
Brt

@u
CENTRAL PORT

STORMWATER I M PROVEM ENTS
KALAMA, WASHINGTON

PRELIM I NARY STORMWATER
REPORT

\IIa
\

PREPARED BY:

AETCARPENTER

- 

Ll r-At-,f,t-rh,^,- t^I^

4114 NW 122ND STREET
VANCOUVER WA 98685

360-574-6088
bcarped@comcast.net

DATE: 1012512417



          
 

 
TABLE OF CONTENTS      PAGE  
 
SITE LOCATION MAP       1  
             
SOILS MAP         2 
 

I. PROJECT OVERVIEW      3   
         

II. MINIMUM REQUIREMENTS     5 
 
III. QUANTITY CONTROL ANALYSIS & DESIGN   8 

 
IV. CONVEYANCE SYSTEM ANALYSIS AND DESIGN  9  

    
V. WATER QUALITY DESIGN     12 

  
VI. SOILS EVALUATION      13 

        
VII. SPECIAL REPORTS AND STUDIES    14  

     
VIII. OTHER PERMITS       14   
 
IX. REFERENCES       14 

 
APPENDICES: 
A. Drainage Basin Plan 
B. Preliminary Civil Drawing Plans 
C. 2 and 100 Year Isopluvial Maps 
D. Developed 6 month (WQ), and 100 Year HydroCad Analysis Calculations 
E. FEMA Flood Map 
F. Geological Investigation Report 
    
       

          
   

            

 



1 

 

 

SITE LOCATION MAP  
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PROJECT SITE 

north 



2 

 

SOILS MAP  
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3 

 

I. PROJECT OVERVIEW  
 
 (1). Existing Site Conditions 

 
The existing site has a long history of industrial use primarily related to the 
timber industry for mill and log operations. The site is generally flat with 
localized low areas for stormwater collection. Existing ground surfaces 
include paved roadways, building roofs, paved storage yards and log 
laydown yards of sand and gravel. These existing surfaces all drain to the 
Columbia River along the sites west boundary. A collection of ditches, 
catch basins, subsurface gravity pipes and pump stations deliver all 
surface waters to the Columbia at two locations labeled as Storm Pipe #1 
and Storm Pipe #2 as shown on the Drainage Basin Plan attached in 
Appendix A. No designed surface water detention and or water treatment 
is currently provided to the existing surface area water runoff. 
 
Please refer to the Appendix A, Drainage Basin Plan for all Basin ID 
labels, existing site features and proposed construction measures. 
 

 (2). Site Parameters 
 

The site is bounded to the east by Hendrickson Drive and to the west by 
the Columbia River. To the North of the project area is Kalama Chemical 
Industrial Property and to the south is property currently occupied by RSG 
Wood Products. 
 

 (3). Adjacent and Existing Drainage Patterns 
 

Contributing drainage areas have been identified and labeled as drainage 
basins 1 thru 9 on the attached Drainage Basin Plan. Kalama Chemical to 
the north of the site has its own drainage system and no surface waters 
have been identified to cross between the two properties. To the east of 
the project area and east of Hendrickson Road is Burlington Northern Rail 
lines and the I-5 corridor right of way. Surface waters in these areas 
collect into large drainage areas between the highway and the rail line. 
South of the project site, and south of Oak Street, is property used by 
RSG Forest Products. A notable feature shown on the Drainage Basin 
Plan is a large stormwater pond located on the east side of drainage basin 
# 9 constructed by RSG in 2013. This stormwater Pond is an infiltration 
facility receiving runoff waters from all RSG property to the south of Oak 
Street of approximately 42 acres. The existing pond area at one time 
drained into the existing ditch labeled as drainage reach # 4 on the 
drainage plan. Upon construction of the pond, surface waters from this 
area no longer discharge to the ditch but rather infiltrate. Overflow from 
this pond occurs to the south within a pump station facility with an outfall 
to the Columbia River set below the pond top of dike elevation.   
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Two notable drainage basins contributing to the project area include 
basins 2 and 3. Each of these drainage basins are cut off from normal 
surface water drainage patterns by the Hendrickson Drive to Oak Street 
onramp in the case of basin 2 and by the raised grade rail line spur on the 
south side of basin 3. Both basins 2 and 3 drain to existing pumps stations 
that discharge to the existing ditch # 4 as shown on the Drainage Basin 
Plan. 
Drainage Basins 1 and 4 drain to a low area labeled as existing pond #1 
on the drainage basin plan. This low area has a gravity pipe outfall to the 
Columbia River labeled as existing storm pipe # 1. An additional discharge 
pump station serves this low area in the event of high flows. Surface 
Basins 2 thru 5 and 9 all drain by gravity to an existing pimp station 
labeled as existing pump station # 3 on the drainage plan. This pump 
station discharges to the Columbia River thru storm pipe # 2 as labeled on 
the drainage plan. Existing drainage basins 6 thru 8 are located in a past 
log yard and based upon surface contours and site observations drain to 
surface infiltration thru localized ditches dispersed across the log yard and 
or sheet flow to the west directly into the river. 
 
