
 
 
 
 

 

 

Post Office Lake 
Ridgefield National Wildlife Refuge 

 

Section 536 Ecosystem Restoration Project 
Clark County, Washington 

 

APPENDICES 
 

 
West Shore of Post Office Lake 

 
 

Project Partners: 
U.S. Army Corps of Engineers 
U.S. Fish and Wildlife Service 

 
 
Final Report October 2012 
 



 



 

CONTENTS 
 
 
 
Appendix A Environmental Modeling 
 
Appendix B Hydrology and Hydraulics 
 
Appendix C Conceptual Plan Formulation 
 
Appendix D Cost Summary 
 
Appendix E Environmental Compliance Documentation 
 
Appendix F Real Estate Plan 
 
Appendix G Survival Benefit Unit Calculations 
 
 



 



 
 
 
 

APPENDIX A 
 

Environmental Modeling 
 



 



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Draft Report to NWD August 2012 A-i 

Appendix A – Environmental Modeling 
 

Table of Contents 
 
A.1. SUMMARY ................................................................................................................................. A-1 
A.2. BACKGROUND ........................................................................................................................... A-1 
A.3. METHOD OF SPECIES AND SUITABILITY INDEX VARIABLE SELECTION .................................... A-6 
A.4. SELECTED INDICATOR SPECIES AND HABITAT SUITABILITY INDICES ...................................... A-8 
A.5. DETERMINE STUDY BOUNDARIES AND CALCULATE HABITAT UNITS .................................... A-25 
A.6. APPLICATION OF THE HABITAT EVALUATION PROCEDURE .................................................... A-38 
A.7. PROPOSED ALTERNATIVES ...................................................................................................... A-40 
A.8. ASSUMPTIONS AND INPUT VALUES FOR CALCULATING HSI SCORES .................................... A-40 
A.9. RESULTS AND SCORES ............................................................................................................ A-67 
A.10. ADDITIONAL ISSUES FOR CONSIDERATION ............................................................................. A-70 
A.11. ADDITIONAL INDICATOR SPECIES CONSIDERED BUT NOT RECOMMENDED ........................... A-71 
A.12. REFERENCES............................................................................................................................ A-73 
 
HSI CALCULATIONS 
 
LIST OF TABLES 

Table A-1.  Summary of Gadwall Wetland Scores and SI Values   ......................................................... A-46
Table A-2.  Summary of Lesser Scaup Wetland Scores and SI Values   .................................................. A-51
Table A-3.  Water Quality Data for Post Office Lake, September 2011   ................................................ A-54
Table A-4.  Summary of Salmonid Habitat Variables and SI Scores   ..................................................... A-63
Table A-5.  Frequency of Access (% of year) via Floodplain/Levee Breach   ......................................... A-64
Table A-6.  Frequency of Access (% of year) via North Channel After Removal of Tide Gate   ............ A-64
Table A-7.  Extent of Inundation (acres) via North Channel After Removal of Tide Gate   .................... A-65
Table A-8.  Extent of Inundation (acres) via Levee Overtopping Events   ............................................... A-65
Table A-9.  Extent of Riparian Cover (acres) Along North Channel and Levee   .................................... A-66
Table A-10.  Summary of HUs for Gadwall   ........................................................................................... A-68
Table A-11.  Summary of HUs for Lesser Scaup   ................................................................................... A-68
Table A-12.  Summary of HUs for Salmonids (juveniles)   ...................................................................... A-69
Table A-13.  Overall Summary of Combined Species Benefits (HUs)   .................................................. A-69
 
LIST OF FIGURES 

Figure A-1.  Current Management of Wetlands and Habitat for Ridgeport Dairy Unit   ........................... A-3
Figure A-2.  Future Management of Wetlands and Habitat for Ridgeport Dairy Unit   ............................. A-4
Figure A-3.  Land Cover and Wetlands at Post Office Lake   .................................................................... A-7
Figure A-4.  Regional Fish Presence   ...................................................................................................... A-29
Figure A-5.  Fish Passage Past Bonneville Dam   .................................................................................... A-30
Figure A-6.  Early Life History of Chinook Salmon in Columbia River Estuary   ................................... A-31
Figure A-7.  Columbia River Flood Profiles   ........................................................................................... A-33
Figure A-8.  Post Office Lake Stages   ..................................................................................................... A-35
Figure A-9.  Post Office Lake Duration Analysis Plot   ........................................................................... A-36
Figure A-10.  Post Office Lake Monthly Average Stages   ...................................................................... A-39
 



 



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Draft Report to NWD August 2012 A-1 

Appendix A.   En vironmenta l Modeling  

A.1. SUMMARY 

During development of feasibility reports, the environmental benefits of each alternative evaluated by the 
U.S. Army Corps of Engineers (Corps) must be captured and quantified to assess and compare associated 
cost-benefit ratios.  Calculating environmental benefits can be partially accomplished by the use of habitat 
suitability indices (HSI) that are input into the Habitat Evaluation Procedure (HEP) developed in the mid-
1980s by the U.S. Fish and Wildlife Service (USFWS).  The HEP allows comparisons and combination of 
important habitat variables for different species.  This method is approved for use by Corps’ Headquarters 
to evaluate ecosystem restoration projects and is recommended for this benefits analysis. 
 
This appendix describes the process used to develop HSI modeling and species selection for applying 
HEP to the Post Office Lake Section 536 environmental restoration project.  Though the outcomes may 
parallel and inform the calculations of salmon benefit units (SBUs), the intent of this analysis and model 
is to make a relative comparison of benefits between project alternatives for Post Office Lake. 
 
In general, HSIs describe the quality of significant habitat features for specific indicator species, which 
may also reflect habitat requirements for other similar species or guilds.  Critical habitat elements are 
represented by variables in the model and the quality of these variables are rated by a 0-1 scale, or 
suitability index (SI).  All variables are scored/qualified and then combined in a specific way–which is the 
resulting HSI–via a simple mathematical computation that depends on the priority of relative needs 
between the habitat elements (i.e., one specific variable may be a limiting factor, may be weighted more 
heavily than others, all variables may be of equally relevant need/importance to the species, etc).  This 
modeling is then used to demonstrate a change in quality of habitat elements or variables due to project 
actions and measures.  However, this is not a reflection of the final habitat units (HUs).  These HSIs 
qualify the habitat area, which may also change between pre- and post-project conditions.  Discussions 
describing the recommended approach for developing HUs based on the affected area and combing these 
HSIs and HUs into a HEP model follows the rationale for selecting these HSIs.  The HEP component of 
the model essentially combines the HSIs of different species along with their respective HUs. 
 
The final section of this appendix compares benefits represented as HUs for the overall Post Office Lake 
project. 

A.2. BACKGROUND 

The Ridgefield National Wildlife Refuge (Refuge) includes about 6,170 acres in Clark County, 
Washington in the Columbia River bottomlands.  It is part of a complex of Refuges that are managed for 
several wildlife species, with a particular focus on waterfowl (CCP 2010).  In May, 2010 the USFWS 
prepared a draft Comprehensive Conservation Plan (CCP) and Environmental Assessment (EA) outlining 
alternatives for future management of the Refuge.  This draft CCP contained pertinent information about 
current and future Refuge management plans, species presence, and other critical pieces of information 
that were used for this analysis.  Subsequently, the CCP was finalized on September 9, 2010 with the 
selected alternative and completed National Environmental Policy Act documentation.  Though the draft 
is referenced here, the substantive information used for the Corps’ analysis here does not differ 
significantly between the two documents.  The Corps used this information to develop preferred 
alternatives for ecosystem restoration and re-establishment of salmonid access to Post Office Lake, 
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including improvement of tidally influenced habitat and development of native riparian communities 
along the lake.  Figure A-1 and Figure A-2 illustrate the current and future management plans, 
respectively, for the Refuge at the Ridgeport Dairy Unit. 
 
Restoration projects the Corps is implementing in the Columbia River Basin are assigned survival benefit 
units (SBUs) for salmonids using habitat metrics developed and calculated by the Expert Regional 
Technical Group (ERTG).  The ERTG was convened as a result of reasonable and prudent alternative 
(RPA) 37 in the 2008 Biological Opinion of the Federal Columbia River Power System (FCRPS) to 
estimate changes in overall estuary habitat and resultant changes in population survival (ERTG 2010-03).  
The ERTG uses the associated Columbia River estuary (CRE) recovery plan module developed by the 
National Marine Fisheries Service (NMFS) to assign project scores prior to project development and then 
revisits the scores again post-project implementation (ERTG 2010-03).  Depending on the suite of 
alternatives that are evaluated in the feasibility report for the Post Office Lake project, the following list 
of measures from the module could affect SBU scores for the alternative that is ultimately selected for 
efforts at Post Office Lake [comments in brackets and italics describe how the CRE specifically relates to 
potential opportunities at Post Office Lake]. 
 
 CRE-1:  Protect intact riparian areas in the estuary and restore riparian areas that are 

degraded. 
o CRE-1.4:  Restore and maintain ecological benefits in riparian areas; this includes 

managing vegetation on dikes and levees to enhance ecological function and adding 
shoreline/instream complexity for juvenile salmonid refugia [project alternatives may 
both restore and enhance vegetation beside the instream habitat, along the levee, and 
around the portions of the fringe of the lake]. 

 
 Management Action CRE-6.2:  Reduce the export of sand and gravels via dredge operations 

by using dredged materials beneficially. 
o CRE-6.2:  Identify and implement dredged material beneficial use demonstration 

projects, including the notching and scrape-down of previously disposed materials and 
placement of new materials for habitat enhancement and/or creation [one alternative may 
include laying back previously excavated banks that were created from dredging the 
existing lake outlet channel as well as from an old dredge disposal site.  New swale(s) 
may also be dredged from the new breach(es)to the lake]. 

 
 Management Action CRE-9:  Protect remaining high-quality off-channel habitat from 

degradation and restore degraded areas with high intrinsic potential for high-quality 
habitat. 

o CRE-9.4:  Restore degraded off-channel habitats with high intrinsic potential for 
increasing habitat quality [Post Office Lake is currently only partially and seasonally 
connected to the Columbia in one location via a non-functioning tide gate or other type 
of water control structure.  However, this connection offers minimal to non-existent 
hydrologic exchange and no fish passage.  There are also a series of breaches beginning 
to form in the levee itself in one main location and two other locations.  Restoring 
connectivity in these locations will open access to additional habitat that can be further 
improved through other project measures.  This will also restore hydrologic and tidal 
regimes to the lake and floodplain that have been disconnected in recent history due to 
the existing levee]. 
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Figure A-1.  Current Management of Wetlands and Habitat for Ridgeport Dairy Unit 
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Figure A-2.  Future Management of Wetlands and Habitat for Ridgeport Dairy Unit 
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 Management Action CRE-10:  Breach, lower, or relocate dikes and levees to establish or 
improve access to off-channel habitats. 

o CRE-10.1:  Breach, lower the elevation of, or relocate dikes and levees; create and/or 
restore tidal marshes, shallow-water habitats, and tide channels [these components are 
elements of this restoration project.  The current levee is failing, but hydrologic 
connectivity is not yet optimal for salmonid access or regular floodplain connectivity]. 

o CRE-10.2:  Remove tide gates to improve the hydrology between wetlands and the 
channel and to provide juveniles with physical access to off-channel habitat; use a habitat 
connectivity index to prioritize projects [an option if it is determined that optimal 
hydrologic regimes would be obtained by removal of all flow control structures]. 

o CRE-10.3:  Upgrade tide gates or perched culverts where (1) no other options exist, (2) 
upgraded structures can provide appropriate access for juveniles, and (3) ecosystem 
function would be improved over current conditions [an option if it is determined that 
optimal hydrologic regimes would be obtained by retaining some flow control structure]. 

 
 Management Action CRE-15:  Implement education and monitoring projects and enforce 

existing laws to reduce the introduction and spread of invasive plants. 
o CRE-15.3:  Implement projects to address infestations on public and private lands [there 

are several invasive species on site that will need to be managed in order to restore a 
native riparian community, which could be a separate or component alternative]. 

o CRE-15.4:  Monitor infestation sites [site restoration and management of the Refuge will 
likely require and entail monitoring and managing for native revegetation success]. 

 
 Management Action CRE-20:  Implement pesticide and fertilizer best management 

practices to reduce estuarine and upstream sources of nutrients and toxic contaminants 
entering the estuary. 

o CRE-20.2:  Implement pesticide, fertilizer, and nutrient best management practices to 
reduce contaminants entering the estuary [Corps will follow the Refuge’s integrated pest 
management (IPM) plan and programmatic BiOp conditions to protect water quality and 
species]. 

 
The calculation of SBU is a separate action and process relative to evaluating environmental benefits via 
HSI and HEP methods which compares cost-benefit ratios between alternatives.  The SBUs are also 
salmon-centric, whereas HEP allows evaluation of a broader suite of species and habitat types.  However, 
because the purposes of this project are to restore the hydrologic and tidal regime to Post Office Lake, 
while also re-establishing access to improved off-channel rearing habitat for juvenile salmonids and flood 
refugia for migrating juvenile and adult salmonids, it is useful to also consider how alternatives compare 
to salmon-specific CRE management recommendations.  Developing HSI and HEP to capture the 
environmental benefits that pertain to the CRE goals described above further supports the possibility of 
obtaining the optimum number of SBUs from the preferred alternatives.  Incorporating habitat 
improvements described above would help validate a higher SBU score and demonstrate the 
environmental uplift that this restoration project is having for listed salmonids. 
 
The following sections describe how species selections and HSI variable considerations capture benefits 
relevant to salmonid habitat needs while also considering the needs of other representative species.  Then 
the original HSI models for the recommended indicator species are outlined.  Included next are 
recommended HSI modifications to facilitate further development of the HEP.  Following this is a 
discussion regarding how the area function and boundaries are best represented by HUs to which the HSI 
is applied.  Finally, there is a discussion of HEP outcomes achieved by different alternatives that will be 
used to compare various levels of species’ benefits. 
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To make a somewhat analogous comparison between HEP and SBUs, there is some relationship between 
the ERTG description of habitat capacity/quality/complexity scores (ERTG 2010) and salmonid HSI 
variables.  There is also a correlation between ERTG access/opportunity/connectivity scores (ERTG 
2010) and the recommended calculation of HUs in the final HEP model recommended here. 

A.3. METHOD OF SPECIES AND SUITABILITY INDEX VARIABLE SELECTION 

To represent environmental benefits from Corps’ ecosystem restoration project actions, representative 
species were selected with consideration given to several factors.  First, it was important that whenever 
possible species not only reflected the species of focus or priority resources of concern identified in the 
2010 Refuge CCP and EA, but that they also reflected current habitat types and anticipated Corps-induced 
future changes in those habitats.  Only those species for which there was also a Corps-certified HSI model 
available were further considered as candidates for benefit modeling. 
 
Also, because the Section 536 project authority allows ecosystem restoration, while the CRE further 
describes goals that focus on benefits specific to salmonids, selection of species for HSI development 
attempted to capture and quantify actions that would also particularly improve benefits to salmonid 
species.  This was done with consideration to the following factors.  First, selection focused on species 
with aquatic habitat needs and corresponding HSI variables that would be similar to and of mutual benefit 
to salmonid habitat needs.  Second, specific HSI variables for the candidate species were evaluated for 
their ability to describe current and future conditions that would likely be most affected by project 
alternatives and measures. 
 
However, effects to other species were also important to characterize as a reflection of potential trade-offs 
that could occur as a result of habitat conversions.  Furthermore, more than one possible species had 
potential to represent different guilds, communities, and their associated habitats occurring at the Refuge.  
For this process, species communities and habitat associations were derived from references regarding 
species presence and habitat pairings indicated in the Refuge CCP (2010). 
 
Species selected were originally considered for their ability to represent changes to four water-dependent 
habitat types important in the development and survival of salmonids:  riparian areas; emergent wetlands; 
deeper, open-water wetlands; and riverine/instream tidally connected habitats.  Initially to keep the 
number of species and habitat types in the analysis manageable, no distinction was made between semi-
permanent and seasonal emergent wetlands.  Water and wetland depth were considered as divided into 
ranges and represented by one species deemed most appropriate in characterizing habitat needs and usage 
to that depth.  Emergent wetlands were considered to occur in depths that extend from 0 to 36 inches.  
Anything greater than 36 inches could be considered as permanent, deeper open-water wetlands.  Riverine 
habitat was considered to be tidally connected and meeting the criteria described in the CCP for water 
quality, including temperature, inter-gravel dissolved oxygen, and intact riparian corridor (CCP 2010, F-
17).  However, in this case the channel connecting to Post Office Lake has more slough-like 
characteristics, but does connect to and reflect some riverine characteristics.  Figure A-3 shows the 
current wetlands and land cover features of Post Office Lake. 
 
As the model was developed further and specific species and variables were identified and screened, this 
representation and distinction between habitat types became less applicable.  Instead, habitat variables 
distinct to each indicator species for the most part generally remain water-dependent and at some level 
beneficial to all aquatic habitat-dependent species (e.g., increased wetland complexity is generally better 
for fish and waterfowl, improved water quality is generally better for scaup and fish, etc). 
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Figure A-3.  Land Cover and Wetlands at Post Office Lake 
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http://www.allaboutbirds.org/guide/gadwall/id 

Cornell Lab of Ornithology, All about Birds. 
Accessed 5/25/11 

Although biologically and realistically these habitat usage divisions and species selections overlap and are 
somewhat arbitrary, they should help form an impression of changes that could occur as a result of project 
actions.  By developing and applying the HSIs and subsequent HEP model, it is the intention that the 
limited number of species below can adequately describe and quantify aquatic habitat changes which can 
be translated further into a benefits analysis for later alternative and cost comparisons. 
 
It is also notable that determining individual species HSI values may provide an opportunity to weight 
certain variables in order to give more effect in score or ranking for certain habitat features.  Modification 
of variable weights or elimination of variables must include consideration for the subsequent effects this 
could have on the mathematical relationship that defines the relative priority of habitat needs reflected by 
the HSI model.  When species are combined to capture the range of benefits in the HEP, each species can 
also be weighted relative to each other if this better facilitates determination of habitat or species effects 
that are expected from the project alternatives. 
 
The following narratives first describe the justification behind selection of each indicator species.  Next is 
a description of the full, original HSI model for the particular species.  This is followed by a 
recommendation and justification for modifying the model to accommodate specific circumstances and 
possible alternatives and measures applicable to the Post Office Lake project.  All SIs were suggested 
based on the dual goals of reflecting changes affected by the alternatives and measures to achieve a 
meaningful comparison while also maintaining the simplest modeling approach possible. 

A.4. SELECTED INDICATOR SPECIES AND HABITAT SUITABILITY INDICES 

Gadwall (Anas strepera).

 

  Dabbling ducks guild utilizing emergent, shallower wetlands, tidal and/or non-
tidal wetlands. 

This species was selected to represent existing and future 
wetland conditions, which will likely be converted as more 
dynamic hydrologic and tidal regimes are reintroduced to the 
Post Office Lake area.  There is likely to be a conversion 
from permanent, submergent wetlands, to a larger and more 
seasonal area of emergent, shallower wetland areas.  
Restored hydrology may also facilitate re-establishment of 
native emergent wetland vegetation, as the area is currently 
dominated by reed canary grass.  This may also reduce the 
likelihood of an overwhelming carp infestation, as they will 
be forced out of the area as drying occurs and less habitat 
area is available for their spawning needs.  Wetland variables 
that comprise suitability indices described below should 
capture these conversions when comparing benefits 
calculations and habitat units.   
 
