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1.0 INTRODUCTION 

This Habitat Assessment (HA) addresses the potential effects of the proposed Garden 
Apartments Project:  Phase I of The Cove Development Plan (the project) on fish species listed 
as threatened or endangered under the federal Endangered Species Act (ESA). This document 
also addresses the potential effects of the proposed project on designated or proposed critical 
habitat, and on Essential Fish Habitat (EFH) as designated under the Magnuson-Stevens Fishery 
Conservation Act (MSA). The proposed project will result in the placement of fill material 
within the 100-year floodplain of the Clackamas River, therefore requiring a Land Use Approval 
from the City of Oregon City (City) and Conditional Letter of Map Revision (CLOMR) from the 
Federal Emergency Management Agency (FEMA). The purpose of this document is to assist the 
City and FEMA in assuring that the proposed project meets the requirements of Section 9 and 
Section 10 of the ESA in regard to the National Flood Insurance Program (NFIP). Section 9 
prohibits “take” (i.e., harm or harassment) of any endangered species, which also extends to 
threatened species through Section 4(d). Section 10 provides exceptions to the take prohibition 
through issuance of an incidental take permit. 

1.1 Project Background 

Grand Cove LLC is proposing to construct a multi-family residential mixed-use complex at the 
intersection of Main Street and South Agnes Avenue near Clackamette Cove in Oregon City (see 
Figure 1). The existing vacant property was formerly occupied by The Glacier Ready Mix 
Concrete Plant which ceased operation in 2007 and vacated the site in 2008; all associated 
buildings were then demolished. The proposed mixed-use complex will include 244 multi-family 
residential units (Garden Apartments) and two non-residential (i.e., office) buildings. Residential 
facilities will also include 374 parking spaces, eight detached garages, a community center, a 
pool, and a maintenance building. The proposed project is considered Phase I of the larger 
master plan development around Clackamette Cove, referred to as the “The Cove” Development. 
Construction of the Garden Apartments will also include roadway improvements along Main 
Street (including a new roundabout), stormwater treatment improvements, temporary trailhead 
parking for the adjacent Clackamas River Trail, and shoreline restoration (see Figure 2).  
 
Preparation of the Garden Apartments site will require grading (cut and fill) within the 100-
floodplain of the Clackamas River (i.e., Clackamette Cove). Specifically, approximately 115,205 
cubic yards of fill will be required to raise the proposed site above the base flood elevation (47.8 
feet). The City’s municipal code requires balanced cut/fill for any proposed development within 
the Flood Management Overlay District. As such, all fill material for construction of the 
apartments will be sourced from within the 100-year floodplain of the Clackamas River, and will 
include approximately 81,710 cubic yards of excavation from the proposed North Park site, and 
approximately 7,221 cubic yards from grading along Main Street and 3,819 cubic yards from 
grading at Lot 1 (see Figure 2). In addition, pursuant to the Soil Excavation and Site 
Improvement Agreement between Grand Cove LLC and the Oregon City Urban Renewal 
Commission (URC), approximately 22,455 cubic yards of excess (i.e., “banked”) floodplain 
capacity associated with the Jug Handle Project will be factored in to the net balance. Proposed 
grading activities will not occur below the ordinary high water (OHW) of Clackamette Cove, and 
no fill will be placed within the floodway. However, proposed grading will require the removal 
of up to 16 riparian trees located along the bank of Clackamette Cove in the proposed North Park 
excavation area.  
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1.2 Species and Critical Habitat 

Activities associated with the proposed project will occur within the 100-floodplain of the 
Clackamas River (i.e., Clackamette Cove). As such, the project has the potential to affect habitat 
for ESA-listed Chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), and 
steelhead (O. mykiss) (see Table 1). Each of these listed fish species has the potential to occur 
within the vicinity of the project action area. In addition, proposed project activities have the 
potential to affect designated Critical Habitat and EFH for Pacific salmon. Further discussion of 
the natural history and potential occurrence of ESA-listed fish species within the action area is 
provided in Section 4.0.  
 
Table 1. ESA-listed species included in this assessment1. 

Species Population 
Federal 
Status 

Closest Designated 
Critical Habitat 

Potential Use of 
Action Area 

Chinook salmon 
O. tshawytscha 

Lower Columbia 
River ESU 

Threatened 
(70FR37160) 

Clackamas River 
Rearing and 
migration 

Upper Willamette 
River ESU 

Threatened 
(70FR37160) 

Clackamas River 
Rearing and 
migration 

Coho salmon 
O. kisutch 

Lower Columbia 
River ESU 

Threatened 
(70FR37160) 

Proposed for the 
Clackamas River 

Migration 

Steelhead 
O. mykiss 

Lower Columbia 
River DPS 

Threatened 
(71FR834) 

Clackamas River 
Rearing and 
migration 

1Sources: NMFS 2015; StreamNet 2015 
 
In addition to the fish species listed in Table 1, there are eight ESA-listed wildlife and plant 
species with the potential to occur within the vicinity of the project action area, including the 
northern spotted owl (Strix occidentalis caurina), streaked horned lark (Eremophila alpestris 
strigata), yellow-billed cuckoo (Coccyzus americanus), Bradshaw’s desert-parsley (Lomatium 
bradshawii), Kincaid’s lupine (Lupinus sulphureus spp. kincaidii), Nelson’s checker-mallow 
(Sidalcea nelsoniana), water howellia (Howellia aquatilis), and Willamette daisy (Erigeron 
decumbens) (USFWS 2015). Furthermore, a non-essential experimental population (NEP) of bull 
trout (Salvelinus confluentus) were recently reintroduced into the Clackamas River by the U.S. 
Fish and Wildlife Service (USFWS) in an effort promote the recovery of the species. However, 
based on a review of existing database information and onsite habitat conditions; it was 
determined that there are no suitable habitats or known occurrences of these species within the 
project action area. As such, it is reasonably certain that the proposed project will have no effect 
on ESA-listed wildlife and plant species, or bull trout.  

2.0 EVALUATION METHODS 

Factors considered in evaluating potential project impacts include the species’ dependence on 
specific habitat components that will be removed or modified, the abundance and distribution of 
habitat components in the project vicinity, distribution and population levels of the species (if 
known), the possibility of direct effects, the degree of effects to habitat, and the potential to 
mitigate the adverse effects. These factors are relevant both for the survival of individuals of the 
species and populations, and recovery prospects for the species. The method of analysis used in 
this HA is to determine the environmental baseline for the action area, discuss how the proposed 
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action will affect the environmental baseline, and then use that information to arrive at a 
determination of effect. Specifically, for analysis of potential project impacts to ESA-listed fish 
species, this HA utilizes methods outlined in Making Endangered Species Act Determinations of 
Effect for Individual or Grouped Actions at the Watershed Scale (NMFS 1996).  
 
Given that proposed project activities will only occur within the 100-year floodplain, analysis of 
potential effects to the environmental baseline will focus primarily on water quality, hydrology, 
floodplain connectivity, and riparian vegetation. The information presented in this HA is based 
on a review of existing database information, site visits (see Appendix A: Photographs), and 
discussions with the project design team. Research on fish presence within the action area was 
conducted through a review of online databases (NMFS 2015; StreamNet 2015), and discussions 
with the ODFW District Fish Biologist (Tom Murtagh).  

3.0 PROJECT DESCRIPTION 

3.1 Garden Apartments 

As discussed above, the proposed project will include construction of a multi-family residential 
mixed-use complex (Garden Apartments), roadway improvements along Main Street (including 
a new roundabout), stormwater treatment improvements, temporary trailhead parking for the 
Clackamas River Trail, and shoreline restoration (see Appendix B: Project Plan Sheets). 
Preparation of the Garden Apartments site will require approximately 115,205 cubic yards of fill 
in order to raise the proposed site above the base flood elevation (47.8 feet). All fill material for 
construction of the apartments will be sourced from within the 100-year floodplain of the 
Clackamas River; therefore resulting in a balanced cut and fill within the City’s Flood 
Management Overlay District.  
 
Construction of the Garden Apartments and associated Phase I improvements are scheduled to 
begin in October 2015, with completion by December 2016. Additional phases of The Cove 
Development will likely occur beyond 2016, and are not included in this analysis. The following 
is a general sequence of proposed construction activities, further detailed discussion is provided 
in the sections below: 

1. Conduct overall project mobilization and implement environmental controls (i.e., erosion 
and sediment control measures). 

2. Clear vegetation, remove existing concrete building pads from site, and begin grading. 

3. Construct temporary trailhead parking.  

4. Excavate material from the proposed North Park site, Tri-City dirt pile, and Main Street. 

5. Construct proposed roadway and stormwater improvements. 

6. Complete finish grading at the Garden Apartments and North Park site. 

7. Hydro-seed and revegetate disturbed areas, and install shoreline restoration plantings. 

8. Construct Garden Apartments and associated buildings. 
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3.1.1 Floodplain Excavation and Fill 

Prior to any grading activities within the floodplain, construction limits and no work zones will 
be clearly demarcated, and erosion control measures (i.e., sediment fencing, straw wattles, etc.) 
will be placed according to the project Erosion and Sediment Control Plan (ESCP). As stated 
above, all fill material for construction of the Garden Apartments will be sourced from within the 
floodplain, including approximately 81,710 cubic yards of excavation from the proposed North 
Park site, and approximately 7,221 cubic yards from grading along Main Street and 3,819 cubic 
yards from grading at Lot 1. In addition, approximately 22,455 cubic yards of excess (i.e., 
“banked”) floodplain capacity associated with the Jug Handle Project will be factored in to the 
net balance.  
 
Proposed grading activities will not occur below the OHW of Clackamette Cove, and no fill will 
be placed within the floodway. However, proposed grading will require the removal of up to 16 
riparian trees located along the bank of Clackamette Cove in the proposed North Park excavation 
area. In addition, proposed excavation and soil removal at the North Park site will require 
temporary relocation of approximately 920 lineal feet of the existing Clackamas River Trail (see 
Appendix B). Grading will be accomplished using excavators and dozers, and all heavy 
equipment will access the project site via existing roadways and previously disturbed upland 
areas. All areas temporarily disturbed during project construction will be stabilized (i.e., hydro-
seeded) and revegetated (as necessary). 

3.1.2 Roadway Improvements 

Proposed roadway improvements along Main Street will include the addition of sidewalks, bike 
lanes, and planter strips along 650 linear feet of Main Street on the north side of the proposed 
Garden Apartments, and along 720 feet on the east side of the proposed apartments. In addition, 
a new roundabout intersection will be constructed at the intersection of Main Street and Agnes 
Street (see Appendix B). Furthermore, a temporary gravel parking lot (consisting of 14 parking 
spaces) will be constructed at the trailhead of the Clackamas River Trail to accommodate 
recreational users during proposed construction activities. Proposed roadway improvements will 
likely be constructed concurrently with the proposed grading activities.  

3.1.3 Stormwater Management 

The proposed development of the Garden Apartments and associated roadway improvements 
will result in approximately 9 acres of pollutant generating impervious surface within the project 
area (Cardno 2015). As such, new stormwater facilities are proposed for treatment of expected 
pollutants (i.e. oil, polycyclic aromatic hydrocarbons [PAHs], heavy metals, nutrients, and 
sediment) associated with roof runoff and vehicle use within the apartment complex and along 
the improved roadway (see Appendix C: Preliminary Drainage Report). Currently, stormwater 
runoff from the proposed Garden Apartment site consists primarily of overland flow across 
approximately 6.8 acres of existing concrete and gravel surfaces, with no formal water quality 
treatment. Stormwater from Main Street sheet flows into roadside ditches that drain into storm 
pipes that outfall into Clackamette Cove. 
 
New stormwater facilities will include a combination of Low Impact Development Approach 
(LIDA) swales and Contech StormFilters (Cardno 2015). The LIDA swales will collect and treat 
stormwater runoff through vegetation and soil media, while also providing flow attenuation.  
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The StormFilters will contain cartridges filled with filter media designed to remove stormwater 
pollutants associated with runoff. The facilities are designed to accept 33% of the 2-year, 24-
hour storm event (0.83 inches of precipitation) in accordance with the City Stormwater and 
Grading Design Standards (Cardno 2015). Stormwater exiting the LIDA swales and StormFilters 
from the proposed Garden Apartments and roadway improvements will be directed (via pipes) to 
an existing 36-inch stormwater pipe located along Main Street that outfalls into Clackamette 
Cove. In addition, a portion of the stormwater generated from the offsite basins surrounding the 
Garden Apartments will be collected into an existing 15-inch pipe that also outfalls into 
Clackamette Cove (see Appendix C). 
 
Portions of the existing 36-inch stormwater pipe will be upsized to a 48-inch pipe during 
construction of the proposed Main Street roadway improvements to provide additional 
stormwater capacity for future development. However, the existing 36-inch and 15-inch outfalls 
into Clackamette Cove will be retained and no new outfalls are proposed. Stormwater detention 
will not be required given the relative size of the drainage basin (>100 square miles) for the 
receiving water body (i.e., Clackamas River). 

3.1.4 Shoreline Restoration/Mitigation 

The proposed project will include shoreline restoration and plantings to mitigate for 1.08 acres 
(47,243 square feet) of permanent disturbance within the City’s Natural Resource Overlay 
District (NROD). This includes mitigation for the removal of up to 16 riparian trees associated 
with proposed grading in the North Park excavation area. The number of trees and shrubs to be 
planted was calculated based on the size of the disturbance area within the NROD. Native trees 
and shrubs from the Oregon City Native Plant List will be planted at a rate of five trees and 
twenty-five shrubs per every five hundred square feet of disturbance area. The total disturbance 
area for the proposed project, including temporary and permanent impacts, is approximately 
47,243 square feet, which results in 472 trees and 2,362 shrubs to be planted. The proposed 
mitigation planting plan, including plant species diversity and spacing, is shown in Appendix B, 
Figures 6-6C.  
 
For impacts to the North Park site, the required 26,730 square-foot mitigation area will be 
within tax lots 1100 (22E20) and 3600 (22E29) between the Clackamas River Trail and the 
OHW of the Clackamas River and/or Clackamette Cove. For the Main Street roadway 
improvements, the required 12,426 square-foot mitigation area will be within tax lot 3600 
(22E29), between the Main Street easement and the OHW of the Clackamette Cove. For the 
Garden Apartments site, 21,546 square feet of the required 55,330 square-foot mitigation area 
will be within tax lot 2900 (22E29), adjacent to Wetland A. The remaining 33,784 square feet 
of mitigation area will be reached in tax lot 3600 adjacent to the mitigation area for the North 
Park site (see Appendix B, Figures 6-6C). It is anticipated that the mitigation will improve the 
functional value of the vegetated corridor by removing invasive species and increasing native 
plant diversity and coverage. 

3.2 Action Area 

For the purposes of this analysis, the project action area includes all areas directly or indirectly 
affected by the proposed project. The action area is not limited to the project footprint, but also 
includes staging, stockpile, and mitigation areas, as well as areas downstream that could 
experience effects relative to floodplain modification and water quality (see Figure 3).  
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The additional in-water extent of the action area beyond the project footprint is based on the 
results of a detailed mixing zone analysis that evaluated the limits of the potential project-related 
downstream effects of treated stormwater on aquatic species (see Appendix D) (Otak 2015).   
 
The analysis focused on three pollutants of concern that typically occur at elevated 
concentrations in stormwater effluent, including dissolved copper (dCu), dissolved zinc (dZn), 
and PAHs (specifically fluoranthene). The downstream extent of the action area represents the 
furthest distance at which each of these pollutant concentrations may exceed water quality 
criteria (as established in the analysis), given existing baseline conditions and proposed 
stormwater BMPs (Otak 2015). The indirect effects of treated stormwater beyond this action area 
are likely indistinguishable given the considerable dilution factor of downstream water bodies, 
and the ameliorating effects of dissolved and particulate organic carbon. Further detailed 
discussion of the potential indirect effects of treated stormwater is provided in Section 6.2.1. 

3.3 Conservation Measures 

Appropriate conservation measures have been incorporated into the proposed project design to 
minimize and avoid adverse effects to ESA-listed fish species, their designated critical habitat 
elements, and EFH. These measures will include the following:  

 Prior to any grading activities within the floodplain, construction limits and no work 
zones will be clearly demarcated, and erosion control measures will be placed according 
to the project Erosion and Sediment Control Plan (ESCP). All work will comply with 
Oregon DEQ and City erosion control requirements. 

 A Pollution Control Plan (PCP) will be prepared by the Contractor and carried out 
commensurate with the scope of the project that includes the following: 

o Best management practices to confine, remove, and dispose of construction waste. 
o Procedures to contain and control a spill of any hazardous material. 
o Steps to cease work under high flow (i.e., flood) conditions.  

 Proposed grading activities will maintain a net balance of cut and fill within the 
floodplain, and no work will occur below the OHW of Clackamette Cove or in the 
associated floodway. 

 Temporary access roads and staging areas will be located so as to avoid wetland and 
waters impacts. 

 All equipment cleaning and refueling will occur at least 150 feet from regulated wetlands 
and waters. 

 All vehicles will be inspected daily for fluid leaks before leaving the vehicle staging area. 

 All upland areas temporarily disturbed during project staging and construction will be 
restored to their pre-construction grade and revegetated (as necessary). 

 The proposed project will include shoreline restoration and plantings (472 trees and 2,362 
shrubs) to mitigate for 1.08 acres (47,243 square feet) of permanent disturbance within 
the City’s NROD. This includes mitigation for the removal of up to 16 riparian trees 
associated with grading in the North Park excavation area. 
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4.0 NATURAL HISTORY AND SPECIES OCCURRENCE 

4.1 Lower Columbia River Chinook Salmon  

Chinook salmon of the Lower Columbia River (LCR) Evolutionarily Significant Unit (ESU) 
were originally listed as threatened on March 24, 1999 (64 FR 14308) and were reaffirmed on 
June 28, 2005 (70 FR 37160). The LCR Chinook salmon ESU includes all naturally spawned 
populations of Chinook salmon from the Columbia River and its tributaries from its mouth at the 
Pacific Ocean, upstream to a transitional point between Washington and Oregon east of the Hood 
River and White Salmon River. The LCR Chinook salmon ESU also includes Oregon’s 
Willamette River to Willamette Falls, exclusive of spring-run Chinook salmon in the Clackamas 
River, as well as 17 artificial propagation programs (70 FR 37160).  
 
Critical Habitat for the LCR Chinook salmon ESU was designated on September 2, 2005 (70 FR 
52630) and became effective on January 2, 2006, and includes the mainstem of the Clackamas 
River within the vicinity of the action area. Primary constituent elements (PCEs) associated with 
LCR Chinook salmon within the action area include freshwater rearing sites and migration 
corridors (70 FR 52630). The physical and biological features identified by NMFS as essential 
for LCR Chinook salmon rearing and migration include floodplain connectivity, available 
forage, natural cover, water quality and quantity, and corridors free of artificial obstructions (70 
FR 52630). For additional information on the general habitat requirements, life history, and 
limiting factors for recovery of the LCR Chinook salmon ESU see the Federal Register Notice 
published on June 28, 2005 (70 FR 37160). 
 
Occurrence within the Action Area 

LCR Chinook salmon utilize the Clackamas River within the vicinity of the action area for 
spawning, rearing, and migration (StreamNet 2015). Adult LCR Chinook salmon typically begin 
their fall migration into the Clackamas River in August, with runs continuing through December, 
and egg incubation and fry emergence continuing through March (USGS 2003, PGE 2015). 
Juvenile LCR Chinook salmon can be found rearing in the lower Clackamas River throughout 
the year. LCR chinook presence within Clackamette Cove is likely limited to juvenile rearing 
during the cooler months (fall, winter, spring). The cove does provide off-channel refugia during 
high flows and may provide additional aquatic food sources (pers. comm. with Tom Murtagh 
[ODFW] on June 4, 2015). However, given the relatively shallow, lake-like conditions of the 
cove, lack of natural in-water/over-water structures or sufficient riparian vegetation, warm 
summer temperatures, and presence of warm-water predator species (e.g., bass), it is reasonably 
certain that the cove does not provide preferable rearing habitat for juvenile salmonids during the 
summer months.    

