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Parklands at Camas Meadows Residential 

Subdivision and Parklands (aka the Archery) 

Business Park and Camas Meadows Drive 

Section A – Project Overview 

 

The “Parklands at Camas Meadows Residential Subdivision and Parklands (aka the 

Archery) Business Park” proposal is to subdivide two existing parcels of land into business 

and residential development, totaling approximately 36.4 acres grading with approximately 

23.5 acres of land disturbing activity. The Property, tax parcel numbers 986031650 and 

175948000, are located in a portion of the SW and SE ¼ Section 28, Township 2 North, 

Range 3 East of the Willamette Meridian, Clark County, Washington into up to 42 single 

family residences within the R-15 Zone and 6 commercial buildings.  The TIR also covers 

the conveyance and water quality for the full width of Camas Meadows Drive along the site 

frontage. 

 

This TIR also includes Conveyance Capacity Quantity Only for the Village at Camas 

Meadows and Larkspur Drive South basin areas.  When each of these areas develops in the 

future, the conveyance and quantity control capacity are provided for with this TIR, but each 

of these projects will still need to provide water quality at the time of development. 

 

The Property is currently undeveloped. The site topography slopes from the south, 

northeasterly towards the north boundary, more specifically towards the wetlands that 

extends southeasterly across the site (north ⅓) leaving a portion of upland area at the 

northeast corner that is fairly flat.  The majority of the natural runoff is overland flowing 

from the south, northeasterly, toward the wetland areas. The site is currently covered with 

trees and brush.  

 

There are several culverts located onsite, apparently to convey surface runoff across paths 

or trails or former field roads. These culverts will be removed. There are four specific 

culverts at areas that separate the three onsite wetland areas. These culverts will be 

retained. 

Construction of the “Parklands at Camas Meadows Residential Subdivision and 

Parklands (Archery) Business Park” will consist of construction of private streets, 

sidewalks, single family residential lots, underground utilities, and stormwater mitigation 

facilities (quality control). Parking areas and loading docks will be constructed with the 

business park portion including utilities and stormwater mitigation facilities (quality control 

- including treatment for phosphorus). 
 

Due to soil properties in this area, stormwater management by standard infiltration BMPs 

and LID BMP’s are not generally applicable for this site. The geotechnical report also 

indicates that:   

 
Weathered and competent conglomerate bedrock was encountered in all test pits at 

various depths… The bedrock consisted of angular to sub-rounded clasts of various 

sizes cemented in a matrix of sand, silt, and clay. The bedrock was very dense and 
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excavator refusal was noted at various depths as indicated in Table 1 in Section 

5.7, Excavation. 

 

The design of the proposed stormwater system was influenced by the suitability of the 

existing site topography. Typically, this type of setting would lend itself to stormwater 

management within the wetland buffer(s). However, the buffers along these wetlands are 

heavily treed in most areas and tree preservation has been taken into consideration.  There is 

also a requirement for phosphorous control. Presently, DOE has only certified a few 

treatment technologies through the TAPE program that meet criteria for phosphorous 

removal. The Filterra
®
 System was originally proposed for the Preliminary TIR but has been 

replaced with the Perk Filter.   The final water quality treatment design (including 

phosphorus control) is based on one of these TAPE approved/certified products - 

PerkFilter
TM

, which provides both standard Water Quality Treatment and Phosphorus 

Control. 

 

Further discussion is provided in Section F – Runoff Treatment Analysis and Design 

 

Section B – Minimum Requirements 

The “Parklands  Residential Subdivision and Parklands Business Park” proposal contains 

only one threshold discharge area (TDA) and is subject to consideration of minimum 

requirements 1 – 10. However, only requirements 1-6, 9 and 10 are applicable. See 

Appendix B-1, B-2, and B-3. 

Table B -1 - Summary of Land Disturbing Activities 
 

The defined site area is 36.4 acres. 

 

1. Amount of Existing Impervious surface None 

2. Amount of New Impervious surface* 16.5 ac. 

3.Amount of Replaced Impervious surface None 

4. Amount of Native Vegetation converted to lawn or landscaping  12.03 

5. Amount of Native Vegetation converted to pasture None 

6. Amount of Native Vegetation converted to pervious access area None 

7. Total amount of land-disturbing activity 23.46 acres  

* Roofs and drives at individual lots assumed at 6,500 sq ft per lot on this project and driveways 

at a minimum of 1,000 sf. 

 

 
This project includes a design for management of runoff from offsite areas located upslope from this project 

and which presently drain overland to and through this site. The defined drainage area is 70.2 acres 

 

 Includes The Village at Camas Meadows, Camas Meadows Drive from 

Payne Road to Larkspur, and an area between Larkspur and The Village at Camas Meadows. 

 

1. Amount of Existing Impervious surface None 

2. Amount of New Impervious surface* 23.61 ac. 

3.Amount of Replaced Impervious surface None 

4. Amount of Native Vegetation converted to lawn or landscaping  20.73 

5. Amount of Native Vegetation converted to pasture None 

6. Amount of Native Vegetation converted to pervious access area None 

7. Total amount of land-disturbing activity 47.34 acres  
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* Roofs and drives at individual lots assumed at 4,500 sq ft per lot on this project 

 

Table B-2 - TDA Minimum Requirement Summary 

 

TDA 

Number 

 

Req’d to meet runoff 

control (treatment) 

requirements listed in 

Min. Requirement 6 

Req’d to meet flow control 

requirements listed in Min. 

Requirement 7 

Req’d to meet wetlands 

protection requirements 

listed in Min. Requirement 8 

TDA # 1 Yes N/A – large water body Yes 

 
The effective impervious area for the street ROW portion is 11.43 acres. This includes the 
driveway entrance portion area for each lot.  

Section C – Soils Evaluation 

The “Soil Survey of Clark County, Washington” indicates the soil at this site consist of the 

following: 

 

(HcB) Hesson clay loam, 0 to 8 percent slopes, (HcD) Hesson clay loam, 8 to 20 

percent slopes.  

 

Clark County GIS indicates that the site soils are designated as Soil Group 3, Moderately 

Drained Soils for use with the Western Washington Hydrology Model (WWHM2012). The 

SCS or NRCS designation is HSG C. 

 

(CvA) Cove silty clay loam, 0 to 3 percent slopes 
 

Clark County GIS indicates that the site soils are designated as Soil Group 4, Poorly 

Drained Soils for use with the Western Washington Hydrology Model (WWHM2012). The 

SCS or NRCS designation is HSG D. 

 
(LgB) Lauren gravelly loam, 0 to 8 percent slopes 

 
Clark County has further segregated this soil group as a Group 1 soil (SG-1) Excessively drained soils 

(hydrologic soil groups A & B) for use with the Western Washington Hydrology Model 

(WWHM2012). The SCS or NRCS designation is HSG B. However, at this site the water table is 

high in some locations and this soil was modeled as SG-3. 

See the soils map in Appendix A for additional information 

According to the NRCS web soil survey, 

Excerpt from Geotechnical Report:  

 

The Web Soil Survey (United States Department of Agriculture, Natural Resource 

Conservation Service [USDA NRCS], 2013 Website) indicates the site is underlain by three 

soil types. Hesson clay loam soils are mapped on the majority of the site from the northwest 

corner to the southwest corner of the property, while Cove silty clay loam and 

Lauren gravelly loam soils are mapped in the north and northeastern portions of the 

property respectively. Soils resembling the Lauren series were not encountered during 

subsurface excavations. 
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Although actual on-site soils may vary from the broad USDA descriptions, Lauren soils are 

generally coarse-textured, well drained soils with rapid permeability. Cove soils are 

generally fine-textured, poorly drained soils with very slow permeability and high shrink- 

swell potential. Hesson soils are fine-textured, well drained soils with moderately slow 

permeability and moderate shrink-swell potential. 

 
 

Subsurface infiltration testing was not performed. See report in Appendix F.   

 

Section D – Source Control 
 

There are not any prohibited discharges planned for this site. A SWPPP has been developed 

for the Final TIR that identifies and lists BMPs for Source Control and includes BMPS to 

prohibit sediment laden runoff from leaving the site and impacting any local or State waters. 

In addition, BMPs will be implemented as necessary to prevent pollutants from coming in 

contact with stormwater runoff. 

 

The proposed site is being developed with activities that are pollution generating. The 

following BMP categories have some degree of applicability, in particular, BMPs for 

Landscaping and Lawn/ Vegetation Management and Maintenance of Stormwater Drainage 

and Treatment Systems. 

Public Right of Way 

All source control BMPs in the public right-of-way of Camas Meadows Drive and other 

ROW will be the responsibility of Camas City forces per their established maintenance 

procedures, or by a Business Park Owners’ Association (BPOA) for the commercial portion 

- or a combination of each of the entities may be tasked for selected responsibilities. The 

stormwater facilities will be publicly owned and maintained in a manner consistent with the 

Stormwater Facility Maintenance Manual and BMPs for Landscaping and Lawn/Vegetation 

Management. 

Private Right of Way 

The stormwater facilities will be privately owned and maintained by the HOA in a manner 

consistent with the Stormwater Facility Maintenance Manual and BMPs for Landscaping 

and Lawn/Vegetation Management. This will be the responsibility of the Home Owners 

Association. 

Business Park Owners’ Association (BPOA) for Commercial Areas  

The stormwater facilities will be privately owned and maintained by the BPOA in a manner 

consistent with the Stormwater Facility Maintenance Manual and BMPs for Landscaping 

and Lawn/Vegetation Management. This will be the responsibility of a BPOA representing 

the businesses within the development. 

Individual Residential Subdivision Lot Owners 
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In addition to the subdivision storm system being designed to accommodate runoff from the 

entire site, individual lot owners will also be voluntarily responsible for source control 

BMPs related to installing and maintaining landscaping and roof downspout systems on 

their respective lots. This additional responsibility includes promotion of the voluntary 

prevention of introduction of pollutants into their system(s) and will be further implemented 

by the use of zero phosphorus yard products to assist in the reduction of phosphorus.  Even 

if this is not fully voluntarily complied with by all future lot owners, the overall required 

total reduction in phosphorus for the entire site (including all residential lots draining to 

buffers rather than to streets) meets the required standards for the overall site.  Application 

of appropriate maintenance measures will also provide additional source control beyond the 

minimum standards. 

 

Additional Reference: SMMWW, Volume IV, Chapter 2 - Selection of Operational 

and Structural Source Control BMPs; 2.2 Pollutant Source-Specific BMPs 

 

BMPs for Dust Control at Disturbed Land Areas and Unpaved Roadways and 

Parking Lots  

 

BMPs for Landscaping and Lawn/ Vegetation Management  

 

BMPs for Maintenance of Stormwater Drainage and Treatment Systems  

 

BMPs for Urban Streets 

 

 

Section E – Onsite Stormwater Management BMPs 

An Erosion Control Plan has been developed for implementation of BMPs to manage 

stormwater during grading activities and are shown on the erosion control plan. 

Individual lot owners will be responsible for installing and maintaining roof downspout 

systems on their respective lots.  Those lots with Downspout Dispersion Systems (BMP 

T5.10B) Volume III, Chapter 3.1.2 of the SMMWW (2012) will comply with the requirements 

of this reference. 

 

Section F – Runoff  Water Quality Treatment Analysis and Design including 

Phosphorus Removal (Requirement = 50% minimum for the Entire Site) 

 

1) Basic stormwater treatment is required for the private streets in this project. 

2) Enhanced stormwater treatment is required for the business portion of this project. 

3) Phosphorous removal of 50% of the phosphorous load is also required for the total 

developed site. See Appendix C for WQ treatment rates required for street and 

business park systems. 

 

See Section L – Approval Conditions Summary on page 17 regarding (Condition of 

Approval #17) for discussion related to Water Quality Treatment and Achieved Effective 

Site Phosphorus Treatment Standards and Analysis with further reference to Appendix 

C, C-3a and C-3b for Individual Lots adjacent to Wetland Buffer. 
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The runoff from surfaces requiring water quality and phosphorus treatment will be routed to 

specific Perk Filter 
TM

 Systems. The systems are approved as off-line in nature and are sized 

to treat the off-line flow rate determined from WWHM2012 analysis.  

 

F.1 The required phosphorus standard is removal of 50% of the total 

phosphorus that is leaving the entire site and discharging into the wetlands.  To 

account for the lots that are adjacent to the buffers and are not able to be routed to 

the street systems for phosphorus removal, the overall net phosphorus removal from 

the site has been calculated by allotting a different removal value for these areas and 

determining an overall removal percentage. 

 

F.2 In short, for a majority 84% or 23.9 acres of the entire site which drains to 

the street system and PerkFilters, a phosphorus removal of 62.4% is allotted per 

TAPE standards documentation. 

 

F.3  For a small 16% or 4.5 acres portion of the site for the rear yards that are 

adjacent and drain to the wetland buffers, a conservative phosphorus removal of 

40% is achieved through natural processes and overland flow through the vegetated 

buffers.   

 

F.4 So, in summary,  for the entire 28.4 acres of developed site the total 

phosphorus removal conservatively averages out to be 52%, which exceeds the 

minimum standard of 50% removal.   

 

F.5 Phosphorus Removal of more than 50% is achieved for the overall site: The 

majority of the individual lots lawn yard and landscaped areas are being directed to 

the street and then to PerkFilters. Treatment for this co-mingled flow achieves both 

adequate water quality treatment for phosphorus removal with a TAPE approved 

system element (PerkFilters) for water quality and phosphorus removal treatment 

with the PerkFilters.  

 

F.6  Thus, phosphorus removal standards for the entire site is met and Condition 

of Approval #17 is satisfied (the minimum removal standard is 50%).   Phosphorus 

removal from the entire site is also demonstrated in detail in Appendix C, C-3a and 

C-3b. 

 

Condition of Approval #17 Stormwater runoff from the proposed lots and 

landscaped areas of the site shall be directed into the streets and/or into a 

stormwater treatment system that will provide adequate phosphorus 

removal from the yard and landscaped areas of the site prior to release into 

the wetlands. 

 

F.7 As an additional voluntary measure to reduce the most likely phosphorus sources, all 

commercial pads and residential lots will be required by the HOA CC&R’s to use only 

fertilizers that have a zero phosphorous designation.  These restrictions will be recorded on 
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all lots within the final approved CCR’s for the site.   Even without these measures, the 

overall site will still comply with the phosphorus removal standards.  
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Business Park and Commercial Site 

 

The runoff from the Business Park parking and landscape areas that drain onto parking pavement 

will receive treatment in PerkFilter Systems - which includes both Water Quality and Phosphorus 

Treatment. The runoff from the roof areas will be directly conveyed to the respective storm system 

and not treated. 

Private Individual Lot Stormwater Management 

 Lots adjacent to a wetland  buffer or with discharge to a wetland separate from the main 

storm systems 

a)   Roof and drive runoff will be re-introduced as sheet flow (dispersion) to the specific lot 

source. However, some of the lots along the north leg of NE Longbow Lane will drain 

3,000 sf of front yard lawn area and driveway to the street system. For some lots, the 

roof runoff may be piped to a small conveyance system with discharge released as 

sheet flow to the wetland buffer. 

 

b) More specifically, some of the individual lots will disperse roof runoff onto the 

specific lot for runoff directly overland to the wetland buffer. Some lots may 

direct the roof downspout into a pipe tied directly to a conveyance to the 

associated wetland and be dispersed through the wetland buffer. A few lots that 

do not border the wetland will direct runoff to rear yard or side yard inline 

systems for release to the associated wetland for dispersal.  For Phosphorus 

treatment considerations, see sections F.1 – F.6 above. 

 

c) Lots that do not border the wetland buffer areas will collect runoff from the 

pervious and impervious areas (not including roof areas) in one or more inlets on 

the lots or direct runoff directly to the street. This runoff will then receive 

phosphorous treatment at the respective PerkFilter.  For Phosphorus treatment 

considerations, see sections F.1 – F.6 above. 

 

Private Street Right of Way Stormwater Management 

NW Pittock Place  formerly 10
th

 Fairway Drive 

The runoff will be collected at a single low point catch basin and conveyed (Storm Line A) 

to a PerkFilter located at the north end of the cul-de-sac. 

NW McMaster Dr.  formerly Golf Drive 

Most of the lots along this street will receive direct runoff from the lawn areas and driveway 

areas and will receive treatment with the street R/W runoff. The roof areas will be connected 

directly to the storm system in the street R/W. There are several lots on the north side of this 

street that slope toward Wetland B and C. The runoff from these lots will be flow directly to 

the wetland buffers for these two wetlands.   For Phosphorus treatment considerations, see 

sections F.1 – F.6 above 
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Provision has also been made to intercept potential overflow from existing detention 

facilities located directly south of the project. A rear yard inline system for the bordering 

lots will convey potential overflow to the proposed system (Line E) in McMaster Dr. 

The outfall for this conveyance system will be the existing south culvert that crosses from 

Wetland B to Wetland A. The outfall from this connection point on the existing 12 inch 

culvert will be increased in size from 12 inches to 24 inches.  

NW Longbow Ln.   formerly 17
th

 Green Drive and NW Parklands Trail    

Each side will drain to PerkFilter Systems which will route (Storm Line G) the outflow to 

the existing north culvert that crosses from Wetland B to Wetland A. The outlet portion of 

the culvert will be increased from 12 inches to 24 inches. 

Upbasin & Offsite: 

a) Larkspur and a future development west of Larkspur (future) – a storm line is extended to 

receive direct flow in Storm Line ‘C’ for release to Wetland A – assumed that this (these) 

area(s) will be treated (future) prior to entering the system in Camas Meadows Drive. 

b) Camas Meadows Drive and landscape areas – paved areas, sidewalk, and landscape areas 

treated in PerkFilter Systems. 

c) The Village site storm system lines for conveyance are collected in storm Line ‘B’ and ‘C’ for 

continued conveyance to Wetland A.  

 

To reduce the stormwater runoff quantity impact to the wetlands, this project is proposing 

that the final grading of lots will have the most suitable portions of the existing on-site top 

soils collected and stockpiled at the beginning of grading, and then later carefully placed 

back on the future front and rear yard areas of the lots. This design aspect will allow some 

rainfall and runoff water to continue to re-supply the interflow feature back to the soil 

profile – which is important for hydrating the wetlands. This approach also reduces direct 

surface runoff volumes from the site. 

 

The management of flows above the WQ flow rates will be directed to the particular storm 

line system for controlled release to Wetland A. The existing site release is from Wetland B 

to Wetland A which will then flow overland north into Lacamas Lake. A small portion of the 

offsite and onsite drainage basin area flows to Wetland C which flows west to Wetland B through 

two existing culverts. For Phosphorus treatment considerations, see sections F.1 – F.6 above. 

 

Initial installation cost and the expenses associated with long-term maintenance are 

expected to be typical of projects with similar street sections at these slopes and runoff from 

most of the interior lots.  There are no pollution-generating pervious surfaces (PGPS) on this 

project.  

 

 

The amount of pollution-generating impervious surfaces (PGIS) is: 
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Parklands = 11.43 acres. 

Camas Meadows Drive = 1.32 acres 

The Village = 6.00 acres 

Larkspur = 0.46 acres 

The total is 19.21 acres pollution-generating impervious surfaces (PGIS) 

 

 

 

Section G – Flow Control Analysis and Design 

Flow control facilities are not required for this project since the discharge is to an exempt 

water body – Lacamas Lake*.  There are several design features proposed that will 

‘reduce’ peak flow rate and volume. 

 Replacement of existing on-site soils to replicate on-site soil characteristics. 

 

See appendix B-2 and B-3. 

 

* The discharge from the site is mostly overland to the north with a direct connection 

to the mouth of Lacamas Creek or the upper end of Lacamas Lake since Lacamas 

Lake is a man-made impoundment. The release point is into the water level 

established by the water level at the lake. This is an area within the backwater 

condition for Lacamas Creek as it enters the Lake and is subjected to the lake level – 

(especially for times of significant flow). 

  

Flow Control System Plan 

 

This project is exempt as discussed in Section G. See Appendix B-3. 

 

Section H – Wetlands Protection 

 
  Camas Stormwater Design Standards Manual – Submittal Requirements 

 

For projects with stormwater discharges to a wetland, either directly or indirectly 

through a conveyance system, the preliminary TIR shall describe wetland protection 

measures to be implemented in accordance with Minimum Requirement 8. The narrative 

shall describe the measures that will maintain the hydrologic conditions, hydrophytic 

vegetation, and substrate characteristics necessary to support existing and designated 

uses. 

 

Historically, the area with runoff to this portion of the wetlands was larger than the present 

condition. Development along the west has diverted flow to an area west of the project and 

an area in the southeast has been developed as several subdivisions with separate stormwater 

facilities. The watershed area to this portion of the wetland complex has been reduced from 

about 94 acres to about 71 acres (almost 25% reduction). However, two existing 

developments just south of the SE corner of the site were ‘incorrectly’ designed to divert 

additional acreage and an increased ‘allowable’ release rate to this site. See App. A, A-3 

Basin Maps. 
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See Appendix B, B-2 for the evaluation that determines wetland protection is provided. 

 

Presently, stormwater runoff enters the three wetland segments as overland flow or as direct 

rainfall. The expected area for stormwater runoff is: 

 

Source Area Acres 

Parklands  Residential Subdivision and Parklands Business Park 26.17 

The Village at Camas Meadows 17.31 

Camas Meadows Drive 2.40 

Offsite – east of The Village at Camas Meadows and west of Larkspur Dr. 14.4 

Wetland A (including buffer) 7.97 

Wetland B (including buffer) 2.71 

Wetland C (including buffer) 0.27 

        Total     71.22 

 

 

Source Area Acres 

Lacamas Estates Subdivision – routed through Storm Facility – and 3 lots 
with direct discharge 

7.31 

Larkspur Subdivision – routed through Storm Facility 7.50 

        Total     14.81* 

 

*   Areas per As-built files from City 

 

 Therefore, model upstream contributing basin total is about 86 acres. 

 

One of the design elements is to maintain the overland flow aspect – all lots directly 

bordering the wetland buffers will maintain direct overland runoff. Runoff from the 

remaining lots not bordering the wetland buffers of this development will be collected and 

routed to several discharge points outside of the wetland buffers. 

 

Section I – Other Permits 

 

Construction of roads and stormwater facilities may require additional permits from other 

agencies. These permits may contain requirements that affect the design of the stormwater 

system. This section lists the titles of other possible required permits, the agencies that 

require the permits, and the permit requirements, if known, that affect the final stormwater 

plan. Approved permits that are critical to the feasibility of the stormwater facility design 

shall be included in this section. 

 

1. Underground injection control (UIC) well registration: DOE. Any proposed public UIC 

wells shall receive Washington State Department of Ecology UIC Program rule 

authorization prior to civil plan approval. Provide a copy of the authorization during the 

plan review process. A copy of the registration application will be accepted if rule 

authorization notification has not been received from Ecology within 60 days of 

application for well registration. 
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Response: There are no proposed UICs for this site. However, a Construction General 

Permit is required and a SWPPP has been prepared for submittal as a separate attachment to 

the City. 

 

Section J – Conveyance Systems Analysis and Design 

 

1. Reference the conceptual drainage design proposed in the preliminary stormwater 

plan. 

 

Response: The conveyance system layout follows the same pattern as proposed in the 

Preliminary submittal. See 2. 

 

2. Identify revisions to the conceptual drainage design contained in the preliminary 

stormwater plan. 

 

Response: The proposed storm system layout is essentially the same. The significant 

difference is that the conceptual plan provided for a ‘clean’ and ‘dirty’ line for conveyance. 

The requirement for phosphorous treatment for lawn runoff to the streets has resulted in the 

McMaster Drive system in particular being a one line system. A number of Perk Filter
TM

 

have been added along the street to provide the treatment for this lot runoff. 

 

3. Identify the criteria used to complete the analyses and their sources. 

 

Response: Standard conveyance system design as presented in Camas Stormwater Design 

Standards Manual (CSDSM) was applied. The analysis was performed with 

HydroCAD software 
R 

applying the Santa Barbara Urban Hydrograph (SBUH) 

method for runoff and routing analysis. A specific additional feature was applied 

to route flow an account for downstream affects such as tail water (TW) or 

backwater conditions. This feature provides a dynamic routing analysis – 

selected as calculation setting – Dyn-Stor-Ind for reach routing and Dyn-Stor-Ind 

for pond routing. This feature allows the model to access and account for 

downstream flow elevations on a dynamic basis. For this analysis, this was 

important in evaluation the proposed storm connections into the two existing 

cross culverts from wetland B to wetland A. The design determined that the 

outlet portion from the connection points required a pipe size change for each 

from 12 inch to 24 inch diameters. The modeling also determined that the proper 

balancing of wetland surfaces required an additional 24 inch pipe was required to 

connect the two existing culverts at this new manhole connection points. 

 

4. Identify and discuss initial conditions, including stream base flows, beginning water 

surface elevations, hydraulic or energy grade lines, beginning storage elevations, and 

other data or assumptions used to complete the analyses of initial conditions. Reference 

the sources of information. 

 

Response: This is not applicable in general, however, wetland A was assumed to have a 

specific water level. Cross sections were determined near the north property line 

of the site and several more for the remaining area from the site to Lacamas 
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Lake. The hydrology/hydraulics analysis routed the flow based on these added 

modeling features.  

 

5. Describe any assumptions used to complete the analyses. 

 

Response: Additional direct rainfall and other sources of inflow were not accounted for in 

the analysis beyond the north property line – would be the same for both the pre 

and post analysis - so it was assumed that the modeled results would only change 

by the same amount.   

6. Complete a detailed hydraulic analysis of all proposed collection and conveyance 

system elements and existing collection and conveyance elements, including outfall 

structures and outlet protection, that influence the design or are affected by the 

proposal, in accordance with Chapter 7 (Conveyance Systems) of this manual. 

Compute and tabulate the following: 

a. Identify design flows and velocities and conveyance element 

capacities for all conveyance elements within the development. 

Response: See Appendix D. 

b. Identify the 10 year recurrence interval stage for detention facility outfalls 

(See Chapter 7). Provide stage-frequency documentation from the 

continuous runoff model. 

Response: Not Applicable as Flow Control was determined as not required. 

c. Compute existing 100-year floodplain elevations and lateral limits for all 

channels, and verify no net loss of conveyance or storage capacity from 

development. 

Response: The 100-yr flood plain does extend into the site generally in the 

wetland area. However, this is not a channelized condition 

where a rise in water level would occur or lateral limits would 

be affected. The flood plain is related to a large water body-

Lacamas Lake, and this flooded area is all a backwater affect 

that proceeds and exceeds relative to the water level in the lake. 

A 100-yr runoff event from the site would not be occurring at in 

the same time frame of a 100-yr flood event in the Lacamas 

Creek/Lake system. Since the water surface in the lake at the 

100-yr flood event is so large, the runoff that might be 

occurring from the site would have no net rise in the water 

surface and no net loss in any related conveyance. 

d. Reference conveyance system elements to labeled points shown on the 

site location map or development plan. 

Response: Each structure (junction point) and the branch system are 

referenced with structure IDs. 

e. Verify the capacity of each conveyance system element to convey design 
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flow and discharge at non-erosive velocities. Verify the capacity of the 

onsite conveyance system to convey design flows that result from ultimate 

build-out of upstream areas. 

Response: See Appendix D. The design flow requirement is a 10-yr, 24-hr 

event. However, a 25-yr event summary was evaluated and 

presented for review. All main lines (except 2) are capable of 

conveying the 100-yr event in open channel conditions. The 

offsite upstream are was accounted for in an ultimate build-out 

condition, even though a few of the existing larger lot residences 

may remain and not be further divided.  

f. Include and reference all hydraulic computations, equations, pipe flow 

tables, flow profile computations, charts, nomographs, detail drawings, 

and other tabular or graphic aids used to design and confirm the 

performance of conveyance systems. 

Response: See Appendix D. 

g. Summarize the results of system analyses, and describe how the proposed 

design meets the requirements of this chapter. 

Response: The conveyance system design complies with 

CSDSM  with a few noted exceptions-see Appendix D, D-2 in 

particular. 

Basically, several lateral sizes of 6 and 8 inches at PerkFilter
TM

 

systems that have elevation constraints for making connection 

to the main storm line.   

 

 

Section K – Off-site Analysis 

 

If applicable, provide the results of an offsite analysis prepared in accordance with 

Chapter 9 (Offsite Analysis and Mitigation) of this manual. (See exemptions in Chapter 9.) 

 

Response: See Appendix F.  

 

 

Section L – Approval Conditions Summary 

 

List each preliminary approval condition related to stormwater control, wetlands, 

floodplains, and other water-related issues, and explain how the final design addresses or 

conforms to each condition. 

 

Explanation of how the Project meets the City Conditions of 

Approval Relating to Stormwater from NOTICE of DECISION - 

Parklands at Camas Meadows (file# SUB15-03) Effective Date 

of Decision: July 13th, 2016 
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#15 Prior to final engineering approval of any phase, the applicant shall 

demonstrate to the satisfaction of the city that the proposed  direct release meets 

the criteria   of  2.5.7 of the 2012 SMMWW, or provide an acceptable alternative 

regional stormwater treatment and flow control system as allowed in CMC 

17.19.040 (C, 3a) that will serve both this project and the Village at Camas 

Meadows development south of the site, or provide a separate on-site stormwater 

treatment and flow control system to serve only the subject   property. 

 

Response: The applicant has worked with the City and Ecology to provide 

sufficient information demonstrating that the proposed direct release meets 

the criteria of 2.5.7 of the 2012 SMMWW. See the Final Storm TIR, 

Appendix B for more details and information on direct release and how 

criteria are met. 

 

#16  If direct release of stormwater flows into Lacamas Lake is approved, prior 

to final plat approval of any phase the applicant shall ensure that an adequate 

and acceptable perpetual stormwater easement across the Camas Meadows Golf 

Course is in place and recorded with Clark County. 

Response:   The final design has no stormwater pipes or facilities crossing 

the Golf Course so a stormwater easement is not applicable.  All stormwater 

from the site is released on the site into the wetland and leaves the site as 

shallow flow into the off-site contiguous wetland as currently occurs and has 

historically been conveyed. 

 

#17 Stormwater runoff from the proposed lots and landscaped areas of the site 

shall be directed into the streets and/or into a stormwater treatment system that 

will provide adequate phosphorus removal from the yard and landscaped areas of 

the site prior to release into the wetlands. 

Response: The majority or  84%  of the site, which the individual lot lawn 

and landscaped areas, are being directed to the street and then to Perkilters. 

Treatment for this co-mingled flow achieves both adequate water quality 

treatment for phosphorus with 52% removal (minimum 50% removal), with 

a TAPE approved system element (PerkFilter) for water quality and 

phosphorus removal treatment. The PerkFiler system is  rated by TAPE for 

62.4%  phosphorous load reduction.  

As an additional voluntary measure to reduce the most likely phosphorus 

sources, all commercial pads and residential lots will be required by the 

HOA CC&R’s to use only fertilizers that have a zero phosphorous 

designation.  These restrictions will be recorded on all lots within the final 

approved CCR’s for the site.  These voluntary measures, if followed, will 

additionally reduce the amount of phosphorus leaving the site.  However, 

phosphorus removal requirements for the entire site are met, even without 

this voluntary measure. 
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See Appendix C Water Quality, C-3a and C-3b for more detailed 

phosphorus removal calculations and analysis. 

A Pollutant Loading Analysis (using two different approaches) has been 

provided that conservatively demonstrate 52% of the total phosphorus 

leaving the total site is removed, which satisfies the DOE requirement of 

50% net phosphorus removal standard.  Thus, the phosphorus reduction 

standard has been met when evaluating total phosphorus removed from the 

entire site.   

 

 

 #18 Stormwater lines serving the site not located within the public right-of-

way will shall be placed within private stormwater easements and shall be 

maintained by the homeowners association. 

Response: Private stormwater easements have been provided for all 

Stormwater lines on the site (not located within the public right-of-way).  

All private stormwater facilities shall be maintained by the property 

owners association or as otherwise agreed to by the City. 
 

 

Section M – Special Reports and Studies 

 

Where site-specific characteristics, such as steep slopes, wetlands, and sites located in 

wellhead protection areas, present difficult drainage and water quality design problems, the 

Director may require additional information or the preparation of special reports and 

studies that further address the specific site characteristics, the potential for impacts 

associated with the development, and the measures that would be implemented to mitigate 

impacts. Special reports shall be prepared by professionals with expertise in the particular 

area of analysis, who shall date, sign, stamp, and otherwise certify the report. Subjects of 

special reports may include, but are not be limited to: 

1. Geotechnical – See Appendix G 

2. Wetlands – See Appendix G 

3. Floodplains and Floodways – A floodplain does extend into the site in a backwater 

condition. See comments in Section J, 6c. 

4. Groundwater – Infiltration BMPs are not proposed. 

5. Structural Design – Design for wall sections is applicable –provided as separate 

document(s) 

6. Fluvial Geomorphology (erosion and deposition) - Not applicable. 

 

All special reports and studies shall be included in the technical appendix. 

 

Section N – Maintenance and Operations Manual 

 

The project engineer shall prepare maintenance and operations manual for each 

stormwater control or treatment facility to be privately maintained, and for those that 

constitute an experimental system to be maintained by the City. The manual shall be written 

in an orderly and concise format that clearly describes the design and operation of the 

facility. The manual shall also provide an outline of required maintenance tasks; with the 
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recommended frequencies each task should be performed. The manual shall contain or 

reference procedures from the Stormwater Manual. 

 

Response: A Maintenance and Operations Manual has been prepared for the Parklands 

Subdivision and the Archery Business Park. See Appendix H and Section L, responses to 3 

and 4. 
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APPENDIX B 

 
B-1  Minimum Requirements #1 -#9 Responses 

B-2 MR #8 Wetlands Protection Evaluation 

B-2a Support files for Hydroperiod Evaluation 

B-2b MR #8 Annual WLF Comparison 

B-2c MR #8 Monthly WLF Comparison 

B-3 MR #7 Flow Control   
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Section B (REPORT) - MINIMUM REQUIREMENTS #1-#9 - RESPONSES 

 

Page 1 of 2 
 

Section B – Minimum Requirements 

The “Parklands Executive Residential Subdivision and Parklands 
Business Park” proposal contains three threshold discharge areas 
(TDAs) which are subject to minimum requirements 1 – 10. 

1. Preparation of Stormwater Site Plans 

Finalized. 

2. Construction Stormwater Pollution Prevention 

A SWPP will be prepared for implementation. An erosion control plan will be part of the 

construction plan set. 

3. Source Control of Pollution 
 
 See Final TIR, Section D – Source Control 

4. Preservation of Natural Drainage Systems and Outfalls 

There are no existing onsite drainage systems of significance for the overland flow to the 

wetland areas.   See continued discussion under next Minimum Requirement. 

5. Onsite Stormwater Management 
 
See Final TIR, Section E – Onsite Stormwater Management BMPs 

6. Runoff Treatment 

 
See Final TIR, Section F – Runoff Treatment and Design 

7. Flow Control 
See Final TIR, Section G – Flow Control Analysis and Design 

8. Wetlands Protection 
 

See Final TIR, Section I – Wetlands Protction 
 

Basin/Watershed Planning 

Not applicable per Camas Stormwater Manual. 

Exhibit 16 SP26-1005



APPENDIX B-1 

Section B (REPORT) - MINIMUM REQUIREMENTS #1-#9 - RESPONSES 

 

Page 2 of 2 
 

9. Operation and Maintenance 

 
An Operation and Maintenance procedure document has been developed to include City of 
Camas procedures and processes. The Clark County Stormwater Facility Maintenance 
Manual and DOE references are also be referred to for additional or appropriate 
procedures. 
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Our evaluations for Minimum Requirement #8 Wetland Protection is based on the following reference 

and the applicable section. 

Appendix 1-D Wetlands and Stormwater Management Guidelines 

 
Guide Sheet 2B: Guidelines for Protection from Adverse 
Impacts of Modified Runoff Quantity Discharged to 
Wetlands 

 

Per our conference call with DOE, several City staff, and their consultant, we understand that since this 

wetland is not classified as category 1 or 2, the provision for wetland protection is subject to whether or 

not the City determines protection is required and to what extent. We are proposing to meet water 

quality protection, implement erosion control practices, and provide the required wetland buffers. 

We have already provided extensive analysis related to protection of elements related to hydroperiod. 

Our approach has been made relative to determining the hypothetical differences between a 

continuous model based on existing conditions and one based on future full build conditions for the 

watershed with runoff to this portion of the wetland – the portion receiving inflow from our site. This 

analysis is described in the above reference as follows: 

“This analysis hypothesizes a fluctuating water stage over time 

before development that could fluctuate more, both higher and 

lower after development; these greater fluctuations are termed 

stage excursions. The guidelines set limits on the frequency and 

duration of excursions, as well as on overall water level 

fluctuation, after development.” 

 

 

 

There are two descriptions presented for determining existing hydroperiod data. The first or 

preferred process is not fully practical, as it is based on  

“the model being calibrated with at least one year of data taken using a continuously 

recording level gage under existing conditions and should be run for the historical rainfall 

period.” 

This analysis would be limited to a one year evaluation as the post full build model would need 

to be based on the same temperature, rainfall data, etc. for the comparison. The second 

description is more representative of the approach that has been applied to date for this 

analysis. Although the first portion is still proposing data gathering for a period of time, the 

evaluation of the data is more in line with the approach undertaken in our analysis. 
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The following information seems to be the most applicable criteria for evaluating the hydroperiod 

responses for this sloped wetland. 

 

2. The following hydroperiod limits characterize wetlands with 

relatively high vegetation species richness and apply to all zones 

within all wetlands over the entire year.  If these limits are 

exceeded, then species richness is likely to decline. If the analysis 

described above forecasts exceedences, one or more of the 

management strategies listed in step 5 should be employed to 

attempt to stay within the limits. 
 

 Mean annual Water Level Fluctuations (WLF) (and mean 

monthly WLF for every month of the year) does not exceed 

20 cm (8 inches or 0.66 ft). Vegetation species richness 

decrease is likely with: (1) a mean annual (and mean 

monthly) WLF increase of more than 5 cm (2 inches or 0.16 

ft) if pre- development mean annual (and mean monthly) 

WLF is greater than 15 cm, or (2) a mean annual (and mean 

monthly) WLF increase to 20 cm or more if pre-

development mean annual (and mean monthly) WLF is 15 

cm (6 inches or 0.5 ft) or less. 

 

 

Finding: The evaluation for the mean annual WLF and mean monthly WLF for every 

month of the year has been completed for the 60-yr span from 1948 through 2008. The 

results have also been arranged from highest WFL to lowest WLF for these two evaluations.  

 

 The largest mean annual WLF is  0.10 inches or 0.008 ft (significantly less than the 

allowed 8 in or 0.66 ft) and the largest mean monthly WLF is 0.43 inches or 0.036 ft 

(significantly less than the allowed 6 inches or 0.5 ft). 
 

See separate files: 

MR#8-01 Annual Mean Average Values – compare Water Level Fluctuations (WLF) 

MR#8-02 Monthly Mean Average Values – compare Water Level Fluctuations (WLF) 

 

 
 

 The frequency of stage excursions of 15 cm above or below 

pre- development stage does not exceed an annual average of 

six. 

Note: A short-term lagging or advancement of the continuous 

record of water levels is acceptable. The 15 cm limit applies to 

the temporary increase in maximum water surface elevations 

(hydrograph peaks) after storm events and the maximum 
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decrease in water surface elevations (hydrograph valley 

bottoms) between events and during the dry season. 
 

Finding: There are no stage excursions of 15 cm (6 inches or 0.5 ft) above or below pre - 

development stage based on site modeling results. 
 