Based on input and a request from USFWS staff at the Refuge (Chmielewski 2011), the blue-winged teal 
was replaced by the gadwall as representative of the guild of dabbling ducks, which require shallower, 
emergent wetland habitat, as opposed to diving ducks which forage in more open water habitats.  This is 
due to the fact that gadwalls are more common on the Refuge than blue-winged teal, and the Refuge is 
mandated to manage for various dabbler species.  Though the mallard was a focal species listed in the 
CCP for emergent wetlands (USFWS 2010), the Corps-approved HSI was not applicable to the Northwest 
(Allen 1986).  However, the gadwall requires similar habitat to the blue-winged teal and therefore is an 
appropriate indicator of habitat quality for a larger suit of dabbler ducks and other species such as Canada 

http://www.allaboutbirds.org/guide/gadwall/id�
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geese that use shallow, emergent wetlands (USFWS 2010, pp. F-8 and 4-21).  Therefore, the gadwall is an 
appropriate representative to reflect project benefits and impacts to such habitats. 
 
Emergent wetlands provide several important ecosystem functions to both terrestrial and aquatic species.  
These areas provide highly nutritional food sources for waterfowl, benthic organisms and other important 
food inputs and habitat features for aquatic resources.  Wetlands also improve water quality functions and 
provide flood storage and juvenile fish refugia during high water events. 
 
The gadwall is a partial migrant traveling both short and long-distance with a “secure” population 
distribution status in Oregon and Washington (Ridgley et al. 2003, NatureServe 2010f).  Breeding usually 
begins around early June, and nests often occur near semi-permanent wetlands under clumps of shrubs or 
in herbaceous, thick vegetation near freshwater lakes, ponds, or streams (NatureServe 2010f).  The 
omnivorous gadwall’s diet is varied and includes vegetative parts and seeds of aquatic plants like sedges, 
pondweeds, and grasses, and small fish and aquatic insects (NatureServe 2010f).  Invertebrates and seeds 
are particularly important forage for young of the year birds. 
 
Original and Complete Model Version.

 

  According to Sousa (1985b), the complete HSI model has the 
following characteristics.  Habitat variables are distinguished by separate habitat needs for pairing, 
nesting, and brooding. 

1. Variables for pairing include

o SIV1 = EONWP = ∑ (wi ∗  pi)𝑛
𝑖=1  

 calculating the equivalent optimum number (EONWP) and area 
(EOAWP) of wetlands, each per 259 ha (640 acres).  This includes determining the number and 
type of wetland classes present in the area of interest.   

 n = number of wetland classes available (1-6 based on classification by Stewart 
and Kantrud, or 1-5 based on Cowardin) 

 wi = number of wetland class i/259 ha (640 acres) 
 pi = preference index for gadwall pairs for wetland class i (index weight 

determined by table in model related to wetland class) 
o SIV2 = EOAWP = ∑ (ai ∗  pi)𝑛

𝑖=1  
 ai  = area of wetlands in wetland class i/259 ha 

o SIP (Suitability Index for Pairs) = (SIV1 * SIV2)1/2 
 

2. Variables for nesting focus on

o SIV3 = mean visual obstruction in inches (determined by field measurement of the height 
and density of residual vegetation present before the growing season begins) 

 measure of mean visual obstruction, area of cover potentially 
used for nesting, and mean distance to wetlands.  This is then made comparable to pair and brood 
habitat by combining suitability of each cover type to get an overall estimate of suitability, or 
equivalent optimal area of nesting (EOAN) per 259 ha. 

o SIV4 = mean distance from nesting cover to a wetland 
o SINi = SIV3i * SIV4i 
o EOAN = 259/S ∑ (Ai  ∗  SINi)𝑚

𝑖=1  
 S = size of the total study area 
 m = number of cover types providing nesting cover 
 Ai = area of cover type i 
 SINi = nesting suitability index for cover i (from SIV3i * SIV4i) 

o SIN (Suitability Index for Nesting) = SI associated with EOAN value in model table 
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3. Variables for brooding are similar to pairing and include

o SIV6 = EONWB = ∑ (wi ∗  bi)𝑛
𝑖=1  

 calculating the equivalent optimum 
number (EONWB) and area of wetlands (EOAWB), each per 259 ha along with a preference 
index for each wetland.  Furthermore, semi-permanent wetlands were the preferred wetland class, 
with ephemeral and temporary receiving an assignment of zero because of their lack of 
availability during the brood-rearing period (Sousa 1985b). 

 n = number of wetland classes available (1-6 based in classification by Stewart 
and Kantrud, or 1-5 based on Cowardin) 

 wi = number of wetland class i/259 ha 
 bi = preference index for gadwall broods for wetland class i (index weight 

determined by table in model related to wetland class) 
o SIV7 = EOAWP = ∑ (ai ∗  bi)𝑛

𝑖=1  
 ai  = area of wetlands in wetland class i/259 ha 

o SIB (Suitability Index for Broods) = (SIV6 * SIV7)1/2 

 
Although a SI can be calculated for each of these life history habitat types, the final HSI is based on the 
limiting factor theory such that the overall final HSI is equal to the lowest of the three calculated 
suitability indices. 
 

HSIgadwall = least of: SIP, SIN, and SIB 
 
For the purposes of determining benefits from the project, using the one of the indices from pairing and 
brooding may be easier than those of nesting (includes visual obstruction, which will be more difficult to 
measure).  Data may be easier to determine via GIS for those two former variables, and this also is likely 
a better indicator of changes to wetland distribution, type, and areas of inundation after reintroduction of 
the tidal regime and direct river connectivity.  Though changes to sight distance would not be measured 
absent the nesting SI, riparian characteristics are partially captured by variables incorporated in the 
salmonid HSI.  According to USFWS staff (Chmielewski 2011), the limiting factor at the Refuge for 
gadwalls is brood-rearing cover because much of Post Office Lake is open water/submergent wetland as 
opposed to dense emergent cover, which is largely confined to the fringes and backwaters. 
 
Recommended HSI Model Modifications and Simplification of Variables for Measurement and 
Comparison.

 

  Based on the above information, using the brooding SI is recommended, and the following 
variables would require field or remote sensing measurements to calculate the final HSI. 

HSIgadwall = SIB 
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Because this 259 ha (640 acre) area is greater than the area of potential project impact (which is 
approximately 175 acres), this variable requires some additional modification for determining the 
appropriate suitability index.  Otherwise, when input into the subsequent HEP portion of the modeling 
method, by area alone the HUs and benefits calculation would be biased towards the gadwall.  According 
to Sousa (1985), indices using the 259 ha area were determined by an expert workshop panel to describe 
an optimum type and density of wetlands within those boundary conditions.  While the overall SI is 
scaled to this larger area (which would be encompassed if a larger portion of the Refuge was affected by 
the proposed actions), the SI remains applicable even if considering and comparing the density in a 
smaller-than-optimum area.  The SI acreages can be re-scaled to reflect the smaller 175-acre area by 
applying the appropriate ratio to the acreages when determining the SI. 
 
Concerns and Resolution.

 

  As mentioned, addressing the optimum 259 ha (640 acres) area suggested by 
the model causes overlap with areas outside of the more immediate range of the project’s potential 
geographical effects.  This could include portions of Dusky Lake and the surrounding upland areas that 
are unlikely to be directly or indirectly affected by project alternatives.  As mentioned, the affected area 
within the project boundaries is only about 100 acres.  The selection of a broader area would also need to 
be reconciled with the appropriate boundaries for the other HSI variables and potential future 
management changes that are relevant to the CCP, but not necessarily part of the Corps project actions.  
For these reasons, the acreages in the SI determination were re-scaled to reflect the proportional numbers 
and acreages per the 100 acre area. 

Also, as with the northern pintail and the blue-winged teal, the HSI for the gadwall has a prairie pothole 
focus (mostly in the regions of North and South Dakota), but unlike the pintail HSI, the model document 
also indicates it may be applicable to other portions of the breeding range (Sousa 1985b).  Therefore, to 
include a species representative of dabbling ducks, this selection for HSI and subsequent HEP model 

Suggested 
Measurement 
Technique EONWB =

V1 - To 
Calculate SIB

Number of Wetlands/259 
ha (640 acres)

Number of Wetlands 
Scaled to 175  acres SI

0 0 0
2 0.55 0.35
4 1.09 0.65
6 1.64 1

8+ 2.19+ 1
EOAWB =

V2 - To 
Calculate SIB

Area (acres) of wetlands 
in wetland class i/259 ha 

(640 acres)

Scaled Area (acres) of 
wetlands in wetland class 

i/175 acres) SI
0 0 0

12.5 3.42 0.25
25 6.84 0.5

37.5 10.25 0.75
50+ 13.67+ 1

calculated by 
also 
determining 
wetland classes

calculated by 
also 
determining 
wetland classes

GADWALL For Broods (Sousa 1985)  

Equivalent Optimum Area of Wetlands per 259 ha (640 

Equivalent Optimum Number of Wetlands per 259 ha (640 
acres)

via wetland 
delineation, or 
remote 
sensing with 
field 
verification 
surveys

via wetland 
delineation, or 
remote 
sensing with 
field 
verification 
surveys
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© Dick Cannings 
Photographer: Dick Cannings 
Image ID#: 10655 
Location: Lost Lagoon, 
Vancouver, BC, Canada 
Gender: male 

 

development will assume that habitat requirements, particularly those associated with wetlands, are 
similar in the Northwest relative to those areas in the prairie pothole region. 
 
Additionally, calculation of these indices will require integration of the wetland delineation results and 
close collaboration with GIS staff to determine and calculate current and expected wetland areas, extents, 
and vegetation cover.  Furthermore, some knowledge of the current and future wetlands and waters will 
be required in order to obtain and the wetland classes for model input.  The model relies on wetland type 
descriptions by Stewart and Kantrud (1971), which has been loosely associated with Cowardin and others 
(1979) classifications in the model documentation (Sousa 1985).  These correlations will be made using 
the Cowardin classification results from the wetland delineation. 
 
Lesser Scaup (Athya affinis).
3 feet deep), tidal and non-tidal wetlands and waters. 

  Permanent submergent wetlands and open-water lacustrine (greater than 

 
This species was considered because of its reliance on habitat 
features that include existing permanent submergent wetland 
and open water conditions, which will likely be converted as 
more dynamic hydrologic and tidal regimes are reintroduced 
to the Post Office Lake area.  There is likely to be a 
conversion from permanent, submergent wetlands, to a larger 
and more seasonal area of emergent, shallower wetland 
areas.  However, winter water levels and depths may remain 
deeper or may increase in frequency and depth during winter 
storms or floods such that the hydrologic regime has 
beneficial effects to species relying on submergent wetland 
and open-water habitat.  The anticipated conversion of 
vegetative communities back to more native composition due 
to reintroduced hydrologic fluctuations may also help 
improve the variety and quality of food resources available to 
the species.  Wetland variables that comprise suitability indices described below should capture these 
conversions when comparing benefits calculations and habitat units. 
 
This species was selected to represent the guild of diving ducks, which require deeper, permanently 
submerged wetland habitat and open water lacustrine environments.  The lacustrine, open water of Post 
Office Lake provides such habitat.  The lesser scaup was also indicated under the Ridgefield CCP as a 
Focal Species and Priority Resource of Concern and was identified as an appropriate indicator of habitat 
quality for a larger suit of species that use deeper (3-10 feet), permanent open-water wetlands (USFWS 
2010, pp. F-16 and 4-21).  Furthermore, the wintering lesser scaup provides one of the only Corps-
certified HSI models for diving ducks.  Therefore, the lesser scaup is an appropriate representative to 
reflect project benefits and impacts to deeper, open-water, permanent tidal and non-tidal wetlands. 
 
Deeper tidal wetlands provide both aquatic and terrestrial benefits.  Besides providing loafing areas and 
important, high-quality food sources for waterfowl, they also provide important rearing nurseries for 
juvenile fish, including salmonids.  Tidally or floodplain connected wetlands afford flood refuge as well 
as abundant foraging opportunities and inputs to the aquatic food web. 
 
The lesser scaup is a widely distributed, long-distance migrant moving south in October-November, with 
Oregon and Washington likely hosts to non-breeding wintering residents (Ridgley et al. 2003, 
NatureServe 2010).  In the southern winter range, scaup prefer ponds, lakes, or sloughs with fairly clear 
water 1 meter or deeper, and they can also be found in large tidal lakes, bays, marshes, and offshore 

http://www.natureserve.org/explorer/servlet/NatureServe?sourceTemplate=species_RptComprehensive.wmt&loadTemplate=species_RptImages.wmt&paging=&elKey=104109&save=false&page=1#INFO1�
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(Mulholland 1985, NatureServe 2010).  In Oregon their conservation status is considered “vulnerable” 
though in Washington they are listed as “apparently secure” (Ridgley et al. 2003, NatureServe 2010).  
Scaup feed on seeds of pondweeds, widgeon grass, wild rice, sedges, bulrushes, crustaceans, and aquatic 
insects and possibly small fish usually at depths between 3-8 meters (Mulholland 1985, NatureServe 
2010).  Scaup may be particularly vulnerable to red tides, oil pollution, and human disturbance 
(Mulholland 1985). 
 
Original and Complete Model Version.

 

  Mulholland (1985) further describes the model as follows.  The 
associated HSI model parameters include the following four habitat variables and their optimal ranges. 

1. SIV1 = percentage of study area supporting pelecypods (bivalve mollusks) (optimum = 50% or 
greater).  For this evaluation, estimates for the area of inundation during winter (high) water 
conditions (November - Mid-July) were considered.  However, a more conservative approach 
calculating the minimum, permanent wetted area remaining during summer low-water periods 
was determined to be more reflective of conditions that could ultimately limit pelecypod 
production.  Elevations of 12 and 9 feet NAVD88 (all elevations in this appendix are in NAVD88 
unless otherwise noted) for without- and with-project conditions will be taken into consideration 
in relation to the larger 175 acre project area.  Scaup are present mostly during winter flows. 

a. Random sampling method is recommended in model. 
 

2. SIV2 = percentage of area supporting emergent vegetation (optimum = less than 5%). For this 
evaluation, both the current OHW elevation of 12 feet and the post-project average water surface 
elevation during winter flows of elevation 10.6 feet (November - mid-July) were used relative to 
the 175 acres of total project area. 

a. Done with aerial photographs. 
b. Done during mean low tide, if applicable. 

 

3. SIV3 = water depth at mean sea level or average winter (high) water condition (optimum = 1-3 
meters, or 3.3-9.8 feet).  For this evaluation, winter = November to mid-July based on expected 
water depth vs. water temperature range; OHW elevation of 12 feet and elevation of 10.6 feet 
were used relative to the 175 acres total project area. 
 

4. SIV4 = human disturbance. 
a. (optimum = none to light).   

 
According to Mulholland (1985), the coverage of pelecypods is considered the most critical and 
governing variable in the model.  If the index for the value representing pelecypods is less than the 
geometric mean of the rest of the variables, then the HSI would equal the pelecypod coverage.  
Additionally, it is recommended in the HSI model that future predictions of the pelecypod coverage 
variable be assumed to remain the same, unless there are drastic changes in water quality or substrate 
(Mulholland 1985).  According to the model, the appropriate recommended equation is: 
 

If SI v1 < (SI v2 * SI v3 * SI v4) 1/3; then HSIlesser scaup = SIv1 

Otherwise, 

HSIlesser scaup = ((SIv1)2) * SIv2 * SIv3 * SIv4)1/5 

 



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Draft Report to NWD August 2012 A-14 

Recommended HSI Model Modifications and Simplification of Variables for Measurement and 
Comparison

 

.  Per direction from the model, assumptions rather than field measurements will be made for 
the variable describing predicted pelecypod coverage in the future because the model recommends the 
future value be held constant at pre-project conditions.  This makes it difficult to further justify the 
assumption that this value is the primary limiting factor in the HSI describing current conditions at Post 
Office Lake.  This is compounded by the limitations in data available for this particular project.  Though 
there is a possible chance of extrapolating from somewhat analogous data at Gee Creek, field samples 
will not be available. 

Therefore, the recommended calculation for the scaup reflects all of the variables (rather than only 
pelecypods as the sole limiting factor).  Several of these other associated variables can be estimated by 
GIS and remote sensing techniques.  As mentioned, the pelecypod variable may also be estimated from 
the Gee Creek surveys and then held constant for both pre-and post-project conditions, as suggested by 
the model.  If this estimate cannot be obtained from the Gee Creek data or field surveys, then a constant 
value in the SI mid-range will be selected and used as a recommended placeholder value. 
 
This evaluation also assumes that pelecypod coverage is most relevant in the winter water period during 
which time scaup will be present and feeding at the action area.  However, based on concerns expressed 
by the Refuge, SI and HU calculations were ultimately scored using a percent area (of the 175 acres) 
based on the minimum wetted area that would remain during the lowest flow, summer conditions 
(elevation 9 feet).  This was considered a conservative approach to address USFWS concerns about loss 
of moisture that could potentially contribute to a reduction in pelecypods as forage.  It is also assumed 
that the extent of inundation is less likely to change relative to the frequency of inundation, and that water 
quality will be significantly improved.  However, significant substrate changes are not expected, and 
water quality improvements are not utilized in this instance to justify an increase in the scaup SI future 
conditions for pelecypods. 
 

HSIlesser scaup = ((SIv1)2) * SIv2 * SIv3 * SIv4)1/5 
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Concerns and Resolutions.

 

  Model applicability seems to indicate that it may be limited to Gulf of 
Mexico and Southern Atlantic States, though the species is widely distributed and would seem to have 
similar wintering needs in the Northwest.  The Refuge also lists the lesser scaup as a resource of concern, 
and the scaup (both lesser and greater) are a CCP focal species, as their populations have been below their 
long-term average for over a decade (Chmielewski 2011).  For the sake of this HEP/HSI, it is assumed 
that the species needs and habitat parameters are fairly general and would remain representative of current 
and potential species’ habitat needs at the Refuge. 

Also, survey data for pelecypods was unavailable specifically at Post Office Lake.  However, USFWS 
was able to provide some technical input based on professional expertise and mollusk survey information 
from the Carty Unit within the Gee Creek system.  Based on this information, the team drew correlations 
and assumptions about Post Office Lake.  Otherwise, more reliable metrics would require collection and 
field surveys, or simple insertion of an assumed constant placeholder value for pre- and post project 
conditions. 
  

Suggested Measurement 
Technique SIV1 

 % Area Supporting 
Pelecypods SI

0 0
20 0.4
40 0.8

60+ 1

SIV2
% Area Supporting 

Emergent Vegetation SI
0 1
5 1

7.5 0.5
10 0
15 0
20 0

SIV3
Depth (m), Avg Winter 

Water Condition SI
0 0

0.5 0.6
1-3 1

5 0.7
7 0.4

10 0

SIV4
Level of Human 

Disturbance SI
none-light 1
moderate 0.7

heavy 0.3
limiting 0

extrapolate from similar 
survey in vicinity, conduct 

field sampling, or select 
placeholder constant

remote sensing, field 
survey, or extrapolate from 

wetland delineation

remote sensing, H&H 
model, field survey, or 

extrapolate from wetland 
delineation

based on Refuge 
management plan

Lesser Scaup - Wintering (Mulholland 1985)
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From: http://www.eol.org/pages/205248 
Copyright: © Peters, Roger. Public Domain; 
Supplier: BioLib.cz 

Coho Salmon (Oncorhyncus kisutch).

 

  Off-channel, backwater rearing habitat, tidally connected 
wetlands and/or tidally connected riverine/lacustrine habitats. 