 

 (4). Proposed Development Details 
 
  

The overall project goal and proposal is to remove the stormwater outfalls 
to the Columbia River and to discharge to onsite storage and infiltration. 
Storm outfall pipes # 1 and 2, labeled on the drainage plan, will be capped 
and abandoned and all site stormwater will be pumped into a newly 
constructed three cell pond for retention and infiltration. The low area of 
existing pond # 1 will be filled and a new gravity pipe will be constructed to 
divert waters to the north and into the existing drainage system currently 
flowing to pump station # 3. Pump station number 3 will be upgraded with 
new pumps and wet-well capacity to handle the additional inflows. Rather 
than pump out to the Columbia a new force main will be constructed to 
discharge into the new infiltration pond. The proposed pond is design to 
store and infiltrate the 100 year rainfall event. Further description of pond 
design characteristics and site soils characteristics are described further 
later in this report. 
The two tables below identify the basin size and surface characteristics of 
contributing basins 1 thru 9. Table 1 identifies the basin characteristics as 
they currently exist. Table 2 modifies some of the basins surface 
characteristics by increasing the amount of impervious surface to account 
for possible future development.   The basin data in Table 2 is used in the 
hydrology model and pond sizing calculations for this proposal. 
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TABLE 1 - EXISTING CONDITION BASIN DATA TABLE 

 BASIN  
# 

IMPERVIOUS AREA 
(Ac) 

PERVIOUS AREA 
(AC) 

TIME OF CONCENTRATION 
(Min.) 

  CN = 98 CN = 85 (Tc) 

1 1.85 0 5 

2 0.8 0.2 5 

3 6 0.81 7.4 

4 6.23 0 6.6 

5 3 1 6 

6 0.41 0.41 5 

7 0.36 0.36 5 

8 1 1 5 

9 0 6.15 40 

 
TABLE 2 - ESTIMATED FUTURE CONDITION BASIN DATA TABLE 

BASIN  
# 

IMPERVIOUS AREA 
(Ac) 

PERVIOUS AREA 
(AC) 

TIME OF CONCENTRATION 
(Min.) 

  CN = 98 CN = 85 (Tc) 

1 1.85 0 5 

2 0.8 0.2 5 

3 6.0 0.81 7.4 

4 6.23 0 6.6 

5 4.0 0 6 

6 0.66 0.16 5 

7 0.58 0.14 5 

8 2 0 5 

9 4.92 1.23 15 

 
 
 
 
Note that basins 1 thru 4 are considered fully developed with no changes. 
Basins 5 thru 9 have added impervious surface areas to account for 
possible future development. Basins 5 and 8 are assumed to be 100% 
impervious in the future and 6 and 7 are assumed to be 80% impervious in 
the future. 
 

   
II. MINIMUM REQUIREMENTS 

 Per Section I-2.4.2 Redevelopment, of the 1992 Puget Sound Stormwater 
 Manual, projects with redevelopment of greater than 5,000 square feet 
 shall be required to  to meet Minimim requirements 1 thru 11 for that 
 portion of the site being redeveloped and source control BMP’s shall be 
 applied to the entire site. 
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 Minimum Requirement # 1 – Erosion and Sediment Control 

 Erosion and Sediment control measures shall be implemented thru the 
 course of construction and maintained after construction until such time as 
 the site is stabilized.  

 Existing storm inlets will receive inlet protection measures and existing 
 paved surfaces will be protected from sediment runoff. All exposed and 
 unworked soils shall be stabilized by suitable application of BMP’s.  From 
 October 1 to April 30, no soils shall remain unstabilized for more than 2 
 days. From May 1 to September 30, no soils shall remain unstabilized for 
 more than 7 days. Construction of the new pond will provide for 
 settlement storage and prevent sediment laden waters from entering the 
 river. 

 Final construction Erosion Control Plans will be prepared and submitted 
 for review with the construction civil plans. 