 

The duration of stage excursions of 15 cm above or below pre- development stage does not 

exceed 72 hours per excursion. Note: A short-term lagging or advancement of the continuous 

record of water levels is acceptable. However, the 15 cm limit applies throughout the entire 

hydrograph, not just the peaks and valleys. 
 

 The total dry period (when pools dry down to the soil surface 

everywhere in the wetland) does not increase or decrease by 

more than two weeks in any year. 
 

 Alterations to watershed and wetland hydrology that may 

cause perennial wetlands to become vernal are avoided. 
 

Finding: There is no duration of stage excursions of 15 cm (6 inches or 0.5 ft) above or 

below pre- development stage based on site modeling results. 

 

 

Other files (separate document) used to develop the input for modeling: 

1. Site Background Info 
2. May 11, 2016 Field Observations 
3. Cross section locations – outflow route 
4. HCAD – Control Cross Section for Wetland – WWHM input to SDD Table 
5. HCAD Single Event Hydrograph Plot 

 

 

Summary:     

 

 The modeled largest mean annual WLF and the largest mean monthly WLF are 

both significantly less than the allowed limits. 

 Modeling results of the site for both stage excursions, and duration of stage 

excursions, all fall well within the allowed limits above or below pre-development 

stage.  

 Based on these results, the site can or does meet the requirements of Minimum 

Requirement #8 – Wetland Protection Evaluation for Compliance. 
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1. Site Background Info – The Parklands in Camas, WA 

There are 42 proposed residential lots of 15,000 sf minimum and the remainder as a business park. The 
offsite area from the south is a mix of residential and multi-unit housing. The road section between the 
two projects is about 2.4 acres. 
 

There are three wetland portions for the onsite wetland designated as wetland A, Wetland B, and 
wetland C.  Wetland A and B are separated by a road crossing with two 12 inch culverts and wetland B 

and C are separated by a road crossing with two 12 inch culverts. 
Wetland A: 5.97 acres 
Wetland B: 1.37 acres 
Wetland C: 0.11 acres  
                     7.44 acres total 
 

The wetland buffer is 50 ft wide and includes another 3.5 acres. The remaining site area is 25.42. 
Another project (approx. 18 acres) is under review and an area to the west of about 14 acres has been 
accounted for as future development.  
 

Note: The existing condition areas and post-development full build contributing areas are listed 
in file MR#8-01 Annual Mean Average Values – compare Water Level Fluctuations (WLF). 
The project basin maps represent the delineation of these contributing areas. 

 
The site is underlain with sandstone and refusal varied from 3 ft to 6.5 ft at seven locations. The wetland 
continues (as a contiguous wetland) north for approximately another 600 feet to Lacamas Lake. The 
offsite portion is about 900 ft wide and is mostly reed canary grass and some wooded area before 
entering the Lake. 
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2. May 11, 2016 Field Observations 

 

Looking north from site – large rockery wall at right side of flow path (along edge of golf green) 

 

Looking back at site – rockery wall now on left side of flow path – view from cart path crossing 
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Looking north toward lake from cart path crossing – rockery wall again along golf course with flow path 

at left 

 

Closer view of rockery and flow path at rockery 
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Same area along rockery wall 

 

Outlet to Lacamas Lake – later determined there are two outfall locations – the other is 190 ft to the 

east. 
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3. Cross section locations – outflow route 
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Cross section CH/CP was used for WWHM input – SSD Table 
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4. HCAD – Control Cross Section for Wetland – WWHM input to SDD Table 
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5. HCAD Single Event Hydrograph Plot 

FIG. 1  COMPARE HISTORIC FLOW AND POST FULL- BUILD FLOW 

 100-yr, 24-hr, single event – Flow at Cross-section at north property line 

 No Flow Control per Min. Requirement #7 

 

 Red is Historic and green is Post-Full Build 

Even though post flow is nearly twice the historic, it is ‘quickly’ attenuated and the falling limb soon 

matches the historic (would also match existing condition). 

A rough estimate of the volume during the peak is about 68,000 cu ft in about a 1.75 hour period of 

time. 

The 100-yr,24-hr event Historic volume is 21.126 ac-ft and the Full-Build volume is 24.707 ac-ft or a 17% 

increase. 

Historic:  
The maximum velocity at the control section is 0.64 fps and the average for the event is 0.30 fps. 

Post Full Build:  
The maximum velocity at the control section is 0.72 fps and the average for the event is 0.36 fps. 

 These are not erosive velocities as the typical erosive velocity would be above 3 fps. 
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B-2b MR #8 ANNUAL WLF COMPARISON

WWHM Input Values

72.36 Acres and add other three areas = 86.13 Acres

Larkspur =  6.5 Acres Lacamas Estates =  6.55 Acres

Full Development = 71.55 Acres. The add other three areas 

85.32 Acres in model

Notes:

1. Both models apply surface runoff and interflow conditions but not groundwater.  Assumed sandstone close to surface at site and to south of site is restrictive.

2. Both models are based on the same SSD Table input and based on the same control section forflow  release.

3. Both model apply precipitaion and evaporation to the wetland ponding surface. Actually this area was already accounted for as 4 acres in runoff area summaries. it was not 

• Since it was applied in the same manner to both, it doesn't skew the revative difference in WLFs.

3 Lots = 0.72 Acres - input as HSG D (composite with roofs)

1
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2
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B-2b MR #8 ANNUAL WLF COMPARISON

Yearly 1000 SSD 1003 SSD WFL Yearly 1000 SSD 1003 SSD WFL Yearly 1000 SSD 1003 SSD WFL Yearly 1000 SSD 1003 SSD WFL

Start in  October Table 1 Table 1 Stage Start in  October Table 1 Table 1 Stage Start in  October Table 1 Table 1 Stage Start in  October Table 1 Table 1 Stage

Annual Stage Stage Diff. Annual Stage Stage Diff. Annual Stage Stage Diff. Annual Stage Stage Diff.

Basis Existing Post-full (ft) Basis Existing Post-full (ft) Basis Existing Post-full (ft) Basis Existing Post-full (ft)

10/1/1948 0.5395406 0.6758 0.136 10/1/1979 0.530083 0.661415 0.131 10/1/1997 0.53199 0.829502 0.298 10/1/1969 1.006669 1.195714 0.189

10/1/1949 0.5338328 0.725099 0.191 10/1/1980 0.602645 0.863093 0.260 10/1/1968 0.568383 0.862985 0.295 10/1/2003 0.509367 0.69792 0.189

10/1/1950 0.5396591 0.679822 0.140 10/1/1981 0.603908 0.77411 0.170 10/1/1995 0.656995 0.947417 0.290 10/1/1985 0.516684 0.703085 0.186

10/1/1951 0.5205137 0.791648 0.271 10/1/1982 0.633952 0.851683 0.218 10/1/1992 0.53982 0.826355 0.287 10/1/1955 0.714655 0.900133 0.185

10/1/1952 0.5279581 0.690198 0.162 10/1/1983 0.502442 0.613586 0.111 10/1/1978 0.550434 0.835704 0.285 10/1/1964 0.559686 0.744215 0.185

10/1/1953 0.5484218 0.76568 0.217 10/1/1984 0.506779 0.709827 0.203 10/1/1951 0.520514 0.791648 0.271 10/1/1963 0.545063 0.725677 0.181

10/1/1954 0.5154371 0.615881 0.100 10/1/1985 0.516684 0.703085 0.186 10/1/1967 0.535678 0.798385 0.263 10/1/1959 0.50478 0.681179 0.176

10/1/1955 0.7146549 0.900133 0.185 10/1/1986 0.5589 0.701622 0.143 10/1/2006 0.512854 0.77507 0.262 10/1/1981 0.603908 0.77411 0.170

10/1/1956 0.5493676 0.757547 0.208 10/1/1987 0.500365 0.61721 0.117 10/1/1980 0.602645 0.863093 0.260 10/1/1971 0.533525 0.700894 0.167

10/1/1957 0.5488995 0.802242 0.253 10/1/1988 0.501101 0.635145 0.134 10/1/1994 0.524672 0.781118 0.256 10/1/1974 0.520287 0.684284 0.164

10/1/1958 0.47091 0.581094 0.110 10/1/1989 0.454764 0.611058 0.156 10/1/2007 0.525068 0.779752 0.255 10/1/1990 0.507534 0.671266 0.164

10/1/1959 0.5047801 0.681179 0.176 10/1/1990 0.507534 0.671266 0.164 10/1/1972 0.528307 0.782503 0.254 10/1/1952 0.527958 0.690198 0.162

10/1/1960 0.5394353 0.791504 0.252 10/1/1991 0.52322 0.661414 0.138 10/1/1957 0.5489 0.802242 0.253 10/1/1989 0.454764 0.611058 0.156

10/1/1961 0.5176865 0.750177 0.232 10/1/1992 0.53982 0.826355 0.287 10/1/1960 0.539435 0.791504 0.252 10/1/2000 0.418002 0.57303 0.155

10/1/1962 0.520259 0.727708 0.207 10/1/1993 0.559034 0.767289 0.208 10/1/1973 0.645543 0.883976 0.238 10/1/1999 0.418597 0.56493 0.146

10/1/1963 0.5450631 0.725677 0.181 10/1/1994 0.524672 0.781118 0.256 10/1/1977 0.615756 0.853217 0.237 10/1/1976 0.419543 0.562605 0.143

10/1/1964 0.5596859 0.744215 0.185 10/1/1995 0.656995 0.947417 0.290 10/1/1961 0.517687 0.750177 0.232 10/1/1986 0.5589 0.701622 0.143

10/1/1965 0.5438498 0.746706 0.203 10/1/1996 0.679676 0.885464 0.206 10/1/2002 0.57146 0.799171 0.228 10/1/1950 0.539659 0.679822 0.140

10/1/1966 0.5186027 0.654297 0.136 10/1/1997 0.53199 0.829502 0.298 10/1/2005 0.532091 0.754634 0.223 10/1/1991 0.52322 0.661414 0.138

10/1/1967 0.5356779 0.798385 0.263 10/1/1998 0.549406 0.763878 0.214 10/1/1982 0.633952 0.851683 0.218 10/1/1948 0.539541 0.6758 0.136

10/1/1968 0.5683826 0.862985 0.295 10/1/1999 0.418597 0.56493 0.146 10/1/1953 0.548422 0.76568 0.217 10/1/1966 0.518603 0.654297 0.136

10/1/1969 1.006669 1.195714 0.189 10/1/2000 0.418002 0.57303 0.155 10/1/1998 0.549406 0.763878 0.214 10/1/1988 0.501101 0.635145 0.134

10/1/1970 0.5031672 0.603265 0.100 10/1/2001 0.571142 0.778123 0.207 10/1/1975 0.561287 0.774875 0.214 10/1/1979 0.530083 0.661415 0.131

10/1/1971 0.5335248 0.700894 0.167 10/1/2002 0.57146 0.799171 0.228 10/1/1993 0.559034 0.767289 0.208 10/1/2004 0.501092 0.625087 0.124

10/1/1972 0.5283074 0.782503 0.254 10/1/2003 0.509367 0.69792 0.189 10/1/1956 0.549368 0.757547 0.208 10/1/1987 0.500365 0.61721 0.117

10/1/1973 0.6455432 0.883976 0.238 10/1/2004 0.501092 0.625087 0.124 10/1/1962 0.520259 0.727708 0.207 10/1/1983 0.502442 0.613586 0.111

10/1/1974 0.5202874 0.684284 0.164 10/1/2005 0.532091 0.754634 0.223 10/1/2001 0.571142 0.778123 0.207 10/1/1958 0.47091 0.581094 0.110

10/1/1975 0.5612866 0.774875 0.214 10/1/2006 0.512854 0.77507 0.262 10/1/1996 0.679676 0.885464 0.206 10/1/1954 0.515437 0.615881 0.100

10/1/1976 0.4195426 0.562605 0.143 10/1/2007 0.525068 0.779752 0.255 10/1/1984 0.506779 0.709827 0.203 10/1/1970 0.503167 0.603265 0.100

10/1/1977 0.6157556 0.853217 0.237 10/1/2008 0 0 0.000 10/1/1965 0.54385 0.746706 0.203 10/1/2008 0 0 0.000

10/1/1978 0.5504337 0.835704 0.285 10/1/1949 0.533833 0.725099 0.191

Chronologic Order (Part 1) Chronologic Order (Part 2) WFL - Highest to Lowest (Part 1) WFL - Highest to Lowest (Part 2)
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APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

Month/Yr 1000 SSD 1003 SSD WFL Month/Yr 1000 SSD 1003 SSD WFL Month/Yr 1000 SSD 1003 SSD WFL Month/Yr 1000 SSD 1003 SSD WFL

Table 1 Table 1 Stage Table 1 Table 1 Stage Table 1 Table 1 Stage Table 1 Table 1 Stage

Monthly Stage Stage Diff. Monthly Stage Stage Diff. Monthly Stage Stage Diff. Monthly Stage Stage Diff.

Basis Existing Post-full (ft) Basis Existing Post-full (ft) Basis Existing Post-full (ft) Basis Exsting Post-full (ft)

######## 0 0 0.000 ######## 0.166803 0.362183 0.195 ######## 0.563138 0.947417 0.384 6/1/1978 0.417998 0.575578 0.158

######## 0.3889198 0.543298 0.154 ######## 0.441239 0.584979 0.144 ######## 0.53199 0.829502 0.298 ######## 0.402059 0.559504 0.157

######## 0.4606003 0.585275 0.125 ######## 0.39488 0.549545 0.155 9/1/1969 0.568383 0.862985 0.295 ######## 0.437768 0.595015 0.157

1/1/1949 0.3254456 0.501706 0.176 1/1/1979 0.550434 0.835704 0.285 ######## 0.53982 0.826355 0.287 ######## 0.396115 0.552658 0.157

2/1/1949 0.5395406 0.6758 0.136 2/1/1979 0.488521 0.607168 0.119 1/1/1979 0.550434 0.835704 0.285 ######## 0.396876 0.553362 0.156

3/1/1949 0.330761 0.504087 0.173 3/1/1979 0.394872 0.514431 0.120 8/1/1991 0.185368 0.469012 0.284 3/1/1953 0.368135 0.524598 0.156

4/1/1949 0.1031704 0.274826 0.172 4/1/1979 0.327586 0.51943 0.192 9/1/1996 0.561034 0.839125 0.278 6/1/1968 0.360376 0.516788 0.156

5/1/1949 0.3408766 0.517458 0.177 5/1/1979 0.400831 0.545511 0.145 6/1/1976 0.231176 0.502951 0.272 6/1/1993 0.259979 0.416308 0.156

6/1/1949 0.1494969 0.282105 0.133 6/1/1979 0.119676 0.237475 0.118 9/1/1970 0.230611 0.502043 0.271 7/1/1976 0.235702 0.391706 0.156

7/1/1949 0.00045924 0.009925 0.009 7/1/1979 0.067903 0.142752 0.075 ######## 0.520514 0.791648 0.271 2/1/2004 0.342844 0.498492 0.156

8/1/1949 0.05268456 0.138584 0.086 8/1/1979 0.318179 0.524283 0.206 8/1/1961 0.240464 0.509617 0.269 5/1/1998 0.523073 0.678701 0.156

9/1/1949 0.4860552 0.67181 0.186 9/1/1979 0.323774 0.505163 0.181 8/1/2007 0.199857 0.466889 0.267 9/1/1953 0.38668 0.542289 0.156

######## 0.3906267 0.559442 0.169 ######## 0.449814 0.577126 0.127 4/1/1977 0.17848 0.44532 0.267 4/1/1960 0.382963 0.538037 0.155

######## 0.4756182 0.599147 0.124 ######## 0.405746 0.560517 0.155 5/1/1967 0.219018 0.483982 0.265 ######## 0.418002 0.57303 0.155

######## 0.4195786 0.567196 0.148 ######## 0.494515 0.605085 0.111 ######## 0.526968 0.791504 0.265 7/1/1995 0.503073 0.657916 0.155

1/1/1950 0.5338328 0.725099 0.191 1/1/1980 0.530083 0.661415 0.131 8/1/1968 0.533937 0.798385 0.264 2/1/1971 0.300296 0.455104 0.155

2/1/1950 0.5055011 0.628924 0.123 2/1/1980 0.354799 0.517937 0.163 5/1/1965 0.197376 0.461594 0.264 ######## 0.405746 0.560517 0.155

3/1/1950 0.3372491 0.487871 0.151 3/1/1980 0.373881 0.511603 0.138 8/1/1957 0.250746 0.514679 0.264 ######## 0.39488 0.549545 0.155

4/1/1950 0.3958348 0.527487 0.132 4/1/1980 0.29717 0.50102 0.204 5/1/1986 0.238195 0.500769 0.263 5/1/1975 0.36599 0.520507 0.155

5/1/1950 0.224558 0.383682 0.159 5/1/1980 0.360286 0.544243 0.184 ######## 0.512854 0.77507 0.262 ######## 0.38892 0.543298 0.154

6/1/1950 0.4059314 0.558609 0.153 6/1/1980 0.363487 0.51674 0.153 5/1/1971 0.193056 0.455205 0.262 9/1/2007 0.398558 0.552779 0.154

7/1/1950 0.1475885 0.333041 0.185 7/1/1980 0.060983 0.148867 0.088 6/1/2007 0.241062 0.502665 0.262 3/1/2008 0.388711 0.542767 0.154

8/1/1950 0.3826286 0.564423 0.182 8/1/1980 0.108186 0.242158 0.134 4/1/1953 0.23747 0.498787 0.261 4/1/1965 0.373016 0.526946 0.154

9/1/1950 0.3049622 0.505195 0.200 9/1/1980 0.264043 0.454237 0.190 ######## 0.602645 0.863093 0.260 ######## 0.392705 0.546159 0.153

######## 0.4125287 0.556421 0.144 ######## 0.259436 0.470209 0.211 8/1/1990 0.231592 0.490059 0.258 ######## 0.500958 0.654297 0.153

######## 0.51243 0.664537 0.152 ######## 0.431197 0.573349 0.142 ######## 0.524672 0.781118 0.256 6/1/1980 0.363487 0.51674 0.153

######## 0.4802838 0.588201 0.108 ######## 0.602645 0.863093 0.260 7/1/1996 0.219554 0.474331 0.255 4/1/2001 0.382573 0.535698 0.153

1/1/1951 0.5088556 0.627017 0.118 1/1/1981 0.306919 0.472511 0.166 5/1/2008 0.525068 0.779752 0.255 6/1/1990 0.390205 0.543224 0.153

2/1/1951 0.5396591 0.679822 0.140 2/1/1981 0.47432 0.56693 0.093 6/1/1965 0.246128 0.500558 0.254 9/1/1968 0.381087 0.534058 0.153

3/1/1951 0.472095 0.559095 0.087 3/1/1981 0.330382 0.497999 0.168 ######## 0.528307 0.782503 0.254 ######## 0.451621 0.604413 0.153

4/1/1951 0.3198473 0.515922 0.196 4/1/1981 0.266339 0.500202 0.234 5/1/2004 0.247051 0.500798 0.254 6/1/1950 0.405931 0.558609 0.153

5/1/1951 0.3128576 0.505526 0.193 5/1/1981 0.342268 0.525553 0.183 6/1/1958 0.5489 0.802242 0.253 ######## 0.390034 0.542547 0.153

6/1/1951 0.00023113 0.000231 0.000 6/1/1981 0.338973 0.508084 0.169 8/1/1992 0.230806 0.482565 0.252 7/1/1978 0.429746 0.582213 0.152

7/1/1951 0.0503138 0.131306 0.081 7/1/1981 0.070363 0.159847 0.089 9/1/1960 0.260047 0.510475 0.250 ######## 0.51243 0.664537 0.152

8/1/1951 0 0 0.000 8/1/1981 0 0 0.000 6/1/1972 0.194785 0.444239 0.249 2/1/1985 0.279276 0.431279 0.152

Chronologic Order (Part 1) Chronologic Order (Part 2) WFL - Highest to Lowest (Part 1) WFL - Highest to Lowest (Part 2)
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APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

9/1/1951 0.3597596 0.537375 0.178 9/1/1981 0.305862 0.504333 0.198 9/1/1982 0.529147 0.77411 0.245 ######## 0.479899 0.63145 0.152

######## 0.5205137 0.791648 0.271 ######## 0.427888 0.555822 0.128 6/1/1964 0.241806 0.486152 0.244 5/1/2006 0.432456 0.583916 0.151

######## 0.390034 0.542547 0.153 ######## 0.502993 0.673766 0.171 8/1/1966 0.291671 0.532153 0.240 6/1/1988 0.389394 0.540693 0.151

######## 0.5056912 0.591647 0.086 ######## 0.519025 0.649697 0.131 5/1/1966 0.220905 0.461161 0.240 4/1/1959 0.161124 0.312298 0.151

1/1/1952 0.4072077 0.518023 0.111 1/1/1982 0.530537 0.669641 0.139 7/1/1985 0.287119 0.52645 0.239 ######## 0.502201 0.653192 0.151

2/1/1952 0.5138198 0.659805 0.146 2/1/1982 0.603908 0.773104 0.169 9/1/1957 0.265416 0.504585 0.239 7/1/2007 0.160731 0.311678 0.151

3/1/1952 0.4228382 0.528187 0.105 3/1/1982 0.333464 0.475001 0.142 ######## 0.218844 0.457513 0.239 3/1/2001 0.387393 0.538325 0.151

4/1/1952 0.3759083 0.535493 0.160 4/1/1982 0.38781 0.512722 0.125 ######## 0.645543 0.883976 0.238 2/1/1993 0.266611 0.417462 0.151

5/1/1952 0.272432 0.44642 0.174 5/1/1982 0.117833 0.240711 0.123 5/1/1974 0.25445 0.492647 0.238 7/1/1955 0.196985 0.347789 0.151

6/1/1952 0.3345274 0.514334 0.180 6/1/1982 0.328429 0.530437 0.202 ######## 0.615756 0.853217 0.237 4/1/1987 0.26704 0.417823 0.151

7/1/1952 0.0498891 0.050844 0.001 7/1/1982 0.338312 0.544263 0.206 9/1/1976 0.271159 0.507367 0.236 3/1/1950 0.337249 0.487871 0.151

8/1/1952 0.08067256 0.183104 0.102 8/1/1982 0.284137 0.518153 0.234 7/1/2006 0.275086 0.511151 0.236 ######## 0.422029 0.572444 0.150

9/1/1952 0.1573422 0.303738 0.146 9/1/1982 0.529147 0.77411 0.245 8/1/1987 0.17359 0.409293 0.236 ######## 0.402039 0.552364 0.150

######## 0.2188435 0.457513 0.239 ######## 0.511362 0.736522 0.225 ######## 0.287019 0.521825 0.235 1/1/1989 0.365722 0.515969 0.150

######## 0.2949103 0.489492 0.195 ######## 0.334363 0.508833 0.174 ######## 0.521224 0.75575 0.235 ######## 0.393451 0.543649 0.150

######## 0.4503163 0.561079 0.111 ######## 0.535897 0.697778 0.162 6/1/1999 0.26754 0.501831 0.234 8/1/1971 0.442506 0.59257 0.150

1/1/1953 0.5279581 0.690198 0.162 1/1/1983 0.507311 0.6393 0.132 9/1/1983 0.272339 0.506609 0.234 6/1/1957 0.184604 0.334334 0.150

2/1/1953 0.4666425 0.549654 0.083 2/1/1983 0.511905 0.577698 0.066 ######## 0.529819 0.763878 0.234 4/1/1966 0.159834 0.309548 0.150

3/1/1953 0.3681347 0.524598 0.156 3/1/1983 0.633952 0.851683 0.218 8/1/1982 0.284137 0.518153 0.234 9/1/2004 0.193775 0.343482 0.150

4/1/1953 0.2374703 0.498787 0.261 4/1/1983 0.339766 0.519029 0.179 4/1/1981 0.266339 0.500202 0.234 4/1/1967 0.235758 0.3852 0.149

5/1/1953 0.5001945 0.594626 0.094 5/1/1983 0.286185 0.49846 0.212 8/1/1999 0.151186 0.383915 0.233 ######## 0.403231 0.552425 0.149

6/1/1953 0.3895462 0.557334 0.168 6/1/1983 0.227498 0.403467 0.176 ######## 0.517687 0.750177 0.232 ######## 0.4568 0.605991 0.149

7/1/1953 0.0199872 0.02735 0.007 7/1/1983 0.423036 0.554501 0.131 6/1/2004 0.229509 0.460968 0.231 9/1/1972 0.441968 0.591106 0.149

8/1/1953 0.2884206 0.500758 0.212 8/1/1983 0.335909 0.508517 0.173 7/1/1972 0.191 0.421284 0.230 1/1/1986 0.382761 0.531428 0.149

9/1/1953 0.3866798 0.542289 0.156 9/1/1983 0.272339 0.506609 0.234 ######## 0.272538 0.500758 0.228 ######## 0.386548 0.53495 0.148

######## 0.5021553 0.643405 0.141 ######## 0.35609 0.515401 0.159 ######## 0.259068 0.487066 0.228 9/1/1998 0.421188 0.569553 0.148

######## 0.4377676 0.595015 0.157 ######## 0.486413 0.61249 0.126 1/1/2003 0.57146 0.799171 0.228 4/1/1954 0.374402 0.522489 0.148

######## 0.5484218 0.76568 0.217 ######## 0.502442 0.593752 0.091 9/1/1966 0.30654 0.533136 0.227 3/1/1993 0.359802 0.507816 0.148

1/1/1954 0.521135 0.65598 0.135 1/1/1984 0.328511 0.493526 0.165 9/1/1961 0.236344 0.462148 0.226 8/1/1956 0.504863 0.652626 0.148

2/1/1954 0.4768988 0.569711 0.093 2/1/1984 0.459677 0.55406 0.094 ######## 0.511362 0.736522 0.225 7/1/1961 0.195966 0.343601 0.148

3/1/1954 0.3981145 0.527167 0.129 3/1/1984 0.303145 0.504365 0.201 ######## 0.285678 0.510307 0.225 ######## 0.419579 0.567196 0.148

4/1/1954 0.3744024 0.522489 0.148 4/1/1984 0.498471 0.613586 0.115 8/1/1962 0.281712 0.504489 0.223 5/1/1958 0.448316 0.595473 0.147

5/1/1954 0.2533177 0.454638 0.201 5/1/1984 0.352255 0.514767 0.163 5/1/1999 0.266622 0.489229 0.223 1/1/1994 0.415236 0.562374 0.147

6/1/1954 0.3588542 0.540816 0.182 6/1/1984 0.406791 0.541025 0.134 ######## 0.532091 0.754634 0.223 5/1/2001 0.264024 0.4106 0.147

7/1/1954 0.5040935 0.627581 0.123 7/1/1984 0.070569 0.062683 -0.008 7/1/2001 0.244773 0.467067 0.222 1/1/1955 0.370708 0.517189 0.146

8/1/1954 0.3531407 0.559841 0.207 8/1/1984 0 0 0.000 2/1/1973 0.279645 0.501825 0.222 9/1/1952 0.157342 0.303738 0.146

9/1/1954 0.1278746 0.292209 0.164 9/1/1984 0.332154 0.514455 0.182 6/1/2005 0.308598 0.529738 0.221 7/1/2005 0.143566 0.289951 0.146

######## 0.3586135 0.531605 0.173 ######## 0.497872 0.623537 0.126 7/1/1992 0.307709 0.527333 0.220 ######## 0.404788 0.551149 0.146

######## 0.4020585 0.559504 0.157 ######## 0.506779 0.709827 0.203 4/1/2000 0.297484 0.516468 0.219 ######## 0.418597 0.56493 0.146

######## 0.3427964 0.510794 0.168 ######## 0.310168 0.495458 0.185 9/1/2002 0.304964 0.523087 0.218 1/1/2000 0.405936 0.552009 0.146

3

Exhibit 16 SP26-1005



APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

1/1/1955 0.3707077 0.517189 0.146 1/1/1985 0.097239 0.095204 -0.002 4/1/1957 0.29115 0.508914 0.218 2/1/1952 0.51382 0.659805 0.146

2/1/1955 0.5001177 0.615881 0.116 2/1/1985 0.279276 0.431279 0.152 3/1/1983 0.633952 0.851683 0.218 3/1/1998 0.385441 0.531136 0.146

3/1/1955 0.2803654 0.398497 0.118 3/1/1985 0.337694 0.508571 0.171 ######## 0.548422 0.76568 0.217 9/1/2003 0.259288 0.40486 0.146

4/1/1955 0.5154371 0.610317 0.095 4/1/1985 0.170901 0.340388 0.169 ######## 0.315564 0.532475 0.217 ######## 0.438626 0.584196 0.146

5/1/1955 0.3278739 0.507082 0.179 5/1/1985 0.404237 0.565385 0.161 9/1/1992 0.252068 0.467783 0.216 1/1/1992 0.390797 0.536309 0.146

6/1/1955 0.3433141 0.517679 0.174 6/1/1985 0.42027 0.558413 0.138 2/1/1976 0.561287 0.774875 0.214 ######## 0.398629 0.544115 0.145

7/1/1955 0.1969851 0.347789 0.151 7/1/1985 0.287119 0.52645 0.239 3/1/1968 0.288416 0.501781 0.213 ######## 0.417145 0.562598 0.145

8/1/1955 0.00569801 0.006212 0.001 8/1/1985 0.147923 0.244825 0.097 9/1/1977 0.296218 0.509571 0.213 ######## 0.47744 0.622801 0.145

9/1/1955 0.3830648 0.544102 0.161 9/1/1985 0.450956 0.590015 0.139 6/1/1975 0.286525 0.499835 0.213 4/1/1958 0.357785 0.502868 0.145

######## 0.4516213 0.604413 0.153 ######## 0.300923 0.499036 0.198 6/1/2001 0.193485 0.406703 0.213 1/1/1978 0.368909 0.513806 0.145

######## 0.5022007 0.653192 0.151 ######## 0.357033 0.520606 0.164 8/1/1972 0.291864 0.505004 0.213 5/1/1979 0.400831 0.545511 0.145

######## 0.7146549 0.900133 0.185 ######## 0.438626 0.584196 0.146 2/1/2002 0.53911 0.752218 0.213 ######## 0.407659 0.552331 0.145

1/1/1956 0.6827379 0.815251 0.133 1/1/1986 0.382761 0.531428 0.149 9/1/1990 0.182079 0.394478 0.212 ######## 0.473067 0.617664 0.145

2/1/1956 0.4418734 0.550884 0.109 2/1/1986 0.48883 0.574097 0.085 5/1/2003 0.293047 0.505397 0.212 ######## 0.399463 0.543649 0.144

3/1/1956 0.4185046 0.522275 0.104 3/1/1986 0.316883 0.522462 0.206 8/1/1953 0.288421 0.500758 0.212 3/1/1973 0.39765 0.541825 0.144

4/1/1956 0.1283704 0.263982 0.136 4/1/1986 0.264349 0.472029 0.208 5/1/1983 0.286185 0.49846 0.212 1/1/2004 0.385591 0.52967 0.144

5/1/1956 0.3299178 0.529543 0.200 5/1/1986 0.238195 0.500769 0.263 5/1/1988 0.333032 0.544816 0.212 3/1/1976 0.360479 0.504425 0.144

6/1/1956 0.3145488 0.508795 0.194 6/1/1986 0.047449 0.124744 0.077 ######## 0.298129 0.509528 0.211 ######## 0.412529 0.556421 0.144

7/1/1956 0.00021448 1.68E-05 0.000 7/1/1986 0.330599 0.515565 0.185 5/1/1977 0.291476 0.50259 0.211 5/1/1993 0.409426 0.553172 0.144

8/1/1956 0.5048633 0.652626 0.148 8/1/1986 0.001417 0.009005 0.008 ######## 0.278473 0.489449 0.211 ######## 0.441239 0.584979 0.144

9/1/1956 0.2052681 0.397339 0.192 9/1/1986 0.516684 0.703085 0.186 ######## 0.259436 0.470209 0.211 ######## 0.477887 0.621612 0.144

######## 0.3632559 0.543617 0.180 ######## 0.334556 0.522102 0.188 8/1/1989 0.360252 0.571023 0.211 5/1/1991 0.393609 0.536791 0.143

######## 0.3635143 0.531416 0.168 ######## 0.479899 0.63145 0.152 ######## 0.31781 0.528298 0.210 6/1/1995 0.419548 0.562638 0.143

######## 0.3927048 0.546159 0.153 ######## 0.497743 0.588999 0.091 6/1/1966 0.303588 0.514074 0.210 8/1/1977 0.419543 0.562605 0.143

1/1/1957 0.3161193 0.486254 0.170 1/1/1987 0.5589 0.701622 0.143 ######## 0.296641 0.50699 0.210 1/1/1987 0.5589 0.701622 0.143

2/1/1957 0.5493676 0.757547 0.208 2/1/1987 0.545164 0.59479 0.050 ######## 0.517413 0.727708 0.210 2/1/1988 0.202348 0.34505 0.143

3/1/1957 0.5017435 0.572922 0.071 3/1/1987 0.492109 0.56777 0.076 3/1/1994 0.29926 0.508607 0.209 ######## 0.43866 0.581001 0.142

4/1/1957 0.2911503 0.508914 0.218 4/1/1987 0.26704 0.417823 0.151 6/1/1959 0.256818 0.465414 0.209 ######## 0.431197 0.573349 0.142

5/1/1957 0.3702774 0.539989 0.170 5/1/1987 0.272686 0.457857 0.185 2/1/1994 0.559034 0.767289 0.208 ######## 0.42006 0.561842 0.142

6/1/1957 0.1846044 0.334334 0.150 6/1/1987 0.093248 0.103408 0.010 ######## 0.294482 0.502713 0.208 ######## 0.422408 0.563992 0.142

7/1/1957 0.08236788 0.187128 0.105 7/1/1987 0.342427 0.52041 0.178 2/1/1957 0.549368 0.757547 0.208 2/1/1989 0.372082 0.513634 0.142

8/1/1957 0.2507455 0.514679 0.264 8/1/1987 0.17359 0.409293 0.236 4/1/1986 0.264349 0.472029 0.208 3/1/1982 0.333464 0.475001 0.142

9/1/1957 0.2654164 0.504585 0.239 9/1/1987 0.082511 0.183683 0.101 7/1/1998 0.142244 0.349518 0.207 9/1/1989 0.422822 0.564292 0.141

######## 0.3155639 0.532475 0.217 ######## 0.150717 0.252756 0.102 7/1/1975 0.176719 0.383713 0.207 1/1/1960 0.379191 0.520655 0.141

######## 0.3336456 0.508054 0.174 ######## 0.294482 0.502713 0.208 1/1/2002 0.571142 0.778123 0.207 2/1/2007 0.405047 0.546327 0.141

######## 0.505983 0.678046 0.172 ######## 0.500365 0.61721 0.117 2/1/1966 0.304224 0.511075 0.207 ######## 0.502155 0.643405 0.141

1/1/1958 0.4615452 0.547115 0.086 1/1/1988 0.428761 0.528936 0.100 8/1/1954 0.353141 0.559841 0.207 8/1/1975 0.438304 0.579526 0.141

2/1/1958 0.4119957 0.516356 0.104 2/1/1988 0.202348 0.34505 0.143 5/1/1969 0.303122 0.509397 0.206 3/1/2000 0.405483 0.546656 0.141

3/1/1958 0.4002277 0.565264 0.165 3/1/1988 0.347806 0.506684 0.159 8/1/1979 0.318179 0.524283 0.206 4/1/1963 0.387767 0.528326 0.141

4/1/1958 0.357785 0.502868 0.145 4/1/1988 0.422778 0.557089 0.134 7/1/1982 0.338312 0.544263 0.206 3/1/1962 0.501403 0.64162 0.140
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APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

5/1/1958 0.4483157 0.595473 0.147 5/1/1988 0.333032 0.544816 0.212 ######## 0.679676 0.885464 0.206 2/1/1951 0.539659 0.679822 0.140

6/1/1958 0.5488995 0.802242 0.253 6/1/1988 0.389394 0.540693 0.151 4/1/1969 0.311205 0.516916 0.206 3/1/1991 0.424997 0.564637 0.140

7/1/1958 0.06420413 0.066783 0.003 7/1/1988 0.162661 0.342274 0.180 3/1/1986 0.316883 0.522462 0.206 ######## 0.41666 0.556245 0.140

8/1/1958 0 0 0.000 8/1/1988 0.020797 0.048901 0.028 1/1/1962 0.282559 0.487539 0.205 5/1/1995 0.271936 0.411185 0.139

9/1/1958 0.1635196 0.331235 0.168 9/1/1988 0.473801 0.600887 0.127 9/1/1997 0.238523 0.442856 0.204 4/1/1961 0.373843 0.512951 0.139

######## 0.3007539 0.504617 0.204 ######## 0.017542 0.019137 0.002 2/1/1961 0.539435 0.743453 0.204 1/1/1982 0.530537 0.669641 0.139

######## 0.4448939 0.581094 0.136 ######## 0.43866 0.581001 0.142 ######## 0.300754 0.504617 0.204 9/1/1985 0.450956 0.590015 0.139

######## 0.4170913 0.556057 0.139 ######## 0.290827 0.457412 0.167 4/1/1980 0.29717 0.50102 0.204 4/1/1964 0.17166 0.310658 0.139

1/1/1959 0.4602026 0.550168 0.090 1/1/1989 0.365722 0.515969 0.150 ######## 0.215408 0.419241 0.204 4/1/1975 0.258413 0.397411 0.139

2/1/1959 0.47091 0.565815 0.095 2/1/1989 0.372082 0.513634 0.142 4/1/1970 0.309311 0.513118 0.204 1/1/1968 0.407897 0.546873 0.139

3/1/1959 0.3869302 0.517795 0.131 3/1/1989 0.41762 0.528829 0.111 ######## 0.506779 0.709827 0.203 ######## 0.417091 0.556057 0.139

4/1/1959 0.1611241 0.312298 0.151 4/1/1989 0.501101 0.635145 0.134 1/1/1966 0.54385 0.746706 0.203 4/1/1972 0.371057 0.509676 0.139

5/1/1959 0.3281681 0.502046 0.174 5/1/1989 0.500993 0.609325 0.108 ######## 0.530124 0.732773 0.203 2/1/1992 0.52322 0.661414 0.138

6/1/1959 0.2568181 0.465414 0.209 6/1/1989 0.15593 0.280598 0.125 7/1/1959 0.169862 0.372427 0.203 6/1/1985 0.42027 0.558413 0.138

7/1/1959 0.1698624 0.372427 0.203 7/1/1989 0.459371 0.580591 0.121 ######## 0.30173 0.504217 0.202 3/1/1980 0.373881 0.511603 0.138

8/1/1959 0.00107722 0.008022 0.007 8/1/1989 0.360252 0.571023 0.211 6/1/1973 0.307867 0.510115 0.202 7/1/1993 0.443121 0.57996 0.137

9/1/1959 0.3278721 0.513048 0.185 9/1/1989 0.422822 0.564292 0.141 6/1/1982 0.328429 0.530437 0.202 3/1/2005 0.488324 0.625087 0.137

######## 0.5047801 0.681179 0.176 ######## 0.321935 0.51405 0.192 5/1/1954 0.253318 0.454638 0.201 6/1/1994 0.414539 0.550908 0.136

######## 0.3880038 0.550107 0.162 ######## 0.452008 0.611058 0.159 3/1/1984 0.303145 0.504365 0.201 2/1/1949 0.539541 0.6758 0.136

