation Plan. This task will develop a funding plan and imple-
mentation measures for recommended plan components. Project priorities and anticipated
scheduling within a 6-year capital improvement project period will be proposed. Funding
proposals for spec;ﬁc project and program elements will be provided for the Skagit County
commissioners’ consideration and action.

Task 6~Plan Documentation. This draft plan documents the preliminary results and recom-

mendations of the CFHMP. A final plan will be prepared, including response to a single set of
agency and dike and drainage district review comments after achigving advisory committee
consensus for Task 5 recommendations.

Task 7-Project Management and Coordination. Ongoin _rd“mahon with Skagit County
Public Works and Planning Department staff and advisoyy éommittée_ntembers will continue
through final plan completion to maintain effective comm canons and: ;empahbxhty of solu-
tions with local concerns. £

iy,

STAKEHOLDER, PUBLIC, AND AGE CY-INVQLVEMENT
Approach

The process of achieving agreement fet pli g the various stakeholders, each
with specific interests and affected; dlrectly..m,,lhdu'éctly by the actions of others, relied on a
consensus approach. It was clear thatsolutions wbuld be accepted and supported only if they

emanate or are consistent mﬂfﬂtﬁ% stakehoi&ers ideas, are practical, and do not have major im-
pacts on them. Clear and*eﬂectweﬁ'commmumhons were critical for informed committee deci-
sions, To achieve tl-us,-aeach meetmg thad a progressive end objective to build a committee

consensus and to bring dovm Seme o .tﬁe barriers to working cooperatively to achieve them

The public process has relied t—d'date on keepmg advisory committee meetings open for public
input. A formal public meeting will be scheduled after draft plan review and adwsory commit-
tee consensus on recommended solutions.

Agency—representabon and input to solutions has occurred but on a limited basis, including
interaction with Watershed Action Plan agency representatives and discussions of setback dike
project with resource agencies (Department of Fish and Wildlife and U.S. Fish and Wildlife
Service). It is difficult to achieve agency interaction at this conceptual level of study. This draft
plan will provide the opportunity for agency review and input on recommended plan solutions.

Along a parallel path, the process has continued to build on the existing County commissioners
support, not only for commitments to implement solutions, but for actions to 1mplement
improved watershed controls such as policy and ordinance revisions. A briefing session was
held on June 8. Additional sessions are planned in request of County commitments to partial
funding of recommended solutions. :
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Recommended Solutions Consensus/implementation Strategy

A summary of the recommended strategy to achieving solutions consensus among the various
stakeholders, the public, and affected agencies, and building support for their implementation
is listed below. These items were integrated into the meetings and the framework of the plan.

1.

10.

11.

Identify makeup, operating structure, and responsibilities of the advisory committee fo
meet stakeholder preferences; define approach to achieving agreement on plan solutions
(e.g., consensus voting approach).

Provide a set of ground rules for meetings to allow all interested stakeholders to partici-
pate and to maintain some meeting structure to get to the end pbjectives.

Identify a targeted schedule to complete committee actiops,

Define a practicable set of goals and objectives for G solut;—bns, maintain focus an
achieving these throughout the process; revisit and pibdif them'as réquired.

Provide advance meéting agendas to all comz ¥ mbers so they can see how the
process will work and come to meetings prepared MMeanmgftﬂ input.

|F[

Spend time outside of meetings with stakafiol erg assure that their needs are being
met and to promote support for so tions g dback to elected officials.

gs \ere appropriate to inform them of targeted
céplancé;,atid to educate the stakeholders on specific
measures required for envirorimentdl coripliance.

=
i
s,

Coordinate the develdpmént &f stutfons with the goals, objectives, and results of the
Watershed Actién ‘Blan thréugh ongoing communications with the Skagit County
Planning Departmientiswheré practical, incorporate multi-objective features such as
water quality and fisleriés/wildlife enhancements into solutions.

Y

Identify tangible and meaningful stakeholder benefits to solutions; clarify what will not
be achieved as well, so that expectations are kept in perspective.

Keep the County commissioners well informed of plan progress, solutions, and funding
requirements to implement through staff briefings to build on existing support.

Keep committee members informed as to when key decisions are needed to stay on track
with the project schedule.

Makeup and Role of the Project Advisory Committee

Based on CFHMP development guidance developed in Comprehensive Management for Flood Haz-
ard Management (Ecology, 1991), public and agency participation is considered critical to the
success of the comprehensive flood hazard management planning process. For this plan, the
primary stakeholders affected by the current flood hazards and plan solutions are located
within various diking and drainage districts authorized under Title 85 RCW. Those districts
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that overlay the entire lower Samish River basin CFHMP planning area are as follows and are
shown on Figure 3-1.

. Diking District 5
. Drainage District 14
. Drainage District 16
. Diking District 19
) Diking and Drainage District 25

These diking and drainage districts construct and maintain flood control works and provide for
field drainage outside of roadway rights-of-way, including floodplain areas. Assessments are
~levied on residents within those districts to provide funds for such gttivities. Because the dik-
ing and drainage districts represent the residents in each district for fiood control and drainage

needs, the districts were invited to form an advisory COI"{_!H'HIll?t_' for development of the
CFHMP. A committee was formed consisting of the ceihmiission

' cothmilss nerg within each district,
Resource agency personnel were also invited (Department‘of:Fish and'i@g& "dgijfe), but declined to
participate, L |

The committee role was advisory; however, the plan sélutidns were developed based on the
committee members input and were adapted tosfridet their lacaliconcerns. Building a consensus
mfieting “objectives was the main goal of the
committee. Because all members (many of which agé longiterm residents) represented their
community and, in particular, the study#¥ea, theyiwbpé also an excellent resource for providing
input on flooding problems, concerns aﬁ"éi“@ij.l_t_ior? deas.
A series of meetings were held (séverito-date,ofdraft report) to understand local flooding
issues and problems; to develﬁp?*e@?z'“at_e%%nd p;ioriﬁze solutions; to build consensus for plan
recommendations; and to,ebtablish ah agigedto funding plan for implementing solutions. All
- meetings were open to-thedpublic. “JHe dafe, representatives, and results of each meeting are
- summarized in Append&ggfﬁxpetaigdf;hﬁnutes for all meetings were taken by Skagit County
and are available through this,Plibji€ Works Department. :

.:_5':“

T

OVERVIEW OF TECHNICAL PLANNING METHODS

Technical planning methods used in development of this CFHMP consisted of the following: -

. - Watershed hydrologic evaluation

. River capacity hydraulic modeling evaluation

. Alternative solutions technical feasibility evaluation
The basic approach considered for each of theée is described below.
The level of detail of analysis was commensurate with the concept level of solutions.g.nd the
available data to support their technical evaluation. Since detailed topographic mapping was

not available throughout the lower Samish River basin study area, estimated elevations based
on information from record drawings, field reconnaissance, and supplemental surveys
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conducted for this plan were made. Results of the above technical evaluations are presented in
Appendix C. Further detailed evaluation of. specific project recommendations will be required
with design of improvements (beyond scope of this plan) based on field surveys of the projects
area. '

Watershed Hydrologic Evaluation

Watershed hydrologic evaluation was limited to assessment of existing condition peak flood
flows (for 2- through 100-year recurrence interval events) based on available stream gage
records for hydraulic model evaluation. Consideration was also given to potential watershed
development runoff impacts as summarized in Section 6. No hydrologic modeling was
performed.

Methods used for existing condition flood flow frequency analySIS FFFA) are those described
in Section 6. Flood flow results for existing conditions are gipinrariZed in Figure 6-10. Peak
flows for the full period of gage record were used for inpuf’ hydraiilic modeling analysis.

~ River Capacity Hydraulic Modeling Evaluation ™

The basis of the existing FEMA floodplain mapp )
Creek confluence) is hydraulic modeling work Perforine by the Corps of Engineers
considering projected overflow of the Skagit River “the Samish Valley for the 100-year
recurrence interval event (FEMA, 1989).. Bue t§ the projected magnitude of overflows as
compared to corresponding Samisk'River geak-floves,for that event (approximately 8 times the
magnitude), no specific evaluation‘qf Samiistisepl§i:flood flows or floodways in that reach was
completed for the FEMA FIS, .Fer ei“ta_t__les":fhgpstf:i:=ﬁm of the Thomas Creek confluence, detailed
study mapping of the Samish.Ris “flootplain and floodway were completed by FEMA. The
extent of cross-section datasised irishydradlic modeling evaluations by the Corps of Engineers

were limited in the lowerziver reach

In the mid-1980s, the Soil Conservatién Service (SCS, now NRCS) conducted a limited hydraulic
evaluation of the lower Samish River between the Farm to Market Road and Chuckanut Drive
crossing. This was primarily focused on capacity analysis of the existing river channel.
Additional river channel cross-section data were collected for that work. '

Subsequent to the above analyses, additional dike height modifications have been made both
above and below Farm to Market Road. The hydraulic evaluation performed for this plan built
on the collective river channel data from those prior studies and modified it to reflect recent
surveys of the dikes supplemented by some additional cross-section data. Other record
drawing information was used where actual field survey data were not available or sufficient.

The hydraulic analyses performed were limited to a channel rating analysis between Samish
Bay and Interstate 5 to estimate the maximum capacity of the river system prior to overflow.
The HEC-2 step backwater computer model was used to model hydraulic backwater effects.
This model was also used for preliminary analyses to simulate the hydraulic benefits of
constructing setback dikes considering the assumptions made about the expanded river
corridor width. No data were available to specifically calibrate the modeling results (e.g., high
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water marks) consistent with recorded flood flows). Therefore, engineering judgment was used
to match modeling results closely to local resident observations of frequent flooding levels.

Primary assumptions used in the hydraulic modeling analysis are as follows:

. Steady state (fixed flow) hydraulic modeling basis

. Unobstructed flow in the river channel and at all hydraulic structures
. Manning's average channel roughness value of 0.050 (higher in off-channel areas)
. Starting tide elevation consistent with mean high water.elevation (approximately
elevation4.0NGVD) |
. No overbank flows (no failure or overtoppi
considered

Results of the hydraulic modeling evaluation for exlsa:mg o f{:‘tons are fabulated with model
input/summary output files in Appendix C. River chafmelireéboard depths (difference in dike
elevation and computed water surface profile) z & for the conditions evaluated.

Alternative Solutions Technical Feasibilit

Limited hydraulic analyses to suppor}: hnical

solutions were performed to meet-the” spetific.requifements of each project. Those analyses
were typically performed by harig aletilationbased on assumptions pertaining to those
projects, : | ] _

DESCRIPTION ANDCHAR]
Planning Area Boundariés, .

.?3-5':..-5*; .
The lower Samish River basin encompasses an extensive agricultural floedplain at the northern
portion of the Skagit Delta. For the purposes of this plan, the planning area is generally
bounded on the north by Chuckanut Drive and Samish Bay, on the east by Highway 99, on the
south by Joe Leary Slough, and on the west by Padilla Bay (See Figure 2-1). These boundaries
were established to coincide with the 100-year floodplain of the lower Samish River. The
descriptions of the planning area characteristics in the following sections are based on
. information given in the Samish Watershed Characterization Preliminary Draft Report (Skagit
County, 1994), which is part of the Watershed Action Plan. '

Topography and Geology

The lowland floodplains of the lower Samish River basin are defined by a vast network of
drainage ditches, levees, and coastal dikes interspersed throughout farmland. The natural
lowland drainage has been significantly altered by diking, filling, and channelization of the
river and streams. The whole area lies at nearly sea level. The upper watershed area, beyond
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the planning area boundaries, is composed of the foothills of the Cascade Mountains, ranges in
elevation from less than 100 to greater than 4,000 feet.

Surficial geological materials in the lower Samish River basin are primarily the result of
deposits from Ice Age glaciers, which ended about 12,000 years ago, and alluvial river deposits.
During early post-glacial time, the area of the present Skagit River Delta was a marine inlet that
was subsequently filled by sediment from the Skagit River. The Samish lowlands were formed
approximately 10,000 years ago by this sediment, which is composed primarily of sand, gravel
and silt. .

At one time, the Skaéit River likely emptied into Samish and Padilla Bays through a network of
braided channels (distributaries) fanning through the lowlands. Ove time, these distributaries
filled in and, as a result, the Samish became a separate river system m the Skagit.

Within the past century, the surficial geologic conditions have:¢haf ed.as a result of the diking
and dredging that has taken place in the lower Samish Rivet*fasin. Wetlands and salt marshes
have been filled, which has altered the natural course of stteains,

Climate

ar ﬁuld wet, and cloudy, with the
“Bécember has the highest average
out 30 inches in the planning area

Soils Characterlzatlo"n’ El Mmeral Resources

=!;§!E:

sﬁ' ,ﬁ’

Detailed soil surveys of Sk f“and Whatcom Counties were conducted by the Soil Conservation
Service (SCS) (which has smue 'been ‘renamed the Natural Resource Conservation Service) in
1989 and 1992. The surveys idetitified over 70 soil types within the Samish watershed. Soils on
the floodplains and deltas of the lower Samish River basin were characterized as very deep,
poorly drained to moderately well drained, and level to nearly level. The majority of flood
damage in this basin results from the inability of the soil to infiltrate standing floodwater. This
results in extended inundation of farm fields and delayed planting due to saturated so11
conditions.

Sand and gravel mining takes place in the glacial deposits of the Samish watershed, and there
are currently active mining permits issued by the Department of Natural Resources (DNR)
within the lower Samish River basin.

Hydrology

The lower Samish River basin is one of six sub-basins delineated in the Samish Watershed
Characterization Report (Skagit County, 1994) for the purpose of identifying hydrologic units
with similar characteristics within the Samish watershed. FEMA identifies virtually all of the
lower Samish River basin as a 100-year floodplain. Significant flood events that occutred in
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1983, 1986, and 1990 submerged large portions of the floodplain; the 1990 flood was considered
a 35-year event.

According to data from a U. S. Geological Survey gaging station that was maintained on the
Samish River below the H1ghway 99 bridge from 1943 to 1971, average daily flows were

- summarized as follows: -

Fall-164 cubic feet per second (cfs)
. Winter—-458 cfs

. Spring--259 cfs

. Summer--62 cfs

Biological Resources

Vegetation

Vegetatmn within the study area is generally a function, 1&11 zse, whmlus discussed in more
detail in Section 5 of this plan. Almost 75 percent &f the Ali.l.l':li.‘i in the Samish River basin is
agricultural, 11 percent is forested, 12 percent is open rutia] or woodlots, and the remaining land
is developed for residential or commercial purpgsai

Wetlands

Until extensive dlkmg, dredging, and: ﬁ]lmg ’began i the lower Samish River basin within the
last 100 years, wetlands probably t:mhpnsed"a ma,;m‘ portlon of the planrung area. Now

water quahty protect agzamst'ﬂbedmgl “Stabilize shorelines, recharge groundwater and
maintain stream flows. i e

Wildlife

Species that occur within the“lower Samish River. basin/planning area included in the
Department of Fish and Wildlife Priority Species List include the bald eagle, peregrine falcon,
blue heron, black brant, osprey, sandhill crane, and common loon. Samish and Padilla Bays are
part of the four-bay complex that is considered one of the largest and most important wintering
habitats south of Alaska and north of Mexico for the birds noted above and many other bird
species. In addition, many birds, such as the bald eagle, nest ad]acent to Samish and Padilla

Bays.

The estuarine and salt water portions of Samish and Padilla Bays provide habitat for river otters
and harbor seals. Black-tailed deer also are common in the rural and forested areas of the

planning area.
Fisheries Resources

Tidal influences in the first four miles of the Samish River create a critical adjustment zone
between fresh and saltwater for fish swimming in from the ocean, but no reaches of the river
has been identified as having “substantial value” for resident fish populations below Friday
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Creek. As changes in existing hydrologic patterns in a watershed could d1rectly impact fish and
aquatic wildlife, this plan should take their habitats and sustainability into account.

Several species of native and non-native salmon and trout that use the Samish River and its
tributaries for spawning and rearing are listed below.

¢ Chinook. Chinook salmon are probably native to the Samish River, but the present fish
population is primarily from the Friday Creek fish hatchery stock. Between 1989 and
1992, the Department of Fisheries estimates found the Samish River Chinook to
comprise 15 to 25 percent of the total Puget Sound Chinook run.

* Coho. Coho salmon using the Samish River are of mixed native and non-native stock

and spawn in the wild on almost all tributaries. The Sami h _gBho comprise between 1
and 4 percent of the total Puget Sound run.

species is probably more sensitive to intensive lg
basin that more directly affect their habit

Cutthroat.

The cutthroat

shelifish is harvested and cxﬁmr’ ih Samish Bay and monitored by the Washmgton State
Department of Health. :

Marine Hébitat

Samish Bay provides a rich marine environment for fish, shellfish, marine invertebrates, and
waterfowl. Mudflats extend from a half mile to over one mile into the bay, and remnant pockets
of salt marsh are found in portions of the mudflats. Beyond the mudflats, eelgrass is the
predominant vegetation. The eelgrass system supports many marine spec1es as well as juvenile
anadromous fish and waterfowl.

Water Resources

Ih addition to the Samish Riv'er and Edison, Neuman, and Joe Leary Sloughs, there are
approximately 63 miles of streams in the lower Samish River basin. Sixteen and a half miles of
these streams are classified as major fish-bearing waters
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Groundwater in the lower Samish River floodplain is susceptible to contamination from
petroleum products, pesticides, nitrogen, and phosphorus because of the permeability of the
soil layers and increasing human activity. Naturally occurring contaminants such as seawater,
iron, manganese, and other minerals are common in the Samish floodplain (Willis, 1994) but are
not considered a significant health risk by the Skagit County Health Department.

Transportation

Within the lower Samish River basin, there are 78 miles of roads. Interstate 5 and Highway 99,
primary roads, total 13 miles; secondary roads, such as Chuckanut Drive and Farm to Market
Road, total 21 miles; and the remaining 44 miles of roads are light duty or unimproved.
Portions of many secondary and light duty roads within this areg.become submerged and
impassable during flood events.

Recreation
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Section 4

GOALS AND OBJECTIVES

A set of comprehensive goals and objectives was developed jointly with the dike and drainage
districts' advisory committee and Skagit County to provide an organized framework to guide
the solutions planning and evaluation process for flood hazard reduction in the lower Samish
River basin. These goals and objectives also provide the basis from which to assess the ultimate
success of the planning process and the follow-on recommended actions for implementation of
plan solutions. The goals represent the broad spectmm of desired results and improvements to

GOAL NO. 1

Improve protection of public health and safety
basin.

Objectives

1la.

. Samish Rwe:; onlj_r ﬂoedmg
. Skagit River ovgrﬁaw Hooding

1b.  Clearly define and disseminate emergency action plan and procedures usirrg:

. Flood warning and forecasting system
. Evacuation emergency response routes
. Temporary manpower, equipment, and supplies for flood fight

lc.  Identify opportunities to improve flood protection of existing structures by:

. Ring dikes around structures
. Floodproofing and elevation of structures
1d.  Provide permanent warning signs for flood-prone sections of public roadways.

le.  Maintain emergency shelters with essential supplies for displaced flood victims.

7/7/95 4-1 Goals and objecti#es
SEA/1002B2CD.DOCP



CHMHILL

GOAL NO. 2

Provide practical, cost-effective solutions that will result in measurable reductions in flooding
frequency, duration, and frequently flooded area damages.

Objectives

2a.  Identify feasible river channel improvement projects that maximize the level of protec-
tion under frequent flooding conditions by:

Selected diking and drainage district maintenance projects

Dike height adjustments and stabilization of madequaté'f pvertopping sections
Limited dike extensions not resulting in water level, mqpacts

Added flow capacity at restrictive roadway crossifigs, ™

. o » »

2b. Preserve and enhance existing overflow swales’ fl W.;:apacmes a.nd"acontrol their further
filling by: : =5

2c.

GOAL NO. 3

Implement- comprehensive floodplain management regulations to control future watershed
growth impacts to flooding in the lower Samish River basin.

Objectives
3a.  Develop and implement floodway designations for the lower Samish River by: -
e Agency coordination (FEMA and Ecology) to achieve floodway mapping

. Adequacy of existing County floodplain ordinance
. Enforcement provisions

3b. Ideéntify frequently flooded areas; regulate further development in these areas by
County code and ordinances.
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3ec. Define further modifications needed to surface water control element of development
standards, to ordinances, and to the development review/approval/enforcement proc-

esses by:

. Control of "ditch and drain" practices

. Enhanced detention standards

. - Improved erosion/sedimentation controls
L]

Enforcement provisions

3d.  Assess expected watershed growth effects within framework of County growth man-
-agement program based on: '

Increased runoff flows/volumes of targeted watershé
. Land surface conversion controls
. - Watershed management practice controls (e.

3e.  Define opportunities for improved basinwide

Changes to existing lake outlet flow regulatio

®*  Regional detention Oppormﬁﬁes:,;-f tl‘kb___l}tary

GOAL NO. 4

Achieve diking/drainage district, 4 wdaes ce agency consensus for recommended
solutions. : =

Objectives

.

4a. Jointly coordinate’th:
recommendations. '

d Watershed Action Plans’ development and

4b.  Incorporate and prioritizéelected diking and drainage district projects within plan.
. Modify to achieve County and permitting agency acceptance

4c.  Identify and incorporate joint project opportunities within the County road improve-
ment program (6-year CIP). '

. Reduce roadway blockages .
. Culvert installations within overflow channels

4d. Involve resource agencies in planning to achieve buy-in for recommended projects’
permitting.

¢ - Increased opportunities for funding support
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4e.  Provide water quality and fish/wildlife habitat improvement features with recom-
mended projects (where feasible), including:

. Flood protection of dairy barns (minimize water quality impacts)
. Return channels’ water quality treatment areas
. River channel and off-channel fish habitat enhancement areas
. Selective riparian planting of river channel setbacks
GOAL NO. 5

Document solutions consistent with Ecology FCAPP requirements, (WAC 173-145-040) to
maximize further grant funding opportunities for project and program.dmplementation.

Objectives

5a.  Develop plan document to meet requirements of
. Flood history, problems, and needs
. Goals and objectives

5b.
needs.
. Flood redsgﬂ. e mamﬁgnance and improvement projects
. Floodplam‘an oodwafmappmg needs
. Funding nee .imiﬂecemmended funding plan
GOAL NO. 6
Build effective political and legal strategy to result in implementation of plan solutions.
Objectives
6a.  Maintain and build on County commissioners’ support for program implementation.
. Periodic briefings on plan status and solution recommendations
. Field tour of recommended solutions
. Policy and ordinance needs to better regulate development runoff and manage

floodplain

7/7/95 4-4 Goals and objectives
SEA/1002B2CD.DOCp



CHMHILL

6b.  Identify legal issues associated with routing of floodwaters back to river and bay; define
. County's limitations in achieving this.

6c.  Recommend implementation strategy within identified implementation constraints.

The following sections document alternative and recommended project improvements and
suggested revisions to current County programs and policies for floodplain and watershed
management. The alternative structural solutions considered were evaluated by the dike and
drainage districts’ advisory committee using criteria developed from these goals and objectives.
Nonstructural solution recommendations included in this plan were also measured against
these goals and objectives. '
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7/7/95 4-5 Goals and objectives
SEA/1002B2CD.DOCp




® SECTION 5 POLICY AND REGULATORY ANALYSIS

¢ Flood Damage Prevention Ordinance
» Drainage and Erosion/Sedimentation Control
Ordinance
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Section &

POLICY AND REGULATORY ANALYSIS

A critical step in managing flood hazards is to develop policies and regulations that limit or
condition development of additional improvements in areas subject to flooding or that increase
flood damage to other properties or resources. Under the requirements of the Growth Manage-
ment Act (GMA), floodplains, along with wetlands, fish, and wildlife habitat areas, and other
areas, are subject to regulation as “critical areas” where development is limited to protect the re-
source or avoid hazards to property owners. Policies concerning critical areas typically are set
forth in the conservation element of a jurisdiction’s comprehensive, plan, with a critical areas

ordinance placing spec1ﬁc limitations on devclopmcnt Although.j:hem tend to be common fea-

_&Wwr' right, in practict many of the other
critical areas policies and regulations also serve to limit, flsg dglam development. For examplc
the area immediately adjacent to a stream channc_:l_ is ust ;

This section briefly examines the pollcle and regulatlons of Skagit County as they relate to
floodplain development. A dlscussm
in Appendix E.

Local regulations that ofte ANHo fleo" hazards include comprehensive land use plans, a
zoning ordinance, flood damage preventxon ‘ardinance, Shoreline Master Program, Sensitive Area

Ordinance, building codé

draln ge erdmance

FLOOD DAMAGE PREV§NTION ORDINANCE

In Skagit County, the primary regulation for development in a floodplain is the Flood Damage
Prevention Ordinance, Title 15, Chapter 15.20 of the County Code. Section 15.20.070 defines
Areas of Special Flood Hazard as those areas identified by FEMA in the Flood Insurance Study
Jor the Unincorporated Areas of Skagit County, Washington (FEMA, 1989). The ordinance re-
quires that new construction within a floodplain be elevated one foot above the FEMA predicted
100-year flocd level and/or flood proofed. Development in floodways is not permitted. In the
Samish River floodplain, however, floodways have not been designated. Thus, development in-
cluding fill is permitted in the Samish River floodplain.