 Minimum Requirement # 2 – Preservation of Natural Drainage 
 Systems 

 In the existing condition all site stormwater drains to the Columbia River to 
outlet pipes 1 and 2 as described above. The goal of this project is to 
change this drainage pattern and discharge to an onsite retention pond for 
storage and infiltration. This is a change that will provide treatment and 
flood abatement where there was none before. Existing drainage basin 1 
and 4 that outfall to storm pipe # 1 will be diverted to the north into the 
existing pump station in order to be pumped into the proposed pond. All 
other onsite drainage features such as catch basins, ditches and pipes will 
remain the same. 

This proposal will remove two existing outfalls to the Columbia River. No 
new outfalls to the Columbia River are proposed with this development. 
This site plan will not cause a significant adverse impact to the Columbia 
River, any downstream properties, or salmonids. The  drainage plan will 
improve the existing drainage system and reduce pollution to the 
Columbia River. 

 Minimum Requirement # 3 – Source Control of Pollution 

The project site will operate as it has in the past with industrial and 
anticipated log storage. RSG has expressed an interest in using some of 
the site for additional log yard storage. Applicable BMPs for Inlet 
Protection, Maintenance of Stormwater Drainage and Treatment 
Systems, Parking and Storage of Vehicles and Equipment, and Roof/ 
Building Drains are anticipated. The site operator will follow the   BMPs 
for all Stormwater Drainage and Treatment Systems, Parking and 
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Storage of Vehicles and Equipment, and Roof/ Building Drains and 
Manufacturing and Commercial Buildings as necessary. 

 Minimum Requirement # 4 – Runoff Treatment BMP’s 

The proposed runoff treatment BMP utilized for this project is dead 
storage and settlement storage within the proposed retention pond. The 
proposed retention pond has been divided into three distinct cells. The 
easterly most cell has been designed with a 2 ft depth dead storage area 
for settlement of solids. This pond cell is where the proposed force main 
will discharge. An energy dissipation devise is anticipated to be 
constructed at the force main outfall. Preliminary velocity checks for a 16 
inch diameter force main outfall at 5,000 gpm flow indicate an expected 
velocity of 8 ft/s.  The central cell of the pond includes a 1 ft depth dead 
storage prior to overflow into the third and final cell of the pond that is 
reserved primarily for infiltration and volume storage.  

 The treatment storm is modeled as the 6 month, 24 hour rainfall event. 
 See the HydroCAD output data for specific design input attached in 
 Appendix D.  

 Minimum Requirement # 5 – Streambank Erosion Control 

 Streambank  Erosion Control measures are not applicable to this project 
 however the proposed retention pond will provide treatment and storm 
 water attenuation to the overall runoff from the site.  

 Minimum Requirement # 6 – Wetlands 

 No wetlands are located or associated with this site and project. 

 Minimum Requirement # 7 – Water Quality Sensitive Areas 
  
 Washington State Department of Ecology  Listed  303(d)  Water  Body.  
 The project site is adjacent to the Columbia River, which is on the 
 Washington State Department of Ecology 303(d) list of impaired water 
 bodies. The parameters identified by  the Washington State Department 
 of Ecology as concerns near our project area are Temperature, Total 
 Dissolved Gas, Dioxin, PCB, Dieldrin, 4,4’-DDE, and Bis(2- Ethylhexyl) 
 Phthalate. The project site is not currently a source for these parameters. 
 The proposed onsite storage and retention pond will protect the Columbia 
 River from pollutants. 
 

 Minimum Requirement # 8 – Off-Site Analysis and Mitigation 
 
  Runoff to the site currently discharges to the Columbia River as 
 described above. The existing outfalls will be removed and site 
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 stormwater discharged to the constructed retention/infiltration facility. No 
 new outfalls or discharges are anticipated, off-site analysis is not required 
 for this site. 

 Minimum Requirement # 9 – Basin Planning 
 
 The site is not part of an existing Basin Plan or watershed therefore this 
 site is analyzed individually. 

 Minimum Requirement # 10 – Operation and Maintenance 
 
 An Operations and Maintenance Manual will be provided upon 
 completion of final engineering plans and final drainage report 
 preparation. 
 