4.2 Upper Willamette River Chinook Salmon  

Chinook salmon of the Upper Willamette River (UWR) ESU were originally listed as threatened 
on March 24, 1999 (64 FR 14308) and reaffirmed as threatened on June 28, 2005 (70 FR 37160) 
and August 15, 2011 (76 FR 50448). The UWR Chinook salmon ESU includes all naturally 
spawned populations of spring-run Chinook in the Willamette River and its tributaries above 
Willamette Falls (64 FR 14308). Seven artificial propagation programs are considered to be part 
of the ESU (70 FR 37160). Fall-run Chinook salmon above Willamette Falls were introduced 
and are not considered part of this ESU.   
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Critical Habitat for the UWR Chinook salmon ESU was designated on September 2, 2005 (70 
FR 52630) and became effective on January 2, 2006, and includes the mainstem of the 
Clackamas River within the vicinity of the action area. PCEs associated with UWR Chinook 
salmon within the action area include freshwater rearing sites and migration corridors (70 FR 
52630). The physical and biological features identified by NMFS as essential for UWR Chinook 
salmon rearing and migration include floodplain connectivity, available forage, natural cover, 
water quality and quantity, and corridors free of artificial obstructions (70 FR 52630). For 
additional information on the general habitat requirements, life history, and limiting factors for 
recovery of the UWR Chinook salmon ESU see the Federal Register Notice published on 
June 28, 2005 (70 FR 37160). 
 
Occurrence within the Action Area 

UWR Chinook salmon utilize the Clackamas River within the vicinity of the action area 
primarily for rearing and migration between upstream spawning areas and the Pacific Ocean 
(StreamNet 2015). Adult UWR Chinook salmon typically begin their spring migration into the 
Clackamas River in March, and continue through November (PGE 2015). Juveniles can 
generally be found rearing in the lower Clackamas River year round. As with LCR chinook, 
UWR Chinook presence within Clackamette Cove is also likely limited to juvenile rearing 
during the cooler months (fall, winter, spring). The cove does provide off-channel refugia during 
high flows and may provide additional aquatic food sources (pers. comm. with Tom Murtagh 
[ODFW] on June 4, 2015). However, it is reasonably certain that the cove does not provide 
preferable rearing habitat for juvenile salmonids during the summer months. 

4.3 Lower Columbia River Coho Salmon  

Coho salmon of the LCR ESU were listed as threatened on June 28, 2005 (70 FR 37160) and 
reaffirmed as threatened on August 15, 2011 (76 FR 50448). Originally part of the larger Lower 
Columbia River/Southwest Washington ESU, the LCR ESU includes all naturally spawned 
populations of coho salmon in the Columbia River and its tributaries in Washington and Oregon, 
from the mouth of the Columbia River up to and including the Big White Salmon and Hood 
Rivers, and includes the Willamette River to Willamette Falls, as well as 25 artificial propagation 
programs (70 FR 37160). Critical Habitat for the LCR coho salmon ESU was proposed on 
January 14, 2013 (78 FR 2726) and includes the mainstem of the Clackamas River within the 
vicinity of the action area.  For additional information on the general habitat requirements, life 
history, and limiting factors for recovery of the LCR coho salmon ESU see the Federal Register 
published on June 28, 2005 (70 FR 37160). 
 
Occurrence within the Action Area 

LCR coho salmon utilize the Clackamas River within the vicinity of the action area primarily for 
migration between upstream spawning areas and the Pacific Ocean (StreamNet 2015). Adult 
LCR coho salmon typically begin their migration into the Clackamas River in August, and 
continue through March (USGS 2003, PGE 2015). Juvenile coho salmon typically do not rear in 
the lower Clackamas River, and presence within Clackamette Cove would be very limited. 
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4.4 Lower Columbia River Steelhead  

The LCR steelhead Distinct Population Segment (DPS) was originally listed as threatened on 
March 19, 1998 (63 FR 13347) and reaffirmed on January 5, 2006 (71 FR 834). This DPS 
includes all naturally spawned anadromous steelhead populations below natural and manmade 
impassable barriers in streams and tributaries to the Columbia River between the Cowlitz and 
Wind Rivers, Washington (inclusive), and the Willamette and Hood Rivers, Oregon (inclusive), 
as well as 10 artificial propagation programs. Excluded are steelhead populations in the upper 
Willamette River Basin above Willamette Falls, and from the Little and Big White Salmon 
Rivers, Washington (71 FR 834).  
 
Critical Habitat for the LCR steelhead DPS was designated on September 2, 2005 (70 FR 52630) 
and became effective on January 2, 2006, and includes the mainstem of the Clackamas River 
within the vicinity of the action area. PCEs associated with LCR steelhead within the action area 
include freshwater rearing sites and migration corridors (70 FR 52630). The physical and 
biological features identified by NMFS as essential for LCR steelhead rearing and migration 
include floodplain connectivity, available forage, natural cover, water quality and quantity, and 
corridors free of artificial obstructions (70 FR 52630). For additional information on the habitat 
requirements, life history, and limiting factors for recovery of the LCR steelhead DPS see the 
Federal Register published on January 5, 2006 (71 FR 834). 
 
Occurrence within the Action Area 

LCR steelhead utilize the Clackamas within the vicinity of the action area primarily for rearing 
and migration between upstream spawning areas and the Pacific Ocean (StreamNet 2015). Adult 
LCR steelhead typically begin their summer migration into the Clackamas River in April, and 
continue through November (PGE 2015); with winter steelhead beginning migration in 
December, and continuing through May (USGS 2003, PGE 2015). Juvenile LCR steelhead can 
general be found rearing in the lower Clackamas River throughout the year. As with Chinook, 
LCR steelhead presence within Clackamette Cove is also likely limited to juvenile rearing during 
the cooler months (fall, winter, spring). The cove does provide off-channel refugia during high 
flows and may provide additional aquatic food sources (pers. comm. with Tom Murtagh 
[ODFW] on June 4, 2015). However, it is reasonably certain that the cove does not provide 
preferable rearing habitat for juvenile salmonids during the summer months. 

5.0 ENVIRONMENTAL BASELINE 

5.1 Baseline Conditions within the Action Area 

Clackamette Cove is a bay-like extension of the Clackamas River that was created by former 
gravel mining operations. The area was first excavated in 1964, and is connected to the 
Clackamas River through a dredged channel located just upstream of the Willamette River 
confluence. Much of the existing project site south and east of Clackamette Cove consists of 
vacant industrial lands. As discussed above, the proposed location of the Garden Apartments to 
the south is on an existing vacant property formerly occupied by The Glacier Ready Mix 
Concrete Plant, which ceased operation in 2007 and vacated the site in 2008; all associated 
buildings were then demolished. East of Clackamette Cove, the Rossman Landfill operated 
between 1960 and 1969. Afterward, the area was used for the manufacture of asphalt and 
concrete and as a log loading area. This portion of the site has remained generally undeveloped 
since 1986.  
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The site’s topography has generally been disturbed by past land uses, with areas of debris 
(including piles of rock, concrete, and other materials), gravel, remnants of loading docks, 
buildings and other industrial structures occurring throughout much of the site. A steep bank 
separates Clackamette Cove from the project site. In general, the site’s topography is nearly level 
to gently sloping, with areas of minor topographic relief resulting from the past land uses. 
Several old structures, including piers and cantilevered decks are located within the cove or on 
the cove’s banks. The Clackamas County sheriff’s office has a boat facility on the cove and an 
associated gravel parking lot in the eastern portion of the site. The Clackamas River Trail 
extends through the site. This paved pedestrian/bicycle trail generally parallels the east side of 
Clackamette Cove and connects Main Street to Washington Street, approximately one mile to the 
north. Existing riparian vegetation along the banks of Clackamette Cove consists primarily of 
scattered cottonwood trees (Populus balsamifera), supporting a relatively sparse understory of 
deciduous shrubs and Himalayan blackberry (Rubus armeniacus).  
 
5.1.1 Matrix of Pathways and Indicators for Salmonids 

NMFS has developed an analytical framework for evaluating the baseline conditions of the 
“pathways” by which an action can have potential effects on anadromous salmonids and their 
habitats. This framework is referred to as the Matrix of Pathways and Indicators (NMFS 1996). 
Within this framework, NMFS defines properly functioning condition (PFC) as the sustained 
presence of natural habitat-forming processes (e.g., hydraulic runoff, bedload transport, channel 
migration, riparian vegetation succession) that are necessary for the long-term survival and 
recovery of the species (NMFS 1999). This includes those essential physical features that support 
spawning, incubation, rearing, feeding, sheltering, migration, and other necessary behaviors. 
Such physical features generally include adequate stream flow, unimpeded fish passage, 
appropriate water quality and temperature, deep pools, loose gravel for spawning, abundant large 
tree trunks and root wads, off-channel refugia, and intact riparian reserves. The baseline 
conditions of pathways and indicators for anadromous salmonids within the action area are 
summarized in Table 2 below. 
 
Table 2. Baseline Conditions of Pathways and Indicators for anadromous salmonids 

within the action area. 

PATHWAYS AND INDICATORS ENVIRONMENTAL BASELINE 

Water Quality 

Temperature 

Not Properly Functioning – Clackamas River is water 
quality limited for summer temperature exceedance (ODEQ 
2015). Clackamette Cove is relatively shallow, and lacks 
natural in-water/over-water structures and sufficient riparian 
vegetation. 

Sediment/Turbidity 

Not Properly Functioning – adjacent land uses (i.e., urban 
development, roads, and agriculture) provide significant 
sources of sedimentation to the lower Clackamas River and 
Clackamette Cove.  
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PATHWAYS AND INDICATORS ENVIRONMENTAL BASELINE 

Chemical Contamination/Nutrients 

Not Properly Functioning – Clackamas River is 303(d) 
listed and water quality limited for multiple parameters 
including biological criteria, dissolved oxygen, E. coli, lead, 
and mercury  (ODEQ 2015). 

Habitat Access 

Physical Barriers 
At Risk – numerous man-made barriers along the mainstem 
Clackamas River, most provide upstream and downstream 
passage at base and low flows. 

Habitat Elements 

Substrate 
Not Properly Functioning – substrates are dominated by 
sand, silt, and small gravel; Clackamette Cove is a former 
gravel quarry and has been significantly altered. 

Large Wood 

Not Properly Functioning – Clackamette Cove does not 
appear to meet Large Wood Debris (LWD) standards and 
lacks potential recruitment given the heavily modified 
condition of the surrounding shoreline. 

Pool Frequency 

Not Properly Functioning – Clackamette Cove does not 
appear to meet pool frequency or LWD recruitment 
standards given the heavily modified condition of the 
substrate and surrounding shoreline.  

Pool Quality 
At Risk – Clackamette Cove has few deep pools present and 
inadequate cover and temperature.  

Off-Channel Habitat 
At Risk – Clackamette Cove provides backwater and low-
energy areas; however, minimal cover is provided. 

Refugia 
At Risk – habitat refugia exist within Clackamette Cove but 
are not adequately buffered by intact riparian reserves.  

Channel Conditions and Dynamics 

Width/Depth Ratio 
At Risk – ratio is likely < 10; however Clackamette Cove 
has been heavily modified within the action area. 

Streambank Condition 
At Risk – Clackamette Cove has been significantly altered 
by past quarry activity; however the banks appear to be 80-
90% stable due to presence of limited riparian vegetation. 

Floodplain Connectivity 
At Risk –reduced linkage of wetland, floodplain and 
riparian areas to main channel of Clackamas River. 
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PATHWAYS AND INDICATORS ENVIRONMENTAL BASELINE 

Flow/Hydrology 

Peak/Base Flows 
At Risk – peak flows, base flows, and flow timing are 
altered relative to an undisturbed watershed due to upstream 
dams and surrounding development. 

Drainage Network Increase 
Not Properly Functioning – significant increases in 
drainage network density due to roads and development 
(i.e., >25%). 

Watershed Conditions 

Road Density and Location 
Not Properly Functioning –road densities are greater than 
3mi/mi2. 

Disturbance History 
Not Properly Functioning – greater than 15% equivalent 
clear-cut area within the watershed. 

Riparian Reserves 
Not Properly Functioning – riparian reserve system within 
the vicinity of the action area is fragmented and poorly 
connected. 

6.0 ANALYSIS OF EFFECTS 

This section addresses direct, indirect, and interrelated/interdependent effects on ESA-listed fish 
species and their designated critical habitat elements that may result from proposed project 
actions given the conservation measures to be employed. In addition, this section describes 
anticipated cumulative effects from non-federal actions that may take place within or near the 
project action area. Factors considered in the analysis include: proximity of the action, 
distribution, timing and nature of the effect, duration, disturbance frequency, intensity, and 
severity. As stated above, given that proposed project actions will only occur within the 100-year 
floodplain of the Clackamas River (i.e., Clackamette Cove), analysis of potential effects to the 
environmental baseline will focus primarily on water quality, hydrology, floodplain connectivity, 
and riparian habitat. This effects analysis is based on the best scientific data available concerning 
the impact of the proposed project on ESA-listed fish species and their designated critical habitat 
elements. 

6.1 Direct Effects 

Direct effects include all immediate impacts (adverse and beneficial) resulting from project-
related actions. As discussed above, the proposed project will not require work below the OHW 
of the Clackamas River (i.e., Clackamette Cove). Potential project-related direct effects to ESA-
listed species may include temporary degraded water quality associated with excavation and 
grading along the immediate shoreline of Clackamette Cove near the North Park site. Further 
analyses of these potential effects are discussed below. 
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6.1.1 Water Quality 

Sediment/Turbidity 

Increases in turbidity from suspension of fine sediments can adversely affect filter-feeding 
macro-invertebrates within the vicinity of the project site and reduce forage quantity for 
salmonids, therefore disrupting behavioral patterns, including feeding and sheltering. Salmonids 
have evolved in systems that periodically experience short-term pulses (days to weeks) of high 
suspended sediment loads, often associated with flood events, and are adapted to such seasonal 
high pulse exposures (NMFS 2011).  
 
Short-term, localized project-related increases in background turbidity levels may occur as a 
result of activities associated with excavation and grading along the immediate shoreline of 
Clackamette Cove. As discussed above, appropriate erosions and sediment control measures 
have been incorporated into the proposed project design to minimize and avoid adverse effects to 
ESA-listed fish species during project construction. Given the proposed conservation measures, 
including no work below the OHW of Clackamette Cove and development and implementation 
of an ESCP; any potential increases in background turbidity associated with excavation and 
grading along the shoreline will be very limited and highly localized, and are not expected to 
result in any long-term, significant effects to ESA-listed fish species or net change in function of 
the in-stream habitat.  
 
Chemical Contamination 

Equipment operating near Clackamette Cove represents potential sources of chemical 
contamination. Accidental spills of construction materials or petroleum products would 
adversely affect water quality and potentially impact ESA-listed species. Development and 
implementation of a Pollution Control Plan (PCP) that will include containment measures and 
spill response for construction-related chemical hazards will significantly reduce the likelihood 
for chemical releases within the action area. In addition, proposed conservation measures, 
including no work below the OHW of Clackamette Cove, and inspection of equipment operating 
within 150 feet of the river will further reduce the potential for chemical contamination within 
the action area. 

6.2 Indirect Effects 

Indirect effects of a proposed action are those impacts that are reasonably certain to occur later in 
time (after construction of the project is complete). The proposed project will require cut/fill 
within the 100-year floodplain of the Clackamas River (i.e., Clackamette Cove), remove riparian 
vegetation, and construct new stormwater facilities; therefore resulting in potential indirect 
effects to baseline habitat components such as water quality, hydrology, floodplain connectivity, 
and riparian vegetation. Further analysis of these potential indirect effects is provided below.  
 
6.2.1 Water Quality 

Stormwater runoff from roads, culverts, and parking lots delivers a wide variety of pollutants to 
aquatic ecosystems, including nutrients, metals, petroleum-related compounds, and sediment 
washed off the road surface (NMFS 2009). These ubiquitous pollutants are a source of potential 
adverse effects to salmon and steelhead, even at ambient levels. Aquatic contaminants often 
travel long distances in solution or attached to suspended sediments, or gather in sediments until 
they are mobilized and transported by the next high flow. These contaminants also accumulate in 
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the prey and tissues of juvenile salmonids where, depending on the level of exposure, they cause 
a variety of lethal and sublethal effects, including disrupted behavior, reduced olfactory function, 
immune suppression, reduced growth, disrupted smoltification, hormone disruption, disrupted 
reproduction, cellular damage, and physical and developmental abnormalities (NMFS 2009). 
 
Although untreated stormwater runoff often contains pollutants at or below levels that can be 
detected with current analytical methods, dissolved heavy metals (i.e., copper and zinc) and 
PAHs can occur at detectable levels that can exceed thresholds for sublethal effects. Those 
exceedances are an indicator of adverse effects potentially resulting from exposure to other 
pollutants. Although the large number of pollutants and much larger number of toxicological 
interactions in urban stormwater make specific mechanisms of toxicological effects difficult to 
predict, there is ample evidence that the mixture of toxins in urban stormwater can degrade 
habitat enough to substantially reduce its ability to support spawning, feeding, and growth to 
maturity (NMFS 2009). 
 
As discussed above, the new stormwater facilities will be designed to accept 33% of the 2-year, 
24-hour storm event (0.83 inches of precipitation), and will not require detention. A detailed 
mixing zone analysis was performed for the proposed project to evaluate the limits of the 
potential downstream effects of treated stormwater on aquatic species (see Appendix D). The 
analysis focused on the three pollutants of concern that typically occur at elevated concentrations 
in stormwater effluent, including dCu, dZn, and fluoranthene. The concentrations above 
background (i.e., “action levels”) at which these pollutants have the potential to elicit adverse 
effects to ESA-listed fish species were based on established NMFS criteria for bioavailable dCu 
(2.3 µg), dZn (5.6 µg), and fluoranthene (0.77 µg/L) (NMFS 2014; Otak 2015).  
 
The analysis calculated treated stormwater runoff volume from the project area and compared it 
to the receiving water volume available for dilution. The effective dilution factor (DF) required 
to achieve water quality criteria was then calculated using the expected stormwater effluent 
pollutant concentrations (as determined from the project Water Quality Analysis [Appendix E]) 
and background pollutant concentrations within the Clackamette Cove (as determined from 
water quality sampling [Appendix F]) to define the downstream extent of the action area (Otak 
2015). As such, the downstream extent of the action area (Figure 3) represents the furthest 
distance at which each of these pollutant concentrations may exceed water quality criteria (as 
established in the analysis), given existing baseline conditions and proposed stormwater BMPs. 
The indirect effects of treated stormwater beyond this action area are likely indistinguishable 
given the considerable dilution factor of downstream water bodies, and the ameliorating effects 
of dissolved and particulate organic carbon.  
 
Based on the results of the mixing zone analysis, and limited occurrence of ESA-listed salmonids 
within the action area during the summer months (i.e., when water levels and the dilution factor 
are at their lowest); it is reasonably certain that project related indirect effects of treated 
stormwater on ESA-listed salmonids will be insignificant and discountable. The analysis 
indicates that “action levels” for dCu will immediately dilute below water quality criteria upon 
leaving the project site and entering the receiving water body (i.e., Clackamette Cove). In 
addition, potential exposure of ESA-listed salmonids to slightly elevated concentrations of dZn 
and fluoranthene within the relatively small action area will be extremely low given the 
conservative water elevation used in the dilution analysis (i.e., 6 feet below OHW), and lack of 
preferable rearing habitat for juvenile salmonids during the summer months (i.e., warm 
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temperatures along the shoreline during low water and no natural cover). Furthermore, it is 
reasonably certain that the proposed stormwater design will not result in any measurable increase 
or concentration of sediment transporting flows that would negatively affect ESA-listed 
salmonids or their habitats. 
 
6.2.2 Hydrology 

Changes in the magnitude, duration, or recurrence intervals of low summer base flows and/or 
flood flows can impact the quantity and quality of habitat available for anadromous fish. Flood 
flow depths, volumes, velocities and flow paths have an important effect on the way salmonid 
habitat is formed (FEMA 2013). Increased flood velocities can impact salmonid habitat through 
increased bank erosion, increased sediment transport, and reduction in low-flow refugia such as 
pools and side-channels. In addition, changes in low summer base flows can effect water 
temperatures, dissolved oxygen levels, and prey availability.  
 
