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Memorandum
To: Kelli Hale, P.E. RECEIVED
City of Arlington AUG 2 7 2009
From: Jacob Dahl, P.E. COA Engineering Depi.

Cascade Surveying & Engineering, Inc
Date: March 31, 2009
Subject: Arlington First Baptist Church Drainage Plan

Accompanied with this memo is the drainage plan for the Arlington First Baptist Church building
additions. The Church plans to build a 90-ft x 75-fi multi-purpose facility and a 40-ft x 50-ft office
building at the south end of their property located at 426 N French Ave. The most southerly existing
building will be removed and replaced with the proposed office building. Aside from the existing
building to be removed, the remainder of the area of development is maintained lawn.

Onsite soils were investigated at two different times. First, during the permitting process for the
existing storm system, in July 2001 one test pit was dug at the north end of the property. The
exploration revealed 40-inches of loamy sand over gravelly medium sand to a depth of 9.5-ft. Water
was encountered at 9.5-ft (elv=128.00").

Later, in September 2007 Geotest Services dug 4 test pits along the slope at the south end of the
property. Their investigation was for the purpose of constructing a retaining wall along Fourth Street.
Generally, the test pits revealed silty sand over areas of glacial till or glacial outwash. Test pits were
dug to depths ranging from 8-9-ft below the surface and no groundwater was encountered.

Stormwater runoff generated by the majority of the site is treated and or infiltrated onsite underneath
the existing parking lot. This infiliration trench system is a two part system with a water quality
treatment trench sized for the 6-month 24-hr runoff generated by the existing improvements. This
trench is imbedded in the native gravelly sand; however, it is lined with loamy sand to provide
treatment. Larger storm events overflow into a parallel trench imbedded in the native gravelly sand
that is capable of fully infiltrating the 100-yr 24-hr storm. This system is at capacity; therefore, will
not be utilized for the new improvements.

The drainage plan is to construct a separate rooftop infiltration trench sized to fully infiltrate the 100-yr
24-hr runoff generated by both new buildings. The trench needs to be imbedded within the native _
gravelly medium sand. If poor soils are encountered during construction, the engineer must be notified
in order to make adjustments to the design. Adjustments may include adjusting the infiltration design
rate to match the encountered soil’s infiltration properties, adjusting the trench depth or dimensions in




order to imbed the trench within the proper soil layer, or relocating the trench to a location the is better
suited for infiltration.

The infiltration rate for gravelly medium sand is 20-in/hr. Refer to Table HI-3.1 of the 1992 DOE
Stormwater Management Manual. For design purposes, an infiltration rate of 10-in/hr was used to
simulate the long term infiliration rate. The trench will be 31-ft long by 8-ft wide by 3.5-ft deep. The
trench void space available for water storage is calculated to be 32% based on 30% void space for the
drain rock backfilt and 100% for the perforated pipe. At each end of the trench will be a Type 1L catch
basin containing a standard oil/water separator to prevent floatable debris from entering the trench.
Each catch basin shall be installed per City of Arlington Standard Detail SD-120. The trench is to be
instalted a minimum of 10-ft away from the proposed buildings. Please refer to the attached
calculations and plans & specifications for greater detail.

Attachments:

StormSHED 2G stormwater model calculations

Table III-3.1 Soil Properties Classified by Soil Texture

Site plan/Drainage plan

Original Drainage Report prepared by Cascade Surveying dated Oct. 2, 2001

City of Arlington Geotechnical Study prepared by Geotest Services dated Oct. 9, 2007



StormSHED 2G Stormwater Model Data

Layout Report: DEVELOPED

[-Event iPrecip (in) I

J6 month 11700
-2 year [1.8000
{10 year [2.7500

|

[100 year 7500

Reach Records

Record Id: TO GROUND

INFIL TRENCH
/

TO GROUND

GROUND 3

+

iStx:tion Shape: - fCircular .

Uniform Flow Method: [Manning's |Coefficient:  0.0120

ERouling Method: Il.Trdvel Titne Translation |C0m:ributing Hyd l

[DnNode IGROUND 3 |UpNode [INFIL TRENCH

IMaterial [Conc-Spum [Size [48" Diam !
%Enl Losses |Square Edge w/Headwall ;
ILength 10.0010 A |Slope [100.00%

{Up Invert "~ 1132.5000 A Do Invert [132.4990 A

: ] Conduit Constraints ;

| [Min Vel {Max Vel {Min Slope [Max Stope [Min Cover i
‘ [200 f/s [15.00 frs 0.50%  [2.00%  [3.00 fx

Drop across MH [0.0000 & [Ex/Infil Rate  [0.0000 in/hr

iUp Invert [132.4990 R {Dn tvert [132.5000R

[Maich imverts.




Node¢ Records

Record 1d: GROUND 3

!Eescﬁp: [ !Increment !0.10 fi ‘
[Start EL [132.5000 f [Max EL. [140.0000 A

|Duromy Type Node

Record 1d: INFIL TRENCH

IDescrip: [ IIncrement boior
IStart I [132.5000 ft ;Max E. 1136.0000 fU
[Storage Node [STORAGE |Discharge Node [DISCHARGE

Record : STORAGE

IDfscrip: | llncrcmenl EO,IO ft
|Start EL [132.5000 & [Max EL  [136.0000 i
[Length (310000 A [Width  [8.0000 &
iCatch 32,0000 [ Consider Bottom Only |

Record [d: DISCHARGE

!Dmcn'p: | [lncrcmenl iO,IO fi
IStart EL [132.5000 i [Max El. [136.0000 ft

1

|Infittration rate {10.0000 in/hr [WP Multipticr |1.00 g




Contributing Drainage Arcas

NEW BUILDINGS Event Summary

[ Event [Peak Q (els) gPeak T (brs) [Hyd Yol (aclt) {Areﬂ {ac) IMcihod |Raint;;en !

[6month | 0.0512 783 | 00160 | 02009 |[SBUH |TYPEIA :

| 2year | 00840 783 | 00204 | 02009 |SBUH ITYPEIA|

[10year [ 01328 783 | 00422 [ 02009 |SBUH fTYPEtA‘“

100 year [ 0.1835 783 | 00589 | 0.2009 |SBUH [TYPEIA

Record 1d: NEW BUILDINGS

[Design Method ! SBUH IRainfall type T TYPELA

iHyd Intv o | 1100 win [Peaking Factor - jF" IIIII 484.00

| ! ]Abstraction Cocell |[ 020

{Pervions Area [ 0.00 z¢ IDCIA I“_ 0.20 ac

[Pervious CN | 0.00 [pC ON g 98.00

|Pervious TC : 0.00 min JDC TC E 103min

] [ - Directly Connected CN Cale ~
! Description ' SubArea : Sub cn

;' "~ MULTIPURPOSE FACILITY AND OFFICE ) 0.20 ac 9800

i T DC Composited CN (AMC 2) o 98.00

T; Directly Connected TC Cale

i Type }r Description !_H Length i Slapc | Coell % Mise i TT

Sheet " IROOFTOP 4500 A [100.00% 00110 [1.80 in .18 min i
{Chanmnel (interm) B IGUTTER 5700/ l0.50% T Joor0 ! - 02tmin |

PVC PIPE 1165.00 A [1.00% 00120 J 0.65 min ,

IChaJmc] ({interm)

Directly Connected TC

f 1.03min




StormSHED 2G Stormwater Model 100-yr Calculation

135.900 #t
0.0f cfs

13¥561 ft

,’.

ROUTEHYD [| THRU [DEVELOPED] USING TYPELA AND [1i) year] NOTZERO RELATIVE SCS/SBUH

| ReachID |Area (ac) [Flow (cfs) [Full Q (cfs) [Full ratio [aDepth ()] Size |mVel (ft/s) [[Vel (ft/s}] CBasin/ Hyd

| LPOOLCOMPUTE {INFII. TRENCH] SUMMARY nsing Pals

: | Match Q(cfs) | Peak Q(ck) | PeakStz(f) | Vol(cf) | Vol(acft) | Time to Empty
01835 | 00574 | 1359000 | 26982 | 00062 | 2433

I
i
|
|

TO GROUND | 0.2009 | 00574 | 1560.32

0.00 | 00210 {48 Diam| 7.0872 |124.1667 [NEW BULLDINGS

| FromNode | ToNode [RchLoss (f)[App (&) Bend (i) [Junct Loss (f) [HW Loss Elev (f) (Max EI ()

[NFTL TRENCH|GROUND 3| 1305923 [-ma~ [ —ma- | -ma~ | 1359000 | 136.0000




STORMWATER MANAGEMENT MANUAL FOR THE PUGET SOUND BARASIN

Soil Properties Classified by Soil Texture

Table III-3.1
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PROPERTY DESCRIPTION

The proposed site is located in the southeast corner of Section 02-31-05 on the west side of North French
Avenue. The site is clear of vegetation and covers approximately 0.30 acres. Onsite soils investigations
indicated red-tan loamy sands up to a depth of 40", underlain by gravelly medium sands between depth of 40-
60”. Between depths of 60-114”, gray gravelly medium sand was found (See attached Soil Logs). At114” of

depth, water was found.
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SOIL LOGS

July 6, 2001

SOIL LOG 1.