Construction in the floodplain has the potential to subject the new development to flood hazards
and to increase the flood hazard for other properties in the floodplain. Filling in the floodplain
reduces the available area for storage of flood waters. The loss of storage increases the depth of
flooding on remaining propertlcs There is no provision in the County’s regulatlons to compen-
sate for this impact.

7/7/95 5-1 Policy and Regulatory Analysis
SEA/1002B385.DOCp



CHMHILL

In the Samish ﬂoodplam ﬂoodways and overflow channels have not been identified by FEMA;
therefore, development in these areas is subject to substantial hazards resulting from inundation
and velocity damage and significantly increases hazards on other properties. Blocking flood
flows in these areas divert the flows onto other properties and increases the depth of flooding.

DRAINAGE AND EROSIONISEDIMENT'ATION CONTROL ORDINANCE

A related ordinance is the County’s Drainage and Erosion/Sedimentation Control Ordinance.
- This ordinance does not restrict deveélopment in the floodplain but requires that subdivisions,
planned unit developments, mobile home parks, and Shoreline Substantial developments provide
retention/detention facilities for stormwater originating onsite. Thesordinance requires that
stormwater from a 5-year return interval storm be detained onsite ami ;eleased at a rate that does
not exceed the rate from the site before development. Runoff, from’ =smaller and larger storms
may be discharged at higher rates. There is no provision f mpené'a!;lon of lost floodplain

storage capacity. Thus, this regulation aiso allows dcvelﬁpment in tharﬂoodplmn that has the

for stormwater detention facilities results in relat eiy ms’hon detentlon times; detention ponds
fillup and drainout before the peak of a flood in &merdsystﬁm passes. The drainage ordinance
applies only to large development proj “Smakl pmjects such as short plats and individual
homes are not required to provide deteri Ilumu'}atlvcly, these small projects have a signifi-
cant affect on downstream flows. 'l*h;S' die: ta,reEqQVal of the forest, increased impervious sur-
faces, and the common practice.of, cofistru w'ng dit€hes and connecting them to the County road
ditches to “dry-out” sites. —The-d;mﬁag wdifehes greatly reduce groundwater storage of storm-
water and speed the flow’ Qf stonnw@ter to*strearns and the river. Thus, in the Samish River
system, new developmentuir m“the upper watershed will increase flooding in the lower river even

with enforcement of the drama»geao dlnance

- The County is presently consuie%g adoption of a new drainage ordinance that would increase
the standards for onsite detention of stormwater.

Development of policies that would define floodplains as critical areas in Skagit County and pro-
vide protection of critical areas is presently under way pursuant to the requirements of the GMA.
Identifying locations of floodplains, floodways, wetlands, and streambanks and hmmng develop-
‘ment in these areas would greatly alleviate flood hazards.

The State Environmental Policy Act (SEPA) requires agencics to identify the impacts of new de-
velopment and allows the imposition of mitigating measures for those impacts. For example,
under SEPA, new development can be conditioned to include mitigating measures that go be-
yond the local drainage ordinance if specific downstream impacts are identified. However, this
requires significant additional analysis on a case by case basis and the jurisdictions must be
aware of the potential impacts. There are numerous exemptions and thresholds that allow devel-
opment projects to occur without mitigating measures, but the case-by-case approach allows in-
consistency. Inconsistency is a problem for both the regulators and the developers. Regulators

7/7/95 5-2 Palicy and Regulatory Analysis
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need consistency to ensure that impacts are addressed and to ensure fairness. Developers need
consistency to be able to make informed decisions about their investments.

seal002B385.doc
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- Leary and Edison Sloughs as well as in several other flo

Section 6

FLOOD DAMAGE HISTORY

PRIOR FLOOD CONTROL ACTIONS/INVESTIGATIONS

When the Samish Valley was originally settled in the late 1800s, flooding likely occurred fre-
quently and subsided quickly. Historic records suggest that in its natural condition the lower
Samish River had up to six distributaries flowing from the vicinity of Old Highway 99 to Sam-
ish and Padilla Bays. According to longtime residents, the river was straightened and con-
densed into the existing primary channel in the late 1800s or garly 1900s to improve the
transport of logs down the river from the upper watershed argd fdr collection in Samish Bay
and rafting to sawmills on Puget Sound. Remainders of histopie, channels are evident in Joe
ths antl, ufdulations in the valley

floor that have been reclaimed for agricultural purpose

Diking of the river genefally began in”the 1940s and 50 as”%e er road access was provided to

the valley and more intensive farming began. A cordings,todpngtime residents, the first dikes
along the river were built by individual farsiers 4s.a méansef protecting their fields from
spring runoff and allowing them the opportani
Through a program in existence at that_time, theigen
one-third partnership between the fariner, the county, and the state. As the dikes were built
individually over a term of years,__ﬂ{g}fég_;fw 3 \rery littlé;,coordination on dike heights or construc-

tion standards. Between 1988 afid 19907 the, dike¥ from Farm to Market Road to 3,000 feet

downstream of Chuckanut Drixe ‘wyvefg"i'q__ﬁi.lilt Tosmore consistent standards. This project was

funded by the diking dJSmffrng\assﬁtaf?@e from the County's River Improvement Fund. No
additional new dike coﬁgﬁ&ﬁiﬁon has“"qccméﬁ since 1990. '

Frequent flooding in thejower Samish River results from inadequate channel and bridge
crossing hydraulic capacity ag “#é6mpared to watershed runoff. The dikes along the reach of
river downstream of the railroadbridge have been constructed directly on the river banks, with
no setbacks or overbank capacity available. Channel capacity through this section of river is
approximately equivalent to the 2-year frequency flood flow. Partial filling of historic overflow
channels and elevated roadway sections (without culverts) also exacerbate upstream flooding
problems by raising flood elevations. Additionally, there is a lack of adequate capacity to re-
turn out-of-bank flows back to the river, which leads to extended periods of standing flood-
water (weeks to months) behind the roadways and dikes. Floodway regulations have not been

defined for the lower river reach. :

Historically, the Samish Valley has also been a distributary for flood flows from the Skagit
River. Skagit River flood flows exceeding the 25-year frequency could potentially cross into the
Samish Valley and lead to extensive flooding. Skagit River 100-year overflows to the Samish
Valley have been estimated at approximately ten times the estimated 100-year Samish River-
only discharge rate. Flood mapping by FEMA for the 100-year Skagit River overflow shows the
entire Samish Valley area as being inundated from approximately the railroad alignment to Joe
Leary Slough, as shown in Figure 6-1. '

7/6/95 6-1 Flood Damage History
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Numerous investigations have been prepared for the Samish/Skagit River basins by several dif-
ferent agencies. To date, no large-scale projects have been implemented on the Samish River
from these previous studies. In most cases, potential floodplain benefits for projects could not
justify federal funding support. This has contributed to a reduction in the residents’ trust in lo-
cal and federal agencies responsible for management of the floodplain. This plan will include
smaller scale projects that will provide benefits and can be funded and implemented, in addi-
tion to consideration of those larger scale projects. A partial list of the previous major studies is
included below.

. Army Corps of Engineers (COE)-Studies conducted by the COE have dealt pri-
marily with flood control issues on the Skagit River. These reports were devel-
oped in 1925, 1933, 1937, 1952, 1965, 1967, and 1979 to.address different aspects
of Skagit River flooding. :

(fg;n;grly Soil Conservation
gfrgports on'théxSamish River in con-
rst was a Witershed Investigation Re-

‘Report was completed in 1985 and

. Natural Resource Conservation Service (NRCS
Service [SCS])-This agency developed tw C
junction with the U.S. Forest Service. TH
port developed in 1968. The Samish Stuidly Te
provided an outline of flood control altéin s for the Samish River. A third
report, Preauthorization Plannin&ﬂ?pq;”t  for i wish River Watershed, was devel-
oped independently by the SCS'in %988, " This Teport studied the potential for the
reduction of flood damage (priﬁéigfﬂy___t :e;gﬁiands) from erosion and sediment

deposition. Flooding of«cBirgnunities aiid homes was addressed as a secondary

- concern. The preauthoriZatidn report found that the amortized cost of flood

control facilities wguld be Jess than the annual benefit received from the facili-

ties; thus, no flood comfrdt projeits Were initiated by the SCS.
> Booc ¢

i -
F =

. Federal Emi %“M;mﬁagément Agency (FEMA)}-A Flood Insurance Rate

. i S

Study fot Skagit Cotinty was sponsored by FEMA in 1984 and revised in 1989,
These stud:gg"egtabhg}lgd flood insurance rate zones for the unincorporated por-
tions of the Cyufityapd provided information to the County for floodplain man-
agement. The Tiggdplain/floodway of the Lower Samish River (without Skagit
River overflow) was not evaluated by conventional detailed study methods.

. Western Washington University (WWU)-In 1986 and 1987, a WWU team con-
ducted a study of coliform bacteria levels in Padilla Bay as well as in the Samish
River and Edison Slough.

. Skagit County Planning Department-The Planning Department has been work-
ing with a Watershed Management Committee since 1993 to develop a Water-
shed Action Plan. This plan is targeted at development and implementation of
project policies to reduce nonpoint pollution and improve water quality of the
Samish River and its watershed. The schedule calls for finalization of the plan in
the second quarter of 1995; however, the final draft may be delayed beyond that
date. To date, the Watershed Management Committee has prepared and dis-
tributed a Watershed Characterization Report (Skagit County, 1994) and other sup-
porting information. ' -

7/6/95 : 6-2 Flood Damage History
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HISTORIC EVENTS

Flooding of the Samish Valley has been an ongoing and frequent problem. Dikes along the
lower river area, downstream of the railroad bridge, generally can contain less than the 2-year
runoff event. Flooding of the area immediately behind the dikes is common on a yearly basis.
Flooding on the river is directly related to rainfall because the watershed area is almost entirely
below the typical snowpack elevation, thus negating the effect of spring snowmelt runoff.

Flows were recorded on the Samish River from July 1943 through 1983 by the U.S. Geological
Survey (USGS) at a gaging station just downstream of the U.S. Highway 99 bridge near river
mile 10.3. The USGS data provide information on daily mean flows at the gaging station from
July 1943 through September 1971. Between 1971 and 1983 the U$GS collected and recorded
only peak flow data from this gage. This information provides a record of flood flows on the
Samish River. When analyzed, this information defines the exp d:flood frequencies (annual
exceedance probability) for a given flood flow based on wat Hed Tandise conditions over the
period of record. Review of the information shows theresvere 16 évetits, covering 33 days,
when the river flow exceeded 2,000 cubic feet per secopt (¢fs) diaring the28-year period of daily
records. Additionally, during the 13 years of annual ‘heakeflow' gaging up to 1983, eight more
events were recorded with peak flow above 2,000 cfs. "Tablg 6-1 summarizes the occurrences

and recorded maximum flows of flood-produgifig @wgnts ove, the period of gage record.

9

e, Tgble &
}Hlsﬁonnglo%dmg
Samish Riveg Regetded Flows Exceeding 2,000 cfs

5 i

e r— e T
Recorded ] Recorded Recorded
Maximum Maximum Maximum
Flow Flow Flow
Date (cfs) Date {cfs) Date {cfs)
7-Jan-45 2,340 28-Jan-65 2,460 27-Jan-71 2,080
25-Oct-45 3,740 2,260 29-Jan-65 3,130 30-Jan-71 2,900
26-Oct-45 3,430 10-Dec-56 2,680 30-Jan-65 2,520 31-Jan-71 3,170
11-Dec-46 2,480 12-Nov-58 2420 | 31-Jan-65 2,130 6-Mar-72 3,790
17-Feb-49 3,910 24-Jan-59 2,210 25-Dec-67 2,840 26—Dec-?2‘ 3,730
27-Dec-49 2,510 15-Dec-59 2,600 26-Dec-67 2,130 24-Jan-74 3,380
28-Dec-49 5,020 20-Feb-61 2,160 5-Jan-69 2,020 2-Dec-75 6,020
29-Dec-49 2,840 21-Feb-61 3,260 24-Jan-71 2,720 2-Dec-77 3,090
9-Feb-51 2,160 22-Feb-61 2,560 25Jan-71 2,370 18-Dec-79 6,340
10-Feb-51 3,760 23-Feb-61 2,000 26-Jan-71 2,750 24-Jan-82 5,590
10-Jan-83 . 8,440

7/6/95.
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Peak-runoff rates combined with runoff volumes determine the out-of-bank volumes that are
produced by flooding events. The out-of-bank volume produced by an event determines the
areal extent of flooding. In the Preauthorization Planning Report for the Samish River Watershed
(1988), the SCS outlined the extent of flooding for two large events from aerial photography.
Figure 6-1 includes the area of flooding from these historic events. A 1983 flood event, with
peak runoff estimated at a 43-year return frequency, covered most of the valley with standing
water. The 1986 event, estimated to be a 10-year return frequency, covered a somewhat smaller
area of the valley.

Additionally, in November 1990, within a 2-week period, two large flood events occurred that
left the valley inundated for an extended period of time. Gage readings are not available for
this event as the gage has been out of service since 1983. Records from,other nearby rivers show
flood flow frequencies for the November 10 and 11 event in range of fhe 5- to 25-year recurrence
flows and the November 24 and 25 event in the range of the“10-%p 100-year recurrence fre-
. quency. Available aerial photographs from the 1990 event, tikeft aftetrfhe fact, do not indicate

the flooding extent (Figure 6-1) was as widespread as the’1583 eventt; héwever, longtime resi-
dents of the area recall the 1990 flooding as being the mbst'5ignificant afid.dongest lasting in re-
cent memory. :

As mentioned earlier, flood flows from the Skagit-River bagin*gould cause a flooding hazard in
the Samish Valley. Studies by FEMA have found-thétthe Skagit River levee system in the vi-
cinity of Mount Vemon and Burlington has the ity ttrretain water levels for up to the
25-year return frequency flood event. .Bwents of er magnitude could disperse across the
Skagit floodplain or cause levee oveptoppiggiand berid large volumes of water to the northwest
from the Mount Vernon/Burlington area?ifitt=thé, Samish Valley. The anticipated 100-year
Skagit River flood flow into the lo%g_fﬁammﬁ”ﬁi has been estimated at 86,000 cfs, compared
to a 100-year Samish-only flow=estiminge“af approximately 9,600 cfs. The last remembered oc-
currence of Skagit River g¥erfiow iritp the Samish Valley was in 1932 or 1933 (SCS, 1988). It is
speculated that anotheg”SKagit Rivgr pverflow into the Samish Valley was close to occurring
during the November 2%sartd, 25 1990,}flood event; however, a Skagit River dike failed down-
stream of Mount Vernon dn_Fig, Jslarid, lowering the upstream water surface and preventing
dike overtopping in the vicinity of#ount Vernon.

Figures 6-2 through 6-8 provide photo documentation of flooding on the lower Samish River
after the November 1986 and November 1990 flood events. Residents report that floodwaters
from the 1990 event took as long as 3 months to recede because of road fills blocking natural
drainage paths and insufficient return channels to the river through the dikes east of Farm to
Market Road. An approximately 3,000-acre area between Farm to Market Road and the sea
dikes was inundated at depths reported up to 5 feet during the November 1990 event. Up-
stream overflows were partially conveyed to Joe Leary and Edison Sloughs. Large volumes of
overflows were impounded behind (south of) Allen-West Road for an extended period. Dam-
ages from these events included flooding of structures and residences, root damage to berry
canes, loss of cover soil, and damage to root crops.

7/6/95 6-6 Flood Damage History
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Figure 6-2

Looking Southwest at Thomas Road Bridge and Samish River
' November 1990

Gravel

Pit--

' Figure 6-3

Looking South at Vicinity of Highway 99 and Thomas Creek
November 1986
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Figure 6-4

Looking Southwest at Community of Allen
November 1986

Figure 6-5 o

Luoking Northeast at Vicinity of I-5 and Sam Bell Road
November 1990




Figure 6-6

Looking East at Vicinity of Sunset Road and Market Road
November 1990

Figure 6-7

Looking South at Samish River Upstream of Farm to Market Road
i November 1986
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-
Figure 5-8
Looking East (Upstream) at Samish River Floodplain in Vicinity

of Thomas Road
November 1990
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CURRENT AND PAST PROBLEM AREAS

Flooding in the Samish Valley is relatively widespread. Particular problem areas are located
just behind the dikes on both sides of the river between Farm to Market Road and Chuckanut
Drive; the community of Allen, which is located in an overflow path; and the south side of Al-
len-West Road, which traps floodwaters that lead to extensive periods of flooding. Several of
the diking and drainage (D/D) districts have provided input on flooding problem areas in the
Samish floodplain area. Figure 6-9, which identifies problem areas, was developed based on
comments from the D/D districts, information in the 1988 SCS report, and input solicited at the
stakeholder meetings held for this project. Many of problem areas are associated with standing
water either behind roadway fills or overtopping roadways, thus impeding traffic and creating
a public safety hazard. T

&

The number of structures located within the floodplain was t@bﬂla;_é&;;sing the flood boundary

estimates for the 1983 Samish River flood area and typlcal—.Skaglt 'Rifétéoo-year flood events.
Overlays of these two flood boundaries were placed ontg’a.sécent aerigl photo of the planning
area, and the number of potentially affected structuge withiry, the bouhdaries was then pro-
- jected. Because of focal variatioris in topography, gt lldfithe structures within the flood
boundaries would be touched by floodwater; however,"properties associated with such struc-
tures could still be damaged by floodwater. A &stimate 6f the,number of potentially affected
residential structures and farm buildings is prekerife inFable6:2.

_ Groups of Buildings
Area Farming Residential
Samish River
1983 Observed Flood Ar 32 80
Skagit River o ,
FEMA 100-Year Flood Boundary® 67 : 138

FUTURE DEVELOPMENT RUNOFF IMPACTS

Prior to European settlement, most of the Samish Watershed was heavily forested, with the ex-
ception of fresh water and estuarine systems and some open wet meadows. Most of the water-
shed was logged between 1890 and 1940 and since then has been converted to agricultural and
- developed land uses or replanted for future logging. Estimated population growth within the
Samish Watershed boundary is expected to grow by 4,600, or approximately 43 percent, from
1993 to 2014 (Skagit County, 1994). With the increase of population comes an increase in im-
pervious area from buildings, roads, and lawns. Because impervious surface decreases the
amount of precipitation that can percolate into the soil for storage and slow release and because
impervious surface decreases the time of concentration, peak flows in the river could occur
more often and be of greater magnitude as development increases. Runoff volume would also -
increase,

7/6/95 6-11 Flood Damage History
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The current land use and cover are shown in Table 6-3. If the land were developed to meet
build-out to current zoning regulations, the basin would lose approximately 28 percent of its
current forested land and 13 percent of its current agricultural land. Although rural/low den-
sity residential land would increase by only 5 percent, medium- to high-density residential land
would increase more than fivefold from 1,513 acres to 8,417 acres (an increase of 556 percent).
Higher density residential land creates a significant increase in impervious land surface, includ-
ing the need for more roads. Without proper control measures in place, problems associated
with increased runoff flows and volume could result.

_ Table 6-3
Samish Watershed Land Cover/Land Use'
1990 Land Use | Current Zoning® Difference
Acres
Acres (percent loss/gain
Land Cover/Type - (percent of total) from current)
Forest0-10years 9,138 (10.1)
Forest 10 - 30 years 5134 (5.7)
Forest 30+ years - 34,650 (38.4) . :
Total Forest 48,922 (54.2), 13,610 (-27.8)
Agricultural |- 20,022 (22. 2)”' 2,652 (-13)
Rural / Woodlot 12,882714,3) *
Rural/ open A48 50
Residential Low Density % 47 (e,
Total Rural/Low Density .ﬁ_g:va:E}S"‘BlB‘*llQ 9) 22,620 (25) 4,607 (+20.4)
Residential Medium Dengify="1"_"676'@.7} 5,343 (5.9)
Residential High Densify %, %837 (09) 3,074 (3.4)
Total Med + High Density. | A, 513 (1.7) 8,417 (9.3) 6,904 (+556)
Golf Course’ ] 198 (0.2) 198(0.2) 0 (0)
Interstate 5 Highway® = 326 (0.4) 326 (0.4) 0 (0)
Freshwater lakes/ponds 987 (1.2) 798 (1.2) 0{0)
Gravel Pit 7 354 (0.4)
Rural Forestry Reserve 1,248 (1.4)
Agricultural Reserve 2,562 (2.8)
Other 3 1,825 (2)°
| TOTAL | 90,338 (100) 90,338 (100)
*Numbers are rounded from Watershed Characterization Draft Report (Skagit County, 1994).
*Most land use designations are expected to vary little with regard to growth management
planning; therefore, change identified in column 4 is using a worst case scenario, such as that
the land was developed to the maximum amount allowed by current zoning regulations.
‘No change assumed.
‘Zorung includes less than 2 percent public use and a very small amount commerc1al

7/6/95 ' 6-12 Flood Damage History
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CHMHILL

Peak flow data for the Samish River from 1944 through 1983 were used in a Flood Frequency
Analysis Model (FFA) developed by the U.S. Army Corps of Engineers to estimate the lower
Samish River peak recurrence interval flows for various periods of record. Figure 6-10 shows
the results of the FFA model and quantifies the recurrence intervals based on peak flows for
39 years of available data. The four data intervals analyzed are shown in Table 6-4.

Table 6-4
FFA Data Intgrval Characteristics

Total Average Annual Rainfall at Sedro Woolley

Number of (inches),
Time Interval Years (from avaj able data)
1944 - 1983 39
1944 - 1958 14
1957 - 1971 14
1970 - 1983 13

zed t0 eStablish the average recurrence interval
d-Coyerironditior’s throughout the period. The data were
then divided into three equal inter¥al€ to shbsy if & frend in peak flows exists by time period.
As shown in Figure 6-10, the 1957419%} péried hiss e lowest discharge compared to the other

three data sets, while the 1970:1983%heriad shotws the greatest discharge. There is no obvious
chronological trend with thése datdhecaysédischarge for the 1957-1971 data fell below both the
1970-1983 and 1944-1958" peériods’, WijthSat 'more specific watershed event precipitation data
and information on laﬁ'd,__;tiﬁg__ charadtesistics, such as forest cover and impervious land area for
each time period, it is diffictil{ to draw conclusions from these results. In addition, because
much of the land use changé, ptiopto 1984 were primarily a result of logging and agricultural
practices, streamflow data froff1984 to present would better assess the impacts of increased

urbanization on streamflows in this basin.

An analysis of a basin of similar size and climatic characteristics that has undergone suburban
development in the last 35 years provides an indication of potential impacts of suburban devel-
opment on streamflow. A recent study of the Issaquah Creek basin (King County, 1991), which
is of similar size and hydrologic character as the lower Samish River basin, quantifies the in-
crease in runoff as resulting from the change in land cover/usage from forested land to current
land use characteristics. Land-use cover is defined primarily by three major elements: forest,
grass (pasture and residential clearing), and impervious surface. As forested land was replaced
by grass and impervious surface, to its 1989 condition, Issaquah Creek experienced a 7 percent
increase in its 2- through 100-year average peak flow. Future land-use conditions in the Issa-
quah Creek basin were derived from existing zoning and comprehensive land use plans for
King County and the City of Issaquah. If the highest foreseeable level of development occurs,
resulting in the highest potential runoff, results of the model show an increase in streamflow by
30 percent from forested to future land-use conditions if inadequate runoff control measures are
taken. Figure 6-11 shows results of this study.

7/6/95 6-15 Flood Damage History
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Figure 6-11 _
Issaquah Creek Changes in Elo

Based on the Issaquah Creek flow frequency “it, appears that further development
within the Samish River watershed, without r sontrol “would lead to higher flood flow
rates and volumes. If no additional nvérscapadity’ of runoff controls are provided, the fre-
quency and severity of field and striic oding will likely increase. Runoff control and

zoning regulations and/ or setback:{; alo; the river channel could reduce these impacts.
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Section 7

ALTERNATIVE FLOOD HAZARD MANAGEMENT
MEASURES

This section presents alternative projects that have been developed to address flood hazard
management in the lower Samish River basin. A three-phase process was used to develop the -
alternatives. First, historical documents outlining previous flood control studies were re-
viewed. Documents included the Preauthorization Planning Report for the Samish River Watershed
(SCS, 1988) report, which discussed pro]ects to mamtain and improve agricultural productivity,
recurring problems. Interviews were then conducted with aff’éct_eed property owners and
district commissioners to establish the scope of the problems apd ygssﬂ;le solutions that would
address their concerns. Finally, the generation of this plan md‘:iﬂed ‘the dgnsolidation of all the
previously proposed alternative projects and their furthes'refinement o’ “gomprehensive and
specific capital improvement project proposals. These aftematw@ .projects ‘Have been developed
through a combination of efforts by the consultant, Skagﬂ: {Ieunty staff, and input from the
stakeholder committee. Alternative projects are categormé& aggtructural or nonstructural.