As discussed above, the proposed project will maintain a net balance of cut and fill within the 
100-year floodplain of the Clackamas River, and no work will occur below the OHW of 
Clackamette Cove. Therefore, it is reasonably certain that proposed grading within the floodplain 
and associated development of the Garden Apartments will not alter the magnitude, duration, or 
recurrence intervals of low summer base flows and/or flood flows within the action area to a 
level that would result in a measurable or observable negative impact to ESA-listed salmonids. 
The proposed excavation of approximately 81,710 cubic yards of material from the proposed 
North Park site will provide for additional flood storage along the immediate shoreline of 
Clackamette Cove during shorter interval flood events (i.e. < 100-year). In addition, given the 
existing baseline conditions and location of the Garden Apartments site, the proposed remapping 
of the floodplain following the placement of fill material at this site will not result in the loss of 
quantity or quality of habitat available for anadromous fish. 
 
6.2.3 Floodplain Connectivity 

Accessibility to floodplain habitat is important to the biological processes necessary for 
anadromous fish survival. Floodplain connectivity allows for natural lateral stream migration and 
provides off-channel areas with a high abundance of terrestrial and aquatic food sources. In 
addition, floodplain connectivity allows juvenile salmonids access to refugia and natural cover 
from predators, while also providing natural filtration of excess nutrients and increasing overall 
habitat complexity (NMFS 2013).  
 
As discussed above, preparation of the Garden Apartments site will require approximately 
115,205 cubic yards of fill in order to raise the proposed site above the base flood elevation (47.8 
feet). All fill material for construction of the apartments will be sourced from within the 100-year 
floodplain of the Clackamas River, including approximately 81,710 cubic yards of excavation 
from the proposed North Park site, and approximately 7,221 cubic yards from grading along 
Main Street and 3,819 cubic yards from grading at Lot 1. In addition, approximately 22,455 
cubic yards of excess (i.e., “banked”) floodplain capacity associated with the Jug Handle Project 
will be factored in to the net balance. Proposed excavation and grading activities will maintain 
existing floodplain connectivity with the Clackamas River. All areas of excavation along the 
immediate shoreline of Clackamette Cove will be graded to insure that area of increased flood 
storage will not strand fish during flood events.  
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6.2.4 Riparian Vegetation 

Impacts to riparian vegetation communities can have significant effects on in-stream habitat 
functions such as water temperature, recruitment of large woody debris, filtering of sediment and 
pollutants, erosion control, bank stability, and food input (FEMA 2013). As discussed above, 
proposed grading activities will require the removal of up to 16 riparian trees located along the 
bank of Clackamette Cove in the proposed North Park excavation area. Given the limited use of 
Clackamette Cove by juvenile salmonids during the warm summer months, it is reasonably 
certain that any temporal loss associated with riparian vegetation removal will not result in long-
term, significant effects to ESA-listed fish species or net change in function of the in-stream 
habitat. Proposed shoreline restoration and mitigation efforts (i.e., planting 472 trees and 2,362 
shrubs) will likely improve the functional value of the riparian reserves along the Clackamas 
River and Clackamette Cove by removing invasive species and increasing native plant diversity 
and coverage. 

6.3 Cumulative Effects 

Cumulative effects are defined as the effects of all “non-federal” actions (i.e., state, local, 
private, or tribal) that are reasonably certain to occur within the foreseeable future. Additional 
projects in the vicinity of the action area are anticipated as population growth and development 
continues in the region. Associated road, residential, and commercial development, as well as 
maintenance and upgrading of existing infrastructure are therefore likely in the foreseeable 
future. The proposed project is considered Phase I of the larger master plan development around 
Clackamette Cove, referred to as the “The Cove” Development. Additional phases of The Cove 
Development will likely occur beyond 2016, and are not included in this analysis. The influence 
of these activities cannot be quantified in this document, but have been incorporated qualitatively 
in the environmental baseline. 

6.4 Summary of Effects 

Based on the species’ life stages, existing baseline conditions, actions described above, and 
proposed conservation measures; it is reasonably certain that the proposed project will not result 
in “take” of ESA-listed salmonids. Proposed grading activities within the floodplain and 
associated development of the property are not expected to result in any measurable effects to 
ESA-listed salmonids or their designated critical habitat. In addition, it is reasonably certain that 
the potential project related indirect effects of treated stormwater on ESA-listed salmonids will 
be immeasurable and discountable. The potential effects of the proposed action on the 
environmental baseline conditions are summarized below (Table 3). 
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Table 3. Checklist for Documenting Environmental Baseline and Effects of Proposed 
Actions on Relevant Indicators for ESA-listed fish species within the action area. 

PATHWAYS AND 
INDICATORS 

ENVIRONMENTAL 
BASELINE 

EFFECTS OF PROPOSED 
ACTION 

Water Quality 

Temperature Not Properly Functioning Maintain 

Sediment/Turbidity Not Properly Functioning Maintain  

Chemical Contamination Not Properly Functioning Maintain (-) 

Habitat Access 

Physical Barriers At Risk Maintain 

Habitat Elements 

Substrate Not Properly Functioning Maintain  

Large Wood Not Properly Functioning Maintain 

Pool Frequency Not Properly Functioning Maintain 

Pool Quality At Risk Maintain 

Off-Channel Habitat At Risk Maintain 

Refugia At Risk Maintain 

Channel Conditions and Dynamics 

Width/Depth Ratio At Risk Maintain 

Streambank Condition At Risk Maintain 

Floodplain Connectivity At Risk Maintain 

Flow/Hydrology 

Peak/Base Flows At Risk Maintain 

Drainage Network Increase Not Properly Functioning Maintain 

Watershed Conditions 

Road Density/Location Not Properly Functioning Maintain 

Disturbance History Not Properly Functioning Maintain 

Riparian Reserves Not Properly Functioning Maintain (+) 
Maintain = no localized, temporary, or system-wide effect 
Maintain (-) = localized or temporary effect, no system-wide effect 
Maintain (+) = localized benefit, no system-wide effect 
Restore = system-wide benefit 
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7.0 FINDING OF EFFECT 

7.1 LCR Chinook Salmon, UWR Chinook Salmon, LCR Coho Salmon, and 
LCR Steelhead 

Evaluation of the potential effects of the proposed actions indicates that it is reasonably certain 
that the project will not result in “take” of LCR Chinook salmon, UWR Chinook salmon, LCR 
coho salmon, or LCR steelhead, given the species’ life stages, existing baseline conditions and 
proposed conservation measures discussed above. As such, a determination of may affect, not 
likely to adversely affect has been made with regard to the aforementioned species. This finding 
of effect satisfies the requirements of Section 9 of the ESA, and will not require an incidental 
take permit under Section 10. 

7.2 Designated Critical Habitat 

Designated critical habitat for UWR steelhead is located outside the project action area, along the 
mainstem of the Clackamas River. The proposed project will have no effect on designated 
critical habitat for LCR Chinook salmon, UWR Chinook salmon, LCR coho salmon, or LCR 
steelhead. 

8.0 ESSENTIAL FISH HABITAT 

The Sustainable Fisheries Act of 1996 (Public Law 104-267) amended the Magnuson-Stevens 
Fishery Conservation and Management Act (MSA) to establish new requirements designed to 
identify, conserve, and enhance EFH for those species regulated under a federal fisheries 
management plan (FMP). The MSA requires Federal agencies to consult with NMFS on all 
actions, or proposed actions, authorized, funded, or undertaken by the agency, that may 
adversely affect EFH (MSA §305(b)(2)). Adverse effect means any impact that reduces quality 
and/or quantity of EFH, and may include direct, indirect, site-specific, or habitat-wide impacts, 
including individual, cumulative, or synergistic consequences of actions (50 CFR 600.810). Any 
reasonable attempt to encourage the conservation of EFH must also take into account actions that 
occur outside EFH, such as upstream and upslope activities that may result in adverse effects. 

8.1 Identification of Essential Fish Habitat 

As defined in the MSA, EFH includes “those waters and substrate necessary to fish for 
spawning, breeding, feeding, or growth to maturity”. For the purpose of interpreting this 
definition, waters include aquatic areas and their associated physical, chemical, and biological 
properties that are used by fish, and may include aquatic areas historically used by fish. Substrate 
includes sediment, hard bottom, structures underlying the waters, and associated biological 
communities (50 CFR 600.810). Along the Pacific coast (excluding Alaska), the Pacific Fishery 
Management Council (PFMC) manages EFH for three FMPs, including Pacific salmon, coastal 
pelagic species, and groundfish.  
 
Pacific salmon EFH includes all streams, lakes, ponds, wetlands, and other water bodies 
currently, or historically accessible to salmon in Washington, Oregon, Idaho, and California, 
except above the impassable barriers identified by PFMC (PFMC 1999). Chief Joseph Dam,  
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Dworshak Dam, and the Hells Canyon Complex (Hells Canyon, Oxbow, and Brownlee Dams) 
are among the listed man-made barriers that represent the upstream extent of the Pacific salmon 
fishery EFH. Salmon EFH excludes areas upstream of longstanding naturally impassable barriers 
(i.e., natural waterfalls in existence for several hundred years). In the estuarine and marine areas, 
proposed designated salmon EFH extends from the nearshore and tidal submerged environments 
within state territorial waters out to the full extent of the exclusive economic zone (370.4 km) 
offshore of Washington, Oregon, and California north of Point Conception (PFMC 1999). 

8.2 Analysis of Effects 

Section 6.0 of this HA provides an analysis of potential project effects to the habitat elements 
(i.e., waters and substrate) that make up EFH for Pacific salmon. This project has been designed 
with several conservation measures to minimize and avoid potential adverse effects to EFH. As 
such, a determination of no adverse effect has been made with regard to EFH. 
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Photo 1: 
View to the south showing 
existing conditions at the 
proposed Garden 
Apartments site. 

Photo  2: 
View to the north showing 
existing conditions at the 
proposed Garden 
Apartments site.   
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 Photo 3: 
View to the northwest 
showing the existing 36-inch 
stormwater outfall located 
along the bank of 
Clackamette Cove. 
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Photo documentation for the Garden Apartments Project 
(Photos taken on April 24, 2015) 

Photo 4: 
View to the north showing 
where stormwater from the 
existing 36-inch outfall 
enters Clackamette Cove. 
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Photo documentation for the Garden Apartments Project 
(Photos taken on April 24, 2015) 

Photo 5: 
View to the northeast 
showing existing conditions 
along the eastern shoreline 
of Clackamette Cove. 
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Date 6/10/15 

Photo 6: 
View to the northwest 
showing existing conditions 
along the southern shoreline 
of Clackamette Cove. 



 

Photo 7: 
View to the northwest showing 
the proposed North Park 
excavation area along the 
shoreline of Clackamette Cove.  

Photo 8: 
View to the north 
showing the proposed 
North Park excavation 
area above the shoreline. 
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EXECUTIVE SUMMARY 

The proposed Cove: Garden Apartment project is located southwest of Main Street in Oregon City, Oregon (See 
Vicinity Map). The project will redevelop a gravel quarry to include eleven multi-family buildings totaling 244 
units. There will be 374 parking spaces and eight detached garage structures. Residential facilities include a 
community center, pool, and two mixed-use buildings with non-residential space.  

The project includes roadway and infrastructure improvements to Main Street. These improvements are 
discussed in a separate memorandum, Main Street Stormwater Management Approach, by Cardno and dated 
June 19, 2015. This memorandum is included within the Technical Appendix. 

The design follows the City of Oregon City Stormwater and Grading Design Standards, issued in December 
1999 and the standards within the Surface Water Management Agency of Clackamas County (SWMACC) Rules 
and Regulations using the Surface Water Quality Facilities Technical Guidance Handbook dated 1991, as well 
as the Clean Water Services Low Impact Development Approaches Handbook dated July, 2009. 

Water Quality  

The project discharges into the Clackamette Cove, a former gravel quarry that connects with the Clackamas 

River just upstream of the Willamette River. The Clackamas River is classified as water quality limited for 

dissolved oxygen and biological criteria. Typical pollutants from multi-family residential projects include: 

nutrients, pesticides, metals, oil, grease and other petroleum products, and sediment. Dissolved copper, 

dissolved zinc, and PAHs are generally the primary constituents of concern for stormwater runoff in Oregon 

streams and rivers for their impact on ESA listed species. These pollutants are specially targeted for treatment in 

the selected stormwater management system. The water quality storm is listed below. 

 Water Quality Storm: 33% of the 2-yr, 24-hour storm event (0.83-inch precipitation depth). 

The stormwater management system at the development was designed to maximize stormwater treatment 

through Contech StormFilters and LIDA swales.  

The selected StormFilter contains cartridges filled with ZPG filter media (a mixture of zeolite, perlite, and 

granular activated carbon), which are designed to remove sediment, metals, and stormwater pollutants from 

stormwater runoff.   

LIDA swales are landscaped reservoirs that collect and treat stormwater runoff through vegetation and soil 

media. They also provide pollutant reduction and flow attenuation to reduce hydraulic impacts from urban 

developments on downstream rivers. Specific elements are incorporated into the swale design to increase the 

effectiveness of this stormwater facility type. Design elements include trapped catch basins to remove coarse 

sediment, using soil media to provide stormwater filtration, and vegetation to will provide plant uptake.  

The calculated peak water quality flow from the 7.18 acres of new impervious area is 1.47 cu-ft/sec with an 
approximate 13,619 cu-ft runoff volume.  

Water Quantity  

The project will connect into the proposed storm sewer within Main Street. The public storm sewer connects into 
an existing storm sewer before discharging into the Clackamette Cove. The Clackamette Cove exits into the 
Clackamas River just upstream of the Willamette River. Both the Clackamas and Willamette Rivers have 
drainage basins larger than 100 sq.-miles, the upper limit requiring stormwater detention. Therefore, detention is 
not required for this project. 

Conveyance Analysis 

A complete onsite conveyance analysis will be completed within the Final Drainage Report.   

Preliminary Hydrology Analysis 

A hydrology analysis was completed and is included within the Technical Appendix. The memorandum 
discusses the hydrology impacts that may occur on the receiving watershed and storm sewer as a result of the 
Cove development. 
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1 VICINITY MAP 

 

Figure 1-1 Vicinity Map 
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2 PROJECT DESCRIPTION 

2.1 Project Overview 

The proposed Cove: Garden Apartment project is located southwest of Main Street in Oregon City, Oregon (See 
Vicinity Map). The project will redevelop a gravel quarry to include eleven multi-family buildings totaling 244 
units. There will be 374 parking spaces and eight detached garage structures. Residential facilities include a 
community center, pool, and two mixed-use buildings with non-residential space.  

The project includes roadway and infrastructure improvements to Main Street. These improvements are 
discussed in a separate memorandum, Main Street Stormwater Management Approach, by Cardno and dated 
June 19, 2015. This memorandum is included within the Technical Appendix. 

The design follows the City of Oregon City Stormwater and Grading Design Standards, issued in December 
1999 and the standards within the Surface Water Management Agency of Clackamas County (SWMACC) Rules 
and Regulations using the Surface Water Quality Facilities Technical Guidance Handbook dated 1991, as well 
as the Clean Water Services Low Impact Development Approaches Handbook dated July, 2009. All elevations 
are NAVD 88, unless otherwise noted. 

3 EXISTING CONDITIONS 

3.1 Topography 

The existing site slopes towards the Clackamette Cove with slopes of approximately 2-percent.  Elevations at the 

site range from approximately 25 feet within the ditch located along the north and west side of the site up to 55 

feet in the southern area of the site. A majority of the site to be developed is above the 35 feet elevation level. 

The ordinary high water for the Clackamette Cove is 18 feet.  

3.2 Climate 

The site is located in Oregon City, located approximately 90 miles inland from the Pacific Ocean. There is a 

gradual change in seasons with defined seasonal characteristics. Average daily temperatures range from 35F 

to 82F. Average annual rainfall recorded in this area is 47 inches.  

3.3 Site Geology 

There are two underlying soil types on the site as classified by the United States Department of Agriculture Soil 
Survey of Clackamas County, Oregon. These soil types are identified below in Table 3-1 (See Technical 
Appendix: Soil Survey of Clackamas County Area, Oregon). 

Table 3-1 Soil Characteristics 

Soil Type Hydrologic Group

Urban Land D

Newberg Fine Sandy Loam B  

Group B soils have moderate infiltration rates when thoroughly saturated, while group D soils have very slow 
infiltration rates when thoroughly saturated. Group D soils is the dominant soil type. Therefore, a soil 
classification of group D was conservatively assigned to the whole site. 

3.4 Hydrology 

Runoff from the site consists primarily of overland flow across concrete and gravel surfaces.  Runoff drains into 

the Clackamette Cove prior to entering the Clackamas River, a tributary to the Willamette River.  There is no 

water quality treatment for stormwater on the site.  Stormwater runoff exits the area four ways: 1) through an 
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offsite basin in the northwest, 2) through the existing 36-inch culvert outfall, 3) through the existing 15-inch 

culvert outfall and 4) sheet flow into the Cove.  

3.5 Basin Areas 

Surface areas impacted by this project are shown in Table 3-2. The existing site is approximately 59.3 percent 

impervious. Impervious surfaces include, concrete and compacted gravel at the site. (See Technical Appendix: 

Exhibit 1 – Existing Basin Delineation).  

Table 3-2 Existing Basin Areas  

Basin
Impervious Area 

(ac)

Gravel Area 

(ac)

Pervious Area 

(ac)
Total Area (ac)

Onsite 3.288 3.510 4.659 11.457  

4 PROPOSED CONDITIONS 

4.1 Hydrology 

The proposed site will collect stormwater runoff through catch basins and roof drains and convey runoff to two 

StormFilter Vaults and a LIDA swale. Collected and treated runoff will discharge from the site into an existing 

public storm sewer in Main Street. The public storm sewer is being upsized through the Main Street 

improvements to accommodate future upstream development. The public storm sewer discharge into the 

Clackamette Cove through a 36-inch diameter pipe at an elevation of 22.24 feet. This is above the ordinary high 

water elevation of 18 feet.  The drainage ditch located to the north and west of the site will not be impacted by 

this project. 

4.2 Curve Number 

The curve number represents runoff potential from the soil. The major factors for determining the CN values are 
hydrologic soil group, cover type, treatment, hydrologic condition and antecedent runoff condition. The selected 
pervious curve number is 90 – Open Space in good Condition (See Technical Appendix: Table 2-2 – Runoff 
Curve Numbers for Selected Agricultural, Suburban, and Urban Areas). 

4.3 Time of Concentration 

The time of concentration (TC) as described in NEH-4 Chapter 15 is defined in two ways; the time for runoff to 
travel from the furthermost point of the watershed to the point in question, and the time from the end of excess 
rainfall to the point of inflection on the trailing limb of the unit hydrograph. Time of concentration can be 
estimated from several formulas.  

The minimum time of concentration is 5 minutes in highly developed urban areas (i.e. parking lots) and the 
maximum is 100 minutes in rural areas. A condition time of concentration of 5 minutes was used for our 
delineated sub-basin. 

4.4 Basin Areas 

Impervious and pervious areas for proposed conditions are shown in Table 4-1. The proposed site will be 63.2 
percent impervious (See Technical Appendix: Exhibit 2 – Proposed Basin Delineation). 

Table 4-1 Proposed Basin Areas  

Basin
Impervious Area 

(ac)

Pervious Area 

(ac)
Total Area (ac)

Onsite 7.179 4.278 11.457
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5 HYDROLOGIC ANALYSIS DESIGN GUIDELINES 

5.1 Design Guidelines 

The analysis and design criteria used for stormwater management described in this section will follow the City of 
Oregon City Stormwater and Grading Design Standards, Chapter 6 Collection and Conveyance Facilities. 
Section 6.3 describes the allowable flow determination methods including the selected SBUH method.  

5.2 Hydrograph Method  

Rainstorms occur naturally over long periods of time. The most effective way of estimating storm rainfall is by 
using the hydrograph method. The hydrograph method generates storm runoff based on physical characteristics 
of the site. The Santa Barbara Urban Hydrograph (SBUH) was used for this analysis. The SBUH method is 
based on the curve number (CN) approach, and uses the Soil Conservation Service’s (SCS) equations for 
computing soil absorption and precipitation excess. The SBUH method converts the incremental runoff depths 
into instantaneous hydrographs, which are then routed through an imaginary reservoir with a time delay equal to 
the basin time of concentration. 

xpswmm 2013 Version 15.1 was used for our hydrology and hydraulics analysis. xpswmm is based on the public 
domain xpswmm program and is an approved method of analysis by Oregon City. 

