KITSAP COUNTY
STORMWATER DESIGN MANUAL

FIGURE REFERENCE

Effective Date: October 4, 2021




2021 Kitsap County

STORMWATER DESIGN MANUAL

Figure Reference

Effective Date: October 4, 2021

Prepared by:

Kitsap County Department of Public Works and Department of
Community Development

©2021 Kitsap County Department of Public Works and Department of Community Development



VOLUME | FIGURES

Figure I-2.1. Example Map Documenting Existing Hydrologic Features .......................

Figure I-2.2. Example Composite Site Map

Figure I-3.1. Example Determination of New and Replaced Hard Surfaces ................. ..

Figure I-4.1. Flow Chart for Determining Minimum Requirements for New
Development Projects

Figure I-4.2. Flow Chart for Determining Minimum Requirements for Redevelopment
Projects

Figure 1-4.3. Flow Chart for Determining MR #5 Requirements .......................ccooeiii.



2021 Kitsap County Stormwater Design Manual Figure Reference

Page 2

LEGEND
Topographic Contour
Stream
= Wetland
e Bioretention
B Permeable Sidewalk
B Foadway
Subbasin Boundary
‘Watershed Boundary
a Existing Tree
Wer Erosion
Ditch

Figure 1-2.1. Example Map Documenting Existing
Hydrologic Features

July 2021




2021 Kitsap County Stormwater Design Manual Figure Reference

Page 3

Saction TAL

i \
P~ i 5
/ e )
F, Seghen TAS
Topography
r ——
L e 3
o
=
Sechon 1A%

Hydrelogic Patterns & Features

I Y
/ e
.-"I Section LA
Vegetation

15 Ave.

16 Ave.

Buildable \. ]
Araa m
o | b
L sensitive Areas—  Creek & Butfer —|

Hmlisd bevsiepment composite Site Map

Figure 1-2.2.

Example Composite Site Map

July 2021




2021 Kitsap County Stormwater Design Manual Figure Reference Page 4
< 120' >
< 70 >
e 50—l 20' > poperty
ine
Existing Patio
Rain Barrel and Walkway
/_ to be Replaced
) |_ (120 square feet)
f.— g.":l.' 3 . !
Ly 8'x12
Existing Shed
e 10" — i 10'x 12
N Lol A 4 New Patio
3 T A, (Permeable Pavement)
=| Existing I G iy
I Driveway YIS,

Existing Walkway
to Remain
(180 square feet)

LEGEND

Maple Tree

— - —  Property Line

Existing Hard Surface (476 square feet)
New Hard Surface (1,425 square feet)
Replaced Hard Surface (1,620 square feet)

Removed Hard Surface (30 square feet)

Extension of
Existing Walkway

(125 square feet Permeable
Pavement Extension)

Existing Walkway
to be Removed
(30 square feet)

Figure 1-3.1. Example Determination of New and

Replaced Hard Surfaces

July 2021




2021 Kitsap County Stormwater Design Manual Figure Reference Page 5

Start Here

!

Does the site have 35% or

See Redevelo pment Minimum

maore of existing impervious Yes Requirements and Flow Chart
coverage?
[
Mo
v
Does the project resultin Does the project convert 3 acres or more of
5,000 square feet or more No—3 vegetation to lawn or landscaped areas, or
of new plus replaced hard convert 2.5 acres or more of native
surface area? vegetation to pasture?
I
Yes
¥ Does the project resultin
Mo 2,000 sguare feetor more
All Minimum Requirements . of new plus replaced hard
apply to the new and Y eg—————— surface area?
replaced hard surfaces and ves

converted vegetation areas. |
Mo

v

Does the project have land

Minimum Reguirements #1
through #5 apply to the new

Nexlt and replaced hard surfaces #Yes— disturbing activities of ?';D{){)
Question and the land disturbed. square feet or more
Mo
Mext l
Question
I5 the project within 2 Minimum Reguirement #2 NexF
critical drainage area, per [#——Next Question————————— i Question
KCC 12287 applies.
NIG \\ Consult Kitsap DCD for * Threshold for project sites inside
Yes——m additional requirements that census defined urban areas or
l may apply. UGAs is 5,000 sguare feet.
Threshold for project sites outside
No additional requireme nts. census defined urban areas or
UGAs is 10,000 square feet, or 5%
of the lot area (whichever is
greater).

Figure 1-4.1. Flow Chart for Determining Minimum

Requirements for New Development Projects
July 2021




!

All Minimum Reguirements apply to the new hard
surfaces and the converted vegetation areas.

—m ext Questio nr—m

2021 Kitsap County Stormwater Design Manual Figure Reference Page 6
Does the Project result in 2,000 sguare feet, or more, of new plus replaced hard surface
area? OR Does the land disturbing activity total 7,000 square feet or greater?
| I
Yes Mo
h 4 h
Minimum Requirement #1 through #5 . Minimum Requirements #2
apply to the new and replaced hard ———Next Question i
surfaces and the land disturbed. l appies.
Does the Project add 5,000" square feet or more of new hard surfaces? OR
Convert % acres or more of vegetation to lawn or landscaped areas? OR
Convert 2.5 acres or more of native vegetation to pasture?
Mext
YesJ I—N Question

1

Is this a road related project?

Does the Project add 5,000* square feet or more of new
hard surfaces?

Yes Mo

or more to the existing hard
surface s within the Site?