For this particular habitat type, the Canadian sandhill crane 
was selected under the Ridgefield CCP as a focal species and 
priority resource of concern.  Canadian sandhill cranes were 
also listed as an appropriate indicator of habitat quality for a 
larger suite of species utilizing tidal wetlands, including coho 
and Chinook salmonids (USFWS 2010, pp. F-16 and 4-21).  
However, the only available Corps-certified HSI model that is 
similar covers the greater sandhill crane.  Furthermore, in 
areas that retain tidal connectivity like Campbell Slough and 
Gee Creek (which are just north of and adjacent to the Post 
Office Lake project area), USFWS surveys have documented 
use by rearing Chinook, coho, steelhead, and chum (USFWS 
2010).  Historical accounts also indicate that spawning may 
have occurred in the upper reaches of Gee Creek (USFWS 
2010).  Additionally, salmonid resources are the presumed main beneficiaries of project actions.  
Therefore, for these reasons coho salmon may be more appropriate representative species than cranes to 
reflect project benefits and changes to tidally connected wetlands and waters.  Coho was also selected 
because it is a focus for previously described SBUs required under the Corps-related FCRPS Biological 
Opinion.  It is also an ESA-listed species and one of the main species of interest for this Section 536 
ecosystem restoration project. 
 
Various life history stages of salmonids are present in the mainstem Columbia River and estuary year-
round.  For the purposes of this evaluation, the estuary is considered to encompass all tidally-influenced 
areas below the Bonneville dam, including the Post Office Lake project area.  However, salinity 
conditions do not extend to this location. 
 
Additionally, fish passage/access, open-water winter rearing conditions, and riparian habitats will likely 
be affected by project measures as plantings and more dynamic hydrologic and tidal regimes are 
reintroduced to the Post Office Lake area.  There is likely to be a seasonal conversion from permanent, 
submergent wetlands, to a larger and more seasonal area of emergent, shallower wetland areas in the 
summer time.  In the winter, re-establishing salmonid access to these wetland and backwater off-channel 
areas will restore access to important refugia and rearing areas for out-migrating juveniles.  Migrating 
adults may also be able to use these areas as temporary refugia.  Floodplain connectivity, riparian 
structure, and tidal regimes also provide important ecosystem functions which are reflected through coho 
as an indicator species. 
 
Though limited spawning may occur in Gee Creek, the main Post Office Lake project area is more likely 
to include potential for rearing juvenile salmonids foraging and overwintering in the wetlands and waters 
on the Refuge.  Tidally connected wetlands and waters may provide holding opportunities and flood 
refuge during high flow events, but it is unlikely that adults spend any significant amount of time in the 
more lacustrine areas, as the substrate, depths, and velocities are not optimal for spawning.  The variables 
and SIs described below are specific to the coho juvenile life-history phase, as this is the most applicable 
habitat type and age class expected to utilize Post Office Lake.  The suggested variables are also those 
which are most likely to be affected by project measures and alternatives.  Several of the variables below 
are seasonally relevant, and references to rearing times are mentioned more than once in the original 
model. 
 

http://www.eol.org/pages/205248�
http://www.biolib.cz/en/�
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In reviewing the HSI parameters for input, coho had 9 out of 15 variables specific to juvenile rearing 
habitat that are most relevant to potential habitat available at the Refuge.  This includes vegetation 
variables like riparian composition and percent canopy.  The coho HSI also mentions that lack of 
sufficient winter habitat may be one limiting factor in coho production (McMahon 1983), which this 
project would provide.  For these reasons, the HSI for coho parr is representative of anadromous fish use 
in tidally connected wetlands and off-channel habitat, and reflects benefits gained by restoring tidal and 
floodplain functions and fish access via increased connectivity to winter rearing habitat.  Adult and fry 
variables were not included in this model due to a lack of appropriate habitat type and life history 
utilization. 
 
Original and Complete Model Version.

 

  Potential habitat variables from which a suitability index for the 
juvenile parr stages of coho salmonids could include (McMahon 1983). 

1. SIV1 = Maximum temperature during rearing 
2. SIV2 = Minimum dissolved oxygen (DO) during rearing 
3. SIV3 = Percent canopy over rearing stream 
4. SIV4 = Vegetation composition of riparian zone( index of riparian zone during summer) 

a. SIV4 = 2(% canopy of deciduous trees and shrubs) + % canopy cover of grasses and forbs 
+ % canopy cover of conifers 

5. SIV5 = Percent pools during summer low flow (pool to riffle ratio) 
6. SIV6 = Substrate composition in riffle/run areas 

a. SIV6 = (A+B)/2;  
i. A = % gravel and rubble present 

ii. B = % fines or embeddedness, whichever is lower 
7. SIV7 = Proportion of pools during summer low flow that are 10-80 m3 or 50-250 m2 in size 

WITH sufficient riparian canopy to provide shade 
8. SIV8 = Percent instream and bank cover during summer low flow 
9. SIV9 = Winter cover, % of total area consisting of quiet backwaters and deep (≥ 45 cm) WITH 

dense cover of roots, logs, debris jams, flooded brush, or deeply undercut banks 
 
There is also a set of two smolt life history variables that may be relevant as parr prepare to leave the 
rearing areas.  These variables include: 
 

10. SIV10 = Maximum temperature during: 
a. A = winter (Nov-Mar) in rearing streams, and 
b. B = spring-early summer (Apr-Jul) in streams where seaward migration of smolt occurs 

11. SIV11 = Minimum DO concentration during April-July in streams where seaward migration of 
smolt occurs 

 
According to McMahon (1983), while the model includes several variables that affect the well-being of 
coho throughout each of the four life stages (with parr further delineated by water quality, food 
productivity, and cover), the final HSI is also based on the limiting factor theory.  Therefore, the lowest SI 
score among the variables defines the overall HSI. 
 

HSIcoho=lowest SIvi of SIV1 - SIV9 (or, SIV1 - SIV11 if including smolts) 
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Recommended HSI Model Modifications and Simplification of Variables for Measurement and 
Comparison

 

.  Current and potential future conditions at Post Office Lake are less likely to reflect fast-
flowing riverine conditions as in lower order, terrestrial-based streams and are more likely to remain as 
tidal backwaters and wetlands.  Therefore, several of the original HSI habitat variables are less applicable 
to this specific site (e.g., riffle/run and gravel/rubble).  The backwater nature of the lake also makes it 
unlikely to develop a pool-riffle habitat structure, so this variable was not considered applicable to 
informing this analysis.  Further, variables described as limiting factors for smolts are less likely to inhibit 
overall habitat use relative to those describing variables for juvenile parr.  Therefore, these were omitted, 
which also allowed more focus on rearing habitat variables for the parr stages. 

Restored hydrologic and tidal regimes and installation of plantings are expected to result in the creation, 
expansion, and maintenance of additional riparian zones acreage.  Riparian zones and early floodplain 
forests are important because they provide critical habitat features for both terrestrial as well as aquatic 
species.  Benefits from riparian zones to aquatic species like salmonids include: shade, allochthonous 
inputs to the food web, water quality buffers, bank stability, wood recruitment, and structural habitat 
diversity.  For these reasons, riparian components of the HSI were retained. 
 
Access to off-channel pools and in-water cover is also important rearing habitat for juveniles.  Both 
Chinook (discussed later) and coho have variables reflecting summer cover, but the Chinook variable has 
a smaller range and is limited by depth and velocities.  This makes it a more sensitive variable than the 
coho SI.  Therefore, this variable for coho was removed and is reflected instead by the Chinook SI in a 
combined salmonid HSI as discussed further. 
 
Finally, water quality in backwater sloughs can vary greatly depending on depth, canopy cover, flow 
regimes, and hyporheic connectivity.  Water quality is also likely to improve based on the anticipated 
measures for improved hydrologic flows, deepening, and riparian cover.  Therefore, these variables were 
retained. 
 
To simplify the model, to reflect variables for which data was obtainable, and to focus on variables most 
likely to be affected post-project, the following variables were considered for calculating the coho HSI.  A 
potential coho specific model could look like the following. 
 

HSIcoho=lowest SIvi of SIV1 - SIV4, SIV9  
 
However, it is recommended that this is more appropriately modified as an average, described further.  It 
is also recommended in the subsequent discussions that both coho and Chinook HSIs are combined into a 
single salmonid HSI that reflected between the two the SI variables of the more sensitive salmonid 
species. 
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Suggested 
Measurement 
Technique SIV1

Maximum temperature during 
presence/occupation (?C) SI

4 0
6 0.5

8-13 1
16 0.5
20 0.2
24 0

SIV2
Minimum D.O. during 

presence/occupation (mg/l) SI
2 0
3 0
4 0.1
5 0.3
6 0.6

8+ 1

SIV3  Percent canopy over rearing stream SI
0 0.2

25 0.5
40 0.85

50-75 1
90 0.65

100 0.4

SIV4 

Vegetation composition of riparian 
zone (index of riparian zone during 

summer) SI
0 0

50 0.2
100 0.5
150 0.95

162.5+ 1

SIV9

Winter Cover, % of total area 
consisting of quiet backwaters and 
deep (>= 45 cm) WITH dense cover of 
roots, logs, debris jams, flooded 
brush, or deeply undercut banks SI

0 0.2
10 0.35
20 0.6
30 0.95

32+ 1

obtain via remote 
sensing, H&H model, or 
field surveys

SIV4 = 2(% canopy of deciduous 
trees and shrubs) + % canopy 
cover of grasses and forbs + % 
canopy cover of conifers

obtain via USGS data, or 
via simple hydrolab 
surveys; frequency 
dependent on available 
time and funding

COHO - Juvenile Life-history Stage ( McMahon 1983 )

obtain via USGS data, or 
via simple hydrolab 
surveys; frequency 
dependent on available 
time and funding

obtain via remote 
sensing or field surveys

obtain via remote 
sensing or field surveys
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From http://www.eol.org/pages/205252 
 
Photographer: Robertson, D Ross 
Monterey Bay Aquarium, August 2010 

Concerns and Resolutions.

 

  Under the Corps-approved HSI for both coho and Chinook, the applicability 
is somewhat specific to riverine habitats.  There is no discussion or distinction about the applicability of 
use in lacustrine habitat, backwater areas, estuarine habitat, or tidal wetlands.  The absence of several 
smaller-order riverine characteristics at Post Office Lake precludes the relevance of several of the habitat 
variables that are used in calculation of the final HSI.  Further, the use of the limiting factor approach 
hinges the resulting HSI on a single variable, which gives arbitrarily stronger weighting to variables for 
which data exists or can be easily obtained.  However, such an approach may not capture the true limiting 
habitat factors in the system.  Therefore, in this case an arithmetic averaging approach is more appropriate 
and representative using independent SIs that both can be obtained from available site data and that are 
anticipated to change as a result of project measures. 

Furthermore, later in the HEP and during the development of Hus, which are a function of habitat area 
and HSI scores, there is some opportunity to incorporate hydraulic and hydrologic conditions somewhat 
more relevant to estuarine conditions and backwater tidal effects.  Though the riverine-focused variables 
have been removed in this evaluation, the benefits of restored hydrology are partially reflected both by an 
expected improvement in HSI scores as well as when calculating HUs.  This is accomplished by the 
determination of pre- and post-project inundation areas and frequency weightings reflecting expected 
opportunities for fish ingress/egress to increased habitat area of better quality.  In this way, the new 
physical hydrologic parameters are to some extent represented without necessitating the creation of 
additional SIs for salmonids.  This process is described in more detail later in this analysis. 
 
Chinook Salmon (Oncorhyncus tshawtscha).

 

  Off-channel, backwater rearing habitat, tidally connected 
wetlands and/or tidally connected riverine/lacustrine habitats. 

For the riverine habitat type, cutthroat trout was selected 
under the Refuge CCP as a focal species and priority 
resource of concern.  It was also listed as an appropriate 
indicator of habitat quality for a larger suite of species 
utilizing tidal wetlands, including coho and Chinook salmon 
(USFWS 2010, pp. F-16 and 4-21).  However, a review of 
cutthroat trout HSI variables (Hickman and Raleigh 1982) 
indicated overlap and redundancy with both the coho and 
Chinook habitat criteria.  For the sake of comparison and 
because cutthroat were identified in the CCP as a focal 
species, some of the cutthroat variables are indicated with 
corresponding Chinook variables below.  However, for 
model simplicity, cutthroat were not included as an indicator 
species in this analysis, as they and their associated habitat 
variables were adequately represented by the salmonid indices.  Again, comparable cutthroat variables are 
included simply as additional information to demonstrate similarity with salmonid variables and were not 
used further in this analysis. 
 
As previously described for coho, the main project area is more likely to include potential for rearing 
juvenile Chinook salmonids foraging and overwintering in wetlands and backwaters on the Refuge.  The 
expected habitat use, changes resulting from project measures, and expected benefits are similar between 
the two species. 
 
For these reasons, the HSIs for Chinook provide a useful representation of anadromous fish use in tidally 
connected wetlands and may also reflect benefits gained by restoring some ecosystem functions like tidal 
and hydrologic regimes, floodplain inundation, and access to backwater refuge via increased connectivity. 

http://www.eol.org/pages/205252�
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In reviewing the HSI parameters for input, Chinook seem to have about 12 of 17 variables specific to 
juvenile rearing that would be most relevant to habitat available at the Refuge.  The Chinook HSI also 
includes base and peak flow variables.  These were considered extensively in order to determine whether 
or not they appropriately reflected specific juvenile habitat needs and conditions at Post Office Lake.  
They are discussed further in the next two sections. 
 
Original and Complete Model Version.

 

  According to Raleigh and others (1986), potential habitat 
variables for the juvenile stages of Chinook salmonids include the following list.  As with coho, the list 
precludes adult, fry, and smolt life-history stages, as they would not use this habitat type.  Comparison 
with the corresponding coho (and cutthroat) variables and associated ranges is provided where applicable.  
This comparison with coho variables further informs the discussion following where final variables and 
recommended HSIs are evaluated for a combined, generic Salmonid HSI. 

1. SIV1 = Annual minimum and maximum pH;  
a. Measured during the summer to fall season 
b. SI value is lowest number between max and min 
c. (For cutthroat juveniles in lacustrine systems, use zone of best combination of DO and 

temperature) 
2. SIV2 = Maximum temperature; 

a. During warmest period when species are present 
b. Taken at areas that are problematic for high temperatures 
c. (coho temperature is the same range but more restrictive for optimal (9-12 vs. 12-18 for 

CHS); 
d. (For cutthroat juveniles in lacustrine systems, use strata nearest optimal in DO zones of 

>3 mg/l) 
3. SIV3 = Minimum D.O. during periods of occupation 

a. CHS temperature range is divided into 3 categories with separate SIs:  
i. <= 5 °C; 

ii. >5-<=10 °C 
iii. >10 °C 

b.  (coho range is more restrictive for optimal (3-8 vs. 2.5-13 for CHS depending on 
temperature) 

c. (For cutthroat juveniles in lacustrine systems, use DO readings in temperatures zones 
nearest optimal in strata where DO is >3 mg/l); 

4. SIV4 = Percent pools during low water, late growing season;  
a. (Virtually the same between salmon, though more curve-like and more restrictive optimal 

range for coho) 
5. SIV5 = Pool class rating during low water, late growing season;  

a. One of three classes, A-C, defined in the model 
6. SIV6 = Average annual base flow; 

a. During late summer to winter low-flow as percentage of annual daily flow  
7. SIV7 = Average annual peak flow; 

a. As multiple of average annual daily flow 
8. SIV8 = Predominant substrate class in riffle run areas for food production indicator;  
9. SIV9 = Average % riffle fines in riffle run areas; 
10. SIV10 = Nitrate-nitrogen levels in late summer after spawner die-off;  
11. SIV11 = Percent escape cover 

a. During late summer early fall,  
b. Average low flow period 
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c. Bottom velocities <= 40 cm/s; (vs. 15 cm/s for juvenile cutthroat) During late summer 
early fall 

d. Depths >= 15 cm 
i. (this differs from coho since it is shallower cover) 

12. SIV12 = Percent stream areas with 10-40 cm average sized boulders; 
a. Measure at the same time and areas as escape cover 

 
According to Raleigh and others (1986), two methods can be used to determine the final Chinook HSI.  
The first and recommended approach is like coho and is also based on the limiting factor theory.  
Therefore, the lowest SI score among the variables defines the overall HSI. 
 

HSIChinook = lowest SIVi of SIV1 - SIV13 
 
The second method applies a compensatory limiting factor approach.  This assumes low scores of 
dependent variables can be partially compensated by high scores for other dependent variables, with the 
exception of SIs less than or equal to 0.3 (Raleigh et al. 1986).  Examples of dependent variables include:  
percent pool and percent pool class; and gravel size, average water column velocity, and percent fines, 
which are more applicable to adult life history and spawner needs (Raleigh et al. 1986).  Because 
assumptions and associations describing the dependency of variables to each other is not well defined, 
this approach may be slightly more arbitrary and of less value than the former limiting factor approach. 
 
Recommended HSI Model Modifications and Simplification of Variables for Measurement and 
Comparison.

 

  As with coho, future conditions at Post Office Lake are less likely to reflect lower-order 
riverine conditions and will remain as mainstem, tidal backwaters.  For this reason, several of the 
Chinook SI variables are less applicable in demonstrating changes or improvements in habitat at Post 
Office Lake.  The following were omitted from this HSI calculation: variables dealing with pool class; 
pool/riffle/run distribution; substrate; and nitrogen-related water quality variables.  Also, though adults 
may use the backwater habitat as refugia during migration, variables indicating juvenile life history 
requirements were considered most applicable to habitats affected under the possible action alternatives.  
Adult and fry variables were not included. 

Furthermore, there was much debate about whether or not to include the average peak and base flow 
variables.  The lake is currently isolated from base flows and tidal influence, as it is cut off from the 
Columbia River by both the levee and the water control structure.  After river stages reach the 4.5 year 
event, the levee overtops, and the lake experiences some exposure to peak flows and tidal influx from the 
adjacent river.  However, its more frequent isolation and disconnection dampens hydrologic effects and 
precludes it from exposure to a greater range of seasonal flood flows and the full tidal prism and regime.  
Post-project conditions may result in a relative draining of the lake during summer low flows, and in 
some cases the river level may fall below the lake inlet location compared to current conditions.  It is 
expected that the range of flow and tidal conditions experienced by the lake will be expanded by the with-
project conditions compared to conditions that are essentially zero under current tidal/flood stages 
occurring below the existing levee elevation. 
 
Ideally, the HSI scores or final HUs for with-project scenarios should reflect some exposure to average 
base and peak flows, flood pulses, and tidal exchange with values much different than in the current, 
disconnected state.  Via the new with-project SI scores for water quality and possibly vegetation and 
refugia assumptions, there may be partial accounting for reintroduction of more frequent floodplain and 
tidal connectivity.  However, it is difficult through the existing SIs to adequately account for the benefits 
of reintroduction of the tidal prism and associated tidal signal.  This challenge is somewhat similar in 
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demonstrating the benefits of floodplain connectivity, which is slightly more fully reflected in the 
development of the habitat units for salmonids described later in this document. 
 
The specific interest in base and peak flow variables was to determine if they or a surrogate, analogous 
variable like tidal stage data provided a means to demonstrate and qualify the changes from and benefit of 
reintroducing the hydrologic regime, including the tidal signal and greater flood inundation frequencies.  
Unfortunately, translating base and peak flows into an equivalent and applicable tidal stage became 
insurmountably complicated, and the two were not considered comparable metrics for which the same 
base and peak SI scales could be appropriately applied (Duffy 2011).  Peak and base flow data was not 
available for and could not be estimated for Post Office Lake, and was not considered applicable relative 
to the tidal stage data, which was the dominant hydro-geomorphic process anticipated to affect habitat and 
water regimes in the lake (Duffy 2011). 
 