5.3 Design Storm 

The rainfall distribution to be used within the Oregon City jurisdiction is the design storm of 24-hour duration based 
on the standard King County rainfall distribution. A typical King County 24-hour rainfall distribution for a 25-year 
storm event is shown in Figure 5-1. 
 
Table 5-1 Precipitation Depth 

Recurrence interval 

(years)

Total Precipitation 

Depth (in)

WQ 0.83

10 3.40

25 4.00

50 4.40

100 4.50  

Figure 5-1 25 Year King County Type 1A Rainfall Ditribution 
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6 HYDRAULIC ANALYSIS AND DESIGN 
CHARACTERISTICS 

6.1 Design Guidelines 

The analysis and design criteria described in this section will follow the City of Oregon City Stormwater and 
Grading Design Standards. Chapter 6 – Collection and Conveyance Facilities requires storm drainage system 
and facilities be designed to convey the 10-year storm event without surcharge.  

6.1 Manning’s ‘n’ Values for Pipes 

A Manning’s ‘n’ value of 0.013 was selected for all of the storm drain pipes.  Additionally an exit loss coefficient 
between 0.02 and 0.25 was added into each catch basin and manhole. The value is dependent upon the angle 
of the pipe leaving each catch basin or manhole. 

6.2 System Performance  

A complete conveyance analysis will be completed in the final drainage analysis. 

6.1 Backwater Elevation 

The proposed conveyance systems will be modeled both with and without the backwater of 50.7 feet (City 
established design flood elevation).   

7 WATER QUALITY 

7.1 Water Quality Guidelines  

All water quality facilities were designed per criteria set forth by the City of Oregon City Stormwater and Grading 
Design Standards to facilitate the treatment of all stormwater runoff from the proposed site. The facilities will be 
designed to capture and treat runoff from 1/3 of the 2-year, 24-hour storm event. 

7.2 Water Quality Facility 

The project discharges into the Clackamette Cove, a former gravel quarry that connects with the Clackamas 
River just upstream of the Willamette River. The Clackamas River is classified as water quality limited for 
dissolved oxygen and biological criteria. Typical pollutants from multi-family residential projects include nutrients, 
pesticides, metals, oil, grease and other petroleum products, and sediment. Dissolved copper, dissolved zinc, 
and PAHs are generally the primary constituents of concern for stormwater runoff in Oregon streams and rivers 
for their impact on ESA listed species. These pollutants are specially targeted for treatment in the selected 
stormwater management system. The water quality storm is listed below. 

 Water Quality Storm: 33% of the 2-yr, 24-hour storm event (0.83-inch precipitation depth). 

The stormwater management system at the development was designed to maximize stormwater treatment 
through Contech StormFilters and LIDA swales.  

LIDA swales are landscaped reservoirs that collect and treat stormwater runoff through vegetation and soil 
media. They also provide pollutant reduction and flow attenuation to reduce hydraulic impacts from urban 
developments on downstream rivers. Specific elements are incorporated into the swale design to increase the 
effectiveness of this stormwater facility type. Design elements include trapped catch basins to remove coarse 
sediment, using soil media to provide stormwater filtration, and vegetation to will provide plant uptake.  
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7.2.1 Mechanical Treatment 

Contech StormFilter vaults are the selected water quality facilities. These facilities were selected for their ability 
to integrate into the proposed site plan. Each StormFilter system will have the standard cartridge size with an 18-
inch drop and have a treatment capacity of 0.033 cfs (15 gpm). The maximum bypass flow is 1.80 cfs; an 
internal bypass structure will be provided for stormwater vaults. The selected StormFilter contains cartridges 
filled with ZPG filter media (a mixture of zeolite, perlite, and granular activated carbon), which are designed to 
remove sediment, metals, and stormwater pollutants from stormwater runoff.   

Table 7-1 lists the number of cartridges within each system. Two facilities will provide treatment to the required 

surface area. 

Table 7-1 Mechanical Water Quality Facilities 

Basin #
Impervious 

Area (ac)

Water Quality 

Flow Rate (cfs)

Quantity of 

Cartridges
Facility Type

North 3.122 0.642 20 8x11 Vault

South 3.230 0.661 20 8x11 Vault

Total 6.352 - 40 -  

7.2.2 LIDA Facilities 

The site plan includes LIDA Swales. LIDA Swales are landscaped reservoirs that collect and treat stormwater 

runoff through vegetation and soil media. They also provide pollutant reduction and flow attenuation to reduce 

hydraulic impacts from urban developments on downstream rivers.  

The LIDA Swales are proposed sloped swales. Sloped swales are linear landscaped reservoirs with slopes of 

0.5 to 1.0%, bottom widths of 4 feet, check dams, and 3 to 1 sloped side walls. Overflows will be provided for 

water depths greater than 6 inches. A perforated pipe surrounded by gravel will collect the treated stormwater 

and convey it to the public storm sewer. The LIDA Swales section is listed below: 

 Freeboard Depth: 6 inches 

 Maximum Treatment Water Depth: 6 inches 

 Growing Media Depth: 18 inches 

 Gravel Depth: 12 inches  

 

Table 7-2 lists the area of the proposed LIDA Swale, and the proposed impervious draining to the facility. 

Table 7-2 LIDA Swale Design 

Basin

Swale Surface 

Area                      

(sq.-ft)

Length (ft)

Impervious Area 

Draining to Facility      

(ac)

Swale 3,298 325 0.723  
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8 WATER QUANTITY 

8.1 Water Quantity Guidelines  

The proposed stormwater management system will discharge site runoff to an existing storm sewer. As part of 
the conveyance analysis the public storm sewer will be evaluated for capacity. Pervious conveyance studies of 
the public storm sewer found to be able to convey site flows. The Clackamette Cove exits into the Clackamas 
River just upstream of the Willamette River. Both the Clackamas and Willamette Rivers have drainage basins 
larger than 100 sq.-miles, the upper limit requiring stormwater detention. Therefore detention is not required for 
this project. 

9 SUMMARY 

The proposed storm management approach follows the City of Oregon City Stormwater and Grading Design 

Standards. The Cove: Garden Apartments storm system was designed to provide water quality treatment by 

Contech StormFilters and a LIDA Swale.  

In conclusion, the proposed stormwater management system will meet the requirements of the City of Oregon 

City. 
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The soil surveys that comprise your AOI were mapped at 1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Clackamas County Area, Oregon
Survey Area Data:  Version 9, Sep 19, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Jul 26, 2014—Sep 5,
2014

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Clackamas County Area, Oregon (OR610)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

67 Newberg fine sandy
loam

A 0.6 4.5%

82 Urban land 12.6 95.5%

Totals for Area of Interest 13.2 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method:  Dominant Condition
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Table 2.2 
Runoff Curve Numbers for Selected Agricultural, Suburban, and Urban Areas 

(Sources: TR 55, 1986, and Stormwater Management Manual, 1992. See Section 2.1.1 for explanation) 
  CNs for hydrologic soil group 
 Cover type and hydrologic condition. A B C D 

Curve Numbers for Pre-Development Conditions 
Pasture, grassland, or range-continuous forage for grazing: 
Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84 
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80 
Woods:      
Fair (Woods are grazed but not burned, and some forest litter covers the soil). 36 60 73 79 
Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77 

Curve Numbers for Post-Development Conditions 
Open space (lawns, parks, golf courses, cemeteries, landscaping, etc.)1     
Fair condition (grass cover on 50% - 75% of the area). 77 85 90 92 
Good condition (grass cover on >75% of the area) 68 80 86 90 
Impervious areas:     

Open water bodies: lakes, wetlands, ponds etc. 100 100 100 100 
Paved parking lots, roofs2, driveways, etc.  (excluding right-of-way)  98 98 98 98 
Permeable Pavement (See Appendix C to decide which condition below to use) 
Landscaped area  77          85          90          92 
50% landscaped area/50% impervious 87 91 94 96 
100% impervious area 98 98 98 98 
Paved 98 98 98 98 
Gravel (including right-of-way) 76 85 89 91 
Dirt (including right-of-way) 72 82 87 89 
Pasture, grassland, or range-continuous forage for grazing: 
Poor condition (ground cover <50% or heavily grazed with no mulch). 68 79 86 89 
Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84 
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80 
Woods:      
Poor (Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning). 45 66 77 83 
Fair (Woods are grazed but not burned, and some forest litter covers the soil). 36 60 73 79 
Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77 
Single family residential3: Should only be used for Average Percent 
Dwelling Unit/Gross Acre subdivisions > 50 acres impervious area3,4

 1.0 DU/GA 15 Separate curve number 
 1.5 DU/GA 20 shall be selected for 
 2.0 DU/GA 25 pervious & impervious 
 2.5 DU/GA 30 portions of the site or  
 3.0 DU/GA 34 basin 
 3.5 DU/GA 38  
 4.0 DU/GA 42  
 4.5 DU/GA 46  
 5.0 DU/GA 48  
 5.5 DU/GA 50  
 6.0 DU/GA 52  
 6.5 DU/GA 54  
 7.0 DU/GA 56  
 7.5 DU/GA 58  
PUD’s, condos, apartments, commercial %impervious Separate curve numbers shall 
businesses, industrial areas & must be be selected for pervious and 
& subdivisions < 50 acres computed impervious portions of the site 
For a more detailed and complete description of land use curve numbers refer to chapter two (2) of the Soil Conservation Service’s Technical 
Release No. 55 , (210-VI-TR-55, Second Ed., June 1986). 
1 Composite CN’s may be computed for other combinations of open space cover type. 
2Where roof runoff and driveway runoff are infiltrated or dispersed according to the requirements in Chapter 3, the average percent impervious 
area may be adjusted in accordance with the procedure described under “Flow Credit for Roof Downspout Infiltration” (Section 3.1.1), and “Flow 
Credit for Roof Downspout Dispersion” (Section 3.1.2). 
3Assumes roof and driveway runoff is directed into street/storm system. 
4All the remaining pervious area (lawn) are considered to be in good condition for these curve numbers. 
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MEMORANDUM 
 

Australia  ●  Belgium   ●   Indonesia  ●  Kenya  ●  New Zealand  ●  Papua New Guinea  

United Arab Emirates  ●  United Kingdom  ●  United States  ●  Operations in 60 Countries 

To: City of Oregon City 
 
From: Atalia Raskin, PE 

WR Senior Project Engineer 
 
Date: June 19, 2015 
 
Project: The Cove: Phase 1 Infrastructure 
Cardno#: 21509220 
Re: Preliminary Hydrology Analysis 
 

Hydrologic Analysis 

Alterations to land surface characteristics have been shown to change the runoff generating 
processes. This occurs as the infiltration capacity of the native soils is eliminated or greatly reduced 
by covering and compacting soils and removing native vegetation. Gutters and storm sewers on 
developed sites convey stormwater runoff more rapidly to stream channels than sheet flow and 
shallow groundwater flow. Additionally, the increased flow, the longer duration of higher flows, and 
the increased stormwater pollutant concentrations generated by urban developments can degrade 
stream channels and harm aquatic life.  
 
This memorandum discusses the hydrology impacts that may occur as a result of the Cove: Garden 
Apartments and Main Street Improvements and what measures are being proposed to decrease 
these impacts. The analysis reviewed proposed development impacts on the receiving watershed 
and storm sewer, including the Clackamette Cove and Clackamas River.  

Effects on the Watershed and Existing Drainage Patterns 

The proposed Cove: Garden Apartment and Main Street Improvements change the land surface 
conditions by increasing the amount of impervious surface from the former gravel quarry processing 
plant to a multi-family apartment complex. The existing site contains concrete, gravel, and pervious 
surfaces covered with grasses and blackberries. The proposed project will increase the amount of 
impervious surfaces include roof and parking lot area. The project increases the amount of 
impervious area by 0.75 acres. The development will improve the quality of the site’s pervious area 
with additional trees and landscaping. Street trees will be planted along Main Street that currently 
do not exist along the street. The additional tree cover over impervious area will increase 
evapotranspiration of rainfall thereby reducing stormwater runoff.  
 
The increased amount of impervious area and the proposed onsite storm sewer will likely increase 
the amount of stormwater runoff generated at the site. The proposed public storm sewer in Main 
Street is designed to accommodate this additional runoff and runoff from future developments 
draining to this storm line. The public storm sewer discharges directly into the Clackamette Cove, 
above the ordinary high water elevation of 18 (NAVD 88). 
 
The Clackamette Cove drains into the Clackamas River just upstream of its confluence with the 
Willamette River. Both the Clackamas and Willamette Rivers have drainage basins larger than 100 
sq.-miles, the upper limit shown to influence channel stability. Therefore, the project will not degrade 
stream channels. Stormwater detention is not proposed and is not required at this project. 
Stormwater infiltration is not possible for the Cove: Garden Apartments, the site is being filled to 
remove the proposed buildings from the floodplain elevation and the City of Oregon City 
jurisdictional design flood elevation (DFE). Proposed roadside swales will treat and infiltrate runoff 
as soils allow. 
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Clackamas River Specific Considerations 

The Clackamas River is required to follow OAR 340-041-0350 The Three Basin Rule: Clackamas, 
McKenzie & North Santiam. The Three Basin Rule states that in order to preserve or improve the 
existing high quality of municipal water supplies, recreation, and aquatic life new or increased waste 
discharges are prohibited. The Clackamette Cove joins the Clackamas River downstream of the 
water system intake. Additionally, the Clackamas River is classified as water quality limited for 
TMDL’s for dissolved oxygen and biological criteria. The proposed project will meet these 
requirements by providing water quality treatment and sending runoff to an existing outfall. 
  
The proposed development will result in approximately 9.0 acres of pollutant generating impervious 
surface within the project area. New stormwater facilities are proposed for treatment of expected 
pollutants (i.e., PAHs, heavy metals, nutrients, oil and sediment) associated with roof runoff and 
vehicle use within the apartment complex and along the improved roadway. The existing site and 
roadway have no formal water quality treatment. Typical pollutants from multi-family residential 
projects include: nutrients, pesticides, metals, oil, grease and other petroleum products, and 
sediment. Dissolved copper, dissolved zinc, and PAHs are generally the primary constituents of 
concern for stormwater runoff in Oregon streams and rivers for the impact on ESA listed species. 
These pollutants are specially targeted for treatment in the selected stormwater management 
system. The water quality storm is listed below. 
 

 Water Quality Storm: 33% of the 2-yr, 24-hour storm event (0.83-inch precipitation depth). 
 

The stormwater management system was designed to maximize stormwater treatment through 
Contech StormFilters and LIDA swales. The selected StormFilter contains cartridges filled with ZPG 
filter media (a mixture of zeolite, perlite, and granular activated carbon), which are designed to 
remove sediment, metals, and stormwater pollutants from wet weather runoff.   
 
A decreased concentration of pollutants will remain within the treated stormwater runoff. These 
pollutants will be diluted with the Clackamette Cove water to concentrations below Oregon state 
water quality criteria levels. 
 
Conclusion 

The proposed project review the hydrology effects on the watershed and storm sewer. The project 
drains to the Clackamette Cove, followed by the Clackamas River and Willamette River. Because 
both of these Rivers are classified as having large drainage basins, the project will not result in 
stream channel degradation within the watershed. Additionally, the project provides water quality 
treatment to target pollutants to protect water quality and aquatic life. 
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MEMORANDUM 
 

Australia  ●  Belgium   ●   Indonesia  ●  Kenya  ●  New Zealand  ●  Papua New Guinea  

United Arab Emirates  ●  United Kingdom  ●  United States  ●  Operations in 60 Countries 

To: City of Oregon City 
 
From: Atalia Raskin, PE 

WR Senior Project Engineer 
 
Date: June 19, 2015 
 
Project: The Cove: Phase 1 Infrastructure 
Cardno#: 21509220 
Re: Main Street Stormwater Management Approach  
 

 
The proposed project will complete roadway and infrastructure improvements to Main Street in 
Oregon City, Oregon. The Main Street improvements are a part of the larger Cove development, 
and the specific development of Lot 2 (Garden Apartments) anticipated to develop concurrently with 
the Main Street improvements. The project will construct a roundabout at the Main Street and Agnes 
Street intersection. Street construction includes grading, utility installation, landscaping, and 
installing public water quality facilities. Additionally a gravel parking lot will be constructed for trail 
access.  
 
This memorandum will discuss the proposed stormwater management approach for the Main Street 
Improvements and the downstream analysis of the public storm sewer in Main Street. A complete 
Drainage Report of the phase 1 infrastructure improvements will be included within the Final 
Drainage Report. 
 
The design follows the Stormwater and Grading Design Standards by the City of Oregon City, issued 
in December 1999 and the standards within the Surface Water Management Agency of Clackamas 
County (SWMACC) Rules and Regulations using the Surface Water Quality Facilities Technical 
Guidance Handbook dated 1991, as well as the Clean Water Services Low Impact Development 
Approaches Handbook dated July, 2009. 
 
Project Description 

The existing roadway has two traffic lanes and a bike lane along on side of the roadway. The 
roadway does not include curbs and gutters. Runoff flows to grassy roadside ditches on either side 
of the roadway.   

 Existing Impervious Area = 1.55 acres 

The proposed roadway also has two traffic lanes. Proposed bike lanes, curb and gutter, and 
sidewalks will be located on both sides of the roadway. Stormwater runoff northwest of the 
roundabout will be treated through LIDA planters, while stormwater runoff southeast of the 
roundabout will be treated through Contech StormFilters.  

 Proposed Impervious Area = 1.82 acres 

A gravel parking lot will be constructed to allow trail access. The parking lot is must pervious 
gravel, although the lot includes concrete paths and an ADA parking stall.  

 Proposed Impervious Area = 0.03 acres 
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Stormwater Management Approach  

Stormwater treatment will be provided within the public right-of-way through the use of LIDA swales. 
LIDA swales are landscaped reservoirs that collect and treat stormwater runoff through vegetation 
and soil media. They may also provide pollutant reduction and flow attenuation to reduce hydraulic 
impacts from urban developments on downstream rivers. Contech StormFilters will be used in areas 
where it is infeasible to construct LIDA Swales. 

 Area Draining to LIDA Swales = 0.87 acres 

 Area Draining to Contech StormFilters = 0.95 acres 

The attached exhibits show the roadway improvements in existing and proposed conditions. 

Floodplain Analysis 

The City of Oregon City regulates development within the floodplain using the jurisdictional Design 
Flood Elevation (DFE). The DFE is the extents of the 1996 flood event and exceeds the elevation 
listed on the FEMA FIRM MAP. The DFE for the site is 50.7 (NAVD 88). The proposed street 
improvements will remain within the floodplain. Cut and fill calculations were completed to ensure 
the overall Cove developed is balanced.  
 
Regional Conveyance Analysis 

A regional storm conveyance sewer is located within Main Street. A conveyance analysis was 
completed to determine the conveyance capacity of this storm line in projected future conditions. A 
verity of information was reviewed to complete the regional storm conveyance analysis, including 
the following documents: 

 Oregon City Drainage Master Plan, January 1988, Otak Incorporated.  

 Clackamas County FIS, June 17, 2008, FEMA 

 Field Survey – Completed in 2008 by WRG Design, Inc. 

 Oregon City GIS on OCWebMaps, viewed June 2015. 

The greater Cove development including the Cove: Garden Apartments and Main Street are located 
within the Clackamas drainage basin. The regional basin draining to the storm sewer in Main Street 
includes the Kelly Field Basin. The Drainage Master Plan did not complete a hydraulic analysis for 
these regional basins. Information on the existing storm sewer was collected from a field survey 
completed by WRG Design, Inc. in 2008.    
 
Basin Area 

The contributing upstream area is composed of 10 sub-basins. The upper most basins (8, 9, and 
10) are located on the former Rossman Landfill. The basins now contain a Home Depot, The End 
of the Oregon Trail Interpretive Center, a golf driving range, and developed and undeveloped 
parcels. The area will likely be redeveloped in the future as a regional mall. Stormwater runoff from 
these basins flow west to roadside ditches along Washington Street. A 36-inch culvert crosses 
Washington Street, where it outfalls to an open flat grassy area. Two basins are located between 
Washington Street and the rail road tracks (6 and 7). Both basin 6 and 7 are developed. Businesses 
in basin 7 include a landscape store, Amtrak station, and the Maverick welding supply store. 
Businesses in basin 6 include the Metro transfer station. The transfer station drains to a large 
detention pond, although the detention pond was not included within the downstream analysis. 
 