Do new hard surfaces add 50%

< Yes

Yes

v

Yes

surfaces and converted
vegetation areas.

All Minimum Reguirements apply
to the new and replaced hard

|

—

l

Is the total of new plus replaced hard surfaces
5,000" sguare feet or more, AND does the
value of the proposed improvements —
including interior improvements — exceed 50%
of the assessed value (or replacement value) of
the:
existing Project Site improvements (for

commercial or industrial projects) OR
existing Site improvements (for all other
projects)

Mext Question |

Mo

Lo

Y*yYy

* Threshold for project sites inside census defined

areas or UGAs is 5,000 square feet. Threshold for project
sites outside census defined urban areas or UGAs is 10,000
square feet, or 5% of the lot area (whichever is greater).

urban

Is the project within a critical drainage area per

KCC 12.287 «
| T
Yes
Mo ¥
Consult Kitsap DCD for
Mo additional additional requirements that
require ments may apply

Figure 1-4.2. Flow Chart for Determining Minimum
Requirements for Redevelopment Projects
July 2021



2021 Kitsap County Stormwater Design Manual Figure Reference

Page 7

Does the entire project
qualify as Flow Control

=" e

Did the project

developer choose

Mo

Y

REQUIRED: For each
surface, consider the

to meet the LID

exempt (per MR #7)7 Performance
i Standard?
Mo
i — 25—
Did the project

Does the project trigger only
MRs #1 - #5 (Per the

developer choose

REQUIRED:

+« Meetthe LID Performance
Standard through the use
of any Flow Control
BMP(s) in this manual.

« Apply BMP T5.13 Post
Construction Seil Quality
and Depth.

BMPs in the order
listed in List #3 for
that type of surface.
Use the first BMP that
is considered feasible.

NOT REQUIRED:
Achievement of the
LID Performance

- . —Yes® tomeetthe LID Standard.
ijact Thresholds in Performance NOT REQUIRED: Applying the
Volume |, Chapter 4) Standard? BMPs in Lists #1 or #2.
N » REQUIRED: For each surface, consider
the BMPs in the order listed in List #1 for
No that type of surface. Use the first BMP that
, is considered feasible.
Is t.he F”"f“‘*“?‘ QOutside .| Is the project outside
—» outside orinside — > S .
UGA or inside the UA? NOT REQUIRED: Achievement of the LID
the UGA?
Performance Standard.
]
Inside UA
h A
Inside UGA What is the project Did the project
size? . developer choose
| oul_ﬁd“ » to meetthe LID
Performance
2
Did the project hd ¥ ] Standard”
developer choose Greater than Yes |
Less than
to meetthe LID (4 or equal to 5 Mo
5 acres
Performance acres +
Standard?
I REQUIRED: For each
h#:" v surface, consider the
Yes REQUIRED: BMPs in the order listed

REQUIRED: For each surface,
consider the BMPs in the order
listed in List #2 for that type of
surface, Use the first BMP that
is considered feasible.

NOT REQUIRED:
Achievement of the LID
Performance Standard.

h 4

Meet the LID Performance
Standard through the use of any
Flow Control BMP(s) in this
manual.

Apply BMP T5.13 Post
Construction Soil Quality and
Depth.

in List #2 for that type of
surface. Use the first
BMP that is considered
feasible.

NOT REQUIRED:
Achievement of the LID
Performance Standard.

NOT BREQUIRED: Applying the BMPs
in Lists #1 or #2.

Figure 1-4.3. Flow Chart for Determining MR #5
Requirements

July 2021



VOLUME | PHOTOS

Photo 1. Bioretention BMP in a LID Residential Neighborhood .................................... 9
Photo 2. Example of a Shallow Gradient Slope ... 10
Photo 3. Temporary Sand Bags Divert Construction Site Stormwater ... 11

Photo 4. Sand Bags Prevent Silt-Laden Flow ... 12



2021 Kitsap County Stormwater Design Manual Figure Reference Page 9

Bioretention BMP in a cul-de-sac of a LID residential neighborhood in construction in
western WA. The bioretention manages stormwater runoff from the roadway and
contributing roof and driveway areas. Numerous large existing trees were retained,
adding valuable stormwater and community benefits.

Photo 1. Bioretention BMP in a LID Residential
Neighborhood

July 2021
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Example of shallow gradient slope with berm installed at downgradient edge to
minimize silt-laden runoff onto the sidewalk.

Photo 2. Example of a Shallow Gradient Slope

July 2021
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A 2009['-’ -

Temporary sand bags divert construction site stormwater runoff to inlet protected
with a catch basin filter sock.

Photo 3. Temporary Sand Bags Divert Construction
Site Stormwater

July 2021
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Sand bags prevent silt-laden flow from entering the bioretention BMP. Green
construction fencing prevents compaction due to foot traffic.