######## 0.4412169 0.571395 0.130 ######## 0.393451 0.543649 0.150 5/1/1968 0.505036 0.706194 0.201 ######## 0.444894 0.581094 0.136

1/1/1960 0.3791908 0.520655 0.141 1/1/1990 0.454764 0.580884 0.126 6/1/1971 0.310901 0.51195 0.201 6/1/1961 0.145473 0.281598 0.136

2/1/1960 0.5003392 0.584431 0.084 2/1/1990 0.335091 0.519552 0.184 ######## 0.332637 0.533281 0.201 3/1/1997 0.53503 0.670963 0.136

3/1/1960 0.4323756 0.553908 0.122 3/1/1990 0.362046 0.534111 0.172 6/1/1998 0.312774 0.513288 0.201 2/1/2001 0.260038 0.395708 0.136

4/1/1960 0.3829628 0.538037 0.155 4/1/1990 0.307866 0.506969 0.199 9/1/1950 0.304962 0.505195 0.200 4/1/1956 0.12837 0.263982 0.136

5/1/1960 0.3209791 0.500669 0.180 5/1/1990 0.327621 0.527623 0.200 5/1/1990 0.327621 0.527623 0.200 1/1/1954 0.521135 0.65598 0.135

6/1/1960 0.2484951 0.439901 0.191 6/1/1990 0.390205 0.543224 0.153 1/1/2005 0.269248 0.469234 0.200 2/1/1997 0.320161 0.454974 0.135

7/1/1960 0 0 0.000 7/1/1990 0.063467 0.151279 0.088 5/1/1956 0.329918 0.529543 0.200 5/1/1978 0.417982 0.552474 0.134

8/1/1960 0.1399809 0.256648 0.117 8/1/1990 0.231592 0.490059 0.258 4/1/1990 0.307866 0.506969 0.199 4/1/1988 0.422778 0.557089 0.134

9/1/1960 0.2600469 0.510475 0.250 9/1/1990 0.182079 0.394478 0.212 ######## 0.30794 0.506924 0.199 6/1/1984 0.406791 0.541025 0.134

######## 0.2856778 0.510307 0.225 ######## 0.403799 0.563731 0.160 5/1/1970 0.274632 0.473607 0.199 1/1/2007 0.400413 0.534463 0.134

######## 0.526968 0.791504 0.265 ######## 0.332825 0.512168 0.179 6/1/1996 0.140088 0.338916 0.199 4/1/1989 0.501101 0.635145 0.134

######## 0.3260732 0.500857 0.175 ######## 0.259068 0.487066 0.228 9/1/1981 0.305862 0.504333 0.198 8/1/1980 0.108186 0.242158 0.134

1/1/1961 0.4228096 0.539141 0.116 1/1/1991 0.500035 0.611202 0.111 ######## 0.300923 0.499036 0.198 4/1/1997 0.41549 0.549213 0.134

2/1/1961 0.5394353 0.743453 0.204 2/1/1991 0.507534 0.671266 0.164 5/1/2000 0.318442 0.516315 0.198 3/1/1992 0.502284 0.634985 0.133

3/1/1961 0.4234891 0.527512 0.104 3/1/1991 0.424997 0.564637 0.140 7/1/1966 0.317647 0.514369 0.197 6/1/1949 0.149497 0.282105 0.133

4/1/1961 0.3738431 0.512951 0.139 4/1/1991 0.469617 0.590639 0.121 3/1/1969 0.210636 0.40691 0.196 ######## 0.503128 0.635656 0.133

5/1/1961 0.3355848 0.515144 0.180 5/1/1991 0.393609 0.536791 0.143 4/1/1951 0.319847 0.515922 0.196 1/1/1956 0.682738 0.815251 0.133

6/1/1961 0.1454726 0.281598 0.136 6/1/1991 0.352999 0.528091 0.175 4/1/1973 0.311685 0.507688 0.196 1/1/1983 0.507311 0.6393 0.132

7/1/1961 0.1959661 0.343601 0.148 7/1/1991 2.61E-06 0.0044 0.004 8/1/1978 0.323662 0.519624 0.196 4/1/1998 0.143574 0.275369 0.132

8/1/1961 0.2404642 0.509617 0.269 8/1/1991 0.185368 0.469012 0.284 ######## 0.166803 0.362183 0.195 4/1/1950 0.395835 0.527487 0.132

5

Exhibit 16 SP26-1005



APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

9/1/1961 0.2363438 0.462148 0.226 9/1/1991 0.103445 0.141577 0.038 2/1/1977 0.314612 0.509467 0.195 7/1/1964 0.214811 0.346414 0.132

######## 0.3589633 0.532604 0.174 ######## 0.306862 0.500758 0.194 8/1/1997 0.360771 0.555445 0.195 7/1/1983 0.423036 0.554501 0.131

######## 0.3833846 0.545252 0.162 ######## 0.373453 0.532443 0.159 ######## 0.29491 0.489492 0.195 1/1/1980 0.530083 0.661415 0.131

######## 0.5176865 0.750177 0.232 ######## 0.422408 0.563992 0.142 6/1/1956 0.314549 0.508795 0.194 ######## 0.448449 0.57941 0.131

1/1/1962 0.2825586 0.487539 0.205 1/1/1992 0.390797 0.536309 0.146 ######## 0.549406 0.74361 0.194 3/1/1959 0.38693 0.517795 0.131

2/1/1962 0.3064744 0.481429 0.175 2/1/1992 0.52322 0.661414 0.138 ######## 0.306862 0.500758 0.194 1/1/1967 0.518603 0.649328 0.131

3/1/1962 0.5014033 0.64162 0.140 3/1/1992 0.502284 0.634985 0.133 3/1/2006 0.304348 0.498117 0.194 ######## 0.519025 0.649697 0.131

4/1/1962 0.4682464 0.584347 0.116 4/1/1992 0.328308 0.51453 0.186 5/1/2002 0.311587 0.505279 0.194 ######## 0.441217 0.571395 0.130

5/1/1962 0.3394983 0.532296 0.193 5/1/1992 0.118637 0.11751 -0.001 6/1/1977 0.261891 0.455098 0.193 ######## 0.461883 0.59156 0.130

6/1/1962 0.2716797 0.459218 0.188 6/1/1992 0.239019 0.422357 0.183 5/1/1962 0.339498 0.532296 0.193 4/1/1999 0.239412 0.368705 0.129

7/1/1962 0 0 0.000 7/1/1992 0.307709 0.527333 0.220 5/1/1951 0.312858 0.505526 0.193 8/1/1964 0.096488 0.225636 0.129

8/1/1962 0.2817124 0.504489 0.223 8/1/1992 0.230806 0.482565 0.252 4/1/2007 0.257287 0.449583 0.192 3/1/1954 0.398115 0.527167 0.129

9/1/1962 0.3694544 0.534595 0.165 9/1/1992 0.252068 0.467783 0.216 ######## 0.321935 0.51405 0.192 ######## 0.427888 0.555822 0.128

######## 0.3588333 0.532631 0.174 ######## 0.350694 0.53125 0.181 9/1/1956 0.205268 0.397339 0.192 3/1/2003 0.403544 0.531216 0.128

######## 0.5174126 0.727708 0.210 ######## 0.448449 0.57941 0.131 4/1/1979 0.327586 0.51943 0.192 ######## 0.449814 0.577126 0.127

######## 0.398629 0.544115 0.145 ######## 0.53982 0.826355 0.287 4/1/1968 0.193072 0.384885 0.192 9/1/1988 0.473801 0.600887 0.127

1/1/1963 0.520259 0.689718 0.169 1/1/1993 0.461626 0.571135 0.110 ######## 0.311565 0.503283 0.192 8/1/1973 0.479345 0.606023 0.127

2/1/1963 0.5063238 0.615288 0.109 2/1/1993 0.266611 0.417462 0.151 6/1/1960 0.248495 0.439901 0.191 6/1/1970 0.096188 0.22231 0.126

3/1/1963 0.4072756 0.520571 0.113 3/1/1993 0.359802 0.507816 0.148 9/1/1978 0.322374 0.51369 0.191 1/1/1990 0.454764 0.580884 0.126

4/1/1963 0.3877669 0.528326 0.141 4/1/1993 0.420272 0.535622 0.115 1/1/1950 0.533833 0.725099 0.191 ######## 0.486413 0.61249 0.126

5/1/1963 0.4012063 0.503848 0.103 5/1/1993 0.409426 0.553172 0.144 2/1/1964 0.153868 0.345099 0.191 7/1/1965 0.152636 0.27842 0.126

6/1/1963 0.2566267 0.434282 0.178 6/1/1993 0.259979 0.416308 0.156 5/1/1976 0.322445 0.513645 0.191 ######## 0.497872 0.623537 0.126

7/1/1963 0.1940033 0.383681 0.190 7/1/1993 0.443121 0.57996 0.137 6/1/1969 0.327844 0.519025 0.191 4/1/1982 0.38781 0.512722 0.125

8/1/1963 0.2800491 0.457018 0.177 8/1/1993 0.068489 0.152957 0.084 ######## 0.368816 0.559763 0.191 ######## 0.4606 0.585275 0.125

9/1/1963 0.1803878 0.361074 0.181 9/1/1993 4.41E-07 4.37E-07 0.000 ######## 0.324908 0.515609 0.191 6/1/1989 0.15593 0.280598 0.125

######## 0.320277 0.507614 0.187 ######## 0.372704 0.543108 0.170 9/1/1980 0.264043 0.454237 0.190 4/1/2003 0.507747 0.632071 0.124

######## 0.4567997 0.605991 0.149 ######## 0.242403 0.430383 0.188 5/1/1997 0.543405 0.733569 0.190 9/1/1974 0.097437 0.221584 0.124

######## 0.368816 0.559763 0.191 ######## 0.361555 0.530241 0.169 7/1/1963 0.194003 0.383681 0.190 1/1/1995 0.414117 0.538089 0.124

1/1/1964 0.5450631 0.725677 0.181 1/1/1994 0.415236 0.562374 0.147 1/1/1970 1.006669 1.195714 0.189 ######## 0.475618 0.599147 0.124

2/1/1964 0.1538684 0.345099 0.191 2/1/1994 0.559034 0.767289 0.208 ######## 0.345352 0.534362 0.189 7/1/1954 0.504094 0.627581 0.123

3/1/1964 0.375635 0.549163 0.174 3/1/1994 0.29926 0.508607 0.209 ######## 0.509367 0.69792 0.189 6/1/1997 0.437609 0.561062 0.123

4/1/1964 0.1716604 0.310658 0.139 4/1/1994 0.298748 0.48197 0.183 ######## 0.242403 0.430383 0.188 2/1/1950 0.505501 0.628924 0.123

5/1/1964 0.1431328 0.245747 0.103 5/1/1994 0.130606 0.297901 0.167 1/1/1977 0.319862 0.507573 0.188 5/1/1982 0.117833 0.240711 0.123

6/1/1964 0.2418061 0.486152 0.244 6/1/1994 0.414539 0.550908 0.136 ######## 0.334556 0.522102 0.188 9/1/2005 0.474815 0.596484 0.122

7/1/1964 0.214811 0.346414 0.132 7/1/1994 0 0 0.000 6/1/1962 0.27168 0.459218 0.188 3/1/1960 0.432376 0.553908 0.122

8/1/1964 0.09648819 0.225636 0.129 8/1/1994 0.019013 0.046788 0.028 ######## 0.320277 0.507614 0.187 1/1/2006 0.502693 0.624 0.121

9/1/1964 0.357805 0.52765 0.170 9/1/1994 0.287636 0.473173 0.186 7/1/1977 0.148077 0.335409 0.187 7/1/1989 0.459371 0.580591 0.121

######## 0.165463 0.33267 0.167 ######## 0.524672 0.781118 0.256 9/1/2001 0.328591 0.515399 0.187 4/1/1991 0.469617 0.590639 0.121

######## 0.3591588 0.525124 0.166 ######## 0.512107 0.675697 0.164 9/1/2000 0.352347 0.53913 0.187 4/1/1995 0.402599 0.523205 0.121

######## 0.5596859 0.744215 0.185 ######## 0.446604 0.558499 0.112 ######## 0.257393 0.444037 0.187 2/1/1998 0.390756 0.511113 0.120
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COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

1/1/1965 0.5017329 0.615102 0.113 1/1/1995 0.414117 0.538089 0.124 6/1/1967 0.343611 0.530022 0.186 3/1/1979 0.394872 0.514431 0.120

2/1/1965 0.337066 0.511117 0.174 2/1/1995 0.409772 0.526091 0.116 9/1/1986 0.516684 0.703085 0.186 3/1/1996 0.469523 0.588615 0.119

3/1/1965 0.3224925 0.501214 0.179 3/1/1995 0.355976 0.514696 0.159 3/1/1977 0.341737 0.528111 0.186 2/1/1979 0.488521 0.607168 0.119

4/1/1965 0.3730156 0.526946 0.154 4/1/1995 0.402599 0.523205 0.121 4/1/1992 0.328308 0.51453 0.186 ######## 0.508976 0.627359 0.118

5/1/1965 0.1973757 0.461594 0.264 5/1/1995 0.271936 0.411185 0.139 ######## 0.328142 0.514267 0.186 3/1/1999 0.412322 0.530494 0.118

6/1/1965 0.2461276 0.500558 0.254 6/1/1995 0.419548 0.562638 0.143 6/1/2000 0.21482 0.400765 0.186 1/1/1951 0.508856 0.627017 0.118

7/1/1965 0.1526357 0.27842 0.126 7/1/1995 0.503073 0.657916 0.155 9/1/1949 0.486055 0.67181 0.186 3/1/1955 0.280365 0.398497 0.118

8/1/1965 0.2151665 0.384719 0.170 8/1/1995 0.170427 0.335087 0.165 9/1/1994 0.287636 0.473173 0.186 6/1/1979 0.119676 0.237475 0.118

9/1/1965 6.1984E-08 6.2E-08 0.000 9/1/1995 0.218729 0.389618 0.171 ######## 0.714655 0.900133 0.185 ######## 0.500365 0.61721 0.117

######## 0.3079403 0.506924 0.199 ######## 0.363573 0.528774 0.165 7/1/1950 0.147589 0.333041 0.185 1/1/1999 0.521927 0.638771 0.117

######## 0.4171445 0.562598 0.145 ######## 0.563138 0.947417 0.384 2/1/1968 0.535678 0.72112 0.185 1/1/1971 0.411644 0.528485 0.117

######## 0.4813267 0.575313 0.094 ######## 0.500954 0.586585 0.086 ######## 0.310168 0.495458 0.185 8/1/1960 0.139981 0.256648 0.117

1/1/1966 0.5438498 0.746706 0.203 1/1/1996 0.519759 0.632093 0.112 9/1/1959 0.327872 0.513048 0.185 2/1/2000 0.411606 0.528126 0.117

2/1/1966 0.3042236 0.511075 0.207 2/1/1996 0.656995 0.830074 0.173 5/1/1987 0.272686 0.457857 0.185 1/1/1961 0.42281 0.539141 0.116

3/1/1966 0.5199056 0.625046 0.105 3/1/1996 0.469523 0.588615 0.119 7/1/1986 0.330599 0.515565 0.185 2/1/1995 0.409772 0.526091 0.116

4/1/1966 0.1598341 0.309548 0.150 4/1/1996 0.4413 0.518348 0.077 9/1/2006 0.191262 0.376084 0.185 4/1/1962 0.468246 0.584347 0.116

5/1/1966 0.2209045 0.461161 0.240 5/1/1996 0.472681 0.588193 0.116 ######## 0.559686 0.744215 0.185 2/1/1955 0.500118 0.615881 0.116

6/1/1966 0.3035882 0.514074 0.210 6/1/1996 0.140088 0.338916 0.199 2/1/1990 0.335091 0.519552 0.184 1/1/1973 0.501084 0.61667 0.116

7/1/1966 0.3176472 0.514369 0.197 7/1/1996 0.219554 0.474331 0.255 ######## 0.562927 0.747193 0.184 5/1/1996 0.472681 0.588193 0.116

8/1/1966 0.291671 0.532153 0.240 8/1/1996 0.018091 0.042174 0.024 5/1/1980 0.360286 0.544243 0.184 4/1/1993 0.420272 0.535622 0.115

9/1/1966 0.3065397 0.533136 0.227 9/1/1996 0.561034 0.839125 0.278 6/1/1974 0.162857 0.346671 0.184 4/1/1984 0.498471 0.613586 0.115

######## 0.3403167 0.515792 0.175 ######## 0.379743 0.542514 0.163 ######## 0.157664 0.341408 0.184 ######## 0.421142 0.535618 0.114

######## 0.5000244 0.612847 0.113 ######## 0.679676 0.885464 0.206 ######## 0.338046 0.521592 0.184 1/1/1965 0.501733 0.615102 0.113

######## 0.5009583 0.654297 0.153 ######## 0.562927 0.747193 0.184 6/1/1992 0.239019 0.422357 0.183 3/1/1963 0.407276 0.520571 0.113

1/1/1967 0.5186027 0.649328 0.131 1/1/1997 0.538162 0.634113 0.096 ######## 0.327755 0.51106 0.183 ######## 0.500024 0.612847 0.113

2/1/1967 0.3468609 0.509326 0.162 2/1/1997 0.320161 0.454974 0.135 5/1/1981 0.342268 0.525553 0.183 1/1/1996 0.519759 0.632093 0.112

3/1/1967 0.5012392 0.607795 0.107 3/1/1997 0.53503 0.670963 0.136 4/1/1994 0.298748 0.48197 0.183 ######## 0.475063 0.587082 0.112

4/1/1967 0.2357583 0.3852 0.149 4/1/1997 0.41549 0.549213 0.134 3/1/1978 0.331128 0.513991 0.183 ######## 0.446604 0.558499 0.112

5/1/1967 0.2190176 0.483982 0.265 5/1/1997 0.543405 0.733569 0.190 9/1/1984 0.332154 0.514455 0.182 3/1/1989 0.41762 0.528829 0.111

6/1/1967 0.3436111 0.530022 0.186 6/1/1997 0.437609 0.561062 0.123 ######## 0.507209 0.689443 0.182 1/1/1991 0.500035 0.611202 0.111

7/1/1967 2.1718E-06 2.19E-06 0.000 7/1/1997 0.220923 0.402526 0.182 6/1/2006 0.187633 0.369792 0.182 1/1/1975 0.520287 0.631448 0.111

8/1/1967 0 0 0.000 8/1/1997 0.360771 0.555445 0.195 ######## 0.319186 0.501204 0.182 1/1/1952 0.407208 0.518023 0.111

9/1/1967 0.1493572 0.308521 0.159 9/1/1997 0.238523 0.442856 0.204 6/1/1954 0.358854 0.540816 0.182 ######## 0.450316 0.561079 0.111

######## 0.3865481 0.53495 0.148 ######## 0.53199 0.829502 0.298 8/1/1950 0.382629 0.564423 0.182 ######## 0.494515 0.605085 0.111

######## 0.3281421 0.514267 0.186 ######## 0.338046 0.521592 0.184 7/1/1997 0.220923 0.402526 0.182 1/1/1976 0.430649 0.540963 0.110

######## 0.4020385 0.552364 0.150 ######## 0.35045 0.508684 0.158 9/1/1973 0.37179 0.553361 0.182 2/1/1970 0.539046 0.649278 0.110

1/1/1968 0.4078966 0.546873 0.139 1/1/1998 0.465125 0.56255 0.097 9/1/1979 0.323774 0.505163 0.181 ######## 0.498454 0.608416 0.110

2/1/1968 0.5356779 0.72112 0.185 2/1/1998 0.390756 0.511113 0.120 9/1/1963 0.180388 0.361074 0.181 1/1/1993 0.461626 0.571135 0.110

3/1/1968 0.2884161 0.501781 0.213 3/1/1998 0.385441 0.531136 0.146 1/1/1964 0.545063 0.725677 0.181 2/1/1956 0.441873 0.550884 0.109

4/1/1968 0.1930715 0.384885 0.192 4/1/1998 0.143574 0.275369 0.132 ######## 0.350694 0.53125 0.181 2/1/1963 0.506324 0.615288 0.109
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APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

5/1/1968 0.5050358 0.706194 0.201 5/1/1998 0.523073 0.678701 0.156 5/1/2007 0.325527 0.505925 0.180 5/1/1989 0.500993 0.609325 0.108

6/1/1968 0.3603759 0.516788 0.156 6/1/1998 0.312774 0.513288 0.201 ######## 0.363256 0.543617 0.180 ######## 0.480284 0.588201 0.108

7/1/1968 0.04228926 0.043232 0.001 7/1/1998 0.142244 0.349518 0.207 8/1/2001 0.341924 0.522128 0.180 3/1/1975 0.417621 0.525491 0.108

8/1/1968 0.5339366 0.798385 0.264 8/1/1998 0.048728 0.049873 0.001 6/1/1952 0.334527 0.514334 0.180 3/1/2002 0.507754 0.615246 0.107

9/1/1968 0.3810868 0.534058 0.153 9/1/1998 0.421188 0.569553 0.148 5/1/1960 0.320979 0.500669 0.180 3/1/1967 0.501239 0.607795 0.107

######## 0.4047884 0.551149 0.146 ######## 0.298129 0.509528 0.211 ######## 0.331853 0.511468 0.180 3/1/1952 0.422838 0.528187 0.105

######## 0.5031281 0.635656 0.133 ######## 0.529819 0.763878 0.234 7/1/1988 0.162661 0.342274 0.180 3/1/1966 0.519906 0.625046 0.105

######## 0.5301238 0.732773 0.203 ######## 0.549406 0.74361 0.194 5/1/1961 0.335585 0.515144 0.180 7/1/1957 0.082368 0.187128 0.105

1/1/1969 0.5275877 0.690567 0.163 1/1/1999 0.521927 0.638771 0.117 ######## 0.324339 0.5037 0.179 2/1/1958 0.411996 0.516356 0.104

2/1/1969 0.4937429 0.572258 0.079 2/1/1999 0.512674 0.595341 0.083 ######## 0.332825 0.512168 0.179 3/1/1961 0.423489 0.527512 0.104

3/1/1969 0.2106355 0.40691 0.196 3/1/1999 0.412322 0.530494 0.118 4/1/1983 0.339766 0.519029 0.179 3/1/1956 0.418505 0.522275 0.104

4/1/1969 0.3112054 0.516916 0.206 4/1/1999 0.239412 0.368705 0.129 5/1/1955 0.327874 0.507082 0.179 2/1/2008 0.437292 0.541061 0.104

5/1/1969 0.3031215 0.509397 0.206 5/1/1999 0.266622 0.489229 0.223 3/1/1965 0.322493 0.501214 0.179 5/1/1963 0.401206 0.503848 0.103

6/1/1969 0.3278443 0.519025 0.191 6/1/1999 0.26754 0.501831 0.234 4/1/2005 0.299881 0.478075 0.178 5/1/1964 0.143133 0.245747 0.103

7/1/1969 0.05262675 0.058867 0.006 7/1/1999 0.093235 0.185681 0.092 ######## 0.343392 0.521561 0.178 8/1/1952 0.080673 0.183104 0.102

8/1/1969 0 0 0.000 8/1/1999 0.151186 0.383915 0.233 5/1/2005 0.323526 0.501618 0.178 ######## 0.150717 0.252756 0.102

9/1/1969 0.5683826 0.862985 0.295 9/1/1999 0.04997 0.064105 0.014 7/1/1987 0.342427 0.52041 0.178 ######## 0.484316 0.586186 0.102

######## 0.3985417 0.55809 0.160 ######## 0.418597 0.56493 0.146 6/1/1963 0.256627 0.434282 0.178 9/1/1987 0.082511 0.183683 0.101

######## 0.5072087 0.689443 0.182 ######## 0.396115 0.552658 0.157 9/1/1951 0.35976 0.537375 0.178 4/1/1971 0.442996 0.543836 0.101

######## 0.5089761 0.627359 0.118 ######## 0.30173 0.504217 0.202 1/1/2008 0.333796 0.511191 0.177 1/1/1988 0.428761 0.528936 0.100

1/1/1970 1.006669 1.195714 0.189 1/1/2000 0.405936 0.552009 0.146 8/1/1963 0.280049 0.457018 0.177 ######## 0.503167 0.603265 0.100

2/1/1970 0.5390461 0.649278 0.110 2/1/2000 0.411606 0.528126 0.117 5/1/1949 0.340877 0.517458 0.177 8/1/2005 0.501092 0.599224 0.098

3/1/1970 0.5148591 0.605849 0.091 3/1/2000 0.405483 0.546656 0.141 4/1/1976 0.334824 0.511348 0.177 2/1/1975 0.431062 0.529011 0.098

4/1/1970 0.3093105 0.513118 0.204 4/1/2000 0.297484 0.516468 0.219 ######## 0.50478 0.681179 0.176 1/1/1998 0.465125 0.56255 0.097

5/1/1970 0.2746316 0.473607 0.199 5/1/2000 0.318442 0.516315 0.198 1/1/1949 0.325446 0.501706 0.176 8/1/1985 0.147923 0.244825 0.097

6/1/1970 0.09618833 0.22231 0.126 6/1/2000 0.21482 0.400765 0.186 6/1/1983 0.227498 0.403467 0.176 2/1/2003 0.482379 0.578831 0.096

7/1/1970 1.9731E-05 0.000499 0.000 7/1/2000 0.029606 0.0756 0.046 ######## 0.340317 0.515792 0.175 1/1/1997 0.538162 0.634113 0.096

8/1/1970 0 0 0.000 8/1/2000 0.028403 0.071657 0.043 6/1/1991 0.352999 0.528091 0.175 3/1/2007 0.440535 0.535748 0.095

9/1/1970 0.2306105 0.502043 0.271 9/1/2000 0.352347 0.53913 0.187 1/1/1974 0.601967 0.77698 0.175 2/1/1959 0.47091 0.565815 0.095

######## 0.3277546 0.51106 0.183 ######## 0.418002 0.57303 0.155 2/1/1962 0.306474 0.481429 0.175 4/1/1955 0.515437 0.610317 0.095

######## 0.4166598 0.556245 0.140 ######## 0.331853 0.511468 0.180 ######## 0.326073 0.500857 0.175 ######## 0.485552 0.580298 0.095

######## 0.5031672 0.603265 0.100 ######## 0.399463 0.543649 0.144 2/1/2005 0.318036 0.492511 0.174 7/1/1971 0.070484 0.165127 0.095

1/1/1971 0.4116441 0.528485 0.117 1/1/2001 0.248988 0.418176 0.169 ######## 0.334363 0.508833 0.174 5/1/1953 0.500195 0.594626 0.094

2/1/1971 0.3002957 0.455104 0.155 2/1/2001 0.260038 0.395708 0.136 ######## 0.333646 0.508054 0.174 2/1/1984 0.459677 0.55406 0.094

3/1/1971 0.440459 0.532695 0.092 3/1/2001 0.387393 0.538325 0.151 6/1/1955 0.343314 0.517679 0.174 ######## 0.481327 0.575313 0.094

4/1/1971 0.4429955 0.543836 0.101 4/1/2001 0.382573 0.535698 0.153 4/1/2006 0.321213 0.495557 0.174 2/1/1972 0.504456 0.59828 0.094

5/1/1971 0.1930556 0.455205 0.262 5/1/2001 0.264024 0.4106 0.147 2/1/1965 0.337066 0.511117 0.174 2/1/1954 0.476899 0.569711 0.093

6/1/1971 0.3109006 0.51195 0.201 6/1/2001 0.193485 0.406703 0.213 5/1/1952 0.272432 0.44642 0.174 2/1/1981 0.47432 0.56693 0.093

7/1/1971 0.07048396 0.165127 0.095 7/1/2001 0.244773 0.467067 0.222 5/1/1959 0.328168 0.502046 0.174 7/1/1999 0.093235 0.185681 0.092

8/1/1971 0.4425063 0.59257 0.150 8/1/2001 0.341924 0.522128 0.180 ######## 0.358833 0.532631 0.174 3/1/1971 0.440459 0.532695 0.092
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APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)

9/1/1971 0.4353317 0.593206 0.158 9/1/2001 0.328591 0.515399 0.187 ######## 0.33617 0.50991 0.174 ######## 0.502442 0.593752 0.091

######## 0.4076585 0.552331 0.145 ######## 0.332637 0.533281 0.201 ######## 0.358963 0.532604 0.174 ######## 0.497743 0.588999 0.091

######## 0.4220294 0.572444 0.150 ######## 0.461883 0.59156 0.130 3/1/1964 0.375635 0.549163 0.174 3/1/1970 0.514859 0.605849 0.091

######## 0.4984536 0.608416 0.110 ######## 0.485808 0.575604 0.090 3/1/1949 0.330761 0.504087 0.173 1/1/1959 0.460203 0.550168 0.090

1/1/1972 0.5335248 0.700894 0.167 1/1/2002 0.571142 0.778123 0.207 5/1/1973 0.358657 0.531904 0.173 ######## 0.485808 0.575604 0.090

2/1/1972 0.504456 0.59828 0.094 2/1/2002 0.53911 0.752218 0.213 2/1/1996 0.656995 0.830074 0.173 7/1/1981 0.070363 0.159847 0.089

3/1/1972 0.507489 0.574548 0.067 3/1/2002 0.507754 0.615246 0.107 ######## 0.358614 0.531605 0.173 7/1/1980 0.060983 0.148867 0.088

4/1/1972 0.371057 0.509676 0.139 4/1/2002 0.342302 0.514418 0.172 8/1/1983 0.335909 0.508517 0.173 7/1/1990 0.063467 0.151279 0.088

5/1/1972 0.3622417 0.521799 0.160 5/1/2002 0.311587 0.505279 0.194 4/1/2002 0.342302 0.514418 0.172 3/1/1951 0.472095 0.559095 0.087

6/1/1972 0.1947846 0.444239 0.249 6/1/2002 0.356805 0.517002 0.160 3/1/1990 0.362046 0.534111 0.172 ######## 0.505691 0.591647 0.086

7/1/1972 0.1909996 0.421284 0.230 7/1/2002 0.052602 0.100169 0.048 ######## 0.505983 0.678046 0.172 8/1/1949 0.052685 0.138584 0.086

8/1/1972 0.2918636 0.505004 0.213 8/1/2002 0 0 0.000 4/1/1949 0.10317 0.274826 0.172 3/1/1974 0.482466 0.568259 0.086

9/1/1972 0.4419676 0.591106 0.149 9/1/2002 0.304964 0.523087 0.218 9/1/1995 0.218729 0.389618 0.171 ######## 0.500954 0.586585 0.086

######## 0.1576644 0.341408 0.184 ######## 0.296641 0.50699 0.210 3/1/1985 0.337694 0.508571 0.171 1/1/1958 0.461545 0.547115 0.086

######## 0.3361697 0.50991 0.174 ######## 0.272538 0.500758 0.228 ######## 0.502993 0.673766 0.171 2/1/1986 0.48883 0.574097 0.085

######## 0.5283074 0.782503 0.254 ######## 0.477887 0.621612 0.144 ######## 0.372704 0.543108 0.170 8/1/1993 0.068489 0.152957 0.084

1/1/1973 0.5010837 0.61667 0.116 1/1/2003 0.57146 0.799171 0.228 6/1/2008 0.347324 0.517526 0.170 2/1/1960 0.500339 0.584431 0.084

2/1/1973 0.2796453 0.501825 0.222 2/1/2003 0.482379 0.578831 0.096 1/1/1957 0.316119 0.486254 0.170 2/1/1953 0.466643 0.549654 0.083

3/1/1973 0.39765 0.541825 0.144 3/1/2003 0.403544 0.531216 0.128 9/1/1964 0.357805 0.52765 0.170 2/1/1999 0.512674 0.595341 0.083

4/1/1973 0.3116845 0.507688 0.196 4/1/2003 0.507747 0.632071 0.124 5/1/1957 0.370277 0.539989 0.170 7/1/1951 0.050314 0.131306 0.081

5/1/1973 0.3586574 0.531904 0.173 5/1/2003 0.293047 0.505397 0.212 8/1/1965 0.215167 0.384719 0.170 2/1/1969 0.493743 0.572258 0.079

6/1/1973 0.3078667 0.510115 0.202 6/1/2003 0.017831 0.04367 0.026 4/1/1985 0.170901 0.340388 0.169 6/1/1986 0.047449 0.124744 0.077

7/1/1973 0.01096808 0.011535 0.001 7/1/2003 4.01E-08 4.01E-08 0.000 1/1/1963 0.520259 0.689718 0.169 4/1/1996 0.4413 0.518348 0.077

8/1/1973 0.4793449 0.606023 0.127 8/1/2003 0.045397 0.121294 0.076 2/1/1982 0.603908 0.773104 0.169 8/1/2003 0.045397 0.121294 0.076

9/1/1973 0.3717899 0.553361 0.182 9/1/2003 0.259288 0.40486 0.146 1/1/2001 0.248988 0.418176 0.169 3/1/1987 0.492109 0.56777 0.076

######## 0.3433923 0.521561 0.178 ######## 0.509367 0.69792 0.189 ######## 0.355033 0.524198 0.169 2/1/1978 0.503442 0.578822 0.075

######## 0.6455432 0.883976 0.238 ######## 0.473067 0.617664 0.145 6/1/1981 0.338973 0.508084 0.169 7/1/1979 0.067903 0.142752 0.075

######## 0.484316 0.586186 0.102 ######## 0.42006 0.561842 0.142 ######## 0.390627 0.559442 0.169 2/1/1974 0.489281 0.562019 0.073

1/1/1974 0.6019672 0.77698 0.175 1/1/2004 0.385591 0.52967 0.144 ######## 0.361555 0.530241 0.169 3/1/1957 0.501744 0.572922 0.071

2/1/1974 0.4892811 0.562019 0.073 2/1/2004 0.342844 0.498492 0.156 ######## 0.346622 0.515098 0.168 3/1/1972 0.507489 0.574548 0.067

3/1/1974 0.4824662 0.568259 0.086 3/1/2004 0.276752 0.439826 0.163 ######## 0.342796 0.510794 0.168 2/1/1983 0.511905 0.577698 0.066

4/1/1974 0.2878227 0.44649 0.159 4/1/2004 0.195486 0.358765 0.163 ######## 0.363514 0.531416 0.168 2/1/1987 0.545164 0.59479 0.050

5/1/1974 0.25445 0.492647 0.238 5/1/2004 0.247051 0.500798 0.254 6/1/1953 0.389546 0.557334 0.168 7/1/2002 0.052602 0.100169 0.048

6/1/1974 0.1628572 0.346671 0.184 6/1/2004 0.229509 0.460968 0.231 9/1/1958 0.16352 0.331235 0.168 7/1/2000 0.029606 0.0756 0.046

7/1/1974 0.4100024 0.574663 0.165 7/1/2004 0 0 0.000 3/1/1981 0.330382 0.497999 0.168 8/1/2000 0.028403 0.071657 0.043

8/1/1974 0 0 0.000 8/1/2004 0.395047 0.561166 0.166 1/1/1972 0.533525 0.700894 0.167 9/1/1991 0.103445 0.141577 0.038

9/1/1974 0.09743669 0.221584 0.124 9/1/2004 0.193775 0.343482 0.150 5/1/1994 0.130606 0.297901 0.167 8/1/2006 0.02121 0.049982 0.029

######## 0.3191864 0.501204 0.182 ######## 0.324339 0.5037 0.179 ######## 0.165463 0.33267 0.167 8/1/1988 0.020797 0.048901 0.028

######## 0.4774396 0.622801 0.145 ######## 0.355033 0.524198 0.169 ######## 0.290827 0.457412 0.167 8/1/1994 0.019013 0.046788 0.028

######## 0.5186542 0.684284 0.166 ######## 0.403231 0.552425 0.149 8/1/2004 0.395047 0.561166 0.166 6/1/2003 0.017831 0.04367 0.026
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APPENDIX B WETLAND PROTECTION

B-2c MR #8 - MONTHLY MEAN AVERAGE VALUES

COMPARE WATER LEVEL FLUCTUTAIONS (WLF)
1/1/1975 0.5202874 0.631448 0.111 1/1/2005 0.269248 0.469234 0.200 ######## 0.359159 0.525124 0.166 8/1/1996 0.018091 0.042174 0.024

2/1/1975 0.4310621 0.529011 0.098 2/1/2005 0.318036 0.492511 0.174 ######## 0.518654 0.684284 0.166 9/1/1999 0.04997 0.064105 0.014

3/1/1975 0.4176209 0.525491 0.108 3/1/2005 0.488324 0.625087 0.137 1/1/1981 0.306919 0.472511 0.166 6/1/1987 0.093248 0.103408 0.010

4/1/1975 0.2584133 0.397411 0.139 4/1/2005 0.299881 0.478075 0.178 ######## 0.363573 0.528774 0.165 7/1/1949 0.000459 0.009925 0.009

5/1/1975 0.3659904 0.520507 0.155 5/1/2005 0.323526 0.501618 0.178 9/1/1962 0.369454 0.534595 0.165 8/1/1986 0.001417 0.009005 0.008

6/1/1975 0.2865245 0.499835 0.213 6/1/2005 0.308598 0.529738 0.221 3/1/1958 0.400228 0.565264 0.165 7/1/1953 0.019987 0.02735 0.007

7/1/1975 0.1767193 0.383713 0.207 7/1/2005 0.143566 0.289951 0.146 1/1/1984 0.328511 0.493526 0.165 8/1/1959 0.001077 0.008022 0.007

8/1/1975 0.4383042 0.579526 0.141 8/1/2005 0.501092 0.599224 0.098 7/1/1974 0.410002 0.574663 0.165 7/1/1969 0.052627 0.058867 0.006

9/1/1975 0.05466184 0.057239 0.003 9/1/2005 0.474815 0.596484 0.122 8/1/1995 0.170427 0.335087 0.165 7/1/1991 2.61E-06 0.0044 0.004

######## 0.3466215 0.515098 0.168 ######## 0.40221 0.560463 0.158 9/1/1954 0.127875 0.292209 0.164 7/1/1958 0.064204 0.066783 0.003

######## 0.3968755 0.553362 0.156 ######## 0.345352 0.534362 0.189 2/1/1991 0.507534 0.671266 0.164 9/1/1975 0.054662 0.057239 0.003

######## 0.5212243 0.75575 0.235 ######## 0.532091 0.754634 0.223 ######## 0.512107 0.675697 0.164 ######## 0.017542 0.019137 0.002

1/1/1976 0.4306487 0.540963 0.110 1/1/2006 0.502693 0.624 0.121 ######## 0.357033 0.520606 0.164 8/1/1998 0.048728 0.049873 0.001

2/1/1976 0.5612866 0.774875 0.214 2/1/2006 0.348146 0.505818 0.158 4/1/2004 0.195486 0.358765 0.163 7/1/1952 0.049889 0.050844 0.001

3/1/1976 0.3604791 0.504425 0.144 3/1/2006 0.304348 0.498117 0.194 4/1/2008 0.349322 0.512462 0.163 7/1/1968 0.042289 0.043232 0.001

4/1/1976 0.3348237 0.511348 0.177 4/1/2006 0.321213 0.495557 0.174 2/1/1980 0.354799 0.517937 0.163 7/1/1973 0.010968 0.011535 0.001

5/1/1976 0.3224447 0.513645 0.191 5/1/2006 0.432456 0.583916 0.151 8/1/1976 0.385555 0.54864 0.163 8/1/1955 0.005698 0.006212 0.001

6/1/1976 0.2311757 0.502951 0.272 6/1/2006 0.187633 0.369792 0.182 3/1/2004 0.276752 0.439826 0.163 7/1/1970 1.97E-05 0.000499 0.000

7/1/1976 0.2357015 0.391706 0.156 7/1/2006 0.275086 0.511151 0.236 1/1/1969 0.527588 0.690567 0.163 7/1/1967 2.17E-06 2.19E-06 0.000

8/1/1976 0.3855548 0.54864 0.163 8/1/2006 0.02121 0.049982 0.029 ######## 0.379743 0.542514 0.163 ######## 0 0 0.000

9/1/1976 0.2711586 0.507367 0.236 9/1/2006 0.191262 0.376084 0.185 5/1/1984 0.352255 0.514767 0.163 6/1/1951 0.000231 0.000231 0.000

######## 0.2870193 0.521825 0.235 ######## 0.31781 0.528298 0.210 2/1/1967 0.346861 0.509326 0.162 8/1/1951 0 0 0.000

######## 0.2154084 0.419241 0.204 ######## 0.512854 0.77507 0.262 1/1/1953 0.527958 0.690198 0.162 8/1/1958 0 0 0.000

######## 0.2573929 0.444037 0.187 ######## 0.485552 0.580298 0.095 ######## 0.388004 0.550107 0.162 7/1/1960 0 0 0.000

1/1/1977 0.3198615 0.507573 0.188 1/1/2007 0.400413 0.534463 0.134 ######## 0.535897 0.697778 0.162 7/1/1962 0 0 0.000

2/1/1977 0.3146117 0.509467 0.195 2/1/2007 0.405047 0.546327 0.141 ######## 0.383385 0.545252 0.162 9/1/1965 6.2E-08 6.2E-08 0.000

3/1/1977 0.3417374 0.528111 0.186 3/1/2007 0.440535 0.535748 0.095 5/1/1985 0.404237 0.565385 0.161 8/1/1967 0 0 0.000

4/1/1977 0.1784804 0.44532 0.267 4/1/2007 0.257287 0.449583 0.192 9/1/1955 0.383065 0.544102 0.161 8/1/1969 0 0 0.000

5/1/1977 0.2914756 0.50259 0.211 5/1/2007 0.325527 0.505925 0.180 6/1/2002 0.356805 0.517002 0.160 8/1/1970 0 0 0.000

6/1/1977 0.2618913 0.455098 0.193 6/1/2007 0.241062 0.502665 0.262 4/1/1978 0.351473 0.511473 0.160 8/1/1974 0 0 0.000

7/1/1977 0.1480765 0.335409 0.187 7/1/2007 0.160731 0.311678 0.151 ######## 0.403799 0.563731 0.160 8/1/1981 0 0 0.000

8/1/1977 0.4195426 0.562605 0.143 8/1/2007 0.199857 0.466889 0.267 4/1/1952 0.375908 0.535493 0.160 8/1/1984 0 0 0.000

9/1/1977 0.2962181 0.509571 0.213 9/1/2007 0.398558 0.552779 0.154 5/1/1972 0.362242 0.521799 0.160 7/1/1994 0 0 0.000

######## 0.2784725 0.489449 0.211 ######## 0.324908 0.515609 0.191 ######## 0.398542 0.55809 0.160 8/1/2002 0 0 0.000

######## 0.4211417 0.535618 0.114 ######## 0.311565 0.503283 0.192 ######## 0.35609 0.515401 0.159 7/1/2003 4.01E-08 4.01E-08 0.000

######## 0.6157556 0.853217 0.237 ######## 0.475063 0.587082 0.112 9/1/1967 0.149357 0.308521 0.159 7/1/2004 0 0 0.000

1/1/1978 0.3689091 0.513806 0.145 1/1/2008 0.333796 0.511191 0.177 5/1/1950 0.224558 0.383682 0.159 7/1/2008 0 0 0.000

2/1/1978 0.5034424 0.578822 0.075 2/1/2008 0.437292 0.541061 0.104 ######## 0.452008 0.611058 0.159 8/1/2008 0 0 0.000

3/1/1978 0.331128 0.513991 0.183 3/1/2008 0.388711 0.542767 0.154 ######## 0.373453 0.532443 0.159 9/1/2008 0 0 0.000

4/1/1978 0.3514734 0.511473 0.160 4/1/2008 0.349322 0.512462 0.163 3/1/1988 0.347806 0.506684 0.159 9/1/1993 4.41E-07 4.37E-07 0.000

5/1/1978 0.4179821 0.552474 0.134 5/1/2008 0.525068 0.779752 0.255 3/1/1995 0.355976 0.514696 0.159 7/1/1956 0.000214 1.68E-05 0.000

6/1/1978 0.4179975 0.575578 0.158 6/1/2008 0.347324 0.517526 0.170 4/1/1974 0.287823 0.44649 0.159 5/1/1992 0.118637 0.11751 -0.001

7/1/1978 0.4297459 0.582213 0.152 7/1/2008 0 0 0.000 ######## 0.40221 0.560463 0.158 1/1/1985 0.097239 0.095204 -0.002

8/1/1978 0.3236624 0.519624 0.196 8/1/2008 0 0 0.000 ######## 0.35045 0.508684 0.158 7/1/1984 0.070569 0.062683 -0.008

9/1/1978 0.3223737 0.51369 0.191 9/1/2008 0 0 0.000 9/1/1971 0.435332 0.593206 0.158
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This project discharges to a Flow Control - exempt receiving water – Lacamas Lake.  