STRUCTURAL PROJECTS

Structural projects for this plan refer_te pr ects thaﬁ"entlance the flow of water through the river
corridor or the return of floodwatef ta, the shahriel. Two phases of structural alternative
projects were developed addressm d:tfferen vels of detail. The first phase included

drainage districts, and thé cmnsultant; These Spot projects were then developed mto prelnnmary
capital improvement pro}egt‘{caplta! pro;ect) proposals to address floodplain management.
Two stakeholder meetings ware—-hefd, £o review the merits of the initially compiled list of spot
projects and rank them based &n & predetermined evaluation matrix. At these meetings, the
stakeholders gave recommendations to accept, reject, or modify the various spot project
proposals. These projects are further discussed and presented in Tables 7-1 and 7-2.

The second phase of alternative project development resulted from the stakeholder committee
recommendations. The consultant modified and further developed the original spot project
proposals to address the concerns of the stakeholders as well as key issues within the basin. A
preliminary set of capital project proposals, which would provide more comprehensive
solutions to the problems within the basin, was developed from the spot projects. These
preliminary capital project proposals were developed to a level of detail so that initial concepts
on their location, size, and cost of implementation could be provided. Locations of and outlines
for these projects are documented later in this section. '

7/6/95 7-1 Alternative Flood Hazard Management Measures
SEA/1002B261.D0Cp
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Localized Spot Projects

Based on information from the 1988 SCS report, input from the drainage and diking districts,
and recommendations from the consultant, several spot projects were developed to address
flood prevention and, more specifically, floodwater return systems. These suggested projects
both highlight specific problem areas and suggest possible solutions to address specific sites.
Generally, the spot projects presented in this section have been developed to address these
specific problem sites and thus have not been developed in terms of comprehensive solutions.
Figure 7-1 identifies the location, and Table 7-1 provides a description of the proposed spot

~projects. Graphical summaries of each of these projects, as presented to the stakeholders, are

included in Appendix F.

In a group forum, the stakeholders reviewed these projects and raﬁ}k"fad them in terms of benefit
and practicality. Table 7-2 gives a summary of the spot project'tarikings as developed at the
stakeholder meetings. Review of these projects at the stakéhdlder theetings was generally
limited to a consensus rating of each project based on subjettive analysis of the net benefits
versus the anticipated costs and construction feasibility fhe gommittde shembers identified
-which projects-from -the initial list would-provide alfart ihte_berefit-and shoud- be further
evaluated by the consultant. Several projects were also lentified that did not appear to have
significant benefits or would be impracticable to#tnstruct g rere thus dropped from further
consideration. T

The ratings developed during these megtings we o identify projects deemed worthy of
further consideration in terms of a capitat*préject rdposal recommendation. Projects in bold
type in Table 7-2 were recommended & jeveldpment by the stakeholder committee at
a project review meeting,

%y Table 7-2
Localized Spot Project Rankings .
Project h ' Rs':ating Project Rating|
Project 5-4b (Sunset Rd Pump Statio 1 Project C-1 (joe Leary Slough diversion and 2
improvements)
Project 5-5 (Farm-over dike) 1 Project C-5 {Diversion/setback dike)
Project D-1 (Culverts under Allen-WestRd) - 3 Project C-6 (Flood path road culveris)
Project D-2 (Overflow return culverts) 3 Project 5-6 (Construct new dikes east of
Chuckanut Dr)
Project D-3 (Lower Farm-Market Rd) 2 Project C-2 (mprove Chuckanut Dr bridge 3
capacity)
Project D-4 (Upgrade N side return 2 Project C-7 {Improve Edison Slough) 3
culverts/flaps) :
Project D-5 (Tile to Joe Leary Slough) 3 Project C-10 (Setback dikes) 2
Project D-6 (Additional outlets to bay) 3
nNote: Projects in bold type recommended for development as preliminary capital projects.

7/6/95 7-5 Alternative Flood Hazard Management Measures
SEA/1002B261.DOCp
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Capital Improvement Projects

Based on the stakeholders’ recommendations, the highlighted projects in Table 7-2 have been
developed into more comprehensive capital project proposals to address problem areas in the

floodplain. Several of the projects have been modified to better address the issues of concern,:
and some have been combined to provide a more integrated solution for certain sites. Fig-

ure 7-2 identifies the project locations, and Table 7-3 describes the preliminary capital projects

developed as a result of these recommendations.

Each of the proposed capital projects has been developed to a preliminary level so as to
establish its benefits and implementation fea51b111t'y Summary graphic sheets for each of the
pr0]ects identified in Table 7-3 are included in Appendix F. Each gmphlc sheet identifies the
issues and concerns being addressed, outlines and ‘depicts a prelimihafy solution, identifies the
benefits and potential permits and funding sources, and pro id preliminary opinion of
implementation costs for the project.

An evaluation and ranking matrix, presented in Table 7:.&

capital projects in order to help define which projects, shoultff be refined and submitted as a
recommended capital project proposal. 'Ihe alterna e pro]ects are grouped mto two

It is also noted in Table 7-4 whethe.g ﬂugre i
As this planmng process has endeav i‘ed ¢

Nonstructural projects outhned in thxs plan refer to projects that maintain existing facilities or

protect them from further damage from floodwater. Two types of nonstructural projects are
presented below. Maintenance projects primarily address dike maintenance while the proposed
management actions address regulatory controls and protection of agricultural and residential
structures.

Maintenance Projects

The drainage and diking districts have responsibility for maintaining the flood control struc-
tures within the lower Samish floodplain area. The districts develop annual plans for specific
maintenance needs and are responsible for implementation of these measures. Funding comes
from two primary sources, including the annual revenue income to the districts based on fees
levied against property owners within the districts and river improvement funds administered
by the County, which provides a one-to-one match to the levied revenues.

7/6/95 ' 7-6 Alternative Flood Hazard Management Measures
' SEA/1002B261.D0Cp
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Typical maintenance projects include tasks such as repairing areas of river bank sloughing, dike
stabilization, dike grading and topping, and vegetative management. Table 7-5 outlines several
maintenance projects put forth by the districts for the 1995 construction season. These projects
outline the typical yearly need for maintenance of the existing dikes along the Samish River
corridor. While the location and type of projects may change on a yearly basis, the level of need
presented below is typical for annual maintenance of the dikes. Appendix F includes summary
sheets for each of these projects.

Table 7-5
- Annual Maintenance Projects

Project Type Location Destription/Comment
Number g '

5-3 Channel | River channel downstream of poifty bars in several locations down to
Allen-West Road dischavge water line

D-7 Channel | River dike at various locations in R éﬁ bank erosigwﬁih’%e;__a_t?’ﬁ%everal focations on
District 25 elikes between Farm to Market Rd

kanut Dr. Reshape bank and place

ripfap t,epair erosion. Reestablish vegetation

prevent future erosion.

“Re —rand upgrade dikes on west side of river
downstream of Sullivan Rd. Fill areas of settle-
ment, and raise/upgrade old dikes to newly
‘established grades.

D-9 _Channel Western dikes downstream
Sullivan Rd

C-8 Channel Spot repair at two locations where existing dike
is failing. Reshape bank, and install riprap and

vegetative reinforcement.

Floodplain Management Em

In addition to structural projects to aid in containment and return of floodwaters and

maintenance projects to protect the investment in the current facilities, several additional
floodplain management actions have also been identified. These actions focus on preventing
damage to the floodplain and existing structures by modifying construction standards,
developing new regulations, and implementing other management activities to reduce the
threat of flood hazards. A list of these flood management alternatives is presented in Table 7-6.

Skagit County currently has very few regulations to control the type and location of land
development within the Samish River floodplain. Part of the focus of this plan is to identify
potential changes to the existing county zoning regulations in order to provide better control of
development within the floodplain. An example of the result of inadequate zoning protection
and floodplain management standards is the recent construction of two homes near the lower
Samish River. An application by a developer for construction of two homes in'the floodplain
area adjacent to a historic flood path was challenged by the County. Ultimately, the
construction of the houses was allowed to proceed because the current zoning regulations did
not preclude home construction and the County has no floodway designations within the

7/6/95 7 ' Alternative Flood Hazard Management Measures
SEA/10028261.D0Cp
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Samish River basin. Shortly after construction of the houses, the river topped its banks and
flooded the newly constructed homes. As a result, these homes are currently being elevated to
prevent future damage.

Table 7-6
Floodplain Management Alternatives
Project |
Number Type Location _ Description

C-3 Regulatory | Various overflow channels Designate floodways and overflow channels.
Develop regulations that allow no additional
development inthése areas.

c9 Flood- Various frequently flooded sfo protect commercial and farm

proofing facilities (approximately 16 facxht:e§ romi taundation by floodwaters.
locations) iﬁ'tately 16, bdlldmg clusters affected)

C-11 Flood- Various locations : ELevate affeeted res:d?!nﬁal/ commercial

proofing S‘tguctures above base flood elevation. (Approx-
unately &D structures within the floodplain could
be affec.ted‘]

C-12 Management | Lake Samish ‘ "Rg-regulgfé'Lake Samish to reduce flow out of

~ ke“#nd retain more water during storm events.
Jeconstruct outlet structure. Increase winter
p : | fluctuation in lake surface elevation.
fC-13 Regulatory , ?Deve]op and implement enhanced development
: = | runoff standards within the basin.

C-14 Mapping Complete detailed floodplain and floodway
mapping. Develop detailed river model to estab-
tish 100-yr Samish River floodway and flood-
plain boundaries.

Nonstructural Project Rankings

In order to evaluate and rank the nonstructural projects, a rating matrix presented in Table 7-7
has been developed to give each project a comparative score and help guide development of
these measures. Table F-2 in Appendix F presents the more detailed number ranking system
from which the rankings in Table 7-7 were derived. To provide a consistent ranking method,
the rating used here is the same format as used for the capital project projects presented in
Table 7-4. Projects that received the highest rankings include dike leveling projects and ring
dikes, and those with the lowest ranking include removing point bars and regulation of Lake
Samish, which will do relatively little to reduce flood hazards. The regulatory actions are
expected to have high benefits; however, anticipated resistance from landowners and devel-
opers led to attenuated overall rankings.

7-18
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TFable 7-7

Proposed Nonstructrual AHernative Project Evaluation Criteria

Ranking Critetia Categories

Proposed Drainage Improvement Project
Alternatives Ranking

Maintenance Projects

Watershed Protection/
Floodplain Management

{flood path road culverts)

Project C-6

Project §-3

(remave paint bars)

(repair bank erosion in Dist 25)

Project D-7

el D9

fupgfade west dikes D/S of Sullivan Rd)
(floodway designations)

(ring dikes)

Project C-9

1Puhlic Safety and Health Protection
Improved Flood Waming
Improved Emergency Access
Reduced Road/Structure Flooding

High

Y

£

Medium

(elevate structures)

(Lake Samish reregulation)}

Project C-12
Project C-13

{enhanced development runoff

standards)

it f?b]

Low

Low

Y
H

[Flood Hazard Reduction Benefit

Flooding Frequency/Duration
Flood-Prone Area Reduction
Frequent Flood Damage Reduction

Medium | Medium Hiél}

High

Low

Medium

|[Environmental/Secioeconomic Benefit
Water Quality Protection
Fish/Wildlife Enhancement
Farm Preservation

Medium | Mediwm | Medium | High

Medium

High

qlmplemenhﬁon Feasibility

High

High High | Medium | Medium

Medium

Medium

Facility Requirements
Landowner Acceptance
Funding Potential
Permitting/Legal Issues

[[Froject’s Compatibility with

High

Medium

Medium

High | Medium | High ] Medium

Medium

Megdjum

High

 Diking/Drainage District Plans
County Programs/Ordinances
State Regulations )

{Total Project Ranking

High

Low

Medium

Medium

High

High { Lew f| Low { Medium

Y

Y |

y |y | Yy | v |

Y

| Y

f Y

hGroup Consensus (Yes or No)

5ea1002B27Bp.xls /1
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Environmental impacts associated with the projects considered in this section would be as vari-
able and diverse as the situations being addressed. The majority of the projects being consid-
ered in this plan propose construction of facilities primarily within farm fields and under
existing county roads. Both of these types of sites are currently highly disturbed from their
natural conditions; thus, additional impacts to natural systems would likely be very limited as
long as reasonable construction precautions are implemented.

Generally, construction of new outfalls to the river, sloughs, and Samish and Padilla Bays and
construction of setback levees adjacent to the river have the highest potential for impact to the
natural environment. These issues must be addressed for each projegt through the environ-
mental permitting process administered by the County, Ecology,“apd the Corps of Engineers
and described in Section 3 and Appendix D of this plan. These ‘

Grading permit (County)

SEPA checklist (County) .
Shoreline substantial development permit{Cos

Hydraulic permit application (Depagtment 6£Fish and Wildlife)

Temporary water quality modifiéation™tBcolog)
Water quality certification (Ecology
Section 10 approval (Army.£orps of Engirfeers)
Section 404 approval (Afmy-Cips of Efgineers)
FNatyura] Resources)

g,

*® & 92 & 9 & 8 & @

DNR easement (Depattgient
ey

Table 7-4 rates the anhmpa@ﬂedmyﬁf‘::am tal iaqi:"i"ibacts from each of the preliminary capital
project. High-ranking projetis-inelude thigsdwhich prevent floodwaters from being contamin-
ated by farm and dairy stastes andipripjecfs’that propose habitat enhancement or restoration.
Several projects also prowid&,socice¢ofiomic benefits by reducing crop losses resulting from
flood events, thus preservir%.:lﬁ?;fem‘fmi community and maintaining profitability.

Nonstructural projects with low’ snkings in Table 7-7 provide no identifiable environmental
benefits; however, this does not imply that these projects would create a negative
environmental impact. Projects with high rankings include ring dikes around dairy facilities,
which would reduce the volume of dairy waste contact with floodwaters. Projects with low
rankings, such as elevating structures, would reduce losses to individuals but otherwise do not
provide a general environmental improvement.

IMPLEMENTATION AND DURATION OF BENEFITS

The majority of the projects identified in the preliminary capital project list could be developed
and implemented during a single construction season. These types of projects include roadway
culverts, dike culverts, pumping stations, and retum channels/pipes. Projects that might take
longer to implement include those that require installation of structures at multiple locations
and large projects such as setback levee construction, which may require several seasons to
construct. :

7/6/95 ‘ 7-20 Alternative Flood Hazard Management Measures
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The other major obstacle to development and construction of projects is implementation costs
that exceed available funding. As identified in Section 2, Recommended Flood Hazard
Management Plan, the available funding support for the construction of flood control facilities
is sufficient for only annual maintenance plus construction of two to three capital projects over
a 6-year financing period.

The duration of benefits will vary with the type of facility constructed. Return channels and
levees, if adequately maintained, could have an indefinite life span. Where pipelines are used
for floodwater return, a 20- to 30-year benefit span could be expected for metal pipes while
concrete pipes typically have a benefit span of 50 years or greater. Life expectancies of
pumping stations vary with the element. Pumps are highly maintenance-intensive and could
require replacement at 8- to 10-year intervals; ductile iron piping systems would have a life
expectancy of greater than 50 years while the structure itself, if constaicted of wood, may have
a life of 20 to 40 years, depending on quality of finish material

CONFORMANCE WITH GOALS AND OBJECTIVES

this plan served as a basis from
hed i this section. The objectives of

éigeductions in flooding frequency
scope of alternative projects

The comprehensive goals and objectives outlined in Sec
which to develop and evaluate the alternative pr
Goal No. 2 (provide practical solutions to provf%lle;
and durations) guided the consultant in selectin

developed for this plan.

The ranking criteria categories presgiitedl in Tables 4 and 7-7 generally reflect the intent of the
goals and objectives developed fo «this_plan: total ranking developed for each project
reflects how well that project conforméd with the stated goals and objectives. While most of the

""" idéequivalent levels of flood hazard reduction, those

capital projects outlined in Fable

projects with the greatef jiplementationféasibility generally rated highest in the overall

ranking scores.

seal002B261.doc
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Section 8
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Appendix A
ESTIMATED IMPLEMENTATION COSTS



Project Name:

Task Description:

Lower Samish River
Flood Hazard Management Plan
Conceplual Plan Cost Estimate

CHMHILL

Project Number: NPW 40238.A0.30
Creation Date: 6/7/95 By S. Wasson
Last Edited Data: 7/5/95 By §. Wasson
CIP-1, Alternative A {Cpen ditches from Allen-West Rd to River west of Thomas Rd.}
Hem Quantity Units Unit Cost Yotal Cost Comment
Culverts, 30" diameter x 50 LF, 4 ea, 200 LF $ 85 §$ 17,000
Drainage Channel, Open Grass-Lined
4 bott. 31 side slopes, 4' deep 8300 cY $ 5 3 41,500
Concrete Qischarge Struciures {Hsadwalf)
Concrate (Rsinf) 25 cY s 600 § 15,000
Discharge Pips, 48" diameter x 100" o0 LE $ 147 § 14,700
48" Flap Gate {Tide Check Valve) 1 EA $ 10,300 $ 10,300
Geravel Aprons {1.5' thick) 275 CcY $ 30 % 8,250
Total Improvement Caosts H 106,750
Land Acqulsition Costs 2.5 AC $ 3,000 $ 7,500
CIP-1, Alternative B {Pipeline from Allen-West Rd to River west of Thomas fAd.) :
Hem - Quantity Units Unit Cost Total Cost Comment
Culvens, 30" diarneter x 50 LF, 4p0a 200 LF $ 85 $ 17,000 )
Concrsle Junction Structures
Concrete (Reinf) a5 cY $ 600 §$ 21,000
Grating and misc metats 1 LS $ 2100 § 2,100
Discharge Pipe, 48" diameter CPE/CMP 3500 LF $ 115 $ 402,500
48" Flap Gata (Tide Check Valve} 1 EA $ 13,000 $ 13,000
Concrete Discharge Struciures
Cancreta {Rainfy 30 cY $ 600 $ 18,000
Grating and misc matals 1 LS $ 1,800 $ 1,800
Gravel Aprons (1° thick) 95 cY H 30 § 2,850
Tatal Improvement Costs $ 478,250
Land Acquisition Costs 1 AC $ 3,000 $ 3,000
CIP-1, Alternatlve C (Pipeline to Joe Leary slough aiong Allen-VWest Rd)
Hem Quantity Unlts Unit Cost Total Cost Comment
72 inch CB Type 2, 8 ft deep 7 EA $ 4000 $ 28,000
Discharge Pipe, 36" diameter, 3000 LF 3000 LF, of pips $ 50 $ 150,000 From prica fist
Trench Excav 5100 cY $ 2 % 10,200
Bacldill, compacted native material 2700 cy $ 5 8 13,500
Bedding 1800 Ccy $ 25 3 45,000
Lgﬁ' Flap Gate (Tide Check Valve) t EA $ 6700 § 6,700 Quote
ravel Aprans (1.5 thick) 60 CY,ofgravel  § 30 1.800
Total Improvement Coxts $ 255,200
Land Acquisition Costs 1.1 AC $ 3,000 §$° 3,300
T — : —— . o
CiP-2, Alternutive A (Open ditches from Allen-West Rd to River sast of Thomas Rd.) :
hem Quantity Units Unit Cost Total Cast Comment
Roadside Ditch, 24" deep, 3.1 side slopas 1200 cY $ 4 § 4,800
Roadway Culverts
Excavation, roadfill for pipe instaliation 233 cY $ 2 8 466
Bedding, pipa 76 CY $ 25 1,900
Bacidilt, compacted native material 157 cY H 5§ 785
Quarry Spalls, oltiet protection 58 cY $ 30 § 1,740
Asphalt, road restoration 146 sY $ 22 § 3.212
Culverts, 30" diametsr x 50 LF, 4 ea, - 200 LF $ 60 § 12,000
Drainage Channel, Open Grass-Lined '
4 bott. 3:1 sida slopes, 4' deep 2880 cy $ 4 § 11,520
ischarge Pipe, 48" diameter x 160" {CPE) 100 LF $ 60 § 6,000
French Excav 200 cy $ 2 s 400
Backdiil, compacted native material 140 cy $ 5 % 700
Bedding 60 cY $ 25 § 1,500
48" Fiap Gate (Tide Check Vaive) 1 EA $ 13,000 % 13,000 Quote frem Rad Valve
Gravel Aprons (2' thick} (inlet&outlst) 80 cY $ 30 s 2,400
Total improvement Costs $ 60,423
Land Acquisition Costs 1.2 AC $ 3,000 § 3,600




Project Name:

Task Description:
Project Number:

Lower Samish River

Flood Hazard Management Plan
Conceptual Plan Cost Estimate
NPW 40238.A0.20

CHMHILL

CIP-2, Alternative B (Pipeline from Allen-West Rd to River east of Thomas Rd.}
Hem Quantity Units Unkt Cost Total Cost Comment
Roadsida Ditch, 24° deep, 3:1 side slopes 2300 CcY $ 5 $ 11,500
Culvents, 30" diarneter x SO LF, 4 ea. 400 LF s 85 $ 34,000
Concreta Junction Structures
Concrete (Reinf} 70 cY $ 600 § 42,000
Grating and misc metals 1 s $ 4200 § 4,200
Discharge Pips, 48" diameter x 100" 3500 - LF $ 115 § 402,500
48" Flap Gate (Tide Check Valve) 1 EA $ 10,300 % 10,300
Concrete Discharge Struciures :
Concrete [Reinf) - 60 cY $ 600 $ 36,000
Grating and misc metals 1 LS $ 3600 $ 3,600
Gravel Aprons (1.5 thick} 275 oY 13 30 % 8,250
Total Improvement Costs $ 552,350 .
Land Acquigition Costs 1 AC $ 3000 $ 3,000
ciP-3 (upgrade northside return culverts)
ltem Quantity Units Unit Cost Total Cost Comment
JPischarge Pipe, 48" diameter x 100" (CPE} 100 LF 3 60 $ 6,000
Tranch Excav 200 cY $ 2 3 400
Backdill, compacied native material 140 cY $ 5 8 700
Bedding - [:{1] cY $ 25 & 1,500
48" Flap Gate (Tide Check Valve) ] EA $ 13,000 $ 13,000 Quote from Red Valve
Gravel Aprons (2' thick) (inlet&outiet) 80 cY $ 30 % 2,400
Total Each Shte $ 24,000
Sht Siteg Total X 6
Tetal mprovement Costs $ 144,000
Land Acquisition Costs 0 AC $ 3,000 § -
CiP-4 {Fiood path roadway culverts) .
tem Quantity Unlts Unlt Cost Total Cost Comment
utverts, 30" diameter x SOLF, 4 ea. 200 LF $ 80 % 12,000
vation, roadfil for pipe installation 233 cY $ 2 $ 466
Bedding, pipe 76 cY $ 25 1,900
Backfiil, compacted native matariat 157 oY $ 5 $ 785
uarry Spalls, outlet protection 58 cY $ W 3 1,740
phalt, road restoration 146 SY $ 22 $ 312
Total Improvement Costs $ 20,103
{lor 12 sites) Total H 241,238
Land Acquisition Costs 0 AC $ 3,000 $ -
CIP-5, Allernativa A (Diversion to Joe Leary slough)
Hem Quantity Unlts Unit Cost Total Cost Comment
Ditch Excavation, 4 it wide, 1400 # long 3250 cY $ 4 3 13,000 :
48 inch pipaline, 1,100 LF, CPE 1100 \F $ Y I 56,100.
rench Excav 2550 cY $ 2 s 5,100
ackfill, compacted native material 1900 cyY $ 5 $ 9,500
adding 600 oY $ 25§ 15,000
uarry Spalls, inlet/outiet protection 80 cY $ 30 % 2,400
ch basins, 72 inch 2 EA $ 4,000 $ 8,000
Pump Station, 30 ¢is w/ 2 pumps ’
Pumps and motors installed 2 EA $ 20,000 § 58,000 ({irom Auburn project)
Discharge pipe, (2) 24*x 60 LF DIP 120 LF $ e $ 12,000
Wood Piles, 12* x 30 # 4 EA $ - 3,000 $ 12,000 allowance
Caoncrate sump 30 cY $ 600 $ 18,000 aliowance
Pump house, wood 1 LS $ oo % 8,000 allgwance
Electrical/Controls 1 Ls s 10,000 $ 10,000 afiowance
Total improvement Costs $ 227,100
Lend Acquisition Costs 1.1 AC $ 3,000 $ 3,300
FM: scte:COSTEST.XLS Prelim Costs 30f8 Printed: 7/5/95 4:03 PM