Photo 4. Sand Bags Prevent Silt-Laden Flow

July 2021
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Drainage Review
July 2021
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{og——

_~—— end cap or plug

50 A*

1 clean out wye from pipe

. —— 4" or 6" perforated pipe
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notched grade

N

board 2" x 2"

K

NN NN NN

notches 18" O.C.

|

————

-| influent pipe (max design

flow 0.5 cfs per trench)

" ] See Note 5

Locate structure where —j
flow enters trench (see
Note 6)

Plan

\— clean out wye from pipe
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NAANNNNN N N

pressure treated B rﬁi n.

grade board */
filter fabric

Section A-A
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E

Flow to second
dispersal trench
if necessary

ﬂ / See Note 5

=

Flow to ather
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as necessary

pipe O.D. 4>‘ 18"0.C. {«—
min. fe.— - K i —— l-l— 1
=2 =T
N ~ 2" grade i
R board notches -
LI \/\\
ﬁ% MNotes:
T 1. This trench shall be constructed so as to
P prevent point discharge and/or erosion.
R . . 2. Trenches may be placed no closer than 50 feet
B 4"or§ , to one ancther. (100 feet along flowline)
S pgr‘lnrated PP 3 Trench and grade board must be level. Align to
AR aid fiat follow contours of site.
" \‘ 4.  Support post spacing as required by soil
_ conditions to ensure grade board remains level.
KX&_ 5. Forroof area less than or equal to 700 square
clean (25% fines) feet, structure shall be a small catch basin, yard
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treatment in rural areas.
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Figure 11-4.1. Flow Dispersion Trench
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Figure 11-4.2. Alternative Flow Dispersion Trench

July 2021
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Figure 11-4.3. Through-Curb Inlet
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Figure 11-4.4. Pipe Anchor Detail
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yd

i
7" coupling band
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19" NOTES
1. STAKES AND PLATES SHALL BE GALVANIZED PER
ey ASTM A 36 AND A 153,
Plate Detdil 2. THE SMOOTH COUPLING BAND SHALL BE PER
WSDOT STD PLANS B—80.20—01 AND
~COUPLING BAND B—60.20—01 AND USED IN COMBINATION WITH
_—COLLAR - 2* PIPE COMCRETE PIPE.
)E'I ) S ) 3. CONCRETE PIPE WITHOUT A BELL AND SPIGOT
N CONNECTION SHALL NOT BE INSTALLED ON
e %’ Ny GRADES IN EXCESS OF 20%

(M) W 4 THE FIRST ANCHOR SHALL BE INSTALLED ON

== '|": et ——FLATE (SEC DETAIL} TEH FIRST SECTICHW OF THE LOW=R END OF THE
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W )/ EVENLY SPACED THROUGHOUT THE
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Figure 11-4.5. Corrugated Metal Pipe Coupling Anchor
Assembly

July 2021
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%"—/ _—may be removed
/
) |

L

—

L 34" dia. smooth bars
wilends welded to
bar-frame /

J

1" min.

—» (= 6"0.C. max.
/ bar spacing

34" diameter

bar frame

beveled pipe end section
"for 18" dia.

3'-5
_ . / 5" - 8" for 24" dia.
pipe coupling £— 2" x 5" anchor strips welded to 7"- 9" for 30" dia. & greater
34" dia. bar-frame 4 places spaced
uniformly. Fasten w/ 1/2° galv. or
non-corrosive bolts & nuts.

NOTES:
1. CMP or LCPE pipe end-section shown; for concrete pipe beveled
end section, see KCRS drawing No. 2-001.
2. All steel parts must be galvanized and asphalt coated (treatment 1 or better).

Figure 11-4.6. Debris Barrier (in Road Right-of-Way)

July 2021
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Figure 11-4.7. Gabion Outfall Detail

July 2021



2021 Kitsap County Stormwater Design Manual Figure Reference Page 25

fused or flanged connection
specified in profile/plan

HDPE moulded or fabricated tee same
diameter and dimension ratio as pipe

1.5 % hole
diam. min.

spacing =
1.5 % hole diameter

no holes
opposite pipe

Drill holes in front half of tee only.
Hole diameter (inches) = tee diameter (inches) divided by 6
(ex. 6 inch tee =1 inch holes
18 inch tee = 3 inch holes)

NOT TO SCALE

Figure 11-4.8. Diffuser TEE
(Example of Energy Dissipating End Feature)

July 2021
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E channel Required Dimensions

’q 1 ’ % ‘ 8' for rock lining

! g HIAII + IIBI'
S 12" for rip rap
\“"-\\‘ "B" ;L ) See Table "Rock Protection
4" min. at Outfalls"

A

=

&

] 30° a
."min g_

B

™~ \‘

)k

top of bank

toe of bank

o

toe of bank
_A

A

Plan

— place rock 1' above crown -\
both sides of chanel for "A" < 8'
one side of channel for "A" = &

discharge pipe 6

filter fabric li S 1" or 2" rock thickness
. uE:mT:r rlg,fj: see Table 4.5

Section A-A

NOT TO SCALE

Figure 11-4.9. Pipe/Culvert Outfall Discharge
Protection

July 2021
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SLOPE FRONTFACETO
COINCIDE WITH EMBANKMENT

OR DITCH SLOPE _.I ¢ r_

D/4 (6" min.) D/4 (6" min.)
1#4 BAR,
CONTINUOUS
(SPLICE OK)
: CEMENT CONCRETE
& CLASS 3000
12"
d ol !
NOTE:

REINFORCING STEEL SHALL HAVE 1 1/2 INCH CLEAR
COVER TO ALL CONCRETE SURFACES AND SHALL BE
GRADE 40 OR GRADE 60.