0-40”  (137.50° - 134.17") Red-Tan Loamy Sand

40-60”  (134.17°-132.50")  Gravelly Mediem Sand

60-114+" (132.56° — 128.00°)  Gray Gravelly Medium Sand

@ 114”7 (128.00°) Water Was Found



PROPOSED DEVELOPMENT

The proposal is to create a 2,050 square foot Auditorium. Further development inchides an infiltration
drainage system and asphalt pavement over the parking surface. {See construction plans for further detail.)

UPSTREAM AND DOWNSTREAM ANALYSES

Since the property and the adjacent lots are all land locked by curb, sidewalk, and city streets, offsite flow
onto the property does not exist. The site is divided into two primary drainage basins (see basin map). The
majority of the site, including all improvements, lies on the basin io the north. Stormwater falling on this
basin currenily leaves the site by infiltrating into the ground. The developed flow from this basin will
continue to exit the site via infiltration into the ground. The second basin lies on the south portion of the
site. Runoff from this basin drains into a low spot in the ceater of the basin and infiltraies into the native

soils.



RISK ASSESSMENT

Siope: In the area of construction, site slopes moderate; risk is low.
Critical Areas: None
Seils: Surface soils consist of loamy sand.
Ground Movement Potential: Site appears siable.
Source of Water Erssion: Rainfall.
Measuares Proposed te Prevent/Minimize Erosion:
During Constructien: Temporary consiruction BMP’s.
Afier Constructien: Seeding of exposed sotls.
Nearest Downsiream body of water other than read difches: Stillaguamish River, 1/4 mile north.
Nearest fish bearing water: Stillaguamish River.

Conclusion: Potential for significant erosion/siltation impact on or off site is LOW
Because of the following reason:

1. Site soils have high infiltration rates, little surface flow is generated.



STREAMBANK EROSION CONTROL

Streambank erosion control will be accomplished through the use of an infiltration trench and a water
quality infiltration trench. (See the site plans). Ali developed flow from the property will be iniiltrated.

SOURCE CONTROL OF POLLUTION

The source control BMP recommended for this site would be good housekeeping. As the lot is developed,
other specific bmp’s may be required for that lot it accordance with the guidelines set forth in D.O.E.

Stormwater Manual,

WATER QUALITY BEST MANAGEMENT PLAN

The water quality best management plan proposed for the site will be a water quality infiliration trench. All
flow from the driving surface will be directed to the oil/water separators and then to the water quality

trench.



CALCULATIONS

Modeling Mcthodology:

The stormwater-modeling program used for the site was StormSHED Rel. 6.1.5.7. The site was broken
down into 4 drainage areas, the eastern portion of the church roof, the parking iot, the southern portion of
the property, and the area surrounding the house/oifice (see basin map).

The eastern portion of the church roof currently drains to a storm drain on N. French Av. The house/office
is located in a low spot on the property surrounded by grass covered ground, and currently infiltrates water
runoff. The southern portion of the property is currently undeveloped and surrounded by steep slopes on
the southern and easiern side. A slight crest exists between the house and the toe of the southem slope.
This isolates the southern half from draining into the preposed drainage system. The proposed paved
parking lot, the proposed Auditorium, the western portion of the church roof, and the undeveloped area
north of the crest will drain to the proposed drainage system (see basin map). The infiliration system was
sized to handle runoif froin the entire 100-year stiorm event. Runoff from ail driving surfaces wili be
directed into water quality trenches. These trenches will be lined with 18” of loamy sand. The infilfration
rate used in these trenches was 1.205 in/hr, which is half the D.O.E. rate. Rooftops and overflow firom the
water quality trenches during storm events greater than the 6-month will be directed into a standard
infiiiration trench. The infiliration rate used in these irench designs was 10 in/hr, which is half the D.O.E.
rate for coarse sands. Staged discharge rates were used in the calculations uiilizing Darcy’s equation.

Because the sides of the water quality trench will be lined, a rectangular trench would be nearly impossible
to construct properly. Therefore, a triangle shaped trench will be proposed. The trench will have a 5.25°
wide bottom, a depth 0f'2°, and side slopes of 1:1. The water quality trench will have a total length of 150¢°.
The standard trench will be rectangular shaped with dimensions of 150" long, 4.25° wide, and 2’ deep.

WATER QUALITY TRENCH BASE RATE:

D.O.E. Rate for loamy sand = 2.41 in/hy (1/2 = 1.205 in/hr)
Botiom Area = 787.5 sq. it.

787.5f” x1.205in x _lhr. x 1min. x 1fi. = 6.022c¢fs.
I hr. 60 min.  60sec. 12

Darcy’s Law: Revised release rate = (Base Rate s (H+ L) ) + LL

DEPTH OF 0.50°:
(0.022 e.f5. 9 (0.57 + 3.0067)) + 3 = 0.026 c.Ls.

DEPTH OF 1.00°:
(0.022 c.£5. © (1.00° +3.00°)) + 3 = 0.029 c.fs.

DEPTH OF 1.50°:
(0.022 cfis. « (1.50° + 3.00°)) + 3 =0.033 c.fs.




DEPTH OF 2.00’.
(0.022 c.fs. ¢ (2.00° +3.007)) = 3 = 0.037 c.Ls.

A pet void of 35% was calculated for the trench assuming a 30% void for the washed gravel and 100% for
the 8” pipe. The available storage in the trench will be 341 cubic feet. Based on the StormSHED model
the 6-month required storage will be 318 cubic feet.

STANDARD TRENCH BASE RATE:

D.0.E. Rate for coarse sand = 20 n/hr (1/2 = 10 in/hr)
Bottom Area = 637.5 sq. fi.

637.5R° x10in x _Ihr. x l1lmin. x I/ = 0.15¢is.
1 hr. 60 min. 60sec. 12in,

Darey’s Law: Revised release rate =(Base Ratee (H+ L) } = L

DEPTH OF ¢.50°.
{0.15 c.f5. 0 (0.50° +3.00")) + 3=0.175c.is.

DEPTH OF 1.00°:
(0.15 c.fi5. o (1.00° + 3.00%)) + 3=0.200c.£s.

DEPTH OF 1.50°:
(0.15cf5.# (1.50° +3.00°); + 3 =0.225c.fs.

DEPTH OF 2.00’;
(0.15 c.£s. @ (2.00° +3.007) + 3 = 0.250 c.£s.

A pet void of 35% was calculated for the irench assuming a 30% void for the washed gravel and 100% for
the 8” pipe. The available storage in the standard trench will be 433 cubic feet. The combined total storage
for the standard and both water quality trenches will be 774 cubic feet. Based on the StormSHED model
the 100-year combined required storage will be 749 cubic feet.
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Arlington First Baptist Church Drainage Model.
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[100 yri 375in
Reach Records:
Reach ID: T1-Ground
Section Properties:
Shape: Circular Routing Method:  Travel Time Translation
Size Material Mannings n Hyd params By
12" Diam Smooth CDEP 0.0050 iMannings Formula
Length Slope Enirance Loss
1.0000 ft 100.00 % Groove End Projecting
Diam
1.0000 #
Up Node Dn Nede Up Invert Dn Inveri
CB Ground 133.5000 fi 132.5000 ft
Conduit Constraints:
Min Vel Max Vel Min Cov Min Siope Max Slope Min drop
2.0000 f 15.0000 f 3.0000 fi 0.5000 ft 2.0000 ft 0.0000 ft
in/Exfil Hold Up Hold Dn Match Inv Allow Smaller
0.0000 inhy  NO NO YES NO
Conduit Summary:
Trib Area Flow Capacity Velocity Normal Depth
0.2441 ac 0.0296 cf 94.7778 cf 13.968351t/s 00137 ft
Ent Loss Exit Loss Frict Loss Start TW
0.605526 fi 3.027632 fi 0.000000 #t 132.6826 #t



Reach ID: T1-T2
Section Properties:

Shape: Circular Routing Method:  Travel Time Translation
Size Material Mannings n Hyd params By '