Project Name: Lower Samish River

Flood Hazard Management Plan
Task Description: Conceptual Plan Cost Estimate
Project Number: NPW 40238.A0.30

CHMHIL

CIP-5, Alternative B {Pump siation at Farm-Market Rdl.)
Hem Quantity Units Unit Cost Total Cost Comment
Collection Ditch, 3 ft dp x 3 i wide x 2000 fi 2000 cY $ 5 § 10,000
Package pump station 1 LS $ 80,000 § 80,000 {Quote)
{2) submersible pumps 2500 gpm ea $ - % -
12 ft dia steel station 12 #t desp $ - $ -
twin discharge pipes to river with check valves $ - $ -
Instatlation at 25% 1 EA $ 20,000 § 20,000
Riprap, outlet protection 30 cY k] 30 % 00
_Total kmprovement Costs $ 110,900
tand Acquisition Costs 1.2 AC $ 3.000 % 3,600
CiP-5, Atternative C {Diversion dikes/channel west of Farm-Market Ad.}
Hem Quantity Units Unit Cost Total Cost Comment
Containment Dike Embankmants (5500 ) 33000 cY § 5 3 165,000
FTM Rd. and §. Dike Culverts (4-60" dia or Equiv.) 600 LF $ 210§ 126,000
Lowered Aoadway Sections (FTM Rd. & Local Access) 1500 LF $ 100 § 150,000
Lowered Dike Section - 300 LF $ 70§ 21,000
Sluice Gales 4 EA % 15,000 § 60,000
Total Improvement Costs s 522,000
Land Acguisition Costs 25 AC $ 3,000 $ 75,000
=T "{District 5 outfalis)
hem Quariity Units Unit Cost Total Cost Comment
|Coliection Ditch, 3 #t dp x 3 f wide x 750 ft 750 cYy $ 4 % 3,000
48 inch outfalt, twin ACP 200 LF $ 60 $ 12,000
Trench Excav 390 CY $ 2 s 760
Backfill, compacied nalive material 275 cYy $ 5 s 1,375
Bedding 113 cY $ 25§ 2,825
Quarry Spalis, inleVoutlet protection B0 cY s 30 $ 2,400
48" Flap Gate (Tide Chack Valve) 2 EA $ 13,000 § 26,000
Packags pump station 1 L5 % 80,000 § 80,000 (Quote)
(2) submersible pumps 2500 gpm ea $ . $ -
12 fi dia steel station 12 ft deep 5 -8 -
twin discharge pipes with check valves $ - % -
Installation at 25% 1 EA $ 20,000 § 20,000
Total Improvement Costs H 128,380
{for four sites) Totat $ 513,520
Land Acquisition Costs - 1.5 AC $ 3,000 $ 4,500
CIF-7 ~{Ediscn Slough Improvernents)
ftem Cluantity Units Unit Cost Total Cost Comment
Cuivents, installationand pavement repairs $ 382,000 Previously prepared by
Outfalt, improvemnents $ 152,000 Montgomery Watson.-
Total Improvement Costs
{inciudes contingancies) $ 534,000 detalled costs not included
herg
Land Acqulsition Costs - AC $ 3,000 $ -
FN: scc:COSTEST.XLS Prelim Costs 4o0f8 Printed: 7/5/95 4:03 PM



Project Name: Lower Samish River

Flood Huzard Management Ptan GWH I LL
Task Description; Conceptuzl Plan Cost Estimate
Project Number: NPW 40238.A0.30
CiP-8 (Chuckenut Dr, bypass channel/culverts)
Item ] Quantlty Units Unit Cost Total Cost Comment
Bypass Charnel Excavation 55000 cY $ - 110,000
Dike Embankments 30000 cY $ 5 8 150,000
Roadway Culverts (3 @ 72° dia) 500 LF $ 150 § 75,000
Lowered Roadway Sacton 100 LF $ 100 § 10,000
Qverflow Control Structure/CIP 150 CY $ 500 % 50,000
Sluice Gates (3 @ 72" dia) 3 EA $ 15000 $ 45,000
{Slope Protection 30 CY $ 200 $ 6,000
Total Improvement Costs $ 486,000
Land Acquisition Costs 10 AC $ 3000 § 30,000
ciP-3 . {Setback Jkes, road crossings, habitat restoration}
Jtem Quantity Units - Unit Cost Total Cost Comment
Setback Dikes (6' Avg. Ht. x 66,000 ft {6 cy/LF) 400000 cY $ 5 8 2,000,000
Roadway Bridge Improvements (Assume 8,000 5q. B decl 32000 SF § 50 8 1,600,000
@200 span x 40" width) $ -
Vegetation/Habitat Restoration 25 AC $ 40000 $ 1,000,000
Total Improvement Costs $ 4,600,000
Land Acquisition Costs 300 AC $ 3,000 $ 900,000
% of Total
Phased Breakdown {imprv,’ & Lend) Phase Total
Phase 1 Bayview-Edison to FTM R, {No Bridges) 15% $ 825,000
Phase 2 FTM to Thomas Rd {1 Bridge)} 25% $ 1,375,000
Phase 3 Thomas Rd. 1o Chuckanut Dy. (1 Bridge) 25% H 1,375,000
-[Phase 4 ~ Chuckanut Dr. to I-5 {2 Bridges) 5% £ 1925000
L Total 100% $ 5,500,000
FN: sct/c:COSTEST, XLS Prelim Costs 50f8 Printed: 7/5/95-4:03 PM



Project Name:

Task Description:
Project Number:

Project Summary
CIP-1 Projecis

CIP-1, Atternative A
Undetined {8%)
Contingency (25%}
General Conditions (8%}
Sub-Total
Sales Tax (7.6%)
Engineering/Administration {15%}
Sub-Totel
Land Acquisition ($3000/acre)
Total

CIP-1, Atternative B .
Undefined {8%])
Contingancy (25%)
General Conditions (8%)
Sub-Total
Sales Tax (7.6%)
Engineering/Administration (15%)
’ Sub-Total
Land Acqulsition ($3000/acre)
Total

CIP-1, Alternative C
Undefined (8%)
Contingancy {25%)
General Condittions (8%)
Sut-Total
Sales Tax (7.6%)
| Engineering/Administration (15%}
Sub-Total
Land Acquisition ($3000/acre)
Total

‘CIP-2 Projects

ICIF‘-ZI Alernative A ]

Undefined (8%)

. Contingency (25%)

General Conditions (8%)
Sub-Total

Sales Tax (7.6%)
Engineering/Administration (15%)
Sub-Total

Land Acquisition ($3000/acre)
Total

CIP-2, Altermnative @

Undefined (8%} -

Contingency (25%}

General Conditions (8%}
Sub-Total

Sales Tax (7.6%)
Engineering/Administration (15%)
Sub-Total

Land Acquisition ($3000/acre)}
Total

FN: sctc:COSTEST.XLS Prelim Costs

Lower Samish River

Flood Hazard Management Plan

Canceptual Plan Cast Estimate

NPW 40238.A0.20

Total Cost

$ 106,750
$ 8,540
$ 26,688
$ 8540
$ 150,518
$ 11,439
$ 22,578
$ 184,534
$ 7,500
$ 478,250
$ 38,260
$ 119,563
$ 38,280
$ 674,233
& 51,249"
£ 101,150
$ 826,732
$ 3000
$ 265,200
$ 20,416
$ 63,800
s 20,416
$ 359,832
$ 27,347
$ 53,975
$ 441,154
$

s 3300
(s maat]

60,423
4,834

$
$
$ 15,106
$

4,834

$ 85,196
$ 6,475
$ 12,779
$ 104,451
$

608

CHMHILL

Printed: 7/5/%5 4:03 PM



Project Name:

Task Description:
Project Number:

CIP-3 Projects

[ciP3 {

Undefined (8%)

Contingency (25%)

Generat Conditions (8%)
Sub-Total

Sales Tax [7.6%)
Engineering/Administration {15%)
Sub-Total

Land Acquisition ($3000/acre)
. Total

CIP-4 Projects

|ciP-4 {for 12 sites} |

Undefinad (6%)

Contingency (25%)

General Conditions (8%)
Sub-Total

Sales Tax (7.6%)
Engineering/Administration {15%)
Sub-Total

Land Acquisition ($3000/acre)

Totad
CIP-5 Projects

|CIP-5I Alternative A - I

Undetined (8%}

Contingency (25%)

Geaneral Conditions (8%)
Sub-Total

Sales Tax (7.6%)
Enginaering/Administration (15%)
Sub-Total

Land Acquishion ($3000/acre)
Total

CiP-5, Aternntive B
Undefined {8%)
Contingancy (25%)
General Conditions (8%)
Sub-Total
Sales Tax ({7.6%)
Engineering/Administration {15%}
Sub-Total
Land Acqulsition ($3000/acre)
Total

CIP-5 Aernative C
Undelined (8%)
Contingancy (25%)
General Conditions (8%}
Sub-Total
Sales Tax {7.6%)
Engingering/Administration (15%)
Sub-Total
Land Acquisiiion ($3000/acre)
Total

FN: sct/6:COSTEST.XLS Prelim Costs

Lower Samish River

Fiood Hazard Management Ptan
Conceptual Plan Cost Estimate
NPW 40238.A0.30

$ 144,000
$ 11,520
s 36,000
$ 11,520
$ 203,040
$ 15,431
$ 30,456
$ 248,927
$

$ 248,927

$ 241,236
$ 19,299
$ 60,309
$ 19,299
$ 340,143
$ 25,851
$ 51,021
$ 417,015
$

7of8

CEMHIL

Printed: 7/5/95 4:03 PM



%

Project Name:

Task Description;
Project Number:

CIP5 Projects

[CIP-6 {tor 4 sites) |
Undefined (8%)

Contingency (25%)

General Conditions {B%}

Sub-Tota!

Sales Tax (7.6%)
Engineering/Administration (1 5%)

Sub-Total
Land Acqulsition ($3000/acre)
Total
CIP-7 Projects
{cip-7
Undsfined (8%)
Contingancy (25%)
General Conditions (69%)
Sub-Total
Sales Tax (7.6%)
Engineering/Administration (15%)
Sub-Totsl
Land Acquisition ($3000/8cre)
Total
LIP-8 Projects -
cir-8
Undefined (8%)

Contingency (25%)

General Conditions (8%)
Sub-Totaf

Sales Tax (7.6%)
Engineering/Administration (15%)
Sub-Total

Land Acquisition ($3000/acre)
Total

‘CIP-§ Projects :* " .

{CIP-9 1
Undefined (8%,

Contingency (25%)

General Conditions (8%}

Sub-Totai

Sales Tax {7.6%)
Engineering/Administration {15%)
Sub-Total

Land Acquishiion {$3000/acre)

Total

FN: sct/e:COSTEST.XLS Prelim Costs

Lower Samish River

Flood Hazard Management Pian
Conceptual Plan Cost Estimate
NPW 20238.A0.30

$ 513,520
$ 41,082
$ 128,380
$

41,082
$ 724,063
$ 55,029
5 108,609
$ 887,701
$ " 4,500

$ 534,000

$ 4,600,000
$ 368,000
$ 1,150,000
$

$ 6,485,000
$ 492,935
$ 872,900
$ 7,951,836
$

CHMHILL

Printed: 7/5/95 4.03 PM



Appendix B
ADVISORY COMMITTEE MEETING NOTES



Meeting No. 1

Date: February 23, 1995

Districts Represented: 5, 14, 16, 19, 25

Results Summary:

1.

Defined background, needs, and expectations of plan

Why plan is being done, schedule, and how funded

Relationship with Skagit River and current legal issues

Plan solutions will not solve flooding problem, will reduce frequencylduratlon
Priority for getting improvements built following plan completion

Need for comprehensive solutions approach including watershed controls

Defined expectations and needs from stakeholders/districts

Need for coordinated plan and solutions

Need to collectively support solutions to gain County Commissioners
commitment and support '
Preferences to structure advisory commitiee; expectations of committee
Sharing of local knowledge base about river and problems/needs

Documented initial concerns, flooding issues/problems, and solution ideas

Flooding history, severity, duration, and flood flow paths

Issues with redirection of water in floodplain (eg, county roads impound)
Issues with dike effects, levels of flooding protection, and system restrictions
Issues of watershed development, need for improved ordinances and
enforcement to control

Need for upstream detention and flow regulation

Need for new outfalls to river (through river dikes) and to bay (through sea
dikes); potential for adding pumps

Discussed Watershed Action Plan (WAP) activities and status

Plan focus on water quality control and related resource protection issues
Policy recommendations being made (advisory only)

Public education on water quality improvement is important part
Watershed stormwater management control is key element

Draft plan scheduled for June/July "95

12



Meeting No. 2

Date: March 23, 1995

Districts Represented: 5, 14, 16, 19, 25

Results Summary:

1.

Organized advisory committee and establish operating ground rules

Decided that all 5 district to be represented (1-3 reps. each)

Distributed and completed committee ground rules checklist'

Chairperson - Dave Brookings

Voting - Consensus approach, 1 vote/district (all reps. can input)

Meetings - 2 to 3 week increments typical; day, then night

Outside agency representation - Invite DFW and WSDOT to later

meetings

Public input - all meetings open to public; separate public meeting for input
after solutions developed by districts

Documented additional flooding issues/concerns

Educate upstream property owners on flood issues in lower valley; can’t handle
additional water

Development impacts to river; need for upland development controls

Tidal influence issues and ability to convey water to river and bay

- Summarized flooding problems/preliminary solutions feedback

Field reconnaissance results and meetings with stakeholders

Overflow paths and roadway/other obstruction locations

Verified limits of historical flooding

Reviewed district solutions ideas (pump outlets, control Thomas Creek)
Summarized prior SCS (NRCS) study solution ideas, D/D district ideas,
consultant ideas (distributed table and map summary)

Developed goals/objectives for solutions development (draft based on input and send
out for review with meeting notes)

Improve public health and safety

Cost-effective solutions with flood reductlon benefit
Flood warning system -
Plan districts can work with (consensus to implement)
Effective political and legal strategy to implement

13



Get additional funding to implement (comply with Ecology FCAAP standards)
Improved drainage ordinance, define floodways, upstream detention
Remove/lower roadway obstructions

14



Meeting No. 3

Date: April 6, 1995

Districts Represented: 5, 14, 16, 19, 25

Results Summary:

1.

Recap of goals/objectives - not ready to adopt - next meeting; received various
information from district cornmissioners

Presented preliminary solution concept - setback dikes above river outlet

Limited setback dikes from FTM Road to BE Road; tie to existing dikes where
possible; muitiple benefits (flood capacity, habitat, access); potential for
multiple grant funding sources

Culverts under FTM Road with overtopping section (maybe BE Road also)
Diked return flow channel downstream FTM Road (south side); Neuman
Slough to return flow (north side)

Issues of land acquisition and potential project costs

Committee agreement that worthwhile to pursue evaluation

Presented preliminary solution concept - District 5 outfalls

Enlarged gravity outlets (48" assumed) through sea dike with flap gates;
multiple (up to 4) locations

Need for smaller pump station also to keep outlet channel clean (by
experience)

Potential constructability issues (tide protection, dewatering)

Presented preliminary solution concept - return channel/pipe for flooding problem,
south side of Allen-West Road at T. McGehee residence

Culvert(s) under Allen-West Road, ditch across field to river, culvert through
dike with flap gate

Benefit for each 48" culvert - capacity approximately 50 cfs (100 acre-feet/day)
- reduce flooding duration by 1-2 weeks for large flood

Concern by committee of transfer of flooding problem to north side of road

Presented alternatives evaluation worksheet with proposed criteria - review for

comment by next meeting

15



Meeting No. 4

Date: April 27, 1995

Districts Represented: 5, 16, 19, 25

Results Summary

1.

2.

Goals and objectives approved as drafted from committee input

Objective to screen alternative projects presented; updated alternative evaluation table
provided and reviewed for comments and weighting factors

Agreement on rating criteria except comment to consider farming environment
factor under environmental category

All factors given equal weight except flood reduction benefit - highest weight
For rating, agreed to focus on Samish basin perspective versus district or
individual

Presented overflow return category projects and rated by criteria

Projects S4B, S5 - prior SCS proposed projects - Sunset pump station (S4B,
not needed), farm over dike upstream of Chuckanut (S5, limited benefit),
concerns with erosion of farm fields - both eliminated

Projects D1 through D-6 - dike and drainage district proposed projects - Return
channels or pipes to river (D1, D2) or Joe Leary Slough (D5) from south side
of Allen-West Road (issues with displacement of overflows, needs pipeline);
lower FTM Road and partially capture with project C1 or C5 (generally not a
positive response); return culverts through north river dike (consider enlarged
outlet at Neumnan Slough as option); new gravity/pump outfalls in District 5
(D6) to bay to reduce duration overflows impoundment (potential issues with
shellfish beds, construction requirements)

Project C3 - consultant proposed project - river setback dikes below FTM Road
with overflow return channel on south side (aerial photo ayout provided); most
significant (multi-purpose) benefit of all projects; many concerns by committee -
feasibility (cost), land acquisition issues, overflow return channel

Project C1 - consultant proposed project - channel, control gate, pipeline to Joe
Leary Slough; return of river overflows when capacity exists in slough;
possible pump station addition at slough outlet (District 14 need); potential
technical feasibility, legal and land owner issues

16



4.

. Project C6 - consultant proposed project - flood path overflow culverts
(favorable response)

. Additional projects requested by committee - Pump station at D. Meade
residence (east side FTM Road south of river); Edison slough improvements to

handle north overflows

Reviewed (provided handout) potential local, state, federal agencies grant funding
sources (local match typically required)

17



Meeting No. 5

Date: May 18, 1995

Districts Represented: 14, 16, 25

Results Summary:

1. Continued with projects review and screening - river corridor and maintenance projects

Project D8 - new overflow return project - pump station with collection ditch at
southeast corner of river and FTM Road - medium rating

Projects S3, D7, D9, C8 - river corridor maintenance - point bar scalping (S3);
river bank toe repair/reinforcement (D7); District 5 dike upgrade (D9); repair
deficient dike section upstream Thomas Road (C-8) - all rated high; discussed
options for less-intensive instream work

Project C2, C7 - Chuckanut Drive bridge improvements (C2) - large diameter
bore/jack culvert addition (issues with downstream channel capacity) - rated
high; Edison Slough capacity improvements (C7) - follow recommendations
from drainage improvements study - rated high

Project C-10 - Setback dike concept to entire river corridor with structure
capacity upgrades (similar to project C5 extended) - feasibility not previously
demonstrated, would provide maximum benefit to flood hazard reduction -
rated as medium

2. Described and evaluated nonstructural prbgram improvement alternatives

Project C3 - floodway designations on Samish River with split floodway along
overflow paths to and including Joe Leary/Edison Sloughs - not previously
mapped by FEMA, needed for enhanced floodplain development regulation -
rated high

Project C9 - Ring dikes, elevating/flood proofing structures - ring flood-prone
dairy barns with low dikes for water quality protection, provide internal
drainage; provide ring dikes or elevate flood prone structures or relocate; some
grant funding or low-interest loans may be possible for both - rated as medium

3. Reviewed other nonstructural improvements alternative measures

18



Re-regulate Lake Samish outlet for better use of storage (not feasible, little
benefit because of location at north end of watershed) - rated high (but likely
infeasible)

Enhanced development controls in watershed - Possible to do a better job of
controlling peak runoff, increased volume could still be a problem (with limited
outflow to bay}. Reviewed results of hydrologic assessment for range of land
use conditions (from periods of gage record) - no clear trends resulted in
comparison to precipitation. Based on modeling analysis of similar basin by
King County SWM (Issaquah Creek Basin), projected increase in peak runoff
on order of 20 to 50 percent may be possible if inadequately controlled - Need
for enhanced development detention standard and updated ordinance to enforce
rated as high

19



Meeting No. 6

Date: June 8, 1995

Districts Represented: 5, 16, 25

Results Summary:

1.

Road Department staff reviewed proposed '35 County road oiling program projects in
Lower Samish Basin for districts OK

. Generally acceptable, except overflow areas on Field (don’t do) and Ershing
Roads (survey first, then bring back to grade)
. District commissioners want culverts incorporated

Reviewed proposed capital improvement projects (CIPs) based on elements previously
reviewed, some with alternatives - took a districts consensus poll regarding CIPs to be
included in plan

. Graphics package handout with updated alternatives evaluation table provided

. Preliminary estimates of implementation costs were presented - concern
expressed by committee with cost levels (too high) - explained basis

. Summarized comparative level of cost and benefit for each alternative

. All projects except CIP 8 (Chuckanut Drive high flow bypass channel) received

favorable consensus vote; for alternatives, 1C, 2A, and 5C were the preferred
option (see attached rating sheet)

. Summarized preliminary estimate of total improvements program costs (4 to 6
' million without CIP-9 (9 million for all phases)
. Mainienance projects could be set up under an annual budget allocation
utilizing matching funds from the river improvement fund (similar to existing
program)

Discussed scheduled briefing on plan status with County Commissioners on Fune 14 -
Need to demonstrate consensus between districts for projects to have chance at County
funding support. '

20



Meeting No. 7

Date: June 22, 1995

Districts Represented: 5, 14, 16, 19, 25

Results Summary:

1.

- Objective of meeting to prioritizé CIP projects and get feedback on funding approach

and levels that may be able to be supported at local level

. Updated CIP project graphic sheets distributed for projects with consensus
support
. Project priority rating table distributed for each district commissioners input.