Figure 11-4.10. Concrete End Protection

July 2021
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DIMENSIONS

HYDRAULICS

Side

NO. Slopes B H w A wP R R
D-1 - - 5.5" 50" 1.84 5.16 D.356 0.502
D-1C - - g" 25'-0" 5.25 25.5 D.245 0.392
D-2A 1.5:1| 20" 1'-0" 50" 3.5 5.61 0.624 0.731
B 2:01] =z-0" 1'-0" 6'-0" 4 6.47 D.618 0.726
C 3:01| 20" 1'-0" 8'-0" 5 8.32 D.601 0.712
D-3A 1.51| 30" 1'-6" 7-6" 7.88 8.41 0.937 0.957
B 2:01] 30" 1'-6" 9’0" a 9.71 D.927 0.951
C 3:01| z-0" 1'-6" 12"-0" 11.25 12.49 0.901 0.933
D-4A 1.51| 30" 20" 9'-0" 12 10.21 1.175 1.114
B 2:01] 30" 2'p" 11°-0" 14 11.94 1.172 1.112
(o 3:01| 30" 2" 15'-0" 18 15.65 1.15 1.098
D-5A 1.51| 407 30" 13°-0" 25.5 13.82 1.846 1.505
B 2:01] 40" 30" 16'-0" 30 16.42 1.827 1.495
(o 3:01| 40" 30" 22'.0" 39 21.97 1.775 1.466
D-BA 2:01 - 1'-0" 4'-0" 2 4.47 D.447 0.585
B 3:01 - 1'-0" 5'-0" 3 5.32 D.474 D.608
D-TA 2:01 - 20" 8'-0" 8 8.94 0.894 0.928
B 3:01 - 2" 12'-0" 12 12.65 0.949 0.965
D-8A 2:01 - 30" 12'-0" 18 13.42 1.342 1.216
B 3:01 - 30" 18°-0" 27 18.97 1.423 1.265
D-9 7:01 - 1'-0" 14'-0" 7 14.14 D.495 0.626
D-10 7:01 - 2" 28'-0" 28 28.28 D.99 0.993
D-11 7:01 - 30" 4z2'-0" 63 42.43 1.485 1.302

! 294

S —

—
N

D-1c¢ Curbed crownsd etrest

lasosceles trlangular D-8 through D-11

Figure 11-4.11. Ditches — Common Sections

July 2021



2021 Kitsap County Stormwater Design Manual Figure Reference

Page 29

DISCHARGE IN CUBIC FEET PER SECOND

NOTE. A) Chart based on Manning formula Q=1.430"AR213*312

with n=0.030, except D-1C which is based on n=0.015. For other values

of n, mulliply discharge by 003040

1 stes a velocity of 1 1. per sec.
Given- Sope=1.7 per 1000, discharge=6.3 c.i.5., n=0102Z3.
D1 | Required- Size of ditch and velocity. Soltion- To use chart, multiphy
discharge, 6.3 by (.037023) = 7.56 c.f.5s. Pont sabisfying grven conditions
D-6A bes betvween ines for D-24 and D-28. Select larger of the two ditches, in
_E} \ his case D-2B8. Yelocky approx. 21 fi. per sec.
D-6B i ]
— H‘w.\_‘
pagems | 1B
0-28 r—\‘-«-. .
D-2C i = S R‘EL
R
~ |~ v =11
— s "'_lEl
) SEL
D-36 - [~
= g | P
o s B | LT
0-48 I% ‘@ﬁ J%
¥ -
D8A | TS5 [
o LN TSN
D-38 == \\\ = Lll_ - a‘ + [~
pea o 1 N
D-5B “lxmﬁ_“‘m B'JE g
D-5C | i e B =
1m L ‘h.,_ ] — LJ‘_-.'
] 4
o1 | (B8] O ‘H,HE“\
- - L m o
I :
> - [
\[L“mh,ﬁ [} — g ar - ahT; 1
G| |5 t¢ C e, [ FHE
'U'L,1 .'-_ " " 1 — [T
4| IEIE = " o] L
-\ELHH [ﬂ? s i
ILI*x_F _lEL ! =
1 .
ST T (e
b
0.004 0.01 1 b1

SLOPE IN FEET PER FOOT

Figure 11-4.12. Drainage Ditches — Common Sections
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ﬂ To bypass conveyance

Type 2 M.H. no base system or detention pond

channel required

o

JA

Reinforced baffle wall grouted
to M.H. structure (both ends)

Inflow To runoff treatment BMP

Handhold and steps or ladder g :
access (provide ladders to both ‘| 3 o ,
sides of wall if weir > 36" high) \ { ~— 4 min. or provide
5 separate access to
either side of baffle wall

Water quality design flow -
rate water surface _\ ;
elevation

) g i To runoff treatment EMP

6" min.

. Bypass pipe %
Section A-A

MNote: The outlet pipe to the Runoff Treatment BMP may require an orifice plate installed on the outlet to
control the water quality design flow rate water surface elevation (weir height). The water quality design

flow rate water surface elevation should be set to provide a minimum headwater/diameter ratio of 2.0 on
the outlet pipe. NOT TO SCALE

Inflow |:[> E .