8" Diam Smooth CDEP 0.0120 Mannings Formula

Length Slope Enfrance Loss

1.0000 ft 0.50 % Groove End Projecting

Diam

0.6667 #t

Up Node Dn Node Up Invert Dn Invert

Overflow cB2 135.4000 fi 135.4450 ft

Conduit Constraintis:

Min Vel Max Vel Min Cov Min Stope Max Slope Min drop
2.0000 ft 15.0000 it 3.0000 ft 0.5000 2.0000 ft 0.0000 ft
In/Exdil Hold Up Hold bn Match Inv Allow Smaller

0.0000 infhr  NO NGO YES NO

Conduit Summary:

Trib Area Flow Capacity Velocity Normatl Depth

0.3659 ac 0.4208 cf 0.9282 cf 2.5042 fi/s 0.3149 ft

Ent Loss Exit Loss Frict Loss Start TW

0.020903 ft 0.104502 ft 0.001028 # 135.7599 ft

Reach ID: T2-Ground

Section Properties:

Shape: Circular Routing Method:  Travel Time Translaticn
Size Material Mannings n Hyd params By

12" Diam Smooth CDEP 0.0050 Mannings Formula

Length Slope Entrance Loss

1.0000 fi 100.00 % Groove End Projecting

Diam

1.0000 ft

Up Node Dn Node Up Invert Dn Invert

CB2 Ground 133.5000 ft 132.5000 §t

Conduit Constraints:

Min Vel Max Vel Min Cov Min Slope Max Slope Min drop
2.0000 ft 15.0000 ft 3.0000 ft 0.5000 fi 2.0000 ft 0.0000 ft
in/Exil Hold Up Hold Dn Match Inv Allow Smaller
0.0000in/hr  NO NO YES NO

Conduit Summary:

Trib Area Flow Capacity Velocity Normal Depth

0.3659 ac 0.1993 cf 94.7778 cf 23.8963 ftls 0.0242#

Ent Loss Exit Loss Frict Loss Start TW

1.773401 ft 8.867006 ft 0.000004 fi 132.6826 fi

Mode Records:

Node ID: CB

Desc: Primary trench entrance

Start EI: 133.5000 & Max EL: 135.5000 ft

Conirib Basin: Dev Contrib Hyd:

Hgl Elev: 135.4286 it

Storage Id: Trench1 Discharge Id:  H20quality



Node ID: Trench1

Desc: Water quality trench

Start EE 133.5000 ft Max El. 135.5000 ft
Contrib Basin: Contrib Hyd:

Stage Area Volume Volume

133.50 275.63 0.00 cf 0.0000 acft

135.50 656.63 341.26 cf 0.0078 acit

Centrol Structure ID: H20quality - Combination Control Structure

Descrip: Trench lined wiloamy sand

Siari El Max El Increment

133.5000 ft 137.0000 f 0.10

1D List: Loamy Sand  Over

Split: Split QutHyd into component hydrographs.

Control Structure ID: Loamy Sand - Stage Discharge rating curve

Descrip: Trench lined wiloamy sand
Start El Max El Increment
133.5000 fi 137.0000 # 0.10

Stage Discharge
1335000 & 0.0000 cfs
133.5100 #t 0.0220 ofs
137.0000 it 0.0360cis

Centrol Structure ID: Over - Muliiple Orifice Structure

Descrip: Overflow pipes 2-8" pipes
Start El Max El Increment
135.4000 ft 137.0000 ft 0.10
Qrif Coeft: 0.62 Bottom EL 0.00 ft
Lowest Diam: 8.0000 in
out to 2nd: 0.0000 ft Diam: 8.0000 in
Node ID: CB2
Desc: Overflow struciure
Start Ei: 133.5000 1t Max El: 135.5000 ft
Contrib Basin: Contrib Hyd:
Hgl Elev: 135.4341 #t
Storage Id: Trench2 Discharge Id: Gr-Sand
Node ID: Trench2
Desc: Standard trench
Start El: 133.5000 ft iMax El: 135.5000 #
Conirib Basin: Conirib Hyd:
Length Width Void Ratio
150.0000 fi 42500 f# 34.00

Control Structure ID: Gr-Sand - Stage Discharge rating curve

Descrip: Gravelly Sand

Start El Max El Increment
133.5000 ft 137.0000 ft 0.10
Stage Discharge
133.5000 f 0.0000 cfs
133.5100 ft 0.1480 cfs
137.0000 ft 0.2410 cfs



Node ID: Ground

Desc: Ground

Start EE: 132.5000 f Max El: 135.0000 ft

Confrib Basin: Contrib Hyd:

Hgl Eiev: 132.6826 ft

Node ID: Overflow

Desc: Overflow node/point which trench 1 overilows

Start EL 135.4000 ft Max El 137.0000 ft

Conirib Basin: Contrib Hyd:

Hgl Elev: 135.8866 ft

Contributing Drainage Areas:

Drainage Area: Dev

Hyd Method:  SCS Unit Hyd Loss Meihod: SCS CN Number

Peak Factor:  484.00 SCS Abs: 0.20

Stormn Dur: 2400 hrs . Intv: $0.00 min

Area CN TC

Fervious 0.1700 ac 68.00 (.19 hrs

Impervious 0.5000 ac 98.00 0.04 hrs

Total 0.6700 ac

Supporting Data:

Pervious CN Data:

grass area south of paved area 68.00 0.1100 ac

impervious CN Data:

rooftops and paved surfaces  93.00 0.5000 ac

Pervious TC Data:

Flow type: Description: Length: Slope: Coeff. Travel Time

Sheet along grass area 85.00# 3.75% 0.1500 8.92 min

Sheet paved surface 75.00ft 0.50% 0.0110 2.23 min

Impervious TC Data:

Flow type: Description: Length: Slope: Coeff: Travel Time
223 min

Shest along paved surface 75.00ft  0.50% 0.0110



Layout Hydrographs:

Hydrograph ID: Ground - 6 mo

Area: 0.5000 ac Hyd Int: $0.00 min Base Flow:

Pending tt translation:  0.00 min

Peak Flow: 0.0294 cfs Peak Time: 9.83 hrs Hyd Vol: 0.0393 acit
Time Flow Time Flow Time Flow
hr cig hr cfs hir cfs
2.83 0.0086 1017 0.0294 17.17 0.0251
3.00 0.0054 10.33 0.0204° 17.33 0.0249
3.17 0.0086 10.50 0.0293 17.50 0.0248
3.33 0.0075 10.67 0.0293 i7.67 0.0247
350 0.0086 10.83 0.0292 17.83 0.0246
3.67 0.0087 11.09 (0251 18.00 0.0244
383 0.0087 117 0.0281 18.17 0.0243
400 0.0107 11.33 0.0290 18.33 0.0242
417 0.0118 11.50 0.0289 18.50 0.0240
433 0.0129 11.67 00238 18.67 0.0239
4.50 00129 11.83 0.0287 18.83 0.0238
467 0.0150 12.00 0.0287 19.00 0.0287
4.83 0.0150 1217 0.0286 19.17 0.0235
5.00 00161 12.33 0.0284 12.33 0.0234
517 00172 12.50 0.0284 19.50 0.0233
5.33 0.0193 12.67 0.0282 19.67 0.6231
5.50 0.0172 12.83 0.0281 19.83 0.0230
5.67 0.0255 13.00 0.0280 20.00 0.0229
5.63 0.0218 1317 0.0279 20.47 0.0227
6.00 0.0215 13.33 0.0278 20.33 0.0226
6.17 0.0220 13.50 0.0277 20.50 0.0225
6.33 0.0221 13.67 0.0276 20.67 0.0224
6.50 0.0221 13.83 0.0275 20.83 0.0222
6.67 0.0222 14.00 0.0274 21.00 0.0221
6.83 0.0224 1417 0.0272 21.17 0.0215
7.00 0.0225 14.33 0.0274 2133 0.0097
717 0.0227 14.50 0.0270 2150 0.0161
7.33 0.0230 14.67 0.0269 21.67 6.0129
7.50 0.0232 14.83 0.0268 21.83 0.0129
7.67 1.0240 15.00 0.0266 22.00 0.0150
7.83 0.0254 15.97 0.0265 2217 0.0118
8.00 0.0267 15.33 0.0264 2233 0.012¢
8.17 0.0276 15.50 0.0263 2280 0.0129
433 0.0280 15.67 0.0262 2287 0.0118
8.50 0.0284 15.83 0.0260 22,83 0.0129
8.67 0.0288 16.00 0.0259 23.00 0.0129
883 0.0290 16.17 0.0258 2317 0.0118
9.00 0.0292 16.33 0.0267 23.33 0.0129
2.17 0.0293 16.50 0.0255 23.50 0.0129
9.33 0.0293 16.67 0.0254 23.57 0.0129
9.50 0.0294 16.83 0.0253 23.83 0.0118
967 0.0204 17.00 0.0252 24.00 0.0129
9.83 0.0204 17.17 0.0251 24.17 0.0621