Consensus CIP projects (8) briefly reviewed with modification requested from June 8
meeting (Projects 1C, 2A, 3, 4, 7)

. Included revised preliminary estimates of projects construction costs

. Responed to questions about feasibility, benefits, costs, potential impacts for
each project

. Presented letter from District 14 regarding their concerns with diversion of

overflows to Joe Leary Slough - indicated District would require mitigation for
flow impacts if projects accepted

*  Requested each commissioner to rank projects in order of their priorities;
tabulated results (see attached table)

. Discussed concerns with low rank of CIP-9 (setback levees, Phase 1) - County

would at minimum like to see included in plan as policy guideline to follow for
incremental improvements to dike system

Funding Program Options and Local Share Needs

. Discussed existing maintenance improvements program funding (river
improvement fund, road fund, D/D district funds)
. Potential to added component of drainage utility funding for selected projects

(rate structure currently being evaluated by county commissioner-appointed
committee) - need to get utility rate structure approved first

. Reviewed existing levy rates being assessed in each district and resulting
revenues

. Noted preliminary funding evaluation assumptions about grant funding
contribution (none except for CIP-9)

. Presented preliminary allocation of local funding needs for four alternatives
levels of capital improvement projects implementation

. Input on districts estimated percentage of maintenance/projects expenditures

21



Appendix C
HYDRAULIC MODELING AND

HYDROLOGIC ANALYSIS
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HEC 2 INPUT FOR
EXISTING CONDITIONS



SAMISHE.HEC

SAMISH RIVER WATERSHED(SAMISHE.HEC) JUNE 26, 199%
EDISON ROAD TCQ INTERSTATE S
MHHW EL 4.0 MSL DATUM -~ EXISTING CHANNEL CONDITIONS
-10 2 0 0 0 0 0 0
1 o -1 0 0 0 ~1 0
38 23 42 24 14 1 4 21
-10 -10
0.050 0.050 £.050 .1 .3 0 0 0
5 2000 2500 3000 3500 4000
ESTIMATED SECTION BELOW EDISON ROAD W/ DIKE @ EL 9.0
.1 25 5049 5320 0 0 0
19 100
9.0 0 9.0 50498 & 5050 3.0 5060
0.3 5078 0.1 5073.1 0.2 5030 -2.0 5110
-2.0 5135 -3.8 5159 -3.6 5161.1 -4.1 5170
-6.8 5201.1 -7.8 5210 ~-6.0 5225 -3.8 5230
0.5 5250 3.0 5320 9.0 5400 9.0 5700
EDISON ROAD BRIDGE - TOP OF RD=12',LOW CHORD=11' {NOT CODED)
1 49 5079 5269 50 50 50
10 100
3.6 0 3.6 1060 3.6 2000 3.6 3500
12 5010 12.3 5049 6 5050 3.0 5060
0.3 5078 11 5078.1 11 5079 -1 5079.1
-2.0 5110 -3.6 51159 10.8 5119.1 10.8 5121
-2.0 5135 -3.6 5159 10.8 5i59.1 10.8 5161
-4.1 51740 -5.7 5190 -6.7 5199 10.8 5199.1
~6.8 5201.1 -7.8 5210 -6.0 5225 -3.8 5230
~1.5 5239 10.8 5239.1 10.8 5241 -1.3 5241.1
1.4 5257 6.6 5269 10.8 5269.1 10.8 5271
12.0 5326 g.0 5400 4.10 5700 4.14 7500
2 49 5079 5269 30 36 30 30
10 100
3.6 0 3.6 1000 3.6 2000 3.6 3600
12 5010 12.3 5048 6 5050 3.0 5060
0.3 5078 11 5078.1 11 5079 .1 5075.1
~2.0 5110 -3.6 5119 10.8 5119.1 10.8 5121
-2.0 5135 -3.6 5159 10.8 5155.1 10.8 5161
-4.1 517¢ -5.5 5150 -6.5 5189 10.8 5199.1
-6.5 35201.1 ~7.5 52140 -6.0 5225 -3.8 5230
-1.5 5239 10.8 523%.1 10.8 5241 -1.3 5241.1
1.4 5257 6.6 5269 10.8 5269.1 10.8 5271
12.0 5320 B.0O 5400 4.10 5700 4.10 7500
SEC 8B+61.5 - BY LEONARD, BOUDINOT & SKODJE INC MAY 1995
B8615S 23 12 247 1000 1000 1000
10 100
7.5 0 7.5 12 4.5 17.5 2.8 25.0
-1.3 34.5 ~1.2 72.0 -2.7 96.0 -3.1 95.0
-4.4 144 -2.0 151 3.% 179 3.5 183.5
1.7 218 2.8 228.5 4.3 236.5 6.6 241.5
8.8 262 2.0 277 2.0 600
7950 10 535 672 1530 15350 1590
10 100
1.0 0 1.0 500 9.0 520 9.0 535
-7.0 640 9.0 €72 9.0 687 1.0 707
0.100
7400 12 515 600 600 600 600
10 100
1 0 1 84 9.2 100 9.2 115%
1 515 -6.7 525 -6.7 575 9.2 600
1 630 1 1100
0.050
7200 10 535 655 200 200 200
10 100
1.0 0 1.0 500 8.0 520 9.0 535
-6.5 623 9.0 655 9.0 670 1.0 690
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1
[§8]
B o@RhRO®@

100

[
(=]
U@ O

5070
5121.1
5190
5241.1
7500

4279
5070
5090
5121.1
5161.1
5201
5237
5250
5271.1

4279
5070
509¢
5121.1
5161.1
5201
5237
K250
5271.1

29.0
124.0
202
247

570
1000

130
€15

570
1000



GR
GR
GR

GR

5900 10 500 600
10
1 0 1 469
~6.2 575 9.0 600
104 24 2857 2999
10
4.3 0 4.4 5
4.5 160 4.0 180
7.9 2857 .6 2878
-2.3 2954 2.4 2965
9.3 2999 8.4 3oos8
2653 12 460 640
10
3 Y 3 430
3 525 -4.6 550
3 670 3 ir00
EXISTING EAST SIDE RIVER
1115 21 7 149
10
9.4 0 5.1 7
-2.3 27 ~2.6 49
-0.3 84 4.1 150
5.6 139 9.7 149
10.¢ 465
10 46 3000 3161
10 0 0 D
11.5 200 8.6 400
3.4 1200 2.5 14¢9
2.9 2200 8.1 2400
11.7 3003 10.1 3013
-0.9 3053 -3.1 3063
-2.2 3103 -0.2 3113
10.9 3153 13.5 3161
6.8 3600 6.5 3800
-0.2 3858 -1.4 3B66
7 4000
FARM TC MARKET ROAD BRIDGE
11 65 3003 3165
10 0 0 0
l12.6 200 10.7 400
5.8 1200 10 1400
10.1 2200 9.6 2400
13 3003.1 13 3003.2
11.5 3040 8.8 3040.1
-3.2 3063 -2.2 3073
-2.2 3084.1 ~2.2 3093
-2.5 3106.1 -2.8 3113
11.5 3128 -0.4 3128.1
11.5 3148.1 11.5 3150
13.5 3165.1 14.6 3165.2
10.6 3800 7.4 3837
-1.4 3866 ~-0.2 3B75
1z 45 3023 3153
10 0 0 0
10.3 200 8.2 400
5.8 1200 4.1 1400
5.9 2200 4.9 2400

SAMISHE.HEC
1290 1250

9.0 485
9.0 615
1197 1197
4.5 19
4.0 337
-5.8 2908
-0.6 2973
6.0 3013
2100 2160
9.5 445
-4.6 590

1585 1585

i4
54
112
156

a—
oW W
W ~J O

1080 1080

0 0
6.6 €600
2.1 1600

8 2600
9.3 3023

-3 3073
D.8 3123
10.4 3165
6.5 3837
-Q.2 3875
{NOT CODED})

50 50
0 0
9.4 600
10.2 1600
5.1 2600
10 3018

1 3053

-2.2 3082
-2.5 3104
-1.5 3123
0 313¢
3 3150.1
i14.2 3200

5 3843

3.8 3881
50 50

0 Y
7.1 €00
5.3 100
4.5 2600
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CONTAINMENT DIKE IN PLACE
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-2.
11.

-0.

P . .
NSOV RWOAROCUTIUNNOmNDRR OO

=
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. ol

W o
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100
500
631

100
118
2837
2917
2980
4373

100
460
640

100
800
1800
2800
3Q33
3083

3133
3200
3B43
3881

100
800
1800
2800
3038
3060
3gg2.1
3104.1
3126
3139
3161
3400
3852
3894

100
800
1800
2800

I
B s O
WA o

<

100

1
b
8]

-1 D W0
U7 WO b s

)
L
O

[
(™)
LN oo UOoOWL-Jdo R

525
1100

140
2844
2930
2993

475
655

20

133.5
450

1000
2000
3000
3043
3083

3140
3400
3gs2
3894

1000
2000
3003
3038.1
3062
3084
3106
3126.1
3148
3165
3600
3858
4000

1000
2000
3000



t
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RPWOoo Oyt =g
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u

SAMISHE.HEC

3003 9 3013 9.3 3023 4.5 3033 1.2 3043
3053 -3.1 3063 -3 1073 -1.7 3083 -2.5 3093
3103 -0.2 3113 0.8 3123 5 3133 6.4 3143
3153 3.5 3161 5.3 3200 6.3 3400 7.2 3600
3800 7.4 31837 5 3843 0.9 3852 -0.2 3858
3866 -0.2 2875 3.8 3881 7.4 3894 7.5 4000
15 528 643 875 a7s 875
100 100
0 4.2 490 10.8 513 9.4 528 4.5 541
547 ~2.0 550 -2.7 560 -2.5 565 0 59§
616 11.19 643 11.0 658 5.53 669 5.5 1150
19 551 666 1215 1215 1215
100 100
0 5.1 500 5.1 506 4.60 524  10.30 536
551 5.8 561 5.5 564 0.6 567 -1.8 579
622 3.2 636 4.0 642 6.0 645 7.7 655
666 11.78 681 5.67 £94 6.5 1170
17 526 641 560 560 560
100 100
0 3.8 495  11.39 511 10.92 526 6.3 544
566 2.5 568 -1.8 586 -3.8 605 -2.0 613
618 5.7 626 7.0 634  11.639 641  12.17 656
670 6.4 1150
46 4120 4210 770 770 770 0 0 0
0 0 a 0 0 b 100 100
264 12.3 400 12.7 600 13.7 800 14.4 1000
1200 14.1 1400 13.9 1600 13.5 1800 13.4 2000
2200 12.2 2400 11.4 2600 8.4 2800 7.6 3000
3200 6.4 1400 5.8 31600 5.8 3800 5.0 4091
4105  11.72 4120 7.5 4130 6.1 4139 3.4 4145
4148 -3 4150 -3 4180 0.6 4183 7.4 4192
4197  11.32 4210 10.98 4225 5.5 4236 6.2 4300
4400 6.1 4600 5.3 4800 5.4 5000 5 5200
5400 B.8 5500 8.4 5600 B.8 5800 9.7 6000
6200
16 531 621 706 706 706
100 100
¢ 4.9 500 4.9 561 12.16 516 11.38 531
540 0.7 544 -2.5 559 -2.3 575 0.7 586
590 8.5 610 12.36 621  12.62 636 6.5 649
1130 _
16 541 651 245 245 245
100 100
0 §.90 512 11.78 526  11.72 541 0.5 548
552 0 558 -1.0 564 -1.7 590 10.2 610
620 6.8 635 12.11 651 12.24 666 6.80 677
1120
15 836 626 588 588 588
_ 100 100
0 7.14 512 11.25 521 11.16 536 6.3 544
550 -0.2 561 -0.6 575 0.2 593 7.8 596
610  11.7 626 11.34 541 5.0 654 5.5 1160
17 532 627 270 270 270
100 100
0 7.7 500 7.15 508  11.56 517  11.11 532
539 4.3 545 0.5 547 -1.0 559 0 572
585 8.5 600 8.3 614 12.18 627 11.97 642
655 6.3 1130
42 3183 3279 1375 1375 1375 0 0 0
0 0 0 0 0 0 100 100
1 3 27 4.2 281 5.8 m 5.1 681
891 5.5 1099 6.3 1303 2.6 1503 9.1 1702
1911 8.5 2120 7.6 2309 6.6 2509 6 2703
2898 7.2 3099 7.4 3157 12.71 3165 12.12 3183
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[N

3194
3261
3347
4385
5292

i3

0 .

556
608
14

0
559
617

15

¢
535
618
35

. D
200
1260
1745
1810
2000
3400
4400

THOMAS ROAD

40

it
200
1200
1765
1787
1824
2400
3400
4400
37

G
200
1200
1745
1510
2000
3000
4000
5000
44

fu
(=]
(e e IR e o Bs JIEN I W 2 I - s o]

g

BRIDGE (NOT CODED)

1748

SO@EFEMNAFREDODR OB AR WODDRWUN S

SAMISHE.HEC

3206 -0.6
3273 11.95
3585 10.3
4573 10.1
5312
608 1600
503 12.42
561 -1.5
623 7.4
617 612
500 g.2
560 -.05
632 B.01
635 495
500 8.6
544 -.02
635 14.0
1835 1052
Q 0
400 9.9
1400 8.2
1766 0
1829 14.2
2200 12.1
3600 i0
4600 8.5
1840 50
G 0
400 1¢.9
1400 15.3
1771 2.1
1806 1.6
1837 18.5
2600 12.5
3600 11.2
4600 11.7
1835 50
0 0
400 10.7
1400 0.4
1766 0
1829 14.2
2200 2.9
3200 B
4200 g.1
5200
2380 2800
0 0
30 13.3
1000 13.4
2000 11.6
2285 2.8
2340 10.7
2398 11.1
3367 14.¢6
4132 14.8
5113 12.4
2657 688
10 20.0
2559 15.4

3213
3279
3786
4773

1000

513
582
632
612

511
564
643
495

502
559
€50
1052
0
600
1600
1768
1835
2800
3800
4800

50

0
600
1600
1775
1812
1840
2800
3800
4800
50

600
1600
1768
1835
2400
3400
4400

2800

200
1200
2200
2292
2350
2593
3557
4326
5291

688

15
256%

Page 4

ot
.
(SR S =SS O RPN e B ol

12.1

688

3239
3285
3995
4962

ioo
528
5490

100
518
601
1140

100
510
580
660

100

800
1726
1801
1845
3020
4000
5000

100

800
1748
1784
1816
2000
3000
4000
5000

100

800
1726
1801
1845
2600
3600
4600

100

400
1400
2250
2300
2360
2781
3753
4529
5315

100

2580

VMTOWVOURNJWNOSDW WU MW =

L]

ey
[o¥]
Bo b ~J U W) vy

3248
3294
4194
5159

547
600

542
611

525
591
1150

1000
1736
1806
1854
3200
4200
5200

600
1600
2262
2305
2370
2986
3940
4730

16G0
2585



SAMISHE . HEC

GR 1.7 2592 0.7 2602 2.1 2605 3.3 2611 3.6 2619
GR 4.7 2620 12.¢6 2635 16.6 2654 17.2 2657 16.0 2670
GR 16.0 3500 18.2 5398 19.1 5402 20.0 5429

X1 60 33 2247 2352 1976 197Q 1970 o 0 0
X3 10 h Y 0 0 4 0 160 100

GR 20.2 1 15.6 50 15.3 200 l16.1 400 16.2 600
GR 16.2 BOOD 18.7 1000 18.4 1200 17.9 1400 18.9 1600
GR 195.9 1800 19.9 2000 18.7 2200 19.3 2247 15.1 2261
GR 5.2 2288 3.2 2293 4 2299 4 2307 4.6 2318
GR 5.3 2323 6.5 2327 13.6 2339 18.8 2352 19.4 2400
GR 18.6 2493 13.5 2600 15.6 2800 15.8 3000 17.6 3200
GR 17.1 3400 17.8 3600 19.1 3800

X1 61 i3 2247 2352 50 50 50 0 o 0
X3 10 0 0 0 & o 0 160 100

GR 20.2 1 17.8 50 17 200 17.3 400 17.4 600
GR 18.6 800 19.4 1000 18.5 1200 17.8 1400 19.5 16060
GR 18.9% 1800 19.9 2000 19.7 2200 19.3 2247 15.1 2261
GR 5.2 22BB 3.2 2293 4 2299 4 2307 4.6 2318
GR §.3 2323 6.5 2327 13.6 2339 18.8 2352 19.4 2400
GR 18.6 2493 19.5 2600 19.4 2800 20.2 3000 17.6 3200
GR 16.6 3400 16.9 3600 19.1 3BOO

X1 62 31 2247 2352 50 50 50 0 0 4
X3 10 0 0 ¢ 0 0 0 100 100

GR 20.2 1 15.3 50 16.9 200 17.3 600 18.2 80D
GR 19.7 1000 16.4 1200 15 1400 15.7 1600 19.9 1BOO
GR 19.9 2000 19.7 2200 19.3 2247 15.1 2261 5.2 2288
GR 3.2 2293 4 2289 4 2307 4.6 2318 5.3 2323
GR 6.5 2327 13.6 2339 18.8 2352 19.4 24900 19.5 2600
GR 14.2 2800 12.% 3000 14.7 3200 14 3400 15.5 3600
GR 19.1 38¢0Q

X1 70 35 3721 3794 3655 3655 3655 0 0 0
X3 10 ¢ ¢ 0 0 8} 0 100 100

GR 26.3 2000 25.7 2100 23.8 2200 23.5 2300 20.4 2400
GR 21.5 2480 22.9 2600 20.6 2700 20.9 2800 21.4 agoo
GR 22.8 3600 23.7 3700 20.2 3721 14.8 3726 9.8 3733
GR 9.1 3737 7.5 3745 7.7 3756 7 3763 7.1 3772
GR 9.1 3781 14.6 3790 17.8 3794 20.8 3800 26.7 4000
GR 15.7 4200 20.5 4400 20 4600 1%.3 4800 18.2 5000
GR 17.7 5200 18 5400 18.7 5600 20 5800 20.4 6000
* CHUCKANUT ROAD BRIDGE {CODED AS SPECIAL BRIDGE)

NC .3 .5

X1 71 39 3721 3794 40 40 40 0 0 0
X3 10 0 0 0 0 0 0 100 100

GR 26.3 2000 25.7 2100 24.7 2200 23.7 2300 22.8 2400
GR 22.5 2480 22.9 2600 22.9 2700 23.1 2800 22.6 3000

GR 22.5 3200 23.1 3400 25.1 3600 27.2 3700 20.2 3721
GR 14.8 3726 9.8 3733 9.1 3737 7.5 3745 7.7 3756
GR 7 3763 7.1 3772 9.1 3781 14.6 3790 17.8 3794
GR 20.8 3800 25.1 3814 27.2 382¢ 24 4000 21 4200

GR 20.6 4400 20.4 4600 20.3 4800 20.2 5000 20.3 5200

GR 20.5 5400 20.7 5600 20.8 5800 20.9 6000

SB 1.05 1.6 2.6 20 40 it 813 1 8.5 7.5
X1 640 18 38 107.5 10 10 10

X2 1 25 27

X3 10 27 27

BT 18 0 27 27 10 26.8 26.8 i8 26.6 26.6
BT 30 27 19 38 27 15.6 40 27 17 50
BT 27 22 60 27 24 70 27 25 BO 27
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BT
ET
BT
GR
GR
GR
GR
X1

X1
X3

GR
GR
GR
GR
GR
GR
GR
NC
X1

X3
GR
GR
GR

GR
GR

GR

26.3

21.7
690
10
27.5
11.9
11.0
23.1

780
10
26.9
15.6
11.1
23.3
790
10
33.5%
22.8
15.3
33.2

800
10
35.4
14
35.4
801

SAMISHE . HEC

90 27 23 97 27 20.5
27 17 120 27 22 125
27 160 26.8 26.8
G 26.8 10 26.6 18 19.0
40 5.0 50 8.0 60 7.5
20 8.5 97 15.5 107.5 17
125 27 142 26.8 160
20 20 20
1
39 3721 3794 10 10 10
2000 25.7 2100 24.7 2200 23.7
2490 22.9 2600 22.9 2700 23.1
3200 23.1 3400 25.1 3600 27.2
3726 2.8 3733 9.1 3737 7.5
3763 7.1 3772 2.1 3781 14.6
3goo 25.1 3814 27.2 3B82¢ 24
4400 20.4 4600 20.3 4800 20.2
5400 20.7 5600 20.8 5800 20.9
1 .3
36 3721 3794 40 40 40
0 0 0 0 0 0
2000 25.7 2100 22.6 23460 22.1
2600 22.1 2700 21.6 2800 22.1
3600 22 3700 20.2 3721 14.8
3737 7.5 3745 7.7 3756 7
3781 14.6 3790 17.8 3754 20.8
4000 20 4200 20.6 44600 20.2
5000 16.9 5200 17.2 5400 18.2
6000
18 2038 2149 4200 4200 4200
0.0 27.1 5 22.2 2028 22.3
2092 11.0 2096 10.2 2105 7.9
2130 17.1 2136 17.9 2141 22.7
3829 30.2 3845 31.¢ 3849
300" DOWNSTREAM FROM RAILROAD CROSSING
19 2053 216l 2930 29390 29390
0.0 26.6 10 25.7 17 23.5
2109 14.5 2117 13.4 2126 11.8
2144 13.5 2149 14.5 2150 23.2
2284 23.0 2306 31.3 2326 31.8
18 508 566 250 250 250
0.0 33.5 3BD 33.5 441 32.5
508 18.4 513 16.1 518 15.3
557 22.0 566 23.0 572 32.0
673 34.2 803 35.0 1000
RATLROAD BRIDGE - TOP RAIL=35.37, LOW CHORD= 31.40
11 0 68 50 50 50
0 26 t.1 21.5 15 17.5
34 13 54 12.5% 60 17.9
68.0
20 20 20

500 FEET DOWNSTREAM OF INTERSTATE &

Page 6

1¢7.5
24

30
70
116

100
2300
2800
3700
3745
3790
4000
5000
6000

100
2400
3¢00
3726

3763
3800

4600

5600

100
2038
2119
2149

1¢¢
2053
2130
2161
2331

100
491

528
578

35

62

27
24

15.6

22

20.3

100
20.4
ig0.0
23.5

100
24.5
10.3
33.2

35
16
20.0

15.5
142

38

120

2400
3000
3721
3756
3794
4200
5200

2490
3400
3733

3772
3900

4800

5800

2091
2127
3766

2099
2140
2188

500
550
625

20
€7.9



820

28.0
37.0
27.4
27.1

850

59.0
34.0
34.0
31.1
19.2
19.2
41.4

920

60.0
38.0
26.6
23.1
40.0

55.0

-10
2

-10
2

-10
2

-10
15

17 9
0.0 31
3316 15
3938 18.
4067 50.
33 22
0.0 34,
220 34.
400 31.
1446 30.
2264 17.
2301 23.
2383 42
22 14
0.0 50.
605 38,
1522 23,
1567 31.
2800 60
22 11
0.0 50
700 40.
1110 26.
1162 31
2110 50
20 15
0.0 52
1255 51
1610 34
1715 44

24

0 53
74 36
120 36
200 42
340 45

SECOND PROFILE

EDISON ROAD TO INTERSTATE 5

4042

1160
3330
3949
4090
2312

60
245
407

1560
2274
2312
2400
1567

50
635
1523
1589
2850
1215

200
80O
1120
1185
2200
1715

100
1360
le21
1730

140

1.0

B4
128
220
360

SAMISHE . HEC

500
31.0
30.0
17.0

1550

=
o
COoOMNOAERE OO

w
b
=3

500

3200
3311
3598

1550

85
255
604

2120
2279
2314
2450
3200

75
650
1533
1647

2000

400
30C
1125
1215

1800

1140
1450
1645
2835
2000

35
140

240
370

0=2500 CFS EXISTING CHANNEL CONDITIONS

3
0
THIRD PROFILE

EDISON ROAD TO INTERSTATE 5

0
-1

0
0

0]
0

(=]

Q=3000 CFS EXISTING CHANNEL CONDITIONS

4
0
FOURTH FROFILE

EDISCN ROAD TO INTERSTATE 5

0
-1

0
0

0
0

Qg=3500 CF3 EXISTING CHAMNEL COMDITIONS

5
o
FIFTH PROFILE

EPISON ROAD TO INTERSTATE 5
Q=4000 CFS EXISTING CHANNEL

6
0

0
-1

¢
-1

o
0

0
0

¢ 0
0 0
CONDITIONS
0 0
0 0

Page 7

100
3205
3365
4027

100
100
350
644
2238
2291
2326

i00
550
1463
1544
1664

100
600
1000
1140
1230

100
1160
1584
1657
2B75

100

100
160
260
386

L

OO

3217
3913
4042

210
375
740
2254
2295
2342

590
1475
1554
1700

650
1100
1151
1700

1200
1602
1669
2920

62
108
180
300



HEC 2 INPUT FOR
MODIFIED DIKE CONDITIONS



-10
1
38
-10

ek e .
(=R R o e T =R = N R T ]

1
0.
-2.
-2.
-4.
-6.
-1.
1.
1z2.

88615
10
7.5
-1.3
-4.4
1.7
8.8

7950
10

1.0
-7.0
1.0

SAMISH RIVER WATERSHED {SAMISHF.HEC) JULY 5,
EDISON ROAD TO INTERSTATE 5

SAMISHF .HEC

1595

MHHW EL 4.0 MSL DATUM - MODIFIED CHANNEL CONDITIONS

2 0 a o Y 0 o
0 -1 0 0 0 -1 0
23 42 24 14 1 4 21
-10
0.05¢0 0.050 L1 .3 0 0 Q
2000 2500 3000 3500 4000
ESTIMATED SECTION BELOW EDISON ROAD W/ DIKE @ EL 9.0
25 5049 5320 b 0 0
100
0 9.0 5049 6 5050 3.0 5060
5078 0.1 5079.1 0.2 5050 -2.0 5110
5135 -3.6 5159 -3.6 5161.1 -4.1 5170
5201.1 -7.8 5210 -6.0 5225 -3.8 5230
5250 9.0 5320 9.0 5400 9.0 5700
EDISON ROAD BRIDGE - TOP OF RD=12',LOW CHORD=11- (NOT CODED)
439 5079 5269 50 50 50
100
0 3.8 1000 3.6 2000 3.6 3600
5010 12.3 5049 6 S05¢ 3.0 5060
5078 11 5o078.1 11 5079 .1 5079.1
5110 ~-31.8 5119 1¢.8 511%.1 10.8 5121
5135 -3.6 5159 10.8 5159.1 10.8 5161
5170 -5.7 5180 -6.7 5199 10.8 5199.1
5201.1 -7.8 5210 -6.0 5225 -3.8 5230
5239 10.8 52338.1 10.8 5241 -1.3 5241.1
5257 6.6 5269 10.8 5269.1 10.8 5271
5320 8.0 5400 4.10 S700 4.10 7500
49 5079 5269 30 30 30 30
100
0 3.6 1000 3.6 2000 3.6 3600
5010 12.3 5049 6 54050 3.0 50640
5078 11 5078.1 11 5079 -1 5079.1
5110 -3.6 511% 10.8 5119.1 i0.8 5121
5135 ~3.6 5159 10.8 5159.1 10.8 5161
5170 -5.5% 5190 -6.5 5199 10.8 5199.1
5201.1 ~-7.5 5210 -6.0 5225 -3.8 5230
5239 10.8 5239.1 i0.8 5241 -1.3 5241.1
5257 6.6 5269 l0.8 5269.1 10.8 5271
5320 B.O 5400 4.10 5700 4.10 7500

SEC 88+61.5 - BY LEONARD, BOUDINOT & SKODJE INC MAY 19965
SECTION MODIFIED - EAST DIKE MOVED 200° EAST

23

o
34.5
144
218
462

12

7.5
-1.2
-2.0

2.8

2.0

447

12
72.0
151
228.5
477

1000

APPROXIMATE SECTICN ESTIMATED FROM AERIAL PHOTO
SECTION MODIFIED - EAST DIKE MOVED 200°

12

0
640
907

535

872

500
672
1000

1590

9.0
1.0

APPROXIMATE SECTICN ESTIMATED FROM AERIAL PHOTO
SECTION MODIFIED - EAST DIKE MOVED 300

14

0
515

515

1
-6.7

300

84
525

600

9.2
-6.7

1000 1000
17.5 2.8
36.0 -3.1
1759 3.5
236.5 2.0
600
EAST
1590 1590
520 9.0
857 2.0
EAST
600 600
100 9.2
575 1

Page 1

100
25.0
55.0

193.5
441 .5

100
535
872

100
115%
600

ra
=
[aw]

-3.
~-3.
10.
-2.