4" min, thickness reinforced concrete — —
baffle wall or other suitable material

Figure 11-4.14. Flow Splitter Option A
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To bypass conveyance

ﬂ system or detention pond

Manhole cover

Dia. of standpipe® (2 x dia. of
outlet pipe recommended as
starting point)

Type 2 M.H.
no base channel required

Plan V|ew To runoff treatment BMP

T T AR T T lm T ap oo Tiw T a
ORI O LN o Y SR I

Top of pipe at water quality 1 L~ Top. of riser at water quality
design flow rate water surface

design flow rate water [ 7' min. _ .
surface elevation and head [4+— - | elevation

losses in outlet pipe

g Foa® alr

G

'.‘/— Solid top or extended to overflow

L

| d water surface elevation
Inflow |:> 5 — :| — Half "tee” section with cleanout
3 " (or removable bend-down elbow)

| Solid bottom / [ ] 9 |:> To runoff treatment BMP

(provide
Y’ maintenance - i
— access) \\
2'min. Y *"‘— Orifice sized to pass water

I sy quality design flow rate at
top of bypass riser

Section A-A

*Mote: Diameter of standpipe (2d) should be large enough to minimize
head above water quality design water surface and to keep water quality
design flows from increasing more than 10% during 100-year flows. NOT TO SCALE

Ladder (typ.) ]

I WP

Figure 11-4.15. Flow Splitter Option B
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Example of anchored plate
used with a sand filter™ (may

also be used with other inlet pipe A
Runoff Treatment BMPs).
v-notched or level @ I

flow entering Runoff

— _ ﬁ Treatment BMP

T edge of sand
\-\.\_\H\

— rip rap as specified in
Runoff Treatment
B \‘v\ BMP design criteria

l—-*A - \ pond side slopes

extend into slope to
plate spreader protect from the 100
year flow or the highest

D

anchor posts spaced
€ 0.C. or ateach
end if width < &'

*sand filter may use other
spreading options

Plan View

sand layer

gravel layer

rock rip rap

existing grade

Eﬂ W

I // ]
NN

level spreader plate
bolted to anchor post

Alternative Design
Catch basin recommended

for higher flow situations .

(generally for inflow SeCtIOI"I A A
velocities of 5fps or

greater for 100 year storm).

2" min. embedded into existing ground

NOT TO SCALE

Figure 11-4.16. Flow Spreader Option A:
Anchored Plate
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Side with wing walls

Concrete sump see note
Swale bottom ™\

Inlet pipe \

Example of a A t ; \%JA

concrete sump flow
spreader used with a

Outfall rip rap pad

bicfiltration swale B
(may be used with 3
other Runoff
Treatment BMPs). Wing wall T
Plan View
Inlet pipe Wing wall outline

2" min. clearance

Concrete sump

Note: Extend sides into slope. Height ,
(4" wall thickness)

of side wall and wing walls must be

sufficient to handle the 100-year flow ’ .
or the highest flow entering the BMP. Se Ct|0n A‘A

Section B-B

NOT TO SCALE

Figure 11-4.17. Flow Spreader Option B:

Concrete Sump Pump
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e 48"/section (typ.) —

Plan View

J‘A

T ~— top of inlet
channel

/4? Z 3‘\: F/W?f Q\?“
”//’@,ﬁ/f\\/ﬁ(\’{ ,-f/r/ ;ﬁ/ \/:\’//

Section B-B

2 - #5 rebar or reinforce
as necessary

NOT TO SCALE

Figure 11-4.18. Flow Spreader Option C:
Notched Curb Spreader
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Reinforced
concrete curb