Therefore, peak and base flow variables were omitted from the final HSI calculation.  The positive effects 
of reintroducing more dynamic hydrologic regimes will instead be reflected indirectly via expected 
improvements in some of the other SIs, like water quality and development of more native riparian 
vegetation and escape cover. 
 
Also as noted previously, several of the variables are similar between the species, and coho often appears 
to have the more restrictive, potentially more sensitive ranges compared to Chinook.  To avoid 
redundancy, to simplify the final HEP model output, and to reflect more subtle changes as a result of 
measures, it was useful to retain the more sensitive species’ SI for similar variables and to omit the 
redundant variable.  Then as described for coho, the average of the dissimilar or more sensitive Chinook 
SIs could be used to determine the final HSI for either Chinook specifically or as a combined, generic 
salmonid HSI discussed later. 
 
In this case, only the Chinook variable for summer instream cover was applicable and more sensitive than 
the coho variable, and was retained in order to reflect measures that included the addition of habitat 
structures in the channel and lake.  The water quality parameter for pH was excluded for simplicity sake, 
as the pH condition would not be affected directly by measures, but indirectly with changes in 
temperature or DO.  However, this variable may be more important and warrant re-insertion if significant 
changes in land use practices, agriculture inputs, or site clean-up is expected to affect the parameter. 
 
With this screening process, only one distinct variable remained for Chinook that was not covered by 
coho or deemed inapplicable.  Therefore, a potential Chinook- specific model could look like the 
following. 

HSIChinook = SIV11 
 
As a result, the following variables are recommended for calculating the Chinook HSI. 
 

CHINOOK – Juvenile Life-history Stage (Raleigh et al. 1986) 
Suggested 

Measurement 
Technique 

SIV11 Percent Escape 
Cover SI 

Obtain via 
remote sensing, 
H&H model, or 
field surveys 

During late summer early fall 0 0 
Average low flow period 5 0.25 
Depths ≥ 15 cm 10 0.5 
Bottom velocities ≤ 40 cm/s 15 0.75 
 20+ 1 
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Concerns and Resolutions.

 

  As with coho, the Corps-approved HSI for Chinook is more specific to 
riverine habitats.  There is no discussion or distinction about the applicability of use in tidal wetlands or 
more lacustrine habitats.  This precludes the relevance of several of the variables that are used in 
calculation of the final HSI.  As described for coho, the development of HUs somewhat incorporate 
estuarine and hydrologic parameters that may not be fully or directly reflected in the HSI itself. 

Further, also similar to the coho model, the use of the limiting factor approach hinges the resulting HSI on 
a single variable, which gives arbitrarily stronger weighting to variables for which data exists or can be 
easily obtained.  However, such an approach may not capture the true limiting habitat factors in the 
system.  Therefore, for this analysis an arithmetic averaging approach is more appropriate using the SIs 
that can be obtained or estimated from available site data.  In the case of Chinook screening for similarity 
and sensitivity resulted in a single variable such that averaging was not necessary. 
 
Because several of the variables between coho and Chinook are similar or the same, precluding redundant 
variables and selecting only one from either species reduces the complexity of the HSI and final HEP 
models.  However, the SIs associated with the same variables differ slightly in the range and values 
assigned between the two species.  For this reason as described, the variable from the species with the 
most limited range of possible SI values was selected to reflect impacts to the more sensitive species. 
 
Finally, as mentioned earlier much consideration was given to retention or deletion of the base and peak 
flow variables since they are more relevant in lower-order, free-flowing riverine systems.  Ultimately, 
they were omitted because their ability to somewhat reflect altered and restored hydrology in the lake 
system was not translatable in a tidally dominated system (Duffy 2011).  However, post-project the lake is 
expected to be more influenced by base and peak flow conditions occurring on the Columbia, even if 
effects are somewhat muted and occur in a tidally dominated, backwater manner. 
 
The HSI models for both Pink and Chum salmonids were also consulted to determine if either contained 
variables and SIs that more specifically captured tidal influences in estuarine conditions.  Unfortunately, 
these models included variables relative to salinity changes rather than physical hydrologic parameters 
and were unable to further inform discussions about incorporation of benefits from tidal flows. 
 
Recommended Variables for Measurement and HSI Model for Combined Salmonid HSI.

 

  Ultimately, it 
was most useful to combine the SIs of both salmonid species.  Then the arithmetic average outcome of the 
combined most sensitive SIs of the two provided a final, less species-specific salmonid HSI.  Again, the 
averaging approach in this case reduced the possibility that a single variable governed the overall HSI 
value, particularly when one or more may be arbitrarily removed due to lack of data or applicability. 

HSIsalmon = (SIV1CO + SIV2CO + SIV3CO + SIV4CO + SIV9CO + SIV11CH )/6 
 
This approach averages the most sensitive SIs common between the two species, and addresses habitat 
requirements directly related to the juvenile life history stage.  Depending both on availability of data to 
fill in these variables and model sensitivity during alternatives scoring, some of these variables may be 
filtered further from the final HSIsalmon.  This filtering also depends upon further discussion and evaluation 
of effects that are expected or, conversely, no longer anticipated to occur under each alternative scenario 
as further project and measures development and finalization occurs. 
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A.5. DETERMINE STUDY BOUNDARIES AND CALCULATE HABITAT UNITS 

In order to calculate the final benefit units that allow comparison of pre- and post-project alternatives, the 
HSIs must be multiplied by an area function so that a comparable HU is obtained.  There are several 
approaches that may be taken to determine the boundaries for these areas.  In each of these habitat units, 
the HSI score itself plays a distinct role in qualifying the area unit in order to reflect the improvement or 
detriment resulting from the alternative actions and associated measures.  This is in addition to whatever 
increase or decrease in habitat acreage results from different alternatives.  The HSI describes the value of 
the increase or decrease to the species itself.  The area function simply describes the quantity of change in 
the physical parameter.  However, it can also be weighted to reflect frequency of access opportunities or 
other factors important in describing the overall effects. 
 
Therefore, HSIs from each species may be combined in a meaningful way, and then associated habitat 
units can be calculated for the combined HSI.  Alternatively, HUs could be assigned to each species HSI, 
and then HU results could be combined into a final HEP determination for overall benefits.  Either one of 
these approaches must be completed for without-project conditions, as well as for each alternative. 
 
The latter approach of assigning HUs to each HSI then combining different HUs in HEP was 
implemented for this evaluation and is described further.  Rather than first combining the HSI results for 
all of the species, the following approach develops habitat units separately, as the seasonality and areas of 
interest, habitat use, and associated effects are slightly different for each species.  However, the approach 
avoids as much as possible inadvertent area bias and seeks to retain commonality and equivalency in how 
units are derived for each species. 

A.5.1. Recommended Habita t Units  for Species  HSI 

Gadwall.  The original HSI variables are developed based on an optimum habitat area of 640 acres.  
However, for this analysis the model boundary was more appropriately determined to encompass the 
likely project area of maximum effects.  Hydrology and hydraulics analysis along with Refuge unit and 
real estate demarcations indicates that the project boundary conditions encompass about 175 acres.  This 
will be used to define the benefits analysis as well.  This was also the total acreage of the project area 
which was surveyed to determine wetland delineation boundaries and types.  The SIs can be scaled to 
reflect to 175- vs. 640-acre range by application of a simple ratio.  This boundary will then be maintained 
for calculating related SIs in both with- and with-out project conditions. 
 
Areas not expected to be impacted by the Post Office Lake project (like Dusky Lake and surrounding 
uplands outside the riparian boundary) for the most part will be excluded, as these areas could be affected 
in the future by non-Corps, USFWS management actions.  For the sake of simplicity in developing HSI 
and habitat unit calculations, these non-Corps actions will be assumed to be the same under current and 
future conditions, regardless of the Corps alternative evaluated, including the without-project conditions.  
Therefore, their effects will be considered the same with respect to each alternative, and the level of 
uncertainty introduced by this arbitrary project boundary as well as management actions outside of the 
Corps’ control will be the same between all of the compared alternatives.  This uncertainty will be equal 
between all alternatives and will not introduce any bias between alternative comparisons. 
 
Wetland measurements have been conducted via a wetland delineation and functional analysis survey 
completed during the months of late September and early October, which often corresponds with the 
season of the lowest average annual base flow on the Columbia (likely August-October).  This survey and 
timeframe then provides current (and the potential to estimate future) wetland elevations, types, and areas 
and has some correspondence with the time period recommended for the other HSIs.  This window also 
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likely captures the season of least hydrologic connectivity between wetlands and surface riverine flows or 
subsurface high groundwater levels.  This is also the season when precipitation is only beginning to 
increase, which would normally provide additional overland hydrology to wetlands, with or without 
various levels of direct connection to river functions or access. 
 
To compare change in habitat units, the difference between inundation areas, depths, and likely wetland 
elevations can be compared between all of the alternatives via the valuation given by the HSI and 
predicted future conditions.  Multiplying the constant area of 175 acres by the final score, (because the 
various SIs change based on area, number, and types of wetlands through implementation of the model 
process) essentially results in a percent change relative to the 175 acres.  The same base acreage area is 
newly qualified and represented by the with-project HSI as a percent of area.  This new area calculated 
from the HSI can also be used to reflect applicable habitat units.  This will establish the before-and-after 
gadwall HUs. 
 

HUgadwall (acres) = HSI gadwall* 175 Acres 
 
Lesser Scaup.  Habitat for the lesser scaup is governed not only by the extent of inundation that provides 
opportunity for colonization by submergent wetland vegetation and pelecypods, but also by water depths.  
Furthermore, unlike salmonids discussed next, accessibility to habitat is not necessarily precluded by 
certain hydrologic conditions, though quantity and quality of habitat may be altered. 
 
Scaup prefer water depths between 1 and 3 meters.  Depending on the modeled hydrology outcome of 
each alternative, both depth and inundation area could be altered during both the summer and winter 
water conditions.  However, the HSI for scaup already qualifies the potential habitat unit both by 
assigning a lower SI score for depths outside of these optimal ranges and for percent changes in 
vegetation and pelecypod coverage if either depth or inundation area change when measured at winter 
water conditions.  However, though the SI for pelecypod and vegetation coverage will be calculated with 
consideration for the percent of inundation area, the overall base habitat area boundaries will remain 
constant so that the percent change in coverage area is relative to a constant area of interest. 
 
For the purposes of this analysis, the project boundaries for the Ridgefield unit and the wetland 
delineation area of interest serves as the base area for calculation, which also corresponds to the area 
function used in development of the gadwall HUs.  Therefore, habitat units can be determined by 
measuring the acreages extents at certain inundation levels (depending on alternatives) along with water 
depths (both of which are used for the HSI determination) during the winter water conditions (November 
to mid-July), which is also the timeframe with the highest likely presence of scaup.  The HSI calculation 
will then be multiplied by the overall project acreage for each alternative.  The result will be habitat units 
reflecting the quality-weighted habitat acreage. 
 

HUlesser scaup (acres) = HSI lesser scaup * 175 Acres  
 
It is noteworthy that the sensitivity of the scaup SI means that selection of the 175 acres as a base number 
from which to derive the percent of emergent and pelecypod cover does have significant affect on the 
final SI scores.  The curves create a large change in scores with a small change in percent area.  For 
instance, if the cover was calculated as a percent of a larger area, the score could increase - or conversely 
decrease if the overall area of interest was smaller depending on whether the score was for pelecypods or 
vegetation.  For this evaluation, 175 acres was considered an appropriate number because it was the 
boundaries used for the wetland delineation, it generally captured the Ridgefield Unit as a whole, it 
encompassed all project measures, and it included all areas over which the Corps and USFWS have direct 
management effects. 
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Salmon.  For this analysis, the interest in calculating changing habitat units involves alterations to habitat 
quality and seasonal habitat access for salmonids, which includes both temporal and spatial elements.  
Habitat access for salmonids is affected differently by changes in hydrology relative to those experienced 
by waterfowl.  Therefore, salmonid habitat units include hydrologic extents as well as riparian uplands 
and wetland extents, while additional upland areas are precluded from the HU calculation.  References to 
inundation areas include all portions of the lake, as well as the access channel, the potential floodplain 
swale reflected in one of the measures, and any hydrologically connected wetlands.  The seasonality and 
applicability of when to measure the pertinent inundation area is discussed further. 
 
First, two hydrologic regimes are expected to be restored to the Post Office Lake system, and both of 
them affect fish passage and fish habitat quality.  The first is restoration of the tidal regime and tidal prism 
to the lake, which will occur primarily via opening of the crossing/water control structure at the north 
channel.  The second is restoration of floodplain connectivity via both the expansion of the levee breach 
as well as at the opening/reconnection of the north channel. 
 
Much consideration was given to simplifying and parsing biological and hydrological data via several 
approaches, which were or were not correlated.  The intent was to determine when or at what tidal water 
surface elevation or river stage it was most appropriate to calculate inundation extents.  Approaches 
considered included dividing both the flood and tidal hydrographs corresponding to different anticipated 
ranges and events, such as:  seasons of highest expected juvenile use/presence; seasons of water quality 
extremes; seasons of maximum and minimum floodplain inundation or flood stage intervals (e.g., 
Columbia River’s 100-, 20-, 5-, or 1-year flood stages); mean and extreme tidal stages; or average annual 
peak and lowest base flows.  Furthermore, ERTG guidance for scoring SBUs seems to suggest that either 
one of two elevations should be considered in determining areas for which to calculate SBU credits.  
These elevations were considered as context for determining HUs.  According to ERTG, project 
proponents should select the greater of the 2-year flood elevation or the extreme higher high water 
(EHHW) tidal event when determining areas for SBU score calculations (ERTG 2011). 
 
Though this HEP analysis is distinct and separate from the calculation of SBUs, draft guidance was 
consulted in an attempt to coordinate and align assessment methods with respect to determining scoring 
boundaries.  As identified in the ERTG guidance document (2011), it is likely that in the vicinity of Post 
Office Lake the 2-year flood event would entail a higher water surface elevation level and a greater 
inundation area than the EHHW tidal event.  Tidal variation at the lake (RM 95) is approximately 2-4 
feet.  Though in summer low-water months the tidal fluctuations will be more dominant, their maximum 
water surface elevations will be overshadowed by the flood events during the winter and spring high-
water conditions (Duffy 2011).  Tidal fluctuation is an important hydrological and biological signal.  
However, for this particular project it is not expected to be the dominating hydraulic event that will 
achieve the greater inundation area between the two regimes (Duffy 2011), and the greater of which is the 
basis for the SBU calculation.  For these reasons, inundation areas for the purposes of HEP will also be 
based on flood frequency elevations to demonstrate floodplain connectivity rather than tidal stages.  Tidal 
regimes will be represented with the stage duration curve described later. 
 
A method that incorporates some of these above issues was considered the best approach to calculating 
reasonable habitat units.  The following elements were important factors in development of the 
recommendation for calculating salmon habitat units and identifying the appropriate HU boundary area. 
 
Further, there are two specific ingress/egress locations through which regular or periodic potential fish 
access could be restored.  These access points control when juveniles have opportunity to use the site.  
One is at the existing tide gate/water control structure in the north channel, and the other is at the current 
levee overtopping location.  Fish passage/access and floodplain connectivity at the breach location is 
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controlled by water surface elevations on the Columbia relative to the levee elevation along with duration 
of the overtopping event.  However, even at overtopping elevations there is no channel or direct access to 
the lake for fish.  Depending on flow duration, water instead sheet flows about 150 meters before 
reaching the fringes of the lake via diffuse, overland flow.  Fish passage at the current water control 
structure is also presently assumed to be non-existent, and could be governed by seasonal depths and 
velocities with a new, alternative structure that is likely to be a bridge or bottomless arch culvert.  
Depending on hydrology and hydraulic design constraints, it is currently uncertain under what range of 
flow regimes and to what extent a new structure would allow year-round fish passage.  However, the 
project goal with this structure is to provide unimpeded, year-round access for juveniles, or as close to 
that condition as possible.  If the project achieves its intention of passage at the full tidal prism (between 
MHHW and MLLW) at the north channel, then fish passage concerns and limitations are very unlikely. 
 
Habitat access for all life-history stages of salmonids at Post Office Lake is currently limited due to the 
existing levee and non-functioning water control structure.  Without these impediments, emigrating 
juveniles could use these backwater areas as rearing and refugia habitat.  Both rearing coho and Chinook 
juveniles are present in the Columbia River and could be present within and adjacent to the project area 
on a year-round basis.  Varying peaks of use are driven by species, life-history strategy, water conditions, 
and other factors.  At this time, it is assumed there is no salmonid access or presence is Post Office Lake 
except in extreme flooding events when both structures are overtopped. 
 
Depending on the salmonid evolutionarily significant unit (ESU), the emigration peaks for both juvenile 
and adults vary between species, as well as for years (Figure A-4, Figure A-5, Figure A-6).  In general, 
emigrating juvenile coho have a peak that can occur between March and June (Fisher 2011) or 
approximately between mid-April and mid-July (Carter et al. 2009, FERC 2009, Bonneville unpublished 
data).  Chinook emigrating juveniles have a peak approximately between March and July/August (Carter 
et al. 2009, FERC 2009, Bonneville unpublished data).  As there is variation among sources and river 
locations, several tables have been provided to indicate times of peak juvenile presence. 
 
Conversely, coho adults migrating and holding peak roughly between October and February.  Adult 
Chinook peak sometime between May and July, depending on the ESU (Carter et al. 2009, FERC 2009, 
Bonneville unpublished data).  Though they are unlikely to use Post Office Lake for any length of time, 
adults could be present in the vicinity.  What is most relevant for this analysis is the timing when 
conditions in Post Office Lake would be less-than-optimal and juvenile salmonids would be more 
vulnerable to predation, entrapment, and poor water quality conditions (Fisher 2011).  These conditions 
are more likely to occur in the late summer and early fall approximately June-September (Fisher 2011), 
during summer low-water conditions.  However, project measures will attempt to reduce these risks and 
designs will avoid entrapment and attractant flows, as the lake and river levels may preclude regular lake 
access during this period. 
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Figure A-4.  Regional Fish Presence 
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Figure A-5.  Fish Passage Past Bonneville Dam 
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Figure A-6.  Early Life History of Chinook Salmon in Columbia River Estuary 

 
From NMFS 2011 Estuary Module 
 
 
In order to determine whether or not to parse the floodplain connectivity data further based on temporal 
biological use, the peaks for juvenile presence needed to be correlated with the timing of levee 
overtopping/exceedence at the current and proposed levee elevations.  If overtopping of breach elevations 
did not coincide with timing when a bulk of the fish were coming through, then consideration would need 
to be given to reflecting this missed peak via a lower frequency of access weighting for floodplain 
connectivity benefits.  However, it also merits mention that fish are expected to be present year-round, 
and access at the crossing structure is expected to occur during all months except summer, low-flow 
periods (July through September).  Therefore, this made the need for parsing data further by biological 
peaks less compelling for this analysis.  This decision also coincides with ERTG guidance that does not 
include partitioning data by fish timing (Ebberts 2011).  Finally, theoretically, a lower elevation on the 
breach would capture and encompass a larger portion of the peak emigration event.  However, this would 
already be partially captured by almost year-round unimpeded fish passage at the crossing structure.   
 