10.00 6.0284 17.33 0.0240 24.33 0.0000



Hydrograph ID: Ground - 100 yr

Area: 0.6700 ac Hyd Int: 10.00 min Base Flow:
Pending it franslation.  0.00 min
Peak Flow: 0.2302 cfs Peak Time: 8.17 hrs Hyd Vol: 0.1606 acft
Time Flow Time Flow Time Flow
hr cfs hr cfs hr cfs
1.00 0.0172 10.00 0.1840 18.83 0.0295
117 0.0150 10.17 0.1784 19.00 0.1001
133 0.0220 10.33 0.0585 19.17 0.0367
1.50 0.0221 10.50 0.1344 19.33 0.0549
167 0.0222 10.67 0.0657 19.50 0.0386
1.83 0.0224 10.83 0.1163 19.67 0.0594
200 0.0225 11.00 0.6748 19.83 00422
217 00228 1.7 0.1127 20.00 0.0857
233 0.0231 11.33 0.0621 20,17 0.0458
2.50 0.0234 11.50 .1091 20.33 0.0821
267 0.0237 11.67 0.0765 20.50 0.0494
2.83 0.0240 i1.83 0.0910 26.67 0.0439
3.00 0.0243 12.00 0.0802 20.83 0.0802
347 0.0247 12.17 0.0910 21.00 0.0286
3.33 0.0250 12.33 0.0657 21.17 0.0784
3.50 0.0254 12.50 0.1055 21.33 0.0332
367 0.0258 1267 0.0513 21.50 0.0748
3.83 00262 12.83 0.0983 21.67 0.0368
4.00 00268 13.00 £.0639 21.83 0.0712
447 0.0271 13.47 0.0874 22.00 0.0404
433 0.0278 13.33 0.0675 2297 0.0513
4.50 0.0281 13.50 0.0910 22.33 0.0422
467 0.0287 13.67 0.05498 22.50 0.0657
483 0.0293 13.83 0.0983 2267 0.0458
5.00 0.0784 14.00 0.0603 22.83 0.0459
517 0.0657 1417 0.0820 23.00 0.0477
533 0.0983 14.33 0.0621 2317 0.0531
550 0.0693 14.50 0.0856 23.33 0.0484
567 0.0865 14.67 0.0657 23.50 0.0440
533 0.0712 14.83 0.0603 2367 00477
6.00 0.1127 15.00 0.0820 23.83 0.0621
817 0.0892 15.17 6.0621 24.00 0.0476
6.33 ¢.1127 15.33 0.0802 2417 0.0295
6.50 0.0965 15.50 0.0639 2433 0.0291
6.67 0.1308 15.67 0.0621 24.50 0.0287
6.53 0.1272 15.83 0.0802 24 .67 ©.0283
7.00 0.1254 16.00 0.0314 24.83 0.0279
7.17 0.1551 16.17 0.1164 25.00 0.0275
7.33 0.1543 16.33 0.0384 2517 0.0271
7.50 0.1615 16.50 0.0694 25.33 0.0267
767 0.1862 16.67 0.0730 25 50 0.0263
7.93 0.2042 16.83 0.0549 2567 1.0260
8.00 0.2216 17.00 0.0693 25.83 1.0256
8.17 02302 17.17 0.0567 26.00 0.0253
8.33 0.2298 17.33 0.0653 26.17 0.0249
8.50 0.2294 17.50 0.0567 25.33 0.02485
867 02269 17.67 0.0675 26.50 0.0242
8.83 0.2224 17.83 0.0585 26.67 00238
2.00 0.2183 18.00 0.0675 26.53 0.0235
8.17 0.2131 1817 0.0585 27.00 0.0232
9.33 02069 18.33 0.0531 2717 0.0229
9.50 0.2011 18.50 0.0585 27.33 0.0226
967 0.1952 18.67 0.0657 27 50 0.0222

9.83 0.1804 19.83 0.0206 2767 0.0140



6-Month Event:
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ROUTEHYD [] THRU [Infil] USING TYPE1A AND [6 mo] NOTZERO RELATIVE

Reach Area Flow FullQ % Full nDepthSize nvel fYsi CBasin/Hyd
-— ac cfs cfs ratio ft — fte itfs = —
Routing spit hyd [6 mo-Over-OutHyd]) through T1-T2
T1-72 00000 00000 09282 000  0.0000 8" Diam 25967 2.5590
Routing thru RLPool Node CB2; 6 mo event
6 mo MatchQ=PeakQ= 0.0000 cfs Peak Out Q: 0.0000 cfs - Peak Sig: 133.50 ft - Active Vol: 0.00 cf
T2-Ground 00000 00000 947778 000 00000 12" Diam 24.0586 1206748
Routing thru RLPool Node CB; 6 mo event
6 mo Maich Q- 0.0000 cfs Peak Out Q: 0.0294 cfs - Peak Stg: 135.36 ft - Active Val: 317.84 cf
Routing spit hyd [6 mo-Loamy Sand-OutHyd] through T1-Ground
T1-Ground 05000 0.0294 947778 0.00 0.0137 12" Diam 138664 120.6748 Dev
— —_ Rch App Bend Junct HW Max EV
-— —_ Loss Head Loss Loss Elev Rim EI
From Nade To Node ft it i3 ft ft t

Ground 132.5000
cB2 Ground 0.0000 —na— —na— ~na-- 133.5G00 135.5000
Overflow cB2 0.6000 —na— —na— —na— 0.0000 137.0000

ce Ground 133.0047 —na— —na— —na-— 135.3628 135.5000




100-Year Event:
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ROUTEHYD [j THRU [infif] USING TYPE1A AND [100 y¥] NOTZERQO RELATIVE
Reach Area Flow Full @ % Fuli nDepth Size nVel fVel CBasiniHyd
— ac cfs cfs ratio ft —_ ftis ftfs ———————
Routing spit hyd [100 yr-Over-OutHyd] through T1-T2
Ti-T2 0.4086 04226 09282 046 03156 8" Diam 25967 26590
Routing thru RLPool Node CB2; 100 yr event
100 yr Match Q: 0.0000 cfs Peak Out Qi 0.2006 cfs - Peak Stg: 135.48 ft - Active Vol: 429.82 cf
T2-Ground 04086 02006 947778 0.00 00342 12" Diam 240586 1206748
Roufing thru RLPoocl Node CB; 100 yr event
100 yr Match Q: 0.0000 cfs Peak Out Q: 0.4522 cfs - Peak Stg: 135.43 fi - Active Vol: 329.63 cf
Routing spit hyd [100 yr-Loamy Sand-OutHyd] through T1-Ground
T1-Ground 02604 00206 947778 0.00 0.0137 12" Diam 13.9637 1206748 Dev
—_— I Reh App Bend Junct HwW Max EF
—_ — Loss Head Loss Loss Elev Rim EI
From Node To NRode ft ft ft ft ft fi
Ground 1326836
cB2 Ground 133.2478 —a— —fa— —nNa— 135.4830 135.5000
Overflow cB2 i35.8875 —hia— —ha— —na— 135.8875 137.0000

CB Ground 133.0052 —he— —na— —ng— 135.4318 136.5000



Maintenpance Requirements

MAINTENANCE  DEFECT CONDITIONS WHEN MAINTENANCE IS NEEDED RESULTS EXPECTED
COMPONENT WHEN MAINTENANCE
I8 PERFORMED
INFILTRATOIN SEDIMENT A PERCOLATION TEST PIT OR TEST OF FACILITY SEDIMENT IS REMOVED
TRENCH INDICATES FACILITY IS ONLY WORKING AT 90% AND/OR FACILITY S
OF ITS DESIGNED CAPABILITIES. IE TWO INCHES ~ CLEANED S0 THAT
OR MORE SEDIMENT 1S PRESENT, REMOVE. INFILTRATION SYSTEM
WORKS ACCORDING TO
DESIGN.
CATCH BASIN COVER NOT [N COVER 1S MISSING OR ONLY PARTIAILY IN MAMHOLE 1S CLOSED.

PLACE

TRASH & DEBRIS
(INCLUDES
SEDIMENT)

STRUCTURAL
DAMAGE TO
FRAME AND/OR
TOPSLAB

CRACKS N BASIN
WALLSBOTTOM

PLACE. ANY OPEN MANHOLE REQUIRED
MAMNTENANCE.