gﬁ"ﬁ‘iﬂ?f‘ \’
T

Grass filter strip

Curb Port

NOT TO SCALE

Figure 11-4.19. Flow Spreader Option D:
Through-Curb Port
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—
(o]
1. Setback 1 10 times the height of the steep slope area to a maximum of 500 feet above a steep o
& slope area. @\
3 2. Horzontal Setbacks indude: >
& + 10 feet from property lines {may be reduced from right of way with County approval) S
g . ) « 10 feet from another infiltration facility &n -
5 Is th iact Is the project Can horizontal + 5 feet from building without basement and 10 feet from bulding with basement when infiltrating
g Isthe projec Site within a selback setback <5000 sf impenvous surface ©
o te in a landslide- Mo No » i e )
@ El above a steep slope requirements +  5feet from buiding and 10 feet from building with basement between 1H:1V slope from bottom h
W prone area? i ﬂ P _.._M 27 of BMP when infilirating 2 5,000 sfimpanviole surface C
T area (1) met (2)7 « 100 feet of & contaminaled site or landill {active or closed)
m +  Where soil and/or groundwater containment problems have been identiied
= +  Within groundwater prtecton area
£ - +  101eet from petroleum, chemical or hazardous waste storage tank of 1,100 gallons or less
i) Yes . No P_:JQ _:::EQD: + 100 feet fom petroleum, chemical or hazardous waste storage tank = 1,100 gallons h
m it ,;,___mw:@m,__o_._ required to Yes + 100 feet fom open water features and designated landslide hazards L.
T Yes meet On-site, Flow Control, | |4 Ne/ + 200 feet fom springs and flowing artesian wells used for drinking water supply. Infiltration
w m or Runoff Treatment BMPs upgradient of drinking wster supplies shall comply with Health Department requirements y
| = requirements + 50 feel from the top of any slope over 20% wfd
- & ' +  See Table 51 for Horizontal Setback requirements for on-site systems —
m +  See Table 5-2 for Horizontal Setback requirements for private/public wells =
ys Q0
o =
(7]
©
o
= v | d (<))
a s measure e
, - . Na further infiltration
5u & Step2 infiltration rate less than the e a © ato L.
=€ % e Fr ) Py investigation required to
M g [ Conduct subsurface minimum infiltration rate (Table 5.5)7 Y ~ mest On-site. Flow Control n
= m m_m investigation (Table 5.4 and ORis uz....c_aém.msq hydraulically- - xc_._o:.._._.omﬂam_._ ¢ ' (@]
2 3
¢t Appendix G) and evaluate strictive layer too shallow p requirements. -
=g8& vertical separation Appendix G7 ~
m cE m requirgments. S
£825 fras)
3m & —
e . =
Ja's o
=1}
59% m v « =
= ——
mmm 5 Emn.m . Stepd ) Is E:o.faa. Step - .
c56® Conduct infiltration Determine design N 25,000 sf impervious = . [Evaluate and utilize -
90598 testing (Table 5.4 and infiltration rate "\ area to be infiltated - " |infiliration BMPs as .
o .m e Appendix G). [Appendix G). on the site? feasible. LN
= 1
UEEE —
|
5 - Yes (V)
a M P S
Bt 2
c
k= E
==} 3
gma 5
=0
oo < Is runoff from Stepd
0 g Step 5 . Step 5
E m m 3 Perform groundwater 2 10,000 et Parfom chiaragtarizatan z hwmqnc :_ﬂ* ﬂ_.ﬂo.,_.mm:w Conduct groundwater
5 C £ 2 . g impenvious area o be ‘es—w of infiltration receptor (for ' R, Yes— Y 9
= @ = monitoring (Table 5.4 e P s area to be infilirated monitoring and seepage
m o8 £ dA dix G infiltrated on infiltration basins; the project site? Ivsis (A dx G
5EC o and Appendix G). the _u__.o__mﬂm_ﬁm..v >u_um3n:x O”_. on he project sile analysis (Appendix G).
380 of
i i
$c8 §@
28¢,23 No e
= E=]
FEitE
| m W .M | m
=)
MmddMN
slccoce s
cm®0E
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Note: This flow chart does not Step 1: Determine the
include all Runoff Treatment BMP receiving waters and
options. Review the text in Volume pollutants of concern
Il, Section 5.3.4 for all options for based on off-site analysis
each Runoff Treatment |
Performance Goal. Mext Step Select an Qil Control
BMP
i L , « APl Separator
Select a Pretreatment BMP (if not SéiﬁtfaD:pTg?;nselgiﬂeg” Yes— e+ CP Separator
alre ady provided, e.g., permeable » Linear Sand Filter
pavement or bioretention) | » Manufactured
* Pre-setfling Basin Mo Treatment Device
¢ Any Basic Treatment EMP ﬁ '
e Manufactured Treatment Device Yes | Step 3 Determine ifl ftis
¢ A Detention BEMP designed to I_ F;{Tﬂg?fa.?;:smgﬁ:gj: Next Ste
meet Flow Control infiltrating into the native
Next| Step soll Select a Phosphorous
¥ | Control BMP
Apply Infiltration Pio ¢ |arge Sand Filter
* Infilration Basin Step 4 Determine ifa | Yes—P Large Wet Pond
¢ Infiltration Trench Phosphorus Treatment — ¢ T""r‘? BMP Treatment
* Bioretention EMP is Required . Iﬂ'ljrl'::lfactured
* Permeable Pavement | Treatment Device
*"Runoff Treatment BMP Selection No |
Complete** ¢ Mext Step
Step 5: Determine if an +
Mo Enhanced Treatment BMP Determine if an Enhanced
is Required Treatment BMP is
Y | Required
) . Yes I
Step 6: Select a Basic Treatment BMP ¥ Next Step
* Sand Fitar Select an Enhanced Treatment BMP A J
e Media Filter Drain e Large Sand Filter Is the selected
* Filter Strip ¢ Stormwater Treatment Wetland Phosphorus
Treatment BMP
* WetPond ¢ Compostamended Yegetated Filter N L solisted as an | ]
* WetVat Strip Enhanced
e Stormwater Treatment Wetland e Bioretention Treatment?
¢ Combined Detention and Wet Pool e Media Filter Drain YLS Yes
¢ Bioretention e Manufactured Treatment Device \ 4
¢ Manufactured Treatment Device e Two BMP Treatment Train " Runoff
Treatment BMP
"*Runoff Treatment BMP Selection “Runoff Treatment BMP Selection Selection -
Complete** Complete*™ Complete**

Chart

Figure 11-5.2. Runoff Treatment BMP Selection Flow
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Coun ty Commissionss Distria 1
Lepand
= !
S N,
[ N
[ L "
[ v 30 s s |
— s
ngston
g
v
|
) Bainbridge
T Island (
Figure 11-8.1. Critical Drainage Areas
Commissioner District 1
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LI TE Wk B

MASON COUNTY

Figure 11-8.2. Critical Drainage Areas
Commissioner District 2
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JEFFERSON

COUNTY

MASON COUNTY ¢ 2 il
- | £ i
- 1 o

L,

o
©
L

f"'— __.:—.-:-—-— r | _EI:L',__._

by

MASON COuUuNTY
[

5

Figure 11-8.3. Critical Drainage Areas

Commissioner District 3
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Example of a Project Site Example of a Project Site Example of a Project Site with
with a single natural with multiple natural multiple natural discharges and
discharge and a single TDA discharges and a single TDA multiple TDAs
.lFI ;
L _._.--"'F.-_H""h. _'___._.--“"‘,’__‘-'H\.‘_‘_ ! e ..-——""x’__““-\‘.,_ Jr e
—— Single ~— N r—
TDA - Single TDA /DA
. = DA - eV 2N |
- , Y ! -
\‘*hpﬂf \'““F**”
N~ AT \ Eﬂ ™ T NE T
-t VT | \
/c /\ /
di NI? tural C — Matural f MNatural
I?gc:lrigﬁ / Greater than \, discharge | . \ discharge
fr 1/4 mile \/ locations 11 1/4 mile \ locations / 1/4 mile
W e
s J .f
G / "
- *"”—_\_3/ 1/4 mile / \
/
/ \ /
v N v