Additionally, the maximum area of inundation due to the levee breach is not expected to increase 
significantly between with and with-out project conditions after water surface elevations exceed the 4.5-
year flood event (breach is at ~21 feet NAVD88), though fish passage/access and floodplain connectivity 
will significantly increase in frequency (from zero to ~50% for a 2-year event).  The duration of the 
exceedence event is also important, as this determines the volume of water that is able to begin filling the 
lake and providing passable depths, in contrast to shorter events that simply wet the soil.  An expanded 
breach will allow a greater volume of water to pass in the same amount of time because of both a wider 
length, and a lower elevation of breach dimensions.  It was estimated that  the duration to reach full 
inundation volume during a 4.5-year flood event is somewhere between 15 days and 1 month (depending 
on breach geometry).  Passage of the tidal prism (tidal range is normally 2-4 feet) at the water control 
structure will also significantly increase the frequency of access and connection (lake access would be 
around 71% frequency at elevation 9 feet, channel access around 90% at elevation 7 feet).  This 
component is addressed in more detail later. 
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All of these factors were taken into consideration, and it was determined that salmon habitat access 
opportunity and connectivity could be reflected for both flood and tidal events in the manner described 
below.  Although there may be other approaches and considerations that were not included in this 
evaluation, the report seeks to disclose all assumptions and reasoning behind the appropriateness of the 
proposed method of benefits calculation.  It warrants reiteration that these benefits and habitat units are 
not meant to estimate specific species abundance or habitat capacity.  Habitat units proposed here are 
simply meant to provide a logical ranking methodology that is scientifically defensible, transparent in its 
assumptions, and replicable by others using this approach. 
 
Floodplain Connectivity

 

.  Seasonality of fish access to the floodplain and to the lake in conjunction with 
the potential inundation area is partially dependent on levee and water surface elevations and duration of 
the overtopping event.  Expanding the width and depth of the breach location will allow a greater 
frequency of overtopping event along with a greater volume of water entering the lake during the same 
overtopping interval.  In order to account for this accessibility/opportunity and floodplain connection, it is 
helpful to weight the area of inundation according to frequency of levee exceedence as a percentage over 
the entire year (since juveniles are present year-round, and access will also capture the range of the peak 
juvenile presence/window).  The levee elevation and associated water surface elevation under current and 
alternative conditions would then have a percentage associated with it regarding frequency of overtopping 
based on flood frequency profiles.  This could then be multiplied by the corresponding water surface area 
of accessible habitat/inundation to obtain the HU associated with floodplain connectivity and juvenile 
access/opportunity. 

HUSalmon (acres) = HSI Salmon * Flood frequency profile (based on WSEL and desired flood exceedence 
frequency) levee * accessible habitat (acres of surface area inundation at overtopping stage) 

 
Event Frequency WSEL (NAVD88) 

50% - 2-yr 18.72 
10% - 10-yr 23.11 
2% - 50-yr 26.93 

1% - 100-yr 28.48 
0.2% - 500-yr 32.55 

 
 
The base, without-project HUs would be the area of inundation of the lake at the (average) levee 
overtopping elevation. 
 
At time of analysis, the average overtopping elevation at the breach location (RM 95.1) was elevation 
21.0 feet.  However, it is important to note that the breach area extends for about 200-250 feet between 
still intact bounding levee sections.  In this area, the profile along the landward edge and the Columbia 
River varies.  The lowest overtopping point is currently 20.4 feet (but will continue to degrade).  
Disconnected local high spots are close to elevation 24 feet.  For HEP analysis purposes, the predominant, 
averaged overtopping elevation was used (21.0 feet, corresponding to roughly the 4.5-return interval 
overtopping frequency based on Northwestern Division accepted Columbia River flood profiles, shown in 
Figure A-7. 
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Figure A-7.  Columbia River Flood Profiles 
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Currently, the frequency of levee overtopping/exceedence allowing for fish passage under existing 
conditions is assumed to be zero.  Although overtopping stages would occur at approximately a 4.5-year 
recurrence interval, there is no place for fish to go (due to the lack of channelized flow immediately 
behind the levee and the plug effect of the existing tide gate/culvert structure) if they miss 
biological/environmental signals and fail to return to the main channel once flood stages begin to recede. 
 
Further, a new natural connection channel is not expected form in the immediate or even the long term 
(50 year) time horizon because natural channel forming processes are not present in this location 
(characterized by straight reach, predominant high velocities being in the main channel and not at the 
existing shoreline, presence of adjacent tidal mudflats, etc).  This is based on inspection of historic aerial 
photos, limited geomorphic assessment.  It appears the erosion will be longitudinal to the flow direction 
and that the shoreline will gradually erode (due to wave action) towards the lake until an equilibrium is 
achieved, similar to the west bank Sauvie Island.  There is significant amount of land (500 feet on 
average) between the lake and the eroding shoreline.  It is believed that the shoreline erosion will 
equilibrate before the connection between the lake and river occurred.  This is based on inspection of the 
river widths upstream and downstream (the river will not erode such that the width becomes abnormally 
wide with respect to the upstream and downstream sections.  Therefore it is unclear (and considered 
unlikely) whether such processes would create a channel or swale that would allow sustained fish passage 
into the lake under without-project conditions. 
 
With this particular HU calculation, it is also assumed that only the low flow elevations at the breach 
location are the limiting factor regarding adequate and timely fish accessibility.  Therefore, high flow 
stage elevations that exceed the current or alternative levee elevations are not expected to create a passage 
barrier and would be assumed to increase accessibility frequency and possibly the inundation area. 
 
Tidal Regime Connectivity

 

.  The tidal HU also does not incorporate any passage barrier at the with-
project alternative crossing structure/entrance.  However, if future unforeseen project constraints 
somehow preclude fish passage criteria, this may also affect juvenile access during both high and low-
flow seasons.  If this is the case, then a weighted frequency of occurrence would be required for flows 
that precluded passage at the north channel entrance.  This may further require separation of high and low 
flow regimes and criteria, depending on whether one or both conditions limit passage.  For this 
evaluation, it is assumed that there are no hydraulic controls at the entrance in the with-project condition, 
so this does not apply. 

Given that the project will seek to pass the full tidal prism at the outlet of the north channel, the likelihood 
of juvenile passage constraints developing at the north channel under with-project conditions is low.  
However, due to the existing plug caused by the malfunctioning tide gate and culvert and assumption that 
this condition will persist into the future, the base no-action condition for the current north channel fish 
entrance frequency is expected to be zero, because there is no frequency of flows during which passage 
presently occurs. 
 
Conversely, if passage was designed to maximize access to both the channel and the lake (ideally 100%), 
a high target ingress frequency (based on the flow duration frequency and diurnal tidal cycle) would be 
associated with a particular area of inundation at the target frequency’s water surface elevation (e.g., 
elevation 7 feet at channel entrance and elevation 9.0 feet at lake).  If passage is precluded due to low 
flows in the Columbia that fall below the invert of the north channel inlet, which is on average 6-7 feet, 
then this would reduce the frequency of annual passage, and the area of inundation could be set at the 
water surface elevation that had the maximum frequency of passage occurrence into the channel.  The 
effects of the tidal fluctuation would also have to be considered in conjunction with the low flow water 
elevations. 
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This is somewhat divergent from SBU calculation guidance for setting area, which directs project 
proponents to consider the 2-year flood elevation.  However, in this case the stage duration curve, which 
captures the average daily flows and incorporates the entire hydrograph including tidal fluctuations, is not 
limited to peak floods and thus, is more appropriate to describe and design conditions that will facilitate 
year-round access.  The resulting HU reflects benefits of restored year-round access and tidal regime at 
the crossing structure. 
 
HUSalmon (acres) = HSI Salmon *stage duration curve [based on desired flow (tidal and flood) 
exceedence probability for access at certain WSEL] structure passage * accessible habitat (acres of 
surface area inundation) 
 
Figure A-8.  Post Office Lake Stages 
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Figure A-9.  Post Office Lake Duration Analysis Plot 

 
 
 
The final HUSalmon is then a combination of the above connectivity/access/opportunity reflected in restored 
flood and tidal regimes. 
 
Final Salmonid HU.

 

  The appropriateness of averaging gains reflected by the two resulting habitat units 
was evaluated (habitat units achieved via access at the levee and those achieved at the crossing structure).  
Unfortunately, in an effort to avoid double counting portions of the same inundation area (where the 
footprint of the nearly year-round access area would be overlain by the greater floodplain connectivity 
inundation area) an arithmetic averaging approach would actually decrease the overall number of habitat 
units.  This is because the smaller inundation area would reduce the average and lessen the overall HUs to 
a number lower than that achieved by the individual measure with the greater resulting inundation area. 

Though an additive approach might result in double-counting of portions of the common 
inundation/access area, this is acceptable for various reasons.  First, it partially reflects the dual benefits 
gained by both measures, floodplain connectivity and restoration of the tidal regime.  As noted 
previously, the biological benefits of restored hydrology, particularly in estuarine settings is not well-
represented by the SIs in the salmonid models.  Both resulting inundation areas are also weighted by 
frequency of fish accessibility to the areas, which in an effort to reflect feeding opportunities further 
reduces the overall area (and resulting HU) by a percentage above that which is already reduced when 
qualified by the HSI score. 
 
The additive approach for this HU is also somewhat analogous to the decision made in the ERTG 
guidance document (ERTG 2011) that wetted channel improvement areas set within the footprint of a 
greater floodplain improvement could be double-counted when calculating the area function for the SBU 
scores. 
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Finally, the overall intention of this HEP benefits evaluation is to rank and compare alternatives in a 
manner that is loosely based on methods to determine carrying capacity.  These HUs are not meant to 
estimate exact numbers of species or specific acreages of certain habitat features.  This approach makes 
some distinction between the two connectivity measures (floodplain and tidal) and therefore serves the 
purpose of distinguishing between alternatives in a replicable and transparent method without becoming 
overly complicated. 
 
It was noted that for the development of habitat units, hydrologic effects from a restored tidal prism are 
difficult to quantify or characterize via this approach.  However, they are somewhat already reflected in 
the salmonid HSI which assumes improvements in quality of the useable area due to restored native 
vegetation communities and improved water quality. 
 
Finally, riparian improvements and wetland habitats are also important components of overall salmonid 
habitat as reflected in the HSI.  Riparian quality is scored and incorporated in the salmonid HSI, and 
wetlands within a certain proximity to the lake will be regularly inundated.  However, unless planted at 
water surface elevation (WSEL) where inundation is expected, the adjacent restored riparian acreages 
would not be included in the greater HU area calculation.  For these reasons, the areas of riparian habitat 
(estimated as 50 feet of buffer on each side of the north channel, swale plantings, and 100 feet in width 
along the levee) and proximal wetlands (which wetlands are automatically captured when determining the 
overtopping inundation areas) are also being included in the habitat acreages, as they will be affected both 
quantitatively and qualitatively by project measures. 
 
Therefore, the final HU for salmonids can be calculated with the following equation: 
 
HUSalmon (acres) = HSI Salmon * [(flood frequency profile (based on WSEL and desired flood 
exceedence frequency) levee * accessible habitat (acres of surface area inundation at overtopping 
stage)) + (stage duration curve (based on desired flow (tidal and flood) exceedence probability for 
access at certain WSEL) structure passage * accessible habitat (acres of surface area inundation)) + 
riparian acreage] 
 
For the frequency of overtopping, the chance in any given year is about 1 in 4.5 based on the Columbia 
flood frequency profiles (~22%).  It is important to note that these profiles are based on peak flood event 
including tides and precipitation snow-melt events.  It is proposed to set the with-project overtopping 
elevation at RM 95.1 to 18.7, coincident with 2-years return interval Corps stage frequency profile. This 
target reflects a desire to improve potential ingress opportunities at this location without creating an 
operations and maintenance issue by excavating a deeper but unsustainable channel in this area.  The final 
elevation was arrived in consultation with USFWS personnel, including Janine Castro (2011), USFWS 
geomorphologist.  Again, this is for flood frequency and is based on an average of peak flood events.  The 
inundation areas associated with these WSELs would be appropriate for the first part of the equation. 
 
In contrast, when considering how to maximize fish passage opportunity (which could occur year-round 
but is most likely in the winter and spring) and to restore the full tidal prism, the full range of the 
hydrograph needs to be incorporated and would then be based on average daily flows throughout the year.  
The most important HEP hydrologic/hydraulic regimes to consider are environmental flows.  This stage 
data includes the average flood and precipitation events in addition to the base and peak flows coming 
through the system.  These are more reflective of the daily environmental flows.  This average stage data 
also results in a dampening effect as compared to the peaks observed in the flood frequency profiles 
because it reflects the entire hydrograph, not just a subset of extreme peaks represented by flood 
frequency profiles. 
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In this portion of the evaluation, the stage duration curve versus the Corps flood frequency profile curve is 
more appropriate for designing and determining frequent environmental significant water surface 
elevations because it includes the daily tidal fluctuation as well as hydrologic events (precipitation, 
floods), throughout the year. 
 
Currently, the culvert and tide gate are non- functioning, therefore the current frequency of fish passage 
opportunity is zero.  Additionally, the controlling entrance elevation is 10.0 feet at the sill at the north end 
of lake (topographic), with an invert of approximately 7.0 feet at the culvert outlet (beach elevation). 
 
Under the with-project conditions, the blockage at the entrance will be removed and the levee breached, 
allowing permanent tidal reconnection and fish passage opportunities.  If the lake sill were not lowered, 
based on the exceedance-duration curve, fish ingress from the channel to the lake at elevation 10.0 feet 
would correspond to a frequency of approximately 50%.  With the culvert and tide gate blockage 
removed and the river inlet set at about 7 feet, the channel would have an even higher frequency of 
exceedence duration. 
 
Under the proposed conditions, the north end topographic sill between the channel and the lake will be 
lowered to elevation 9.0 feet in order to facilitate fish passage (72% based on the exceedance curve 
above), while also balancing the desire to prevent drying out of the lake during the summer months as the 
Columbia stage falls below the bottom of lake invert (7.5 feet). 

A.6. APPLICATION OF THE HABITAT EVALUATION PROCEDURE 

Also as mentioned, when determining individual species HSI values or HUs, each species can be 
weighted relative to each other in the combined HEP.  This may change the combined score and could 
change the potential ranking of the individual alternatives.  Such weighting also provides an opportunity 
to account for or highlight habitat or species effects that are expected from the project alternatives, 
particularly if specific habitat types or species are of greater or lesser concern. 
 
This weighting could be done at the level of developing the HUs such that the HSI value is weighted, or it 
could occur after the HU has been determined, and then the resulting acreage could be weighted.  
Currently, the latter option seems the simpler of the two approaches, if weighting is determined to be 
appropriate. 

A.6.1. Recommended Species  HU Weighting  for HEP 

Of the four species selected, the lesser scaup is identified in the Refuge CCP as a focal species/priority 
resource of concern (USFWS 2010).  Both salmonid species are listed under the Endangered Species Act.  
Additionally, the NMFS Recovery Plan mentioned in the calculation of SBUs focuses on salmon-centric 
habitat variables.  The gadwall represents geese and dabbling ducks, which are important trust species for 
Refuge management.  All of these factors make it more difficult to assign a higher weight to any 
particular species or its associated units.  Additionally, comparing HUs prior to weighting is a better 
reflection of the full comparative effects of project actions absent more arbitrary value assignments that 
would favor one species over another.  For these reasons, no relative weightings are recommended at this 
time. 
 
Subsequent analysis may change this determination, but would be applied after the full HUs and HEP are 
completed.  At that point consideration could be given to additional weightings, as appropriate. 
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A.6.2. Incorpora ting  Average  Annua l Benefits  

There may be some temporal aspect such that there are delays in the habitat response until a certain 
threshold is achieved (e.g., development of riparian plantings and elapsed time until canopy cover over 
the stream is achieved, or conversion from submergent to emergent wetlands over time, or progressive, 
without-project breaching).  Because the evaluation for project life-cycle costs typically spans a 50-year 
time period, the overall HSI scores must be annualized to indicate an average for all of the years’ scores.  
This can be done choosing specific time increments (0-5, 6-15, 16-25, 26-50, etc) and assuming flat 
growth in between intervals.  This must be considered for both with- and without-project conditions. 

A.6.3. Recommended Formula  for Combining  Spec ies  and  De te rmining  Fina l 
HUs  for HEP 

 
HUgadwall + HUlesser scaup + HUsalmon = iHUyears 1-50 

and 
HUalternative = ∑  𝟓𝟎

𝒊=𝟏 [ iHUgadwall + iHUlesser scaup + iHUsalmon ] * 1/50 
 
The plot of the monthly averaged water surface stages is shown in Figure A-10.  The plot summary shows 
average tidal variation for each month of the water year.  It is important to note that exceedance curve 
probability values for a given stage (e.g., 70.8% of the time the water stages in the lake will be at 
elevation 9 feet or higher) do not take into account temporal distribution.  That is they do not indicate at 
what time the stage occurs during a given month or year.  For tidally influenced areas, the temporal 
variation is important because of the diurnal cycles.  So although the 9-foot water surface corresponds 
with the 70.8% exceedence probability (for the whole year), the daily tidal range will be elevated 1 to 1.5 
feet higher in a given diurnal cycle. 
 
Figure A-10.  Post Office Lake Monthly Average Stages 

 
  WSEL = water surface elevations; MHHW = mean higher high water; MSL = mean sea level;  
  MTL = mean tide level; MLLW = mean lower low water. 
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Ideally, to pass the full tidal prism and to have some level of fish ingress/egress year-round, exceedences 
closer to 100% would be needed.  This is not feasible because the with-project inlet elevation at some 
points in the summer season will be above the WSEL of the Columbia at its lowest flows.  An inlet 
WSEL elevation of about 7 feet ensures about 90% of the average hydrograph would be able to flow into 
and out of the channel (but not the lake) on an annual basis.  Therefore, in the HEP model under with-
project conditions, the tidal frequency weighting will be 70.8% or thereabouts and the inundation area 
will be that which is associated with approximately WSEL of 9 feet.  This does not capture the access and 
opportunity for fish to utilize the channel habitat, but the approach is sufficient to demonstrate habitat 
units represented by the lake. 

A.7. PROPOSED ALTERNATIVES 

1.  No Action Alternative.  Under the No Action Alternative, no habitat restoration actions would be 
implemented at Post Office Lake.  Refuge management practices would not change substantially.  The 
dike would continue to progressively erode.  No permanent or substantive repairs would be performed 
which have been identified as part of the Refuge’s long term management/contingency strategy. 
 
2.  North channel tidal reconnection +fish passage + riparian restoration + deepen north end of lake 
(measures 1+3a+3b+4).  Remove tide gate and install short span bridge (across the north channel 
entrance) for operation and maintenance (O&M) purposes, improve north channel configuration, add 
riparian buffer, improve lake at its north end to minimize fish stranding. 
 
3.  North channel tidal reconnection +fish passage + riparian restoration + deepen north end of lake 
+ levee asphalt removal and riparian restoration (measures 1+3a+3b+4+5).  This alternative did not 
include the floodplain reconnection measure. 
 
4.  North channel tidal reconnection + fish passage + riparian restoration + floodplain reconnection 
(measures 1+2+3a+3b+4).  This alternative did not include the levee riparian habitat improvements. 
 
5.  North channel tidal reconnection + fish passage + riparian restoration + levee asphalt removal 
and riparian restoration + floodplain reconnection (measures 1+2+3a+3b+4+5).  Full suite of 
measures. 
 