Responses are included for this section on flow control, but section 2.5.8 Minimum 

Requirement #8: Wetlands Protection seems more applicable. The wetlands are within the 100 yr 

flood plain.  

 A hydroperiod analysis has been prepared to satisfy MR#8 without providing flow 

control.  

 This modeling determined that provisions for Flow Control (without infiltration) 

provided no significant difference for inflow volume to the wetland. When modeled for 

flow control with infiltration, the hydroperiod results were quite negative for some 

summer months. This was of concern since the actual infiltration rate might differ from 

that modeled. A higher field rate than modeled would have greater negative impact on the 

wetland. 

Conclusion: MR #7 Flow Control is not applicable for this project. 

  

2.5.7 Minimum Requirement #7: FlowControl   

 

Applicability   

  

Projects must provide flow control to reduce the impacts of stormwater runoff from impervious 

surfaces and land cover conversions. The requirement below applies to projects that discharge 

stormwater directly, or indirectly through a conveyance system, into a fresh water - except for 

projects that discharge to a water in Appendix I-E – Flow Control-Exempt Receiving Waters in 

accordance with the following restrictions:   

  

• Direct discharge to the exempt receiving water does not result in the diversion of 

drainage from any perennial stream classified as Types 1, 2, 3, or 4 in the State of Washington 

Interim Water Typing System, or Types “S”, “F”, or “Np” in the Permanent Water Typing 

System, or from any category I, II, or III wetland; and   

  

 The stormwater runoff from this development does not result in the diversion of 
drainage from any perennial stream .. or from any category I, II, or III wetland;   

  

• Flow splitting devices or drainage BMP’s are applied to route  natural runoff volumes 

from the project site to any downstream Type 5 stream or category IV wetland:   

  
 Flow splitting devices or drainage BMPs are not proposed to route natural runoff 

volumes from the project site to any downstream Type 5 stream or category IV 

wetland.  
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• Design of flow splitting devices or drainage BMP’s will be based on continuous 

hydrologic modeling analysis. The design will assure that flows delivered to Type 5 stream 

reaches will approximate, but in no case exceed, durations ranging from 50% of the 2-year to 

the 50-year peak flow.   
  

 Flow splitting devices or drainage BMPs are not proposed for flows to be delivered 

to Type 5 stream reaches.  
  
• Flow splitting devices or drainage BMP’s that deliver flow to category IV wetlands will 

also be designed using continuous hydrologic modeling to preserve pre-project wetland 

hydrologic conditions unless specifically waived or exempted by regulatory agencies with 

permitting jurisdiction; and   

 An evaluation of runoff flow to the onsite category III wetland was performed with 

continuous hydrologic modeling that demonstrated that pre-project wetland 

hydrologic conditions would be preserved with the proposed design.  
 

• The project site must be drained by a conveyance system that is comprised entirely of 

manmade conveyance elements (e.g., pipes, ditches, outfall protection, etc.) and extends to the 

ordinary high water line of the exempt receiving water; and   

  
 Our conference call with DOE indicated that this requirement is related to 

conveyance that discharges to a smaller stream that has fish spawning habitat 

(salmon spawning in particular). 

 The conveyance for this site continues through the wetland complex along a shallow, 

low gradient section to the ordinary high water line of the exempt receiving water,  

so, this site does not have that situation. 

  

• The conveyance system between the project site and the exempt receiving water shall 

have sufficient hydraulic capacity to convey discharges from future build-out conditions (under 

current zoning) of the site, and the existing condition from non-project areas from which runoff 

is or will be collected  

; and   

  
 The conveyance system between the project site and the exempt receiving water has 

sufficient hydraulic capacity for this project and upstream projects in a fully developed 

built out condition.   Based on hydraulic capacity modeling analysis of the 100-yr, 24-hr 

release flows through five cross sections along the conveyance to the lake, the maximum 

increases ranged from 0.10 ft to a maximum of 0.27 ft and no significant increase in 
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velocity. These analysis results confirm that there are no site specific hydraulic capacity 

concerns.  

  
• Any erodible elements of the manmade conveyance system must be adequately stabilized 

to prevent erosion under the conditions noted above.   

  

If the discharge is to a stream that leads to a wetland, or to a wetland that has an outflow to a 

stream, both this requirement and Minimum Requirement #8 apply.   

  
 There are no elements in the proposed stormwater management design that will 

introduce erodible elements onsite or to the wetland complex and outfall conveyance 

as a whole.  The modeled peak flow velocity within the wetland is a maximum of 0.7 

fps (which is much less than the threshold for erosive concerns at 3 fps) and 

confirms there are no erosive concerns as proposed.  

  
Local governments may petition Ecology to exempt projects in additional areas. A petition must 

justify the proposed exemption based upon a hydrologic analysis that demonstrates that the 

potential stormwater runoff from the exempted area will not significantly increase the erosion 

forces on the stream channel nor have near field impacts.   

  
 Summary:    

  
 There are no elements in the proposed stormwater management design that will 

introduce erodible elements onsite or to the wetland complex and outfall conveyance 

as a whole.   

 Our conference call with DOE indicated that this requirement is related to 

conveyance that discharges to a smaller stream that has fish spawning habitat 

(salmon spawning in particular). The conveyance for this site continues through the 

wetland complex along a shallow, low gradient section to the ordinary high water 

line of the exempt receiving water,  so, this site does not have that situation. 

 The conveyance system between the project site and the exempt receiving water has 

sufficient hydraulic capacity for this project and upstream projects in a fully 

developed built out condition.   There are no elements in the proposed stormwater 

management design that will introduce erodible elements onsite or to the wetland 

complex and outfall conveyance as a whole.   

 Based on these results and findings, the requirements of Minimum Requirement #7 

– Flow Control are not applicable to the site. 
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Appendix C Runoff Treatment 

C-1 Water Quality Flow Rates  

C-2 Perk Filter System Summary 

C-3 Phosphorus Reduction 
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PF-1A Longbow Ln. (west side) 

 

 

 

PF-1A Longbow Ln. (west side) 
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PF-1B Longbow Ln. (north low point) 

 

 

PF-1B Longbow Ln. (north low point) 
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PF-2 Longbow Ln. (south low point) 

 

 

PF-2 Longbow Ln. (south low point) 
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McMaster Dr. (PF-8 and PF-9) Same area input 

 

McMaster Dr. (PF-8 and PF-9) Same rate 
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McMaster Dr. (PF 6 and PF-7) Same area input 

 

PF-6 and PF-7 (same area, same WQ rate) 
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 McMaster Dr. (PF-5) 

 

McMaster Dr. (PF-5) 
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McMaster Dr. (NE corner with Longbow Ln. (PF-4) 

 

 

McMaster Dr. (NE corner with Longbow Ln. (PF-4) 
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McMaster Dr. (NW corner with Longbow Ln. (PF-3) 

 

 

McMaster Dr. (NW corner with Longbow Ln. (PF-3) 
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BLDG 3 (PF-12) 

 

BLDG 3 
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BLDG 4a (PF-11) 

 

 

BLDG 4a 
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BLDG 4b (PF-10) 

 

BLDG 4b 
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BLDG 1 and 2 (PF-14 and PF-13) 

 

 

BLDG 1 (PF-14) 
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BLDG 2 (PF-13) 

 

 

BLDG 2 (PF-13) 
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PF-15 Pittock Place Areas 

 

 

PF-15 Pittock Place 
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LPW (PF-16) Lower Parking Area - west side 

 

 

LPE (PF-17) Lower Parking Area – east side 
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PF-18 Area (Camas Meadows Dr.) 

 

 

PF-18 WQ FLOW RATE 

 

 

 

 

 

 

Exhibit 16 SP26-1005



 APPENDIX C-1  -  WQ FLOW RATES FOR PERK FILTER SYSTEMS 
 

Page 17 of 20 
 

 

 

 

PF-19 Area (Camas Meadows Dr.) 

 

 

PF-19 WQ FLOW RATE 
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PF-20 AREA (Camas Meadows Dr.) 

 

 

PF-20 WQ FLOW RATE 
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PF-21 AREA (Camas Meadows Dr.) 

 

 

PF-21 WQ FLOW RATE 
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PF-P AREA (Payne Rd) 

 

 

 

PF-P WQ FLOW RATE (Payne Rd) 
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APPENDIX C-2 PERK FILTER SIZING SUMMARY

BASED ON WWHM WQ OFFLINE RATES

Perk Filter

Cartridge Size 1 Unit 2 Unit 3 Unit 4 Unit

Height Allowable Allowable Allowable Allowable

 (in) Rate (cfs) Rate (cfs) Rate (cfs) Rate (cfs)

12" 0.015 0.030 0.045 0.061

18" 0.023 0.045 0.068 0.091

12" + 12" 0.030 0.061 0.091 0.121

18" + 12" 0.038 0.076 0.114 0.152

Location Perk Filter Inflow Area Inflow Area Off-line # Cartridge #

ID Pervious Impervious Rate (cfs) Bays System Cartridges

(ac) (ac)

Longbow - N PF-1B 0.418 0.513 0.0610 4 Bi-lateral 12" 4-12"

Longbow - S PF-2 0.339 0.385 0.0458 3 Bi-lateral 12" 3-12"

Longbow - W PF-1A 0.186 0.1576 0.0188 1 18" 1-18"

Mc-  NW PF-3 0.044 0.314 0.0346 1 18" + 12" 1 - 18" and 1-12"

Mc -  NE PF-4 0.226 0.314 0.0370 3 12" 3-12"

Mc - S (LP) PF-5 1.114 0.613 0.0799 3 Bi-lateral 12" + 12" 6-12" 

Mc - mid- W PF-6 0.365 0.144 0.0176 1 18" 1-18"

Mc - mid- E PF-7 0.365 0.144 0.0176 1 18" 1-18"

Mc - S end-W PF-8 0.434 0.1265 0.0221 1 18"  1-18"

Mc - S end-E PF-9 0.434 0.1265 0.0221 1 18"  1-18"

Pittock PF-15 0.232 0.455 0.0416 2 18" 2-18"

Camas Meadows Drive - System Requirements

Location Perk Filter Inflow Area Inflow Area Off-line # Cartridge #

ID Pervious Impervious Rate (cfs) Bays System Cartridges

(ac) (ac)

E on N side CMD PF-21 0.1171 0.5764 0.0677 3 18" 3-18"

E on S side CMD PF-20 0.1624 0.4361 0.0514 2 12" + 12" 4-12"

W on S side CMD PF-18 0.1848 0.5068 0.0597 2 12" + 12" 4-12"

W on N side CMD PF-19 0.0887 0.4221 0.0496 2 12" + 12" 4-12"

Payne Rd. PF-P 0.1010 0.2254 0.0266 1 12" + 12" 2-12"

Business Park - System Requirements

Location Perk Filter Inflow Area Inflow Area Off-line # Cartridge #

ID Pervious Impervious Rate (cfs) Bays System Cartridges

(ac) (ac)

Bldg #1 PF-14 0.118 0.710 0.0834 3 12" + 12" 6-12"

Bldg #2 PF-13 0.100 0.510 0.0589 2 12" + 12" 4-12"

Bldg #3 PF-12 0.244 0.9225 0.1086 3 Bi-lateral 18" + 12" 3-12" & 3-18"

Bldg #4 PF-11 0.112 0.8355 0.0982 3 18" + 12" 3-12" & 3-18"

Bldg #4 PF-10 0.112 0.8355 0.0982 3 18" + 12" 3-12" & 3-18"

LPW PF-16 0.031 0.452 0.0530 2 12" + 12" 4-12"

LPE PF-17 0.017 0.523 0.0613 2 12" + 12" 4-12"

Parklands - System Requirements

ALLOWABLE CAPACITY - OFFLINE RATING

1
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APPENDIX C3 WATER QUALITY

C-3a PHOSPHORUS LOADING ANALYSIS

 DETERMINE PERCENT PHOSPHORUS REMOVAL BASED ON AREAS

Treatment Condition Area Area/Total Area Percent

(ac) (ratio)

No Perk Filter 4.527 0.1592 15.92%

No Perk Filter 3.753 0.1320 13.20%

No Perk Filter 4.277 0.1504 15.04%

to Perk Filter 15.881 0.5584 55.84%

Total for Site* 28.438 100.0%

Perk Filter 15.881 15.881*.624 9.91

No Perk Filter 4.527 Lawn and drives to buffer assume average 40% 4.760*.40 1.81

Area of concern 20.408 11.72

percent removal 11.72/20.408 57.4%

exceeds 50%

Perk Filter 15.881 15.881*.624 9.91

No Perk Filter 8.804 Lawn,drives, roofs to buffer assume average 40% 8.804*.40 3.52

24.685 13.43

13.43/24.685 54.4%

exceeds 50%

Perk Filter 15.881 16.543*.624 9.91

No Perk Filter 12.557 Lawn, roofs, and roofs to storm assume average 40% 11.027*.40 5.02

28.438 include all areas 14.93

14.93/28.438 52.5%

exceeds 50%

Assume buffers/wetlands will remove 40% Phosphorous Pollutant Load - Evalaute 3 Scenarios

62.4% per TAPE

All Roofs assumed "clean"

 Roofs to storm assumed "clean" at 3.753 ac.

percent removal

Scenario #3: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

percent removal

SUMMARY OF CONTRIBUTING AREAS - SEE APPENDIX D SUBBASIN AREAS

Description

Contributing Area

Roofs to storm

Roofs to buffer

Treated Area

Lawn and drives to buffer

62.4% per TAPE

*includes Camas Meadows Dr. and portion of Payne Rd.

Scenario #1: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

62.4% per TAPE

Scenario #2: Determine Percent Removal For Site Runoff - portion to Perk Filters and to buffer

1
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APPENDIX C3 WATER QUALITY

C-3a PHOSPHORUS LOADING ANALYSIS

 DETERMINE PERCENT PHOSPHORUS REMOVAL BASED ON AREAS

Treatment Condition Area Area/Total Area Percent

(ac) (ratio)

No Perk Filter 4.527 0.1592 15.92%

No Perk Filter 3.753 0.1320 13.20%

No Perk Filter 4.277 0.1504 15.04%

to Perk Filter 15.881 0.5584 55.84%

Total for Site* 28.438 100.0%

Find for 50% removal - Scenario #1 by trial and error 10.204/20.408 50.0%

4.527 + 15.881 = 20.408

No Perk Filter 4.527 Lawn and drives to buffer 6.5% 4.527*0.065 0.294

and 15.881 + 4.277 + 3.753 = 23.911 acres considered "clean" 62.4 % portion 9.91

10.204

Find for 50% removal - Scenario #2 by trial and error 12.3425/24.685 50.0%

 4.527 + 4.277 + 15.881 = 24.685 lowest level removal

No Perk Filter 8.804 27.63% 8.804*.2763 2.4325

and 15.881 + 3.753 = 19.634 acres considered "clean" 62.4 % portion 9.91

12.3422

Find for 50% removal - Scenario #3 by trial and error 14.219/28.438 50.0%

lowest level removal

No Perk Filter 12.557 34.3% 12.557*.343 4.309

and 62.4 % portion 9.91

14.219

Notes:

1. The roof portion that goes directly to the storm system and not to the buffer is 2.835 Acres (McMaster, Longbow, and Pittock)

and the roof portion from the south building (business) at  0.71 acres. This total of 3.55 acres is released at the two culverts between

Wetland A and B. This amount of runoff is assumed to be treated in the natural wetland ponding area - about 3.37 acre surface 

area. The most direct flow path through the onsite wetland is about 550 LF and then passes over another 600 LF in a shallow flow

 path through mostly reed canary grass. Reed canary grass is considered an excellent treatment medium.

2. The roof areas from the other three business portions (1.03 acres) will be released to the storm system and then released from

 the dissipation system to the buffer (304 ft spread for sheet flow).

 only 15.881 acres considered "clean"

Determine Minimum Percent Removal For Buffer to Satisfy 50% removal

4.527 + 4.277 + 3.753 + 15.881 = 28.438

All Roofs assumed "clean"

Roofs to storm assumed "clean", Roofs to buffers not assumed 'clean'

Roofs to storm

Roofs to buffer

Treated Area

*includes Camas Meadows Dr. and portion of Payne Rd.

SUMMARY OF CONTRIBUTING AREAS - SEE APPENDIX D SUBBASIN AREAS

Contributing Area

Description

Lawn and drives to buffer

2
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APPENDIX C WATER QUALITY

C-3b PHOSPHORUS LOADING CALCULATIONS

Reference : Pennsylvania Stormwater Best Management Practices Manaual

Chapter 8, Worksheet 12 (attached)

Pre 28.437 0.30 2.7 23.03

Note: 0.3 is factor for HSG C soil (silt loam, clay loam or silty clay loam)

Source Surface TP Unit Pollutant

Area EMC Conversion Load

 (ac) (mg/l) Factor

Lots 2-10 - roofs 1.045 0.13 2.7 0.367 LBS

Lots 11-15 - roofs 0.597 0.13 2.7 0.210 LBS

Lot 16 - roof 0.149 0.13 2.7 0.052 LBS

Lots 32-38 - roofs 1.067 0.13 2.7 0.375 LBS

Lots 39-40 - roofs 0.298 0.13 2.7 0.105 LBS

Lots 41-42 - roofs 0.298 0.13 2.7 0.105 LBS

Business - roofs 4.575 0.13 2.7 1.606 LBS

Lots 2-10 - lawn/drive 0.989 0.40 2.7 1.068 LBS

Lots 11-15 -  lawn/drive 1.795 0.40 2.7 1.939 LBS

Lot 16 -  lawn/drive 0.213 0.40 2.7 0.230 LBS

Lots 32-38 -  lawn/drive 0.731 0.40 2.7 0.789 LBS

Lots 39-40 -  lawn/drive 0.311 0.40 2.7 0.336 LBS

Lots 41-42 -  lawn/drive 0.218 0.40 2.7 0.235 LBS

north of parking lot 0.27 0.40 2.7 0.292 LBS

12.556 7.707 LBS

Source Surface TP Unit Pollutant

Area EMC Conversion Load

 (ac) (mg/l) Factor

CMD 2.763 0.33 2.7 2.462 LBS treated

Pittock 0.585 0.36 2.7 0.569 LBS treated

Business -east 2.832 0.39 2.7 2.982 LBS treated

Business -west 2.890 0.39 2.7 3.043 LBS treated

Lawn to streeet 3.652 0.40 2.7 3.944 LBS treated

Streets - R/W 3.159 0.36 2.7 3.071 LBS treated

15.881 16.070 LBS

7.707 LBS

Total Post-Development Load 23.778 LBS

Total Area 28.437

PREDEVELOPMENT AREA AND POLLUTANT LOADING

Developed - Untreated Portion to Buffer or to Wetlands
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APPENDIX C WATER QUALITY

C-3b PHOSPHORUS LOADING CALCULATIONS

16.07 lbs treated at 62.4% = 9.91 lbs removed

6.495 lbs treated at 45%* = 2.923 lbs removed

Pollutant Load 9.73 LBS OK

compare Pre loading 23.03 LBS

Note that even witout treatment credit at buffer, 6.16 + 6.495 = 12.655 LBS

which is a 45% reduction from Pre loading. So buffere only needs to provide 5% reduction.

*Assume wetland buffer will treat 45% of phosphorus pollutant load

1. Literature search varies on removal percentages. 

However, natural buffers are considered effective even for wastewater conditions. 

2. Buffer widths for 0% to 8% slopes are generally listed n the  70 to 100 LF range.

The buffer width for this site is 50 LF. However, during the WQ event, the distance to 

ponded water in the wetland is more than 50 feet. See attachment with contour 188

for reference.

    6.160 lbs remain

    3.572 lbs remain

DETERMINE POLLUTANT LOADING WITH TREATMENT ACCOUNTED FOR
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APPENDIX D 
 

Storm System Elements Discussion - Brief 

The main piping has been entered into the model as Storm Line A, B, C, D, E, F, and G. The majority of 

the effort has been to make sure that the subbasin areas have been accounted for and directed to the 

appropriate storm system. The subbasin areas have been tabulated with respect to pervious and 

impervious area.  

The plan shows the location of the Perk Filter system units and the outfall for Storm Line B and C in 

particular. These two outfalls will utilize stilling well structures to dissipate the energy from for flow 

from nearly 20 acres for each system.  The Line A system is actually providing two stilling well structures. 

This second structure is mainly for better distribution of the flow volume to the perforated pipe 

dissipation system. See Appendix E-3 and E-4. 

Appendix D  Conveyance System  

D-1 Storm System Pipe Capacity and Velocity Check -10-yr (Reach Info and HGL) 

Reach Analysis 

HCAD for Line A and B – 10-yr 

HCAD for Line C – 10-yr 

HCAD for Line E – 10-yr 

HCAD for Line D, E, and F – 10-yr 

HCAD for Line G 

HCAD Thru Wetlands – 10-yr 

            HGL analysis 

HCAD for Line A and B – 10-yr 

HCAD for Line C – 10-yr 

HCAD for Line D, E, and F – 10-yr 

HCAD for Line G 

 

D-2  Conveyance Design Comments 

 

D-3  Dynamic Analysis Water Surface Summary for 100-yr Surcharged Condition 

HCAD for Line A, B, and C – 100-yr 

HCAD for Line E 

HCAD for Line D and F – 100-yr 

HCAD for Line G  

HCAD Thru Wetlands – 100-yr 

D-4  Rear Yard Sytems 
HCAD for Rear Yard Systems – see also App. C-4 WQ for Single Lot 
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APPENDIX D

D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

Subcat ID Drive Lawn Street Sidewalk Grass Total Total

Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (ac)

PF1A 1,000 7,576 3,978 1,884 529 14,967 0.344

PF3 --- --- 9,509 3,282 1,856 14,647 0.336

PF4 2,000 7,966 8,740 2,939 1,901 23,546 0.541

PF5 5,000 44,399 15,809 5,894 4,136 75,238 1.727

PF6 2,360 15,391 2,900 1,000 540 22,191 0.509

PF7 2,360 15,329 2,900 1,000 540 22,129 0.508

PF8 3,000 18,452 1,923 586 176 24,137 0.554

PF9 3,000 18,452 1,923 586 176 24,137 0.554

18,720 127,565 47,682 17,171 9,854 220,992 5.073

0.430 Ac. 2.928 Ac. 1.095 Ac. 0.394 Ac. 0.226 Ac.

Subcat ID Drive Lawn Street Sidewalk Grass Total Total

Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (ac)

PF1B 6,500 18,000 10,791 5,080 3,227 43,598 1.001

PF2 5,000 13,500 11,731 545 1,285 32,061 0.736

11,500.00 31,500.00 22,522.00 5,625.00 4,512.00 75,659 1.737

0.264 Ac. 0.723 Ac. 0.517 Ac. 0.129 Ac. 0.104 Ac.

* North and South Culverts are now Interconnected 

Drive Lawn Street Sidewalk Grass Total Total

Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (ac)

30,220 159,065 70,204 22,796 14,366 296,651 6.810

0.694 Ac. 3.652 Ac. 1.612 Ac. 0.523 Ac. 0.330 Ac.

Subcat ID Parking Landscape Total Total

Area (sf) Area (sf) Area (sf) Area (ac)

PF10 37,875 6,109 43,984 1.010

PF11 35,023 3,662 38,685 0.888

PF12 30,681 9,998 40,679 0.934

103,579 19,769 123,348 2.832

2.378 Ac. 0.454 Ac.

SUMMARY FOR TREATED AREAS - BUSINESS PK -EAST

MCMASTER DR. AND LONGBOW LN TO WETLAND A - SOUTH CULVERT*

LONGBOW LN TO WETLAND A - NORTH CULVERT*

SUMMARY FOR TREATED AREAS -MCMASTER AND LONGBOW  SYSTEM

SUMMARY OF DRAINAGE AREAS

AREAS TREATED WITH PERK FILTERS FOR PHOSPHORUS

1
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APPENDIX D

D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

Subcat ID Parking Landscape Total Total

Area (sf) Area (sf) Area (sf) Area (ac)

PF13 21,016 4,369 25,385 0.583

PF14 33,428 5,160 38,588 0.886

PF16 19,881 1,364 21,245 0.488

PF17 30,681 9,998 40,679 0.934

105,006 20,891 125,897 2.890

2.411 Ac. 0.480 Ac.

Subcat ID Drive Lawn Street Sidewalk Grass Total Total

Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (sf) Area (ac)

PF15 1,000 9,010 13,447 1,350 683 25,490 0.585

Camas Meadows Drive and Payne Rd (portion)

Subcat ID Street Sidewalk Grass Total Total

Area (sf) Area (sf) Area (sf) Area (sf) Area (ac)

PFP 7,418 2,400 4,400 14,218 0.326

PF18 17,676 4,400 8,052 30,128 0.692

PF19 13,067 5,420 3,864 22,351 0.513

PF20 15,139 3,858 7,073 26,070 0.598

PF21 15,214 7,280 5,100 27,594 0.633

68,514 23,358 28,489 120,361 2.763

6.810

2.832

2.890

0.585

2.763

15.880 Treated

Camas Meadows Drive

SUMMARY FOR TREATED AREAS

McMaster and Longbow Ln

PITTOCK PLACE

SUMMARY FOR TREATED AREAS - BUSINESS PK -WEST

Business Park-East

Business Park-West

Pittock Place

2
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APPENDIX D

D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

Lot # Lot Area Roof Drive Lawn

 (sf)  (sf)  (sf)  (sf)

2 16,255 6,500 1,000 8,755 Note: Lot # 1 drains to Pittock Place

3 18,071 6,500 1,000 10,571

4 16,016 6,500 1,000 8,516

5 15,864 --- 1,000 8,364 Lot #5 roof drains to Pittock Place

6 16,213 6,500 1,000 8,713

7 15,463 6,500 1,000 7,963

8 17,274 6,500 1,000 9,774

9 --- --- --- --- Note: Lot # 9 drains to Longbow Ln. -See PF1A

10 15,043 6,500 1,000 7,543

130,199 45,500 8,000 70,199 Imperv. Perv. Total Lawn/Drive

2.989 Ac. 1.045 Ac. 0.184 Ac. 1.612 Ac. 1.228 Ac. 1.612 Ac. 2.840 Ac. 1.795 Ac.

Subcat Lawn

ID  (sf)

LPD 11,678 0.27 Ac.

Lot # Lot Area Roof Drive Lawn

 (sf)  (sf)  (sf)  (sf)

11 15,008 6,500 1,000 7,508

12 15,090 --- 1,000 7,590 Note: Lot #12 roof to drains to Longbow Ln. - See PF2

13 15,073 6,500 1,000 7,573

14 15,016 6,500 1,000 7,516

15 15,413 6,500 1,000 7,913

75,600 26,000 5,000 38,100 Imperv. Perv. Total Lawn/Drive

1.736 Ac. 0.597 Ac. 0.115 Ac. 0.875 Ac. 0.712 Ac. 0.875 Ac. 1.586 Ac. 0.989 Ac.

E1A E1B

0.689 0.875

Lot # Lot Area Roof Drive Lawn

 (sf)  (sf)  (sf)  (sf)

16 15,798 6,500 1,000 8,298 Imperv. Perv. Total Lawn/Drive

0.363 Ac. 0.149 Ac. 0.023 Ac. 0.190 Ac. 0.172 Ac. 0.190 Ac. 0.363 Ac. 0.213 Ac.

E2A E2B

South of Wetland A W1A and W1B

Lots South of Wetland B

UNTREATED - DRAINS TO AND THROUGH BUFFER

North of parking area

Lots South of Wetland C
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APPENDIX D

D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

Lot # Lot Area Roof Lawn

(sf) (sf) (sf)

32 15,328 7,500 7,828

33 16,516 6,500 6,016

34 15,112 6,500 4,612

35 15,103 6,500 4,603

36 15,096 6,500 4,596

37 15,473 6,500 4,973

38 18,044 6,500 7,044

110,672 46,500 39,672 Imperv. Perv. Total

2.541 Ac. 1.067 Ac. 0.731 Ac. 1.067 Ac. 0.731 Ac. 1.799 Ac.

N1A N1B

Lot # Lot Area Roof Lawn Lot # Lot Area Drives Lawn

(sf) (sf) (sf) (sf) (sf) (sf)

39 18,235 6,500 6,235 39 18,235 1,000 7,500

40 18,329 6,500 7,329 40 18,329 1,500 3,000

36,564 13,000 13,564 36,564 2,500 10,500

0.839 Ac. 0.298 Ac. 0.311 0.839 Ac. 0.057 Ac. 0.241 Ac.

N2A  N2B

Lot # Lot Area Roof Lawn Lot # Lot Area Drives Lawn

(sf) (sf) (sf) (sf) (sf) (sf)

42 15,385 6,500 4,885 42 15,385 1,000 3,000

41 15,115 6,500 4,615 41 15,115 1,000 3,000

30,500 13,000 9,500 30,500 2,000 6,000

0.700 Ac. 0.298 Ac. 0.218 0.700 Ac. 0.046 Ac. 0.138 Ac.

N3A  N3B

Subcat ID # Roofs Roof Total Subcat ID # Roofs Roof Total

Area (sf) Area (ac) Area (sf) Area (ac)

RE2 2 13,000 0.298 RP1 2 13,000 0.298

RE3A 1 6,500 0.149

RE3B 2 13,000 0.298

RE4 1 6,500 0.149 Subcat ID # Roofs Roof Total

RE5 1 6,500 0.149 Area (sf) Area (ac)

RE6 4 26,000 0.597 BPR1 Business 3,000 0.069

RE7 2 13,000 0.298 BPR2 Business 19857 0.456

RE8 2 13,000 0.298 0.525

RE9 1 6,500 0.149

16 104,000 2.388 0.823

Total line D, E, & F 3.753

Portion Draining to Longbow Ln.

Drains to PF2

Roof Areas to McMaster Dr. and Longbow Ln - Line E

Business Park Roof Areas to Dissipation System

Lots North of Wetland B

Portion Draining toLongbow Ln.

Lots North of Wetland B

Total roof area not treated

System - UntreatedRoof Areas Released at Longbow Ln. - Untreated

Roof Areas to Pittock Place.

Drains to PF2

Lots North of Wetland B

Portion Draining to Rear

Lots North of Wetland B

Portion Draining to Rear

4
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APPENDIX D

D-1 SUBBASIN AREAS-SITE AND CAMAS MEADOWS DRIVE

Subcat ID # Roofs Roof Total 4.576

Area (sf) Area (ac)

RD1 1 6,500 0.149

6,500 0.149 Lots 2-10 1.045

Lots 11-15 0.597

Lot 16 0.149

Subcat ID # Roofs Roof Total Lots 32-38 1.067

Area (sf) Area (ac) Lots 39-40 0.298

BPR3 Business 21950 0.504 Lots 41-42 0.298

BPR4 Business 31,000 0.712 3.454

1.216 0.823

4.277

3.7530 roofs to storm and Wetland A

Impervious Pervious

Area (ac) Area (ac) Area

1.228 1.612 (ac)

0.27 4.527

0.689 Ac. 0.875 Ac. 3.753

0.172 0.19 4.277

1.067 0.731 15.881

0.298 0.311 Total for Site* 28.438

0.298 0.218 *includes Camas Meadows Dr. and portion of Payne Rd.

3.752 4.207 7.959 Untreated (Imperv. and Perv.)

4.575 Untreated - roofs

15.881 Treated

Total ########

compare 28.14 Ac. in HCAD Note: slight descrepancies in area summaries - insignificant

to dissipation system and buffer

SUMMARY FOR POLLUTANT ANALYSIS

Lawn and drives to buffer

Roofs to storm

Roofs to buffer

Treated Area

Treatment Condition

No Perk Filter

No Perk Filter

No Perk Filter

to Perk Filter

Contributing Area

Description

Total roof area not treated

Sum Total - not treated

Roof Areas to McMaster Dr. - Line D and F

Roof Areas to McMaster Dr. - Line D and F
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APPENDIX D CONVEYANCE SYSTEM

 D-1 STORM SYSTEM PIPE CAPACITY

AND VELOCITY CHECK - 10-YR EVENT

Notes: 

1. The storm systems are sized for open channel flow - 10-yr event. However, velocity head losses create a backwater condition -see remark column.

2. In the 10-yr max. velocity column, the open channel flow velocity is noted first and then the velocity due to the backwater condition where applicable.