TRASH OR DEBRIS OF MORE THAN F£2 CUBIC
FOOT WHICH IS LOCATED IMMEDIATELY IN
FRONT OF THE CATCH BASIN GPENING OR IS
BLOCKING CAPACITY OF BASIN BY MORE THAN
10%.

TRASH OR DEBRIS (IN THE BASIN) THAT EXCEEDS
13 THE DEPTH FROM THE BOTTGM OF BASIN TO
INVERT T OF THE LOWEST PIPE INTQ OR QUT OF
THE BASIN.

TRASH OR DEBRIS IN ANY INLET CR CUTLET PIPE
RLOCKING MORE THAN 1/3 GF ITS HEIGHT.

DEAD ANIMALS OR VEGETATION THAT COULD
GENERATE ODORS THAT WOULD CAUSE
COMPLAINTS OR DAMGEROUS GASES (EG.,
METHANE).

DEPOSITS OF GARBAGE EXCEEDING 1 CUBIC
FOOT IN VOLUME,

CORNER OF FRAME EXTENDS MORE THAN 3/4
(NCH PAST CURB FACE INTO THE STREET (IF
APPLICABLE).

TOP SLAR HAS HOLES LARGER THAN 2 SQUARE
INCHES OR CRACKS WIDER THAN 1/ EINCH
(INTENT i§ TC MAKE SURE ALL MATERIAL IS
RUNNING INTO THE BASIN).

FRAME NOT SITTING FLUSH ON TOP SLAB, L E,,
SEPARATION OF MORE THAN 34 INCH OF THE
FRAME FROM THE TOP SLAB.

CRACKS WIDER THAN 1/2 INCH AND LONGER
THAN 3 FEET, ANY EVIDENCE OF SOIL PARTICLES
ENTERING CATCH BASIN THROUGH CRACKS, OR
MAINTENANCE PERSON JUDGES THAT
STRUCTURE IS UNSOURND.

CRACKS WIDEE THAM 1/Z 1MNCH AND LONGER
THAN 1 FOOT AT THE JOINT OF ANY
ENLET/AOQUTLET PIPE OR ANY EVIDENCE OF SOIL
PARTICLES ENTERING CATCH BASIN THROUGH
CRACKS.

NO TRASH OR DEBRES
LOCATED
IMMEDIATELY N
FRONT OF CATCH BASIN
OPENING.

NO TRASH OR DEBRIS
iN THE CATCH BASIN

INLET AND OUTLET
PIPES FREE OF TRASH
OR DEBRIS.

NO DEAD ANIMALS OR
VEGETATION PRESENT
WITHIN THE CATCH
BASIN.

NO CONDITION
PRESENT WHICH
WOULD ATTRACT OR
SUPPORT THE
BREEDING OF INSECTS
OR RODENTS.

FRAME IS EVEN WITH
CURB.

TOP SLAB IS FREE OF
HOLES AND CRACKS.

FRAME [S SITTING
FLUSH ON TOP SLABE.

BASIN REPLACED OR
REPAIRED TO DESIGN
STANDARDS.

MO CRACKS MORE
THAN [/ [NCH WIDE AT
THE JOINT OF
INLET/QUTLET PIPE.




CATCH BASIN
COVER

PIPES

SETTLEMENT/
MISALIGNMENT

FIRE HAZARD

VEGETATION

POLLUTION

COVER NOT [N
PLACE

LOCKING
MECHANISM NOT
WORKING

COVER DIFFICULT
TOREMOVE

SEDIMENT &
DEBRIS

VEGETATION

DAMAGED

TRASH & DEBRIS

BASIN HAS SETTLED MORE THAN 1TNCH OR HAS
ROTATED MORE THAN 2 INCHES OUT OF
ALIGNMENT.

PRESENCE OF CHEMICALS SUCH AS NATURAL
GAS. OIL, GASOLINE.

VEGETATION GROWING ACROSS AND BLOCKING
MORE THAN 10% OF THE BASIN OPENING.

VEGETATION GROWING N INLET/OGUTLET PIPE
JOINTS THAT IS MORE THAN SIX INCHES TALL
AND LESS THAN SIX [NCHES APART.

NONFLAMMABLE CHEMECALS OF MORE THAN 172
CUBIC FOOT PER THREE FEET OF BASIN LENGTH.

COVER IS MISSING OR ONLY PARTEALLY [N
PLACE. ANY OPEN CATCH BASIN REQUIRED
IMAINTENANCE.

MECHANISM CANNOT BE OPENED BY GnE
MAINTENANCE PERSON WITH PROPER TOOLS.
BOLTS INTO FRAME HAVE LESS THAN 1/2 INCH OF
THREAD.

ONE MAINTENAMNCE PERSON CANNOT REMOVE
LID AFTER APPLYING 80 LBS. OF LIFT; INTENT 13
KEEP COVER FROM SEALING OFF ACCESS TO
MAINTENANCE.

ACCUMULATED SEDIMENT THAT EXCEEDS 26%
OF THE DIAMETER OF THE PIPE.

VEGETATION THAT REDUCES FREE MOVEMENT
OF WATER THROUGH PIPES.

PROTECTIVE COATING 1S DAMAGED; RUST IS
CAUSING MORE THAN 50% DETERIORATION TO
ANY PART OF PIPE.

ANY DENT THAT DECREASES THE CROSS SECTION
AREA OF PiPE BY MORE THAN 20%.

TRASH AND DEBRIS EXCEEDS | CUBIC FOOT PER
1,000 8QUARE FEET OF DITCH AND SLOPES.

BASIN REPLACED OR
REPAJRED TO DESIGN
STANDARDS.

NO FLAMMABLE
CHEMICALS PRESENT.

NO VEGETATION
BLOCKING OPENING TO
BASIN.

NO VEGETATION GR
ROOT GROWTH
PRESENT.

NO PFOLLUTION
PRESENT OTHER THAN
SURFACE FILM.

CATCH BASIN COVER IS
CLOSED.

MECHANISM OPENS
WITH PROPER TOOLS.

COVER CAN BE
REMOVED BY ONE
MAINTENANCE PERSON.

PIPE CLEANED OF ALL
SEDIMENT AND DEBRIS.

ALL VEGETATION
REMOVED 50 WATER
FLOWS FREELY
THROUGH PIPES.

PIPE REPAJRED OR
REPLACED.

PIPE REPAIRED OR
REPLACED.

TRASH AND DEBRIS
CLEARED FROM
DITCHES.
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City of Ariington Eriginesring Deparknent

233 North Ofympic Avenue
Addingion, WA 98223 OP
Affy:  Kelif Hale, P.E. c

me: Limited Geotechnical Engincaring Evaluefion
Retaining Wail
East 4% Street and North French Aventis
Arlington, Washington

Diear ids. Hale,

As requesied, GeoTest Services, inc. is pleased 1o submit inis report summarizing the
results of our limited geotechnical engineering svaluation for the referenced project. The
purpose of this evaluation was to establish general subsurfass conditions beneath ihe
site from which condusions and recommendations for construction of the pronosed
retaining wall could be formuiated.

PROJECT DESCRIPTION

e understand that the existing concrate retaining wall located along East 4" Sirest at
the North French Avenue intersection has experienced several inches of overtuming and
is planned to be replaced with a now poured-in-place concrete retaining wall. The
proposed wall will be approximately 120 feet in length and may reach up o 18 fest
above the elevation of the adjacent properiy io the norifi. It is our opinion that poor
drainage behind the exisiing relaining wall likely caused the overturking rom excessive
hydrostatic pressure buildup. A new church is planned io be Iocated a short distance o
the north of the proposed improvements. The sits is located in Arlington, Washington a3
shown on the aitached Vicinity Map. Figure 1.

SiTE CONDITIONS

This section discusses e genaral surface and subsurface conditions observed at the .
pioiect siie at the time of cur fleid investigation. interpretations of the site condiions are
hased on te resulis of our review of avallable information, sife raconnaissanase,
subsurface explorations, and our experience ia the project vicinity.

Genera) Gaologic Condifions

Geolegic information for the project sile was oblained from the Surficial Geologic Map of
Port Townsend 30- by 60-Minute Quadrangle, Puget Scund Region, Washingion (Pesel,
el. al 1989), published by the U.8. Geclogical Survey. According to Passl, near-surfacs
soils in the vicinity of the project site consist of glacial il and recessional-continental
deposits {glacial outwash). Glacial i deposits are desoribed by Passl as a poorly soyted
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GegTast Services, Inc. Ociober 8, 2007
Job Mo, 07-0754

E 4" 8T and N French Avs Rebaining Wail, Adington, Washingtan

mixture of rock fragmenls deposited directly by the Vashon-age ice shest. Finer
components cansist of sili, sand and clay in variable proportions, constituting a cohersni
to fiable, moderately to highly compact matix in which the coarse components
{pebbles, cobbles and boulders) are firmly embedded, Recessional-continental deposits
(glacial outwash) are described as medium to well sorted, pebble-cobble gravel and
coarse to mediure sand with local lenses of fine sand and siit. Sie solls encouniered
within odr 165¢ pits wéie consisted with the mappad geciogy.