B TR O

12.

100

5070
5121.1
5180
5241.1
1500

4279
5070
5090
5121.1
5lel.1
5201
5237
5250
5271.1

4279
5070
5090
5121.1
5l16l.1
5201
5237
5250
5271.1

29.0
124.0
202
447

570
887

130
884



GR
GR
GR

GR

SAMISHF .HEC

9.2 900 9.2 915 1 919 1
APPROXIMATE SECTION ESTIMATED FROM AERIAL PHOTO
SECTION MODIFIED - EAST DIKE MOVED 300 EAST

0.050
7200 12 535 955 200 200 200

10
1.0 0 1.0 500 9.0 520 9.0
-6.5 623 1 655 1 939 9.0

1.0 990 1.6 1000

SECTION MODIFIED - WEST DIKE MOVED 200° WEST
5900 12 300 600 1290 1290 1290
10
1 ] 1 269 9.0 285 3.0
1 515 -6.2 525 -6.2 575 9.0
1 631 1 1100
SECTION MODIFIED - WEST DIKE MOVED 200° WEST
100 26 2657 2999 1197 1187 1197
10

4.3 0 4.4 5 4.5 19 5.6

4.5 160 4.0 180 4.0 337 4.0

7.9 2657 4.0 2665 3.0 2870 0.6

-4.5 2917 -3.2 2930 -2.3 2954 2.4

0.9 2980 9.1 2993 9.3 2999 B.4

6.0 4373
SECTION MODIFIED - WEST DIKE MOVED 200° WEST

2653 13 260 640 2100 2100 2100
10

3 0 3 230 9.5 245 9.5

3 475 3 525 -4.6 550 -4.6

9.7 655 3 670 3 1100

EAST SIDE RIVER CONTAINMENT DIKE REMOVED
1115 21 7 149 1585 1585 1585
10
9.4 0 9.1 7 3.9 14 2.5
-2.3 27 -2.6 49 -1.8 54 -1.3
-0.3 84 4.1 100 3.7 112 3.9
5.6 139 5.0 149 6.0 156 4.0
10.0 465
10 46 31000 3161 1080 1080 1080
10 0 0 0 0 0 0
11.5 200 8.6 400 6.6 600 5.6
3.4 1200 2.5 1400 2.1 1600 2.3
2.9 2200 g.1 2400 8 2600 8.4
11.7 3003 10.1 3013 9.3 3023 4.5
-0.9 3053 -3.1 3063 -3 3073 -1.7
-2.2 3103 -0.2 3113 0.8 3123 5
B.0 3153 8.0 3161 8.0 3165 8.3
6.8 360¢ 6.5 3900 6.5 31837 5
-0.2 3858 -1.4 3866 -0.2 3IB75 3.8
7 4000
FARM TO MARKET ROAD BRIDGE {(NOT CODED)
11 65 3003 3165 50 50 50
10 ) 0 0 0 0 )
12.6 200 10.7 400 9.4 600 9.1
9.8 1200 10 1400 10.2 1600 10
10.1 2200 9.6 2400 9.1 2600 9.6

Page 2

1100

100
535
955

100
300
600

100
118
2637
2878
2965
3008

100
260

580

100

800
1800
2800
3033
3083
3133
3200

343
3881

100
800
1800
2800

P -
Scwununo

570
74

31¢
615

140
2644
2905
2973
3013

285

640

20

133.5
450

1000
2000
3000
3043
3093
3140
3400

3852
3894

1000
2000
3003



SAMISHF .HEC

GR 13 3003.1 13 3003.2 10 3018 9.8 3038 11.5 13¢38.1
GR 11.5 3040 8.8 13p40.1 1 3053 -2.0 3060 -3.0 3062
GR -3.2 3063 -2.2 3073 ~2.2 3082 11.5 3082.1 11.5 3084
GR -2.2 3084.1 -2.2 3093 -2.5 3104 11.5 3104.1 11.5 3106
GR -2.5 3106.1 -2.8 3113 -1.5 3123 -0.8 3126 11.5 3126.1
GR 11.5 3128 -0.4 3128.1 0 3130 6 3139 B.Z2 3148
GR 11.5 3148.1 11.5 3150 9 3150.1 13 3161 13.2 3165
GR 13.5 13165.1 14.6 3165.2 14.2 3200 11.8 1400 10.7 3600
GR 10.6 3800 7.4 3837 5 3843 0.9 3852 ~0.2 3858
GR -1.4 3866 -0.2 3875 3.8 3881 7.5 3ig94 10.6 4000
X1 12 45 3023 3153 50 50 50 0 0 0
X3 10 Q 0 0] 0 ¢ 0 100 100

GR 10.3 200 B.2 400 7.1 600 5.9 800 5.6 10060
GR 5.8 1200 4.1 1400 5.3 1600 6.2 1800 6.5 2000
GR 5.9 2200 4.9 24@¢0 4.5 2600 3.6 2800 9 3000
GR 9 3003 9 3013 9.3 3023 4.5 3033 1.2 3043
GR -0.9 3053 ~3.1 3063 -3 3073 -1.7 3083 ~2.5 3093
GR -2.2 3103 ~0.2 3i13 0.8 3123 5 3133 6.4 3143
GR 10.9 3153 9.5 3161 5.3 3200 6.3 3400 7.2 3600
GR 7.4 3800 7.4 3837 5 3843 0.9 3852 -0.2 3g58
GR -1.4 3866 -0.2 3875 3.8 3g81 7.4 1894 7.5 4000
X1 1019 15 528 643 875 875 875

X3 10 100 100

GR 6.1 0 4.2 490 10.8 513 9.4 528 4.5 541
GR -0.2 547 -2.0 550 -2.7 560 -2.5 565 4 598
GR 4.0 610 11.19 643 11.0 658 5.53 669 5.5 1150
X1l 2303 18 551 666 1215 1215 12156

X3 10 100 100

GR 5.1 4] 5.1 500 5.1 506 4.60 524 10.30 536
GR 10.5% 551 5.8 561 5.5 564 0.6 567 -1.8 578
0.7 622

GR 3.2 636 4.0 642 6.0 645 7.7 655 12.03 666
GR 11.78 681 5.67 694 6.5 1170

X1 25B3 17 526 641 560 560 560

X3 10 100 100

GR 5.2 0 3.8 495 11.39 511 10.92 526 6.3 544
GR 4.8 566 2.5 568 -1.8 586 ~3.8 605 -2.0 613
GR 2.2 618 5.7 626 7.0 634 11.6 641 12.17 656
GR 5.2 670 6.4 1150

X1 20 46 4120 4210 770 770 770 0 0 [
x3 10 0 0 0 4] 0 0 160 100

GR 12.5 264 12.3 400 i2.7 600 13.7 800 14.4 1000
GR 14.7 1200 14.1 1400 13.9 1600 13.5 1800 13 .4 2000
GR 13.1 2200 12.2 2400 11.4 2600 8.4 2800 7.6 3000
GR 6.9 3200 6.4 3400 5.8 3600 5.8 380G 5.0 4091
GR 11.94 4105 11.72 4120 7.5 4130 6.1 4139 3.4 4145
GR 0.9 4148 -3 4150 -3 4180 0.6 4183 7.4 4192
GR g.1 4197 11.32 4210 10.98 4225 5.5 4236 6.2 4300
GR 6.4 4400 6.1 4600 5.3 4800 5.4 5000 5 5200
GR 4.8 5400 8.8 5500 8.4 5600 8.8 5800 9.7 6000
GR 10.4 6200

X1 4070 16 531 621 706 706 706

X3 10 100 10¢

GR 6.7 0 4.9 500 4.9 501 12.16 516 11.38 531
GR 7.3 540 0.7 544 -2.5 559 -2.3 575 0.7 586
GR 6.4 590 8.5 610 12 .36 621 12.62 636 6.5 64%
GR 6.8 1130

X1l 4316 18 541 651 245 245 245

X3 10 100 100

GR 7.0 0 4.90 512 11,78 526 11.72 541 0.5 548
GR =-1.7 552 0 558 -1.0 564 -1.7 590 10.2 610
GR 6.8 620 6.8 635 12.11 651 12.24 666 6.80 677
GR 6.8 112¢

X1 491317 15 536 626 588 588 588

X3 10 100 100

Page 3



8.6
-0.8

5163

B
L]

e h R g .
Nk oowmumo g

1

oo

fury
00 & B

.

THOMAS ROAD

[ (SIS
o
=
SR

QM| AD b s WO

PR

.

=
b v I NS I S R |

608
14

559
617
15

a
535
618

35

0

200
1200
1745
181¢
2000
3400
4400

40

0
200
1290
1765
1787
1824
2400
3400
4400
37

200
1200
1745
1810
2000
3000
4000

SAMISHF . HEC

7.14 512 11.25
-0.2 561 -0.6
11.70 626 11.34
532 627 270
7.7 500 7.15
4.3 545 0.5
8.5 600 8.3
6.3 11390
3183 3279 1378
0 0 0
9 27 4.2
5.5 1099 6.3
8.5 2120 7.6
7.2 3099 7.4
0.6 3206 -D.6
11.8 az273 11.%95
8.2 3595 10.3
10.1 4573 10,1
11.8 5312
528 608 1000
7.5 503 1z.42
-0.9 561 -31.5
11.85 623 7.4
542 617 612
9.0 500 9.2
1.5 560 -.05
12.43 632 8.01
525 635 495
9.8 S00 B.6
2.0 544 -.02
14 635 14.0
1745 1835 1052
0 0 0
10.7 400 9.9
8.8 1400 9.2
1.8 1766 0
11.1 1829 14.2
9.7 2200 12.1
3.6 3600 10
9.5 4600 9.5
BRIDGE (NOT CODED)
1748 1840 50
0 0 ¢
12.5 400 10.9
12.2 1400 15.3
4.8 1771 2.1
0.9 1806 1.6
11.3 1837 18.5
12.4 2600 12.5%
11.5 3600 11.2
11.4 4600 11.7
1745 1835 50
10.7 400 10.7
9.4 1400 10.4
1.8 1766 0
11.1 1829 14.2
2.6 2200 9.5
9.2 3200 g
8.1 4200 8.1

521
575
641
270

508
547
614

1375
0
281
1303
2309

3187
3213
3279
3796
4773

1000

3800
4800

50

600
1600
1775
1812
1840
2800
3800
4800

50

600
1600
1768
1835
2400
3460
4400

Page 4

N Wy

= R WD CR NNV RO

(=]

536
593
654

100
517
559
627

100
471
1503
2503

3165
3239
3285
3995
4862

100
528
580

1co
518
601
1140

100
510
SBO
660

100

BDO
1726
1801
1845
3020
4000
5000

100

800
1748
1784
1816
2000
3000
4000
5000

100

800
1726
1841
1845
2600
3600
4600

ur -1 on
U w

NMOWNAJWUINMOOW-Jh O b uw

544
596
1160

532
572
642

681
1702
2703

3183
3248
3294
4194
5159

547
6G0

542
611

1000
1750
1794
1820
2200
3200
4200
5200

1000
1736
1806
1854
2800
3800
4800



PR

71
10
26.3
22.5

22.5

14.8

SAMISHF .HEC

5000 10.8 5200
44 2276 2380 2800
0 4 0 0
1 14.5 30 13.3
800 13.6 1000 13.4
1800 11 2000 11.86
2276 7.5 2285 2.8
2335 7.8 2340 10.7
2380 11.6 2398 11.1
3175 15.2 3367 14.6
4012 14.9 4132 14.8
4922 13.1 5113 12.4
24 2559 2657 688
0.0 20.5 10 20.0
2056 17.1 2559 15.4
2582 0.7 2602 2.1
2620 12.6 2635 l6.6
3500 18.2 5398 1%.1
33 2247 2352 1970
0 0 0 0
1 15.6 50 15.3
800 18.7 1000 18.4
1800 19.9% 2000 19.7
2288 3.2 2293 4
2323 6.5 2327 13.6
2493 19.5 2600 15.6
3400 17.8 3600 15.1
33 2247 2352 50
Q 0 0 C
1 17.8 50 17
800 19.4 1000 18.5
1800 19.9 2000 19.7
2288 3.2 2293 4
2323 6.5 2327 13.6
2493 18.5 2600 19.4
3400 16.9 3600 19.1
31 2247 2352 50
¢ 0 0 0
1 15.3 ~ 50 16.9
1600 16.4 1200 15
2000 15.7 2200 19.3
2293 4 2299 4
2327 13.6 2339 18.8
2800 12.5 30060 14.7

3800

35 3721 3794 3655
0 0 0 0
2000 25.7 2100 23.8
2490 22.9 2600 20.6
3600 23.7 3700 20.2
3737 7.5 3745 7.7
378l 14.6 3790 17.8
4200 20.5 4400 20
5200 18 5400 18.7
CHUCKANUT ROAD BRIDGE (CCDED AS
.3 .5
39 3721 3794 40
4] 0 0 0
2000 25.7 2100 24.7
2490 22.5 2600 22.9
3200 23.1 3400 25.1
3726 5.8 3733 9.1

2800
0
200
1200
2200
2292
2350
2593
3557
4326
5291
688

15
2569
2605
2654
5402
1870

0
200
1200
2200
2299
2339
2800
3800
50

G
200
1200
2200
2299
2339
2800
3800
50

0
200
1406
2247
2307
2352
3200

3655

0
2200
2700
3721
3756
3794
4600
5600

2800

12.6

[y
O
MO WDmW oo

[
un
Bl R )W oo

L7
[+
92 o
wm

23.
20.
14.

20.
19.

cCWD-IDOVIDO

b

SPECIAL BRIDGE)

40

0
2200
2700

3600

3737

Page 5

40

o
23.7
23.1

27.2

7.5

6
100
400

1400
2250
2300
2360
2791
3753
4529
5315

100

2580
2611
2657
5429

100

400
1400
2247
2307
2352
3000

i00

400
1400
2247
2307
2352
3000

100
€00
1600
2261

3400

o]

600
1600
2262
2305
2370
2986
3940
4730

1600
2585
2619
2670

6500
1600
2261
2318
2400
3200

600
1600
2261
2318
2400
3200

800
1800
2288
2323
2600
3600

2400
3000
3733
3772
4000
5000
6000

2400
3000

3721

3756



GR

GR

GR

GR
GR
GR

GR
GR

GR

GR

10
26.3
20

21.8
9.1
9.1

23.3

i8.1

21.7
€90
10
27.5
11.9
11.0
23.1

780
10
26.9

3763 7.1
3800 25.1
4400 20.4
5400 20.7
1.6 2.6
18 38
1
0 27
27 19
22 60
90 27
27 17
27 160
0 26.8
40 9.0
90 8.5
125 27
39 3721
2000 2% .7
2490 22.9
3200 23.1
3726 9.8
3763 7.1
3800 25.1
4400 20.4
5400 20.7
36 3721
0 0
2000 25.7
2600 22.1
3600 22
3737 7.5
3781 14.6
4000 20
5000 16.9

6000

18 2038
0.0 27.1
2092 11.0
2130 17.1
3829 30.2

300" DONSTREAM FROM
19 2053
0.0 26.6

SAMISHF .HEC

3772 9.1 3781
3814 27.2 3826
4600 20.3 4800
5600 20.8 5800
.20 40 0
107.5 10 10
25 27
27 10 26.8
38 27 15.6
27 24 70
23 97 27
120 27 22
26.8 26.8
10 26.6 18
50 8.0 60
97 15.5 107.5
142 26.8 160
20 20
3794 10 10
219040 24.7 2200
2600 22.9 2700
3400 25,1 3600
3733 9.1 3737
3772 g.1 3781
3814 27.2 3826
4600 20.3 4800
5600 20.8 5800
.1 .3
3794 40 40
0 o 0
2100 22.6 2300
2700 21.6 2800
3700 20.2 3721
3745 7.7 3756
3790 17.8 3794
4200 20.6 4400
5200 17.2 5400
2149 4200 4200
5 22.2 2028
2096 10.2 2105
2136 17.9 2141
3845 31.0 3849
RAILROAD CROSSING
2161 2930 2930
P
10 25.7 17

Page ©

i4.6

24
20.2
20.9

813

26.8

22.1
2z2.1

14.8

20.8
20.2

18.2

4200
22.3

22.7

2930

23.5

3750
4000
5000

6000

27

27
2300
2800
3700
3745
37390
4000
5000
6000

100
2400
3000
3726

3763
3800

4600

5600

100
2038
2119
2149

100
2053

17.8
21

20.3

100
20.4
22.6

7.1
23

20.3

100
20.4

3794
4200

5200

2400
3000
3721
3756
3794
4200
5200

2490
3400
3733

3772
3900

4300

5860

2091
2127
3766

2099



SAMISHF.HEC

: GR 15.6 2109 14.5 2117 13.4 2126 11.8 2130 10.0 2140
GR 11.1 2144 13.5 2149 14.5 2150 23.2 2161 23.5 2188
. GR 23.3 2284 23.0 2306 31.3 2326 31.8 2331 :
X1 750 18 508 566 250 250 250
X3 10 100 100
GR 33.5 0.0 33.5 380 33.5 441 32.9 491 24.5 500
GR 22.8 SO8 18.4 513 16.1 518 15.3 528 10.3 550
GR 15.3 557 22.0 566 23.0 572 32.0 578 33.2 625
GR  33.2 673 34.2 803 35.0 1000
* RAILROAD BRIDGE - TOP RAIL=35.37, LOW CHORD=31.40
X1 800 11 0 68 50 50 50
X3 10 100 100
GR 35.4 0 28 0.1 2i.5 15 17.5 17 16 20
GR 14 34 13 54 12.5 60 17.0 62 20.0 67.9
GR 35.4 68.0
X1 801 20 20 20
X3 10 100 100
* 500 FEET DOWNSTREAM OF INTERSTATE 5
X1 820 17 3338 4042 500 500 500
X3 10 100 100
GR 2B.0 0.0 31.0 1160 31.0 3200 35.0 3205 37.¢ 3217
GR 37.0 3316 35.0 3330 30.0 3341 29.0 3365 28.7 3913
GR 27.4 3938 18.1 3949 17.0 3998 18.90 4027 25.0 4042
GR 27.1 4067 50.0 4090
X1 850 33 2254 2312 1550 1550 155¢
X3 10 100 100
GR 59.0 0.0 34.0 60 34.0 85 3z.2 100 32.2 210
GR 34.0 220 34.0 245 32.0 255 32.2 350 34.0 375
GR 34.0 400 31.4 407 31.1 604 30.7 644 31.¢6 740
GR 31.1 1446 30.4 1560 30.5 2120 32.6 2238 23.3 2254
GR 1%.2 2264 17.7 2274 19.2 2279 le.3 2291 16.2 2295
GR 19.2 2301 23.4 2312 28.6 2314 34.5 2326 37.4 2342
GR 41.4 2383 42.0 2400 77.0 2450
X1 220 22 1483 15867 3200 3200 3200
. X3 10 100 100
GR 60.0 0.0 50.0 50 50.0 75 34.0 550 34.0 590
GR 38.0 605 38.0 635 34.0 650 34.0 1463 27.5 1475
GR 26.6 1522 23.1 1523 22.1 1533 1.2 1544 21.1 1554
GR 23.1 1567 31.2 1589 29.2 1647 35.0 1664 35.5 1700
GR 40.0 2800 60.0 2850
X1 966 22 1110 1215 2000 2000 2000
X3 10 100 ioo
GR 55.¢0 0.0 50.0 200 45.0 400 40.5 600 40.0 650
GR 41.0 700 40.5 800 41.0 900 40.5 1000 40.0 1100
GR 35.5 ilio 26.4 1120 25.5 1125 26.7 1140 28 .4 1151
GR 29.8 1162 31.8 1185 37.1 1215 40.0 1230 41.90 1700
GR 41.3 2110 50.0 2200
X1 1030 20 1584 1715 1800 180¢ 1800
X3 10 100 100
GR 100.0 ¢.0 52.0 100 51.8 1140 54.0 1160 54.0 1200

GR 51.5 1255 51.1 1360 49.0 1450 48.5 1584 35.5 1602
GR 33.4 1610 34.0 1621 35.5 1645 35.7 1657 39.6 1669

GR 43.1 1715 44.6 1730 44.6 2835 55.2 2875 80.0 2920
X1 1040 24 74 140 2000 2000 2000

X3 10 100 140

GR 53.6 0 53.6 1.0 45.5 35 42.2 42 41 .6 62
GR 40.6 74 36.2 B4 32.7 92 32.7 100 34.3 108
GR 35.6 120 36.1 128 42.5 140 41.8 160 41.3 180
GR 40.¢ 200 42.8 220 43.0 240 44.1 260 43.6 300
GR 44.1 340 45.1 360 46.4 370 53.0 386

EJ

T1 SECOND PROFILE

T2 EDISON ROAD TO INTERSTATE 5

T3 Q=2500 CFS EXISTING CHANNEL CONDITIONS

Jl ~-10 3 0 0 0 0 0 ¢ 4.0 0
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ER

SAMISHF . HEC
2 0 -1 0 0 0 -1
THIRD PROFILE
EDISON ROAD TO INTERSTATE 5
0=3000 CFS EXISTING CHANNEL CONDITIONS
-10 4 0 0 0 0 D
2 0o -1 0 0 0 -1
FOURTH PROFILE
EDISON ROAD TO INTERSTATE 5
0=3500 CFS EXISTING CHANNEL CONDITIONS
-10 5 0 0 0 0 0
2 0 -1 0 C 0 -1
FIFTH PROFILE
EDISON ROAD TO INTERSTATE 5
Q=4000 CFS EXISTING CHANNEL CONDITIONS
-10 6 0 0 0 0 0
15 0 -1 0 0 o -1

2
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HEC 2 QUTPUT SUMMARY TABLE
EXISTING AND MODIFIED CONDITIONS



SAMISH

L Table A-1 |
LOWER SAMISH CFHMP
RIVER CAPACITY HYDRAULIC EVALUATION
HEC2 SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON ROAD TO | CHANNEL CONDITIONS WITH PHASE 1 CIP-g
INTERSTATE-5 f SETBACK DIKE PROJECT
3 HEC2 TOP WIDTH HEC2 TOP WIDTH
MINIMUM CALCULATED | BETWEEN | CALCULATED | BETWEEN |[TOP OF EXISTING
CROSS | CHANNEL| STREAM WATER TOP OF WATER TOr OF |DIKE ELEVATIONS
SECTION ELEV FLOW SURFACE BANKS SURFACE BANKS LEFT RIGHT
NUMBER (FT} {CFS) ELEV (FT) (FT) ELEV(FT) |  (FT) (FT) {FT)
ESTIMATED SECTION BELOW BAYVIEW-EDISON ROAD W/ 9.0 DIKES ALONG SHORE
0.1 -7.8 2000 4.0 222 4.0 222 9.0 9.0
0.1 -7.8 2500 4.0 222 4.0 222 9.0 8.0
0.1 -7.8 3000 4.0 222 4.0 222 9.0 8.0
| 0.1 -7.8/ 3500 4.0 222 4.0 222 9.0 9.0
0.1 -7.8 4000 4.0 222 4.0 222 9.0 9.0
BAYVIEW-EDISON RQAD BRIDGE WITH ESTIMATED ROAD PROFILE
1 .78 2000 4.0 176 4.0 176 11.0] 12.4
1 -78 2500 4.0 176 4.0 176 11.0 12.4
1} -7.8] 3000 4.0 176 4.0 176 11.0 124
1y -78 3500 40 176 4.0 176 11.0 12.4
.1 -7.8] 4000 4.0 176 4.0 176 11.0 12.4
, 2 75 2000 4.1 190 4.1 190 12.3 12.4
2 -7.5 2500 4.1 190 4.1 190 12.3 12.4
2 7.5 3000 4.1 190 4.1 180 12.3 12.4
2 -7.5 3500 4.2 190 4.2 190 12.3 12.4
2 -7.5 4000 42 190 4.2 190 12.3 i2.4
NEW SECTION SURVEYED BY L.B.& S. MAY 1995
| 88615 -4.4 2000 4.0 215 4.0 367 7.5 8.8
88615 -4.4 2500 4.0 215 4.0 308 7.5 8.8]
BBG15 -4.4 3000 40 215 41 400 .75 8.8
B8615 -4.4 3500 4.0 215 4.1 402 7.5 8.8
| 88615 -4.4 4000 4.0 216 4.1 405 7.5 88
7950 -7 2000 4.5 118 4.5 319 2.0 9.0
7950 -7 2500 4.8 120 4.7 319 9.0 9.0
7950 -7 3000 5.1 121 4.9 320 8.0 8.0
7950 -7 3500 55 122 5.2 321 9.0 5.0
7950 -7 4000 5.8 124 54 322 9.0 9.0
7400 -8.7 2000 47 78 4.6 376 9.2 9.2
7400 -6.7 2500 5.0 78 4.8 376 9.2 9.2
| 7400 6.7 3000 54 79 5.1 377 9.2 9.2
7400 -6.7 3500 5.8 80 5.3 377 9.2 9.2
7400 -6.7 4000 6.2 80 5.6 378 9.2 8.2
7200 -6.5 2000 4.8 102 486 401 8.0 9.0
7200 -6.5 2500 5.2 104 4.9 402 8.0 9.0
7200 -6.5 3000 5.6 105 51 403 9.0 9.0
7200 -6.5 3500 6.0 107 54 405 9.0 8.0
7200 -6.5 4000 6.5 109 57 406 9.0 9.0
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SAMISH