 Minimum Requirement # 11 – Financial Liability 
  
 The site is owned and maintained by the Port of Kalama. The Port has 
 the funds to construct and maintain the project site. No financial 
 performance bonding or other guarantees are necessary 

III. QUANTITY CONTROL ANALYSIS AND DESIGN  

(1).  Hydrologic Analysis 
 
This stormwater design follows the standards set forth by the City of 
Kalama Municipal Code and the 1992 Puget Sound Stormwater Manual. 
Hydraulic calculations and analysis are performed using the Santa 
Barbara Unit Hydrograph (SBUH) single event hydrograph.  HydroCAD 
was used to calculate the flows for the project site. The site is broken into 
9 separate drainage basins culminating at the proposed re-designed and 
upgraded pump station and retention pond. Two storm events were 
modeled for the proposed facility. The water quality event and the 100 
year storm.  See Appendix D for HydroCAD project report printouts. 
 
The isopluvial maps used to determine the 2, 100-year storm precipitation 
can be found in Appendix C. 

(2).  Quantity Control Design 

In the existing condition no quantity control of site stormwater release 
exists. In the developed condition, the 100 year storm event will be 
retained onsite and infiltrated. See Table 3 below for the water quality and 
the 100 year flow Basin Data and totals. 
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TABLE 3 - DEVELOPED BASIN DATA TABLE W / WQ & 100 YR PEAKS 

 

BASIN  # IMPERVIOUS AREA (Ac) PERVIOUS AREA (AC) Tc 

Peak Flows 
(cfs) 

  CN = 98 CN = 85 (min.) WQ 100 yr 

1 1.85 0 5 0.6 2.14 

2 0.8 0.2 5 0.25 1.11 

3 6 0.81 7.4 1.83 7.55 

4 6.23 0 6.6 2 7.16 

5 3 1 6 1.29 4.59 

6 0.41 0.41 5 0.21 0.91 

7 0.36 0.36 5 0.18 0.8 

8 1 1 5 0.47 2.32 

9 0 6.15 40 1.3 5.19 

   
Totals 8.13 28.77 

See Tables 4 below for pond water surface elevations for the water quality 
and 100 yr rainfall events.  

TABLE 4 - RETENTION POND WATER SURFACE ELEVATIONS 
 RAINFALL 

EVENT   WATER SURFACE ELEVATION   

 
  

East Forebay 
(2P) Central Pond (3P) West End Pond (4P) 

 Water Quality 25.12 23.45 23.08 
 100 yr 26.45 25.91 25.91 
 

     Note: The pond top of dike is at elevation 29.0 and the emergency overflow weir elevation is at elevation 28.0 

 

(3). Quantity Control System Plan 

See the attached Drainage Basin Plan in Appendix A for locations of the 
proposed retention/infiltration pond and location of the new gravity storm 
pipe that diverts waters from the current basin 1 and 4 collection low point 
to the proposed pump station upgrade and proposed pond. 

Attached in Appendix B are civil drawings representing preliminary design 
plans and profiles of the proposed pond and of the proposed new gravity 
storm pipe. 

 

IV. CONVEYANCE SYSTEMS ANALYSIS AND DESIGN  

 (1). Preliminary Stormwater Plan 
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 Preliminary stormwater plans has been developed and attached in 
 Appendix B. These plans depict design features of the proposed  
 stormwater retention pond with plan and profile views. 

 The proposed new gravity diversion pipe is also shown in plan and profile 
 views. Most of the existing site stormwater conveyance systems will 
 remain the same. The existing pump station labeled as pump station # 3 
 of the attached drainage plan will be redesigned. The preliminary civil 
 plans do not include final design characteristics for the pump station 
 upgrade at this time. 

 The criteria used in the Hydraulic Analysis for this stormwater review 
 include the following. 

 A Type 1A storm event as per the 1992 Puget Sound Manual is 
used in the storm modeling. 

 Soils mapped in the area by the USDA Natural Resource 
Conservation Service Web Soil Survey as shown on page 2 of this 
report consist of Pilchuck loamy fine sands. However, onsite soils 
investigations identify the site soils variable manmade fills of 
angular gravel and cobbles with sand and clay, underlain by 
sandier soils with depth. 

 Peak rainfall storm events for the 2, and 100 year rainfall events 
were taken from the Washington Isopluvial Maps attached in 
Appendix C. The Water Quality Event was taken as 64% of the 2 yr 
rainfall event. 