Surface Condiions

The site of the propossed rataining wall is located along the norih side of East 4" Sirsst
at the North French Avenue intersection in Arlingion, Washinglon. The existing retaining
wall Is approdmaiely 120 fest in length and extands westward from North French
Avanue to a gravel alleyway. A sidewalk is located immediately behind the existing
retaining wall and & gravel area approximaiely 8 feet in widih is lpcated hehind the
sidewslk and befween East 4% Shreet. The topography in front of the exdsting retaining
wall ranges Fom approwmaisly 2H:1Y (horizointel verticaly at the sast end and
decreases to approximately SH:1V at the west end. The height of the existing refaining
wall rangss from approximately 18 feet above the elevation ol e flat area fo the norih of
the wall and decreases to anproximately 8 feet in height af the easi side. Site vegetation
gensrally includes grasses and weeds with a couple of large deciduous trees located &
faw feet in front of the axisting retaining wall, Suiface water was not observed a the site
during our investigation in Sepiember of 2007.

Subsurface Soil Conditions

Subsurface conditions within the areas of inierest at the site were explored by
excavaiing and sampling four tesi pits with a rubber tired backhos on Septembsr 27,
2007. The test pits (TP-1 through TP-4) were advanced fo depths that ranged from
approximately 8 fo 9 feet below ground surface (BGS). One test pit was advanced
behind the existing reiaining wall and three test piis wers advanced in front of the wall.
The approximate location of the test pits are shown on e Site and Expioration Plan,

Figure 2.

The subsurface profile generally consisied of i} overlaying native glacial §ill or glacial
outwash deposits. At the surface of all four explorations, loose to medium dense,
generzlly brown, generally dry, gravelly, silly, fine to coarse sand to sandy gravel (il
wiih occasional cobbies and wood debris was encountered to depths that ranged from
approximately 2 o 8% fest BGS. Underlying the iill at exploration TP-4, approxmately 4
imches of medium siff, dark brown, moist, organie, sandy siit (relic lopsol; was
encountered. Below the fill at expioration TP-3, medium dense, gray-brown, dry, very
sandy, fine o coarse gravel {glacial outwash) was encountered to the full exiant of
exploraton. Below the relic topscil at expioraion TP-4 and underkying the Tl at
explorations TP-1 and TF-2, medium dense, red-brown, dry te damp, slighly gravelly io
aravelly, sity to very siily sand {weathered glacial i) was encountered to the full exteni
of exploration in TP-1 and to depths ranging between approximately 5 1o T4 feet BGS In
axplorations TP-2 and TP-4. Underlying the woathered glacial il at explorafions TP-2
and TP-3, dense, grav-brown, damp, slightly gravelly, very siity, fine fo coarse sand
{glacial til) was encountersd to the full extent of expleration. More detalied descriptions
of the subsurface conditions can be found with the test pit logs atiached with this report
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Groundwater

At the time of our subsurface investigation in Septermber of 2007, groundwater seepage
or evidence of a seasonal high watsr fable, typically indicated by a disfinct mottled
horizon, was not observed within any of our explorations, The groundwater conditions
reported on the test pit logs are for the specific locations and dates indicated, and
thersfors may 1ot hecassarily be indicative of other iocations andior times. Groundwater
tevels are not siaiic and i is anficipated that groundwater conditions will vary depending
on loeal subsuface conditions, season, precipitation, changss in land use boih on and
off site, and other factors,

CORNCLUSIONS AND RECOMMENDATIONS

Based upon evaluation of the data collected during this invesfigation, it is our opinion
that subsurface condions at the sile are suitable for the proposed consiruction,
provided the rocommendations conteined hevsin are incorporated into the projsci
design.

Foundation Suppori and Seitiement

Foundation support for the propossed concrate relaining wall may ke provided by ihe
native, madium dense io dense, sandy gravel! {glacial outwash) or slighly graveliy, silty
eand {glacial i} encouniersd beiow the site or on properly cormpacted struciural it
piaced direclly over undisturbed native soil.

Based on the subsurface conditions encountered below the site, up to approximately 8
fost of uncontrolied fill and loose, upper weathered portions of the native soil may have
io be removed io resch suilzble bearing conditions. We recommend thal a
representative from GeoTest Services verify that suitable soil has been reached prior o
piacing structural fill or foundation formwork. In addition, all structural fil placed below
the proposed retaining wall should be compacted to a minimum of 95 percent of the
maximum dry density based on test method ASTM D 1557. Structural fill should be
placed in lifis not exceeding approximately 8 to 10 inches in thickness and thoroughly
compacied with 2 steel drum vibrafing roller, hoe pack, or eguivalent equipmen{. We
recommerd that compaction be tested after sach Iift of the @i pad.

In order lo prevent excessive hydrostafic pressure from buliding up behind the new
retaining wall, we recommend that properly functioning fooling drair(s) be inzarporated
into the wall design. GeoTest would ba pleased {o assist with footing drain design upon
request. in addition, we recommend that stormwaler runoff froin East 4" Street be
intercepied and radirected away from the wall with a curb and gulier o other appropriaie
means and not allowsd o infllrats behind the new relaining wall.

The proposed retaining wall footing should be founded a minimum of 18 inches below
the lowest adjacent final grade for freeze/thaw protection.

Allowsble Bearing Capacily
Assuining the above foundation suppoit oriterfa aie salisfisd, the retaining wall fooling

founded direclly on the native, glacial outwash/glacial 4l or on compacied siructural fill
placed dirsctly over undisturbed native solls may be proportioned using & maximum net
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allowable soil bearing pressure of 2,500 pounds per square ft (psf). The term "net
allowable bearing pressure” refers to the pressure that can be imposed on the soil at
foundation level resuliing from the dead loads, exclusive of the weight of the footing or
any backfill placed above the foofing. The nst allowable bearing pressure may be
increased by one-third for transient wind or seismic oade.

Fonndgtion Seitlomsnt

Saiflement of shailow foundations depends on foundation size and beaiing pressure, as
well as the strength and compressitility characiaristics of the underlying sofl. Assuming
consiruciion is accomplished as proviously recommended and for the maximum
allowable soil bearing pressure recommended above, we asfimats the total seifisment o
retaining wall foundations should be less than aboul 1 inch and diferential setiismant
hetween fwo adiacent load-bearing componenis supporied on compsient s0it should be
less than about one half the iotal setilement  The scoil response io applied stresses
caused by retaining wall loads is sxpected to be predominantly elastic in naturs, with
most of the setflamant ooccuring during construction s loads are applied.

Reosistance to Lateral Loads

Passive earih pressurss developed against the sides of foundations, in conjunciicn with
friction developed betwesn the base of the foolings and the supporing subgrade, will
rosist lateral joads transmiged from the siucture to iis foundation. For design purposss,
the passive resistance of well-compacted fill plased against the sides of foundafions may
be considered eguivalent to a fluid with a density of 250 pounds per cubic fi. Ths
recommended value includes a safety factor of about 1.5 and is based on the
assumption that the ground surface adjacent fo the structure is leve! In the direciion of
movemen! for a distence equal 1o or greater than twice the embedment depih.  The
recommended value alsc assumas drained conditions that will prevent the buildup of
hydrostatic pressurs in the compacted fill. in design computations, the upper 12 inches
of passive resistance should be neglecied i the soif is not coverad by pavement. i
future plans call for the removal of the soll providing resistance, the passive resistance

should net be congidered.

An allowable coefficient of base frictiors of 0.25, appliad o vertical dead loads only, may
he used between the undatiying native soll and the base of the footing. If a minimurm of
12 inches of properly compacied import structural fill Is placed below the footing, then
the aliowable cosficient of base friction may be increased to 0.30, as appliad to verica!
dead loads only. Howsever, if passive and frictional rssistance are considered together,
one half the recommended passive soil resistance value should be used since Jargsr
sirains ars fequired ko mobilize the passive soil resistance as compared i ictional
resistance. A safely factor of about 1.5 is included in the base friction design value. Ws
do not recomimend increasing the cosfficient of fricion to resist seismic or wind loads.