6.  Floodplain reconnection at worst progressive breach, RM 95.1.  Create controlled floodplain 
reconnection at worst progressive breach location at approximately RM 95.1.  The entrance elevation of 
the breach point would be set at elevation 18.8 feet, 2-year overtopping frequency.  Existing overtopping 
is elevation 21 feet, 4.8-year overtopping frequency.  A connection swale will be graded in, from the 
breach to the lake.  Only allowable plantings will be scrub willow and dogwood (low-height vegetation 
for bird sight distance considerations. 

A.8. ASSUMPTIONS AND INPUT VALUES FOR CALCULATING HSI SCORES 

This section discusses the methods and processes for scoring each species-specific variable.  All species 
were evaluated with respect to the designated variables discussed below.  There could be other pressures 
or influences limiting production and survival, which are not captured in model as it is described here.  It 
is assumed only the variables presented here are the controlling influences on habitat suitability. 
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A.8.1. Gadwall 

The overall HSI for gadwalls is based on the limiting factor theory and equals the lowest individual 
suitability index for the species.  The suitability of habitat at Post Office Lake for gadwalls was 
determined to be the life history component (pairing, nesting or brood rearing) with the lowest potential to 
support the needs of the species. In conversations with the Refuge, it was determined that brood rearing 
was the component which currently limits production most heavily. 
 
In order to calculate the changes in habitat for gadwalls both over time and between alternatives, certain 
assumptions were made when evaluating the specific HSI variables. Independent from this assessment 
was determining the availability and suitability of adjacent pairing and nesting habitat. The original HSI 
documentation (Sousa 1985b) assumes that the suitability of an area for brood rearing gadwalls is 
predominantly a function of the availability and distribution of semi-permanent and permanent wetlands.  
For this reason, the number, type and area of wetland coverage was used to assess suitability for gadwalls. 
 
Sousa concluded that gadwalls prefer semi-permanent wetlands over permanent and seasonal wetlands, 
with the supposition that ephemeral and seasonal wetlands are not available later in the season and these 
areas consequently provide no critical habitat for young of the year.  The analysis for Post Office Lake 
also assumes that all wetlands in a given class (permanent, semi-permanent or seasonal) provide the same 
level of suitability and are of the same quality.  In other words, it was assumed that all semi-permanent 
wetlands differed only in size and distribution across the landscape. This assumption was held constant 
for permanent wetlands as well. 
 
Significant changes to the flux of water and extent of inundation within the study area would be required 
for the number, type and area of wetlands to change over time.  Under without-project conditions 
(Alternative 1), it was assumed that wetlands in the study area would not change in number, type or area 
of coverage.  Further erosion of the levee will not establish a permanent tidal reconnection with Post 
Office Lake due to the rise in topography between the wetted area of the lake and the toe of the levee.  
Therefore, it was anticipated that any hydrologic changes resulting from successive erosion of the levee 
would be negligible, having no impacts on the extent of inundation within the lake, and subsequently no 
impact to wetland areas. 
 
Both the overall lake elevation and degree of fluctuation have direct influences on the type of wetlands 
bordering the lake.  Under Alternatives 2-5, where the tidal prism is restored to Post Office Lake, a free 
exchange of tidal waters would occur for the majority of the year.  This exchange allows the lake 
elevation to fluctuate, whereas it is assumed to remain constant under without-project conditions.  
Hydrologic modeling indicates that the mean high water for the winter time period (November through 
July) will be approximately elevation 11 feet under Alternatives 2-5 because removal of the tide gate will 
cause the average lake elevation to drop.  However, it was assumed that maximum lake elevations in Post 
Office Lake would remain elevated (similar to current conditions) during the winter, rainy season and this 
maximum elevation, while not completely inundating the same footprint would continue to support 
wetland structure and function.  However, as water levels in the Columbia River drop following the 
spring freshet, elevations in the lake would similarly go down.  Given that the extent of open water in the 
lake area would recede during the summer, the varying amount of surface water available to support 
wetland habitats would create an environment favoring the establishment of semi-permanent emergent 
wetland habitats over the current conditions supporting permanent wetlands. 
 
A wetland delineation was conducted in November 2011.  Three wetlands were delineated within the 
study area:  one 18.03 acre permanent emergent wetland surrounding the perimeter of the lake and two 
semi-permanent wetlands northeast of the lake totaling 0.61 acres - each lacking direct connection to the 
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lake.  It was assumed that the permanent wetland around the perimeter of the lake would transition to 
become largely semi-permanent under Alternatives 2-5.  As water drains out of the lake when levels in 
the Columbia River drop during the low-flow period, it is assumed that seasonal vegetative communities 
will become established in the muddy substrate and growth will occur to support semi-permanent wetland 
functions.  Because wetland components do not become fully functional immediately after project 
activity, this transition was assumed to occur over a period of 15 years following implementation.  This 
time frame allows the plant and invertebrate communities to transition completely.  It was also assumed 
that wetland function would be fully established within 25 years of project implementation and there 
would be little change from years 25-50.  These time intervals are somewhat arbitrary but are sufficient to 
represent the functional temporal breaks as plant communities evolve in form and composition. 
 
Under Alternatives 2-5, it was also assumed that the number of wetlands would shift relative to the 
amount and distribution of open water habitat.  Under current conditions, the lake is approximately 66 
acres of open water (as determined by hydrologic modeling and interpolation of the OHW mark 
(elevation 12 feet).  Modeling indicates that the extent of permanent inundation in the lake area during the 
low-flow conditions would be reduced to approximately 40 acres, located primarily on the northern half 
of the study area in the deepest portion of the lake bed.  It was assumed that the difference in area (23 
acres) between current conditions and the model results would transition to semi-permanent wetlands 
over time, increasing the number of semi-permanent wetlands in the study area.  Under Alternatives 2 and 
3, where only the tidal prism is restored to Post Office Lake, it was assumed that the number of semi-
permanent wetlands would increase by one, as the lake area drains and creates a new semi-permanent 
wetland as the water recedes.  Under Alternatives 4 and 5, where the floodplain is reconnected via the 
levee breach in addition to the tidal reconnection, it was assumed in addition to the semi-permanent 
wetland created as the lake recedes, there would be a second semi-permanent wetland created at the 
confluence of the floodplain swale with the lake.  As a result, three semi-permanent wetlands would exist 
under Alternatives 2 and 3, and four would exist under Alternatives 4 and 5. 
 
As the existing permanent wetland shifts northward, the analysis for Alternatives 2-5 assumed the 
wetland would no longer extend around the perimeter of the lake but instead be bisected by the creation of 
a new semi-permanent wetland in the southern portions of the lake bed.  This bisecting would create two, 
smaller permanent wetlands on either side of the remnant open water on the north end of the lake bed.  It 
was reasoned that the extent of permanent wetlands would be reduced, and the spatial distribution would 
move northward to an area immediately adjacent to the area of permanent inundation.  Principally, the 
availability of permanent emergent wetlands would change little, but the distribution of this wetland type 
would shift northward over the initial 15 years following implementation. 
 
Under Alternative 6, where the only change results from increased frequency of flow from the Columbia 
River via the floodplain connection at high river stages, it was assumed that changes to wetland habitats 
would be minor.  Any long-term changes to wetland habitat following implementation would 
fundamentally mimic current conditions.  With Alternative 6, a floodplain swale would be created from 
the crest of the levee to the perimeter of the lake serving as a conduit to facilitate water moving from the 
Columbia River to the lake.  The degree of permanent inundation would essentially remain the same as 
under without-project and current conditions, and the overall extent of semi-permanent wetland habitat 
would increase insignificantly.  However, it was assumed that additional semi-permanent wetland habitat 
would become established at the confluence of the swale with the lake, as the frequency and duration of 
saturation would increase from current conditions.  While additional wetland habitat would be created, it 
was assumed to occupy an area less than 0.5 acre.  Over time, the number of semi-permanent wetlands 
would increase by one (totaling three), and while the area increases, the increase would be 
inconsequential with regards to the functional provision of preferred habitat for dabbling ducks.  
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Meanwhile, the number and area of permanent wetlands would not change under Alternative 6, as the 
extent of inundation would not change with the additional of the floodplain swale. 
 
The calculations used to quantify the changes to wetland habitat were dependent upon number and 
acreage of wetlands delineated in November 2011.  Only those wetlands within the study area (above 
OHW) were evaluated as providing habitat.  Alternative 1 represents without-project conditions and the 
anticipated change in wetland habitats if neither the tidal reconnection is established along the north 
channel, nor the floodplain reconnected by restructuring the progressive breach along the levee.  Under 
this alternative, there would be no change in wetland habitats resulting from tidal reconnection, as no 
changes would occur that influence lake elevation or the extent inundation.  In addition, it was also 
assumed that the breach along the levee would continue to erode over a 50-year time frame and failure of 
the levee would occur within a 5-10 year period.  However, because water flow from the Columbia River 
and the lake would not be directed or channelized, it was assumed unlikely that soils and plant 
communities would become hydric from the abbreviated overland flow occurring as infrequent as once 
every 4-5 years.  Because of this, there are no anticipated changes to wetland habitats under the without-
project conditions over the 50 year projected time line.  As a result, there were no changes in suitability of 
the habitat from current conditions. 
 
Changes to the area of wetland coverage for Alternatives 2 and 3 were evaluated with regards to 
fluctuating lake elevations and loss of open water during the low-flow period in late summer.  Currently, 
the open water covers an area of approximately 63 acres in Post Office Lake.  It was assumed that as tidal 
reconnection is reestablished via the north channel, the lake would drain in late summer under low-flow 
conditions, reducing the extent of open water.  The difference in area between full inundation during the 
winter period and low inundation during the summer period is approximately 24 acres.  It was assumed 
that 100% of the 24 acres would transition to semi-permanent wetlands.  While this may be an erroneous 
assumption, as some of this area may only become mud flats with little-to-no vegetative community, for 
the purpose of this evaluation it was assumed that invertebrate and some plant communities would follow 
the recession of water levels, providing forage material and nutrients for young-of-the-year birds as the 
summer progressed.  The transition from open water to semi-permanent wetland would not be immediate 
and it was calculated that 80% of the 24 acres would transition to wetland habitat within the initial 5 years 
following implementation and would reach 95% transition during years 6-15.  After 15 years, it was 
assumed that 100% of the 24 acres would be semi-permanent wetland habitat and no changes would occur 
from years 25-50. 
 
As described above, the extent of permanent wetland habitat will be reduced under Alternatives 2 and 3.  
The existing topography around Post Office Lake limits the extent to which wetland habitat can exist 
apart from the low-lying lakebed and wetlands are limited to the area immediately adjacent to permanent 
open water.  It was assumed that as the wetland shifts northward, the extent of coverage will be reduced 
by 20% from current conditions over the initial 5 years following project implementation and further 
reduced by 5% from years 6-15.  After 15 years, it was assumed that the transition would be complete and 
no further reductions to the extent would occur for the project life. 
 
For Alternatives 4 and 5, where the floodplain is reconnected via the levee breach in addition to the tidal 
reconnection along the north channel, changes to wetlands were calculated relative to conditions present 
under Alternative 2.  It was largely assumed that changes resulting from removal of the tide gate and 
restoration of the tidal prism would be the same under Alternatives 4 and 5 as it was calculated for 
Alternative 2.  Therefore, the changes under Alternatives 4 and 5 would be in addition to (and not in 
conflict with) those changes to semi-permanent wetlands calculated for Alternative 2.  With regards to 
permanent wetlands, it was assumed that the area of this wetland type is not influenced by the presence of 
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the floodplain swale; therefore, there are no changes to permanent wetlands under Alternatives 4 and 5 
relative to Alternatives 2 and 3. 
 
The additional changes for Alternatives 4 and 5 were calculated with the assumption that the floodplain 
swale would cover approximately 150 meters linearly from the crest of the levee to the edge of the lake, 
and 60 meters wide, totaling 5 acres.  Of these 5 acres, it was assumed that a maximum of 10% (0.5 acre) 
would become semi-permanent wetland habitat over the project life and would exist along the fridge of 
the swale at the confluence with the lake.  It was further assumed that semi-permanent wetland habitat 
would be equal to changes in wetland habitat under Alternative 2, with the additional 0.5 acre adjacent to 
the floodplain swale.  The wetland habitat along the swale would transition over time and be about 80% 
functional within 5 years after project implementation and 95% functional by year 15.  The additional 
wetland would be fully functional by 25 years and no further changes to the area of semi-permanent 
wetlands would occur throughout the project life.  The additional time frame (years 15-25) was assumed 
necessary to fully develop this wetland habitat because the frequency and duration of inundation via the 
floodplain swale would be less than that experienced by wetlands inundated annually by tidal waters. 
 
With respect to Alternative 6, where only the levee prism is reduced to facilitate the floodplain 
reconnection, wetland habitats were evaluated relative to current conditions and were similar to the 
without-project conditions (Alternative 1).  Like the assumptions made for the wetland swale regarding 
the extent of coverage and functionality over time for Alternatives 4 and 5, it was assumed that the swale 
would occupy approximately 5 acres, of which a maximum of 10% would transition to semi-permanent 
wetland habitat near the confluence with the lake.  It was calculated that semi-permanent wetlands would 
then equal current conditions with the addition of 0.5 acre functioning at 80% for the initial 5 years 
following project life and 95% within 15 years.  The wetlands would be fully functional within 25 years 
and no changes would occur for the remainder of the project life.  Like Alternatives 4 and 5 above, the 
additional time (years 15-25) was assumed necessary for the wetland to reach 100% functionality due to 
the relatively infrequent hydraulic connection.  In addition, similar to the conditions described above for 
Alternatives 4 and 5, there would be no changes to permanent wetland habitat following reconnection of 
the floodplain via restructuring of the levee prism, as these changes would only increase semi-permanent 
wetland habitat. 
 
Given the above assumptions, the following equations were applied to calculate the equivalent optimum 
number (EONWB) and area of wetlands (EOAWB) under each alternative.  These values represent the 
optimum conditions, relative to the number and area of wetland coverage, which support gadwall brood 
rearing for the study area. 
 

�(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑒𝑡𝑙𝑎𝑛𝑑 𝑝𝑒𝑟 𝑡𝑦𝑝𝑒 ∗ 𝑃𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝐼𝑛𝑑𝑒𝑥)
𝑛

𝑖=1

= EONWB  

and 

�(𝑎𝑟𝑒𝑎 𝑜𝑓 𝑤𝑒𝑡𝑙𝑎𝑛𝑑 𝑝𝑒𝑟 𝑡𝑦𝑝𝑒 ∗ 𝑃𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝐼𝑛𝑑𝑒𝑥)
𝑛

𝑖=1

= EOAWB  

 
 
For these equations, the change in the number of wetlands over time for each alternative is calculated 
relative to the preference index for each type of wetland (permanent, semi-permanent, seasonal) defined 
in the original HSI documentation (Sousa 1985).  The calculations yield the total number of all wetland 
types at Post Office Lake as the study area changes over time, per alternative. 
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The EONWB and EOAWB values were then evaluated to determine the corresponding SI values, where: 
 

EONWB ≥ 2.19 wetlands = SInumber of 1 
 

EOAWB ≥ 13.67 acres = SIarea of 1 
 
The suitability of habitat conditions is reflected by the overall suitability for brooding gadwalls (SIBrood), 
combining both the suitability for the number (SInumber) and area (SIarea) of wetlands, where: 
 

SIBrood = (SInumber * SIarea)1/2 

 
Following the calculations described above, the model results and SI values for the number and extent of 
wetlands reveal that current and without-project habitat conditions at Post Office Lake are maximized 
with respect to suitability of habitat for brood rearing ducks (see Alternative 1, Table A-1).  Likewise, all 
future with-project conditions (Alternatives 2-6) yield SI values equal to 1 for all years following project 
implementation, showing that all proposed alternatives (1-6) at Post Office Lake maximize brood rearing 
habitat, which is assumed to be the limiting component for gadwall production.  This information can be 
interpreted such that while certain components of wetland habitat may transition or degrade (the overall 
loss of wetland coverage); in general, adhering to the assumptions above, the suitability of habitat at Post 
Office Lake will not degrade for dabbling ducks under any of the proposed alternatives. 

A.8.2. Les s er Scaup 

The lesser scaup HSI model developed by Mulholland (1985) was found to be consistent with habitat 
components at Post Office Lake and no modifications were made to the model framework.  Over-
wintering variables were used to evaluate potential changes to diving duck habitat, as this is the time 
period when scaup are present on the Refuge.  These variables can be broadly defined as cover and forage 
opportunity.  Specifically, the percent coverage for pelecypods, percent coverage for emergent vegetation, 
average winter water depth and relative level of human disturbance were used to identify changes to over-
wintering habitat for scaup. 
 
Similar to the process for calculating the gadwall HSI above, certain assumptions were made when 
evaluating each of the over-wintering variables for scaup.  Foraging opportunities exist around the 
perimeter of Post Office Lake, often associated near zones of emergent vegetation.  However, the model 
framework assumes that scaup prefer open water habitats with minimal (≤ 5%) emergent vegetation along 
the lake edge.  Deep water areas provide opportunities for resting and loafing, as well as refuge from 
terrestrial predators.  And while deep water habitats are preferred for cover and refuge, foraging 
efficiency is assumed to be maximized at depths between 1-3 meters.  Mulholland states that the diet of 
over-wintering scaup is largely dependent upon the availability of pelecypods and other invertebrates.  
Due to the paucity of available research and data supporting the importance of plant material in the over-
wintering diet of lesser scaup, it is assumed that invertebrates are preferred over fish and plant material.  
Therefore, the presence of pelecypods is considered a critical variable when evaluating habitat suitability 
for lesser scaup. 
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Table A-1.  Summary of Gadwall Wetland Scores and SI Values 

Alt 1 EONWB1 SInumber EOAWB2 SIarea SIBrood 

TY 0-5 2.30 1 69.10 1 1 
TY 6-15 2.30 1 69.37 1 1 
TY 16-24 2.30 1 69.37 1 1 
TY 25-50 2.30 1 69.37 1 1 
Alt 2 
TY 0-5 3.55 1 50.94 1 1 
TY 6-15 3.55 1 51.15 1 1 
TY 16-24 3.55 1 51.46 1 1 
TY 25-50 3.55 1 51.46 1 1 
Alt 3 
TY 0-5 3.55 1 50.94 1 1 
TY 6-15 3.55 1 51.15 1 1 
TY 16-24 3.55 1 51.46 1 1 
TY 25-50 3.55 1 51.46 1 1 
Alt 4 
TY 0-5 3.8 1 51.04 1 1 
TY 6-15 3.8 1 50.44 1 1 
TY 16-24 3.8 1 50.44 1 1 
TY 25-50 3.8 1 50.44 1 1 
Alt 5 
TY 0-5 3.8 1 51.04 1 1 
TY 6-15 3.8 1 50.44 1 1 
TY 16-24 3.8 1 50.44 1 1 
TY 25-50 3.8 1 50.44 1 1 
Alt 6 
TY 0-5 2.55 1 69.20 1 1 
TY 6-15 2.55 1 69.49 1 1 
TY 16-24 2.55 1 69.50 1 1 
TY 25-50 2.55 1 69.50 1 1 

1While the number of wetlands increase between alternatives, these additional wetlands cannot increase the 
suitability of habitat currently present at the lake because it is already maximized (SI = 1). 
2While the overall coverage of wetland habitat decreases for Alternatives 2-5, the decrease is not significant 
enough to degrade the suitability habitat conditions (SI = 1). 
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Lesser scaup are migratory and only present at the Refuge during the winter months.  For this analysis, 
winter is defined as November through mid-July.  This time period captures high water conditions 
consistent with the winter months in addition to the spring freshet for the Columbia River, which typically 
lasts until late June/early July.  Of special concern for over-wintering scaup is the relative level of human 
disturbance in areas adjacent to foraging habitat.  Mulholland (1985) cites several studies documenting 
the sensitivity of lesser scaup to disturbance and the subsequent disruption of foraging behavior with 
prolonged disturbance in the vicinity of over-wintering habitat.  As disturbance increases, the birds 
modify behavior and foraging decreases (and may cease altogether).  Accordingly, it is assumed that 
increased levels of human disturbance reduce the suitability of cover and foraging habitat for scaup.  An 
area free from human disturbance is preferred to areas experiencing high levels of disturbance allowing 
the birds to forage freely. 
 