Stormwater runoff crosses under a rail road bridge through an open channel. One basin is located 
between the rail road tracks and I-205 (Basin 5). Basin 5 is a vegetated basin. In 2012, the basin 
was graded to provide flood management and planted as a natural resource district. This basin will 
not be developed in the future. The restoration was completed in conjunction with the OR 213: I-
205 Redland Road overcrossing project. Stormwater runoff continues under I-205 through 
double12-ft by 12-ft box culverts. Basin 4 is located west of I-205. The basin contains two buildings 
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and gravel parking lots. Basin 3 is the proposed the Cove: Garden Apartments and Main Street 
improvements.  
 
Basin 2 drains to an existing 15-inch culvert crossing Main Street. The culvert collects a drainage 
ditch located west of the Cove: Garden Apartments and Main Street northwest of the proposed 
roundabout. Basin 1 is the area surrounding the Clackamette Cove and includes area where 
stormwater runoff sheet flows into the Cove. This basin will be developed during future phases of 
the Cove development. Basin 1 will discharge to the Clackamette Cove through flow spreaders in 
future conditions. Neither Basin 1 nor 2 drains to the 36-inch culvert. 
 
Table 1-1 lists basin areas and the projected future project impervious area. Impervious area is 
listed for proposed (The Cove: Garden Apartments and Main Street Improvement) and future (Basin 
1, 2, 8, 9, 10). Basin delineation are shown in Exhibit 3 – Upstream Basin Delineation, attached. 

Table 1-1 Upstream Basin Areas 

Basin
Impervious Area, 

ac

Pervious Area, 

ac

Total Area, 

ac
Discharge

1 11.89 6.40 18.29 Sheetflow

2 1.63 4.42 6.05 15" Outfall

3 8.13 4.39 12.52 36" Outfall

4 2.24 19.76 22.01 36" Outfall

5 4.97 24.79 29.76 36" Outfall

6 8.50 10.11 18.61 36" Outfall

7 5.09 8.58 13.67 36" Outfall

8 26.26 6.57 32.83 36" Outfall

9 4.71 1.18 5.89 36" Outfall

10 9.12 2.28 11.40 36" Outfall

Total 82.54 88.48 171.02 -  

Hydrologic & Hydraulic Analysis 
An xpswmm model was created for the downstream system to analysis the conveyance capacity of 
the public storm sewer.   
 
Runoff 
The curve number represents runoff potential from the soil. The major factors for determining the 
CN values are hydrologic soil group, cover type, treatment, hydrologic condition and antecedent 
runoff condition. The selected pervious curve numbers are 90 – Open Space in good Condition and 
91 – Gravel (Attached: Table 2-2 – Runoff Curve Numbers for Selected Agricultural, Suburban, and 
Urban Areas). Composite curve numbers were calculated for each delineated sub-basin (Attached: 
Composite Curve Number Calculations). 
 
The time of concentration (TC) as described in NEH-4 Chapter 15 is defined in two ways; the time 
for runoff to travel from the furthermost point of the watershed to the point in question, and the time 
from the end of excess rainfall to the point of inflection on the trailing limb of the unit hydrograph. 
Time of concentration can be estimated from several formulas. The minimum time of concentration 
is 5 minutes in highly developed urban areas (i.e. parking lots) and the maximum is 100 minutes in 
rural areas. A condition time of concentration was calculated for each delineated sub-basin 
(Attached: Time of Concentration). 
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The Santa Barbara Urban Hydrograph (SBUH) was used for this analysis. The SBUH method is 
based on the curve number (CN) approach, and uses the Soil Conservation Service’s (SCS) 
equations for computing soil absorption and precipitation excess. The SBUH method converts the 
incremental runoff depths into instantaneous hydrographs, which are then routed through an 
imaginary reservoir with a time delay equal to the basin time of concentration. 
 
Calculated runoff data is provided for the 25 and 100-year storm event, as calculated within xpswmm 
(Attached:  xpswmm Schematic Layout and Runoff Data). 
 
Conveyance 
The hydraulic model starts east of Washington Street and heads 2,575 ft (0.49 miles) west to the 
36-inch outfall into the Clackamette Cove. The conveyance system was simplified to include the 
main conveyance pipes. A complete conveyance analysis of the Garden Apartment and Main Street 
storm sewer will be completed in the Final Drainage Report. 
 
Maximum flow in a storm drainage pipe occurs at approximately 0.94do (Depth of flow section (do) 
– depth of flow normal to the direction of flow).  At 0.94do the section factor of uniform flow has a 
maximum value which results in optimum flow for a section without surcharge conditions. During a 
25-year storm event, the proposed conveyance system will operate at or below 0.94do, with a 
minimum freeboard of 1.0 feet. The proposed conveyance system includes links P2 and P3. Some 
of the existing culverts and pipes upstream of the development are surcharge. Link 1 will be upsized 
in the future by the City of Oregon City (Attached: xpswmm Conveyance Table). 
 

Conclusion 

The proposed project will provide stormwater treatment to the Main Street infrastructure 
improvement project through the use of LIDA swales and Contech StormFilters. StormFilters are 
used in locations were LIDA swales are infeasible to construct. The design follows the Stormwater 
and Grading Design Standards by the City of Oregon City, issued in December 1999 and the 
standards within the Surface Water Management Agency of Clackamas County (SWMACC) Rules 
and Regulations using the Surface Water Quality Facilities Technical Guidance Handbook dated 
1991, as well as the Clean Water Services Low Impact Development Approaches Handbook dated 
July, 2009. 

A downstream analysis was completed to size the proposed public storm sewer in Main Street. 

The analysis was completed under proposed and project future development conditions. In 

conclusion, the proposed stormwater management system will meet the requirements of the City 

of Oregon City. 

Attachments: 

 Exhibit 1 – Existing Main Street Basin Delineation 

 Exhibit 2 – Proposed Main Street Basin Delineation 

 Exhibit 3 – Upstream Basin Delineation 

 Table 2-2 – Runoff Curve Numbers for Selected Agricultural, Suburban, and Urban Areas 
Composite Curve Number Calculations 

 Time of Concentration 

 xpswmm  
o Schematic Layout  
o Runoff Data 
o Conveyance Table 









 

 

Table 2.2 
Runoff Curve Numbers for Selected Agricultural, Suburban, and Urban Areas 

(Sources: TR 55, 1986, and Stormwater Management Manual, 1992. See Section 2.1.1 for explanation) 
  CNs for hydrologic soil group 
 Cover type and hydrologic condition. A B C D 

Curve Numbers for Pre-Development Conditions 
Pasture, grassland, or range-continuous forage for grazing: 
Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84 
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80 
Woods:      
Fair (Woods are grazed but not burned, and some forest litter covers the soil). 36 60 73 79 
Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77 

Curve Numbers for Post-Development Conditions 
Open space (lawns, parks, golf courses, cemeteries, landscaping, etc.)1     
Fair condition (grass cover on 50% - 75% of the area). 77 85 90 92 
Good condition (grass cover on >75% of the area) 68 80 86 90 
Impervious areas:     

Open water bodies: lakes, wetlands, ponds etc. 100 100 100 100 
Paved parking lots, roofs2, driveways, etc.  (excluding right-of-way)  98 98 98 98 
Permeable Pavement (See Appendix C to decide which condition below to use) 
Landscaped area  77          85          90          92 
50% landscaped area/50% impervious 87 91 94 96 
100% impervious area 98 98 98 98 
Paved 98 98 98 98 
Gravel (including right-of-way) 76 85 89 91 
Dirt (including right-of-way) 72 82 87 89 
Pasture, grassland, or range-continuous forage for grazing: 
Poor condition (ground cover <50% or heavily grazed with no mulch). 68 79 86 89 
Fair condition (ground cover 50% to 75% and not heavily grazed). 49 69 79 84 
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80 
Woods:      
Poor (Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning). 45 66 77 83 
Fair (Woods are grazed but not burned, and some forest litter covers the soil). 36 60 73 79 
Good (Woods are protected from grazing, and litter and brush adequately cover the soil). 30 55 70 77 
Single family residential3: Should only be used for Average Percent 
Dwelling Unit/Gross Acre subdivisions > 50 acres impervious area3,4

 1.0 DU/GA 15 Separate curve number 
 1.5 DU/GA 20 shall be selected for 
 2.0 DU/GA 25 pervious & impervious 
 2.5 DU/GA 30 portions of the site or  
 3.0 DU/GA 34 basin 
 3.5 DU/GA 38  
 4.0 DU/GA 42  
 4.5 DU/GA 46  
 5.0 DU/GA 48  
 5.5 DU/GA 50  
 6.0 DU/GA 52  
 6.5 DU/GA 54  
 7.0 DU/GA 56  
 7.5 DU/GA 58  
PUD’s, condos, apartments, commercial %impervious Separate curve numbers shall 
businesses, industrial areas & must be be selected for pervious and 
& subdivisions < 50 acres computed impervious portions of the site 
For a more detailed and complete description of land use curve numbers refer to chapter two (2) of the Soil Conservation Service’s Technical 
Release No. 55 , (210-VI-TR-55, Second Ed., June 1986). 
1 Composite CN’s may be computed for other combinations of open space cover type. 
2Where roof runoff and driveway runoff are infiltrated or dispersed according to the requirements in Chapter 3, the average percent impervious 
area may be adjusted in accordance with the procedure described under “Flow Credit for Roof Downspout Infiltration” (Section 3.1.1), and “Flow 
Credit for Roof Downspout Dispersion” (Section 3.1.2). 
3Assumes roof and driveway runoff is directed into street/storm system. 
4All the remaining pervious area (lawn) are considered to be in good condition for these curve numbers. 
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Subject CN - Downstream Analysis By ASR Date

Project 2150922

Area

acres

91 0.00 0

90 6.40 576

98 11.89 1165

18.29 1741

91 0 0

90 4.42 398

98 1.63 159

6.05 557

91 0.00 0

90 4.39 395

98 8.13 797

12.52 1192

91 1.44 131

90 18.32 1649

98 2.25 220

22.01 2000

91 0.00 0

90 24.79 2231

98 4.97 487

29.76 2718

91 0.00 0

90 10.11 909

98 8.51 833

18.61 1743

91 6.40 582

90 2.19 197

98 5.09 498

13.67 1277

D Impervious surfaces-pavement, roofs, etc.

    Totals
   Use CN 93

94

Basin 7

D Gravel roads & parking lots

D Open spaces-lawns, parks, golf courses, cemeteries

D Open spaces-lawns, parks, golf courses, cemeteries

D Impervious surfaces-pavement, roofs, etc.

    Totals
   Use CN

    Totals
   Use CN 91

Basin 6

D Gravel roads & parking lots

D Gravel roads & parking lots

D Open spaces-lawns, parks, golf courses, cemeteries

D Impervious surfaces-pavement, roofs, etc.

D Impervious surfaces-pavement, roofs, etc.

    Totals
   Use CN 91

Basin 5

95

Basin 4

D Gravel roads & parking lots

D Open spaces-lawns, parks, golf courses, cemeteries

D Open spaces-lawns, parks, golf courses, cemeteries

D Impervious surfaces-pavement, roofs, etc.

    Totals
   Use CN

    Totals
   Use CN 92

Basin 3

D Gravel roads & parking lots

D Gravel roads & parking lots

D Open spaces-lawns, parks, golf courses, cemeteries

D Impervious surfaces-pavement, roofs, etc.

D Impervious surfaces-pavement, roofs, etc.

    Totals
   Use CN 95

Basin 2

H
S

G
 D

Basin 1

D Gravel roads & parking lots

D Open spaces-lawns, parks, golf courses, cemeteries

Runoff Curve Number - Proposed

Soil Name and 

Hydrologic group

Cover Description                                                                                                                         CN Product of 

CN X area(cover type, treatment, and hydrologic condition; percent 

impervious; unconnected/connect impervious area ratio)

H
S

G
 A

H
S

G
 B

H
S

G
 C

Composite Curve Number Calculations 

6/19/2015

 
AreaTotal

oductTotal
WeightedCN

_

Pr_




Subject CN - Downstream Analysis By ASR Date

Project 2150922

Area

acres

91 6.50 592

90 6.57 591

98 19.76 1937

32.83 3119

91 0.00 0

90 1.18 106

98 4.71 462

5.89 568

91 0.00 0

90 2.28 205

98 9.12 894

11.40 1099

96

D Open spaces-lawns, parks, golf courses, cemeteries

D Impervious surfaces-pavement, roofs, etc.

    Totals
   Use CN

    Totals
   Use CN 96

Basin 10

D Gravel roads & parking lots

D Gravel roads & parking lots

D Open spaces-lawns, parks, golf courses, cemeteries

D Impervious surfaces-pavement, roofs, etc.

D Impervious surfaces-pavement, roofs, etc.

    Totals
   Use CN 95

Basin 9

H
S

G
 D

Basin 8

D Gravel roads & parking lots

D Open spaces-lawns, parks, golf courses, cemeteries

Runoff Curve Number - Proposed

Soil Name and 

Hydrologic group

Cover Description                                                                                                                         CN Product of 

CN X area(cover type, treatment, and hydrologic condition; percent 

impervious; unconnected/connect impervious area ratio)

H
S

G
 A

H
S

G
 B

H
S

G
 C

Composite Curve Number Calculations 

6/19/2015

 
AreaTotal

oductTotal
WeightedCN

_

Pr_




Time of Concentration

BY ASR DATE

Type 2 Type 2 Type 1 Type 4 Type 3

300 ft 300 ft 300 ft 300 ft 228 ft

2.6 in 2.6 in 2.6 in 2.6 in 2.6 in

0.00077 ft/ft 0.0132 ft/ft 0.06 ft/ft 0.017 ft/ft 0.0800 ft/ft

0.67 hr 0.21 hr 0.03 hr 0.51 hr 0.10 hr

202 ft 900 ft 556 ft 1348 ft 2500 ft

0.119 ft/ft 0.013 ft/ft 0.009 ft/ft 0.006 ft/ft 0.012 ft/ft

5.57 ft/s 1.84 ft/s 1.53 ft/s 1.25 ft/s 1.77 ft/s

0.010 hr 0.136 hr 0.101 hr 0.300 hr 0.393 hr

0 ft
2

0 ft
2

0 ft
2

0 ft
2

0 ft
2

0 ft 0 ft 0 ft 0 ft 0 ft

0 ft/ft 0 ft/ft 0 ft/ft 0 ft/ft 0 ft/ft

0 ft 0 ft 0 ft 0 ft 0 ft

0.00 ft/s 0.00 ft/s 0.00 ft/s 0.00 ft/s 0.00 ft/s

0.00 ft 0.00 ft 0.00 ft 0.00 ft 0.00 ft

0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr

0.68 hr 0.35 hr 0.14 hr 0.81 hr 0.49 hr

41 minutes 21 minutes 8 minutes 49 minutes 29 minutes

SHEET FLOW

SHALLOW CONCENTRATED FLOW

CHANNEL FLOW

VALUE VALUE

Unpaved Unpaved

Flow Length, L

Watercourse Slope*, s

OUTPUT

Average Velocity, V

Travel Time

INPUT VALUE

Travel Time

Watershed or Subarea Tc =

Watershed or Subarea Tc =

WATER RESOURCES GROUP

Basin 4

VALUE

Cultivated (residue > 

20%)

0.17

VALUE

OUTPUT

Channel Slope, s

Manning's "n" 0.013

INPUT

Average Velocity

Hydraulic Radius, r = a / Pw

0.24

Flow Length, L

0.240.24 0.24

VALUE VALUE

Cross Sectional Flow Area, a

Wetted Perimeter, Pw

VALUEVALUE VALUE

VALUE

Surface Description Unpaved UnpavedUnpaved

Land Slope, s

OUTPUT

Travel Time

Manning's "n" 0.05 0.06

Flow Length, L (<300 ft)

2-Yr 24 Hour Rainfall, P2

0.05 0.011

INPUT VALUE VALUE

Surface Description
Fallow (no residue)

Cultivated (residue < 

20%)

VALUE VALUE

Fallow (no residue) Smooth Surface

Basin 1 Basin 5Basin 2 Basin 3

SUBJECT  

PROJECT NO. 21509220 6/19/2015

Time of Concentration - Downstream Analysis



Time of Concentration

BY ASR DATE

Type 4 Type 1 Type 4 Type 3 Type 4

285 ft 300 ft 300 ft 300 ft 282 ft

2.6 in 2.6 in 2.6 in 2.6 in 2.6 in

0.07 ft/ft 0.016 ft/ft 0.017 ft/ft 0.027 ft/ft 0.0180 ft/ft

0.28 hr 0.06 hr 0.51 hr 0.19 hr 0.48 hr

1170 ft 1384 ft 1348 ft 582 ft 605 ft

0.002 ft/ft 0.011 ft/ft 0.006 ft/ft 0.062 ft/ft 0.100 ft/ft

0.72 ft/s 1.69 ft/s 1.25 ft/s 4.02 ft/s 5.10 ft/s

0.450 hr 0.227 hr 0.300 hr 0.040 hr 0.033 hr

0 ft
2

0 ft
2

0 ft
2

0 ft
2

0 ft
2

0 ft 0 ft 0 ft 0 ft 0 ft

0 ft/ft 0 ft/ft 0 ft/ft 0 ft/ft 0 ft/ft

0 ft 0 ft 0 ft 0 ft 0 ft

0.00 ft/s 0.00 ft/s 0.00 ft/s 0.00 ft/s 0.00 ft/s

0.00 ft 0.00 ft 0.00 ft 0.00 ft 0.00 ft

0.00 hr 0.00 hr 0.00 hr 0.00 hr 0.00 hr

0.73 hr 0.29 hr 0.81 hr 0.23 hr 0.51 hr

44 minutes 17 minutes 49 minutes 14 minutes 31 minutes

SHALLOW CONCENTRATED FLOW

CHANNEL FLOW

6/19/2015

Flow Length, L

Watercourse Slope*, s

OUTPUT

Average Velocity, V

Travel Time

VALUE

Surface Description Unpaved Unpaved Unpaved

WATER RESOURCES GROUP

0.24

Flow Length, L

OUTPUT

Average Velocity

Hydraulic Radius, r = a / Pw

Travel Time

Watershed or Subarea Tc =

Watershed or Subarea Tc =

VALUE

Cross Sectional Flow Area, a

Wetted Perimeter, Pw

Channel Slope, s

Manning's "n" 0.013 0.24 0.24 0.24

INPUT VALUE VALUE VALUE VALUE

Unpaved Unpaved

INPUT VALUE VALUE VALUE VALUE

Travel Time

Flow Length, L (<300 ft)

2-Yr 24 Hour Rainfall, P2

Land Slope, s

OUTPUT

Cultivated (residue > 

20%)

Manning's "n" 0.17 0.011 0.17 0.06 0.17

Surface Description Cultivated (residue > 

20%)
Smooth Surface

Cultivated (residue > 

20%)

Cultivated (residue < 

20%)

Basin 10

INPUT VALUE VALUE VALUE VALUE VALUE

Basin 8 Basin 9

SHEET FLOW

SUBJECT  

PROJECT NO. 21509220

Basin 6 Basin 7

Time of Concentration - Downstream Analysis



The Cove — Schematic Layout 

Downstream Analysis 
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The Cove — Schematic Layout 

Downstream Analysis 



Area Impervious Tc Rainfall Infiltration

acre % min. in in in cfs

SDMH O2* 12.52 65.0 0 8 4.00 0.63 3.37 18.57

SDMH O4 22 10.2 91 49 4.00 1.04 2.96 13.32

Basin 5 29.76 16.7 91 29 4.00 1.04 2.96 23.21

Basin 6 18.61 45.7 93 44 4.00 0.74 3.27 13.43

Basin 7 13.67 37.2 93 17 4.00 0.84 3.16 14.37

Basin 8* 32.83 80.0 98 49 4.00 0.63 3.37 23.28

Basin 9* 5.89 80.0 98 14 4.00 0.52 3.48 7.36

Basin 10* 11.4 80.0 97 31 4.00 0.52 3.48 10.28

Area Impervious Tc Rainfall Infiltration

acre % min. in in in cfs

SDMH O2* 12.52 65.0 0 8 4.50 0.64 3.86 21.20

SDMH O4 22 10.2 91 49 4.50 1.06 3.44 15.59

Basin 5 29.76 16.7 91 29 4.50 1.06 3.44 27.10

Basin 6 18.61 45.7 93 44 4.50 0.75 3.76 15.46

Basin 7 13.67 37.2 93 17 4.50 0.85 3.65 16.58

Basin 8* 32.83 80.0 98 49 4.50 0.64 3.86 26.69

Basin 9* 5.89 80.0 98 14 4.50 0.53 3.98 8.37

Basin 10* 11.4 80.0 97 31 4.50 0.53 3.98 11.70

* Note: These basins include assumed % impervious area under future development conditions.