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 10-YR Pipe Full Max. Velocity Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity at 10-yr Flow WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps)* (ft) (ft) (ft) Condition

PF-P1 MH P1 PFP1 9.0 10 230.28 229.07 229.02 0.0056 0.27 1.63 2.21/1.97 229.40 0.33 0.83 OK

MH P1 MH B3 P-2 116.7 12 230.46 229.02 222.58 0.0552 0.27 8.40 4.86/1.71 229.27 0.25 1.00 OK

MH B3 MH B1 P-1 222.6 12 230.25 222.38 214.85 0.0338 0.27 6.56 4.09/1.71 222.63 0.25 1.00 OK

PF-18 MH B2 PF18 30.0 10 221.73 216.64 215.69 0.0317 0.50 4.04 5.04/2.69 217.05 0.41 0.83 OK

PF-19 MH B2 PF19 30.0 10 221.73 216.64 215.69 0.0317 0.39 4.04 4.69/2.43 217.01 0.37 0.83 OK

MH B2 MH B1 B-2 67.9 12 222.11 215.49 214.85 0.0094 0.89 3.48 3.71/1.03 216.72 1.23 1.00 submerged

MH B4 MH B1 B-4 61.5 18 229.98 215.67 214.85 0.0133 3.19 12.13 5.79/2.80 216.94 1.27 1.50 submerged

MH B1 MH A2 B-1 190.0 18 222.45 214.65 211.10 0.0187 9.53 14.4 8.71/5.40 216.66 2.01 1.50 submerged

PF-15 MH A3 A-3 112.6 10 205.36 201.36 200.80 0.0050 0.72 1.55 2.78/2.65 201.91 0.55 0.83 OK

MH A3 MH A2 A-2 253.0 10 218.14 200.73 199.47 0.0050 0.72 1.94 3.30/2.11 201.26 0.53 0.83 submerged

MH A2 MH A1A A-1A 184.0 15 218.95 199.37 188.00 0.0618 5.71 16.06 13.09/4.65 200.83 1.46 1.25 submerged

MH A2 MHA1B A-1B 170.0 15 218.95 199.37 188.50 0.0639 5.71 16.33 13.31/4.65 200.83 1.46 1.25 submerged

MH A1B MH C1 A1B-C1 180.0 24 200.70 191.50 192.00 -0.0028 28.77 11.97 ---/3.81 192.53 1.03 2.00 OK

MH A1A MH A1B AIA-A1B 124.0 24 200.00 191.00 191.50 -0.0040 28.77 14.31 ---/4.55 192.53 1.53 2.00 OK

PF-14 MH A2 B-1A 10.0 8 217.63 212.80 212.72 0.0080 0.73 1.08 3.33/2.8 213.42 0.62 0.67 OK

PF-16 MH A1A A-1C 9.5 8 200.56 195.73 189.67 0.6379 0.42 9.65 13.86/2.09 196.11 0.38 0.67 OK

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 10-YR Pipe Full Max. Velocity Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity at 10-yr Flow WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps) (ft) (ft) (ft) Condition

D1-1 Tee into C-10 C-11 13.0 15 243.08+/- 240.13 238.23 0.1462 no flow 24.7 --- no flow --- --- ---

Extg MH C11 MH C10 C-10 163.4 18 242.62 238.72 237.68 0.0064 2.46 8.38 4.12/3.3 239.68 0.96 1.50 OK

MH C10 MH C9 C-9 121.7 18 242.00 237.68 237.25 0.0035 2.46 6.24 3.32/2.45 239.13 1.45 1.50 OK

MH C9 MH C8 C-8 200.0 24 245.34 237.25 228.79 0.0423 13.2 46.53 12.75/4.51 239.01 1.76 2.00 OK

MH C8 MH C7 C-7 166.3 24 236.46 228.59 224.72 0.0233 13.19 34.51 10.25/4.51 230.35 1.76 2.00 OK

MH C7 MH C6 C-6 149.8 30 231.84 224.52 221.94 0.0172 13.19 53.83 9.06/4.89 226.28 1.76 2.50 OK

PF-20 MH C6 C6-B 21.0 8 230.19 225.19 223.57 0.0771 0.43 5.10 5.68/2.89 225.56 0.37 0.67 OK

STORM LINE A & B

Storm System Line C

1
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APPENDIX D CONVEYANCE SYSTEM

 D-1 STORM SYSTEM PIPE CAPACITY

AND VELOCITY CHECK - 10-YR EVENT

PF-21 MH C6 C-6A 21.0 8 230.19 225.19 223.57 0.0771 0.48 6.69 7.10/2.06 226.09 0.9 0.67 submerged

MH C6 MH C5 C-5 118.1 30 230.60 221.74 221.10 0.0054 14.11 30.19 6.04/2.51 225.31 3.57 2.50 submerged

MH C5 MH C4 C-4 96.4 30 231.17 220.90 220.41 0.0051 14.11 29.24 5.90/2.60 224.99 4.09 2.50 submerged

MH C4 MH C3 C-3 55.6 30 231.61 220.21 220.08 0.0023 16.08 19.83 4.5/3.13 224.66 4.45 2.50 submerged

MH C3 MH C2 C-2 134.0 18 228.35 219.88 201.00 0.1409 16.08 39.43 21.17/9.09 224.04 4.16 1.50 submerged

PF-13 MH C2 C-2A 63.5 8 216.70 211.87 206.00 0.0924 0.47 3.67 7.24/2.15 212.27 0.40 0.67 OK

MH C2 MH C1 C-1 158.5 18 210.80 200.80 189.00 0.0744 16.53 28.66 16.79/9.35 205.17 4.37 1.50 submerged

PF-17 MHC1 C-1A 16.4 8 203.88 199.05 190.22 0.5384 0.42 8.87 13.05/2.09 199.43 0.38 0.67 OK

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 10-YR Pipe Full Max. Velocity Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity at 10-yr Flow WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps) (ft) (ft) (ft) Condition

DI-2 Extg MH E-12 15.0 15 224.78+/- 221.83 218.62 0.2140 no flow 29.88 --- no flow --- 1.25 no flow

Extg MH AD4 E-11 14.0 12 221.88 218.62 217.00 0.1157 2.94 12.12 12.72/4.13 219.86 1.24 1.00 submerged

AD4 AD1 E-10 25.0 15 219.00 216.00 215.85 0.0060 2.94 7.37 5.66/3.73 217.11 1.11 1.25 OK

AD3 AD2 E-14 94.8 12 228.00 226.00 216.00 0.1055  GW flow ? 11.57 --- 226.00 Min. Flow 1.00 OK

AD2 AD1 E-13 124.0 12 218.00 216.00 215.50 0.0040 0.13 2.26 1.58/0.57 216.46 0.46 1.00 OK

AD1  MH E9 E-9 115.3 15 218.00 215.50 214.00 0.0130 3.31 7.37 5.84/3.32 216.45 0.95 1.25 OK

 MH E9 MH E8 E-8 76.5 15 219.24 214.00 213.00 0.0131 3.46 7.39 5.92/4.44 215.01 1.01 1.25 OK

MH E8 MH E7 E-7 84.3 15 217.50 213.00 212.35 0.0077 3.46 5.67 4.85/4.11 214.09 1.09 1.25 OK

PF-8 MH E7 E-7A 12.0 6 216.05 212.22 212.15 0.0058 0.32 0.85 2.27/0.73 213.33 1.11 0.50 submerged

PF-9 MH E7 E-7B 10.0 6 216.05 212.22 212.15 0.0070 0.32 0.94 2.43/0.73 213.33 1.11 0.50 submerged

MH E7 MH E6 E-6 196.3 15 216.29 212.15 210.35 0.0092 4.28 6.19 5.44/3.64 213.29 1.14 1.25 OK

PF-6 MH E6 PF5 12.0 6 214.04 210.79 210.15 0.0533 0.30 2.24 0.85/0.75 211.34 0.55 0.50 submerged

PF-7 MH E6 PF7 10.0 6 214.04 210.79 210.15 0.0640 0.30 2.39 0.94/0.75 211.34 0.55 0.50 submerged

MH E6 MH E5B E-5B 93.4 18 214.32 210.15 209.00 0.0123 5.36 10.59 6.01/3.67 211.31 1.16 1.50 OK

MH E5B MH E5A E-5A 55.9 18 213.36 208.80 208.10 0.0125 5.48 27.39 12.10/4.94 210.00 1.20 1.50 OK

MH E5A MH E4 E-4 173.9 18 212.78 207.90 205.20 0.0155 5.6 20.63 9.93/3.73 209.09 1.19 1.50 OK

PF-10 MH F1 F-2R 85.6 10 226.48 220.90 215.55 0.0625 0.84 5.48 7.27/2.42 221.41 0.51 0.83 OK

Storm System Line D, E, & F

2
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APPENDIX D CONVEYANCE SYSTEM

 D-1 STORM SYSTEM PIPE CAPACITY

AND VELOCITY CHECK - 10-YR EVENT

PF-11 MH F1 F-2L 125.6 10 226.26 220.68 215.55 0.0408 0.76 4.43 6.06/2.35 221.16 0.48 0.83 OK

MH F1 MH E4 F-1 180.7 12 219.53 215.45 205.29 0.0562 2.48 8.45 9.34/3.27 216.37 0.92 1.00 OK

MH E4 MH E3 E-3 213.4 18 209.38 205.00 198.29 0.0314 8.13 18.63 10.18/4.62 206.66 1.66 1.50 submerged

PF-3 MH E3 D-1A 17.0 8 203.47 200.05 198.84 0.0712 0.28 0.83 2.14 200.66 0.61 0.67 OK

PF-4 MH E3 E-3A 10.0 8 203.56 200.14 199.71 0.0430 0.38 0.85 2.37/0.33 200.68 0.54 0.67 OK

PF-5 MH E3 D-1B 13.0 8 203.20 198.41 198.29 0.0092 1.05 1.16 3.77/3.04 201.02 2.61 0.67 submerged

PF-12 MH D2 D-2 138.0 10 215.79 215.79 200.64 0.1098 1.31 7.26 10.08/2.78 216.46 0.67 0.83

MH D2 MH E3 D-1 135.8 12 204.67 200.00 198.29 0.0126 1.31 4.00 4.55/2.14 200.96 0.96 1.00 OK

MH E3 MH E2 E-2 244.9 18 203.49 198.09 190.20 0.0322 11.33 18.85 11.15/6.45 200.61 2.52 1.50 submerged

MH E2 MH E1 E-1 129.1 18 193.30 190.00 187.98 0.0156 11.33 13.14 8.36/6.45 192.54 2.54 1.50 submerged

PF-1A MH E1 E-1A 26.0 8 191.94 188.52 187.47 0.0404 0.23 2.43 4.36/1.00 189.04 0.52 0.67 OK

MH E1 OUTLET W-1 30.0 24 190.86 187.47 187.47 0.0000 6.72 --- ---/3.65 188.99 1.52 2.00 OK

MH E1 MH G1 W-3 43.0 24 190.86 187.98 186.07 0.0444 4.85 47.67 15.17/4.45 189.99 2.01 2.00 submerged

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 10-YR Pipe Full Max. Velocity Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity at 10-yr Flow WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (fps) (ft) (ft) (ft) Condition

PF-1B MH G2 G-3 19.0 6 189.75 186.5 186.34 0.0084 0.68 0.51 2.62/3.37 188.92 2.42 0.50 submerged

PF-2 MH G2 G-2 18.0 6 189.66 186.41 186.34 0.0039 0.51 0.35 1.79/2.48 188.68 2.27 0.50 submerged

MH G2 MH G1 G-1 63.8 12 189.88 186.34 186.07 0.0042 1.18 2.32 2.76/1.34 188.40 2.06 1.00 submerged

MH G1 OUTLET W-2 14.7 24 190.37 186.07 186.06 0.0007 7.84 5.99 1.91/2.45 188.32 2.25 2.00 submerged

Storm System Line G

3
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APPENDIX D-1 

PIPE CAPACITY CALCS

Note: Pipes modeled with Pond symbol in HCAD do not provide pipe capacity - but do provide pipe velocity for condition

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: MH A2 to MH A1A or Line A-1A

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 15   in. = or 1.25 feet

Pipe slope = 0.0618   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 1.227 sq. ft.

Pipe hydraulic radius R = D/4 = 0.3125

K = 1.486/n((AR
2/3

) K 64.595

Then Q = 16.059 cfs 7207.68 gpm

V = 13.086 fps

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: MH A2 to MH A1B (A-1B)

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 15   in. = or 1.25 feet

Pipe slope = 0.0639   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 1.227 sq. ft.

Pipe hydraulic radius R = D/4 = 0.3125

K = 1.486/n((AR
2/3

) K 64.595

Then Q = 16.329 cfs 7329.12 gpm

V = 13.306 fps

2/13/2486.1
SAR

n
Q =

2/1KSQ =

2/13/2486.1
SAR

n
Q =

2/1KSQ =
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PIPE CAPACITY CALCS

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: Stub to MH C9from south

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 24   in. = or 2 feet

Pipe slope = 0.0423   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 3.142 sq. ft.

Pipe hydraulic radius R = D/4 = 0.5000

K = 1.486/n((AR
2/3

) K 226.219

Then Q = 46.527 cfs 20882.94 gpm

V = 14.810 fps

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: MH C4 to MH C3 (Line C-3)

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 30   in. = or 2.5 feet

Pipe slope = 0.0023   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 4.909 sq. ft.

Pipe hydraulic radius R = D/4 = 0.6250

K = 1.486/n((AR
2/3

) K 410.165

Then Q = 19.671 cfs 8829.01 gpm

V = 4.007 fps

2/13/2486.1
SAR

n
Q =

2/1KSQ =

2/13/2486.1
SAR

n
Q =

2/1KSQ =
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PIPE CAPACITY CALCS

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: MH E4 to MH E3 Line E-3)

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 18   in. = or 1.5 feet

Pipe slope = 0.0314   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 1.767 sq. ft.

Pipe hydraulic radius R = D/4 = 0.3750

K = 1.486/n((AR
2/3

) K 105.040

Then Q = 18.614 cfs 8354.42 gpm

V = 10.533 fps

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: PF-5 to MH E3

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 8   in. = or 0.666667 feet

Pipe slope = 0.0092   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 0.349 sq. ft.

Pipe hydraulic radius R = D/4 = 0.1667

K = 1.486/n((AR
2/3

) K 12.083

Then Q = 1.159 cfs 520.23 gpm

V = 3.320 fps

2/13/2486.1
SAR

n
Q =

2/1KSQ =

2/13/2486.1
SAR

n
Q =

2/1KSQ =
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PIPE CAPACITY CALCS

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: PF-1B to MH G1

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 6   in. = or 0.5 feet

Pipe slope = 0.0084   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 0.196 sq. ft.

Pipe hydraulic radius R = D/4 = 0.1250

K = 1.486/n((AR
2/3

) K 5.611

Then Q = 0.514 cfs 230.82 gpm

V = 2.619 fps

Job Name: Parklands Design Values

Job Number: Results

Date: 10/18/16 1:37 PM

Reach: PF-2 to MH G1

Pipe Capacity (Full Flow)
By Manning's Equation

and, 

Pipe  diameter = 6   in. = or 0.5 feet

Pipe slope = 0.0039   ft. per foot

Manning's n = 0.013

Pipe cross-section area A = p r
2
 = 0.196 sq. ft.

Pipe hydraulic radius R = D/4 = 0.1250

K = 1.486/n((AR
2/3

) K 5.611

Then Q = 0.350 cfs 157.28 gpm

V = 1.785 fps

2/13/2486.1
SAR

n
Q =

2/1KSQ =

2/13/2486.1
SAR

n
Q =

2/1KSQ =
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APPENDIX D CONVEYANCE SYSTEM 

APPENDIX D-2  CONVEYANCE DESIGN COMMENTS 
 

Page 1 of 2  

 

7.1 Design and Construction Standards 
 

Minimum Pipe Diameter (7.2) 

 Public mainline storm sewers shall be a minimum of twelve (12) inches inside 

diameter. Downstream pipe diameters shall not be reduced except when approved by 

the City. 

 Condition met on public and private streets. The exception is Longbow Ln 

where grade restrictions necessitate a smaller pipe size. 

 Public storm sewer laterals shall be ten (10) inches inside diameter. Larger pipe 

diameter may be used with large capacity catch basins and when approved by the 

City. 

 There are several 6 and 8 inch laterals from the Perk Filter systems. The inflow 

is small due to the closer spacing along the main pipe runs and there are 

elevation constraints. In particular along Longbow Ln. 

 
 
 

7.5 Hydraulic Methods 

“Two hydraulic methods can be used for the design of pipelines. The first method is a gravity 

flow or open channel design, which is most commonly performed using Manning’s equation. 

This method assumes that flow is steady (does not change with time) and uniform (the depth 

and velocity remain constant throughout the pipe for a given flow). Manning’s equation can 

be found in standard hydraulic textbooks and in the WSDOT Hydraulics Manual (WSDOT 

2007).” 

 Gravity flow or open channel design, using Manning’s equation was applied in this 

design. 

 However, the existing culverts from Wetland B to C required a dynamic flow 

analysis which is an option with HydroCAD. Pipe run input can be converted to the 

pond symbol and the analysis accounts for downstream (or tailwater elevations). 
 

 

“The second method is a pressure flow design, where the water surface elevation rises above 

the crown of the pipe. A backwater analysis is performed to determine the level of the water 

surface (the hydraulic grade line) for a pipeline system with a given diameter, slope, and flow 

rate. This method also assumes steady flow, but the flow is not necessarily uniform (the slope 

of the hydraulic grade line differs from the slope of the pipe). 

 

New pipes shall be designed to operate in an open-channel regime during the design storm 

and shall be sized using open channel design methods. Under certain hydrologic and 
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APPENDIX D CONVEYANCE SYSTEM 

APPENDIX D-2  CONVEYANCE DESIGN COMMENTS 
 

Page 2 of 2  

hydraulic conditions, however, flow can rise above the pipe, creating a pressurized pipeline. 

For those situations, it is important to determine the hydraulic grade line to ensure that 

water does not overtop manholes and catch basins. A backwater analysis shall be 

calculated under any of the following conditions:” 

 Pipes with slopes less than 0.50 percent. 

 A 10-yr analysis was performed to check open channel flow conditions. See 

Appendix D-1. 

 However, the 100-yr analysis required a pressure flow analysis to account for 

losses due to high velocity conditions. Pipes were upsized accordingly. 

 Pipes with velocities over 6.5 feet per second (fps) (for subcritical flow only). 

 There are several pipes with velocities above this rate – flow control manholes 

have been designed to account (suppress the energy) for downstream system 

impacts. 

 Inlet and outlet pipes forming a sharp angle (45 degrees or greater) at junctions. 

 There are several laterals with this condition, but the main pipe system has 

capacity to account for these minor losses. 

 Pipe inverts less than three (3) feet deep when entering and leaving junctions. 

 No situations where pipe invert depths are less than three (3) feet. 
 

“When using Manning’s equation for the design, each pipe within the system shall be sized 

and sloped such that its barrel capacity at normal full flow is equal to or greater than the 

required conveyance capacity for the peak runoff of the design storm. A Manning’s “N” of 

0.013 shall be used for all pipes in Table 7-1. Table 7-2 provides the allowable minimum pipe 

slope and associated design capacity.” 

 

 The design storm is for a 10-yr event. The capacity check was made for the 10-yr event 

in Appendix D-1. The main system is sized to convey the 10-yr in open channel 

conditions to the last pipe segments where flow energy reduction systems produce minor 

backwater situations.  
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APPENDIX D CONVEYANCE SYSTEM

D-3 STORM SYSTEM PIPE CAPACITY

AND 100-YR HGL CHECK 

Notes: 

1. The storm systems are sized for open channel flow - 10-yr event. However, velocity head losses create a backwater condition which was

 tabulated for the 10-yr event.

2. This tabulation for the 100-yr event indicates the storm systems are adequate in managing the 100-yr event as well. See MH C6 which

has 0.22 ft freeboard and represents the closed HGL to rim elevation relationship.

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 100-YR Pipe Full Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition

PF-P1 MH P1 PFP1 9.0 10 230.28 229.07 229.02 0.0056 0.39 1.63 229.47 0.40 0.83 OK

MH P1 MH B3 P-2 116.7 12 230.46 229.02 222.58 0.0552 0.39 8.40 229.33 0.31 1.00 OK

MH B3 MH B1 P-1 222.6 12 230.25 222.38 214.85 0.0338 0.39 6.56 222.69 0.31 1.00 OK

PF-18 MH B2 PF18 30.0 10 221.73 216.64 215.69 0.0317 0.73 4.04 218.42 1.78 0.83 submerged

PF-19 MH B2 PF19 30.0 10 221.73 216.64 215.69 0.0317 0.56 4.04 218.39 1.75 0.83 submerged

MH B2 MH B1 B-2 67.9 12 222.11 215.49 214.85 0.0094 1.30 3.48 218.35 2.86 1.00 submerged

MH B4 MH B1 B-4 61.5 18 229.98 215.67 214.85 0.0133 5.23 12.13 218.57 2.90 1.50 submerged

MH B1 MH A2 B-1 190.0 18 222.45 214.65 211.10 0.0187 14.22 14.4 218.19 3.54 1.50 submerged

PF-15 MH A3 A-3 112.6 10 205.36 201.36 200.80 0.0050 0.67 1.55 202.69 1.33 0.83 submerged

MH A3 MH A2 A-2 253.0 10 218.14 200.73 199.47 0.0050 1.04 1.94 202.64 1.91 0.83 submerged

MH A2 MH A1A A-1A 184.0 15 218.95 199.37 188.00 0.0618 8.46 16.06 201.95 2.58 1.25 submerged

MH A2 MHA1B A-1B 170.0 15 218.95 199.37 188.50 0.0639 8.46 16.33 201.95 2.58 1.25 submerged

MH A1B MH C1 A1B-C1 180.0 24 200.70 191.50 192.00 -0.0028 28.77 11.97 192.53 1.03 2.00 OK

MH A1A MH A1B AIA-A1B 124.0 24 200.00 191.00 191.50 -0.0040 28.77 14.31 192.53 1.53 2.00 OK

PF-14 MH A2 B-1A 10.0 8 217.63 212.80 212.72 0.0080 1.05 1.08 213.63 0.83 0.67 submerged

PF-16 MH A1A A-1C 9.5 8 200.56 195.73 189.67 0.6379 0.60 9.65 196.19 0.46 0.67 OK

STORM LINE A & B

1

Exhibit 16 SP26-1005



APPENDIX D CONVEYANCE SYSTEM

D-3 STORM SYSTEM PIPE CAPACITY

AND 100-YR HGL CHECK 

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 10-YR Pipe Full Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition

D1-1 Tee into C-10 C-11 13.0 15 243.08+/- 240.13 238.23 0.1462 no flow 24.7 no flow --- --- ---

Extg MH C11 MH C10 C-10 163.4 18 242.62 238.72 237.68 0.0064 3.26 8.38 240.13 1.41 1.50 OK

MH C10 MH C9 C-9 121.7 18 242.00 237.68 237.25 0.0035 3.26 6.24 239.9 2.22 1.50 OK

MH C9 MH C8 C-8 200.0 24 245.34 237.25 228.79 0.0423 18.78 46.53 239.79 2.54 2.00 submerged

MH C8 MH C7 C-7 166.3 24 236.46 228.59 224.72 0.0233 18.78 34.51 232.64 4.05 2.00 submerged

MH C7 MH C6 C-6 149.8 30 231.84 224.52 221.94 0.0172 18.78 53.83 230.94 6.42 2.50 submerged

PF-20 MH C6 C6-B 21.0 8 230.19 225.19 223.57 0.0771 0.43 5.10 225.56 0.37 0.67 OK

PF-21 MH C6 C-6A 21.0 8 230.19 225.19 223.57 0.0771 0.48 6.69 226.09 0.90 0.67 submerged

MH C6 MH C5 C-5 118.1 30 230.60 221.74 221.10 0.0054 20.1 30.19 230.38 8.64 2.50 submerged

MH C5 MH C4 C-4 96.4 30 231.17 220.90 220.41 0.0051 20.1 29.24 229.74 8.84 2.50 submerged

MH C4 MH C3 C-3 55.6 30 231.61 220.21 220.08 0.0023 23.25 19.83 229.06 8.85 2.50 submerged

MH C3 MH C2 C-2 134.0 18 228.35 219.88 201.00 0.1409 23.25 39.43 228.10 8.22 1.50 submerged

PF-13 MH C2 C-2A 63.5 8 216.70 211.87 206.00 0.0924 0.47 3.67 212.27 0.40 0.67 OK

MH C2 MH C1 C-1 158.5 18 210.80 200.80 189.00 0.0744 23.92 28.66 209.45 8.65 1.50 submerged

PF-17 MHC1 C-1A 16.4 8 203.88 199.05 190.22 0.5384 0.42 8.87 199.43 0.38 0.67 OK

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 10-YR Pipe Full Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition

DI-2 Extg MH E10 E-12 15.0 15 224.78+/- 221.83 218.62 0.2140 no flow 29.88 no flow --- 1.25 no flow

Extg MH E10 AD4 E-11 14.0 12 221.88 218.62 217.00 0.1157 3.06 12.12 219.77 1.15 1.00 submerged

AD4 AD1 E-10 25.0 15 219.00 216.00 215.85 0.0060 3.06 7.37 217.07 1.07 1.25 OK

AD3 AD2 E-14 94.8 12 228.00 226.00 216.00 0.1055  GW flow ? 11.57 226.00 Min. Flow 1.00 OK

AD2 AD1 E-13 124.0 12 218.00 216.00 215.50 0.0040 0.20 2.26 216.48 0.48 1.00 OK

AD1  MH E9 E-9 115.3 15 218.00 215.50 214.00 0.0130 3.28 7.37 216.44 0.94 1.25 OK

 MH E9 MH E8 E-8 76.5 15 219.24 214.00 213.00 0.0131 3.43 7.39 215.01 1.01 1.25 OK

MH E8 MH E7 E-7 84.3 15 217.50 213.00 212.35 0.0077 3.43 5.67 214.09 1.09 1.25 OK

PF-8 MH E7 E-7A 12.0 6 216.05 212.22 212.15 0.0058 0.32 0.85 213.34 1.12 0.50 submerged

PF-9 MH E7 E-7B 10.0 6 216.05 212.22 212.15 0.0070 0.32 0.94 213.34 1.12 0.50 submerged

MH E7 MH E6 E-6 196.3 15 216.29 212.15 210.35 0.0092 4.31 6.19 213.30 1.15 1.25 OK

PF-6 MH E6 PF5 12.0 6 214.04 210.79 210.15 0.0533 0.30 2.24 211.35 0.56 0.50 submerged

PF-7 MH E6 PF7 10.0 6 214.04 210.79 210.15 0.0640 0.30 2.39 211.35 0.56 0.50 submerged

Storm System Line C

Storm System Line D, E, & F

2
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APPENDIX D CONVEYANCE SYSTEM

D-3 STORM SYSTEM PIPE CAPACITY

AND 100-YR HGL CHECK 

MH E6 MH E5B E-5B 93.4 18 214.32 210.15 209.00 0.0123 5.42 10.59 211.32 1.17 1.50 OK

MH E5B MH E5A E-5A 55.9 18 213.36 208.80 208.10 0.0125 5.55 27.39 210.01 1.21 1.50 OK

MH E5A MH E4 E-4 173.9 18 212.78 207.90 205.20 0.0155 5.67 20.63 209.10 1.20 1.50 OK

PF-10 MH F1 F-2R 85.6 10 226.48 220.90 215.55 0.0625 0.84 5.48 221.41 0.51 0.83 OK

PF-11 MH F1 F-2L 125.6 10 226.26 220.68 215.55 0.0408 0.76 4.43 221.16 0.48 0.83 OK

MH F1 MH E4 F-1 180.7 12 219.53 215.45 205.29 0.0562 2.48 8.45 216.37 0.92 1.00 OK

MH E4 MH E3 E-3 213.4 18 209.38 205.00 198.29 0.0314 8.2 18.63 206.68 1.68 1.50 submerged

PF-3 MH E3 D-1A 17.0 8 203.47 200.05 198.84 0.0712 0.28 0.83 200.67 0.62 0.67 OK

PF-4 MH E3 E-3A 10.0 8 203.56 200.14 199.71 0.0430 0.38 0.85 200.69 0.55 0.67 OK

PF-5 MH E3 D-1B 13.0 8 203.20 198.41 198.29 0.0092 1.05 1.16 201.04 2.63 0.67 submerged

PF-12 MH D2 D-2 138.0 10 215.79 215.79 200.64 0.1098 1.31 7.26 216.46 0.67 0.83 OK

MH D2 MH E3 D-1 135.8 12 204.67 200.00 198.29 0.0126 1.31 4.00 200.97 0.97 1.00 OK

MH E3 MH E2 E-2 244.9 18 203.49 198.09 190.20 0.0322 11.43 18.85 200.65 2.56 1.50 submerged

MH E2 MH E1 E-1 129.1 18 193.30 190.00 187.98 0.0156 11.43 13.14 192.56 2.56 1.50 submerged

PF-1A MH E1 E-1A 26.0 8 191.94 188.52 187.47 0.0404 0.23 2.43 189.04 0.52 0.67 OK

MH E1 OUTLET W-1 30.0 24 190.86 187.47 187.47 0.0000 6.76 --- 188.99 1.52 2.00 OK 6.75 fps

MH E1 MH G1 W-3 43.0 24 190.86 187.98 186.07 0.0444 4.91 47.67 189.99 2.01 2.00 submerged 4.46 fps

Upstream Downstream Pipe Pipe Length Pipe US US DS Pipe Slope 10-YR Pipe Full Max. Depth at Pipe Remark

Structure Structure Length cntr to cntr Size Rim Invert Invert cntr to cntr Peak Rate Capacity WSEL Structure Dia. on Hydraulic

ID ID ID (ft) (in) Elev. (ft) (ft) (ft/ft) (cfs) (cfs) (ft) (ft) (ft) Condition

PF-1B MH G2 G-3 19.0 6 189.75 186.5 186.34 0.0084 0.68 0.51 188.93 2.43 0.50 submerged

PF-2 MH G2 G-2 18.0 6 189.66 186.41 186.34 0.0039 0.51 0.35 188.68 2.27 0.50 submerged

MH G2 MH G1 G-1 63.8 12 189.88 186.34 186.07 0.0042 1.18 2.32 188.40 2.06 1.00 submerged

MH G1 OUTLET W-2 14.7 24 190.37 186.07 186.06 0.0007 7.86 5.99 188.33 2.26 2.00 submerged 2.46 cfs

Storm System Line G

3

Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



Exhibit 16 SP26-1005



APPENDIX D   CONVEYANCE SYSTEM

D-4 REAR YARD SYSTEMS 

Upstream Downstream Pipe Pipe Length Lot # Pipe Area to US US DS Existing Pipe Slope

Structure Structure & Perf LF Length cntr to cntr Size  System Rim Invert Invert Ground cntr to cntr

ID ID ID (ft) (in) (sf) Elev. (ft) (ft) Elev. (ft) (ft/ft)

GR1E GR1D Y-1E 109 38 8 6,500/7,044 194.70 193.70 192.45 N/A 0.0115

GR1D GR1C Y-1D 102 37 8 6,500/4,973 193.50 192.45 191.27 N/A 0.0115

GR1C GR1B Y-1C 102 36 8 6,500/4,596 192.56 191.27 190.10 N/A 0.0115

GR1B GR1A Y-1B 95 35 8 6,500/4,603 191.75 190.10 189.01 N/A 0.0115

GR1A Y1 (90 LF) Perf  from GR1A 33 & 34 8 13,000/10,628 N/A 189.008 189.01 189+/- 0

GR2 Y2 Y-2A 116.0 39 6 6,500/1,000/6,235 194.00 192.00 191.55 193.00 0.0039

no inlet Y2 (30 lf) Y-2B 12.7 40 6 6,500 N/A 191.55 191.50 193.00 0.0039

GR3 Y3 Y-3A 63.0 3 6 6,500/1,000/8,754 200.00 198.00 191.40 --- 0.1048

no inlet Y3 (20 LF) Y-3B 20.0 2 6 6,500 N/A 191.40 189.30 190.80 0.1050

GR4 (SOLID) Y4 (10 LF) Y-4 15.0 4 6 6,500 195.00 193.00 191.20 192.73 0.1200

GR5 (SOLID) Y5 (20 LF) Y-5 20.0 6 & 7 6 13,000 193.50 191.50 188.50 190.00 0.1500

GR6 (SOLID) Y6 (20 LF) Y-6 18.0 10 6 13,000 193.50 191.50 189.10 190.60 0.1333

GR7A (SOLID) GR7B (SOLID) Y-7A 48.0 12 6 6,500 204.00 202.00 194.13 --- 0.1640

GR7B (SOLID) Y7 (20 LF) Y-7B 20.0 11 6 6,500 196.00 194.13 191.50 193.00 0.1315

GR8 (SOLID) Y8 (20 LF) Y-8 13.0 14 & 15 6 13,000 202.50 201.63 201.50 203.00 0.0100

GR9 (SOLID) Y9 (10 LF) Y-9 13.5 16 6 6,500 198.00 196.00 194.50 196.00 0.1111

GR10 (SOLID) Y10 (20 LF) Y-10 12.0 41 & 42 6 13,000 194.00 192.00 191.00 192.50 0.0833

GR11 (SOLID) Y11 (10 LF) Y-11 10.0 32 6 6,500 190.25 189.50 189.00 189.00 0.0500

Lot # Lawn (sf) Drive (sf)

2

3 10,571 1,000

4 8,516 1,000     output.

5 8,364 1,000

6 8,713 1,000

7 7,963 1,000

8 7,329 ---

9 --- ---

10 lawn and drive as direct runoff - roof to GR6 7,543 1,000

11 lawn and drive as direct runoff - roof to GR7B 7,508 1,000

12

13 lawn and drive as direct runoff - roof to GR7B 7,573 1,000

14 lawn and drive as direct runoff - roof to GR8 7,516 1,000

15 lawn and drive as direct runoff - roof to GR8 7,913 1,000

16 lawn and drive as direct runoff - roof to GR9 8,298 1,000

32 lawn and drive as direct runoff - roof to GR11 7,828 1,000

33 to 38

39

40 7,329 ---

41 4,615 ---

42 4,885 ---partial lawn as direct runoff

partial lawn as direct runoff

partial lawn as direct runoff

roof and partial lawn to GR2

See Table - GR3

See Table - GR7A

See Table - GR2

GR1E to GR1A

lawn and drive to GR7A - roof to street

lawn, drive, and roof to GR3

lawn and drive as direct runoff

lawn and drive as direct runoff

lawn, drive, and roof to street

partial lawn as direct runoff

See Table

REAR YARD SYSTEMS

Description of how site runoff areas are managed 

lawn and drive as direct runoff

lawn and drive as direct runoff

lawnand drive as direct runoff

REAR YARD RUNOFF SUMMARY DATA

   Note: Not all the systems are modeled in HCAD since some with

 one or two roof areas are repetitive and would have the same 

1
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APPENDIX E 

 
Appendix E  Appurtenances  

E-1  Pipe Capacity and Velocity Calcs. 

E-2 Catch Basin Design Comments 

E-3  Energy Dissipator Manhole Design 

E-4  Flow Dispersion System – Line A and Line C 
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APPENDIX E-1 INLET CACITY SUMMARY TABLE

10-YR EVENT
INLET CAPACITY CHECK - TR 55 METHODOLOGY                                        

Inlet No. Subcat ID Location/ Station Inlet Type Inlet 

Condition

Long. Slope

(ft/ft)

Flow to     

Inlet          Q

(cfs)

Bypass Inflow 

QB                    

(cfs)

Total Inflow 

QT       (cfs)

Intercept 

Flow QI 

(cfs)

Bypass 

Flow QB 

(cfs)

Bypass to

Inlet No.

Spread T

(ft)

Depth at 

Curb* (ft) 

(*less 1 

inch)

Depth at Curb 

(ft) Include 

Depression

PF-1A E1,  E1-9 Longbow Ln. 2' x 2' OG 0.0320 0.23 0.00 0.23 0.23 0.00 N/A 1.80 0.02 0.10

PF-1B G1, GN Longbow Ln. 2' x 2' LP 0.0030 0.64 0.00 0.64 0.64 0.00 N/A 1.83 0.02 0.10

PF-2 G2, GS Longbow Ln. 2' x 2' LP 0.0030 0.51 0.00 0.51 0.51 0 N/A in gutter 0.00 0.07

PF-3 E3 McMaster Dr. 2' x 2' LP 0.0030 0.28 0.00 0.28 0.28 0.00 N/A in gutter 0.00 0.07

PF-4 E4 McMaster Dr. 2' x 2' LP 0.0030 0.38 0.03 0.41 0.34 0.01 N/A in gutter 0.00 0.07

PF-5 E5L,E5R McMaster Dr. 2' x 2' LP 0.0030 1.05 0.03 1.08 1.08 0 N/A 3.75 0.06 0.14

PF-6 E6 McMaster Dr. 2' x 2' OG 0.0100 0.30 0.03 0.33 0.30 0.03 PF5 3.74 0.07 0.15

PF-7 E7 McMaster Dr. 2' x 2' OG 0.0100 0.30 0.03 0.33 0.30 0.03 PF4 3.74 0.07 0.15

PF-8 E8 McMaster Dr. 2' x 2' OG 0.0100 0.32 0.00 0.32 0.29 0.03 PF6 3.67 0.07 0.15

PF-9 E9 McMaster Dr. 2' x 2' OG 0.0100 0.32 0.00 0.32 0.29 0.03 PF7 3.67 0.07 0.15

PF-15 A3 Pittock Place 2' x 2' LP 0.0030 0.54 0.00 0.54 0.54 0.00 N/A 1.19 0.01 0.09

PF-18 CWS Camas Meadows Drive 2' x 2' LP 0.0030 0.50 0.00 0.50 0.50 0.00 N/A in gutter 0.00 0.08

PF-19 CWN Camas Meadows Drive 2' x 2' LP 0.0030 0.39 0.00 0.39 0.39 0.00 N/A in gutter 0.00 0.07

PF-20 CES Camas Meadows Drive 2' x 2' LP 0.0030 0.45 0.00 0.45 0.45 0.00 N/A in gutter 0.00 0.07

PF-21 CEN Camas Meadows Drive 2' x 2' LP 0.0030 0.48 0.00 0.48 0.48 0.00 N/A in gutter 0.00 0.08

Date: 14-Aug-16 Width of local depression:       12 inches                                                   Precipitation: 10-yr

Designed By: GME Amount of local depression (in):               1  inch below street cross-slope at gutter line

Checked By: GME * Depth of flow at curb measured from the normal cross slope

PARKLANDS (10-YR EVENT)
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APPENDIX E-2 CATCH BASIN DESIGN COMMENTS 
 

 

8.2 Catch Basin Locations 

Catch basins and inlets are required at the following locations: 

1. At any low point in the roadway or curb returns at intersections. 

 This criteria has been met. 

2. Where any roadway transitions from a crown section to a shed section to prevent gutter flow 

from flowing across the roadway. 

 N/A 

3. Such that a maximum of 400 linear feet of paved street is collected by a single catch basin. 

 Inlet calcs. provided 

4. Inlets shall be used at intersections to prevent street cross-flow, which could cause pedestrian or 

vehicular hazards. It is desirable to intercept 100 percent of any potential street cross-flow under 

these conditions. Intersection inlets should be placed on tangent curb sections near corners. Catch 

basins and inlets shall be placed so that water will not accumulate on walking surfaces per ADA 

guidelines. 

 This criteria has been met 

5. In sag vertical curves, where significant ponding may occur, flanking inlets shall be placed to limit 

spread on low gradient approaches to the level point. The flanking inlets are intended to provide 

relief if the inlet at the low point becomes clogged or if the design spread is exceeded. 

 Flanking inlets are not proposed. Inlet calcs. with 50% assumed clogging have been made for 

the 100-yr event. 

6. Combination inlets or curb opening inlets shall be used in sag locations. Grate inlets are not 

allowed because of their tendency to become clogged. 

 Combination inlets are not proposed. The inlets are part of the Perk Filter units and are 24” x 

24” grates. 

7. Combination curb inlets are required on slopes greater than 10 percent or when necessary to 

prevent bypass flow from crossing an ADA ramp. Curb ramps and their approaches shall be 

designed so that water will not accumulate on walking surfaces per ADA guidelines. 

 Calculations to determine bypass have been provided and accounted for at downslope 

structures. 

 

 

Exhibit 16 SP26-1005



APPENDIX E-2 CATCH BASIN DESIGN COMMENTS 
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E-3 ENERGY DISSIPATOR MANHOLE DESIGN

MH C1 - SW3 

Job Name: Parklands

Job Number:

Date: 9/5/16 2:22 PM

Location: Main Outfall - Line C (MH C1) (use same size for MH A1 and MH A1B)

Line C SW3

Reference: HEC #14, pages X-B-1 thru X-B-4

1. Determine approach pipe diameterter (D) and discharge (Q).

3. Calculte the culvert slope.

Determine the depth of the well below the culvert invert from figure X-B-2.