When evaluating the anticipated changes to the habitat supporting pelecypods, specific assumptions were 
made regarding the permanence of open water habitat.  While it may be erroneous to evaluate this 
variable outside the winter time period, it was believed that to reduce the risk of over-estimating 
pelecypod habitat, the minimum area of permanent open water was assumed to be the critical factor in 
supporting pelecypods.  Per instruction in the original HSI documentation, because there is limited data 
available for reference areas in the region and there was not sufficient time to determine current densities 
at Post Office Lake, it was assumed that all areas permanently inundated (throughout the year) provide 
habitat to support pelecypods and other invertebrates.  In addition, as instructed by the original HSI 
documentation, unless the substrate of the lakebed changed significantly or water quality degraded 
following implementation of any alternatives, it was assumed that pelecypod habitat would remain 
constant over the project life (50 years). 
 
Given these assumptions and recommendations, a constant value was used to estimate potential pelecypod 
coverage because primary and secondary data was unavailable for the study area.  For this analysis, the 
percent cover of pelecypods was estimated to be equal to the percent of permanent lake inundation.  
Further, it was assumed that any area within Post Office Lake that was permanently inundated, regardless 
of depth or water quality, provided sufficient habitat to support the production of pelecypods and other 
invertebrates.  Hydrologic modeling was used to estimate the minimum extent of permanent lake 
inundation throughout the year for each hydrologic regime (tidal and floodplain) and the percent cover 
was calculated relative to the larger project area (175 acres).  This value was then used as a constant value 
over time when evaluating pelecypod coverage for each alternative. 
 
With respect to the six alternatives, there are two general hydrologic conditions that are predicted for Post 
Office Lake.  Under the without-project condition (Alternative 1) and floodplain reconnection 
(Alternative 6), it is expected that the extent of inundation will remain largely equal to current conditions. 
At present, the lake does not experience seasonal drainage and the permanently wetted area of the lake is 
approximately 66 acres (of the 175 acres project area), based on hydrologic modeling of the OHW mark 
(elevation 12 feet NAVD88).  This is representative of approximately 38% of the study area supporting 
habitat for pelecypods throughout the year. 
 
The method for measuring pelecypod coverage in the original HSI model documentation suggested taking 
random grab samples or using published data; however, no published data was available and there was 
not sufficient time to collect grab samples.  This analysis originally intended to estimate coverage based 
on the area of inundation during the winter time frame (November through July) when scaup are present 
on the Refuge.  However, it can be argued that aquatic invertebrate composition and density is similarly 
dependent upon the availability of suitable habitat, including the extent of wetted areas.  It was reasoned 
that using the minimum extent of inundation would provide a more conservative estimate for pelecypod 
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coverage and avoid over-estimating and biasing the results due to fluctuating lake elevations between 
high- and low-flow seasons.  Assuming the minimum area of open water is the dominant factor in 
characterizing habitat for pelecypods, percent coverage of pelecypod habitat is then equivalent to the 
minimum percent coverage of open water habitat throughout the year. 
 
Under Alternatives 2-5, where the tidal regime is restored to Post Office Lake via the north channel, the 
average lake elevation is expected to change significantly from without-project conditions following 
removal of the tide gate.  As a result, the minimum extent of lake inundation would be moderated by the 
topographic crest from the north channel into the lake.  Currently, this crest is approximately elevation 10 
feet; under Alternatives 2-5, this area would be lowered to an elevation of approximately 9 feet.  At this 
elevation, the residual crest would effectively serve as a barrier, retaining some water in the lake year-
round and would establish the extent of minimum inundation throughout the year.  At elevation 9 feet, 
Post Office Lake is expected to maintain approximately 31 acres of permanent open water (out of the 175 
acre project area).  This corresponds to roughly 18% of the study area supporting pelecypod habitat. 
 
Water quality is expected to improve under all alternatives (discussed below with the salmonid 
assumptions) and because no changes to the lake bed substrate are expected, the proportion of the study 
area supporting pelecypod habitat is assumed to remain constant over time.  As a result, following 
instructions in the model documentation, these proportions and subsequent SI values are held constant for 
each hydrologic regime, for all years of the project life, where: 
 

Alternatives 1 and 6: 38% coverage = SI of 0.76 
 

Alternatives 2-5: 18% coverage = SI of 0.36 
 
Average winter lake depth (November through July) is an important component of foraging habitat for 
diving ducks.  As depth increases, diving time and the energetic costs associated with subsurface foraging 
also increase.  Specific to current and without-project conditions at Post Office Lake, it is assumed that 
the average winter lake depth (analogous to lake elevation) would remain constant over the next 50 years, 
regardless of the progressive breaches along the levee.  Any increase in lake elevation (depth) related to 
overtopping of the levee would occur infrequently (once every 4-5 years), the duration of which is not 
expected to significantly alter the average elevation.  Also, it is assumed that the physical response to lake 
elevation (and analogous depth) is immediate following project implementation.  Furthermore, it is 
assumed that the lakebed elevation will not change, regardless of the hydrologic regime, and as a result 
any change resulting from project implementation will remain constant over time. 
 
Under current and without-project conditions (Alternative 1), the average lake elevation during winter 
conditions is equal to 12 feet based on the OHW determination from the wetland delineation in November 
2011.  The bottom elevation of the lake is 7.5 feet resulting in an average winter depth of approximately 
1.4 meters.  Similarly under Alternative 6, where the levee prism is restructured to facilitate increased 
flow onto the floodplain from the Columbia River, the increased duration and frequency of overtopping 
events is similarly not expected to change the average winter lake depth.  As a result, similar to the 
assumptions for Alternative 1, the average lake elevations are expected to equal 12 feet and lakebed 
elevation is assumed to remain constant for all years of the project life, resulting in an average depth of 
approximately 1.4 meters. 
 
For Alternatives 2-5, where the tidal prism is restored to Post Office Lake, it is anticipated that the 
average winter lake elevation will be lower than current, existing conditions.  Upon removal of the tide 
gate, lake elevations will fluctuate in response to tidal inundation whereas existing elevations remain 
constant because the lake is isolated from the tidal pulse.  Tidal variation therefore reduces the overall 
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average water surface elevation because of these daily fluctuations.  Based on the average monthly mean 
sea level (MSL) data, hydrologic modeling indicates that the average winter lake elevation for 
Alternatives 2-5 will be 10.6 feet mean tide level (MTL).  Assuming the existing lakebed elevation of 7.5 
feet remains constant, the average winter depth will be approximately 1.0 meters. 
 
The original HSI model documentation assumes that the suitability of diving habitat, with respect to 
foraging depth, is optimized between 1 and 3 meters.  Adhering to the assumptions above, the average 
winter depth of Post Office Lake will remain optimally suitable for lesser scaup, because: 
 

Alternatives 1 and 6: 1.37 meters = SI of 1 
 

Alternatives 2-5: 0.95 meters = SI of 0.96 
 
The original HSI documentation assumes that lesser scaup prefer over-wintering habitat with little to no 
emergent vegetation and assumes suitability increases as the percent of an area supporting emergent 
vegetation decreases.  Ideally, areas with less than 5% emergent vegetation are optimal for lesser scaup.  
Visual interpretation of aerial photographs was not sufficient to provide a reliable, repeatable method for 
estimating changes to emergent vegetation and percent cover.  For this analysis, emergent vegetation was 
assumed to be equivalent to all wetted areas within the lake equal to or shallower than 1 foot.  Initially, 
discussions regarding methods to quantify emergent vegetation relative to depth centered on limiting 
vegetation to 1 meter or shallower.  As noted above, Post Office Lake is on average just over 1 meter in 
depth, regardless of hydrologic regime (tidal or floodplain).  It was believed that to avoid over-estimating 
vegetative cover, the depth band should be limited to all wetted areas 1 foot or shallower around the 
perimeter of the lake. 
 
Estimates for emergent vegetation coverage were calculated by determining what portion of the lake was 
1 foot or shallower.  For current and without-project conditions (Alternative 1) and Alternative 6 where 
the hydrologic regime for the lake is floodplain reconnection via high flows over the levee, the average 
lake elevation is 12 feet corresponding to roughly 66 acres of inundation.  The area corresponding to 11 
feet (61.94 acres) was subtracted from 66 acres to provide the total acreage that was 1 foot or shallower. 
The resulting area was 4.17 acres around the perimeter of the lake, and represents approximately 2.4% of 
the Post Office Lake project area (175 acres).  To account for changes over time, it was assumed that 
vegetation would response quickly to changes in inundation.  All changes to the extent and coverage of 
emergent vegetation are anticipated to occur within the initial 5 years of project implementation and 
would hold constant for the remaining time intervals. 
 
For Alternatives 2-5, the average winter lake elevation is predicted to be 10.6 feet equaling approximately 
59.78 acres.  Consistent with the above assumptions for changed in area based on depth, the area 
corresponding to 1 foot or shallower is equal to the difference between 10.6 feet and 9.6 feet–59.78 acres 
minus 46.87 acres.  The result is a total of 12.92 acres of habitat 1 foot or shallower around the perimeter 
of the lake, representing approximately 7.4% of the 175-acre study area1

  

.  Similar to the change over time 
for Alternatives 1 and 6 above, it was assumed that changes to coverage would occur within the first 5 
years of project implementation and remain constant for the remaining time intervals. 

                                                      
1 It should be noted that due to the shallow nature of the lake bed, the area from elevation 9 feet to 8 feet covers a larger area than 
the area from 12 feet to 11 feet.  Because there is very little topographical relief on the lake bed, the change in elevation from 9 
feet to 8 feet is more extensive with shallower side-slopes than the band from 12 feet to 11 feet. 
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Alternatives 1 and 6: 2.38% emergent cover= SI of 1 

 
Alternatives 2-5: 7.38% emergent cover = SI of 0.52 

 
As noted above, lesser scaup are particularly vulnerable to human disturbance.  It is assumed in the 
original model documentation that human activity has detrimental effects on foraging behavior, and the 
suitability of foraging habitat and opportunity decrease with increased instances of disturbance.  To 
account for relative disturbance levels when evaluating this metric for over-wintering habitat, the level of 
disturbance in the study area was qualified on an ordinal scale, adopted from Howard and Kantrud (1983).  
Disturbance was ranked on a scale of 1 to 4, where no to minimal disturbance is scored as a 1, moderate is 
2, heavy is 3 and limiting (with regards to foraging) is scored as a 4.  When disturbance is minimal, there 
is no disruption of feeding behavior, whereas moderate disturbance results in birds temporarily leaving an 
area, but returning when disturbance ceases.  Heavy disturbance activity causes the birds to leave and 
prevents their immediate return until either later in the day, or the next day.  Disturbance activity that is 
limiting prohibits use of an area and the birds abandon foraging attempts for an extended duration. 
 
It was further noted in the original model documentation that scaup tend to avoid areas intensively used 
for hunting (Mulholland 1985).  While hunting is allowed in designated portions of the Refuge, no 
hunting is permitted in the Ridgeport Dairy Unit.  However, private property immediately south of the 
study area allows waterfowl hunting during the winter months, when scaup are present on the Refuge.  
The southern portion of Post Office Lake extends onto this property.  These activities and associated 
intensities are not expected to change and are assumed to remain constant over time, as shown in the 
estimates for without-project conditions (Alternative 1) in Table A-2. 
 
Because no data are available documenting the number of pedestrians, bikers, bird-watchers and/or 
hunters in the study area, Refuge staff was consulted to estimate current and without-project disturbance 
conditions for Post Office Lake (phone conversation with Alex Chmielewski, 17 January 2012).  Aside 
from hunting activities immediately south of the study area, it was assumed that human activity is 
restricted to the paved portions of the levee west of Post Office Lake.  There is a parking area accessible 
to the public in the southwest portion of the Refuge, and people frequently access the paved portions of 
the levee, via the parking area, to walk, bike, hike or bird-watch.  Due to the progressive breaches and 
erosion along the levee, walking northward along the levee requires that people walk down the 
embankment, onto Refuge property and in view of Post Office Lake, before rejoining the levee surface 
north of the breached area.  
 
Given the frequency of pedestrian use along the levee and hunting activities south of the property 
boundary, current and future without-project (Alternative 1) disturbance estimates are ranked as moderate 
at 2 (birds leave the area when disturbed, but return within the day).  The asphalt along the levee is 
eroding into the Columbia River at the breach locations; however, the asphalt north and south of these 
areas is largely intact for the length of the study area.  Because the levee (and asphalt) is anticipated to 
remain largely undamaged under current conditions, even as the breach locations continue to erode, it is 
assumed that pedestrians would still have access to the portion of the levee north and south of the 
breaches.  As a result, the relative level of disturbance is assumed to remain constant over time, for future 
without-project conditions. 
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Table A-2.  Summary of Lesser Scaup Wetland Scores and SI Values 

Alt 1 Pelecypod SIpelecypod 
Emergent 
Vegetation SIvegetation Average 

Depth SIdepth Human 
Disturbance SIdisturbance SIscaup 

TY 0-5 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 
TY 6-15 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 
TY 16-24 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 
TY 25-50 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 

Alt 2 

TY 0-5 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 6-15 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 16-24 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 25-50 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 

Alt 3 

TY 0-5 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 6-15 18% 0.36 7.4% 0.52 0.95 0.96 Minimal (1) 1.00 0.58 
TY 16-24 18% 0.36 7.4% 0.52 0.95 0.96 Minimal (1) 1.00 0.58 
TY 25-50 18% 0.36 7.4% 0.52 0.95 0.96 Minimal (1) 1.00 0.58 

Alt 4 

TY 0-5 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 6-15 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 16-24 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 25-50 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 

Alt 5 

TY 0-5 18% 0.36 7.4% 0.52 0.95 0.96 Moderate (2) 0.70 0.54 
TY 6-15 18% 0.36 7.4% 0.52 0.95 0.96 Minimal (1) 1.00 0.58 
TY 16-24 18% 0.36 7.4% 0.52 0.95 0.96 Minimal (1) 1.00 0.58 
TY 25-50 18% 0.36 7.4% 0.52 0.95 0.96 Minimal (1) 1.00 0.58 

Alt 6 

TY 0-5 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 
TY 6-15 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 
TY 16-24 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 
TY 25-50 38% 0.76 2.4% 1 1.4 1 Moderate (2) 0.70 0.83 

 
 
Scarifying or removing the remnant asphalt along the levee would serve to facilitate growth and 
establishment of vegetation along the levee, augmenting the riparian buffer immediately adjacent to the 
Columbia River.  Currently, some vegetation (cottonwood and Salix saplings) has broken through the 
asphalt where there are cracks or potholes.  This vegetation, however, is not of sufficient size or density to 
be functional as part of the riparian buffer and it is not anticipated that this vegetation would become 
functional over time as growth is limited by the asphalt.  Further scarifying and breaking up the asphalt 
would significantly enhance restoration opportunities and expansion of the riparian buffer along the top of 
the levee.  Giving vegetation the opportunity to grow and mature along the top of the levee will provide 
additional ecological function, including nesting structure and canopy shade, as well as increasing 
allochthonous inputs into the Columbia River to support migrating juveniles.  As it relates to disturbance 
for Post Office Lake, it is assumed that project actions enhancing riparian vegetation along the levee 
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would, over time, prohibit pedestrian use of the levee as the shrubs and trees grow and mature, blocking 
foot access along the levee. 
 
Under Alternatives 2, 4 and 6, there are no proposed changes to the composition of vegetation along the 
levee.  It is assumed that people will continue to have access to the parking area southwest of the study 
area, and from this location, pedestrians will continue to use the levee for recreational purposes.  For this 
reason, the disturbance activity was estimated to remain moderate (2) and assumed to remain constant 
over time.  As mentioned above for the future without-project conditions, it is assumed that any 
vegetation currently growing through the cracks in the asphalt would not contribute to the functionality of 
the riparian buffer along the levee.  A project feature in Alternative 6 involves creating a shallow channel 
from the crest of the levee to the lake area.  This channel, however, is not expected to have running water 
or remain wet for long durations, or even annually.  Because of this, it is expected that pedestrians will 
still have access to the levee footpath, crossing the channel when it is dry.  When the channel is wet it is 
assumed to be impassible, but the frequency and duration of this occurring is not expected to alter the 
general level of disturbance activities over the entire winter period (November to mid-July).  Therefore, 
Alternative 6 retains the moderate (2) level of disturbance, and like Alternatives 2 and 4, this is assumed 
to remain constant over time. 
 
Alternatives 3 and 5 include an added feature of scarifying the asphalt and replanting the length of the 
study area with native plants to restore native species composition and increase the width of the riparian 
buffer.  This will both contribute to the ecological function of the vegetation adjacent to the Columbia 
River and it is also assumed to reduce pedestrian access, thereby decreasing disturbance to birds resting 
and foraging on Post Office Lake.  The planting design would mimic nature communities with clusters or 
groups, and avoid straight-line features.  This non-linear planting scheme is expected to reduce foot traffic 
as the trees and shrubs mature and become difficult to navigate through and around.  It is not proposed to 
remove the asphalt because the equipment needed for this process would necessitate removal of many 
mature trees bordering the levee.  As this would degrade current and existing habitat features, it was 
determined that scarifying the levee would be sufficient to encourage the growth and establishment of 
newly planted native trees and shrubs. 
 
It is anticipated that disturbance estimates for Alternatives 3 and 5 would decrease over time, improving 
over-wintering habitat conditions by reducing foot traffic as the vegetation matures.  Similar to vegetation 
establishment for gadwalls above, it is assumed that trees and shrubs would not be functional immediately 
following project implementation.  It was further assumed that increasing the density of trees and shrubs, 
and assuming rapid growth for the initial 5 years following planting would be adequate to preclude foot 
traffic along the levee, dissuading pedestrian use of the area.  As pedestrian use of the area decreases, it 
was estimated that disturbance would decrease from moderate (2) to minimal (1) after 5 years. Following 
establishment of the riparian buffer, disturbance estimates are not expected to change in years 6-50.  The 
trees and shrubs will continue to grow and mature over time, providing successional growth and variable 
age structure in the vegetation corridor.  While there will be some remnant disturbance from hunting 
activities (which are not expected to change as a result of project implementation), it is anticipated these 
activities will provide temporary and minor disturbance. 
 