Example of a road project with multiple
discharge points and a single TDA

) 5 5 \(

< £ i s 0 Because the right-most discharge

g = B >
/F 'ﬁ \ T /‘T H ‘\ ‘;: roacway erown I R\ connecths to tr;e 01ther; two“discharge flow

paths within 7 mile, all areas are
| |

N ! N !! 4 ! N !! v connected as one TDA.

JU : : IS

|
Discharge \ 1/4 mile 4\ 1/4 mile
Iocatlon
1/4 mile T N —7
£

Y R

§ 5
’ﬂ % \ |E /; ” ‘\ Example of a road project with multiple

Il I discharge points and multiple TDAs.
NI L PN Y

IS i JIN Note: Shaded

T areas represent

{ \ Discharge \ 1/4 mile the limits of the

\ location M“x______ > project site.

1/4 mile e e ——— -
T NOT TO SCALE

Figure A.1. Threshold Discharge Area
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Figure F.1. Rainfall Intensity — Duration Curves
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0001 o
0002 -
Minimum o
0003 —
ooi 301 dede  F
0006 (Flosing —30
L0008 == 0002 Full) -
— 120 = 001 =
— 108 E 0003 .
- . 0004 -
- c 0e—=E. 0005 4.0
— 54 Q00E =
> § 00ZE oooe C
-6 w Qs F-s0
100 60 g 008 o or
0 — 54 a omE o = o=
an 01 S / o E&o
70 0 E L Wk
. T . ol o (o o =
G Ew = 008 -
': o z 008 g E—au
010 -
i a 50
g <1 & =r
2 " 620 > [~100
% « 030 Qr
- : o ar
¥ ‘080 -
= - -
° L 00 -
—10 -
SAMPLE USE _
—8 24" da. CMP @ 2% slope yields —20.0
17cts @ 5.4 fps velocity -
(n=0.024) -
LB -
Values p;a[‘ !gnrri'g‘s equation -
149 20y 5.k -
@ (=) ARRS —30.0
This takie can be converted o
to other r’” values by applying -
for mula: :4DIJ
Q. e
Q2 ]

Figure F.2. Nomograph for Sizing Circular Drains
Flowing Full
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PROPORTIONAL AREA, DISCHARGE, VELOCITY, HYDRAULIC RADIUS
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N\
N \\

N

\\
AN

N
NN

NN

0.

9 0.8

0.7 0.6 05 0.4 03 0.2

RATIO OF FLOW DEPTH TO DIAMETER {d/Dj

Figure F.3. Circular Channel Ratios
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18) | (17) | {18) | {18} | (20)

Exit | Outt | Inkel | Appr | Band | Junc

d Crntd | Vel |Head |Head | HW
Loss
(ft)

Head | Cntrd
Loss | Loss | Elev
m | @ | @

Wn

=

&

2FE

gfzie

cisle

g gte

sp3ie

g EE%
=

=

® | & | @
Inket
Elov
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@
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&
Lngth
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(0
*]
ofs

Plpe
Segment
CBto CB

Figure F.4. Backwater Calculation Sheet
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Column { 1}
Column { 2)
Column { 3)
Column ( 4)
Colurmn { 5)
Column { 6)
Column (7}
Column { 8)

Column {9)

Column ( 1)

Colurmn { 11

Column { 12)

Column ( 13)

Column { 14)

Column ( 15)

Column ( 16)

Column ( 17)

Column { 18)

Column { 19)

Column ( 20)