4. The depth of the well above the the culvert invert (h2) is equal to 2(D) .

   as a minimum but may be greater if the site permits

5. The total height of the well is (hw) = h1+h2.

figure X-B-1 figure X-B-2 min = 2 x (D) = h1+h2

Step 1 Step 1 Step 3 Step 2 Step 3, part 2 Step 4 Step 5

D Q Slope (s) DW h1 h2 hw

(ft) (cfs) % (ft) (ft) (ft) (ft)

1.5 19.7 7.42 4.00 2.00 3.00 5.00

4D*

*but use 2.67D = 3 ft, since h1 is being increased

Step 3, part 2 

** Find minimum h1:

and, h1/Dw = 2 divided by 4 = 0.50 h1 = DW x ratio = 0.32 ft

larger than 0.32, OK

Stilling Well Design

Design Procedure

2. Determine Well Diameter (DW) from figure X-B-1.

(Q100 is about 19.7cfs)

(Q100 is 19.73 cfs)

Try 2.0 ft for design

Stilling Well Design

Given

**From Fig. X-B-2 get approx. 0.08 ratio

Assumptions

* find 4D per Fig. X-B-1

SW3

use 2 ft instead of 0.32**

1
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APPENDIX E-4   FLOW DISSIPATION SYSTEM 
FOR STORM LINE A AND LINE C 

 

Page 1 of 2 
 

 

Perforated Pipe Dissipation System 

The input for modeling the perf pipe dissipation system was developed from rating tables published in 

an Advanced Drainage System (ADS) publication “Hydraulics Brochure” – outflow From Perforated Pipe 

2.105. The published data is in gpm and has been converted to cfs. The data for the 24 inch perf pipe 

was derived by multiplying the data for an 18” pipe by a factor of 1.33. This is the increase in perforation 

area/LF in increasing from 18” to 24”. The tabulated data was reduced by 50% to account for possible 

blockage from the rock aggregate placed around the 24 inch perf pipe. 

 

The rating tables are based on a horizontal profile, so this system on a slight slope would have a better 

outflow rate than in input flow data per stage. The results indicate that the system can adequately 

manage the inflow. The spread length for the outflow is 180 ft plus 124 ft = 304 LF.  

 

Note: This data is directly from ADS "Hyraulics Brochure" - Outflow from  

 perforated Pipe 2.105 (Q in cfs has been added)  

         

Head (H) Pipe Dia. Discharge (Q) Q  Head (H) Pipe Dia. Discharge (Q) Q 

(inches) (inches) (gpm/ft) (cfs/ft)  (inches) (inches) (gpm/ft) (cfs/ft) 

0 6 0.17 0.0004  0 8 0.12 0.0003 

2 6 4.06 0.0091  2 8 4.81 0.0107 

4 6 9.13 0.0204  4 8 10.92 0.0244 

6 6 15.36 0.0343  6 8 18.43 0.0411 

8 6 22.77 0.0508  8 8 27.35 0.0610 

10 6 31.36 0.0699  10 8 37.69 0.0840 

12 6 41.12 0.0917  12 8 49.43 0.1102 

14 6 52.05 0.1161  14 8 62.59 0.1396 

16 6 64.15 0.1431  16 8 77.16 0.1721 

18 6 77.43 0.1727  18 8 93.13 0.2077 

     20 8 110.52 0.2465 

Head (H) Pipe Dia. Discharge (Q) Q  Head (H) Pipe Dia. Discharge (Q) Q 

(inches) (inches) (gpm/ft) (cfs/ft)  (inches) (inches) (gpm/ft) (cfs/ft) 

0 10 0.06 0.0001  0 12 -0.05 -0.0001 

2 10 3.02 0.0067  2 12 2.60 0.0058 

4 10 6.39 0.0142  4 12 5.93 0.0132 

6 10 10.17 0.0227  6 12 9.96 0.0222 

8 10 14.34 0.0320  8 12 14.68 0.0327 

10 10 18.92 0.0422  10 12 20.09 0.0448 

12 10 23.89 0.0533  12 12 26.20 0.0584 

14 10 29.27 0.0653  14 12 32.99 0.0736 

16 10 35.05 0.0782  16 12 40.48 0.0903 
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APPENDIX E-4   FLOW DISSIPATION SYSTEM 
FOR STORM LINE A AND LINE C 

 

Page 2 of 2 
 

18 10 41.23 0.0919  18 12 48.67 0.1085 

20 10 47.82 0.1066  20 12 57.54 0.1283 

22 10 54.80 0.1222  22 12 67.11 0.1497 

     24 12 77.37 0.1725 

         

Head (H) Pipe Dia. Discharge (Q) Q  Head (H) Pipe Dia. Discharge (Q) Q 

(inches) (inches) (gpm/ft) (cfs/ft)  (inches) (inches) (gpm/ft) (cfs/ft) 

         

0 15 0.04 0.0001  0 18 0.04 0.0001 

2 15 2.25 0.0050  2 18 2.51 0.0056 

4 15 5.02 0.0112  4 18 5.96 0.0133 

6 15 8.34 0.0186  6 18 10.37 0.0231 

8 15 12.21 0.0272  8 18 15.76 0.0351 

10 15 16.64 0.0371  10 18 22.11 0.0493 

12 15 21.63 0.0482  12 18 29.42 0.0656 

14 15 27.18 0.0606  14 18 37.71 0.0841 

16 15 33.28 0.0742  16 18 46.96 0.1047 

18 15 39.93 0.0890  18 18 57.19 0.1275 

20 15 47.14 0.1051  20 18 68.38 0.1525 

22 15 54.91 0.1224  22 18 80.53 0.1796 

24 15 63.24 0.1410  24 18 93.66 0.2089 

26 15 72.12 0.1608  26 18 107.75 0.2403 

     28 18 122.82 0.2739 

     30 18 138.85 0.3096 

HCAD ID  - PP represents input for 304 LF of 24" perf pipe   

Head (H) Pipe Dia. Discharge (Q) Q  Mult. by  Assume   

(inches) (inches) (gpm/ft) (cfs/ft)  304 LF 50% Flow   

     (cfs) (cfs)   

0 24 0.05 0.0001  0.036147 0.018073   

2 24 3.35 0.0075  2.268205 1.134103   

4 24 7.94 0.0177  5.385857 2.692929   

6 24 13.82 0.0308  9.371031 4.685515   

8 24 21.01 0.0468  14.2418 7.120899   

10 24 29.47 0.0657  19.98009 9.990043   

12 24 39.22 0.0875  26.58589 13.29295   

14 24 50.27 0.1121  34.0773 17.03865   

16 24 62.60 0.1396  42.43622 21.21811   

18 24 76.23 0.1700  51.68074 25.84037   

20 24 91.15 0.2033  61.79277 30.89639   

22 24 107.35 0.2394  72.77233 36.38617   

24 24 124.85 0.2784  84.63748 42.31874   

26 24 143.63 0.3203  97.37016 48.68508   

28 24 163.72 0.3651  110.9884 55.49421   

30 24 185.09 0.4127  125.4742 62.73711   
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APPENDIX F 

 
Appendix F  Offsite Analysis  

Note: some flow from Payne road has been added to the model. The difference in depth for  

the Post  analysis is only about 0.01 ft, so this file has not been updated. 
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APPENDIX G 

 

G-1 Geotech Report 

G-2 Wetland Evaluation Regarding Wetlands Protection 
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15153, Parklands at Camas Meadows   rev. June 2015  

GEOTECHNICAL SITE INVESTIGATION 

PARKLANDS AT CAMAS MEADOWS 

CAMAS, WASHINGTON 

 

1.0 INTRODUCTION 

Columbia West Engineering, Inc. was retained by Parklands at Camas Meadows, LLC to 

conduct a geotechnical site investigation for proposed development on tax parcel numbers 

986031650 and 175948000 in Camas, Washington.  The purpose of the investigation was 

to observe and assess subsurface soil conditions at specific locations and provide 

subsequent appropriate geotechnical engineering analyses to support property 

development feasibility, planning, and design recommendations. The specific scope of 

services was outlined in a proposal contract dated May 27, 2015. This report summarizes 

the investigation and provides field assessment documentation and laboratory analytical 

test reports. This report is subject to the limitations expressed in Section 6.0, Conclusion 

and Limitations, and Appendix E.  

1.1 General Site Information  

As indicated on Figures 1 and 2, the subject site is located northeast of the intersection of 

NW Payne Street and NW Camas Meadows Drive in Camas, Washington. The site is 

comprised of two tax parcels numbered 986031650 and 175948000 totaling approximately 

36.4 acres. The regulatory jurisdictional agency is the City of Camas, Washington. The 

approximate latitude and longitude are N 45° 37’ 40” and W 122° 26’ 54”, and the legal 

description is a portion of the SW and SE ¼ of Section 28, T2N, R3E, Willamette Meridian.  

1.2 Proposed Development 

Review of preliminary site plans provided by the client indicates that proposed 

development will consist of approximately 46 residential lots and 6 commercial buildings, 

parking areas, loading docks, private roadways and a future extension of NW Camas 

Meadows Drive. Stormwater facilities and underground utilities may also be constructed as 

part of proposed development. Columbia West understands that cut and fill areas will likely 

be proposed at the property. This report is based upon proposed development as 

described above and may not be applicable if modified. 

2.0 REGIONAL GEOLOGY AND SOIL CONDITIONS  

The subject site lies within the Willamette Valley/Puget Sound Lowland, a wide 

physiographic depression flanked by the mountainous Coast Range on the west and the 

Cascade Range on the east. Inclined or uplifted structural zones within the Willamette 

Valley/Puget Sound Lowland constitute highland areas and depressed structural zones 

form sediment-filled basins. The site is located within the central portion of the 

Portland/Vancouver Basin, an open, somewhat elliptical, northwest-trending syncline 

approximately 60 miles wide.  
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Parklands at Camas Meadows, Camas, Washington 

15153, Parklands at Camas Meadows, rev. June 2015  

According to the Geologic Map of the Lacamas Quadrangle, Clark County, Washington 

(US Geological Survey, Science Investigations Map 2924, 2006), the primary geologic unit 

present at the site is a Pleistocene gravel facies unit deposited by cataclysmic, glacial-

outburst floods associated with Lake Missoula in Montana. However, in the areas explored 

during subsurface excavation, the unconsolidated boulder to cobbly gravel unit was either 

extremely thin or missing completely. Instead, the subsurface investigation revealed that 

the bulk of the site is underlain by two similar sedimentary formations. Test pit exploration 

indicated that the western corner of the site is underlain by an unnamed, Pleistocene to 

Pliocene, semi-consolidated, pebble to cobble conglomerate (QTc). This geologic unit is 

lithologically similar to the Pliocene or late Miocene Troutdale Formation, differing primarily 

in age of emplacement, degree of weathering, and the presence of hyaloclastite interbeds. 

Previously published geologic mapping has identified this unit as the Troutdale Formation.  

The southern and eastern portion of the site is underlain by the Hyaoclastic sandstone 

member of the Troutdale formation (Ttfh). This Pliocene to Pleistocene formation is 

comprised of coarse-grained sandstone and pebble conglomerate containing basalt 

pebbles and cobbles. This geologic unit is lithologically similar to the Pliocene or late 

Miocene Troutdale Formation, differing primarily in age of emplacement, degree of 

weathering, and the presence of hyaloclastite interbeds. Previously published geologic 

mapping has identified this unit as the Troutdale Formation. 

The Web Soil Survey (United States Department of Agriculture, Natural Resource 

Conservation Service [USDA NRCS], 2013 Website) indicates the site is underlain by 

three soil types. Hesson clay loam soils are mapped on the majority of the site from the 

northwest corner to the southwest corner of the property, while Cove silty clay loam and 

Lauren gravelly loam soils are mapped in the northern and northwestern portions of the 

property, respectively. Soils resembling the Lauren series were not encountered during 

subsurface excavation.  

Although actual on-site soils may vary from the broad USDA descriptions, Lauren soils are 

generally coarse-textured, well drained soils with rapid permeability. Cove soils are 

generally fine-textured, poorly drained soils with very slow permeability and high shrink-

swell potential. Hesson soils are fine-textured, well drained soils with moderately slow 

permeability and moderate shrink-swell potential. 

3.0 REGIONAL SEISMOLOGY 

Recent research and subsurface mapping investigations within the Pacific Northwest 

appear to suggest the historic potential risk for a large earthquake event with strong 

localized ground movement may be underestimated. Past earthquakes in the Pacific 

Northwest appear to have caused landslides and ground subsidence, in addition to severe 

flooding near coastal areas. Earthquakes may also induce soil liquefaction, which occurs 

when elevated horizontal ground acceleration and velocity cause soil particles to interact 

as a fluid as opposed to a solid. Liquefaction of soil can result in lateral spreading and 

temporary loss of bearing capacity and shear strength.  
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There are at least four major known fault zones in the vicinity of the site that may be 

capable of generating potentially destructive horizontal accelerations. These fault zones 

are described briefly in the following text. 

Portland Hills Fault Zone 

The Portland Hills Fault Zone consists of several northwest-trending faults located along 

the northeastern margin of the Tualatin Mountains, also known as the Portland Hills, and 

the southwest margin of the Portland Basin. The fault zone is approximately 25 to 30 miles 

in length and is located approximately 17 miles southwest of the site. According to Seismic 

Design Mapping, State of Oregon (Geomatrix Consultants, 1995), there is no definitive 

consensus among geologists as to the zone fault type. Several alternate interpretations 

have been suggested.  

According to the USGS Earthquake Hazards Program, the fault was originally mapped as 

a down-to-the-northeast normal fault, but has also been mapped as part of a regional-

scale zone of right-lateral, oblique slip faults, and as a steep escarpment caused by 

asymmetrical folding above a south-west dipping, blind thrust fault. The Portland Hills fault 

offsets Miocene Columbia River Basalts, and Miocene to Pliocene sedimentary rocks of 

the Troutdale Formation. No fault scarps on surficial Quaternary deposits have been 

described along the fault trace, and the fault is mapped as buried by the Pleistocene aged 

Missoula flood deposits.  

However, evidence is thought to exist which suggests that fault movement has impacted 

shallow Holocene deposits and deeper Pleistocene sediments. Seismologists recorded a 

M3.2 earthquake thought to be associated with the fault zone near Kelly Point Park in 

November 2012, a M3.9 earthquake thought to be associated with the fault zone near 

Kelly Point Park in April 2003, and a M3.5 earthquake possibly associated with the fault 

zone occurred approximately 1.3 miles east of the fault in 1991. Therefore, the Portland 

Hills Fault Zone is generally thought to be potentially active and capable of producing 

possible damaging earthquakes.  

Gales Creek-Newberg-Mt. Angel Fault Zone 

Located approximately 35 miles southwest of the site, the northwest-striking, 

approximately 50-mile long Gales Creek-Newberg-Mt. Angel Structural Zone forms the 

northwestern boundary between the Oregon Coast Range and the Willamette Valley, and 

consists of a series of discontinuous northwest-trending faults. The southern end the fault 

zone forms the southwest margin of the Tualatin basin. Possible late-Quaternary 

geomorphic surface deformation may exist along the structural zone (Geomatrix 

Consultants, 1995).  

According to the USGS Earthquake Hazards Program, the Mount Angel fault is mapped as 

a high-angle, reverse-oblique fault, which offsets Miocene rocks of the Columbia River 

Basalts, and Miocene and Pliocene sedimentary rocks. The fault appears to have 

controlled emplacement of the Frenchman Spring Member of the Wanapum Basalts, and 

thus must have a history that predates the Miocene age of these rocks. No unequivocal 
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evidence of deformation of Quaternary deposits has been described, but a thick sequence 

of sediments deposited by the Missoula floods covers much of the southern part of the 

fault trace. 

Although no definitive evidence of impacts to Holocene sediments have clearly been 

identified, the Mount Angel fault appears to have been the location of minor earthquake 

swarms in 1990 near Woodburn, Oregon, and a M5.6 earthquake in March 1993 near 

Scotts Mills, approximately four miles south of the mapped extent of the Mt. Angel fault. It 

is unclear if the earthquake occurred along the fault zone or a parallel structure. Therefore, 

the Gales Creek-Newberg-Mt. Angel Structural Zone is considered potentially active.  

Lacamas Lake-Sandy River Fault Zone 

The northwest-trending Lacamas Creek Fault and northeast-trending Sandy River Fault 

intersect north of Camas, Washington approximately 1 mile east of the site, and form part 

of the northeastern margin of the Portland basin. According to Geology and Groundwater 

Conditions of Clark County Washington (USGS Water Supply Paper 1600, Mundorff, 

1964) and the Geologic Map of the Lake Oswego Quadrangle (Oregon DOGAMI Series 

GMS-59, 1989), the Lacamas Creek fault zone consists of shear contact between the 

Troutdale Formation and underlying Oligocene andesite-basalt bedrock. Secondary shear 

contact associated with the fault zone may have produced a series of prominent 

northwest-southeast geomorphic lineaments in proximity to the site.  

According to the USGS Earthquake Hazards Program the fault has been mapped as a 

normal fault with down-to-the-southwest displacement, and has also been described as a 

steeply northeast or southwest-dipping, oblique, right-lateral, slip-fault. The trace of the 

Lacamas Lake fault is marked by the very linear lower reach of Lacamas Creek. No fault 

scarps on Quaternary surficial deposits have been described. The Lacamas Lake fault 

offsets Pliocene-aged sedimentary conglomerates generally identified as the Troutdale 

formation, and Pliocene to Pleistocene aged basalts generally identified as the Boring 

Lava formation.  

Recent seismic reflection data across the probable trace of the fault under the Columbia 

River yielded no unequivocal evidence of displacement underlying the Missoula flood 

deposits, however, recorded mild seismic activity during the recent past indicates this area 

may be potentially seismogenic. 

Cascadia Subduction Zone 

The Cascadia Subduction Zone has recently been recognized as a potential source of 

strong earthquake activity in the Portland/Vancouver Basin. This phenomenon is the result 

of the earth’s large tectonic plate movement. Geologic evidence indicates that volcanic 

ocean floor activity along the Juan de Fuca ridge in the Pacific Ocean causes the Juan de 

Fuca Plate to perpetually move east and subduct under the North American Continental 

Plate. The subduction zone results in historic volcanic and potential earthquake activity in 

proximity to the plate interface, believed to lie approximately 20 to 50 miles west of the 

general location of the Oregon and Washington coast (Geomatrix Consultants, 1995). 
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4.0 GEOTECHNICAL FIELD INVESTIGATION  

A geotechnical field investigation consisting of visual reconnaissance and eight test pits 

(TP-1 through TP-8) was conducted at the site on June 4, 2015. Subsurface soil profiles 

were logged in accordance with Unified Soil Classification System (USCS) specifications. 

Disturbed soil samples were collected from relevant soil horizons and submitted for 

laboratory analysis. Laboratory test results are presented in Appendix A. Subsurface 

exploration locations are indicated on Figure 2. Exploration logs are presented in Appendix 

B. Soil descriptions and classification information are provided in Appendix C. A photo log 

is provided in Appendix D.  

4.1 Surface Investigation and Site Description 

The approximately 36.4-acre subject site occupies two tax parcels to the east of the 

Camas Meadows Golf Club located at 4105 NW Camas Meadows Drive in Camas, 

Washington. The site was previously undeveloped and is densely vegetated with large fir 

and deciduous trees, associated understory vegetation, and a wetland area. The site lies 

at the toe of a north-facing slope near the western end of Lacamas Lake. Site elevations 

range from approximately 240 feet elevation in the southern portion of the site to 

approximately 190 feet elevation along the northern property boundary. Slope grades 

range from isolated short slopes of approximately 20 percent in the south central portion of 

the property to generally flat in the wetland area of the northern property boundary. Most 

slopes are gentle and range from 5 to 10 percent.   

4.2 Subsurface Exploration and Investigation 

Test pit explorations TP-1 through TP-8 were advanced at the site to a maximum depth of 

16.5 feet using a track-mounted excavator on June 4, 2015. Subsurface exploration 

locations were selected to observe soil characteristics in proximity to proposed 

development areas and are indicated on Figure 2.  

4.2.1 Soil Type Description 

The field investigation indicated the site is generally covered with approximately 10 to 18 

inches of topsoil and associated organic-rich root zone material at the locations observed. 

Underlying the topsoil layer, fine-textured silt and clay soils underlain by weathered 

conglomerate bedrock and competent conglomerate bedrock were encountered. 

Subsurface lithology may generally be described by the following soil types for engineering 

purposes.   

Soil Type 1 – Sandy SILT to Sandy FAT CLAY 

Soil Type 1 was observed to consist primarily of medium brown medium stiff, moist to wet, 

moderate to high plasticity sandy SILT to sandy FAT CLAY. Soil Type 1 was observed 

underlying the topsoil layer in test pits TP-3 through TP-6 and TP-8 to a maximum depth of 

5 feet.  

Analytical laboratory testing conducted upon representative soil samples obtained from 

test pits TP-3 (sandy SILT) and TP-6 (sandy FAT CLAY) indicate approximately 57 to 63 

percent by weight passing the No. 200 sieve and in situ moisture content ranging from 32 
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to 36 percent. Atterberg test results indicated a liquid limit ranging from 44 to 51 percent 

and a plasticity index ranging from 16 to 25 percent. Soil Type 1 is classified as ML, sandy 

SILT, and CH, sandy FAT CLAY according to USCS specifications and A-7-6(7) and 

A-7-6(7) according to AASHTO specifications. 

Soil Type 2 – Clayey SAND to Poorly Graded GRAVEL with silt and sand  

Soil Type 2 was observed to consist primarily of light brown to multi-colored, dense to very 

dense, moist to wet, clayey SAND and poorly graded GRAVEL with silt and sand. Soil 

Type 2 represents weathered conglomerate bedrock. Soil Type 2 was encountered 

underlying surficial fine textured soils or topsoil in all test pits.   

Analytical laboratory testing conducted upon representative soil samples obtained from 

test pit TP-8 indicate approximately 8 to 20 percent by weight passing the No. 200 sieve 

and in situ moisture content ranging from 33 to 43 percent. Atterberg test results indicated 

a liquid limit ranging from 43 to 46 percent and a plasticity index of 18 percent. Soil Type 2 

is classified as SC, clayey SAND and GP-GM, poorly-graded GRAVEL with silt and sand 

according to USCS specifications and A-2-7(0) according to AASHTO specifications. 

Soil Type 3: Weathered and Competent Conglomerate Bedrock 

Weathered and competent conglomerate bedrock was encountered in all test pits at 

various depths. The conglomerate bedrock encountered generally resembled the 

descriptions of the unnamed Pleistocene to Pliocene, semi-consolidated, pebble to cobble 

conglomerate (QTc) and the Hyaoclastic sandstone member of the Troutdale formation 

(Ttfh). The bedrock consisted of angular to sub-rounded clasts of various sizes cemented 

in a matrix of sand, silt, and clay. The bedrock was very dense and excavator refusal was 

noted at various depths as indicated in Table 1 in Section 5.7, Excavation. 

4.2.2 Groundwater 

Groundwater was encountered in test pits TP-1 and TP-8 at depths of 2.5 feet and 15 feet 

below ground surface, respectively. Standing water was observed at the ground surface 

elevation in the wetland which occupies the central north portion of the site. According to 

Clark County Maps Online, the static aquifer elevation in the vicinity of the subject site 

ranges from 190 to 210 feet amsl. These elevations correspond to an approximate depth 

to groundwater between 0 and 20 feet below ground surface.   

Groundwater levels are often subject to seasonal variance and may rise during extended 

periods of increased precipitation. Perched groundwater may also be present in localized 

areas. Seeps and springs may become evident during site grading, primarily along slopes 

or in areas cut below existing grade. Structures, roads, and drainage design should be 

planned accordingly. Piezometer installation and long-term monitoring, beyond the scope 

of this investigation, would be necessary to provide more detailed groundwater 

information.  

5.0 DESIGN RECOMMENDATIONS  

The geotechnical site investigation suggests the proposed development is generally 

compatible with surface and subsurface soils, provided the recommendations presented in 
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this report are utilized and incorporated into the design and construction processes. 

Design recommendations are presented in the following text sections.  

5.1 Site Preparation and Grading 

Vegetation, organic material, unsuitable fill, and deleterious material that may be 

encountered should be cleared from areas identified for structures and site grading. 

Vegetation, other organic material, and debris should be removed from the site. Stripped 

topsoil should also be removed, or used only as landscape fill in nonstructural areas with 

slopes less than 25 percent. The anticipated stripping depth for sod and highly organic 

topsoil is anticipated to vary from 10 to 18 inches. The required stripping depth may 

increase in areas of heavy organics, large tree root balls, or disturbed soil. Actual stripping 

depths should be determined based upon visual observations made during construction 

when soil conditions are exposed. The post-construction maximum depth of landscape fill 

placed or spread at any location onsite should not exceed one foot. 

Previously disturbed soil, debris, unsuitable, or undocumented fill encountered during 

grading or construction activities should be removed completely and thoroughly from 

structural areas. This includes old foundations, basement walls, utilities, associated soft 

soils, and debris. Excavation areas should be backfilled with engineered structural fill.  

Site grading activities should be performed in accordance with requirements specified in 

the 2012 International Building Code (IBC), Chapter 18 and Appendix J, with exceptions 

noted in the text herein. Site preparation, soil stripping, grading activities, and demolition 

debris removal verification should be observed and documented by an experienced 

geotechnical engineer or designated representative.  

5.2 Engineered Structural Fill  

Areas proposed for fill placement should be appropriately prepared as described in the 

preceding text. Surface soils should then be scarified and compacted prior to additional fill 

placement. Engineered structural fill should be placed upon prepared subgrade in loose 

lifts not exceeding 12 inches in depth and compacted using standard conventional 

compaction equipment. The soil moisture content should be within three percentage points 

of optimum conditions. A field density at least equal to 95 percent of the maximum dry 

density, obtained from the standard Proctor moisture-density relationship test (ASTM 

D698), is recommended for structural fill placement. Engineered structural fill placed on 

sloped grades should be benched to provide a horizontal surface for compaction. 

Compaction of engineered structural fill should be verified by nuclear gauge field 

compaction testing performed in accordance with ASTM D6938. Field compaction testing 

should be performed for each vertical foot of engineered fill placed. Engineered fill 

placement should be observed by an experienced geotechnical engineer or designated 

representative. 

Engineered structural fill placement activities should be performed during dry summer 

months if possible. If fill placement occurs during dry weather conditions, clean, fine-

textured native soils are anticipated be suitable for use as structural fill if adequately 
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moisture-conditioned to achieve recommended compaction specifications. Areas of sandy 

FAT CLAY that may be encountered may not be suitable for building foundation subgrade 

or road subgrade embankments. The use of clay soils for structural fill should be analyzed 

by Columbia West during site grading activities.  

Because they are moisture-sensitive, fine-textured soils such as Soil Type 1 are often 

difficult to excavate and compact during wet weather conditions. If adequate compaction is 

not achievable with clean, fine-textured soils, import fill consisting of well-graded granular 

material with a maximum particle size of three inches and no more than five percent 

passing the No. 200 sieve is recommended for structural fill. 

Representative samples of proposed engineered structural fill should be submitted for 

laboratory analysis and approval by the geotechnical engineer prior to placement. 

Laboratory analyses should include particle-size gradation and Proctor moisture-density 

analysis. 

5.3 Cut and Fill Slopes 

Fill placed on existing grades steeper than 5H:1V should be horizontally benched at least 

10 feet into the slope. Fill slopes greater than six feet in height should be vertically keyed 

into existing subsurface soil. A typical fill slope cross-section is shown in Figure 3. 

Drainage implementations, including subdrains or perforated drain pipe trenches, may also 

be necessary in proximity to cut and fill slopes if seeps or springs are encountered. 

Drainage design may be performed on a case-by-case basis. Extent, depth, and location 

of drainage may be determined in the field by the geotechnical engineer during 

construction when soil conditions are exposed. Failure to provide adequate drainage may 

result in soil sloughing, settlement, or erosion.  

Final cut or fill slopes at the site should not exceed 2H:1V or 15 feet in total height without 

individual slope stability analysis. The values above assume a minimum horizontal setback 

for loads of 10 feet from top of cut or fill slope face or overall slope height divided by three 

(H/3), whichever is greater. A minimum slope setback detail for structures is presented in 

Figure 4.  

Concentrated drainage or water flow over the face of slopes should be prohibited, and 

adequate protection against erosion is required. Fill slopes should be constructed by 

placing fill material in maximum 12-inch level lifts, compacting as described in Section 5.2, 

Engineered Structural Fill and horizontally benching where appropriate. Fill slopes should 

be overbuilt, compacted, and trimmed at least two feet horizontally to provide adequate 

compaction of the outer slope face. Proper cut and fill slope construction is critical to 

overall project stability and should be observed by an experienced geotechnical engineer. 

5.4 Foundations  

Review of preliminary site plans indicates that both residential and commercial/light 

industrial buildings are proposed. Foundations are anticipated to consist of shallow 

continuous perimeter or column spread footings. Footings should be designed by a 

licensed structural engineer and conform to the recommendations below. Typical building 
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loads are not expected to exceed approximately 3 to 4 kips per foot for perimeter footings 

or 80 kips per column. If actual loading exceeds anticipated loading, additional analysis 

should be conducted for the specific load conditions and proposed footing dimensions.   

The existing ground surface should be prepared as described in Section 5.1, Site 

Preparation and Grading, and Section 5.2, Engineered Structural Fill. Foundations should 

bear upon a 12-inch-thick layer of crushed aggregate base compacted to at least 95 

percent of modified Proctor maximum dry density (ASTM D1557) placed on firm competent 

in situ soil or engineered structural fill. Disturbed surface soils and unsuitable fill should be 

removed from foundation alignments and replaced with structural fill.   

Footings should have a minimum width of 18 inches and extend to a depth at least 18 

inches below lowest adjacent grade to provide adequate bearing capacity and protection 

against frost heave. Foundations constructed during wet weather conditions may require 

over-excavation of saturated subgrade soils and granular structural backfill prior to 

concrete placement. Over-excavation recommendations should be provided by a qualified 

geotechnical engineer during foundation excavation and construction. Excavations 

adjacent to foundations should not extend within a 1.5H:1V angle projected down from the 

outside bottom footing edge without additional geotechnical analysis. 

Allowable bearing capacity is typically a function of footing dimension and subsurface soil 

properties, including settlement and shear resistance. Based upon in situ field testing and 

laboratory analysis, the estimated allowable bearing capacity for well-drained foundations 

prepared as described above and bearing on Soil Type 1 is 1,500 psf. The estimated 

allowable bearing capacity for well-drained foundations bearing upon Soil Types 2 and 3 is 

2,000 psf. Bearing capacity may be increased by one-third for transient lateral forces such 

as seismic or wind. The estimated coefficient of friction between in situ compacted native 

soil or engineered structural fill and in-place poured concrete is 0.35. Lateral forces may 

also be resisted by an assumed passive soil equivalent fluid pressure of 250 psf/f against 

embedded footings. The upper six inches of soil should be neglected in passive pressure 

calculations. 

Foundations should not be permitted to bear upon existing fill, soft soil, or disturbed soil. 

Because soil is often heterogeneous and anisotropic, it is recommended that an 

experienced geotechnical engineer or designated representative observe foundation 

excavations prior to placing forms or reinforcing bar to verify subgrade support conditions 

are as anticipated in this report. 

5.5 Slabs on Grade 

The proposed structures may have slab-on-grade floors. Slabs should be supported on 

firm, competent, in situ soil or engineered structural fill. Disturbed soils and unsuitable fills 

in proposed slab locations should be removed and replaced with structural fill.   

Preparation and compaction beneath slabs should be performed in accordance with the 

recommendations presented in Section 5.1, Site Preparation and Grading and Section 5.2, 

Engineered Structural Fill. Slabs should be underlain by at least 6 inches of free-draining 1 
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¼”-0 crushed aggregate meeting WSDOT 9-03.9(3). Geotextile filter fabric conforming to 

WSDOT 2010 Standard Specification M 41-10, 9-33.2(1), Geotextile Properties, Table 3: 

Geotextile for Separation or Soil Stabilization may be used below the crushed aggregate to 

increase subgrade support. If desired, a moisture barrier may be constructed beneath the 

slabs. Slabs should be appropriately waterproofed in accordance with the desired type of 

finished flooring. Slab thickness and reinforcement should be designed by an experienced 

structural engineer in accordance with anticipated loads. 

5.6 Settlement 

Total long-term static footing displacement for shallow to medium-depth foundations 

constructed as described in this report is not anticipated to exceed approximately 1 inch. 

Differential settlement between comparably loaded footing elements is not expected to 

exceed approximately ½ inch over a span of 50 feet. The resulting vertical displacement 

after loading may be due to elastic distortion, dissipation of excess pore pressure, or soil 

creep.  

5.7 Excavation  

Soils at the site were explored to a maximum depth of 16.5 feet using a track-mounted 

excavator. As mentioned previously, weathered and competent conglomerate bedrock was 

encountered in all test pits at various depths ranging from 3 to 16.5 feet below ground 

surface. Table 1 presents a summary of depths to bedrock and groundwater. 

  

Table 1. Depth to bedrock and groundwater. 

Test Pit 

Depth to Bedrock 
Refusal (feet below 

ground surface) 

Depth of Seep or 
Groundwater (feet below 

ground surface) 

TP-1 3 2.5 

TP-2 3.5 not encountered 

TP-3 4.5 not encountered 

TP-4 3 not encountered 

TP-5 4.5 not encountered 

TP-6 6.5 not encountered 

TP-7 3.5 not encountered 

TP-8 16.5 15 

 

The conglomerate was generally weathered in the top few feet, but became dense and 

massive with depth. If significant utilities or other excavations are designed at elevations 

that encounter bedrock, specialized rock-excavation techniques or blasting may be 

necessary. As mentioned previously, groundwater seeps were also observed during the 

site investigation, often at a depth coincident with the soil-to-bedrock interface. 
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Near-surface soils are likely classified as Washington State Industrial Safety and Health 

Administration (WISHA) Type C. For temporary open-cut excavations deeper than four 

feet, but less than 20 feet in soils of these types, the maximum allowable slope is 1.5H:1V. 

WISHA soil type should be confirmed during field construction activities by the contractor. 

Soil is often anisotropic and heterogeneous, and it is possible that WISHA soil types 

determined in the field may differ from those described above.  

The contractor should be held responsible for site safety, sloping, and shoring. Columbia 

West is not responsible for contractor activities and in no case should excavation be 

conducted in excess of all applicable local, state, and federal laws. 

5.8 Dewatering 

Groundwater elevation and hydrostatic pressure should be carefully considered during 

design of utilities, retaining walls, or other structures that require below-grade excavation. 

As described previously, groundwater may be encountered in the vicinity of proposed 

development areas. Utility trenches in shallow groundwater areas or excavations and cuts 

that remain open for even short periods of time may undermine or collapse due to 

groundwater effects. Placement of layers of riprap or quarry spalls in localized areas on 

shallow excavation side slopes may be required to limit instability. Over-excavation and 

stabilization of pipe trenches or other excavations with imported crushed aggregate or 

gabion rock may also be necessary to provide adequate subgrade support.  

Pumping and dewatering may be required to temporarily reduce the groundwater elevation 

to allow construction of proposed below-grade structures, installation of utilities, or 

placement of structural fills. Dewatering via a sump within excavation zones may be 

insufficient to control groundwater and provide excavation side slope stability. Dewatering 

may be more feasibly conducted by installing a system of temporary well points and 

pumps around proposed excavation areas or utility trenches. Depending on proposed 

utility depths, a site-specific dewatering plan may be necessary. Well pumps should 

remain functioning at all times during the excavation and construction period. Suitable 

back-up pumps and power supplies should be available to prevent unanticipated shut-

down of dewatering equipment. Failure to operate pumps full-time may result in flooding of 

the excavation zones, resulting in damage to forms, slopes, or equipment.  

5.9 Lateral Earth Pressure 

If retaining walls are proposed, lateral earth pressures should be carefully considered for 

design. Hydrostatic pressure and additional surcharge loading should also be considered. 

Retained material may include engineered structural backfill or undisturbed soil. Structural 

wall backfill should consist of imported granular material meeting Section 9-03.12(2) of 

WSDOT Standard Specifications. Backfill should be prepared and compacted to at least 

95 percent of maximum dry density as determined by the modified Proctor test (ASTM 

D1557). Recommended parameters for lateral earth pressures for in situ undisturbed 

native soils and engineered structural fill consisting of imported granular fill meeting 

WSDOT specifications for Gravel Backfill for Walls 9-03.12(2) are presented in Table 1. 

Soil Type 1 is excluded due to the relative thin profile observed on the site. 
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The design parameters presented in Table 2 are valid for static loading cases. The 

recommended earth pressures do not include surcharge loads, dynamic loading, 

hydrostatic pressure, or seismic design. 

Table 2. Lateral Earth Pressure Parameters for Level Backfill 

Backfill Material 

Equivalent Fluid Pressure 
for Level Backfill Wet 

Density 

Drained 
Internal 
Angle of 
Friction At-rest Active Passive 

WSDOT 9-03.12(2) compacted aggregate 

backfill 
54 pcf 33 pcf 589 pcf 135 pcf 38° 

In situ undisturbed clayey SAND and Poorly 
Graded GRAVEL with silt and sand 

 (Soil Type 2) 
64 pcf 43 pcf 360 pcf 125 pcf 29° 

* The upper 6 inches of soil should be neglected in passive pressure calculations. If 

exterior grade from top or toe of retaining wall is sloped, Columbia West should be 
contacted to provide location-specific lateral earth pressures. 

If seismic design is required, seismic forces may be calculated by superimposing a uniform 

lateral force of 10H2 pounds per lineal foot of wall, where H is the total wall height in feet. 

The resultant force should be applied at 0.6H from the base of the wall. 

A continuous one-foot-thick zone of free-draining, washed, open-graded 1-inch by 2-inch 

drain rock and a 4-inch perforated gravity drain pipe is assumed behind retaining walls. 

Geotextile filter fabric should be placed between the drain rock and backfill soil. 

Specifications for drainpipe design are presented in Section 5.12, Drainage. If walls cannot 

be gravity drained, saturated base conditions and/or applicable hydrostatic pressures 

should be assumed. 

Final retaining wall design should be reviewed and approved by Columbia West. Retaining 

wall subgrade and backfill activities should also be observed and tested for compliance 

with recommended specifications by the geotechnical engineer or designated 

representative during construction. 

5.10 Seismic Design Considerations 

According to the United States Geologic Survey (USGS) 2010 ASCE 7 Seismic Design 

Maps Summary Report, the anticipated peak ground and maximum considered earthquake 

spectral response accelerations resulting from seismic activity for the subject site are 

summarized in Table 3. 

The listed probabilistic ground motion values are based upon “firm rock” sites with an 

assumed shear wave velocity of 2,500 ft/s in the upper 100 feet of soil profile. These 

values should be adjusted for site class effects by applying site coefficients Fa and Fv as 

defined in 2012 IBC Tables 1613.3.3(1) and (2). The site coefficients are intended to more 

accurately characterize estimated peak ground and respective earthquake spectral 

response accelerations by considering site-specific soil characteristics and index 

properties. 

The Site Class Map of Clark County, Washington (Washington State Department of 

Natural Resources, 2004), indicates site soils may be represented by Site Class C. Based 

upon observed subsurface soil conditions at the site, and review of well logs and local 
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geologic maps, site soils may be considered to be Site Class C as defined in 2012 IBC 

Section 1613.3.5. This site class designation indicates that some amplification of seismic 

energy may occur during a seismic event because of subsurface conditions. This 

assessment is preliminary and is based upon limited field exploration and research of 

existing published literature. Additional exploration would be necessary to provide soil site 

class information at greater depths. 

 

Table 3. Approximate Probabilistic Ground Motion Values for ‘firm rock’ 
sites based on subject property longitude and latitude 

 
2% Probability of 

Exceedance in 50 yrs 

Peak Ground Acceleration 0.38 g 

0.2 sec Spectral 
Acceleration 

0.89 g 

1.0 sec Spectral 
Acceleration 

0.38 g 

 

Localized peak ground accelerations exceeding the adjusted values may occur in some 

areas in direct proximity to an earthquake’s origin. This may be a result of amplification of 

seismic energy due to depth to competent bedrock, compression and shear wave velocity 

of bedrock, presence and thickness of loose, unconsolidated alluvial deposits, soil 

plasticity, grain size, and other factors. 