Tha lateral earth pressures that develop agalnst refaining walls will depend on the
method of backil placsment, degres of compaction, slope of backilll, fype of backfl
material, provisions for drainage, megniivde and location of any adjacent surcharge
joads, and the degres o which the wall can yield laterally during or after plasement of
backfil. If the wall is allowed to rolate or yield so the top of the wali moves an amount
aqual fo or greater than about 8.001 to 0.002 times its height {a yielding walf), the solt
prassure exsried will be the acive soil pressure. Y¥hen a subsuiface wall is restrained
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against lateral movement or filing (a nonyielding wall), the soif pressure exerfed is the
atrest soll pressure. Wall restraint may develop if a rigid siructural network is

constructed prior to backiiling or the wall is inherently stiff.

We recomimend that vielding walls with level backfil under drained conditions be
designed for an equivalent fluid denslty of 35 pounds per cubic ft (pef) for structural
backiill {pit run) in active soil conditions. Nonylelding walls with level backfill under
drainad conditions shouid be dasigned for an equivalent fluid density of 55 pof for at-rest
condifions for structural backfil (pit run). We do not recommend reusing the native
slighily gravelly, very silty sand (giaciat tlll} or any existing uncontrolled fill as structural
nackfill behind the wall. Native sandy gravei (glacial outwash) may be used as structural
fill behind the wall If epproved by a licensed geolechnical engineer. Design of
subsurface walls should include appropriate lateral pressures caused by surcharge
loads located within a horizontal distance equal to or less than the height of the wall. For
uniform surcharge pressures, a uniformly distributed lataral pressurs equal fo 35 percaitt
and 50 percent of inhe vertical surcharge pressure should be added io the [ateral sail
pressures for yielding and nonylelding walls, resnectvely.

Temporary attd Permaneat Slopas

Actual construction slope configurations and maintenance of safe working condifions,
including temperary excavation stabilily, should be the responsibility of the contractor,
wiho is able 1o monitor the construclion activities and has direct conltrot over the mearns
and methods of construction. All applicable local, siate, and federal safety codes should
be followad. All open cuts shouid be monifored during and after excavation for any
evidence of instability. If instability is detecisd, the contracter should flatten the side
slopes or install temporary shoring.

Temparary excavations in excess of 4 it should be shored or sloped in accordance with
Safety Standards for Construcfion Work Pari N, WAGC 206-155-657. Temporary
unsupported excavations in the genarally medium dense, gravelly, silty sand (fill} and
sandy gravel (glacial outwash) encountered at the project site are classified as a Type C
soil according to WAC 296-155-657 and may be siopad as sleep as 1.5H1V.
Temmorary unsupported excavations in the generally dense, slightly gravelly, very siity
sand {glacial ill} encountered at the project site are riassified as 2 Type B soil according
to WAC 206-155-657 and may be slopad as steep as 1H:1¥. Al soifs encountered are
classifiad as Type C soil in ihe presence of groundwater seepags. Flatier slopes o
temporary shoring may be required in areas where groundwater flow is present and
unsiable conditions develop.

Wa recommend that permanent cui or il slopes be designed for inclinations of 2H:1V or
flaiter. AN permanent cut slopes should be vegetated or ptherwise protected fo Bmit the
potential for erosion as soon as pracical after construction. Permaneni siopes requiting
immediate orotection from the effects of ercsien should be covered with either mulch or
erosion conirol netting/blankets. Aseas requiring permanent stghilization should be
seeded with an approved grass sead mixiure, or hydroseeded with an approved seed-
mulch-ferfilizer mixiure,

Occasionally substiface conditions may result in the concentration of seepage wiihin

particular sofl zones. The need for additional drainage within specific sespage zones
can best be determined during or following consiruction.
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Gootechnical Consultation and Construction Monitoring

We recommend that geotechnical construction monitoring services be provided. These
services should include obsarvation by geotechnical pefsonnel  during il
placementicompaction activities and subgrade preparation operaticas fe verify that
design subgrade cenditions are nbtained beneath the proposed retaining wall. We aiso
recommend that periodic field density testing be performed to verify that the appropriate
degree of compaction is obtained. The purpose of these services would be o observe
compliance with ihe design concepis, specifications, and recommendalions of this
report, and in the event subsurface conditions differ from those anticipated before the
start of construction, provide revised recommendations appropriate o fhe conditions
revealed during construction. GeoTaest Senvices would be pleasad to provide these

services for yoLL
USE OF THIS REPORT

GieaTes: Services has orepared this report for the exclusive use of Cify of Ardington
Enginesring Department and thelr desighn consultants for specific application fo s
design of the proposed refaining wall ko be located at East 4% Street and North French
Avenue in Arlington, Washington. Use of this report by cthers or for ancther project is a1
the user's sole risk. Within the fimitations of scope, schedule, and budgetl, our SEVIces
have hesn conducied in accordance with generally accepted practices of ihe
geotechnical engineering profession; 1o other warranty, elther exprass or implied, e
rmade a3 to the professionai advice includsd in this report.

Our site explorations indicate subsurface conditions at the daiss and locations indicated.
it is not warranied that they are representaiive of subsurface conditions at other
Incalions and times. The analyses, conclusions, and recommendafions contained in this
report are based on site condilions to the fimited depth of our explorations at the fime of
our exploration program, a brief geclogical reconnaissancs of the area, and review of
published geological information for the site. We zssums that the exploration is
representative of the subsurface conditions fhroughout the site during the preparation of
our recommendations. |f variations in subsurface conditions are encountsred during
construction, we should be notified for review of the recommendations of this report, and
revision of such if necessary. If there is a substantial lapss of time between submission
of this report and the start of construciion, of if conditions change due fo consiruction
cperations at or adiacent fo the project site, we racommend that we review this report to
determine the applicability of the conclusions and recommendations contained herein.

The carihwork coniracior is responsiple o perform af work iy conformance with all
applicable WISHA/OSHA regulations. GeoTest Servicas, Inc. should not be assumed to
be responsible for job sifs safely on this projedt, and this responsibility Is specificalty
disclaimed.
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We appreciate the opporiunity ta be of service lo you on this project. If any questions
should arise regarding this report, please contact the undersigned.

Respecifully Submiited,
GaoTast Sefvices. Inc.

5-3‘ : i b \‘»—f‘."__‘—'--—“
David Jelium
Siaff Geologist

s 12725753

Dong-Sco Lee, P.E.
Geotechnical Engineer

Altachmenis: Fiqure 1 Vicinity Map
Flgure 2 Site and Expioration Plan
Figura 3 Soil Classification Sysiem and Key
Figues 445  Logs of Test Pils
Figre & Grain Size Test Dam
REFERENCES

Sgss) Jr, F, Dothier, DL, Booth, DB, Minad, JP. 1982 Surficial Gealogic Map of Pext Townsend 30- by
&0-Minute Quadrangle, Puget Sound Regfon, Wastinglon. Urited States Geological Survay. Map 1-1198-F.
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Soit Classification System

Frimary Constiluent:
= $2% and < 0% -

USCS
MAJOR GRAPHIC LETTER TYPICAL a2
DWISIONS SYMBOL SYMBOL DESCRIPTIONS'
. el
VEL AND CLEAN GRAVEL L@HeS6] GW | wetgraded gravel grmvelisand miesle); Site o nofinzs
GRA - L R
da2g GRAVELLY SOIL Lideorriies}  PoSnle| GP Poorly graded gravel; grave¥sand mixture{s): Bl or no fhes
ga HrEr-p
E %& mg‘r-geﬁxglm 4 | BRAVEL WiTH FI?GES 43 E B bl GM Shty gravel: grave¥sand/sit sixire(s)
- : K FArecTabTe AMount & =1
g 5 % on o. 4 i) ¢ ?‘m&:;mn F LA .ad GC Clayey grave); gravetisandfclay mixhme(s)
=
) - i e - Jid 5
E ég SAND AND C!.ZEAN &‘_\NI? sSW Wellgraded aand; gravely sand; e of ne fines
g f, £ SANDY SOIL {Litle or no finas) SETRETI sp Paorly praded sand; gravally sant lidle of no fines
L58 R :
o 3=4 than 50% of T i : i
D28 | ammpassed | SANDWITHFNES {41 {1 sm_ | shsen st mszets
roughRo Asews) | (Remaecienle amaunt ol V000 GC | clayey sands santcey misoreds)
i ‘ ML Inerganic st amd very e sand; rock flour; iy of clayay fine
= B g ST AN GLAY sand or clayey sif with siight plastisfty
Yol X // cL Inorganic elay of fow b medhum prasticy; gravelly day; sandy
| LER {Licuid Bt fess fhan 55) fa clay; silty dlay; lean clay
“Z'* ;g & %gggég oL Crgadc St organic, slity slay of ow plasticlty
25= 5 .
= N norg 4 i o distoacecys i id
% §§ SILT AND CLAY ffidg OFGaNic 5 MCECemis 6 e 5o
if ‘T_! t - a PETI
% E g (Ll it el than 50) / // /Z oH | Inrgaric clay of Hgh plasticity, fat olay
e ﬁffﬂﬁ or Orgarc ey of mediim to high plasticly; organiz sl
Y AT
HiGHLY DRZAMNIC STHL AAAYAAA I 25 Prat; humus; swamp scll wifh high arganic costent
GRAPHIC LETTER
GTHER MATERIALE SYMBOL SYMBOL TYRICAL DESCRIPTIONS
PAVEMENT AL or PG|  Asphatt conerete pavement of Poidam eemertt pavenern
ROGCK RK Rock {Sz2 Rock Classiicaiion}
WOOD WG Waad, lumbey, wood chips
DERRIS /‘Zéf DE . Consinmilon debris, sbage
Motez 1. Sail deseriplione are based on lhe general apiroach presented in e Stendard Prociice for Description and dankficalion of Saifs (Visval-Manud Provedura),