D ign flow to be convey ed by pipe segment.
Len gth of pipe segment.
Pipe St indicate pipe diameter or span x nise
Manning's "n" value.
Outlet Elevation of pipe segment.
Inlet Elev ation of pipe segment.
Barrel Area; this is the full cross sectional area of the pipe.
Barrel Welocity; this is the full velocity in the pipe as detemmined by
= (4 or Coli8) = Col{l}/ Cal.{7)
Barrel Welocity Head = F2g or (Col (8)r2g
where g=322 Mder (acceeration due to gravity)
Tailwater (TH) Elev ation; this is the water surface elevation at the outlet of the pipe segment. Ifthe pipes outlet is not
submenzed by the TH and the TH depth is less than (044002, set TW equal to (0402 0 keep the analysis simp le and still
abtain reasonable results (0 = pipe barel haght and &, = oritical depth, both in feet. See Figure F 14 for determination of
d:l).
Friction Loss = S x L [or S x Col2)]
whene 8 is the friction slope or head los s per linear footo Cpipe as determined by Manning's equation expressed in the
fiorm::
8= (nVFp222 R
Hydraulic Grade Line (HGL) Elevation just inside the entrance o £ the pipe bamel: this is detennined by adding the fnction
loss o the TH elevation:
Colg12) =Coal{l 1) + Col{l0)
I this elevation Glls below the pipes inlel crown, itno longer represents the troe HGL when computed in this
mammer. The true HGL will fall somewhere between the pipe's crown and either normal flow depth or aritical fow
depth, whichever is greater. To keep the malysis simple and still obtain reasonable resu s (ie., ering on the
comservative side), set the HGL elevation equal to the crown elevation.
Entmnce Head Loss = £ x F/2g [or K xCol(9)]
where &, = Entrance Loss Coefficient (from Table F.4). Thisis the head lost due wo flow contractions at the pipe
entrinoe.
ExitHead Loss = [0 x F2g or 1.0xCol(9)
This isthe velocity head lost or trans fermed downstream .
Outlet Control Elevation = Colf12) +Cal{13) + Coll4)
This is the maximum headwater elevation assuming the pipe’s barnel and inlet'outlet characteristics are control ling capacity.
Itdoes not include structune losses or approach v eloaty considen tions.
Inlet Control Elevation {see Appendix F for computation of inlet contrmo L on cu bverts ): this is the mascomum beadwater
elev ation assuming the pipe’s mletis contolling capacity. 1t does nol include strocture losses or approach velocity
comsiden tions .
Agpproach Velocity Head; thisis the amount of head'enerzy being supplied by the discharge from an ups ream pipe or
chamnel section, which s erves o reduce the head water elevation. 17 the dischanze is fom a pipe, the approach velocity head
15 equal o the bamel v doaty head computed for the upstream pipe. IFthe upstream pipe outle 15 significan ty higher in
elew ation {as in adrop man hole) or lower inelev ation such that its dischamee enemy would be dissipated, an approach
velocity head o eem should be assumed.
Bend Head Loss = K, % 12 [or &, x Col.(17)]
where &, = Bend Loss Coefficent { from Figure F. 7). This is the los s of head'enenzy requined o change direction of flow
N AN aecess structure.
Junction Heand Loss, This is the loss in head/energy that results from the turb ulence created when two or more stream s are
merged into one within the access strocture. Figure FLB may be used 1o determine this loss, or itmay be computed using the
following equations denv ed from Figure F B
Junction Head Loss = &2 V02 [or K xCaol(17)]
where & is the Junction Loss Coefficient determined by:
K= (OO0 + Da3OaO0)
Headwater (HW) Elevation; this is detemmined by combining the enenzy heads in Colummns 17, 18, and 19 with the highest
control elevation in either Column 15 or 16, as follows:
Col{2) = Col(15 or 16)-Col(17) +Col{18) +Calf19)

Figure F.5. Backwater Calculation Sheet Notes
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¥ 4 R R v arne | OE AE S, S; | s.-8, ] ax x
1 2 3 4 5 5 T $ 9 -10 A1 12 13
6 72 268 | 3712 | o042 | 00031 | 60031 - Jomooz| - -

55 | 605 | 246 | 331 05 | o004 | 5504 | 0499 | 0.00003 |0.000025 | 000%s [ 715 | 715
5 50 224 | 292 | 06 | o0oos4 | 50064 | 04976 [ 0.00005 | 000004 | 000696 | 7149 | 14299
45 | 405 | 201 | 25 | o74 | o008 | 45098 | 04966 | 0.00009 | 000007 | 000693 | 7184 | 21483
4 32 179 | 217 | 094 | 00157 | 40157 | 04941 | 000016 |0.000127 | 000687 | 7189 | 28652
35 | 245 | 157 | 182 | 122 | 00268 | 35268 | 0.4889 | 0.00033 |0.000246 | 000675 | 7238 | 3589
3 18 134 | 148 | 167 | 00496 | 3049 | 04772 | 000076 |0.000547 | 000645 | 7395 | 432.85
25 | 125 | 112 | 116 | 24 | 01029 | 26020 | 04467 | 0.00201 [0001387 | 000561 | 7958 | 51243
2 8 089 | 08 | 375 | 02511 | 22511 | 03518 | 0.00663 | 000432 | 000268 | 13127 | 6437

The step computations are carried out as shown in the above table. The values m each column of the table are explained as
follows:

Col. 1. Depth ot tflow (ft) assigned from 6 to 2 feet

Col. 2. Water area (") corresponding to depth y in Cal. 1

Col. 3 Hydrmulie radios (i) comesponding to v in Col. |

Col. 4. Four-thirds power of the hydraulic radius

Col. 5. Mean velocity (fps) obtamed by dividing J (30 ¢fs) by the water area in Col. 2

Col. 6. Velocity head (1)

Col. 7. Spectfic energy (ft) obtained by adding the velocity head in Col. 6 to depth of flow in Col. ]

Col. 8. Change of specific energy (ft) equal to the difference between the £ value in Col. 7 and that of the previous

step.
Col. 9. Friction slope S, computed from ¥ as given in Col. 5 and 8 in Cal. 4

Col. 10, Average fnction slope between the steps, equal to the anthmetie mean of the fnction slope just computed in
Col. 9 and that ofthe previous step

Col.11. Difference between the bottom slope, 5., and the average friction slope, 5,

Col.12. Length of the reach (i) between the consccutive steps;
Computed by x= E(S, - §) or by dividing the value in Col. 8 by the value m Col. 1]

Col.13. Distance from the beginning point to the section under consideration. This 1s equal to the cumulative sum of
the values in Col. 12 computed for previous steps.

Figure F.16. Open Channel Flow Profile Computation
(Example)
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