- Table A-1
LOWER SAMISH CFHMP
; ' RIVER CAPACITY HYDRAULIC EVALUATION
HEC2 SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON RCAD TO CHANNEL CONDITIONS WITH PHASE 1 CIP-9
INTERSTATE-5 SETBACK DIKE PROJECT
= HEC2 TOP WIDTH HEC2 TOP WIDTH
MINIMUM CALCULATED | BETWEEN | CALCULATED | BETWEEN [TOP OF EXISTING
CROSS | CHANNEL| STREAM WATER TOP OF WATER TOP QF |DIKE ELEVATIONS
_SECTION [ ELBV FLOW SURFACE BANKS SURFACE BANKS LEFT RIGHT
NUMBER {FT) {CFS) ELEV (FT) (FT) ELEV (FT) {(FT) (FT) {FT)
5800 -6.2 2000 53 88 4.8 285 2.0 9.0
5900 -6.2 2500 5.9 90 5.1 286 8.0 8.0
| 5900 6.2 3000 6.4 92 55 287 9.0 9.0
5900 -6.2 3500 7.0 93 5.8 288 9.0 9.0
[ 5800 -6.2 4000 7.6 g5 6.1 289 8.0 8.0
| j;
100 -5.8 2000 5.8 125 5.2 324 7.9 9.3
100 -5.8 2500 6.5 128 5.6 326 7.9 9.3
100] 58 3000 7.2 131 6.0 327 7.9 9.3
100 58 3500 7.9 134 6.4 329| 7.9 9.3
100/ -5.8] 4000 8.6 135 6.8 330 7.9 9.3
26531 -46| 2000 6.7 163 6.1 354| 9.5 9.7
2653 -4.6] 2500 7.5 168 6.6 358 9.5 9.7
| 2653]  -46 3000 8.3 172 7.0 361 9.5 9.7
2653 -4.6/ 3500 9.0 176 7.5 364 9.5 9.7
2653 -46[ 4000 9.7 180 7.9 367 9.5 9.7
NEW SECTION SURVEYED BY L.B.& S, MAY 1995
1115 -2.6] 2000 7.4 134 6.6 446{ 9.1 10.3]
___111s] 28] 2500 8.2 137 7.1 448 9.1 10.3
P 1115 -2.6] 3000 9.0 140 7.6 450 9.1 10.3
1115 -2.6 3500 9.8 142 8.0 452 9.1 10.3
1115 -2.6 4000 10.5 142 8.4 453 9.1 10.3
10 -3.1] 2000 7.9 118 7.0 117| 11.8 13.5
10 3.1 2500 8.8 123 7.6 123 11.8 13.5
10 -3.1__ 3000 9.7 131 8.0 632 11.8 13.5
10 -3.1 3500 10.5 141 8.4 724 11.8 13.5
10 -3.1 4000 11.2 147 8.9 833 11.8 13.5
FARM TO MARKET ROAD BRIDGE '
11 -3.0 2000 7.9 99 7.0 94 13.7 14.6
11 -3.2 2500 8.8 102 7.6 o8 13.7 14.6
11 -3.2 3000 9.7 104 7.9 100 13.7 14.6
11 -3.2 3500 10.5 129 8.3 101 13.7 14.6
11 -3.2 4000 11.2 134 8.7 102 13.7 14.6
12 -3.1 2000 8.0 121 7.1 117 9.3 10.9
12 -3.1 2500 8.9 125 7.7 119 9.3 10.9
12 -3.1 3000 9.8 127 8.1 121 9.3 10.9
12 -3.1 3500 10.5 129 85 123 9.3 10.9
12 -3.1 4000 11.3 130 T B89 125 9.3 10.9
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SAMISH

| Table A-1
LOWER SAMISH CFHMP
RIVER CAPACITY HYDRAULIC EVALUATION
HECZ2 SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON ROAD TO CHANNEL CONDITIONS WITH PHASE 1 CIP-9
INTERSTATE-5 SETBACK DIKE PROJECT
HEC2 TOP WIDTH HEC2 TOP WIDTH
MINIMUM CALCULATED | BETWEEN { CALCULATED | BETWEEN |TOP OF EXISTING
CROSS | CHANNEL| STREAM WATER TOP OF WATER TOPOF |DIKE ELEVATIONS
SECTION ELEV FLOW SURFACE* BANKS SURFACE BANKS LEFT RIGHT
NUMBER (FT) {CFS) ELEV (FT) {FT) ELEV (FT) (FT) {FT) (FT)
1019 -2.7 2000 8.4 100 7.7 94 10.8 11.2
1019 2.7 2500 9.4 106 8.4 100 10.8 11.2
1019 2.7 3000 10.2 111 B9 103 10.8 11.2
1019 27 3500 11.1 114 9.5 107 10.8 11.2
1019 2.7 4000 11.8 115 10.0 110 10.8 11.2
2303 -1.8 2000 9.2 105 8.9 103 10.6 12.0
2303 -1.8 2500 10.2 110 9.7 107 10.6 12.0
2303 -1.8 3000( 11.1 113 10.4 111 10.6 12.0
2303 -1.8 3500 12.0 115 11.1 113 10.6 12.0
2303 -1.8 4000 12.7 115 11.7 114 10.6 12.0
2583 -3.8 2000| 9.5 106 9.3 105 114 12.2
2583 -3.8 2500 10.6 112 10.2 110 114 12.2
2583 -3.8 3000 1.5 115 11.0 114 11.4 12.2
2583 -3.8 3500 12.3 115 11.7 115 114 t2.2
2583 -3.8 4000 13.1 115 12.3 115 11.4 12.2
20 -3 2000 10.1 79 9.9 77 11.9 11.3
20 -3 2500 11.2 88 10.8 85 11.9 11.3
20 -3 3000 12.1 80 11.7 90 11.9 11.3
20 - -3 3500 12.9 a0 124 90 1.9 11.3
20 -3 4000 13,7 a0 131 90 119 11.3
4070 -2.5 2000 10.7 84 10.6 83 12.2| 12.6
4070 -2.5 2500 11.9 89 11.6 88 12.2 12.6
4070 -2.5 3000 12.8 90 12.5 20 12.2 12.6
4070 2.5 3500 13.6 a0 13.3 920 12.2 12.6
4070 2.5 4000 14.4 20 14.0 80 12.2 12.6
4316 -1.7 2000 10.9 106 10.8 105 11.8 12.2
4316 -1.7 2500 12.1 110 11.9 109 11.8 12.2
4316 -1.7 3000 13.0 110 12.8 110 11.8 12.2
4316 -1.7 3500 13.9 110 13.6 110 11.8 12.2
4316 -1.7 4000 14,7 110 14.3 110 11.8 12.2
4937 -0.8 2000 11.3 88 11.2 87 11.3 11.7
4937 -0.8 2500 12.5 a0 12.3 80 11.3 11.7
4937 -0.8 3000 13.4 80 13.2 90 11.3 11.7
4937 -0.8 3500 14.3 a0 . 14.0 a0 11.3 11.7
4937 -0.8 4000 15.0 90| 14.7 90 11.3 11.7
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SAMISH

Il Table A-1
LOWER SAMISH CFHMP
RIVER CAPACITY HYDRAULIC EVALUATION
HECZ SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON ROAD TQ CHANNEL CONDITIONS WITH PHASE t CIP-9
INTERSTATE-5 | SETBACK DIKE PROJECT
HEC2 TOP WIDTH HEGCZ TOP WIDTH
MINIMUM CALCULATED | BETWEEN | CALCULATED | BETWEEN |TOP OF EXISTING
| CROSS | CHANNEL| STREAM WATER TOP OF WATER TOP OF |DIKE ELEVATIONS
SECTION ELEV FLOW SURFACE BANKS SURFACE BANKS LEFT RIGHT
NUMBER {FT) (CFS) ELEV (FT) {FT) ELEV (FT) {FT) (FT) (FT)
5168 -1 2000 11.5 a3 11.4 93 11.6 12.2}
5168 -1 2500 12.7 g5 12.5 95 11.6 12.2
5168 -1 3000 13.6 95 13.4 95 11.6 12.2
| 5168 -1 3500 14.5 95 14.2 95 11.6 12.2
5168 -1 4000 15.3 95 15.0 95 116 12.2
30 -0.6 2000 12.3 96 12.2 96 127 12.1
30 -0.6 2500 13.5 86 13.4 96 127 12.1
30 -0.6] 3000 145 96 14.3 96 12.7 12.1
30 -0.6 3500 15.3 a6 15.1 96 12.7 12.1
- 30 06, 4000 18.2 b 131 15.9 96 12.7 12.1
7596 -1.5 2000 12.8 80 12.7 80 12.4 11.9
7596 -1.5 2500 13.9 80 13.8 80 12.4 11.9
7596 -1.5 3000 14.9 80 148 80 12.4 11.9
7596 1.5 3500 15.8 80 15.7 80 12.4 11.9
7586 -1.5 4000 6.7 80 16.5 80 124 11.9
[ 8z16] 2005|2000 13.2 75 13.1 75 127 12.6
8216 -0.05 2500 14.3 75 14.2 75 12.7 12.6
B216 -0.05 3000 15.3 75 15.2 75 12.7 12.6
8216 -0.05 3500 16.3 75 16.1 75 12.7 12.6
k 8216 -0.05 4000 17.1 75 16.9 75 12.7 12.6
8746 -0.02 2000 13.5 108 134 108 12.8 14,0
8746 -0.02 2500 14.7 110 14.6 110 12.8 4.0
8746 -0.02 3000 15.7 110 15.6 110 12.8 14.0
8746 -0.02 3500 16.6 110 16.5 110 12.8 14.0
8746 -0.02 4000 17.5 110 17.3 110 12.8 14.0
40 -0.3 2000 14.0 B9 13.9 89 14.3 14,2
40 -0.3 2500 15.2 90 15.1 90 14.3 14.2
40 -0.3 3000 16.2 a0 16.1 90 14.3 14.2
40 -0.3 3500 17.1 a0 17.0 90 14.3 14.2
40 -0.3] 4000 18.0 890 17.9 Q0 14.3 14.2
THOMAS ROAD BRIDGE
41 0.4 2000 14.0 89 13.9 89 185 18.5
41 04 2500 15.2 90 15.1 89 18.5 18.5
41 0.4 3000 16.2 90 16.1 80 18.5 18.5
41 04 3500 17.2 91 17.0 91 18.5 18.5
41 0.4 4000 18.0 92 17.9 92 18.5 185
1
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SAMISH

Table A-1

LOWER SAMiSH CFHMP

RIVER CAPACITY HYDRAULIC EVALUATION

HEC2 SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON ROAD TO CHANNEL CONDITIONS WITH PHASE 1 CIP-9
INTERSTATE-5 i SETBACK DIKE PROJECT
HEC? TOP WIDTH HEC2 TOP WIDTH
MINIMUM CALCULATED | BETWEEN | CALCULATED | BETWEEN |TOP OF EXISTING
CROSS | CHANNEL| STREAM WATER TOP OF WATER TOP OF |DIKE ELEVATIONS
SECTION ELEV FLOW SURFACE BANKS SURFACE BANKS LEFT RIGHT
NUMBER {FN (CFS) ELEV (FT) {FT) ELEV (FT) (FT) (FT) {FT)
42 -0.3 2000 14.0 89 14.0 89 14.3 14.2
42 -0.3 2500 15,2 90 15.1 20 14.3 14.2
42 -0.3 3000 16.2 a0 16.2 90 14.3 14.2
42 -0.3 3500 17.2 80 17.1 80 14.3 14.2
42 -0.3 4000 18.1 90 17.9 90 14.3 14.2
B 50 0 2000 15.0 100 15.0 100 13.7 16.5
50 0] 2500} 16.3 103 16.2 103 13.7 16.5
50 0 3000 17.3 104 17.3 104 13.7 16.5
50 0 3500 18.3 104 18.2 104 13.7 16.5
50 0] 4000 - 19.2 104 19.1 104 13.7 16.5
500 0.7 2000 15.3 79 15.3 79 17.1 17.2
500 0.7 2500 16.6 92 16.5 91 17.1 17.2
500 0.7 3000 17.7 a8 17.6 o8 17.1 17.2
500 0.7 3500 18.6 98 18.6 98 17.1 17.2
500 0.7 4000 19.6 a8 19.5 g8 17.1 i7.2
60 3.2 2000 16.6 90 16.6 90 19.7 19.4
60 3.2 2500 18.0 98 17.9 98 197 19.4
60 3.2 3000 19.1 104 19.0 104 19.7 19i
60 3.2 3500 20.0 105 20.0 105 19.7 19.4
60 3.2 4000 20.9 105 20.9 105 19.7 19.4
61 3.2 2000 16.6 91 16.6 2R 18.7 19.4
61 3.2 2500 18.0 99 18.0 98 19.7 19.4
61 3.2 3000 19.1 104 19.1 104 19.7 19.4
61 3.2 3500 20.1 105 20.0 105 19.7 19.4
61 3.2 4000 20.9 105 20.9 105 19.7 19.4
62 3.2 2000 16.7 91 16.6 01 19.7 19.4
62 3.2 2500 18.0 99 18.0 99 19.7 194
62 3.2 3000 19.14 104 19.1 104 19.7 19.4
62 3.2 3500 201 105 20.0 105 19.7 19.4
62 3.2 4000 21.0 105 20.9 105 19.7 19.4
70 7 2000 18.7 72 18.7 72 237 20.8
70 7 2500 201 73 20.1 73 23.7 20.8
70 7 3000 21.3 73 21.3 73 23.7 20.8
70 7 3500 22.3 73 22.2 73 23.7 20.8
70 7 4000 23.2 73 23.1 73 23.7 20.8
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SAMISH

Table A-1
LOWER SAMISH CFHMP
RIVER CAPACITY HYDRAULIC EVALUATION
HEC2 SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON ROAD TO CHANNEL CONDITIONS WITH PHASE 1 CIP-2
INTERSTATE-5 ! SETBACK DIKE PROJECT
HEG2 TOP WIDTH HEGC2 TOP WIDTH
MINIMUM CALCULATED | BETWEEN | CALCULATED | BETWEEN |TOP OF EXISTING
CROSS | CHANNEL| STREAM WATER TOP OF WATER TOP OF |DIKE ELEVATIONS
SECTION ELEY FLOW SURFACE BANKS SURFACE BANKS LEFT RIGHT
NUMBER {(ET) (CFS) ELEV (FT) {FT) ELEV (FT) (FT) {FT) (FT)
CHUCKANUT ROAD BRIDGE
71 | 7 2000 18.8 72 18.8 72 27.2 20.8
71 7 2500 201 73 20.1 73 27.2 20.8
71 7 3000 21.3 73 21.3 73 27.2 20.8
71 7 3500 22.3 73 22.3 73 27.2 20.8
71 7 4000 23.2 73 232 73 27.2 20.8
640 7.5 2000 18.8 70 18.8 70 27.0 26.8
640 7.5 2500 201 70 20.1 70 27.0 26.8
640 7.5 3000 213 70 21.3 70 27.0 26.8
640 7.5 3500 223, 70 22.2 70 27.0 26.8
. 640 7.5 4000 23.2 70 231 70 27.0
641 75 2000 18.8 B3 18.8 70 27.0 26.8
641 7.5 2500 20.2 88 20.2 70 27.0 26.8
641 7.5 3000 21.3 92 21.3 70 27.0 26.8
641 7.5 3500 22.3 96 22.3 70 27.0 26.8
641 7.5 4000 23.2 100 23.2 70 27.0 26.8
711 7 2000 18.8 72 18.8 72 27.2 27.2
711 7 2500 20.2 73 20.2 73 27.2 27.2
711 7 3000 21.4 73 21.4 73 27.2 27.2
711 7 3500 22.4 73 22.4 73 27.2 27.2
711 7 4000 23.3 73 23.3 73 27.2 272
72 7 2000 18.8 72 18.8 72 22.6 23.3
72 7 2500 20.2 73 20.2 73 22.6 23.3
72 7 3000 21.4 73 214 73 22.6 23.3
72 7 3500 22.4 73 22.4 73 22.6 23.3
72 7 4000 23.3 73 233 73 22.6 23.3
690 7.9 2000 22.0 107 220 107 27.5 22.7
690 7.9 2500 23.3 111 233 111 275 22.7
690 7.9 3000 243 111 24.3 111 27.5 22.7
690 7.9 3500 253 111 25.3 111 27.5 227
690 7.9 4000] 26.3 111 26.2 1114 27.5 22.7
300' DOWNSTREAM FROM RAILROAD CROSSING |
780 10 2000 24.5 108 245 108 26.9 31.8
780 10 2500 25.5 108 255 108 26.9 31.8
780 10 3000 26.5 108 26.5 108 26.9 31.8
| 780 10/ 3500 27.4 108 27.4 108 26.9 31.8
780 10 4000 28.2 108 28.2 108 26.9 31.8

Page 6




SAMISH

Table A-1
LOWER SAMISH CFHMP
' RIVER CAPACITY HYDRAULIC EVALUATION
HEC2 SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON ROAD TO CHANNEL. CONDITIONS WITH PHASE 1 CIP-9
INTERSTATE-5 SETBACK DIKE PROJECT
HEC? TOP WIDTH HEC2 TOP WIDTH
MINIMUM CALCULATED | BETWEEN | CALCULATED | BETWEEN |TOP OF EXISTING
CROSS | CHANNEL| STREAM WATER TOP OF WATER TOP OF |DIKE ELEVATIONS
SECTION ELEV FLOW SURFACE BANKS SURFACE BANKS LEFT RIGHT
NUMBER {(FT) {CF8) ELEV (FT) (FT) ELEV (FT) (FT) {FT) (FT)
790 10.3 2000 24.6 58 2486 58 33.5 33.2
790 10.3 2500 25.6 58 25.6 58 33.5 33.2
790 10.3 3000 26.6 58 26.6 58 335 33.2
790 10.3 3500 27.4 58 27.4 58 33.5 33.2
790 10.3 4000 28.3 58 28.3 58 33.5 33.2
RAILROAD BRIDGE - TOP RAIL = 35.37, LOW CHORD =31.40
800 12.5 2000 24.7 63 24.7 63 354 35.4
800 12.5 2500 25.7 67 25.7 67 354 35.4
| 800 12.5 3000 26.6 e8] 26.6 68 35.4 35.4
800 125 3500 27.5 68] 275 68 35.4 35.4
800 12,5 4000 28.4 68 284 68 354 354
801 125 2000 24.7 63 24.7 63 35.4 35.4
801 12.5 2500 25.7 67 25.7 67 35.4 35.4
801 12.5 3000 26.7 68 26.7 68 35.4 35.4
801 12.5 3500 27.6 68 27.6 68 35.4 35.4
801 12.5 4000 28.4 68 28.4| 68 354 354
500° DOWNSTREAM OF INTERSTATE-5
820 17| 2000 25.2 101 25.2 101 37.0 37.0
820 17 2500 26.3 103 26.3 103 37.0 37.0
820 17 3000 27.3 104 27.3 104 37.0 37.0
820 17 3500 28.3 104 28.2 104 37.0 37.0
820 17 4000 29.1 104 29.1 104 37.0 37.0
850 16.2 2000 26.8 58] 26.8 58 34.0 42 0
850 16.2 2500 27.9 58 27.8 58 34.0 42.0
850 16.2 3000 28.8 58 28.8 58 34.0 42.0
850 16.2 3500 29.7 58 29.7 58 34.0 42.0
850 16.2 4000 30.5 58 30.5 58 34.0 42.0
920 18.2 2000 31.0 o8 31.0 98 38.0 35.5
820 18.2 2500 32.0 100 32.0 100 38.0 35.5
920 18.2 3000 33.0 102 33.0 102 38.0 35.5
920 18.2 3500 33.9 104 33.9 104 38.0 35.5
920 18.2 4000 34.7 104 347 104 38.0 35.5
966 255 2000 34.2 a7 34.2 87 41.0 41.0
966 25.5 2500 35.1 93 35.1 93 41.0 41.0
966 25.5 3000 35.9 98 359 98 41.0 41.0
966 255 3500 36.7 103 36.7 103 41.0 41.0
966 255 4000 37.5 105 37.5 105 41.0 41.0
<
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SAMISH

Table A-1
LOWER SAMISH CFHMP
RIVER CAPACITY HYDRAULIC EVALUATION
HEC2 SUMMARY TABLE EXISTING MODIFIED CHANNEL
EDISON ROAD TO CHANNEL CONDITIONS WITH PHASE 1 CIP-9
HINTERSTATE-5 SETBACK DIKE PROJECT
HEC?2 TOP WIDTH HEC?2 TOP WIDTH
| MINIMUM CALCULATED | BETWEEN | CALCULATED| BETWEEN [TOP OF EXISTING
CROSS | CHANNEL| STREAM WATER TOP OF WATER TOP OF |DIKE ELEVATIONS
SECTION ELEV FLOW SURFACE BANKS SURFACE BANKS LEFT RIGHT
NUMBER {FT) (CFS) ELEV (FT) (FT ELEV (FT) {FT) (FT) (FT)

1030 33.4 2000 40.8 g0 40.8 g0 54.0 44.6
1030 334 2500 41.6 101 41.6 101 54.0 44.6
1030 - 33.4 3000 42.2 111 42.2 111 54.0 44.6
1030 33.4 3500 42.8 120 428 120 54.0 44,6
1030 33.4 4000 43.3 124 43.3 124 54.0 44.6
1040 32.7 2000 443 66 443 66 53.6 53.0
1040 32.7 2500 453 66| 45.3 66 53.6 53.0
1040 327 " 3000 46.2| 66 46.2 66 53.6 53.0
1040 32.7] 3500 469, €6 46.9 66 53.6 53.0
1040 327 4000 47.6 66 4756 66 53.6 53
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Appendix D
SEPA CHECKLIST

The SEPA checklist is currently being prepared by Skagit County and will be included in the Final
Comprehensive Flood Hazard Management Plan.
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Appendix E
Regulatory Programs

Introduction

Federal, state, and local regulatory programs directly affect flood hazard management.
For the purpose of sorting out the numerous jurisdictions that have a role in flood hazard

management, the many regulations are grouped here into four major types:

1. Land Use Management
Resource Management

Environmental Protection

AW

Flood Hazard Management

There will be a brief discussion concerning their individual rationale, the regulatory
mechanisms that drive them, and how the jurisdictions are responsible. Each regulation
will be discussed in greater detail, exploring the individual tools available and how they

relate to a Comprehensive Flood Hazard Management Plan (CFHMP).

Land Use Management

The purpose of land use management is to.provide guidance for growth and development
and the associated phjfsical improvements t-hat coincide with it. Both the State of Wash-
ington and federal agencies require counties to adopt specific regulations concerning land
use issues and as such, many of the county regulations are very similar. Within most
cities/counties, development regulations will include a comprehensive plan, zoning ordi-
nance, building code, subdivision ordinance, shoreline master program and possibly a
flood plain management ordinance. Those land use management regulations that affect

flood hazard management plans are discussed briaﬂﬁ: below.

sealD02AAGD doc/l -
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Comprehensive Plan

The purpose of a city/county comprehensive plan is to give long range direction and guid-
ance for systematic growth and development. The plan should emphasize immediate local
concerns that can include land use, transportation, utilities, water resources, open space,
environmentally sensitive areas, drainage, and others. Typically, these plans are non-
regulatory, lacking the enforcement mechanisms to ensure compliance. Their purpose is
to provide goals, objectives, and policy statements that are met through various ordi-

nances set by the jurisdiction.

The State of Washington Growth Management Act (GMA) of 1990 is an integral part of

the comprehensive planning process. The intention of the GMA is to manage growth in

the State’s fastest growing counties through the adoption of local comprehensive land use

plans and development regulations. Even in counties with smaller populations and growth
rates, such as Grays Harbor, portions of the GMA have been adopted. Although compre-
hensive planning is a common tool used by many local governments, the legislaﬁre found
that too often growth occurred in an uncoordinated and unplanned manner, lacking com-
mon goals that expressed the public’s interest in conservation andrwise use of lands. The
citizenry of the State saw the effects of undirected growth as a threat to their quality of
life. Growth without direction was seen as posing a threat to not only the environment,
but to the sustainability of economic development across the state. The GMA attempts to
bring consistency and coordination to long-range planning by reforming the decision-

making processes that have been often unpredictable and disjointed.