as ouired i1 ASTM [ 24BR. Where Iahcraiory index lesting fias been comucted, stil alassifications sre based an iie Sfandard Tast Method for Classiication
of Saifa for Englresring Praposas, as cuined in ASTM D 2487,

2 Soidescrmn@nﬁmhg;ishasedmﬂsualmﬂnmes{hmemsermdhborab'ytemﬁata)ofﬂ‘emmﬂagesofeachsdtypeand is defined as folows:

= 50% - "GRAVEL," "BAND,” "SILT " "CLAY,” e,
Seeondery Cansiiiuenis: > 30% and < 30% - “very gravelly,” "very sandy,” "ty sify,” el
< " "sardy,” "siliy," et

Addiional Consthuenns > &% and < 12% - "slahdly gravelly,” “sightly sandy,” “sligitly

sllky," ate,

= 5% - “race giavel,” Wace sard,” "usce s efc., or nof noted.

Drilling and Sampling Key Ficld and Lab Test Data
SARPLE NUMBER & iNTERVAL SAMPLER TYPE .
Coda Descripiion Code Description
Sargle Idenification Nurber & 3.25-Inck 0.0, 2.42-nch LD, Split Spoon PF=1.0 Porkst Pemalvometer, taf
5 200 Ewhon, 1.504nck 1D 560 Seoon TY =05 Torvans, lsf
 — RecoveryDuphinteral o ShebyTobe FID=100 Ploithonization Datesier VOT scesening, ppm
- d  Grzh Sample We=1a hfvicture Conlark, $h
1E' ]]‘*_ Sample Depit RN & Ofner - Seo text § appicabls D=1  DryDensly, pd
Faorfion of Senpte Relolnad 1 306G Hammer, J0Fwh Diop 250 =30 Malerks! smals than No. 200 sieve, %
far Archive or Anglusts 2 1400 Hammer, #-inch Drop G5 Grain Size - Sea sepamle Houe for data
3 Pushed AL Alterberg Limils - See separaie figurs for daks
o = N ‘4 Oiher - See lext i applicatle =T Other Sesteshnical Testing
Groundwater G Chesicel Ayl
Approdmals water elevation at me of drilng (ATL) o on dale noled, Groundwalsr
ATD  levels can luckuale due ta precipitation, seascnat condiions, and other faslors,
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SAMPLE DATA SOIL PROFILE GROUNDWATER
B 'a - -
_E g 2 é Excavation Method: _Fubbsr-lired Backhae
5 _ ]2.‘. 73 - L I,
£ < Sls £ 3 & | Ground Elevation (), _Not Determinsd
£ agle| 2 2|8
s EElE ® O|E|E
n el W [ [©] )
2 b oG] GF Lms?yt;hn;adnmd%mmmghmw N
i sPla) slight iy, ==nddy, iine lo coarse . E
X 5 go oeasional cobhies ffill scafered smal roots Groundwalss aol enconisfad, .
_ sl ) and wesd plasas. —
i z 18 WwW=2 p g & E
= a] Q‘O _
b & .
4 =] D‘C‘ —i
L a] o [ .
K = wieit ) E
K o d wsz gci 1
—5 LoC J
L oy .
[ 17 sM Loose b mediura dense, red-brown, ory, e
N . i gravelly, iy SAND {weaihared glacial iy _
PN ald)] w=g Tesi ok terminated due o severe sidawsil —/
u Teiing. -
- Test Pit Compileted 027707 =R - -
B Toic) Dapih =5 Test P = 80 1L ]
3 ]
| i _
TP-2
SAMPLE DATA SOIL PROFILE GROUNDWATER
2 ER Rubber-fired Backhos
£ % £ g Excavation Method:
= -y
g Z%iy| & 2| & | Ground Elevation (fy Mot Detemiined )
= aal o o = | w
a. EE( E k- g2
D o ] o ol (2]
(=1 D3| 0 = a)los
0 F S| Lms;;u medium dense, haht w ary, ]
[ gravaily, sy, fine i coarse SAND, oceasional . S
B cuhles (fil); menerous {rea fools sncountased. Groungatsr not entountersd. i
i 1] g | W3O ]
, z
i 2B ] d| w=s i
¢ =T Megium dense, o brown, dry o damp, SiGhty .
| | . gravely, sty SAND fweathered glactal ). |
[ 5 1{ &m Elrsnsf-';;,1 gli'a‘};—bmmcd:;;lg, slig’{]g]y ligi‘aveh’, ey _
- s a Wgsﬁ iy, finz cca:us:eu {atenial 11} i
—E—_‘"—"4r
—10 Test Pit Complated (0/27/07 7
o Tital Dol oF Test Fit = .01, i
- ]
Notes: 1. Shaligraphic contacts are based on iield Wierpretailons and are approximats.
2. Refererce o the texl of this report s necessany for a proper understending of subsufaca condifions.
3. Refer 1o "5 Classificalion Syslem and Key® Foure tor axqpiavizsion of gragphics and symbols.
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SAMPLE DATA S0iL PROFILE GROUNDWATER
@ B | = . .
é a 8| 3] Excovation Metnod: _Rubbertied Backhoe
= - = E
. = E ) -
g 28l s 8 e | & | Groumd Elevation ity Mot Detamined
¥ < aglal o £1{ 2
E ESE] ¥ (B3
fa] wal @ [ a |3
0 {0 Tanss, dark browa, A, gravely, ity SAND N
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. | b_ o v} —
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B 020 i
X 2 G N
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L 24 [ ]
—z o aT _
= W= s -] 3
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TP-4
SAMIPLE DATA S0IL PROFILE GROUNDWATER
& S | - .
;Ej % -;Ei é; Excavation Melhod: Rubber-fired Backihoe
& = I 8 D1 & [ Ground Elevalion (fy._ ot Determined .
= r=3 =9 = = 7]
§ EBE 3 18l3
[a] a3l B + ] =
__ﬂ T11 5k mem%cbm br;mhﬂ%ﬁm |
L dry to dam, grevelly, very 5 . - ¥
B (§ily, uooasiona! concrte prevEs up fo ~2 fzal in Crowrdwater o encouriered, i
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Grein Size in Millimeaters
ravel Sand .
Cobbles G - T Silt or Clay
eoarss J_ finz aarse | medium | fine

Palit Depth Classification LL | PL P C. C,
®| TP-1 5.0 | Sandy, fine to coarse GRAVEL (@GP} 174 | 3804
& TP-2 2.5 | Gravelly, sityy, fine to coarse SAND (SM)

A TP-Z B.5 | Sighily gravelly, very silty, fine fo coarss SAND {54
A TP-3 8.5 | Very sandy, fing lo coarse GRAVEL (GP) 0.53 | 881
3| TP-4 7.5 | ey silty, fine o coarse SAND (SM)

Poit Depth | Dy, D D Dag Dy e |G %g‘;!i A | by | e
®| TP 5.0 373 10.874 14.832 6.23 0522 42,8 i 7.5 9.3 7.A 1.6
@} TP-2 25 18 0.518 0.347 0.168 8.0 14.8 8.1 228 4040 16,3
&1 TP-2 85 i2 4,238 057 4.0 5.0 5.8 187 3HO 395
*| TP-3 85 s 17.32 9.355 1.654 0.296 85 20,3 02 158 5.0 1.1
&l Tr4 75 19 G198 0.1 LIXH] 27 6.1 19.1 25.1 459

C, = Dy H{Dgy™ Dig) To be welt graded: 1 < C, < 3and
Co = DD, C, = 4 for GW or C, > 6 for SW
New Retaining Wall Figure
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