 Based upon infiltration rates tested and identified in the 
geotechnical report, existing site soils infiltrate at between 4 and 36 
inches per hour. Infiltration rates appear to increase from east to 
west across the pond site location. For design purposes safety 
factors have been included in the design infiltration rates. For 
design purposes the pond has been divided into three sections. 
The east most corner of the pond is the fore bay where the force 
main will discharge and where two feet of dead storage will retain 
and settle out solids. No infiltration is expected to occur or design 
into this portion of the pond. The middle section of the pond has 
been designed with an infiltration rate of 2.0 inches per hour. This 
area of the pond is estimated to provide stormwater treatment and 
storage. Site sandy soils are anticipated to provide water quality 
treatment thru cation exchange, however if the existing soils are 
found unsuitable as treatment soils then some soil amendments 
may be tilled into the pond bottom of the central pond area to 
promote treatment. The 1992 Puget Sound Manual allows for 
existing soils with cation exchange rates of up to 5 to be suitable for 
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water quality treatment. Although untested, it is reasonable to 
expect some treatment characteristics of the existing site soils and 
soils amendments may augment this is necessary. The west most 
and larges section of the proposed pond is primarily for infiltration 
and storage. The west pond area has been design with an 
infiltration rate of 7.4 inches per hour.  

 Onsite test pit exploration identify water table at approximately 6 to 
7 feet below ground surface. Using an average surface elevation 
over the site as 26.5 ft the water table would be identified at 19.5 ft 
elevation. The proposed bottom the retention pond is at elevation 
23 or 3.5 ft above the water table elevation. The dead storage fore 
bay portion of the pond at the east corner has a bottom elevation of 
22 or 2.5 ft above the water table elevation. It is expected that this 
fore bay portion of the pond will experience little if any infiltration 
due to site silts that will settle in this portion of the pond. 

 (4).  Assumptions 

 In modeling the existing site drainage characteristics there are numerous 
 existing pipes whose exact underground configuration is not known 
 however it is known and understood that all site waters flow to either the 
 existing low area labeled as existing pond #1 and to the existing pump 
 station # 3. The Hydrologic modeling of the existing stormwater system 
 allows for free discharge of all conveyance systems thus insuring a 
 conservative approach to pond and pump sizing. 

 (5).  Hydraulic Analysis 

See the attached HydroCAD printout files attached in Appendix D for site 
and basin specific input. Basin summary tables are shown above in the 
prior sections. 

 (6).  System Capacities 

The existing site stormwater conveyance system does include some 
existing pipe sizes that are undersized and may cause surface water flows 
to back up. The proposed pump station upgrades and proposed 
retention/infiltration pond have been design as if the existing size drainage 
systems allow full free flow. This is a conservative design approach and 
will allow for the port to upsize and existing drainage pipes in the area if 
required. The stormwater retention/infiltration facility is designed to retain 
and infiltrate the 100 year storm. 
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V. WATER QUALITY DESIGN  

 (1). Preliminary Stormwater Plan 

Water quality is proposed thru a combination of dead storage volume in 
 the fore bay portion of the pond and thru treatment via infiltration thru the 
 existing soils in the central portion of the pond if existing soils are found to 
 be suitable. If the existing soils do not meet the criteria for cation 
 exchange capacity then possible soils amendments could be mixed into 
 surface soils to provide treatment. 

(2). Geotechnical Information 

A Geotechnical site investigation was conducted by Chinook GeoServices 
 Inc. The report and findings are attached in Appendix F. Thirteen test 
 holes were excavated across the proposed pond site. Test pit explorations 
 identify site soils as variable manmade fills of angular gravel and cobbles 
 with sand and clay, underlain by sandier soils with depth. 

Infiltration testing was conducted in four locations with resultant infiltration 
rates of approximately 4, 7, 30 and 36 inches per hour. Groundwater was 
identified between 6 and 7 feet below ground surface. Groundwater 
elevations are heavily influenced by the Columbia River whose shoreline 
is located approximately 100 feet to the west of the west end of the 
proposed pond. 

See the attached Drainage Basin Plan for site topography and existing site 
condition basin flows. Additionally, a copy of the Geotechnical 
Investigation Report prepared by Chinook GeoServices Inc. is attached in 
Appendix E.   

(3) Identify BMP’s 

 Typical BMP’s applied to this site include, but are not limited to: 
  
 BMP C140: Dust Control 
 BMP C152 Sawcutting and Surface Pollution Prevention 
 BMP C160: Certified Erosion and Sediment Control Lead (CESCL) 
 BMP C220: Storm Drain Inlet Protection 
 Bmp C233: Silt Fence 
 BMP C235 Wattles 

  

 (4). Initial Site Conditions 

In the existing condition no water quality is provided to surface runoff. 