The planning goals of the GMA focus on economic land use issues such as urban growth,
transportation, housing and economic development, as well as resource/environmental is-
sues dealing with open space, conservation, and cultural resources. The
resource/environmerital planning goals specifically address critical areas (including:
wetlands, critical recharge areas affecting aquifers used for potable water, fish and wildlife
habitat, frequently flooded areas, and geologically hazardous areas), requiring affected

counties to adopt development regulations that preclude land uses or development deemed
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incompatible with those critical areas. The protection given these critical areas is intended

to cross over jurisdictional boundaries in a coordinated manner.

It ts at the comprehensive plan level, whether defined by the GMA or through a local ef-
fort, that communities are able to set a direction for regulations. For example, some com-
prehensive plans identify special flood hazard areas and include a set of guidelines to direct
growth within those areas. These areas are typically designated by the United States De-
partment of Housing and Urban Developrhent using maps developed by the Federal Emer-
gency Management Agency (FEMA). Using the FEMA maps to designate special flood

hazard areas in a comprehensive plan is one of several necessary steps.
Zoning Ordinance

The purpose of a zoning ordinance is to implement the growth management policies of the
Comprehensive Plan. Typiéally, the zoning code assigns use and density requirements that
guide land use in either a city or county. The major tools are a zoning map that identifies
specific land use zones accompanied by a zoning code book that defines each zone and
provides specific regulations. Zoning codes have the ability to grant variance and condi-

tional uses as well as to enforce the code.

Land use zones are determined by environmental constraints and infrastructure. The
availability of water, sewer, fire protection and transportation sets limits to construction
densities. Environmental constraints include: geology, soils, slopes, drainage, earthquake
f)otentiél, avalanche danger, flooding, as well as wildlife protection for fisheries and en-

dangered species.

Development diminishes the ability of soils to absorb precipitation and recharge ground-
water. This removal of pervious soil increases the loads on drainage systems and elevates
the frequency and extend of flooding. Similarly, development constructed on fill intended
to withstand a 100-year storm reduces the flood plain’s capacity to carry the increased

flow by displacing volume. Employing zoning regulations is a useful tool in flood hazard
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management. Zoning sets the density and standards of development and has the ability to

direct growth in such a way as to minimize the impact on flood plains.
Building Code

Building codes are meant to regulate the safety and quality of a structure. The Uniform
Building Code (UBC) is often used to set those standards. Of particular interest to low
- lying areas prdne to flooding, the UBC regulates excavation and filling on private prop-
erty. The building code is intended to be used in conjunction with other reguiations such

as the zoning ordinance,

When used with flood hazard management planning, the building code ensures proper
flood proofing of new construction in flood hazard areas. The UBC grading regulations

are implemented through local zoning codes.
- Subdivision Ordinance

A Subdivision Ordinance prescribes procedures and conditions for dividing land into
smaller parcels. The definition of a subdivision may vary among jurisdictions but is usually
determined by some specified amount of parcels, usually five or more. Typically, subdivi-

sions must conform to zoning regulations in effect at the time of the proposed subdivision.

Subdivision ordinances typically contain drainage plans and drainage system standards.
These plans set out criteria for the collection, storage, and discharge of runoff from sub-
divisions. Because they are tied to zoning, subdivision are often limited by environmental

constraints including flood hazards.
Washington State Shoreline Management Act

~ The purpose of the Washington State Shoreline Management Act (SMA) is to protect the
public’s interests in preserving natural resources such as water, fish, and wildlife and their
habitat by regulating publ-ic and private development in shoreline areas. Although the

administrative framework includes both state and local jurisdictions, the Department of
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Ecology (Ecology) is the agency mandated to oversee the development of local Shoreline
Master Programs and their subsequent implementation. The legal basis for SMA regula-

tory documents is through the Washington Administrative Code (Chapter 173-14, 16, 17,
18, 19, 20, and 22).

The Shoreline Management Act and local shoreline master programs are extremely useful
in flood hazard management plémning. ' The SMA requires local governments to define

their shoreline jurisdictions along rivers in one of two ways:

1. The area 200 feet from the ordinary high water mark (OHWM) or flood-

way, whichever is greater, plus all wetlands in the 100-year flood plain

- associated with them; or

2. All or any portion of the 100-year flood plain as long as it includes all of .

those areas falling within the area described in option 1 above.

The SMA requires permits for any “substantial development” within the 200-foot shore-
line jurisdiction. A substantial developmenf is defined as any development where the total
cost of fair market value is equal to or exceeds $2,500, or any development which mate-
rially interferes with the normal public use of the water or shorelines of the state; except as
specifically exempted pursuant to RCW 90.58.030(3)(e) and WAC 173-14-040. Permits

can be issued through the local Shoreline Master Programs and are reviewed by Ecology.

' Proposed developments that do not include wetland areas and are not within 200 feet of

the floodway do not require a shorefine permit. These developments, however, may still

be required to attain local flood permits and go thfough a State Environmental Policy Act

(SEPA) review process.

Sometimes a diked floodway is used as the boundary from which the 200-foot shoreline
jurisdiction is measured. In order to qualify under FEMA requirements, the dike must

extend at least as high as the 'IOO-year flood elevation plus 3 feet.
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Another important element of the SMA and local Shoreline Master Programs is shorelines
of statewide significance. Designated by the SMA, Chapter 173-16 WAC, these shorelines
have a set of prioritized policies that first and foremost “recognize and protect the state-
wide interest over local interest” and secondly, “preserve the natural character of the
shoreline.” The consequences of these policies is a strong shoreline management policy
that provides another layer of protection to particularly unique shorelines within

Washington.

The SMA recognizes Washington’s shorelines as an important public natural resource
which should be protected from degradation. The SMA authorizes local jurisdictions to
develop local Shoreline Master Programs that reflect a community’s goals and values in

~ keeping with the SMA. The local regulations are used as an overlay to zoning and as such

can guide future development within the flood plain and its watersheds.
Shoreline Master Program

The Shoreline Master Progfam (SMP), developed at the local, city, or county level, is
mandated by the state’s SMA for the purpose of protecting the public’s shoreline re-
sources. Local governments develop SMPs, guided by the Department of Ecology, the
SMA, and the WAC’s pertaining to it as briefly discussed above.

As a regulatory tool, the SMP provides local government a strong means by which to
manage the effects of development on shorelines, including flood plains. All streams with
a mean annual flow of 20 cubic feet per second {cfs) or more, and associated wetlands, are
included within the shoreline management jurisdiction. Development can be regulated
around these stréams reducing urban runoff and reducing densities. Wetlands can be re-
tained to perform one of their major functions, absorbing excess water, thereby reducing

storm surge effects downstrean.

The SMP is an excellent tool to be used in consort with a flood hazard management plan‘

because it directs land use and activities along shorelines, sets design criteria to ensure
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-best management practices, and provides the enforcement mechanism that will be backed

by Ecology.
Resource Management

The purpose of resource management is to preserve and protect the nation’s natural re-
sources from degradanon Resource management emphasizes sustainability of natural re-
sources while recognizing the economic realities of industries using these resources. To
this end, resource conservation and best management practices of productive forest and
agricﬁltural lands, and habitats associated with fisheries is the direction resource manage-
ment regulations has taken. Various state and federal agencies are involved in resource
management.. All cities/counties must comply with these state and federal regulations de-
pending on the type of project. Resource management regulations affecting flood hazard
management include the Washington State Hydraulic Code (Hydraulic Code), Sec-

tions 404 and 401 of the Federal Clean Water Act, Section 10 of the Rivers and Harbor
Act, and other local ordinances developed to reflect the needs of the particular

community.
Hydrautic Code

The purpose of the Washington State Hydraulic Code, RCW 75.20. 100-103, is to pre-
serve fish and wildlife habitat by regulating activities within the state’s salt and fresh wa-
ters. Any construction that will use, divert, obstruct, or change the natural flow or
bedding of any of Washington’s waters within high water areas, including many wetlands,

will require a Hydraulic Project approval (HPA) permit. Such activities include, but are

not limited to, streambank protection, dredging, culvert installation, pile driving, construc
tion of bridges, piers and docks, pond construction, log jam or debﬁs removal, mineral
prospecting and extraction, and alteration or realignment. Within the code, specific tech-
nical provision for hydraulic projects are provided by the administrating agency, the De-
partment of Fish and Wildlife. An application may be denied when the administering
agency determines that the project will be directly or indirectly harmful to fish life and ac-

ceptable mitigation cannot be assured.
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The Hydraulic Code provides city and county jurisdictions with a tool to ensure that no
harm to fish and wildlife habitat will occur during the construction of any structural or
bioengineering modifications of shorelines. The provision given to assist in the design and
construction of shoreline modification structures can also be useful to evaluate proposed

projects.

Section 404-—Clean Water Act

Section 404 of the Clean Water Act is one of three federal laws that empowered the Army
Corps of Engineers to maintain the biological integrity of the nation’s waters. Section 404
requires a COE permit for any project that alters or degrades the waters of the United
States, ranging from the open water disposal of dredge or fill material to the filling of
nearshore areas. This includes adjacent wetlands and tributaries to navigable waters, and
any degradation or destruction that could affect interstate or foreign commerce. Guide-
lines for permit approval have been developed by the Environmental Protection Agency
(EPA). There are two types of permits issued: an individual permit and a general, or na-

tionwide, permit. The following details each.

1. Individual Permit—This permit is generally issued for a single proposed activity,
unless it falls under a blanket authorization for a general permit or if the project
involves an especially valuable ecological area such as a wetland. The determina-
tion is based on whether the benefits of the project outweigh the pfedicted envi-
ronmental impacts. Known as a public interest review, the evaluation process
involves an optional meeting with the COE and other resource agencies prior to
the submission of a permit application. Public notice and review are required, and
a public hearing is held if réqu.ired. The COE decides on whether to prepare an
Environmental Assessment and Finding of No Significance, or to prepare a
National Environmental Policy Act (NEPA) Envifonmental Impact Statement
(EIS). The District engineer cén thé.n either approve or reject the permit

application.
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2. General Permit—The General Permit, also called the Nationwide Permit 26, pro-
vides blanket authorization on a nationwide, state or regional level for actions
which have minimal adverse impacts on the environment. Such actions would
include, but are not limited to, bank stabilization projects, navigation markers,
utility line structures, minor road crossings and bridges and boat docks. Also
included are minor dredge and fills involving less than 10 cubic yards, or fills in-
volving 1 to 10 acres of isolated wetland or adjacent wetlands located above the
headwaters of a stream with an average annual flow of less than 5 cfs.r The pro-
cess involves notification of the EPA and other permitting agencies for a review of
the potential environmental impacts. The COE will then either accept or reject the

permit; whereupon the applicant may appeal the decision.
~ Section 401—Clean Water Act

Section 401 is closely tied to Section 404 with the difference being that it is a certification
process issued through the Washington Depanment of Ecology. Whenever there is an
activity requiring a federal permit, the applicant must obtain certification as a prereqliisite.
The state essentially certifies the materials discharged into a water body, ensuring compli-
ance with discharge limitations, water quality standards and any other applicable condi-
tions of state law (Chapter 173-201 WAC). This certification and those conditioﬁs,

become part of the federal permit.

As Section 401 applies to flood hazard management measures, the application often re-
quires what is called a ‘modification.” Typical structural flood control measures such as
stream bank protection and instream gravel removal have the potential to temporaﬁly
create excess instream turbidity during the construction phase. This will require a Tempo-
_rary Modification of Water Quality Criteria from Ecology before a water quality certifica-

tion will be issued.

Structural shoreline modification or bioengineering techniques have the potential to affect

water quality due 10 the proximity of construction to the shoreline. Section 401 certifica-
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tions are an important part of the permitting process required through Section 404 of the

Clean Water Act, and in fact takes precedence over it.

The certification process begins with notification to Ecology at the time a Section 404
permit is filed with the COE. The Environmental Review Section (ERS) prepares a state
comment letter based on the responses from the various state agencies, along with the

401 certification or denial. All State 401 certifications are exempt from the State Environ-

mental Policy Act (SEPA).
Section 10—Rivers and Harbors Act

Enacted in 1989 to preserve the navigability of the nation’s waterways, Section 10 pro-
hibits the unauthorized obstruction or alteration of those navigable waters without a per-
mit from the COE. The provisions apply to all structures or activities associated with a
structure located “in, over, or affecting” navigable waters below the mean high water

mark of tidal waters or ordinary high water mark of fresh waters.

This law pertains to navigable waters that are presently, were historically, or have a rea- .
sonable potential to be navigable, and all waters subject to the ebb and flow of the tide up
to mean higher high tide or ordinary high water mark. The permit process includes con-
sideration of navigational waters, flood contrbl, ﬁéh and wildlife management and environ-
mental impacts. Section 10 review often occurs simultaneously with the Section 404

permitting process and includes compliance with the National Environmental Policy Act

{(NEPA).
Environmental Management

Environmental management concerns the natural resources of our state, including fish and
wildlife and their habitats, along with recreational resources. Landmark legislation at the
federal and state levels have provided a strong foundation for management of our -

environment. These laws are not strictly preservation or conservation oriented, but rather
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attempt to link our natural resources (i.e., air, water, public access and wildlife) to provide

rigorous examination of proposed projects to minimize adverse environmental impacts.

These regulations consist of the national Environmental Policy Act, State Environmental
Policy Act, Shoreline Management Act and its Shoreline Master Programs, severat Execu-
tive Orders for Wetland and Floodplain Protection, and other local ordinances developed

to reflect the needs of the particular community.
National Environmental Policy Act

With the passing of the National Environmental Policy Act (NEPA) (42 USC 4321 et.
seq.) a process was initiated requiring federal agencies to consider the environmental im- -
pacts of both development projects ;s.p;ansored by the agency and those privately spon-
sored projects that require agency permits and approval. Concerned with project impacts,
the NEPA process stresses full disclosure of environmental impacts along with technical

and economic considerations of a development project, prior to an agency decision.

The Council of Environmental Quality (CEQ) provides the guidance to implement NEPA‘,
however, most federal agencies have adopted their own regulations for implementation.
The CEQ Regulation (40 CFR 1500-1508) emphasizes the consideration of alternatives,
_including ways to mitigate harmful environmental effects through reducing or avoiding

impact. The NEPA process generally occurs concurrently with Section 404.

To determine whether a proposal would produce significant adverse impacts, an environ-
mental assessment (EA) must be perforined. Typically the permit applicant provides much
of the information and analysis used to prepare the EA. Ifit is determined that an ElSis
not required, a “Finding of No Significant Impact” document is prepared, explaining why

an EIS is not needed.

Any major federal action that would have significant adverse environmental impacts is re-
quired by NEPA to prepare an environmental impact statement (EIS). The EIS must
thbroughly evaluate any negative environmental impacts caused from the proposed action

and its alternatives. Privately sponsored projects may also be required to perfonn'an EIS

s2alG02AAGD doc/l
5/25/95



if any federal monies are a part of the project or if anyone recommends to the permitting
federal agency that an EIS be performed. Such a recommendation should be based on
evidence that indicates a proposed action would result in significant adverse environmental

impacts.

Generally, all structural and bioengineering flood control projects are federally funded, as
such, they must comply with NEPA requirements. Even when grants are appropriate for

operations and maintenance, those funds trigger the NEPA process and must comply with
the rules. Private projects are also subject to preparing an EIS when, during review by

state or federal agencies, the project is seen as potentially detrimental to the envitonment.
Washington State Environmental Policy Act

The Washington State Environmental Policy Act (SEPA) was passed by the le_gislature in
1969 for the purpose of providing a process to analyze the environmental impacts of de-
velopment. SEPA is not a permit but rather a process of information gathering for the
purpose of helping agency decisionmakers and the general public understand how a proj-
ect would affect the environment. SEPA requires a full disclosure of likely significant ad-
verse environmental impacts of a proposed action and a mitigation plan for identified
impacts to either the natural or built environment. Many agency decisions can only be
made after the SEPA process has been completed. This process may include: Hydraulic
Project Approval, Shoreline Substantial Development permit, and many other local per-

mits (clearing and grading, utility, street use, etc.).

There are a variety of actions that are “categorically exempt” from the SEPA process. For
example, size is used as the criteria to differentiate between an exempt or nonexempt ac-
tion. Exempted projects include most single-family homes, commercial buildings under
4,000 square feet, parking lots for 20 cars or less, and any landfill or excavation of 100 cu-
bic yards or less. SEPA rules allow cities and counties. to set their own size criteria based
on a specific range for five categories of exemptions. The criteria cannot be more restric-

tive than those of SEPA unless the action affects an environmentally sensitive area.
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One of the first steps in the SEPA process is the analysis of alternatives. Funds are avail-
able through FCAAP to assist in the EIS process and can actually be extended up to the

time of implementation.

Executive Order 11990 and Executive Order 90-40

Enacted in 1977, the Federal Executive Order 11990 (Protection of Wetlands) protects
wetlands to the extent possible from short- and fong-term adverse impacts associated with
the destructioh or modification of wetlands. It is intended to prevent direct or indirect
support of new construction in wetlands wherever there is a practicable alternative, As
well as structural impacts, “new construction” includes draining, dredging, channelizing,
filling, diking, impounding and related activities. “Thislegislation mandates that all agen-
cies performing wetland-related regulation utilize their full legal power 1o protect the

beneficial uses of wetlands.

In 1990, the State Executive Order 90-40 (Protection of Wetlands) was enacted. The
sections of this act relative to flood hazard reduction planning mandate that all state agen-
cies rigorously enforce their existing authorities to protect wetland functions and values.
To the extent permissible, mitigation for all agency actions affecting wetlands is required

under SEPA authority.
Executive Order 11988

Federal Executive Order 11988, passed in 1977, furthers floodplain management legisla-
tion such as the Flood Disaster Protection Act and the National Flood Insurance Act. Tt
mandates that short- and long-term.adverse impacts associated with the occupancy and
modification of floodplains be avoided to the extent pdssib]e, Likewise, when practicable,

direct or indirect support of floodpliain development shall be guided as follows:

* Activities Involving or Using Federal Lands: Each federal agency shall
provide leadership and take action to reduce the risk of flood loss and

hazards.
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¢ Activities in a Floodplain: Each federal agency shall plan for, evaluate alter-
natives for and provide budget requests for issues of flood hazard and fiood-

plain management.

* Public Review: Each federal agency shall prbvide the opportunity for early

public review of any plans or proposals for actions in floodplains.

Flood Hazard Management

This section is concerned with policies and programs relating directly to issues surround-
ing flood hazard management and the protection of life and property. A primary regula-
tory tool is the National Flood Insurance Program (NFIP) which provides low cost

insurance to communities that have adopted approved flood plain management

regulations.
National Flood Insurance Program

The U.S. Congress initiated the National Flood Insurance Program (NFIP) in 1968 for the
purpose of relieving the national Treasury and local jurisdictions from the burden of disas-
ter relief. This program is administered by the Federal Insurance Administration (FIA)
which is part of the Federal Emergency Management Agency (FEMA). The thrust of the
program is to make affordable flood insurance available to communities. To qualify, the
community must adopt approved flood plain management regulations. In 1973, Congress
expanded the NFIP to require that funding for structures related to government programs
within the 100-year flood plain be permitted only if the structure is covered under a flood

insurance policy and the community participates in the NFIP.

The NFIP administers two separate programs; the emergency program and the regular
program. Each has their own process within FIA and each provides for the community

differéntly.
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* Emergency Program—The process begins with the identification by FIA of
flood prone communities. Notification comes in the form of a Flood Hazard
Boundary Map (FHBM) which is a preliminary delineation of flood hazard |
areas. Along with the FHBM, the community receives an application from
the FIA for the purpose of atfaining limited amounts of flood insurance.
Based on the FHBM, the community is required to adopt minimum ﬂobd
plain management regulations. They are also encouraged to use any addi-

tional information available to establish flood elevations.

* Regular Program—The regular program provides communities full flood in-
surance once that community adopts a local flood plain management ordi-
nance approved by FEMA. The ordinance is based on a detailed technical
flood insurance study involving hydrologic and hydraulic analyses culmi-
nating in the Flood Insura.nce Rate Map (FIRM}, and a report. Data on
floodway width, cross sectional area and flood water velocity are ﬁrovided h
at various points along the water course. The purpose is to determine the
flood risk and thereby the insurance rates for areas adjacent to the river.

The floodway map defines the areas along the river channel where en-

croachment is not allowed.

The floodplain managefnent ordinance is a local ordinance which is intended to satisfy the
FEMA requirement for participating in the NFIP. Washington State requirements for
floodplain management ordinances are contained in Chapter 86.16 RCW. Typically,
floodplain management ordinances contain the floodway designation, special flood hazard
areas identified by the FIA and specific development regulations intended to minimize
losses due to flooding. Specific regulations concern building codes for onsite disposal
systems, the use of flood-resistant materials, the flood-proof d'esign of onsite disposal
syétems, and special designs for RV parks. Other specific regulations involve land use,
such as limiting subdivision for residential or commercial use and permitting agricultural, ‘
recreational and business uses in the floodplain. Variances and conditional use permits are

often allowed for hardship situations which demonstrate need, or actions that will not in-

5£a1002AA6D.doc/15
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crease flood levels or result in the habitable portion or a structure being below the base
flood elevation. Variances should maintain the minimum requirements of FEMA to con-

tinue partictpation in the NFIP.
State Flood Plain Management

Chapter 86.16 RCW—Flood Plain Management forms the core of the state’s regulatory
program. ' WAC 173-158 are the rules developed by Ecology to administer the provisions
of Chapter 86.16 RCW. The State’s regulatory program has adopted the NFIP minimum
standards as the State minimum standards for ﬂoodplain management. Washington ex-
ceeds the minimum federal standards in one area—Chapter 86.16 RCW-—which has a pro-
visioh prohibiting new or substantially improved residential development in any designated
floodway. Other provisions of the State’s progsam include the availability of technical as-
sistance to localities in determining floodplain boundaries and the ability to assist localities

in the development of additional standards that exceed the minimum federal requirements.

County Flood Plain Management Ordinance

~Text to be added later (if applicable)

County Stormwater Management Ordinance

Text to be added later (if applicable)
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Appendix F
ALTERNATIVE MEASURES DEVELOPMENT
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Non-Structural Projects Evaluation Matrix

Table F-2

Watershed Frotection/
Mazintenance Projects Floedplain Management
£ £ & s 3 H]
g — c w M 5 — E
g 4 2 X ,% % [ 3“?
® £ 5 5| & 'l g s gg
e E - 4 = 3 - 2:?: R ]
AR I MEHE IR AR ARSI A RS BEs Hbe )
el kp | BERES|Bea| Bz | B3| v | 0 st
Ranking Criterta Categories pems| £2 | £8 [28Z1230) 254 ¢ SE s |[£35|88
Public Safety and Health Protection
Improved Fload Warning 4 3 1 2 2 2 1 1 1 1 1
] Improved Emergency Access
. Reduced Road! Structure Flooding
Total Category Puints
Categacy Points X Wewhting Facior] %2 ] 4 ] ¢ | 8 ] 8 | 4 | 4 ] 4 | 4 ] 4
[Flood Hazard Reduction Benefit
Flooding Frequency/ Duration 5 2 1 2 2 2 2 3 3 1 2
Flood Prone Area Reduction
Frequent Flood Damage Reduction
Total Category Points
Category Poims X Weighting Factor] W0 ] 5 1 10 ] 10 ] 10 ] 0 | 15 | 15 ] 5 1 10
Environmental/Socio-Economic Seneft
Water Quality Protection 4 3 1 2 2 2 2 3 bl 2 3
Fish/ Wildiife Enhancement I
Farm Preservation
Total Calegory Points
Category Points XWeightingFactor] 12 | 4 1 8 ] 8 J & | 8 | 12 | 4 | &8 | 12
Ilmelementation Feasibilit
Facility Requirements 4 3 3 3 3 3 2 2 2 1 2
___Land Owner Acceptance !
Funding Pofential
Permitlegal Issues
Total Category Points
Category Poimts X WeightingFactor] 12z | 12 ] 12 | 12 ] 932 [ 8 | 8 | 38 | 4 ] 8
Project's Compatibility (with}
DD district Plans 4 3 2 2 3 pd 3 2 2 2 3
‘ County Programs/ Ordinances |
State Reguiations
Totat Category Points J
Category Points X WelghtingFactor] 12 | €& | & | 12 | 8 | 12 | & | & | 8 | 12
Total Project Ranking Points] 58 a3 46 50 46 42 47 33 29 46
Consensus {Yes or No) I v 1T v v { vl v I vl vixy ¥l «




PRELIMINARY LOCALIZED
SPOT PROJECTS
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