Identification of specific seismic response spectra for the site is beyond the scope of this 

investigation. If site structures are designed in accordance with recommendations 

specified in the 2012 IBC, the potential for peak ground accelerations in excess of the 

adjusted and amplified values should be understood. 

5.11 Soil Liquefaction and Dynamic Settlement 

According to the Alternative Liquefaction Susceptibility Map of Clark County Washington 

(Washington State Department of Natural Resources, 2004), the site is mapped as very 

low susceptibility for liquefaction. Liquefaction, defined as the transformation of the 

behavior of a granular material from a solid to a liquid due to increased pore-water 

pressure and reduced effective stress, may occur when granular or non-plastic silt 

materials quickly compact under cyclic stresses caused by a seismic event. The effects of 

liquefaction may include immediate ground settlement and lateral spreading. 

Soils most susceptible to liquefaction are generally saturated, cohesionless, loose to 

medium-dense sands within 50 feet of the ground surface. Recent research has also 

indicated that low plasticity silts and clays may also be subject to sand-like liquefaction 

behavior if the plasticity index determined by the Atterberg Limits analysis is less than 8. 

Potentially liquefiable soils located above the existing, historic, or expected ground water 

levels do not generally pose a liquefaction hazard. It is important to note that changes in 

Exhibit 16 SP26-1005



 

Geotechnical Site Investigation          Page 14 
Parklands at Camas Meadows, Camas, Washington 

15153, Parklands at Camas Meadows, rev. June 2015  

perched ground water elevation may occur due to project development or other factors not 

observed at the time of investigation. 

Based upon the results of the geotechnical investigation, the potential for liquefaction of 

shallow soils at the site is considered to be low. 

5.12 Drainage  

At a minimum, site drainage should include surface water collection and conveyance to 

properly designed stormwater management structures and facilities. Drainage design in 

general should conform to City of Camas regulations. Finished site grading should be 

conducted with positive drainage away from structures. Depressions or shallow areas that 

may retain ponding water should be avoided. Roof drains, low-point drains, and perimeter 

foundation drains are recommended for structures. Drains should consist of separate 

systems and gravity flow with a minimum two-percent slope away from foundations into the 

stormwater system or approved discharge location. Concentrated discharge of water 

should be prohibited across slopes and water should not be diverted, routed, or allowed to 

flow over or across slope faces. 

Perimeter foundation drains should consist of 3-inch perforated PVC pipe surrounded by a 

minimum of 1 ft3 of clean, washed drain rock per linear foot of pipe and wrapped with 

geotextile filter fabric. Open-graded drain rock with a maximum particle size of 3 inches 

and less than 2 percent passing the No. 200 sieve is recommended. Geotextile filter fabric 

should consist of Mirafi 140N or approved equivalent, with AOS between No. 70 and No. 

100 sieve. The water permittivity should be greater than 1.5/sec. Figure 5 presents a 

typical foundation drain. Perimeter drains may limit increased hydrostatic pressure beneath 

footings and assist in reducing potential perched moisture areas. 

Subdrains should also be considered if portions of the site are cut below surrounding 

grades. Shallow groundwater, springs, or seeps should be conveyed via drainage channel 

or perforated pipe into the stormwater management system or an approved discharge. 

Recommendations for design and installation of perforated drainage pipe may be 

performed on a case-by-case basis by the geotechnical engineer during construction. 

Failure to provide adequate surface and sub-surface drainage may result in soil slumping 

or unanticipated settlement of structures exceeding tolerable limits. A typical perforated 

drain pipe trench detail is presented in Figure 6. 

Foundation drains and subdrains should be closely monitored after construction to assess 

their effectiveness. If additional surface or shallow subsurface seeps become evident, the 

drainage provisions may require modification or additional drains. The geotechnical 

engineer should be consulted to provide appropriate recommendations. 

5.13 Bituminous Asphalt and Portland Cement Concrete  

Preliminary site plans indicate that proposed development includes private asphalt 

concrete driveways and parking areas. Additionally, an extension of the City of Camas’ 

NW Camas Meadows Drive may be constructed as part of the development. Pavement 

section thickness should be carefully considered to provide adequate lifespan and 
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serviceability. Pavement section design is outside the scope of this investigation; however, 

Columbia West can provide section design services in the future if requested. Columbia 

West recommends adherence to the City of Camas standards for public works 

construction if improvements to public roads are proposed. 

For dry weather construction, pavement surface sections should bear upon competent 

subgrade consisting of scarified and compacted native soil or engineered structural fill. 

Wet weather pavement construction is discussed later in Section 5.14, Wet Weather 

Construction Methods and Techniques. Areas proposed for asphalt pavement construction 

should be prepared as described in Section 5.1, Site Preparation and Grading. Subgrade 

conditions should be evaluated and tested by a licensed geotechnical engineer or 

designated representative prior to placement of crushed aggregate base. Subgrade 

evaluation should include nuclear gauge density testing and wheel proof-roll observations 

conducted with a 12-cubic yard, double-axle dump truck or equivalent. Nuclear gauge 

density testing should be conducted at 250-foot intervals or as determined by the onsite 

geotechnical engineer. Subgrade soil should be compacted to at least 95 percent of the 

modified Proctor dry density, as determined by ASTM D698. Areas of observed deflection 

or rutting during proof-roll evaluation should be excavated to a firm surface and replaced 

with compacted crushed aggregate.  

Crushed aggregate base should be compacted and tested in accordance with the 

specifications outlined above. Asphalt concrete pavement should be compacted to at least 

91 percent of maximum Rice density. Nuclear gauge density testing should be conducted 

to verify adherence to recommended specifications. Testing frequency should be in 

accordance with Washington Department of Transportation and City of Camas 

specifications. 

Portland cement concrete curbs should be installed in accordance with the City of Camas 

specifications. Aggregate base should be observed and proof-rolled in the presence of an 

experienced geotechnical engineer or designated representative. Soft areas that deflect or 

rut should be stabilized prior to pouring concrete. Concrete should be tested during 

installation in accordance with ASTM C171, C138, C231, C143, C1064, and C31. This 

includes casting of cylinder specimen at a frequency of four cylinders per 100 cubic yards 

of poured concrete. Recommended field and analytical laboratory concrete testing includes 

slump, air entrainment, temperature, and unit weight. 

5.14 Wet Weather Construction Methods and Techniques 

Wet weather construction often results in significant shear strength reduction and soft 

areas that may rut or deflect. Installation of granular working layers may be necessary to 

provide a firm support base and sustain construction equipment. Granular layers should 

consist of all-weather gravel, 4-inch by 6-inch gabion, or other similar material (6-inch 

maximum size with less than 5 percent passing the No. 200 sieve). 

Construction equipment traffic across exposed fine-textured soil should be minimized. 

Equipment traffic induces dynamic loading, which may result in weak areas and significant 

reduction in shear strength for soils above plastic limit. Wet weather construction may 
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generate significant excess quantities of soft wet soil, which should be removed from the 

site or stockpiled in a designated area. 

Construction during wet weather conditions may require increased base thickness. Road 

base should consist of 3”-0 or 1¼”-0 crushed aggregate and should be placed on 

previously stripped and structurally competent subgrade. Over-excavation may be 

necessary to provide a firm base upon which to place crushed aggregate. Geotextile filter 

fabric such as Mirafi 500X or an approved equivalent is also recommended. Crushed 

aggregate base should be installed in a single lift with trucks end-dumping from an 

advancing layer of granular fill. During extended wet periods, stripping activities may also 

need to be conducted from an advancing layer of granular fill. Once installed, the crushed 

aggregate base should be compacted with several passes from a static drum roller. A 

vibratory compactor is not recommended because it may further disturb the subgrade. 

Subdrains may also be necessary to provide subgrade drainage and maintain structural 

integrity.  

Crushed aggregate base should be compacted to at least 95 percent of maximum dry 

density according to the modified Proctor density test (ASTM D1557). Compaction should 

be verified by nuclear gauge density testing. Observation of a proof-roll with a loaded 

dump truck is also recommended as an indication of subgrade performance.  

It should be understood that wet weather construction is risky and costly. An experienced 

geotechnical engineer or designated representative should observe and document wet 

weather construction activities. Proper construction methods and techniques are critical to 

overall project integrity.  

5.15 Erosion Control Measures 

Based upon field observations and laboratory testing, the erosion hazard for site soils in 

flat to shallow-gradient portions of the property is likely to be low. The potential for erosion 

generally increases in sloped areas. Therefore, disturbance to vegetation in sloped areas 

should be minimized during construction activities. Soil is also prone to erosion if 

unprotected and unvegetated during periods of increased precipitation. Erosion can be 

minimized by performing construction activities during dry summer months.  

Site-specific erosion control measures should be implemented to address the maintenance 

of exposed areas. This may include silt fence, biofilter bags, straw wattles, or other 

suitable methods. During construction activities, exposed areas should be well-compacted 

and protected from erosion with visqueen, surface tactifier, or other means, as appropriate. 

Temporary slopes or exposed areas may be covered with straw, crushed aggregate, or 

riprap in localized areas to minimize erosion. Erosion and water runoff during wet weather 

conditions may be controlled by application of strategically placed channels and small 

detention depressions with overflow pipes.   

After grading, exposed surfaces should be vegetated as soon as possible with erosion-

resistant native species. Jute mesh or straw may be applied to enhance vegetation. Once 

established, vegetation should be properly maintained. Disturbance to existing native 
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vegetation and surrounding organic soil should also be minimized during construction 

activities. 

5.16 Soil Shrink/Swell Potential 

Based upon laboratory analysis, subsurface soils contain as much as 63 percent by weight 

passing the No. 200 sieve and exhibit a plasticity index ranging from 16 to 25 percent. This 

indicates low to moderate potential for soil shrinking or swelling. 

5.17 Utility Installation 

Utility installation may require subsurface excavation and trenching. Excavation, trenching 

and shoring should conform to federal (Occupational Safety and Health Administration) 

(OSHA) (29 CFR, Part 1926) and WISHA (WAC, Chapter 296-155) regulations. Site soils 

may slough when cut vertically and sudden precipitation events or perched groundwater 

may result in accumulation of water within excavation zones and trenches.  

Utilities should be installed in general accordance with manufacturer’s recommendations. 

Utility trench backfill should consist of crushed aggregate or other coarse-textured, free-

draining material acceptable to the client, City of Camas, and the site geotechnical 

engineer. Trench backfill material within 18 inches of the top of utility pipes should be hand 

compacted (i.e., no heavy compaction equipment). The remaining backfill should be 

compacted to at least 95 percent of maximum dry density as determined by the standard 

Proctor moisture-density test (ASTM D698). Clean, free-draining, fine bedding sand is 

recommended for use in the pipe zone. With exception of the pipe zone, backfill should be 

placed in loose lifts not exceeding 12 inches in thickness.  

Compaction of utility trench backfill material should be verified by nuclear gauge field 

compaction testing performed in accordance with ASTM D6938. It is recommended that 

field compaction testing be performed at 200-foot intervals along the utility trench 

centerline at the surface and midpoint depth of the trench. Compaction frequency and 

specifications may be modified for non-structural areas in accordance with 

recommendations of the site geotechnical engineer. 

6.0 CONCLUSION AND LIMITATIONS 

This geotechnical site investigation report was prepared in accordance with accepted 

standard conventional principles and practices of geotechnical engineering. This 

investigation pertains only to material tested and observed as of the date of this report, and 

is based upon proposed site development as described in the text herein. This report is a 

professional opinion containing recommendations established by engineering 

interpretations of subsurface soils based upon conditions observed during site exploration. 

Soil conditions may differ between tested locations or over time. Even slight variations may 

produce impacts to the performance of structural facilities if not adequately addressed. 

This underscores the importance of diligent QA/QC construction observation and testing to 

verify soil conditions are as anticipated in this report.  

Therefore, this report contains several recommendations for field observation and testing 

by Columbia West personnel during construction activities. Columbia West cannot accept 
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MATERIAL DATA

LABORATORY TEST DATA

initial dry mass (g) = 158.3   % gravel = 0.5%

as-received moisture content = 36.4% coefficient of curvature, CC = n/a   % sand = 42.4%

liquid limit = 44 coefficient of uniformity, CU = n/a   % silt and clay = 57.1%

plastic limit = 28 effective size, D(10) = n/a

plasticity index = 16 D(30) = n/a

fineness modulus = n/a D(60) = 0.097 mm

US mm act. interp. max min

6.00" 150.0 100.0%

4.00" 100.0 100.0%

3.00" 75.0 100.0%

2.50" 63.0 100.0%

2.00" 50.0 100.0%

1.75" 45.0 100.0%

1.50" 37.5 100.0%

1.25" 31.5 100.0%

1.00" 25.0 100.0%

7/8" 22.4 100.0%

3/4" 19.0 100.0%

5/8" 16.0 100.0%

1/2" 12.5 100.0%

3/8" 9.50 100.0%

1/4" 6.30 100.0%

#4 4.75 99.5%

#8 2.36 98.0%

#10 2.00 97.6%

#16 1.18 91.0%

#20 0.850 86.8%

#30 0.600 82.7%

#40 0.425 78.7%

#50 0.300 74.1%

#60 0.250 71.7%

#80 0.180 67.4%

#100 0.150 65.0%

#140 0.106 61.1%

#170 0.090 59.2%

#200 0.075 57.1%

 DATE TESTED

 LABORATORY EQUIPMENT

Rainhart "Mary Ann" Sifter 637

06/08/15

S
A

N
D

G
R

A
V

E
L

none  

SIEVE SIZE  

PERCENT PASSING

SIEVE SPECS

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA   SIEVE DATA

 TEST PROCEDURE

ASTM D6913, D422

PARTICLE-SIZE ANALYSIS REPORT

Parklands at Camas Meadows

Camas, Washington

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

TP3.1

HDG

 PROJECT  CLIENT  PROJECT NO.

 FIELD ID

 SAMPLED BY

15153 S15-359

LAB ID

 REPORT DATE

ML, Sandy SiltTest Pit TP-03

depth = 2 feet

06/16/15

06/04/15

 DATE SAMPLED

 USCS SOIL TYPE

  COLUMBIA WEST ENGINEERING, INC. authorized signature

Sandy SILT
 MATERIAL SAMPLED

A-7-6(7)

 TESTED BY

BTT/MJR

 SPECIFICATIONS  AASHTO SOIL TYPE

 MATERIAL SOURCE
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MATERIAL DATA

LABORATORY TEST DATA

u v w x

liquid limit = 44 wet soil + pan weight, g = 33.30 33.31 33.93

plastic limit = 28 dry soil + pan weight, g = 29.59 29.37 29.72

plasticity index = 16 pan weight, g = 20.83 20.70 20.68

N (blows) = 30 20 15

moisture, % = 42.4 % 45.4 % 46.6 %

u v w x

shrinkage limit = n/a wet soil + pan weight, g = 27.85 27.97

shrinkage ratio = n/a dry soil + pan weight, g = 26.28 26.35

pan weight, g = 20.69 20.50

moisture, % = 28.1 % 27.7 %

  % gravel = 0.5%

  % sand = 42.4%

  % silt and clay = 57.1%

  % silt = n/a

  % clay = n/a

moisture content = 36.4%

 DATE TESTED

MJR

 REPORT DATE  FIELD ID

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA

Liquid Limit Machine, Hand Rolled

 LABORATORY EQUIPMENT

ASTM D4318

 TEST PROCEDURE

 TESTED BY

06/15/15

 USCS SOIL TYPE

ATTERBERG LIMITS REPORT
 PROJECT  CLIENT  LAB ID PROJECT NO.

 DATE SAMPLED  SAMPLED BY

Parklands at Camas Meadows

Camas, Washington

HDG

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

Sandy SILT Test Pit TP-03

depth = 2 feet

ML, Sandy Silt

  ATTERBERG LIMITS   LIQUID LIMIT DETERMINATION

  SHRINKAGE   PLASTIC LIMIT DETERMINATION

  COLUMBIA WEST ENGINEERING, INC. authorized signature

06/16/15 TP3.1

S15-35915153

 MATERIAL SAMPLED  MATERIAL SOURCE

06/04/15
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MATERIAL DATA

LABORATORY TEST DATA

initial dry mass (g) = 173.4   % gravel = 0.1%

as-received moisture content = 32.3% coefficient of curvature, CC = n/a   % sand = 37.3%

liquid limit = 51 coefficient of uniformity, CU = n/a   % silt and clay = 62.6%

plastic limit = 26 effective size, D(10) = n/a

plasticity index = 25 D(30) = n/a

fineness modulus = n/a D(60) = n/a

US mm act. interp. max min

6.00" 150.0 100.0%

4.00" 100.0 100.0%

3.00" 75.0 100.0%

2.50" 63.0 100.0%

2.00" 50.0 100.0%

1.75" 45.0 100.0%

1.50" 37.5 100.0%

1.25" 31.5 100.0%

1.00" 25.0 100.0%

7/8" 22.4 100.0%

3/4" 19.0 100.0%

5/8" 16.0 100.0%

1/2" 12.5 100.0%

3/8" 9.50 100.0%

1/4" 6.30 100.0%

#4 4.75 99.9%

#8 2.36 99.2%

#10 2.00 99.0%

#16 1.18 95.7%

#20 0.850 93.7%

#30 0.600 90.8%

#40 0.425 87.9%

#50 0.300 83.4%

#60 0.250 81.1%

#80 0.180 76.1%

#100 0.150 73.2%

#140 0.106 67.9%

#170 0.090 65.4%

#200 0.075 62.6%

 DATE TESTED

 LABORATORY EQUIPMENT

Rainhart "Mary Ann" Sifter 637

06/08/15

S
A

N
D

G
R

A
V

E
L

none  

SIEVE SIZE  

PERCENT PASSING

SIEVE SPECS

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA   SIEVE DATA

 TEST PROCEDURE

ASTM D6913, D422

PARTICLE-SIZE ANALYSIS REPORT

Parklands at Camas Meadows

Camas, Washington

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

TP6.1

HDG

 PROJECT  CLIENT  PROJECT NO.

 FIELD ID

 SAMPLED BY

15153 S15-360

LAB ID

 REPORT DATE

CH, Sandy Fat ClayTest Pit TP-06

depth = 2.5 feet

06/16/15

06/04/15

 DATE SAMPLED

 USCS SOIL TYPE

  COLUMBIA WEST ENGINEERING, INC. authorized signature

Sandy Fat CLAY
 MATERIAL SAMPLED

A-7-6(14)

 TESTED BY

BTT/MJR

 SPECIFICATIONS  AASHTO SOIL TYPE

 MATERIAL SOURCE
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sieve sizes sieve data

11917 NE 95th Street, Vancouver, Washington  98682
Phone: 360-823-2900, Fax: 360-823-2901 
www.columbiawestengineering.com

CWE-s12-r07/12
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MATERIAL DATA

LABORATORY TEST DATA

u v w x

liquid limit = 51 wet soil + pan weight, g = 34.63 34.09 37.32

plastic limit = 26 dry soil + pan weight, g = 30.07 29.61 31.60

plasticity index = 25 pan weight, g = 20.69 20.73 20.85

N (blows) = 33 25 15

moisture, % = 48.6 % 50.5 % 53.2 %

u v w x

shrinkage limit = n/a wet soil + pan weight, g = 27.64 27.63

shrinkage ratio = n/a dry soil + pan weight, g = 26.18 26.21

pan weight, g = 20.69 20.82

moisture, % = 26.6 % 26.4 %

  % gravel = 0.1%

  % sand = 37.3%

  % silt and clay = 62.6%

  % silt = n/a

  % clay = n/a

moisture content = 32.3%

 DATE TESTED

MJR

 REPORT DATE  FIELD ID

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA

Liquid Limit Machine, Hand Rolled

 LABORATORY EQUIPMENT

ASTM D4318

 TEST PROCEDURE

 TESTED BY

06/15/15

 USCS SOIL TYPE

ATTERBERG LIMITS REPORT
 PROJECT  CLIENT  LAB ID PROJECT NO.

 DATE SAMPLED  SAMPLED BY

Parklands at Camas Meadows

Camas, Washington

HDG

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

Sandy Fat CLAY Test Pit TP-06

depth = 2.5 feet

CH, Sandy Fat Clay

  ATTERBERG LIMITS   LIQUID LIMIT DETERMINATION

  SHRINKAGE   PLASTIC LIMIT DETERMINATION

  COLUMBIA WEST ENGINEERING, INC. authorized signature

06/16/15 TP6.1

S15-36015153

 MATERIAL SAMPLED  MATERIAL SOURCE

06/04/15
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11917 NE 95th Street, Vancouver, Washington  98682
Phone: 360-823-2900, Fax: 360-823-2901 
www.columbiawestengineering.com
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MATERIAL DATA

LABORATORY TEST DATA

initial dry mass (g) = 151.9   % gravel = 0.1%

as-received moisture content = 42.6% coefficient of curvature, CC = n/a   % sand = 80.1%

liquid limit = 43 coefficient of uniformity, CU = n/a   % silt and clay = 19.8%

plastic limit = 25 effective size, D(10) = n/a

plasticity index = 18 D(30) = 0.173 mm

fineness modulus = n/a D(60) = 0.410 mm

US mm act. interp. max min

6.00" 150.0 100.0%

4.00" 100.0 100.0%

3.00" 75.0 100.0%

2.50" 63.0 100.0%

2.00" 50.0 100.0%

1.75" 45.0 100.0%

1.50" 37.5 100.0%

1.25" 31.5 100.0%

1.00" 25.0 100.0%

7/8" 22.4 100.0%

3/4" 19.0 100.0%

5/8" 16.0 100.0%

1/2" 12.5 100.0%

3/8" 9.50 100.0%

1/4" 6.30 100.0%

#4 4.75 99.9%

#8 2.36 99.3%

#10 2.00 99.2%

#16 1.18 92.4%

#20 0.850 88.3%

#30 0.600 74.8%

#40 0.425 61.6%

#50 0.300 46.8%

#60 0.250 39.1%

#80 0.180 31.0%

#100 0.150 26.5%

#140 0.106 23.2%

#170 0.090 21.6%

#200 0.075 19.8%

 DATE TESTED

 LABORATORY EQUIPMENT

Rainhart "Mary Ann" Sifter 637

06/08/15

S
A

N
D

G
R

A
V

E
L

none  

SIEVE SIZE  

PERCENT PASSING

SIEVE SPECS

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA   SIEVE DATA

 TEST PROCEDURE

ASTM D6913, D422

PARTICLE-SIZE ANALYSIS REPORT

Parklands at Camas Meadows

Camas, Washington

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

TP8.2

HDG

 PROJECT  CLIENT  PROJECT NO.

 FIELD ID

 SAMPLED BY

15153 S15-361

LAB ID

 REPORT DATE

SC, Clayey SandTest Pit TP-08

depth = 8 feet

06/16/15

06/04/15

 DATE SAMPLED

 USCS SOIL TYPE

  COLUMBIA WEST ENGINEERING, INC. authorized signature

Clayey SAND
 MATERIAL SAMPLED

A-2-7(0)

 TESTED BY

BTT/MJR

 SPECIFICATIONS  AASHTO SOIL TYPE

 MATERIAL SOURCE
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sieve sizes sieve data

11917 NE 95th Street, Vancouver, Washington  98682
Phone: 360-823-2900, Fax: 360-823-2901 
www.columbiawestengineering.com

CWE-s12-r07/12
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MATERIAL DATA

LABORATORY TEST DATA

u v w x

liquid limit = 43 wet soil + pan weight, g = 39.55 37.83 35.98

plastic limit = 25 dry soil + pan weight, g = 33.98 32.70 31.23

plasticity index = 18 pan weight, g = 20.69 20.73 20.63

N (blows) = 30 23 17

moisture, % = 41.9 % 42.9 % 44.8 %

u v w x

shrinkage limit = n/a wet soil + pan weight, g = 27.97 28.28

shrinkage ratio = n/a dry soil + pan weight, g = 26.54 26.79

pan weight, g = 20.74 20.77

moisture, % = 24.7 % 24.8 %

  % gravel = 0.1%

  % sand = 80.1%

  % silt and clay = 19.8%

  % silt = n/a

  % clay = n/a

moisture content = 42.6%

 DATE TESTED

MJR

 REPORT DATE  FIELD ID

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA

Liquid Limit Machine, Hand Rolled

 LABORATORY EQUIPMENT

ASTM D4318

 TEST PROCEDURE

 TESTED BY

06/15/15

 USCS SOIL TYPE

ATTERBERG LIMITS REPORT
 PROJECT  CLIENT  LAB ID PROJECT NO.

 DATE SAMPLED  SAMPLED BY

Parklands at Camas Meadows

Camas, Washington

HDG

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

Clayey SAND Test Pit TP-08

depth = 8 feet

SC, Clayey Sand

  ATTERBERG LIMITS   LIQUID LIMIT DETERMINATION

  SHRINKAGE   PLASTIC LIMIT DETERMINATION

  COLUMBIA WEST ENGINEERING, INC. authorized signature

06/16/15 TP8.2

S15-36115153

 MATERIAL SAMPLED  MATERIAL SOURCE

06/04/15
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11917 NE 95th Street, Vancouver, Washington  98682
Phone: 360-823-2900, Fax: 360-823-2901 
www.columbiawestengineering.com

CWE-s14-r12/09
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MATERIAL DATA

LABORATORY TEST DATA

initial dry mass (g) = 3089.1   % gravel = 58.3%

as-received moisture content = 33.2% coefficient of curvature, CC = 0.57   % sand = 34.1%

liquid limit = 46 coefficient of uniformity, CU = 76.93   % silt and clay = 7.6%

plastic limit = 28 effective size, D(10) = 0.164 mm

plasticity index = 18 D(30) = 1.091 mm

fineness modulus = n/a D(60) = 12.637 mm

US mm act. interp. max min

6.00" 150.0 100.0%

4.00" 100.0 100.0%

3.00" 75.0 100.0%

2.50" 63.0 100.0%

2.00" 50.0 100.0%

1.75" 45.0 98.6%

1.50" 37.5 96.3%

1.25" 31.5 94.0%

1.00" 25.0 91.1%

7/8" 22.4 85.6%

3/4" 19.0 77.5%

5/8" 16.0 70.1%

1/2" 12.5 59.5%

3/8" 9.50 52.6%

1/4" 6.30 44.6%

#4 4.75 41.7%

#8 2.36 38.7%

#10 2.00 38.0%

#16 1.18 31.0%

#20 0.850 26.7%

#30 0.600 21.3%

#40 0.425 16.0%

#50 0.300 13.2%

#60 0.250 11.8%

#80 0.180 10.4%

#100 0.150 9.6%

#140 0.106 8.6%

#170 0.090 8.1%

#200 0.075 7.6%

 DATE TESTED

  COLUMBIA WEST ENGINEERING, INC. authorized signature

Poorly graded GRAVEL with Silt and Sand
 MATERIAL SAMPLED

A-2-7(0)

 TESTED BY

BTT/MJR

 SPECIFICATIONS  AASHTO SOIL TYPE

 MATERIAL SOURCE

GP-GM, Poorly graded gravel with 

silt and sand

Test Pit TP-08

depth = 12 feet

06/16/15

06/04/15

 DATE SAMPLED

 USCS SOIL TYPE

 PROJECT  CLIENT  PROJECT NO.

 FIELD ID

 SAMPLED BY

15153 S15-362

LAB ID

 REPORT DATE

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA   SIEVE DATA

 TEST PROCEDURE

ASTM D6913, D422

PARTICLE-SIZE ANALYSIS REPORT

Parklands at Camas Meadows

Camas, Washington

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

TP8.3

HDG

 LABORATORY EQUIPMENT

Rainhart "Mary Ann" Sifter 637

06/08/15

S
A

N
D

G
R

A
V

E
L

none  
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PERCENT PASSING

SIEVE SPECS
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GRAIN SIZE DISTRIBUTION

sieve sizes sieve data

11917 NE 95th Street, Vancouver, Washington  98682
Phone: 360-823-2900, Fax: 360-823-2901 
www.columbiawestengineering.com
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MATERIAL DATA

LABORATORY TEST DATA

u v w x

liquid limit = 46 wet soil + pan weight, g = 39.57 37.55 37.51

plastic limit = 28 dry soil + pan weight, g = 33.76 32.29 32.08

plasticity index = 18 pan weight, g = 20.69 20.82 20.87

N (blows) = 35 25 18

moisture, % = 44.5 % 45.9 % 48.4 %

u v w x

shrinkage limit = n/a wet soil + pan weight, g = 27.57 27.51

shrinkage ratio = n/a dry soil + pan weight, g = 26.11 26.06

pan weight, g = 20.82 20.80

moisture, % = 27.6 % 27.6 %

  % gravel = 58.3%

  % sand = 34.1%

  % silt and clay = 7.6%

  % silt = n/a

  % clay = n/a

moisture content = 33.2%

 DATE TESTED

  SHRINKAGE   PLASTIC LIMIT DETERMINATION

  COLUMBIA WEST ENGINEERING, INC. authorized signature

06/16/15 TP8.3

S15-36215153

 MATERIAL SAMPLED  MATERIAL SOURCE

06/04/15 HDG

Mr. Aaron Barr & Mr. Kevin Deford

Parklands at Camas Meadows, LLC

PO Box 61962

Vancouver, WA 98666

Poorly graded GRAVEL with Silt and Sand Test Pit TP-08

depth = 12 feet

GP-GM, Poorly graded gravel with silt 

and sand

  ATTERBERG LIMITS   LIQUID LIMIT DETERMINATION

06/15/15

 USCS SOIL TYPE

ATTERBERG LIMITS REPORT
 PROJECT  CLIENT  LAB ID PROJECT NO.

 DATE SAMPLED  SAMPLED BY

Parklands at Camas Meadows

Camas, Washington

MJR

 REPORT DATE  FIELD ID

This report may not be reproduced except in full without prior written authorization by Columbia West Engineering, Inc.

  ADDITIONAL DATA

Liquid Limit Machine, Hand Rolled

 LABORATORY EQUIPMENT

ASTM D4318

 TEST PROCEDURE

 TESTED BY
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11917 NE 95th Street, Vancouver, Washington  98682
Phone: 360-823-2900, Fax: 360-823-2901 
www.columbiawestengineering.com
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20

15

10

5

0 Approximately 10 to 12 inches of topsoil and
root zone material.

Poorly graded GRAVEL with silt and sand,
dense, wet to saturated. Represents weathered
conglomerate bedrock.

GP-GM

Difficult excavation. 6" to 8" weathered cobbles
observed.
Refusal at 3.0 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 3.0 feet.
Groundwater encountered at 2.5 feet.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com

Depth
(feet)

Sample
Field

ID

SCS
Soil Survey
Description

AASHTO
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Type

USCS
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Type

Graphic
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LITHOLOGIC DESCRIPTION AND REMARKS
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PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

186 2.5 ft bgs

15153

HDG 6/4/15

1030 1035

Infiltration
Testing

See Figure 2

TP-1
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20

15

10

5

0 Approximately 12 to 14 inches of topsoil and
root zone material.

Poorly graded GRAVEL with silt and sand,
dense, wet to saturated. Represents weathered
conglomerate bedrock.

GP-GM

Difficult excavation. 6" to 8" weathered cobbles
observed.

Refusal at 3.5 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 3.5 feet.
Groundwater not encoutered.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com

Depth
(feet)

Sample
Field

ID

SCS
Soil Survey
Description

AASHTO
Soil
Type

USCS
Soil
Type

Graphic
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LITHOLOGIC DESCRIPTION AND REMARKS
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PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

190 Not encountered.

15153

HDG 6/4/15

1000 1015

Infiltration
Testing

See Figure 2

TP-2
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20

15

10

5

0 Approximately 16 to 18 inches of topsoil and
root zone material.

Brown sandy CLAY, moist, medium stiff, fines
are medium plasticity.

Poorly graded GRAVEL with silt and sand,
dense, wet to saturated, gravels are rounded to
subrounded. Represents weathered
conglomerate bedrock.

TP3.1 36.4

CL

GP-GM

57.1 44 16A-7-6(7)

Difficult excavation.

Refusal at 4.5 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 4.5 feet.
Groundwater not encoutered.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com

Depth
(feet)

Sample
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Soil Survey
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Graphic
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LITHOLOGIC DESCRIPTION AND REMARKS
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x

PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

208 Not encountered.

15153

HDG 6/4/15

1115 1130

Infiltration
Testing

See Figure 2

TP-3
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20

15

10

5

0 Approximately 12 to 16 inches of topsoil and
root zone material.

Brown sandy CLAY, moist, medium stiff, fines
are medium plasticity.

Poorly graded GRAVEL with silt and sand,
dense, wet to saturated, gravels are rounded to
subrounded. Represents weathered
conglomerate bedrock.

CL

GP-GM

Refusal at 3.0 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 3.0 feet.
Groundwater not encountered.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com

Depth
(feet)

Sample
Field
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Soil Survey
Description
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Graphic
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PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

214 Not encountered.

15153

HDG 6/4/15

1150 1200

Infiltration
Testing

See Figure 2

TP-4
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20

15

10

5

0 Approximately 12 to 14 inches of topsoil and
root zone material.

Brown sandy CLAY, moist, medium stiff, fines
are medium plasticity.

Poorly graded GRAVEL with silt and sand,
dense, wet to saturated, gravels are rounded to
subrounded. Represents weathered
conglomerate bedrock.

CL

GP-GM

Difficult excavation.

Refusal at 4.5 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 4.5 feet.
Groundwater not encoutered.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com

Depth
(feet)

Sample
Field
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Soil Survey
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LITHOLOGIC DESCRIPTION AND REMARKS
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PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

228 Not encountered.

15153

HDG 6/4/15

1245 1255

Infiltration
Testing

See Figure 2

TP-5
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0 Approximately 12 to 14 inches of topsoil and
root zone material.

Brown sandy FAT CLAY, moist, medium stiff,
fines are moderate to high plasticity.

Poorly graded GRAVEL with silt and sand,
dense, wet to saturated, gravels are rounded to
subrounded. Represents weathered
conglomerate bedrock.

TP6.1 32.3

CH

GP-GM

62.6 51 25A-7-6(14)

Difficult excavation. 6" to 8" weathered cobbles
observed.

Refusal at 6.5 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 6.5 feet.
Groundwater not encountered.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com
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PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

210 Not encountered.

15153

HDG 6/4/15

1215 1230

Infiltration
Testing

See Figure 2

TP-6
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0 Approximately 12 to 14 inches of topsoil and
root zone material.

Poorly graded GRAVEL with silt and sand,
dense, wet to saturated, gravels are rounded to
subrounded. Represents weathered
conglomerate bedrock.

GP-GM

Difficult excavation. 6" to 8" weathered cobbles
observed.
Refusal at 3.5 feet, competent conglomerate
bedrock encountered.
Bottom of test pit at 3.5 feet.
Groundwater not encoutered.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com
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PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

218 Not encountered.

15153

HDG 6/4/15

810 815

Infiltration
Testing

See Figure 2

TP-7
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0 Approximately 16 to 18 inches of topsoil and
root zone material.

Brown sandy CLAY, moist, medium stiff, fines
are medium plasticity.

Light brown clayey SAND, moist, dense, lightly
cemented, fines are medium plasticity.

Poorly graded GRAVEL with silt and sand,
dense, saturated, gravels are subrounded to
rounded.

TP8.2

TP8.3

42.6

33.2

CL

SC

GP-GM

19.8

7.6

43

46

18

18

A-2-7(0)

A-2-7(0)

Difficult excavation.

Groundwater seep.

Refusal at 16.5 feet, competent conglomerate
bedrock encountered..
Bottom of test pit at 16.5 feet.
Groundwater encoutered at 15.5 feet.

TEST PIT LOG

11917 NE 95TH Street, Vancouver, Washington 98682
Phone: 360-823-2900, Fax: 360-823-2901
www.columbiawestengineering.com
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PROJECT NAME

PROJECT LOCATION

TEST PIT LOCATION

CLIENT

CONTRACTOR

APPROX. SURFACE ELEVATION

PROJECT NO.

ENGINEER

START TIME

EQUIPMENT

GROUNDWATER DEPTH

TEST PIT NO.

DATE

FINISH TIME

The Parklands at Camas Meadows

Camas, Washington

Parklands, LLC

Excavator

210 Not encountered

15153

HDG 6/4/15

830 900

Infiltration
Testing

See Figure 2

TP-8
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SOIL DESCRIPTION AND CLASSIFICATION GUIDELINES 
 

Particle-Size Classification 

 ASTM/USCS AASHTO 
COMPONENT 

 
size range sieve size range size range sieve size range 

Cobbles   > 75 mm greater than 3 inches   > 75 mm greater than 3 inches 

Gravel 75 mm    – 4.75 mm 3 inches to No. 4 sieve 75 mm    – 2.00 mm 3 inches to No. 10 sieve 

   Coarse 75 mm    – 19.0 mm    3 inches to 3/4-inch sieve -    - 

   Fine 19.0 mm    – 4.75 mm    3/4-inch to No. 4 sieve -    - 

Sand 4.75 mm    – 0.075 mm No. 4 to No. 200 sieve 2.00 mm    – 0.075 mm No. 10 to No. 200 sieve 

   Coarse 4.75 mm    – 2.00 mm    No. 4 to No. 10 sieve 2.00 mm    – 0.425 mm    No. 10 to No. 40 sieve 

   Medium 2.00 mm    – 0.425 mm    No. 10 to No. 40 sieve -    - 

   Fine 0.425 mm    – 0.075 mm    No. 40 to No. 200 sieve 0.425 mm    – 0.075 mm    No. 40 to No. 200 sieve 

Fines (Silt and Clay) < 0.075 mm     Passing No. 200 sieve < 0.075 mm     Passing No. 200 sieve 

 

Consistency for Cohesive Soil 

 

 
CONSISTENCY 

 

SPT N-VALUE  
(BLOWS PER FOOT) 

POCKET PENETROMETER 

(UNCONFINED COMPRESSIVE 
STRENGTH, tsf) 

Very Soft 

Soft 

Medium Stiff 

Stiff 

Very Stiff 

Hard 

Very Hard 

2 

2 to 4 

4 to 8 

8 to 15 

15 to 30 

30 to 60 

greater than 60 

less than 0.25 

0.25 to 0.50 

0.50 to 1.0 

1.0 to 2.0 

2.0 to 4.0 

 greater than 4.0  

- 

 

Relative Density for Granular Soil 

 
RELATIVE DENSITY 

SPT N-VALUE  
(BLOWS PER FOOT) 

Very Loose 

Loose 

Medium Dense 

Dense 

Very Dense 

0 to 4 

4 to 10 

10 to 30 

30 to 50 

more than 50 

 

Moisture Designations 

TERM FIELD IDENTIFICATION 

Dry No moisture.  Dusty or dry. 

Damp Some moisture.  Cohesive soils are usually below plastic limit and are 

moldable. 

Moist 

 

Grains appear darkened, but no visible water is present.  Cohesive soils 
will clump.  Sand will bulk.  Soils are often at or near plastic limit. 