XPSWMM RUNOFF DATA - 25-YR STORM EVENT - SUB-BASINS TO 36-INCH OUTFALL

THE COVE - OREGON CITY, OREGON

Node Information Runoff Information

Node Name
Curve 

Number

Surface Runoff

XPSWMM RUNOFF DATA - 100-YR STORM EVENT - SUB-BASINS TO 36-INCH OUTFALL

THE COVE - OREGON CITY, OREGON

Node Information Runoff Information

Node Name
Curve 

Number

Surface Runoff



Diameter Length Slope
Design 

Capacity

Qmax/ 

Qdesign
Max Flow

Max 

Velocity

Max Flow 

Depth
y/d0

US 

Ground 

Elev.

DS Ground 

Elev.
US IE DS IE US Freeboard DS Freeboard US HGL DS HGL

ft ft % cfs cfs ft/s ft ft ft ft ft ft ft ft ft

P1 SDHM O1 EX-36 OUT 3.00 47.32 0.06 16.79 5.74 96.39 13.63 3.82 1.00 31.25 50.70 22.27 22.24 5.16 25.58 26.09 25.12

P2 SDMH O2 SDHM O1 4.00 376.41 0.88 134.70 0.72 96.39 10.22 3.62 0.91 35.32 31.25 25.78 22.27 6.81 5.16 28.51 26.09

P3 SDMH O3 SDMH O2 4.00 127.13 1.00 143.62 0.59 84.93 11.41 2.53 0.63 34.83 35.32 27.25 25.78 5.26 6.81 29.57 28.51

P4 SDMH O4 SDMH O3 4.00 58.56 3.71 276.51 0.31 84.90 17.53 2.12 0.53 41.65 34.83 29.62 27.25 10.44 5.26 31.21 29.57

RR XING Basin 5 N2 4.06 50.00 0.42 309.82 0.23 71.73 4.36 2.16 0.53 50.00 50.00 29.39 29.18 18.45 18.74 31.55 31.26

DL1 N3 Basin 5 3.50 16.00 -0.12 118.95 0.44 51.92 3.12 2.19 0.63 35.00 50.00 29.37 29.39 3.42 18.45 31.58 31.55

P5 N4 N3 4.00 11.50 0.17 59.90 0.87 51.91 7.26 2.24 0.56 42.92 35.00 29.39 29.37 11.29 3.42 31.63 31.58

P6 Basin 6 N4 4.00 511.00 0.30 78.86 0.17 13.38 3.73 2.24 0.56 38.00 42.92 30.93 29.39 5.86 11.29 32.14 31.63

36" Culvert N5 N4 3.00 343.50 0.49 46.92 0.85 39.92 5.58 3.24 1.00 36.61 42.92 31.09 29.39 2.28 11.29 34.33 31.63

WASH DITCH N11 N5 3.21 413.00 1.18 826.77 0.01 10.23 1.16 3.24 1.00 43.00 36.61 35.95 31.09 6.60 2.28 36.40 34.33

P7 Basin 10 N11 2.00 259.00 1.37 26.49 0.39 10.28 7.07 0.99 0.50 43.00 43.00 39.50 35.95 2.51 6.60 40.49 36.40

P8 Basin 8 N5 2.50 430.00 0.85 37.84 0.61 23.24 6.90 3.24 1.00 37.50 36.61 34.75 31.09 1.19 2.28 36.31 34.33

P9 Basin 9 N5 1.50 96.00 0.85 9.71 0.76 7.35 4.15 3.24 1.00 37.50 36.61 31.91 31.09 3.05 2.28 34.45 34.33

DITCH_E N6 N5 3.75 270.00 0.21 345.66 0.03 9.88 0.65 3.24 0.86 36.61 36.61 26.87 31.09 2.28 2.28 34.33 34.33

Box Culvert N7 N6 4.00 120.30 1.05 257.60 0.08 -18.99 -0.80 7.46 1.00 35.43 36.61 28.13 26.87 1.10 2.28 34.33 34.33

DITCH_W_1 N8 N7 3.00 247.00 1.20 293.65 0.03 8.86 1.24 6.20 1.00 35.24 35.43 31.10 28.13 0.91 1.10 34.33 34.33

Culvert_1 N9 N8 3.00 59.50 0.32 37.69 0.22 8.45 3.13 3.23 1.00 35.43 35.24 31.29 31.10 1.09 0.91 34.34 34.33

DITCH_W_2 N10 N9 2.50 272.00 0.47 462.96 0.02 10.22 0.91 3.05 1.00 35.26 35.43 32.57 31.29 0.92 1.09 34.34 34.34

CULVERT_2 Basin 7 N10 2.00 60.00 0.15 8.76 1.64 14.35 6.23 1.77 0.89 35.20 35.26 32.66 32.57 0.79 0.92 34.41 34.34

Dual12x12 N2 SDMH O4 12.00 257.50 0.01 369.56 0.10 35.89 1.86 1.61 0.13 50.00 41.65 29.18 29.62 18.74 10.44 31.26 31.21

Dual12x12 N2 SDMH O4 12.00 257.50 0.01 369.56 0.10 35.89 1.86 1.61 0.13 50.00 41.65 29.18 29.62 18.74 10.44 31.26 31.21

Diameter Length Slope
Design 

Capacity

Qmax/ 

Qdesign
Max Flow

Max 

Velocity

Max Flow 

Depth
y/d0

US 

Ground 

Elev.

DS Ground 

Elev.
US IE DS IE US Freeboard DS Freeboard US HGL DS HGL

ft ft % cfs cfs ft/s ft ft ft ft ft ft ft ft ft

P1 SDHM O1 EX-36 OUT 3.00 47.32 0.06 16.79 6.58 110.43 15.59 4.26 1.00 31.25 50.70 22.27 22.24 4.72 25.46 26.53 25.24

P2 SDMH O2 SDHM O1 4.00 376.41 0.88 134.70 0.82 110.43 10.23 4.06 1.00 35.32 31.25 25.78 22.27 6.36 4.72 28.96 26.53

P3 SDMH O3 SDMH O2 4.00 127.13 1.00 143.62 0.68 97.46 11.52 2.98 0.75 34.83 35.32 27.25 25.78 4.94 6.36 29.89 28.96

P4 SDMH O4 SDMH O3 4.00 58.56 3.71 276.51 0.35 97.41 17.73 2.44 0.61 41.65 34.83 29.62 27.25 10.27 4.94 31.38 29.89

RR XING Basin 5 N2 4.06 50.00 0.42 309.82 0.27 82.43 4.46 2.30 0.57 50.00 50.00 29.39 29.18 18.31 18.57 31.69 31.43

DL1 N3 Basin 5 3.50 16.00 -0.12 118.95 0.51 60.43 3.20 2.34 0.67 35.00 50.00 29.37 29.39 3.27 18.31 31.73 31.69

P5 N4 N3 4.00 11.50 0.17 59.90 1.01 60.42 7.77 2.40 0.60 42.92 35.00 29.39 29.37 11.13 3.27 31.79 31.73

P6 Basin 6 N4 4.00 511.00 0.30 78.86 0.20 15.40 3.84 2.40 0.60 38.00 42.92 30.93 29.39 5.74 11.13 32.26 31.79

36" Culvert N5 N4 3.00 343.50 0.49 46.92 0.99 46.64 6.43 3.52 1.00 36.61 42.92 31.09 29.39 2.00 11.13 34.61 31.79

WASH DITCH N11 N5 3.21 413.00 1.18 826.77 0.01 11.64 1.45 3.52 1.00 43.00 36.61 35.95 31.09 6.57 2.00 36.43 34.61

P7 Basin 10 N11 2.00 259.00 1.37 26.49 0.44 11.70 7.34 1.07 0.53 43.00 43.00 39.50 35.95 2.43 6.57 40.57 36.43

P8 Basin 8 N5 2.50 430.00 0.85 37.84 0.70 26.61 7.11 3.52 1.00 37.50 36.61 34.75 31.09 0.99 2.00 36.51 34.61

P9 Basin 9 N5 1.50 96.00 0.85 9.71 0.86 8.36 4.71 3.52 1.00 37.50 36.61 31.91 31.09 2.72 2.00 34.78 34.61

DITCH_E N6 N5 3.75 270.00 0.21 345.66 0.03 10.78 0.65 3.52 0.94 36.61 36.61 26.87 31.09 2.00 2.00 34.61 34.61

Box Culvert N7 N6 4.00 120.30 1.05 257.60 0.08 -20.48 -0.86 7.74 1.00 35.43 36.61 28.13 26.87 0.82 2.00 34.61 34.61

DITCH_W_1 N8 N7 3.00 247.00 1.20 293.65 0.03 10.06 1.28 6.48 1.00 35.24 35.43 31.10 28.13 0.63 0.82 34.61 34.61

Culvert_1 N9 N8 3.00 59.50 0.32 37.69 0.26 9.82 3.24 3.51 1.00 35.43 35.24 31.29 31.10 0.81 0.63 34.62 34.61

DITCH_W_2 N10 N9 2.50 272.00 0.47 462.96 0.03 11.38 0.93 3.33 1.00 35.26 35.43 32.57 31.29 0.64 0.81 34.62 34.62

CULVERT_2 Basin 7 N10 2.00 60.00 0.15 8.76 1.89 16.56 6.19 2.07 1.00 35.20 35.26 32.66 32.57 0.47 0.64 34.73 34.62

Dual12x12 N2 SDMH O4 12.00 257.50 0.01 369.56 0.11 41.24 1.95 1.78 0.15 50.00 41.65 29.18 29.62 18.57 10.27 31.43 31.38

Dual12x12 N2 SDMH O4 12.00 257.50 0.01 369.56 0.11 41.24 1.95 1.78 0.15 50.00 41.65 29.18 29.62 18.57 10.27 31.43 31.38

XPSWMM CONVEYANCE DATA ( 25-YEAR STORM EVENT ) WITH POST BASINS AND UPGRADED STORM LINE IN MAIN STREET

OFFSITE TO EXISTING 36-INCH CULVERT - THE COVE - OREGON CITY, OREGON

Location
Conduit Properties Conduit Results Conduit Profile

Link

Station

From To

XPSWMM CONVEYANCE DATA ( 100-YEAR STORM EVENT ) WITH POST BASINS AND UPGRADED STORM LINE IN MAIN STREET

OFFSITE TO EXISTING 36-INCH CULVERT - THE COVE - OREGON CITY, OREGON

Location
Conduit Properties Conduit Results Conduit Profile

Link

Station

From To
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808 SW 3rd Avenue 

Suite 300 

Portland, OR 97204 

Phone (503) 287-6825 

Fax (503) 415-2304 

 

 

 

Introduction 

 

Stormwater effluent from the future Cove: Garden Apartments development in Oregon City, OR 

will carry pollutants into Clackamette Cove that may adversely impact sensitive aquatic species. 

Pollutants of concern for the sensitive aquatic species present in this area, and that are known to 

occur at elevated concentrations in stormwater effluent, are dissolved copper (dCu), dissolved zinc 

(dZn) and polycyclic aromatic hydrocarbons (PAH). When stormwater discharges into the receiving 

waters the elevated pollutant concentrations may temporarily exceed water quality criteria until it 

mixes and dilutes with receiving waters. This evaluation was performed to determine the extent of 

the area that may see pollutant concentrations above the water quality criteria (action area) shown in 

Figure 1. 

 Runoff volume for the development areas was determined for the jurisdictional water quality 

storm event (0.83 inches of rainfall in 24 hours) using the Santa Barbara Unit Hydrograph 

method. 

 Typical pollutant concentrations of treated stormwater effluent by treatment type were 

determined from literature review and provided by Cardno (Cardno, 2015). Fluoranthene was 

selected as the representative PAH because it had the most complete data available is the most 

common PAH found in stormwater and at the highest concentrations. From here on PAH in 

this document refers to fluoranthene. Treated stormwater effluent will mix with Clackamette 

Cove to dilute the stormwater pollutants and achieve water quality criteria concentrations. 

 Water quality criteria were determined based on review of literature that had been previously 

accepted by the National Marine Fisheries Service for consultations on similar projects (NMFS, 

2014). This included the use of the Biotic Ligand Model to determine criteria for dCu and dZn 

based on site specific water chemistry.  

 A water sample in Clackamette Cove was taken on 04/23/2015 by PHS to determine 

background pollutant concentrations and water chemistry required to use the Biotic Ligand 

Model 

To: Eric Campbell – Pacific Habitat Services (PHS) 

From: Joshua Owens, PE - Otak 

Copies: Atalia Raskin, PE - Cardno 

Date: July 16, 2015 

Subject: Cove: Garden Apartments,  Stormwater Discharge 

Water Quality Action Area 

 

Project No.: 17644  
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 Receiving water volume available for dilution was calculated from bathymetry derived from 

hydrographic survey performed in November 2005. Water volume is dependent on the water 

surface elevation (stage) at the time of the runoff, which is generally controlled by the Clackamas 

River, although it may also be controlled by Willamette River backwater during larger flow 

events. To be conservative, volume should be calculated at a low stage (less volume available for 

dilution results in larger action areas); unfortunately detailed stage data is not available for 

Clackamette Cove. Materials provided from Cardno showed an ordinary high water (OHW) 

elevation of 18 feet, to estimate low stage a water surface elevation of 12 feet was used to 

calculate volume. 

 

 
Figure 1: Action areas for proposed development outfalls to Clackamette Cove. 
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Stormwater Discharge 

 

The jurisdictional (Oregon City, OR) water quality event is 0.83 inches in 24 hours. Runoff volume 

was calculated using the Santa Barbara Urban Hydrograph (SBUH) method. The development will 

use two stormwater outfalls into Clackamette Cove. A 36-inch outfall will collect onsite stormwater 

from the apartments, offsite stormwater from transportation improvements that will be performed 

with the development, and additional existing contributing areas. The 15-inch outfall will collect 

offsite stormwater from the east side of the development. All development and improvement areas 

will be treated prior to discharging into Clackamette Cove with the facilities shown in Table 1. 

 

Table 1: Stormwater discharge characteristics 

Outfall Contributing Area Facility Type 
Water Quality 

Volume (ft3) 

36” Onsite Stormfilter Cartridge 12,700 

36” Onsite BioSwale 1,000 

36” Offsite Stormfilter Cartridge 1,900 

15” Offsite Bioswale 1,800 

 

The development will be treated with a combination of bioswales and StormFilter cartridges. Typical 

discharge concentration (minimum, median, and maximum) of dCu, dZn, and PAH for each of these 

treatment methods was provided by Cardno (2015) based on available data and literature (Table 2). 

Data represented a wide range of sites, including variation in facilities, land use, and rainfall 

characteristics. Median values were selected as typical for the following reasons: 

 

1) The median values in relation to the range of values indicates there is likely a skew to the higher 

values resulting from few large data points that are not representative. 

2) Typical rainfall patterns at the site are frequent low-intensity events during the spring, winter, 

and fall seasons which don’t allow for a lot of pollution build-up on impervious surface between 

events. 

3) The development is residential with an access road that is not a through road, limiting 

automotive use which is a major source of heavy metals. This land use will also require less 

pavement maintenance, limiting the amount of PAH that is associated with asphalt sealant. 

4) Improvements in treatment facility design, technologies, standards and maintenance over the 

past decade will improve short- and long-term facility performance. 
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Table 2: Typical stormwater discharge concentrations of dCu, dZn, and PAH 

Treament Facility dCu dZn PAH 

Bioswale Range 1.1 – 42.0 3.5 - 259 0.01 – 1.13 

Bioswale Median 9.3 32.5 0.49 

Stormfilter Cartridge Range 0.9 – 107.7 26.4 – 164.0 0.06 – 4.87 

Stormfilter Cartridge Median 15.4 51 2.13 

 

Water Quality Criteria 

 

The National Marine Fisheries Service (NMFS) has established action levels of 2.3 μg/L above 

background (no background reported) for dCu and 5.6 μg/L above background (minimum 

background concentration of 3 μg/L) for dZn. (NMFS, 2014). Experiments conducted to determine 

these action levels were done using zinc sulfate or copper sulfate in soft water from lake or 

municipal sources (Hecht et. al., 2007; Sprague, 1968). This metal form is highly bioavailable and 

these water sources are expected to have minimal concentrations of naturally occurring water 

chemistries that would decrease metal toxicity, especially dissolved organic carbon (DOC) that 

would bind with dCu and dZn to reduce their bioavailability. Therefore the NMFS action levels are 

considered to be for bioavailable dCu and dZn. 

 

DOC has a strong ameliorating effect on dissolved metal toxicity by binding with the metal to form 

ligands, preventing the metal from binding at receptor sites in sensitive tissues (e.g. gill, olfactory). 

The Biotic Ligand Model (Paquin et. al., 2002) has been developed to determine the interaction and 

uptake of dissolved metals with aquatic organisms in the presence of DOC, hardness, alkalinity, and 

other chemical constituents. Biotic Ligand Model, version 2.2.3 (BLM), (HDR HydroQual, 2014) 

was used to determine the bioavailable fraction of dCu and dZn in natural waters receiving treated 

stormwater effluent. Required water chemistry input data was measure from water samples taken 

from the potential action area within and adjacent to the project area, or estimated from other 

sources. The input data is shown in Table 3. 
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Table 3: Receiving water chemistry used for the Biotic Ligand Model 

Parameter Unit Value Source 

Temperature C 10 Estimated 

pH - 7.7 USGS stream monitoring 

DOC mg/L 1.2 Sample 4/23/2015 

Humic Acid % 10 Typical Value 

Ca mg/L 5.2 Sample 4/23/2015 

Mg mg/L 1.8 Sample 4/23/2015 

Na mg/L 3.4 Sample 4/23/2015 

K mg/L 0.4 Sample 4/23/2015 

SO4 mg/L 0.1 Sample 4/23/2015 

Cl mg/L 1.9 Sample 4/23/2015 

Alkalinity mg/L CaCO3 24 Sample 4/23/2015 

S mg/L 0.001 Typical value (not used in calculation) 

 

The bioavailable concentrations of dCu and dZn was calculated by subtracting the concentration of 

metal bound to DOC from the total dissolved metal concentration. Sampling resulted in background 

concentration of dCu and dZn of 0 μg/L; therefore the NMFS action levels were 2.3 μg/L for 

bioavailable dCu  and 5.6 μg/L for bioavailable dZn. Total dCu and dZn concentration corresponding 

to the NMFS action levels for bioavailable dCu and dZn were determined using the BLM by 

iteratively adjusting the Total dCu and dZn concentrations until the bioavailable concentrations 

where equal to the NMFS action levels. The BLM was also used to estimate the site specific LC50 

for Total dCu and dZn for O. mykiss (rainbow trout), based on exposure of bioavailable metals to gill 

tissue. 

 

Neither NMFS, EPA, or any other applicable jurisdiction have developed or adopted aquatic life 

water quality criteria for any of the individual PAH compounds or for Total PAH. The EPA 

ECOTOX database (http://cfpub.epa.gov/ecotox/) was searched for studies assessing the toxicity 

of commonly occurring individual PAH compounds on salmonids. Levine (1997) reported a lowest 

observable effect concentration (LOEC) of 0.78 μg/L benzo(a)pyrene on O. mykiss for durations 

ranging from one to five days. Spehar et al (1999) reported an LC50 of 7.7 μg/L fluoranthene on O. 

mykiss for duration of four days, other studies reported higher LC50 values. EPA recommends using 

an acute-to chronic ratio (ACR) of 10 to calculate the chronic concentration if the acute 

concentration is known (EPA 1991). This results in a chronic concentration of fluoranthene to O. 

Mykiss of 0.77 μg/L, very similar to the 0.78 μg/L reported for benzo(a)pyrene. Concentrations of 

0.77 μg/L and 7.7 μg/L were used as the respective chronic and acute water quality criteria for 

PAH. Resulting water quality criteria for dCu, dZn, and PAH are shown in Table 4. “Action Level 

Total Dissolved” is the criteria used to delineate the action area. 