13 

 

The site is primarily paved parking and storage yards and gravel and sand 
log storage yards. 

(5).  Design Computations 

The developed condition site was broken down to individual drainage 
basins discharging to their respective conveyance systems. Each basin 
was analyzed for areas of impervious and pervious surfaces and peak 
flows were routed thru the individual systems.. See the HydroCAD output 
files for all input basin and infiltration data attached in Appendix D. 

VI. SOILS EVALUATION  

(1).  Onsite Soil Types 

A Geotechnical site investigation was conducted by Chinook GeoServices 
 Inc. The report and findings are attached in Appendix F. Thirteen test 
 holes were excavated across the proposed pond site. Test pit explorations 
 identify site soils as variable manmade fills of angular gravel and cobbles 
 with sand and clay, underlain by sandier soils with depth. 

Infiltration testing was conducted in four locations with resultant infiltration 
rates of approximately 4, 7, 30 and 36 inches per hour. Groundwater was 
identified between 6 and 7 feet below ground surface. Groundwater 
elevations are heavily influenced by the Columbia River whose shoreline 
is located approximately 100 feet to the west of the west end of the 
proposed pond. 

 (2).  High Water Table 

Groundwater was identified between 6 and 7 feet below ground surface. 
Groundwater elevations are heavily influenced by the Columbia River 
whose shoreline is located approximately 100 feet to the west of the west 
end of the proposed pond. 

 (4).  Infiltration BMP’s 

The proposed infiltration BMP for this project is the retention/ infiltration 
pond. As identified above the pond has been sized to store the site 100 yr 
runoff and infiltrate without overtopping. The pond design infiltration rates 
have been reduced by as much as a factor of 5 below the field tested 
rates. In the event of an overflow the pond has an emergency overflow 
weir designed into its berm at the northwest corner of the pond. Any 
overflow would flow into the existing ditch system that crisscross the pond 
site area where logs used to be stored where additional storage and 
infiltration could occur. 
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 (5).  Delineate Sub-Basins 

See the Drainage Basin Plan attached in Appendix A for delineation of 
contributing drainage basins. The developed site has been divided into 9 
individual drainage basins all routed to their perspective drainage systems 
and in the case of the proposal to the pump station and proposed pond. 

(6).  Existing and Proposed Contours 

Existing contours and site surface features shown on  the Drainage Basin 
Plan attached in Appendix A were obtainaned from Cowlitz County GIS 
information. Project final design plans will ultimately use current field 
topography to reflect current surface features and or grade changes. 

VII. SPECIAL REPORTS AND STUDIES  

(1).  Geotechnical 

A Geotechnical site investigation was conducted by Chinook GeoServices 
Inc. dated February 17, 2011. A copy id attached in Appendix F. 

(2).  Wetlands 

No wetlands are present at the site. 

(3).  Flood Plains 

The proposed stormwater pond is above the FEMA flood zone. See 
Appendix E for a cut sheet from the FEMA flood panel for this area.  

VIII. OTHER PERMITS 

The following permits are applicable to this project: 

SEPA 
City of Kalama Grading Permit 
Washington State Department (WDOE) Stormwater Construction General 
Permit 

IX. REFERENCES 

1. United States Department of Agriculture, Natural Resources   
Conservation Service. “ Web Soil Survey.”  
http://websoilsurvey.nrcs.usda.gov/app/  

2. Washington State Department of Ecology’ s “ Stormwater Management 
Manual for the Puget Sound Basin”, February 1992. 
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A. Drainage Basin Plan 
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B. Preliminary Civil Construction Plans 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







18 

 

 

 

 

 

 

C. 2 and 100 Year Isopluvial Maps 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Western Washington Isopluvial 2-year, 24 hour

A-2 Volume III – Hydrologic Analysis and Flow Control BMPs February 2005

Eric Yakovich
project site,2 yr = 2.3 in



Western Washington Isopluvial 100-year, 24 hour

A-4 Volume III – Hydrologic Analysis and Flow Control BMPs February 2005

Eric Yakovich
100 yr = 4.9 in
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D. Developed 6 month (WQ)  
and  

100 Year HydroCad Analysis Calculations 
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E. FEMA Flood Map 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

FEMA FLOOD PANEL # 53015C0713G 

Bob Carpenter
Line

Bob Carpenter
Line

Bob Carpenter
Line

Bob Carpenter
Callout
PROPOSED POND
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F. Geological Investigation Report 

 

 


