Wet Visible water on larger grains.  Sand and silt exhibit dilatancy.  Cohesive 
soil can be readily remolded.  Soil leaves wetness on the hand when 
squeezed.  Soil is much wetter than optimum moisture content and is 

above plastic limit. 
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AASHTO SOIL CLASSIFICATION SYSTEM 

TABLE 1. Classification of Soils and Soil-Aggregate Mixtures  

Granular Materials                                                                         Silt-Clay Materials  

General Classification                                                          (35 Percent or Less Passing .075 mm)                                                  (More than 35 Percent Passing 0.075)                                               

Group Classification                                                     A-1                      A-3                       A-2                            A-4                       A-5                          A-6                       A-7        

Sieve analysis, percent passing:  

2.00 mm (No. 10)                                                            -                            -                           -  

0.425 mm (No. 40)                                                        50 max                51 min                     -                                   -                          -                                -                            -  

0.075 mm (No. 200)                                                      25 max                10 max                 35 max                      36 min                   36 min                    36 min                   36 min  

Characteristics of fraction passing 0.425 mm (No. 40)  

Liquid limit                                                                                                                                                               40 max                   41 min                    40 max                  41 min  

Plasticity index                                                              6 max                   N.P.                                                      10 max                   10 max                    11 min                   11 min  

General rating as subgrade                                                                Excellent to good                                                                                      Fair to poor                                                    

Note: The placing of A-3 before A-2 is necessary in the "left to right elimination process" and does not indicate superiority of A-3 over A-2.  

TABLE 2. Classification of Soils and Soil-Aggregate Mixtures  

Granular Materials                                                                                        Silt-Clay Materials  

General Classification                  (35 Percent or Less Passing 0.075 mm)                                                   (More than 35 Percent Passing 0.075 mm)       

                                                                                                    A-1                                                                                A-2                                                                                                            A-7      

  A-7-5,  

Group Classification                                                       A-1-a             A-1-b              A-3              A-2-4            A-2-5             A-2-6             A-2-7              A-4                A-5              A-6             A-7-6     

Sieve analysis, percent passing:  

2.00 mm (No. 10)                                                         50 max                -                   -                    -                    -                    -                     -                    -                     -                   -                    -  

0.425 mm (No. 40)                                                       30 max          50 max          51 min               -                    -                    -                     -                    -                     -                   -                    -  

0.075 mm (No. 200)                                                     15 max          25 max          10 max          35 max         35 max          35 max          35 max          36 min          36 min          36 min         36 min  

Characteristics of fraction passing 0.425 mm (No. 40) 

Liquid limit                                                                                                                                     40 max          41 min          40 max          41 min           40 max          41 min         40 max         41 min  

Plasticity index                                                                           6 max                      N.P.            10 max          10 max          11 min          11 min            10 max         10 max         11 min          11min  

Usual types of significant constituent materials                 Stone fragments,             Fine  

                                                                                             gravel and sand             sand                          Silty or clayey gravel and sand                                  Silty soils                       Clayey soils       

General ratings as subgrade                                                                                                     Excellent to Good                                                                                             Fair to poor                           

Note: Plasticity index of A-7-5 subgroup is equal to or less than LL minus 30. Plasticity index of A-7-6 subgroup is greater than LL minus 30 (see Figure 2).  

AASHTO = American Association of State Highway and Transportation Officials 
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GROUP SYMBOL GROUP NAME

<5% fines Cu≥4 and 1≤Cc≤3 GW <15% sand Well-graded gravel

≥15% sand Well-graded gravel with sand

Cu<4 and/or 1>Cc>3 GP <15% sand Poorly graded gravel

≥15% sand Poorly graded gravel with sand

fines = ML or MH GW-GM <15% sand Well-graded gravel with silt

Cu≥4 and 1≤Cc≤3 ≥15% sand Well-graded gravel with silt and sand

fines = CL, CH, GW-GC <15% sand Well-graded gravel with clay (or silty clay)

GRAVEL (or CL-ML) ≥15% sand Well-graded gravel with clay and sand

% gravel > 5-12% fines (or silty clay and sand)

% sand

fines = ML or MH GP-GM <15% sand Poorly graded gravel with silt

Cu<4 and/or 1>Cc>3 ≥15% sand Poorly graded gravel with silt and sand

fines = CL, CH, GP-GC <15% sand Poorly graded gravel with clay (or silty clay)

(or CL-ML) ≥15% sand Poorly graded gravel with clay and sand

(or silty clay and sand)

fines = ML or MH GM <15% sand Silty gravel

≥15% sand Silty gravel with sand

>12% fines fines = CL or CH GC <15% sand Clayey gravel

≥15% sand Clayey gravel with sand

fines = CL-ML GC-GM <15% sand Silty, clayey gravel

≥15% sand Silty, clayey gravel with sand

<5% fines Cu≥6 and 1≤Cc≤3 SW <15% gravel Well-graded sand

≥15% gravel Well-graded sand with gravel

Cu<6 and/or 1>Cc>3 SP <15% gravel Poorly graded sand

≥15% gravel Poorly graded sand with gravel

fines = ML or MH SW-SM <15% gravel Well-graded sand with silt

Cu≥6 and 1≤Cc≤3 ≥15% gravel Well-graded sand with silt and gravel

fines = CL, CH, SW-SC <15% gravel Well-graded sand with clay (or silty clay)

SAND (or CL-ML) ≥15% gravel Well-graded sand with clay and gravel

% sand ≥ 5-12% fines (or silty clay and gravel)

% gravel

fines = ML or MH SP-SM <15% gravel Poorly graded sand with silt

Cu<6 and/or 1>Cc>3 ≥15% gravel Poorly graded sand with silt and gravel

fines = CL, CH, SP-SC <15% gravel Poorly graded sand with clay (or silty clay)

(or CL-ML) ≥15% gravel Poorly graded sand with clay and gravel

(or silty clay and gravel)

fines = ML or MH SM <15% gravel Silty sand

≥15% gravel Silty sand with gravel

>12% fines fines = CL or CH SC <15% gravel Clayey sand

≥15% gravel Clayey sand with gravel

fines = CL-ML SC-SM <15% gravel Silty, clayey sand

≥15% gravel Silty, clayey sand with gravel

GROUP SYMBOL GROUP NAME

< 30% plus No. 200 < 15% plus No. 200 Lean clay

15-29% plus No. 200 % sand ≥ % gravel Lean clay with sand

Pl > 7 and plots CL % sand < % gravel Lean clay with gravel

on or above % sand ≥ % gravel < 15% gravel Sandy lean clay

"A"-line ≥ 30% plus No. 200 ≥ 15% gravel Sandy lean clay with gravel

% sand < % gravel < 15% sand Gravelly lean clay

≥ 15% sand Gravelly lean clay with sand

< 30% plus No. 200 < 15% plus No. 200 Silty clay

15-29% plus No. 200 % sand ≥ % gravel Silty clay with sand

4 ≤ Pl ≤ 7 and CL-ML % sand < % gravel Silty clay with gravel

Inorganic plots on or above % sand ≥ % gravel < 15% gravel Sandy silty clay

"A"-line ≥ 30% plus No. 200 ≥ 15% gravel Sandy silty clay with gravel

% sand < % gravel < 15% sand Gravelly silty clay

≥ 15% sand Gravelly silty clay with sand

< 30% plus No. 200 < 15% plus No. 200 Silt

LL < 50 15-29% plus No. 200 % sand ≥ % gravel Silt with sand

Pl < 4 or plots ML % sand < % gravel Silt with gravel

below "A"-line % sand ≥ % gravel < 15% gravel Sandy silt

≥ 30% plus No. 200 ≥ 15% gravel Sandy silt with gravel

% sand < % gravel < 15% sand Gravelly silt

LL -ovendried ≥ 15% sand Gravelly silt with sand

Organic -------------------- < 0.75 OL

LL -not dried

< 30% plus No. 200 < 15% plus No. 200 Fat clay

15-29% plus No. 200 % sand ≥ % gravel Fat clay with sand

Pl plots on or CH % sand < % gravel Fat clay with gravel

above "A"-line % sand ≥ % gravel < 15% gravel Sandy fat clay

≥ 30% plus No. 200 ≥ 15% gravel Sandy fat clay with gravel

% sand < % gravel < 15% sand Gravelly fat clay

Inorganic ≥ 15% sand Gravelly fat clay with sand

< 30% plus No. 200 < 15% plus No. 200 Elastic silt

15-29% plus No. 200 % sand ≥ % gravel Elastic silt with sand

LL ≥ 50 Pl plots below MH % sand < % gravel Elastic silt with gravel

"A"-line % sand ≥ % gravel < 15% gravel Sandy elastic silt

≥ 30% plus No. 200 ≥ 15% gravel Sandy elastic silt with gravel

LL -ovendried % sand < % gravel < 15% sand Gravelly elastic silt

Organic -------------------- < 0.75 OH ≥ 15% sand Gravelly elastic silt with sand

LL -not dried

Flow Chart for Classifying Coarse-Grained Soils (More Than 50% Retained on No. 200 Sieve)

Flow Chart for Classifying Fine-Grained Soil (50% or More Passes No. 200 Sieve)
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Geotechnical  Environmental  Special Inspection  Materials Testing 
www.columbiawestengineering.com  

 

PHOTO LOG 
Parklands at Camas Meadows 

Camas, Washington 

 

 

  

 

 
Shallow groundwater near Test Pit TP-1 

Deeper conglomerate bedrock 
encountered in Test Pit TP-8 

 

Shallow conglomerate bedrock in Test Pit 
TP-1 

Shallow hyaoclastic sandstone bedrock in 
Test Pit TP-3 
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APPENDIX E 
REPORT LIMITATIONS AND IMPORTANT INFORMATION 
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Geotechnical•Environmental•Special Inspections•Materials Testing 
11917 NE 95th Street Vancouver, Washington 98682  Phone: 360-823-2900, Fax: 360-823-2901 

www.columbiawestengineering.com 

Date: June 23, 2015 
Project: Parklands at Camas Meadows 

 Camas, Washington 
 

Geotechnical and Environmental Report Limitations and Important Information 
 
Report Purpose, Use, and Standard of Care 

This report has been prepared in accordance with standard fundamental principles and practices of 
geotechnical engineering and/or environmental consulting, and in a manner consistent with the level of 
care and skill typical of currently practicing local engineers and consultants.  This report has been 
prepared to meet the specific needs of specific individuals for the indicated site.  It may not be adequate 
for use by other consultants, contractors, or engineers, or if change in project ownership has occurred.  
It should not be used for any other reason than its stated purpose without prior consultation with 
Columbia West Engineering, Inc. (Columbia West).  It is a unique report and not applicable for any 
other site or project.  If site conditions are altered, or if modifications to the project description or 
proposed plans are made after the date of this report, it may not be valid.  Columbia West cannot 
accept responsibility for use of this report by other individuals for unauthorized purposes, or if problems 
occur resulting from changes in site conditions for which Columbia West was not aware or informed. 

Report Conclusions and Preliminary Nature 

This geotechnical or environmental report should be considered preliminary and summary in nature.  
The recommendations contained herein have been established by engineering interpretations of 
subsurface soils based upon conditions observed during site exploration.  The exploration and 
associated laboratory analysis of collected representative samples identifies soil conditions at specific 
discreet locations.  It is assumed that these conditions are indicative of actual conditions throughout the 
subject property.  However, soil conditions may differ between tested locations at different seasonal 
times of the year, either by natural causes or human activity.  Distinction between soil types may be 
more abrupt or gradual than indicated on the soil logs.  This report is not intended to stand alone 
without understanding of concomitant instructions, correspondence, communication, or potential 
supplemental reports that may have been provided to the client.   

Because this report is based upon observations obtained at the time of exploration, its adequacy may 
be compromised with time.  This is particularly relevant in the case of natural disasters, earthquakes, 
floods, or other significant events.  Report conclusions or interpretations may also be subject to revision 
if significant development or other manmade impacts occur within or in proximity to the subject property.  
Groundwater conditions, if presented in this report, reflect observed conditions at the time of 
investigation.  These conditions may change annually, seasonally or as a result of adjacent 
development.   

Additional Investigation and Construction QA/QC 

Columbia West should be consulted prior to construction to assess whether additional investigation 
above and beyond that presented in this report is necessary.  Even slight variations in soil or site 
conditions may produce impacts to the performance of structural facilities if not adequately addressed.  
This underscores the importance of diligent QA/QC construction observation and testing to verify soil 
conditions do not differ materially or significantly from the interpreted conditions utilized for preparation 
of this report.   

Therefore, this report contains several recommendations for field observation and testing by Columbia 
West personnel during construction activities.  Actual subsurface conditions are more readily observed 
and discerned during the earthwork phase of construction when soils are exposed.  Columbia West 
cannot accept responsibility for deviations from recommendations described in this report or future 
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Geotechnical and Environmental Report Limitations and Important Information Page 2 of 2 
Columbia West Engineering, Inc. 

Geotechnical•Environmental•Special Inspections•Materials Testing 
11917 NE 95th Street Vancouver, Washington 98682  Phone: 360-823-2900, Fax: 360-823-2901 

www.columbiawestengineering.com 

performance of structural facilities if another consultant is retained during the construction phase or 
Columbia West is not engaged to provide construction observation to the full extent recommended. 

Collected Samples 

Uncontaminated samples of soil or rock collected in connection with this report will be retained for thirty 
days.  Retention of such samples beyond thirty days will occur only at client’s request and in return for 
payment of storage charges incurred.  All contaminated or environmentally impacted materials or 
samples are the sole property of the client.  Client maintains responsibility for proper disposal. 

Report Contents  

This geotechnical or environmental report should not be copied or duplicated unless in full, and even 
then only under prior written consent by Columbia West, as indicated in further detail in the following 
text section entitled Report Ownership.  The recommendations, interpretations, and suggestions 
presented in this report are only understandable in context of reference to the whole report.  Under no 
circumstances should the soil boring or test pit excavation logs, monitor well logs, or laboratory 
analytical reports be separated from the remainder of the report.  The logs or reports should not be 
redrawn or summarized by other entities for inclusion in architectural or civil drawings, or other relevant 
applications.   

Report Limitations for Contractors 

Geotechnical or environmental reports, unless otherwise specifically noted, are not prepared for the 
purpose of developing cost estimates or bids by contractors.  The extent of exploration or investigation 
conducted as part of this report is usually less than that necessary for contractor’s needs.  Contractors 
should be advised of these report limitations, particularly as they relate to development of cost 
estimates.  Contractors may gain valuable information from this report, but should rely upon their own 
interpretations as to how subsurface conditions may affect cost, feasibility, accessibility and other 
components of the project work.  If believed necessary or relevant, contractors should conduct 
additional exploratory investigation to obtain satisfactory data for the purposes of developing adequate 
cost estimates.  Clients or developers cannot insulate themselves from attendant liability by disclaiming 
accuracy for subsurface ground conditions without advising contractors appropriately and providing the 
best information possible to limit potential for cost overruns, construction problems, or 
misunderstandings.   

Report Ownership 

Columbia West retains the ownership and copyright property rights to this entire report and its contents, 
which may include, but may not be limited to, figures, text, logs, electronic media, drawings, laboratory 
reports, and appendices.  This report was prepared solely for the client, and other relevant approved 
users or parties, and its distribution must be contingent upon prior express written consent by Columbia 
West.  Furthermore, client or approved users may not use, lend, sell, copy, or distribute this document 
without express written consent by Columbia West.  Client does not own nor have rights to electronic 
media files that constitute this report, and under no circumstances should said electronic files be 
distributed or copied.  Electronic media is susceptible to unauthorized manipulation or modification, and 
may not be reliable.   

Consultant Responsibility 

Geotechnical and environmental engineering and consulting is much less exact than other scientific or 
engineering disciplines, and relies heavily upon experience, judgment, interpretation, and opinion often 
based upon media (soils) that are variable, anisotropic, and non-homogenous.  This often results in 
unrealistic expectations, unwarranted claims, and uninformed disputes against a geotechnical or 
environmental consultant.  To reduce potential for these problems and assist relevant parties in better 
understanding of risk, liability, and responsibility, geotechnical and environmental reports often provide 
definitive statements or clauses defining and outlining consultant responsibility.  The client is 
encouraged to read these statements carefully and request additional information from Columbia West 
if necessary. 
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H-1 Maintenance and Operations Manual 
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MAINTENANCE AND OPERATIONS MANUAL 
PARKLANDS SUBDIVISION AND ARCHERY BUSINESS PARK 

 
  

AUGUST 19, 2016 
KESSI ENGINEERING 

6400 NE Hwy 99 #G-169 
Vancouver, WA 98665 
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TABLE OF CONTENTS 

 
Only site specific elements have been selected  

– the page references blow relate to the City of Camas Manual 

Description Page 
 

Introduction 5 now 3 

Background 
Purpose of the Manual 

Manual Layout 

Operation & Maintenance Procedures: Vegetated Facilities 11 

Biofiltration Swales 

Filter Strips 

Detention Ponds/Facility 

Infiltration Facilities (Basins/Ponds/Trenches) 

Wet Biofiltration Ponds, Swales, and Treatment Wetlands 

Drainage Ditches 

 

Operation & Maintenance Procedures: Stormwater Structures 27 now 5 

Catch Basins and Curb Inlets 

Debris Barriers/Trash Racks 

Energy  Dissipaters 

Manholes 

Oil/Water Separators and Buried Wet Vaults 

Flow Control Structures/Flow Restrictors 

Storm Sewer/Drain Pipe 

Underground Detention Systems 

 

Operation and Maintenance Procedures: Special Facilities 44 now 11 
Drywells 

StormFilter
TM 

(Leaf Compost Filter)  

FloGard Perk Filter™ (using ZPC Filter Media) – new to document 

Infiltration System (work in progress) 

 

Operation & Maintenance Procedures: Miscellaneous Items 52  

Fences, Gates, and Water Quality Signs 

Access Roads and Easements 

Pavement Sweeping 

 

Operation & Maintenance Procedures: Repair/Replacement Activities 30 now 15 

Installation, Repair, and Replacement of Enclosed Drainage Systems 

Minor Culvert Repair (Not in a Stream) 

Major Culvert Repair (at a Stream Crossing) 
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Operation & Maintenance Procedures: Vegetation Management 68 now 17 

General Goals and Philosophy 

General Procedures 

Vegetation and Pest Management in Storm Sewer Facilities 

Vegetation and Pest Management in Wetland Areas 

Appendix A 76 

Example “Storm Sewer System Maintenance Notification” 

 

Manual Layout 

The manual breaks out the various storm sewer system components and the general maintenance 

activities required for said component.  For each component or activity this manual will: 
 

 Briefly describe the component type, e.g. facility or activity. 

 List the water quality and non-water quality result of each facility or activity. 

 List the Best Management Practices (BMP’s) needed to meet the water quality and 

general maintenance requirements. 
 

Additional information may be found in other manuals, such as the Washington Department of 

Ecology’s 2005 Stormwater Management Manual for Western Washington, Vols. IV and V, or 

site specific Operation and Maintenance (O&M) Manuals. 

 

Maintenance is performed as a means to obtain specific results. The maintenance results, as 

listed below, are specified for each drainage feature or activity. They include maintaining 

performance and appearance of the facility, and the need to prevent maintenance work itself 

from becoming a pollutant source or damaging habitat. 

 

Maintenance Results (R1-R10) 

Water Quality Results: 
R1 Avoid or minimize sediment and pollutant discharges from the work area. 

R2 Prevent parking areas, roads, drainage systems, and drainage facilities from 

becoming pollutant sources. 

R3 Avoid or minimize vegetation removal. 

R4 Preserve native vegetation. 

 

Infrastructure Maintenance Results: 

R5 Protect public safety and health. 

R6 Prevent catastrophique infrastructure failures. 

R7 Maintain and/or restore the intended infrastructure function. 

R8 Prevent and/or reduce flooding. 

R9 Protect infrastructure. 

R10 Meet public expectations for aesthetics. 

 

Storm sewer facility refers to specific drainage features, such as catch basins, pipes, ditches, 

ponds, biofiltration swales, and infiltration systems. Activities refer to maintenance tasks 

associated with operating and maintaining stormwater facilities such as vegetation management 
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and small repair projects. Depending on the extent of the maintenance, some property owners 

may be able to handle storm sewer maintenance themselves. Often, however, depending on the 

type of maintenance, the property owners will contract out the work. Landscapers are often 

employed to maintain vegetated facilities, such as swales and pond areas. 

 

Heavier work, like cleaning catch basins, ditch inlets, outlet structures, or drywells often requires 

special equipment, such as trucks that can vacuum out sediment. When located within the city 

right-of-way, maintenance is typically the responsibility of the City.  For those located on private 

property, a contractor would need to be contacted to perform this work. Check phone book 

listings, such as sewer and cleaning contractors, tank cleaning, and environmental and ecological 

services. Check with the contractor to ensure that all materials are disposed of according to solid 

waste and hazardous materials regulations. Ultimately, the generator of the waste or hazardous 

material is responsible for proper disposal. 

 

 

Special Facilities: 

Manufactured storm sewer facilities, such as leaf compost filters and oil/water separators often 

have maintenance requirements and manuals specified or written by the manufacturer. Also, 

larger or more complex storm sewer facilities may include specifications for maintenance and 

vegetation management that provide specific detail above and beyond this manual. Where the 

Public Works Director determines that these manuals or plans provide an equal or greater level 

of maintenance and water quality protection, then these procedures shall be followed by the 

owner. The Public Works Director must approve these individual maintenance plans, 

specifications, or manuals. 

Exhibit 16 SP26-1005



 

Page 5 of 17 

 

 

Catch Basins and Curb Inlets 
 

Catch basins and curb inlets trap sediment and some oils that are washed off the road surface 

during a storm event. This sediment and the oils if not removed from the basins and inlets have 

the potential to pollute water bodies. They need to be inspected and cleaned at a minimum 

annually, more often if necessary; to remove accumulated sediment, fluids, and trash. 

 

Maintenance Results 

R1 Avoid or minimize sediment and pollutant discharges from the work area. 
R2 Prevent parking areas, roads, drainage systems, facilities, and property from 

becoming pollutant sources. 

R7 Maintain or restore the intended infrastructure function 

R8 Prevent or reduce flooding. 

R9 Protect infrastructure. 

 

Procedures 

Inspection 
Inspect catch basins and curb inlets at least once per year, more often if necessary. 

 

Periodically inspect the catch basin or curb inlets and surrounding areas for pollutants, such as 

leaks from dumpsters, minor spills, and oil dumping. Act to have the pollutant source removed. 

Ensure that grass clippings and leave debris is not being blown into the streets. 

 

Cleaning 

Clean catch basins and curb inlets when they become one third full in order to maintain 

sediment-trapping capacity. Catch basin, curb inlet, and manhole cleaning should be performed 

in a manner that keeps removed sediment and contaminated water from being discharged back 

into the storm sewer. 

 

Clean putrid materials from the catch basins and curb inlets when discovered or reported. 

Keep the inlet grates cleared of debris and litter. 

Safety 

Work inside underground structures (e.g. manholes) requires special OSHA-required confined 

space equipment and procedures. The most practical option may be to contract with a sewer- 

cleaning contractor for this work. 

 

Materials Handling 

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with 

federal, state, and local regulations, including the Minimum Functional Standards for Solid 

Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where 

appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC. 
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Removed sediment must be disposed of in the garbage as solid waste. Contaminated water 

should be disposed of in a sanitary sewer after oils are removed using oil absorbent materials or 

other mechanical means. Used oil absorbents should be recycled or disposed according to the 

manufacture’s instructions. 

 

Repairs 

Repair any damages that prevent the catch basin or curb inlet from functioning as designed. An 

example is a broken or missing outlet elbow. 

 

Follow the Procedures described under the Activity: Installation, Repair and Replacement of 

Enclosed Drainage Systems. 
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Energy Dissipaters 
 

Energy dissipaters are critical for preventing erosion at storm drain outfalls. There are a variety 

of designs, including wire gabion baskets, rock splash pads, trenches, and specially designed 

pools or manholes. 

 

Maintenance Results 

R1 Avoid or minimize sediment and pollutant discharges from the work area. 
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from 

becoming pollutant sources. 

R7 Maintain or restore the intended infrastructure function. 

R8 Prevent or reduce flooding. 

R9 Protect infrastructure. 

 

Procedures 

Inspection 
Inspect at least once per year. 

 

Cleaning 

Remove any accumulated litter. 

Dispersion trenches: remove sediment from pipe when it reaches 20 percent of the pipe diameter. 

 

Repairs 

Rock splash pads: replace missing or moved rocks to cover exposed soil and meet design 

standards. 

 

Dispersion trenches: repair conditions that cause concentrated flow along the trench. Clean pipe 

perforations when one-half of them are plugged or if flows bypass or overflow the trench. 

 

Manhole/Chamber: when the structure deteriorates to one-half its original size or it becomes 

structurally unsound, replace it to the design standards. 

 

Follow the practice described under the Activity: Installation, Repair and Replacement of 

Enclosed Drainage Systems. 
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Manholes 
 

Manholes are large cylindrical vaults usually set at storm sewer pipe connections. Unless you 

have OSHA approved training and equipment, never enter a manhole. There is a considerable 

risk of poisonous gas and injury. 

 

Maintenance Results 

R1 Avoid or minimize sediment and pollutant discharges from the work area. 
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from 

becoming pollutant sources. 

R7 Maintain or restore the intended infrastructure function. 

R8 Prevent or reduce flooding. 

R9 Protect infrastructure. 

 

Procedures 

Inspection 
Inspect the manhole once per year. Check frame and lid for cracks and wear, such as rocking 

lids or lids move by traffic. 

 

Periodically inspect the manhole and surrounding areas for pollutants such as leaks from 

dumpsters, minor spills, and oil dumping.  Take action to have the pollutant source removed. 

 

Cleaning 

Clean manholes when there is a blockage of the stormwater channel. Cleaning should be 

performed in a way that ensures removed sediment and water is not discharged back into the 

storm sewer. 

 

Safety 

Never enter a confined space without proper training and safety gear. Work inside underground 

structures requires special OSHA-required confined space equipment and procedures. The most 

practical option may be to contract with a sewer-cleaning contractor. 

 

Materials Handling 

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with 

federal, state, and local regulations, including the Minimum Functional Standards for Solid 

Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where 

appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC. 

 

Removed sediment must be disposed of in the garbage as solid waste. Contaminated water 

should be disposed of in a sanitary sewer after oils are removed using oil absorbent materials or 

other mechanical means. Used oil absorbents should be recycled or disposed according to the 

manufacture’s instructions. 
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Repairs 

Repair all security and access features so they are fully functional. This includes locking lids, 

cover, and ladder rungs. 
 

Replace broken parts or lids that rock or are moved by traffic. 

 

Follow the practice described under the Activity: Installation, Repair and Replacement of 

Enclosed Drainage Systems. 
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Storm Sewer/Drain Pipe 
 

Storm sewer pipes convey stormwater. Storm pipes are constructed of many different types of 

materials and are sometimes perforated to allow groundwater to be collected by the storm 

system. Storm pipes are cleaned to remove sediment or blockages when problems are identified. 

Storm pipes must be clear of obstructions and breaks to prevent localized flooding. 

 

Maintenance Results 

O1 Avoid or minimize sediment and pollutant discharges from the work area. 
O2 Prevent parking areas, roads, drainage systems, and drainage facilities from 

becoming pollutant sources. 

O7 Maintain or restore the intended infrastructure function. 

O8 Prevent or reduce flooding. 

O9 Protect infrastructure. 

 

Procedures 

Inspection 
Pipes are difficult to inspect requiring special equipment and training. Usually, if a problem 

occurs the owner needs to call a sewer of plumbing contractor to inspect, repair, or clean 

pipelines. 

 

Cleaning 

Clean pipes when sediment depth is greater than 20 percent of pipe diameter. When cleaning a 

pipe, minimize sediment and debris discharges from pipes to the storm sewer. Install 

downstream debris traps (where applicable) before cleaning and then remove material. 

 

Generally, use mechanical methods to remove root obstructions from inside storm sewer pipes. 

Do not put root-dissolving chemicals in storm sewer pipes. If there is a problem, remove the 

vegetation over the line. 

 

Safety 

Work inside underground structures requires special OSHA-required confined space equipment 

and procedures.  The most practical option may be to contract with a sewer-cleaning contractor. 

 

Materials Handling 

Sediment and debris from pipes should be disposed in the garbage as solid waste. Pick out any 

rocks first. 

 

Repairs 

Repair or replace pipes when a dent or break closes more than 20 percent of the pipe diameter. 

Repair or replace pipes damaged by rust or deterioration. 

Follow the practice described under the Activity: Installation, Repair, and Replacement of 

Enclosed Drainage Systems. 
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FloGard Perk Filter™ (using ZPC Filter Media) 
 

Reference: June 2016 - GENERAL USE LEVEL DESIGNATION FOR BASIC AND PHOSPHORUS TREATMENT           

For Kristar/Oldcastle Precast, Inc. FloGard Perk Filter™ (using ZPC Filter Media) 

Maintenance: The required maintenance interval for stormwater treatment devices is often dependent 

upon the degree of pollutant loading from a particular drainage basin. Therefore, Ecology does not 

endorse or recommend a “one size fits all” maintenance cycle for a particular model/size of manufactured 

filter treatment device.  

 Typically, Kristar/Oldcastle designs PerkFilter systems for a target filter media replacement interval of 12 

months. Maintenance includes removing accumulated sediment from the vault, and replacing spent 

cartridges with recharged cartridges. 

  Indications of the need for maintenance include effluent flow decreasing to below the design flow rate, 

as indicated by the scumline above the shoulder of the cartridge. 

  Owners/operators must inspect PerkFilter for a minimum of twelve months from the start of post-

construction operation to determine site-specific maintenance schedules and requirements. You must 

conduct inspections monthly during the wet season, and every other month during the dry season. 

(According to the SWMMWW, the wet season in western Washington is October 1 to April 30. According 

to SWMMEW, the wet season in eastern Washington is October 1 to June 30). After the first year of 

operation, owners/operators must conduct inspections based on the findings during the first year of 

inspections. 

 Conduct inspections by qualified personnel, follow manufacturer’s guidelines, and use methods 

capable of determining either a decrease in treated effluent flowrate and/or a decrease in pollutant 

removal ability. When inspections are performed, the following findings typically serve as maintenance 

triggers:  

 Accumulated vault sediment depths exceed an average of 2 inches, or  

 Accumulated sediment depths on the tops of the cartridges exceed an average of 0.5 inches, or  

 Standing water remains in the vault between rain events, or  

 Bypass occurs during storms smaller than the design storm.  

 Note: If excessive floatables (trash and debris) are present, perform a minor maintenance consisting of 

gross solids removal, not cartridge replacement. 

Maintenance Results 

R1 Avoid or minimize sediment and pollutant discharges from the work area. 
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from 

becoming pollutant sources. 

R7 Maintain or restore the intended infrastructure function. 

R9 Protect infrastructure. 
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Procedures 

 

Inspection 
Inspect the structure (see third bullet in above list). The inspection should determine sediment 

depth and the specific maintenance and repairs needed. 

 

Inspect annually for cracks large enough to let soil enter the vault, broken or defective plates and 

baffles, and crushed or damaged pipes. 

 

Periodically inspect the structure and surrounding areas for pollutants such as leaks from 

dumpsters, minor spills, and oil dumping.  Take action to have the pollutant source removed. 

 

Cleaning 

Remove trash and litter from the vault, inlet, and piping. 

Remove sediment when it accumulates to 2-inches in depth in the vault 

Remove sediment when it accumulates on filter media. 

Replace media cartridges per manufacture’s recommendation. 

 

Safety 

Work inside underground structures requires special OSHA-required confined space equipment 

and procedures. The most practical option may be to contract with a sewer-cleaning contractor. 

Materials Handling 

 

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with 

federal, state, and local regulations, including the Minimum Functional Standards for Solid 

Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where 

appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC. 

 

Removed sediment must be disposed of in the garbage as solid waste. Contaminated water 

should be disposed of in a sanitary sewer after oils are removed using oil absorbent materials or 

other mechanical means. Used oil absorbents should be recycled or disposed according to the 

manufacture’s instructions. 

 

Repairs 

Repair any cracked or defective plates or baffles. Cracks are repaired so that no cracks greater 

than ¼-inch are found. 

 

Replace media cartridges if it takes longer than an hour for water to empty through media or if 

water frequently overflows the treatment chamber.  Replace defective cartridges. 

 

Repair all security and access features so they are fully functional. This includes locking lids, 

covers, and ladder rungs. 

 

Follow the practice described under the Activity: Installation, Repair, and Replacement of 

Enclosed Drainage Systems. 
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Access Roads and Easements 
 

Most stormwater facilities have access roads to bring in heavy equipment for facility 

maintenance. These roads should be maintained for inspection access and ease of equipment 

access. 

 

Maintenance Results 

R1 Avoid or minimize sediment and pollutant discharges from the work area. 
R2 Prevent parking areas, roads, drainage systems, and drainage facilities from 

becoming pollutant sources. 

R7 Maintain or restore the intended infrastructure function. 

R10 Meet public expectations for aesthetics. 

 

Procedures 

Inspection 
Inspect once a year or when facilities are maintained. 

 

Cleaning 

Remove litter when mowing or when there is any accumulation. 

Remove any debris that blocks roads or may damage tires. 

Vegetation Management 

Manage vegetation as for the rest of the facility. Trees and shrubs may be removed from access 

roads and easements if they block access for necessary maintenance or will prevent or harm 

intended stormwater facility function. Use of pesticides is prohibited unless prior approval is 

received from the City. 

 

Repairs 

Correct any bare or eroded soils by seeding or a cover BMP. 

 

Repair road surfaces when they may lead to erosion or limit equipment access. 
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Pavement Sweeping 
 

Pavement sweeping is performed as a means of removing sand, dirt, and litter from streets and 

curb gutters. Sweeping also reduces dust during dry weather. Pavement sweeping is also part of 

storm sewer maintenance procedure because it limits the amount of sediment washed into the 

storm sewer facilities. The water quality procedure for street sweeping focuses on sediment 

removal and disposal. Reducing the amount of sediment washed into catch basins, curb inlets, 

detention facilities, drywells, and other facilities can save money because sweeping is generally 

cheaper that removing sediment from facilities. Sweeping also helps protect facilities from 

clogging with sediment. 

 

Maintenance Results 

R2 Prevent parking areas, roads, drainage systems, and drainage facilities from 

becoming pollutant sources. 

R5 Protect public safety and health. 

R10 Meet public expectations for aesthetics. 

 

Procedures 

Inspection 
Inspect on a weekly basis, depending on traffic volumes. 

 

Cleaning 

Sweep the site to help keep sediment from entering storm sewer systems and water bodies. 

Sweeping is especially useful for cleaning up work areas. 

Sweeping can be as easy as using a couple of push brooms or as involved as using mechanical 

methods. 

 

Materials Handling 

Disposal of waste from maintenance of drainage facilities shall be conducted in accordance with 

federal, state, and local regulations, including the Minimum Functional Standards for Solid 

Waste handling Chapter 173-304 WAC; guidelines for disposal of waste materials; and where 

appropriate, Dangerous Waste Regulations, Chapter 173-303 WAC. 

 

Sweepings should be disposed of as solid waste or under a program permitted by the Southwest 

Washington Health District. 
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Installation, Repair, and Replacement of Enclosed Drainage Systems 
 

This chapter includes tasks such as repair and replacement of pipe, catch basins, drywells, and 

manholes. It also includes drainage projects that add new pipes, catch basins, or infiltration 

structures. New drainage projects are subject to regulations under CMC 15.36 

Erosion/Sediment Control Plans. 

 

Maintenance Results 

R1 Avoid or minimize sediment and pollutant discharges from the work area. 
R2 Prevent parking areas, roads, drainage systems, and drainage facilities 

from becoming pollutant sources. 

R7 Maintain or restore the intended infrastructure 

function. R8 Prevent or reduce flooding. 

 

Procedures 

Cleaning 
Avoid or minimize vegetation removal. If work is near a stream or wetland, there are regulatory 

requirements to must be met. 

 

Prevent debris, oils, cleaning agents, and sediment from entering waterways. 

 

Avoid or minimize work in wet weather.  This will reduce the problems of containing sediment. 

 

Carry spill control kit on-site to contain and clean up possible small spills in the work area, 

e.g. oil spills. 

 

Protect our storm systems: 

 Install sediment traps around curb inlets and catch basins, e.g. biobags or gravel 

filled pillows. 

 Install catch basin inserts. 

 Sweep or vacuum dust and debris from the repair job. Do not wash materials into 

storm sewers. 

 Place stockpiles away from drainage ways, wetlands, and natural wetland and habitat 

buffers. Cover stockpiles or contain them with berms or other containment devices. 

 At stream crossings, trap material using screens or another approved form of 

containment. Use containment BMP’s to protect roadside ditches during wet weather. 
 

Ensure that along with the approved erosion/sediment control measures that are in-place prior 

to construction, that there is an emergency sediment control kit for unexpected problems; e.g. 

trench dewatering.  This should include: 

 Sediment bag, 

 Additional biobags and catch basin inserts, 

 Push brooms and flat edge shovels. 
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Minor Culvert Repair (not in a natural stream) 
 

This activity is for the replacement or repair of culverts and inlets. It applies only to structures 

that are in ditches that are specifically for storm drainage. These are ditches that do not carry 

water during dry weather. If there is any question about whether the ditch is a storm drain or a 

stream, consult with the Washington Department of Fish and Wildlife and the City of Camas 

Public Works Department. 

 

Maintenance Results 

R1 Avoid or minimize sediment and pollutant discharges from the work 

area. R3 Avoid or minimize vegetation removal. 

R7 Maintain or restore the intended infrastructure 

function. R8 Prevent or reduce flooding. 

R9 Protect infrastructure. 

 

Procedures 

Comply with erosion/sediment control requirements in CMC 15.32. 
 

Avoid or minimize vegetation removal. If work is near a stream or wetland, there are likely to 

be regulatory requirements. 

 

Other than to address a threat to public safety or property due to flooding, perform work 

during the dry season. 

 

Minimize soil disturbance. 

 

Use sediment controls to trap any sediment and prevent sediment from entering the storm 

sewer and water bodies. Sediment trapping BMP’s are to be used to the extent practical 

during emergencies.  An emergency sediment control kit is highly recommended. 

 

Use cover BMP’s to prevent erosion of bare soil.  Vegetate bare soils. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exhibit 16 SP26-1005



 

Page 17 of 17 

 

Operation & Maintenance Procedures: Vegetation Management 

General Goals and Philosophy 
 

The City of Camas recognizes the special importance of the rivers, streams, wetlands, ponds, 

and stormwater control and treatment facilities. The sensitive nature of such habitat, their plant 

and animal communities, and their direct link with other waterways require that we establish 

specific policies to ensure their health. All landscape management decisions for controlling 

unwanted vegetation, diseases, and pests should follow Integrated Pest Management (IPM) 

principles and decision-making rationale.  These are as follows: 

 

 Proper planning and management decisions begin the IPM process. 

 Cultural methods of vegetation and pest control are preferred and are first employed. 

 Mechanical means of vegetation and pest control are next in line of preference, and 

are utilized where feasible. 

 Biological methods of vegetation and pest control are considered before chemical 

means, where they are feasible. 

 Botanical and synthetic pesticides are used only when no other feasible methods exist. 

 

General Procedures 
Use Only Appropriate Plants 
The City of Camas has adopted a list of approved plants for use in development projects, and 

to assist homeowners in choosing appropriate plantings. The list also has prohibited 

undesirable plants. Only plants approved for use on the City of Camas Plant List are allowed 

for use within the City’s right-of-way, storm sewer facilities, and wetland buffers. 

 

Mulching 

Mulches and other ground coverings are useful during the installation and restoration of 

landscapes as well as their ongoing maintenance. Mulches meet a variety of needs. They 

suppress weeds, help to retain moisture around plants, reduce possible erosion, and 

provide visual enhancement. 

 

Always consider the possible impacts when using mulches, which may include: 

 Inadvertent introduction of non-native plants and diseases to the site. 

 Leaching of substances such as tannins from the mulch into nearby waterways. 

 Migration of mulch material in waterways. 

 Nutrient leaching into waterways. 
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