 

http://cfpub.epa.gov/ecotox/
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Table 4: dCu, dZn and PAH water quality criteria (μg/L) 

 

Water quality criteria concentration 

Description dCu dZn PAH 

Action Level Total Dissolved1 56.2 17.2 0.77 

Action Level Bioavailable2A,2B 2.3 5.6 0.77 

LC50 Total Dissolved3 82.7 84.3 7.7 

LC50 Bioavailable4 8.4 37.7 7.7 

Background Total Dissolved5 0 0 0 

Background Bioavailable4 0 0 0 
1 Total dissolved concentration when bioavailable concentration is equal to the water quality criteria/NMFS action level (NMFS 

2014), this value is used to calculate dilution requirements in comparison with discharged concentrations. 
2A Copper bioavailable water qualilty criteria is calculated as (background concentration + 2.3 μg/L) according to NMFS (2014) 
2B Zinc bioavailable water qualilty criteria is calculated as (background concentration + 5.6 μg/L) with a maximum value of 8.6 ug/L 

according to (NMFS 2014) 
3 Estimated using BLM 2.2.3 for rainbow trout (O. mykiss) 
4 Calculated as (total dissolved concentration) - (concentration bound by DOC) 
5 Taken from water quality sampling performed 11/04/2014 
 

Action Area Delineation - Dilution Factors and Volume  
 

The action area was delineated using a simple dilution model for complete mixing with receiving 

waters in the vicinity of the outfall until the necessary dilution is achieved to meet the action area 

water quality criteria. The volume of receiving waters available for dilution as a function of distance 

from the outfall was calculated using bathymetry data and a water surface elevation of 12 feet. This 

is a conservative approach because the water surface elevation is estimated to be a generally low 

stage which results in less volume, and because the entire discharge volume is considered to enter 

Clackamette Cove at once and be well mixed within the action area, whereas over the course of the 

discharge mixing is likely to take place over a greater area than is shown with pollutants leaving the 

action area at concentrations below the water quality criteria. This resulted in an action area with a 

radius of 35 feet from the 15 inch outfall for dZn and an action area with a radius of 80 feet from the 

36 inch outfall for dZn and PAH (Figure 1). 
 

The dilution factor represents the amount of receiving water that is required to mix with the treated 

stormwater discharge to meet water quality criteria. A dilution factor of 1 means that the stormwater 

is already at the water quality criteria, less than 1 means that the stormwater is below the water 

quality criteria, and greater than 1 means that the stormwater must be diluted to meet the water 

quality criteria. Since the background concentration is 0 in all cases the dilution factor is simply 
 

𝐸𝑞 1: 𝑉𝑜𝑙𝑢𝑚𝑒 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (𝐷𝐹) =  
𝐶1

𝐶2
 

Where: 

C1 = Stormwater discharge concentration 

C2 = Water quality criteria concentration 
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The total resultant dilution volume (V3) can then be calculated if the DF and total runoff volume 

(V1) is known. 
 

𝐸𝑞 2: 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑉3) =  𝐷𝐹 × 𝑉1 
 

Dilution factors and volumes were calculated for dCu, dZn, and PAH for the 36-inch and 15-inch 

outfalls and summarized in Table 5. If the dilution factor is less than one, the discharge already 

meets the water quality criteria and there is no need for dilution, therefore dilution volume is not 

included. 
 

Table 5: Dilution factors and volume required to meet water quality criteria 

 

36" Outfall 15" Outfall 

Description Onsite Onsite Offsite Total Offsite 

Treatment 
StormFilter 

Cartridge 
Bioswale 

StormFilter 

Cartridge 

 

Bioswale 

Water Quality Volume (ft3) 12700 1000 1900 15600 1800 

Dissolved Copper 

     Discharge, median [µg/L] 15.4 9.3 15.4 15.0 9.3 

LC50 WQ Criteria  (µg/L) 82.7 82.7 82.7 83.7 82.7 

LC50 Dilution Factor 0.19 0.11 0.19 0.18 0.11 

LC50 Dilution Volume (ft3) - - - - - 

Action Area WQ Criteria  (µg/L) 56.5 56.5 56.5 56.5 56.5 

Action Area Dilution Factor 0.27 0.16 0.27 0.27 0.16 

Action Area Dilution Volume (ft3) - - - - - 

Dissolved Zinc 
     Discharge, median [µg/L] 51 32.5 51 49.8 32.5 

LC50 WQ Criteria  (µg/L) 84.3 84.3 84.3 84.3 84.3 

LC50 Dilution Factor 0.60 0.39 0.60 0.59 0.39 

LC50 Dilution Volume (ft3) - - - - - 

Action Area WQ Criteria  (µg/L) 17.2 17.2 17.2 17.2 17.2 

Action Area Dilution Factor 2.97 1.89 2.97 2.90 1.89 

Action Area Dilution Volume (ft3) 37657 1890 5634 45180 3401 

Polycylic Aromatic Hydrocarbon 
     Discharge, median [µg/L] 2.13 0.49 2.13 2.0 0.49 

LC50 WQ Criteria  (µg/L) 7.7 7.7 7.7 7.7 7.7 

LC50 Dilution Factor 0.28 0.06 0.28 0.26 0.06 

LC50 Dilution Volume (ft3) - - - - - 

Action Area WQ Criteria  (µg/L) 0.77 0.77 0.77 0.77 0.77 

Action Area Dilution Factor 2.77 0.64 2.77 2.63 0.64 

Action Area Dilution Volume (ft3) 35131 n/a 5256 41023 1145 
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The LC50 criteria are met with treatment in all cases and requires no further consideration. The 

action area criteria are met for dCu at both outfalls and does not require dilution, it is met for PAH 

at the 15-inch outfall but requires dilution at the 36-inch outfall, it is not met for dZn at either outfall 

and requires dilution. Since the dilution volume for dZn and PAH at the 36-inch outfall is similar the 

dilution volume calculated for dZn was used for both because it is slightly higher. 

 

Dispersion of Pollutants from Action Area 

 

The dilution analysis considered the runoff volume from a single jurisdictional water quality event. 

To demonstrate that pollutants will not persist in the same area over multiple events a transportation 

analysis was done using the following diffusion equation, which corrects for boundary conditions: 

 

𝐸𝑞 3: 𝑐(𝑥, 𝑡) =  2 (
𝑚𝑝

2√𝜋𝐸𝑡
𝑒−

𝑥2

4𝐸𝑡)
𝐴𝑥

𝐴0
 

Where 

c(x,t) = concentration at radial distance from action area x and at time t 

mp = total mass of particles normalized to the cross sectional area of the outer bounds of the action 

area 

E = horizontal turbulent diffusion coefficient 

A0 = Cross-sectional area at the boundary of the action area 

Ax = Cross-sectional area at radial distance x from action area 

 

The horizontal turbulent diffusion coefficient (E) is highly variable with typical lake values ranging 

from 40 ft2/hr to 40,000,000 ft2/hr (Chapra, 1997). Higher values of E result in material dispersing 

through the lake quickly, whereas lower values indicate that the material will persist in one location. 

Since there is no way to estimate E in Clackamette Cove without a detailed tracer study a 

conservatively low value of E (400 ft2/hr) was chosen for analysis. It is likely that E is higher as 

Clackamette Cove drains with the falling hydrograph of the Clackamas River, which will draw 

material towards the outlet of the cove and enhance mixing. Figure 2 and Figure 3 show the 

concentration profile moving outward from the action area at various elapsed times from complete 

mixing for the 36-inch and 15-inch outfalls respectively.  

 

Figure 2 shows that dZn concentration in the action area of the 36-inch outfall drops from 49.8 

µg/L to about 3.3 µg/L after 1 day and to about 1.2 µg/L after 7 days. This indicates that pollutants 

will be effectively dispersed between events and additive effects of multiple events do not require 

consideration. Furthermore if multiple events do occur close together most of the pollutants will be 

flushed in the first event and subsequent events will likely not have high pollutant concentrations. 
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Figure 2: Dispersion of dissolved zinc from action area at 36” outfall showing concentration profile with distance 

from action area at elapsed times after complete mixing. 

 

Figure 3 shows that dZn concentration in the action area of the 15-inch outfall drops from 32.5 

µg/L to about 1.9 µg/L after 0.25 day and to about 0.9 µg/L after 1 day. This dispersion occurs at 

the same time-scale as the event itself. This indicates that pollutants will effectively be dispersed 

during the event and it is likely that dZn concentrations will only exceed action area criteria in a 

much smaller are than is shown in Figure 1. 

 

 
Figure 3: Dispersion of dissolved zinc from action area at 15-inch outfall showing concentration profile with 

distance from action area at elapsed times after complete mixing. 
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Conclusions 

 

 dCu, dZn, and PAH are all reduced to below LC50 concentrations by treatment. 

 The presence of DOC in the receiving water and its slight alkalinity removes bioavailable dCu to 

below action levels, eliminating toxicity. 

 The presence of DOC in the receiving water and its slight alkalinity removes some bioavailable 

dZn, but it is still above action levels and requires dilution at both outfalls. 

 Bioswales treat PAH to be below action levels for the 15-inch outfall. Stormfilters provide the 

main treatment for the 36-inch outfall and they do not treat PAH to below action levels, 

therefore dilution is required for PAH at the 36-inch outfall. 

 Dilution is provided by the receiving waters, the necessary volume is provided within the action 

area shown in Figure 1. 

 Pollutants disperse from the action area fairly quickly and multiple runoff events will not 

increase the pollutant concentrations at the outfall. Because of this quick dispersal and other 

conservative assumptions it is likely that the action areas will be smaller than what is shown in 

Figure 1. 
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MEMORANDUM 
 

Australia  ●  Belgium   ●   Indonesia  ●  Kenya  ●  New Zealand  ●  Papua New Guinea  

United Arab Emirates  ●  United Kingdom  ●  United States  ●  Operations in 60 Countries 

To: Eric Campbell, PHS  
 
From: Atalia Raskin, PE 

WR Senior Project Engineer 
 
Date: May 1, 2015 
 
Project: Cove: Garden Apartments 
Cardno#: 9150220 
Re: Water Quality Analysis Copper, Zinc and PAH (Fluoranthene) 
 

 
Introduction 

The proposed Cove: Garden Apartment project is located southwest of Main Street in Oregon 

City, Oregon. The project will redevelop a gravel processing operation to include 11 multi-family 

buildings totaling 244 units. There will be 374 parking spaces and eight detached garage 

structures. Residential facilities include a community center, pool, and two mixed-use buildings 

with non-residential space.  

The project discharges into the Clackamette Cove, a former gravel quarry that connects with the 

Clackamas River just upstream of the Willamette River. Both rivers contain Endanger Species Act 

(ESA) listed species. This memorandum lists the range and median expected pollutant 

concentrations for dissolved copper, dissolved zinc and the polycyclic aromatic hydrocarbons 

(PAH) fluoranthene.  

Estimated Dissolved Metal and PAH Concentrations 

Dissolved Metals (Copper and Zinc) 

Some of the commonly understood sources of dissolved metals include vehicle brake pads, 

architectural copper, various roofing material and gutters, copper-containing pesticides, air 

emission, galvanized metals, and paints and wood preservatives. Potential dissolved metal 

concentrations that would be present at the proposed Cove: Garden Apartments include deposits 

from associated traffic, parked cars and building materials.   

Once deposited, dissolved metals exposed to rainfall can be washed off and become a part of 

stormwater runoff. A paper completed for the Oregon Department of Transportation on copper 

speciation in highway stormwater runoff (Nason, et al 2011) summarized research relating to 

factors that affect dissolved metal concentrations. A summary is listed below: 

 Rainfall Duration – The amount of rainfall is more important to predicting concentrations 

than the intensity of the storm event. Longer storm events are able to dilute the 

concentrations in stormwater runoff.  More pollutants are washed off during the beginning 

of a storm event than during the end. 

 Land-use - Land-use categories don’t affect the mean concentrations within stormwater 

runoff. Urban vs. non-urban has a stronger correlation. This was shown even when 

comparing concentration from roadways having the same Average Daily Traffic (ADT) 

counts. 

 Storm Frequency – Dissolved pollutant loads reach a steady-state concentration within 

approximately one to two weeks.  
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These findings indicate reported dissolved metal concentrations from published literature can be 

used to estimate median dissolved metal concentrations in stormwater runoff, regardless of land-

use type. A literature search was completed to predict the likely peak concentrations of dissolved 

copper and zinc from stormwater runoff. A summary of reported dissolved copper and zinc levels 

are listed in the following tables. 

Table 1-1 Dissolved Metal Concentrations – Dissolved Copper 

Range of Dissolved 

Copper (µg/L)

Median Value Dissolved 

Copper (µg/L)
Reference

1-121 9.9 Kayhanian, et al (2003)*

<3-33 5 Bannerman, et al (1996)*

1.5-45.5 11.6 WERF, et al (2007)*

1-21 3.5 Harrision, et al (1997)*

<1-110 4 Strecker, et al (1997)*

12.8-22.7 17.3 Nason, et al (2012)

*As reported in Table 2.5 Dissobled Copper in Stormwater (Nason, et al 

(2011))
 

Table 1-2 Dissolved Metal Concentrations - Dissolved Zinc 

Range of Dissolved 

Zinc (µg/L)

Median Value Dissolved 

Zinc (µg/L)
Reference

31-77 60 Strecker, et al (1997)

43.8-193 60 Nason, et al (2014)  
 
PAH (Fluoranthene) 

Sources of PAH in stormwater runoff include combustion of fossil fuels through the application of 

asphalt sealants on parking lot surfaces. Less research is available on the amount of PAHs in 

stormwater runoff. A sealant will not be applied with the construction of Cove: Garden Apartment. 

Sealants are typically applied after the parking lot pavement begins to degrade.   

Concentrations of fluoranthene were selected as a representative PAH due to the observation that 

this compound was most commonly measured in urban stormwater at the highest concentrations 

of observed PAHs. The table lists reported concentration levels.  

Table 1-3 PAH Concentrations - Fluoranthene 

Range of 

Fluoranthene (µg/L)

Median Value 

Fluoranthene (µg/L)
Reference

0.045-0.955 0.178 Milesi, et al (2006)

0.1-8.7 3.8 Mahler, et al (2003)  
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Removal Efficiencies 

The proposed project will install stormwater treatment facilities to remove pollutants from 

stormwater.  The selected stormwater treatment facilities at the site include LIDA swales and 

Contech StormFilter cartridges with ZPG media. 

LIDA Swale 

The International Stormwater Best Management Practices Database (BMP Database) was used to 

estimate the range of dissolved metals removed from the LIDA Swale. The BMP Database doesn’t 

report removal efficiencies for PAHs.  

The LIDA Swale will collect and treat 0.86 acres of impervious roof area at the site. The proposed 

LIDA Swale is designed following Clean Water Services guidelines. Design elements include 

trapped catch basins to remove coarse sediment, using soil media to provide stormwater filtration, 

and vegetation to will provide plant uptake.  

Removal efficiencies were obtained from the BMP Database. The proposed LIDA Swale most 

closely resembles the bioswale as defined by the BMP Database. The BMP Database provides 

statistical results from several testing sites throughout the country and different land-uses. A 

simplified summary table is listed below for dissolved copper and zinc.  

Table 1-4 Release Concentrations – Dissolved Copper and Zinc 

Metal
Bioswale Discharged Range of 

Dissolved Copper (µg/L)

Bioswale Discharged Median 

Value Dissolved Copper (µg/L)

Copper 1.11-42.0 9.31

Zinc 3.5-259 32.5  
 
A literal remove was completed to estimate the removal efficiencies for PAHs from stormwater runoff 
as the BMP Database doesn’t report removal efficiencies. 
 
Resent research by Washington State University, NOAA, and US Fish and Wildlife service has found 
that within controlled testing, bioretention treatment of urban arterial street runoff  removes PAHs 
levels to below detection levels (>92%) (McIntyre, et al (2014). Another study by University of 
Maryland found bioretention facilities remove 87% of average PAHs (DiBlasi, et al 2009).  
 
Applying the removal efficiency of 87% to the values listed in Table 1-3 lists the range and mean 
expected released fluoranthene concentration expected at the site based on the higher reported 
concentrations. 

Table 1-5 Release Concentrations – PAH, Fluoranthene 

Bioswale Discharge Range of 

Fluoranthene (µg/L)

Bioswale Discharge Median 

Value Fluoranthene (µg/L)

0.013-1.131 0.494  

StormFilters 

StormFilter vaults will collect and treat 6.388 acres of impervious area at the site. The selected 
StormFilter contains filter cartridges filled with ZPG filter media (a mixture of zeolite, perlite, and 
granular activated carbon), which are designed to remove sediments, metals, and stormwater 
pollutants from wet weather runoff. The StormFilter ZPG cartridges have following removal rates 
based on several studies conducted on ZPG media (Milesi, et al (2006)).  
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Table 1-6 Removal Efficiencies from StormFilter Cartridges Filled with ZPG Media 

Pollutant
Removal 

Efficiency (%)
Reference

Fluoranthene 44 Milesi, et al (2006)

Dissolved Copper 11 Herrera (2011)

Dissolved Zinc 15 Herrera (2011)  
 
Table 1-7 lists the range of removal concentrations from the highest reported values in the tables 
above (Table 1-1, 1-2, and 1-3).  

Table 1-7 Release Concentrations – Dissolved Copper, Zinc and Fluoranthene 

Pollutant
StormFilter Discharge Range 

(µg/L)

StormFilter Discharge Median 

Value (µg/L)

Fluoranthene 0.056-4.872 2.128

Dissolved Copper 0.89-107.69 15.397

Dissolved Zinc 26.36-164.05 51  

Conclusion 

This memorandum lists the range and median expected pollutant concentrations for dissolved 

copper, dissolved zinc and the PAH fluoranthene. Where available, reported values were taken 

from the BMP Database, and from peer reviewed research when BMP Database data was 

unavailable. Manufacturer reported testing was used as appropriate. 
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Case Narrative
Client: Pacific Habitat TestAmerica Job ID: 580-49272-1

Project/Site: Clackamette

Job ID: 580-49272-1

Laboratory: TestAmerica Seattle

Narrative

Job Narrative

580-49272-1

Comments

No additional comments. 

Receipt 

The sample was received on 4/23/2015 11:45 AM; the sample arrived in good condition, properly preserved and, where required, on ice.  

The temperature of the cooler at receipt was 2.3º C.

GC/MS Semi VOA 

No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

Metals 

No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

General Chemistry 

No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

Organic Prep 

No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.
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Definitions/Glossary
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Qualifiers

Metals

Qualifier Description

4 MS, MSD: The analyte present in the original sample is greater than 4 times the matrix spike concentration; therefore, control limits are not 

applicable.

Qualifier

General Chemistry

Qualifier Description

4 MS, MSD: The analyte present in the original sample is greater than 4 times the matrix spike concentration; therefore, control limits are not 

applicable.

Qualifier

Glossary

These commonly used abbreviations may or may not be present in this report.

¤ Listed under the "D" column to designate that the result is reported on a dry weight basis

Abbreviation

%R Percent Recovery

CFL Contains Free Liquid

CNF Contains no Free Liquid

DER Duplicate error ratio (normalized absolute difference)

Dil Fac Dilution Factor

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample

DLC Decision level concentration

MDA Minimum detectable activity

EDL Estimated Detection Limit

MDC Minimum detectable concentration

MDL Method Detection Limit

ML Minimum Level (Dioxin)

NC Not Calculated

ND Not detected at the reporting limit (or MDL or EDL if shown)

PQL Practical Quantitation Limit

QC Quality Control

RER Relative error ratio

RL Reporting Limit or Requested Limit (Radiochemistry)

RPD Relative Percent Difference, a measure of the relative difference between two points

TEF Toxicity Equivalent Factor (Dioxin)

TEQ Toxicity Equivalent Quotient (Dioxin)
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Client Sample Results
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Lab Sample ID: 580-49272-1Client Sample ID: POND
Matrix: WaterDate Collected: 04/23/15 10:40

Date Received: 04/23/15 11:45

Method: 8270D SIM - Semivolatile Organic Compounds (GC/MS SIM)
RL MDL

Naphthalene ND 0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

0.025 ug/L 04/27/15 12:44 04/30/15 12:22 12-Methylnaphthalene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 11-Methylnaphthalene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Acenaphthylene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Acenaphthene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Fluorene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Phenanthrene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Anthracene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Fluoranthene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Pyrene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Benzo[a]anthracene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Chrysene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Benzo[b]fluoranthene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Benzo[k]fluoranthene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Benzo[a]pyrene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Indeno[1,2,3-cd]pyrene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Dibenz(a,h)anthracene ND

0.019 ug/L 04/27/15 12:44 04/30/15 12:22 1Benzo[g,h,i]perylene ND

Terphenyl-d14 104 64 - 150 04/27/15 12:44 04/30/15 12:22 1

Surrogate Dil FacAnalyzedPreparedQualifier Limits%Recovery

Method: 200.7 Rev 4.4 - Metals (ICP)
RL MDL

Calcium 5.2 1.1 mg/L 04/30/15 15:32 05/01/15 12:18 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

1.1 mg/L 04/30/15 15:32 05/01/15 12:18 1Magnesium 1.8

3.3 mg/L 04/30/15 15:32 05/01/15 12:18 1Potassium ND

2.0 mg/L 04/30/15 15:32 05/01/15 12:18 1Sodium 3.4

Method: 200.8 - Metals (ICP/MS) - Dissolved
RL MDL

Copper ND 0.0020 mg/L 04/30/15 16:48 05/01/15 12:17 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

0.0070 mg/L 04/30/15 16:48 05/01/15 12:17 1Zinc ND

General Chemistry
RL MDL

Chloride 1.9 0.90 mg/L 04/29/15 16:32 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

1.2 mg/L 04/29/15 16:32 1Sulfate ND

RL RL

Alkalinity 24 5.0 mg/L 04/30/15 10:20 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/L 04/30/15 10:20 1Bicarbonate Alkalinity as CaCO3 24

5.0 mg/L 04/30/15 10:20 1Carbonate Alkalinity as CaCO3 ND

5.0 mg/L 04/30/15 10:20 1Hydroxide Alkalinity as CaCO3 ND

General Chemistry - Dissolved
RL MDL

Dissolved Organic Carbon 1.2 0.10 mg/L 04/27/15 09:53 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

TestAmerica Seattle
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QC Sample Results
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Method: 8270D SIM - Semivolatile Organic Compounds (GC/MS SIM)

Client Sample ID: Method BlankLab Sample ID: MB 580-187889/1-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188200 Prep Batch: 187889

RL MDL

Naphthalene ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.026 ug/L 04/27/15 12:44 04/30/15 11:17 12-Methylnaphthalene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 11-Methylnaphthalene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Acenaphthylene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Acenaphthene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Fluorene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Phenanthrene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Anthracene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Fluoranthene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Pyrene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Benzo[a]anthracene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Chrysene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Benzo[b]fluoranthene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Benzo[k]fluoranthene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Benzo[a]pyrene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Indeno[1,2,3-cd]pyrene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Dibenz(a,h)anthracene

ND 0.020 ug/L 04/27/15 12:44 04/30/15 11:17 1Benzo[g,h,i]perylene

Terphenyl-d14 104 64 - 150 04/30/15 11:17 1

MB MB

Surrogate

04/27/15 12:44

Dil FacPrepared AnalyzedQualifier Limits%Recovery

Client Sample ID: Lab Control SampleLab Sample ID: LCS 580-187889/2-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188200 Prep Batch: 187889

Naphthalene 2.00 1.56 ug/L 78 56 - 125

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

2-Methylnaphthalene 2.00 1.53 ug/L 77 56 - 125

1-Methylnaphthalene 2.00 1.66 ug/L 83 54 - 125

Acenaphthylene 2.00 1.74 ug/L 87 62 - 125

Acenaphthene 2.00 1.70 ug/L 85 63 - 125

Fluorene 2.00 1.86 ug/L 93 69 - 125

Phenanthrene 2.00 1.71 ug/L 86 70 - 125

Anthracene 2.00 1.79 ug/L 89 50 - 125

Fluoranthene 2.00 2.09 ug/L 105 70 - 145

Pyrene 2.00 2.00 ug/L 100 70 - 133

Benzo[a]anthracene 2.00 2.03 ug/L 101 65 - 125

Chrysene 2.00 2.09 ug/L 105 70 - 125

Benzo[b]fluoranthene 2.00 1.94 ug/L 97 70 - 129

Benzo[k]fluoranthene 2.00 2.21 ug/L 110 70 - 123

Benzo[a]pyrene 2.00 1.71 ug/L 86 45 - 125

Indeno[1,2,3-cd]pyrene 2.00 2.09 ug/L 105 70 - 136

Dibenz(a,h)anthracene 2.00 2.20 ug/L 110 69 - 154

Benzo[g,h,i]perylene 2.00 2.05 ug/L 102 65 - 153
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QC Sample Results
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Method: 8270D SIM - Semivolatile Organic Compounds (GC/MS SIM) (Continued)

Client Sample ID: Lab Control SampleLab Sample ID: LCS 580-187889/2-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188200 Prep Batch: 187889

Terphenyl-d14 64 - 150

Surrogate

103

LCS LCS

Qualifier Limits%Recovery

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 580-187889/3-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188200 Prep Batch: 187889

Naphthalene 2.00 1.65 ug/L 82 56 - 125 6 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

2-Methylnaphthalene 2.00 1.53 ug/L 76 56 - 125 0 20

1-Methylnaphthalene 2.00 1.70 ug/L 85 54 - 125 2 20

Acenaphthylene 2.00 1.72 ug/L 86 62 - 125 1 20

Acenaphthene 2.00 1.72 ug/L 86 63 - 125 1 20

Fluorene 2.00 1.74 ug/L 87 69 - 125 7 20

Phenanthrene 2.00 1.67 ug/L 84 70 - 125 2 20

Anthracene 2.00 1.72 ug/L 86 50 - 125 4 20

Fluoranthene 2.00 2.09 ug/L 105 70 - 145 0 20

Pyrene 2.00 1.95 ug/L 97 70 - 133 3 20

Benzo[a]anthracene 2.00 1.96 ug/L 98 65 - 125 4 20

Chrysene 2.00 2.05 ug/L 102 70 - 125 2 20

Benzo[b]fluoranthene 2.00 1.90 ug/L 95 70 - 129 2 20

Benzo[k]fluoranthene 2.00 2.11 ug/L 105 70 - 123 5 20

Benzo[a]pyrene 2.00 1.63 ug/L 82 45 - 125 5 20

Indeno[1,2,3-cd]pyrene 2.00 2.02 ug/L 101 70 - 136 3 20

Dibenz(a,h)anthracene 2.00 2.10 ug/L 105 69 - 154 5 20

Benzo[g,h,i]perylene 2.00 1.97 ug/L 98 65 - 153 4 20

Terphenyl-d14 64 - 150

Surrogate

103

LCSD LCSD

Qualifier Limits%Recovery

Method: 200.7 Rev 4.4 - Metals (ICP)

Client Sample ID: Method BlankLab Sample ID: MB 580-188295/21-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188393 Prep Batch: 188295

RL MDL

Calcium ND 1.1 mg/L 04/30/15 15:32 05/01/15 11:44 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 1.1 mg/L 04/30/15 15:32 05/01/15 11:44 1Magnesium

ND 3.3 mg/L 04/30/15 15:32 05/01/15 11:44 1Potassium

ND 2.0 mg/L 04/30/15 15:32 05/01/15 11:44 1Sodium

Client Sample ID: Lab Control SampleLab Sample ID: LCS 580-188295/22-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188393 Prep Batch: 188295

Calcium 10.0 9.96 mg/L 100 85 - 115

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Magnesium 10.0 9.54 mg/L 95 85 - 115
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QC Sample Results
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Method: 200.7 Rev 4.4 - Metals (ICP) (Continued)

Client Sample ID: Lab Control SampleLab Sample ID: LCS 580-188295/22-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188393 Prep Batch: 188295

Potassium 10.0 9.60 mg/L 96 85 - 115

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Sodium 10.0 9.55 mg/L 95 85 - 115

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 580-188295/23-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188393 Prep Batch: 188295

Calcium 10.0 10.2 mg/L 102 85 - 115 2 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Magnesium 10.0 9.86 mg/L 99 85 - 115 3 20

Potassium 10.0 9.85 mg/L 99 85 - 115 3 20

Sodium 10.0 10.0 mg/L 100 85 - 115 5 20

Client Sample ID: Matrix SpikeLab Sample ID: 720-64441-I-1-C MS

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188393 Prep Batch: 188295

Calcium 67 10.0 77.7 4 mg/L 109 70 - 130

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Magnesium 110 10.0 123 4 mg/L 121 70 - 130

Potassium 5.2 10.0 15.3 mg/L 100 70 - 130

Sodium 220 10.0 228 4 mg/L 118 70 - 130

Client Sample ID: Matrix Spike DuplicateLab Sample ID: 720-64441-I-1-D MSD

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188393 Prep Batch: 188295

Calcium 67 10.0 78.8 4 mg/L 120 70 - 130 1 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Magnesium 110 10.0 125 4 mg/L 139 70 - 130 1 20

Potassium 5.2 10.0 15.6 mg/L 103 70 - 130 2 20

Sodium 220 10.0 231 4 mg/L 144 70 - 130 1 20

Client Sample ID: DuplicateLab Sample ID: 720-64441-I-1-B DU

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188393 Prep Batch: 188295

Calcium 67 70.2 mg/L 5 20

Analyte

DU DU

DUnitResult Qualifier

Sample

Result

Sample

Qualifier LimitRPD

RPD

Magnesium 110 117 mg/L 5 20

Potassium 5.2 5.47 mg/L 5 20

Sodium 220 227 mg/L 5 20
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QC Sample Results
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Method: 200.8 - Metals (ICP/MS)

Client Sample ID: Lab Control SampleLab Sample ID: LCS 580-188312/14-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188405 Prep Batch: 188312

Copper 0.100 0.0988 mg/L 99 85 - 115

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Zinc 0.100 0.106 mg/L 106 85 - 115

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 580-188312/15-A

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188405 Prep Batch: 188312

Copper 0.100 0.100 mg/L 100 85 - 115 2 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Zinc 0.100 0.107 mg/L 107 85 - 115 1 20

Client Sample ID: Method BlankLab Sample ID: MB 580-188047/9-B

Matrix: Water Prep Type: Dissolved

Analysis Batch: 188405 Prep Batch: 188312

RL MDL

Copper ND 0.0020 mg/L 04/30/15 16:48 05/01/15 10:59 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.0070 mg/L 04/30/15 16:48 05/01/15 10:59 1Zinc

Client Sample ID: Matrix SpikeLab Sample ID: 580-49372-A-1-D MS

Matrix: Water Prep Type: Dissolved

Analysis Batch: 188405 Prep Batch: 188312

Copper ND 0.100 0.0943 mg/L 94 70 - 130

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Zinc 0.012 0.100 0.107 mg/L 95 70 - 130

Client Sample ID: Matrix Spike DuplicateLab Sample ID: 580-49372-A-1-E MSD

Matrix: Water Prep Type: Dissolved

Analysis Batch: 188405 Prep Batch: 188312

Copper ND 0.100 0.0923 mg/L 92 70 - 130 2 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Zinc 0.012 0.100 0.106 mg/L 94 70 - 130 1 20

Client Sample ID: DuplicateLab Sample ID: 580-49372-A-1-C DU

Matrix: Water Prep Type: Dissolved

Analysis Batch: 188405 Prep Batch: 188312

Copper ND ND mg/L NC 20

Analyte

DU DU

DUnitResult Qualifier

Sample

Result

Sample

Qualifier LimitRPD

RPD

Zinc 0.012 0.0117 mg/L 0.6 20
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QC Sample Results
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Method: 300.0 - Anions, Ion Chromatography

Client Sample ID: Method BlankLab Sample ID: MB 580-188199/3

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188199

RL MDL

Chloride ND 0.90 mg/L 04/29/15 09:28 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 1.2 mg/L 04/29/15 09:28 1Sulfate

Client Sample ID: Lab Control SampleLab Sample ID: LCS 580-188199/4

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188199

Chloride 50.0 50.7 mg/L 101 90 - 110

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Sulfate 50.0 50.2 mg/L 100 90 - 110

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 580-188199/5

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188199

Chloride 50.0 50.7 mg/L 101 90 - 110 0 15

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Sulfate 50.0 50.2 mg/L 100 90 - 110 0 15

Client Sample ID: Matrix SpikeLab Sample ID: 580-49167-B-1 MS ^5

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188199

Chloride 25 45.0 67.8 mg/L 96 90 - 110

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Sulfate 1800 60.0 1750 4 mg/L -161 90 - 110

Client Sample ID: Matrix Spike DuplicateLab Sample ID: 580-49167-B-1 MSD ^5

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188199

Chloride 25 45.0 69.2 mg/L 99 90 - 110 2 15

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Sulfate 1800 60.0 1770 4 mg/L -125 90 - 110 1 15

Method: SM 2320B - Alkalinity

Client Sample ID: Lab Control SampleLab Sample ID: LCS 580-188237/2

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188237

Alkalinity 100 99.3 mg/L 99 85 - 115

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

TestAmerica Seattle
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QC Sample Results
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Method: SM 2320B - Alkalinity (Continued)

Client Sample ID: DuplicateLab Sample ID: 580-49347-A-2 DU

Matrix: Water Prep Type: Total/NA

Analysis Batch: 188237

Alkalinity 18 16.2 mg/L 9 17

Analyte

DU DU

DUnitResult Qualifier

Sample

Result

Sample

Qualifier LimitRPD

RPD

Bicarbonate Alkalinity as CaCO3 18 16.2 mg/L 9 20

Carbonate Alkalinity as CaCO3 ND ND mg/L NC 20

Hydroxide Alkalinity as CaCO3 ND ND mg/L NC 20

Method: SM 5310C - Organic Carbon, Dissolved (DOC)

Client Sample ID: Method BlankLab Sample ID: MB 440-251275/2-A

Matrix: Water Prep Type: Dissolved

Analysis Batch: 251334

RL MDL

Dissolved Organic Carbon ND 0.10 mg/L 04/27/15 08:56 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 440-251275/1-A

Matrix: Water Prep Type: Dissolved

Analysis Batch: 251334

Dissolved Organic Carbon 10.0 10.8 mg/L 108 90 - 110

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control SampleLab Sample ID: MRL 440-251334/3

Matrix: Water Prep Type: Dissolved

Analysis Batch: 251334

Dissolved Organic Carbon 0.100 0.109 mg/L 109 50 - 150

Analyte

MRL MRL

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Matrix SpikeLab Sample ID: 440-107538-L-1-B MS

Matrix: Water Prep Type: Dissolved

Analysis Batch: 251334

Dissolved Organic Carbon 3.6 10.0 14.4 mg/L 108 80 - 120

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Client Sample ID: Matrix Spike DuplicateLab Sample ID: 440-107538-L-1-C MSD

Matrix: Water Prep Type: Dissolved

Analysis Batch: 251334

Dissolved Organic Carbon 3.6 10.0 14.6 mg/L 110 80 - 120 1 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

TestAmerica Seattle

Page 11 of 17 5/7/2015

1

2

3

4

5

6

7

8

9

10

11



Lab Chronicle
Client: Pacific Habitat TestAmerica Job ID: 580-49272-1

Project/Site: Clackamette

Client Sample ID: POND Lab Sample ID: 580-49272-1
Matrix: WaterDate Collected: 04/23/15 10:40

Date Received: 04/23/15 11:45

Prep 3520C 04/27/15 12:44 JDR187889 TAL SEA

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 8270D SIM 1 188200 04/30/15 12:22 ERZ TAL SEATotal/NA

Prep 200.7 188295 04/30/15 15:32 PAB TAL SEATotal/NA

Analysis 200.7 Rev 4.4 1 188393 05/01/15 12:18 HJM TAL SEATotal/NA

Filtration FILTRATION 187906 04/27/15 13:11 EBH TAL SEADissolved

Prep 200.8 188312 04/30/15 16:48 PAB TAL SEADissolved

Analysis 200.8 1 188405 05/01/15 12:17 FCW TAL SEADissolved

Analysis 300.0 1 188199 04/29/15 16:32 RSB TAL SEATotal/NA

Analysis SM 2320B 1 188237 04/30/15 10:20 JLS TAL SEATotal/NA

Filtration Filtration 251275 04/27/15 06:17 YZ TAL IRVDissolved

Analysis SM 5310C 1 251334 04/27/15 09:53 YZ TAL IRVDissolved

Laboratory References:

TAL IRV = TestAmerica Irvine, 17461 Derian Ave, Suite 100, Irvine, CA 92614-5817, TEL (949)261-1022

TAL SEA = TestAmerica Seattle, 5755 8th Street East, Tacoma, WA 98424, TEL (253)922-2310

TestAmerica Seattle
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Certification Summary
Client: Pacific Habitat TestAmerica Job ID: 580-49272-1

Project/Site: Clackamette

Laboratory: TestAmerica Seattle
All certifications held by this laboratory are listed.  Not all certifications are applicable to this report.

Authority Program EPA Region Certification ID Expiration Date

Alaska (UST) UST-02210State Program 03-02-16

California State Program 9 2901 01-31-17

L-A-B DoD ELAP L2236 01-19-16

L-A-B ISO/IEC 17025 L2236 01-19-16

Montana (UST) State Program 8 N/A 04-30-20

Oregon NELAP 10 WA100007 11-06-15

US Fish & Wildlife Federal LE192332-0 02-28-16

USDA Federal P330-11-00222 04-08-17

Washington State Program 10 C553 02-17-16

Laboratory: TestAmerica Irvine
All certifications held by this laboratory are listed.  Not all certifications are applicable to this report.

Authority Program EPA Region Certification ID Expiration Date

Alaska CA0153110State Program 06-30-15

Arizona State Program 9 AZ0671 10-13-15

California LA Cty Sanitation Districts 9 10256 01-31-16 *

California State Program 9 2706 06-30-16

Guam State Program 9 Cert. No. 12.002r 01-23-16

Hawaii State Program 9 N/A 01-29-16

Nevada State Program 9 CA015312007A 07-31-15

New Mexico State Program 6 N/A 01-29-15 *

Northern Mariana Islands State Program 9 MP0002 01-29-15 *

Oregon NELAP 10 4005 01-29-16

USDA Federal P330-09-00080 06-06-15

Laboratory: TestAmerica Portland
All certifications held by this laboratory are listed.  Not all certifications are applicable to this report.

Authority Program EPA Region Certification ID Expiration Date

Alaska (UST) UST-01210State Program 12-26-15

California State Program 9 2597 09-30-15

Oregon NELAP 10 OR100021 01-09-16

USDA Federal P330-11-00092 04-17-17

Washington State Program 10 C586 06-23-15

TestAmerica Seattle

* Certification renewal pending - certification considered valid.
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Sample Summary
TestAmerica Job ID: 580-49272-1Client: Pacific Habitat

Project/Site: Clackamette

Lab Sample ID Client Sample ID ReceivedCollectedMatrix

580-49272-1 POND Water 04/23/15 10:40 04/23/15 11:45

TestAmerica Seattle
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Login Sample Receipt Checklist

Client: Pacific Habitat Job Number: 580-49272-1

Login Number: 49272

Question Answer Comment

Creator: Gonzales, Steve

List Source: TestAmerica Seattle

List Number: 1

N/ARadioactivity wasn't checked or is </= background as measured by a survey 

meter.

N/AThe cooler's custody seal, if present, is intact.

N/ASample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

N/ASample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

N/AContainers requiring zero headspace have no headspace or bubble is 

<6mm (1/4").

N/AMultiphasic samples are not present.

N/ASamples do not require splitting or compositing.

N/AResidual Chlorine Checked.

TestAmerica Seattle
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Login Sample Receipt Checklist

Client: Pacific Habitat Job Number: 580-49272-1

Login Number: 49272

Question Answer Comment

Creator: Ornelas, Olga

List Source: TestAmerica Irvine

List Creation: 04/24/15 12:06 PMList Number: 2

TrueRadioactivity wasn't checked or is </= background as measured by a survey 

meter.

TrueThe cooler's custody seal, if present, is intact.

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 

tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time.

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

N/ASample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 

MS/MSDs

TrueContainers requiring zero headspace have no headspace or bubble is 

<6mm (1/4").

TrueMultiphasic samples are not present.

TrueSamples do not require splitting or compositing.

N/AResidual Chlorine Checked.

TestAmerica Seattle
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