Calculating the overall suitability of habitat for lesser scaup in Post Office Lake is a function of the four 
variables and associated assumptions discussed above.  As instructed by the original HSI model, 
pelecypods are assumed to be the most critical factor in determining habitat suitability; the SI value for 
pelecypods is weighted more heavily than the others, which are all assumed to contribute equally to 
overall habitat suitability (see equation below). 
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𝑆𝐼𝑠𝑐𝑎𝑢𝑝 = ([𝑆𝐼𝑝𝑒𝑙𝑒𝑐𝑦𝑝𝑜𝑑𝑠
2] 𝑆𝐼𝑣𝑒𝑔𝑒𝑎𝑡𝑖𝑜𝑛 ∗ 𝑆𝐼𝑑𝑒𝑝𝑡ℎ ∗ 𝑆𝐼𝑑𝑖𝑠𝑡𝑢𝑟𝑏𝑎𝑛𝑐𝑒)

1
5 

 
Following the discussion and assumptions for each of the scaup variables above, the model results and 
subsequent SI values reveal that current and without-project habitat conditions, and the floodplain 
reconnection at Post Office Lake are more suitable than any of the proposed alternatives (see Alternatives 
1 and 6, Table A-2).  While future with-project conditions involving removal of the tide gate (Alternative 
2-5) have lower SIscaup values, it should not be interpreted that the habitat becomes unsuitable, but rather it 
is slightly less suitable than current conditions (Alternative 1).  Because Alternatives 2-5 restore a tidal 
hydrologic regime to the lake, the average lake elevation (depth) drops, impacting both pelecypod habitat 
and coverage of emergent vegetation.  As a result, for this evaluation general habitat conditions 
supporting pelecypod and emergent vegetation coverage are assumed to decrease with the anticipated 
drop in lake elevation, reducing overall SIscaup values.  The results of the model evaluation can be loosely 
interpreted such that while certain components of over-wintering habitat may degrade slightly from 
current conditions, no alternative represent ideal conditions for lesser scaup.  The general suitability of 
habitat at Post Office Lake under each of the proposed alternatives will be reasonable for diving ducks.  
As previously noted, this calculation takes a conservative approach in estimating benefits to scaup since it 
uses the minimum summer inundation extents for pelecypod coverage and also assumes mean tidal levels 
that do not completely capture the greatest extent of inundation occurring regularly during the higher tide 
cycles.  However, the method described is justifiable based on Refuge concerns and limitations in data 
availability. 

A.8.3. Salmon 

As discussed in earlier sections, select variables from the original HSI model documentation for the 
juvenile coho and Chinook salmon (McMahon 1983 and Raleigh et al. 1986, respectively) were combined 
to create a general framework for assessing juvenile salmonid rearing habitat in this analysis.  Post Office 
Lake does not provide habitat for adult migration or spawning activity; for this reason, the variables used 
to identify suitability of habitat for adults were not relevant in assessing benefits from project 
implementation.  Likewise, embryo, fry, and smolts were not included in the analysis of benefits, as these 
life stages are not found at Post Office Lake or in the immediate vicinity.  Since juveniles can be found in 
the Columbia River year-round, the habitat was evaluated relevant to juvenile life history characteristics.  
Also, because the lake will provide access to rearing habitat when the lake is hydraulically connected to 
the river, the variables were assessed throughout the year and not restricted to specific seasons or high-
flow or low-flow times. 
 
McMahon (1983) states the suitability of rearing habitat and juvenile growth, survival, abundance, 
distribution and overall production is dependent upon the availability of food and cover.  Similar to over-
wintering lesser scaup, the suitability of rearing habitat can be largely attributed to water quality and the 
composition and distribution of vegetative cover, both of which support food production and provide 
cover and refugia. The variables used to evaluate habitat components include maximum temperature 
thresholds and minimum dissolved oxygen to assess water quality and the percent of summer and winter 
cover/refugia, the composition of plant types (trees, shrubs, grass, forbes, etc) and the percent of over-
hanging vegetation. 
 
Juvenile growth rates and rearing densities are a function of water quality, the availability of food and 
cover.  McMahon (1983) cites several studies documenting that activity and behavioral characteristics 
(escape from predators, response to stimulus, etc) become muted when water temperatures drop below 9° 
to 10°C.  Furthermore, the incipient lethal temperature threshold is approximately 22°C; growth and 
swimming ability become compromised when temperatures exceed 20°C.  Given these thresholds, it was 
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reasoned that the optimal temperature gradient is between 8° and 13°C, between which juvenile growth 
and survival is maximized.  For this analysis, because the temperature of the lake does not drop below the 
lower threshold limit, the maximum temperature was used to estimate water quality conditions. 
 
Trend data was not available to characterize water quality at Post Office Lake, and measurements 
sampled in September 2011 represent a snap-shot in time after a relatively cool summer with higher flow 
events during the spring freshet (Table A-3).  A conservative approach was taken in predicting changes 
associated with water quality at Post Office Lake.  Temperatures between Campbell Lake (north of the 
project site) and Post Office Lake appear within a similar range, though comparison is limited due to 
spatial and temporal differences in samples (as described in more detail in the USGS (2010) Campbell 
Lake Water Quality Report).  The reference data from Campbell Lake shows that the 7-day maximum 
temperature average was 23.3° and 17.9°C, average at 20.6°C for the 2 years.  Maximum temperatures for 
the lake are higher than the adjacent cool waters of the Columbia River due to the shallow topographic 
depression which creates the lake bed.  The shallow nature of the lake experiences significant warming 
during the summer months, similar to other regional floodplain lakes, often creating limiting water quality 
conditions for cool water fish. 
 
Table A-3.  Water Quality Data for Post Office Lake, September 2011 

Depth 
(feet) 

Temperature 
(°C) 

Dissolved 
Oxygen (mg/L) 

1.7 18.9 9.13 
1.7 19.5 9.20 
1.7 20.2 9.45 
1.7 20.6 8.93 
1.7 20.5 8.88 
1.8 20.1 7.17 
1.8 20.6 9.32 
1.8 20.9 9.21 
2.0 20.9 9.30 
2.0 20.4 6.98 
2.3 17.8 10.02 
2.3 21.0 11.37 
2.6 18.9 9.29 
2.9 17.4 4.80 
3.3 15.9 3.77 
3.6 16.6 1.31 
3.8 15.7 4.79 
4.1 17.2 6.09 
4.1 15.9 4.41 
5.5 16.6 1.19 

 
 
Based on the discrete data collected at Post Office Lake and reference data from Campbell Lake, the 
temperature for the lake used in this analysis was 19.33°C (based on original average in Corps’draft water 
quality report) for current and without-project conditions (see final Corps Water Quality Report in 
Appendix E).  Temperature profiles in the lake indicate distinct stratification within the first meter of 
depth, with slightly cooler water at greater depths, in some cases as much as 9°C cooler.  Under current 
and without-project conditions (Alternative 1), it was reasoned that temperatures will decrease slightly 
over time, as overtopping events occurring once every 4-5 years bring cooler Columbia River waters into 
the lake system.  Any slight increase in overtopping will boost water exchange on a very limited basis.  
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Therefore, it was assumed that temperatures would be reduced to 18°C by the end of project life (50 
years), resulting in a drop of 1.33°C. 
 
For Alternatives 2 and 3, where the principle feature is removal of the tide gate, Post Office Lake will 
immediately experience more hydrologic exchange with cooler waters in the Columbia River2

 

.  
Reconnecting the lake to the tidal prism will decrease temperatures in the lake throughout the year when 
the lake and river are connected hydraulically.  Additional improvements in and along the north channel, 
as well as enhancing the riparian buffer along the north channel will have further cooling effects.  
Increased depths in the channel and improved riparian canopy to provide shade and cover will develop 
over time and contribute to improved habitat conditions.  Lowering the elevated crest between the north 
channel and the lake should increase egress opportunity and reduce the likelihood of fish presence in the 
lake and subsequent exposure to shallower depths and high temperatures in the summer months. It was 
reasoned that temperatures, currently at 19.33°C, would decrease by almost 2° to a maximum temperature 
of 17.5°C at the end of the 50 year horizon.  The only change between Alternative 2 and Alternative 3 is 
scarification of the asphalt along the levee and replanting with native vegetation for Alternative 3. It was 
assumed these impacts would have little influence on maximum temperature in the north channel and lake 
due to spatial separation of the levee, therefore Alternatives 2 and 3 have similar estimates for change in 
temperature over time. 

In addition to removal of the tide gate, Alternatives 4 and 5 include restructuring the levee breach such 
that overtopping events reconnecting the Columbia River to the floodplain occur more frequently (2-year 
event as opposed to the 4.5-year event under current conditions).  Similar to conditions under Alternatives 
2 and 3, the lake will immediately experience tidal flushing, resulting in cooler temperatures relative to 
current conditions.  The improved conditions along the north channel and riparian canopy will help 
moderate temperature extremes in the north channel, and water exchange with cooler waters from the 
Columbia River will also reduce temperatures slightly.  Lowering the levee prism will increase floodplain 
connectivity as overtopping events occur more frequently, which will improve hydrologic exchange and 
flushing to a greater extent.  It was reasoned that maximum temperatures would decrease to 17°C over the 
50-year horizon, a decrease in 2.33°C from current conditions.  Similar to Alternative 3, the only change 
from Alternative 4 to Alternative 5 is the additional scarification of the asphalt along the levee and 
enhancing native composition of the riparian buffer.  Under Alternative 5, it was assumed that 
temperature conditions will mimic those of Alternative 4 because any functional change resulting from 
asphalt scarification will have little influence on temperatures in the lake. 
 
Under Alternative 6, the tide gate is not removed and the only project feature is restructuring the levee 
breach to increase overtopping events and floodplain connectivity.  While the increased frequency of 
overtopping events result in additional water exchange from the Columbia River, this would occur only 
during high-flow events which generally occur in the winter months when waters in the lake are cool.  
Additional floodplain reconnection during the winter will have little influence on the maximum 
temperatures experienced by the lake during the summer months, when water conditions become limiting 
for juvenile salmonids.  For this reason, it was assumed that temperature conditions under this alternative 
would mimic those of the current and without-project conditions (Alternative 1).  The temperature was 
assumed to reduce by 1.33°C over the 50-year project life, to a maximum of 18°C.  It should be noted that 
while post-project water quality conditions are expected to improve with several of the alternatives, this is 
not to imply they will reach optimal levels for salmonid use during the summer months.  These SI scores 
simply compare predictions. 
                                                      
2 The immediacy by which the lake will experience tidal reconnection has direct influences on maximum temperatures.  For this 
reason, the maximum temperature in the initial 5 years following project implementation is assumed to be 19°C, whereas current 
conditions maintain 19.33°C for the initial 5 years.  As the levee breach continues to erode, additional overtopping events will 
have slightly influences on water quality causing a gradual decrease in maximum temperatures. 
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Alternatives 1 and 6: temperatures 19.33° C to 18.0° C = SI of 0.25 to 0.35 

 
Alternatives 2 and 3: temperatures 19.33° C to 17.5° C = SI of 0.25 to 0.39 

 
Alternatives 4 and 5: temperatures 19.33° C to 17.0° C = SI of 0.25 to 0.43 

 
In addition to temperature influences, the minimum concentration of dissolved oxygen (DO) is a direct 
contributor to water quality conditions in Post Office Lake.  McMahon (1983) stated that growth and 
energy efficiency is optimal for rearing juveniles when DO is saturated (above 5mg/l) and that areas 
where DO is less than 4.5 mg/l are largely avoided.  The reference date from Campbell Slough indicated 
the average minimum DO levels ranged from 7.3 and 7.95 mg/L, averaging 7.63 mg/L for the two years 
at Campbell Slough.  Using the reference data from Campbell Slough, and the snapshot of data captured 
at Post Office Lake in September 2011 (see Table A-3), the average DO used for this analysis was 7.9 
mg/L.  Dissolved oxygen profiles show distinct stratification and were lower at greater depths and higher 
in the photosynthetic zone near the water surface.  For current and without-project conditions (Alternative 
1), DO concentrations were assumed to improve slightly over time as the levee continues to erode causing 
overtopping events with greater frequency.  The increased water exchange, while limited, was assumed 
sufficient to slightly increase minimum DO concentrations to 8 mg/L over the 50-year project horizon. 
 
As Post Office Lake experiences immediate hydrologic exchange with the Columbia River following 
implementation of Alternatives 2-5, the DO concentrations in the lake are expected to increase from tidal 
reconnection and increased circulation and flushing within the lake.  As water levels in the lake fluctuate 
seasonally, submergent vegetation currently found in dense concentrations toward the north end of the 
lake could potentially covert to more emergent vegetation.  The conversion of wetland habitats and the 
emergent vegetation community describe under the gadwall and lesser scaup frameworks above, in 
parallel with fluctuating water levels, is expected to increase photosynthetic opportunity during daylight 
hours.  This increase in DO concentration would help offset lower DO levels found at greater depths.  
However, this is partly balanced by a reduction in DO as plant biomass begins to die-off.  For these 
reasons, the minimum DO concentrations for Post Office Lake are assumed to slightly improve over the 
50-year project life to 8 mg/L (or greater).  In addition, the added feature of restructuring the levee breach 
to increase the frequency of floodplain connection during high-flow events under Alternative 5 will 
further increase DO concentrations in the lake during the winter, high-flow season.  However, this action 
will have negligible effects on DO concentrations during the summer, low-flow season when water 
quality becomes limiting for rearing juveniles. 
 
While increasing the floodplain connectivity under Alternative 6 will improve hydrologic exchange 
within Post Office Lake, the overall exchange of lake waters will remain limited because the non-
functioning tide-gate would remain in place.  By restricting the tidal influence and reducing the potential 
for flushing, it was reasoned that DO concentrations would not change from current and without-project 
conditions.  The slight increase in minimum DO concentrations would occur only during the winter, high-
flow events when water quality is not a limiting factor for juvenile growth and development.  It was 
reasoned that minimum DO concentrations would remain constant at 8 mg/L following project 
implementation, as no additional flushing action would occur to further increase DO in the lake. 
 

Alternatives 1 and 6: minimum DO 7.9 mg/L to 8.0 mg/L = SI of 0.99 to 1.0 
 

Alternatives 2-5: minimum DO 7.9 mg/L to 8.0 mg/L = SI of 0.99 to 1.0 
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The percent of canopy coverage over the stream or lake area is an additional function of the vegetation 
communities, which support water quality functions and survival of rearing juveniles.  Both McMahon 
(1983) and Raleigh and others (1986) conclude that there is a positive correlation between biomass 
(salmonid densities) and the quantity of stream canopy cover.  And while dense coverage in optimal, 
McMahon (1983) showed that juveniles avoid areas with greater than 90% canopy closure.  Raleigh and 
others (1986) estimated that greater than 20% canopy cover is optimal for juvenile Chinook.  Following 
instructions in the original HSI documentation, it was assumed that canopy closure between 50% and 
70% is ideal for rearing habitat, and as the canopy approaches 100% closure, juvenile biomass will 
decrease (McMahon 1983). 
 
Due to specific constraints related to line-of-sight needs for Refuge managed waterfowl, a dense riparian 
zone around the perimeter of the lake is not preferred.  There is currently very little vegetation around the 
lake that could be classified as providing “canopy” and the only portion of the Post Office Lake study 
area with existing canopy coverage is that around the north channel, connecting the lake to the Columbia 
River.  For the purpose of this analysis, it was assumed that all proposed alternatives would seek to 
maintain the current line-of-sight needs for waterfowl, and restrict growth of woody vegetation around the 
immediate perimeter of the lake to prevent canopy obstructions.  All estimates for the percent of canopy 
over the stream/lake surface were restricted to the north channel area. It is noteworthy that this provides a 
conservative estimate of riparian benefits because it does not include canopy improvements from 
revegetation efforts along the levee and the swale.  However, the approach more accurately describes 
benefits in the interior project area where most of the measures and effects will be concentrated.  Swale 
success will be limited, and there is some existing sparse canopy along the levee now that is insufficient 
but difficult to demonstrate changes to over time. 
 
The north channel area was calculated to cover 1.58 acres of which only one third of its length (on both 
sides, with a width of 50 feet) was estimated to provide canopy closure (0.76 acres).  Visual observations 
from site visits to Post Office Lake in 2011 and 2012, estimated that the north channel had roughly 40% 
canopy closure, which is 19% of the 1.58-acre north channel area.  There are no proposals under the 
current and without-project conditions (Alternative 1) to enhance or remove any vegetation along the 
north channel.  Successive erosion of the levee will have no impact on the amount of canopy coverage 
along the north channel, and it would be difficult to predict or quantify the effects on the levee vegetation.  
Similarly, though riparian planting features under Alternative 6 would provide functional canopy 
coverage for the study area, it would be difficult to tease out the improvements in structure, species, and 
age class diversity using the canopy variable.  Any shrubs planted along the floodplain swale would 
provide winter cover for rearing juveniles and would not likely develop a late successional canopy over 
the swale sufficient to provide shade to influence temperature.  It was therefore reasoned that no changes 
from current conditions would occur over the project life (50 years) for Alternative 6, and 19% was held 
constant for Alternatives 1 and 6. 
 
On the other hand, Alternatives 2-5 all incorporate riparian plantings and enhancements to the riparian 
zone along the north channel (Alternative 2-5) and the levee (Alternatives 3 and 5).  It was reasoned that 
enhancing the riparian buffer along the levee would provide a more complete and successive vegetation 
structure bordering the Columbia River.  This buffer would provide lasting benefits to juveniles migrating 
down the Columbia River by adding a source for large woody debris and provide canopy to shade 
portions of the river and support prey resources for rearing juveniles.  While it is reasoned that enhancing 
vegetation along the levee would be beneficial to migrating juveniles, this factor was not quantified in 
assessing the overall suitability of habitat within Post Office Lake, as project features along the levee are 
spatially and temporally removed from direct impacts to the lake area.  Therefore, only those plantings 
along the north channel were considered relevant to habitat suitability for the study area. 
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Under Alternatives 2-5, the full length of the north channel would be replanted with native shrubs and 
trees, bringing the total area of coverage to 1.58 acres.  Similar to current conditions, it was assumed that 
only 40% of the total area could achieve canopy closure due to width of the channel and the general open 
nature of the native vegetation communities within the study area.  Current conditions account for a 
vegetated buffer covering 0.76 acre along the north channel, which has 40% canopy closure.  The 
remaining 0.82 acres that would be planted was assumed to also reach 40% closure by the end of the 
project life (50 years).  Because not all the plants would be functional immediately following 
implementation, it was reasoned that of the 0.82 acres, only 40% would be functionally developed within 
the initial 5 years of project activity, and would increase by 20% over each succeeding target period (6-
15, 16-25, 26-50 years). By the end of 50 years, the vegetation would be fully functional, providing 40% 
canopy closure over the entire length of the north channel. 
 

Alternatives 1 and 6: 19% canopy cover = SI of 0.43 
 

Alternatives 2-5: 28 to 40% canopy cover = SI of 0.56 to 0.85 
 
Rearing juvenile salmonids require an abundance of food and cover to sustain adequate growth, escape 
predation and avoid downstream displacement during high-flow events.  In addition to the water quality 
parameters discussed above, vegetation parameters are indicative of habitat suitability, and help to define 
both the quality and quantity of rearing habitat.  Streamside vegetation and canopy cover moderates 
extreme seasonal temperatures, as well as providing bank stabilization and cover opportunity.  For this 
analysis, the vegetation parameters used to assess the suitability of habitat included the composition of 
vegetation type (deciduous and conifer trees, shrubs, grasses, and forbs), the percent of canopy cover over 
the stream/shoreline, and because rearing habitat is used year-round, the percentage of both summer and 
winter escape cover (large wood, undercut banks, etc). 
 
It was assumed in the original coho HSI documentation that deciduous trees and shrubs provide optimal 
insect habitat (to support terrestrial prey) and leaf litter (to support aquatic prey).  While grass, forbs and 
conifers provide adequate suitability, they are less optimal as they provide less input into the stream 
network.  In order to estimate current and future vegetation conditions, multiple sources were referenced 
for this analysis.  An official wetland delineation field survey was conducted in September and October of 
2011, which was combined with 2010 LiDAR land cover data processed by the Lower Columbia Estuary 
Partnership (LCREP), along with hydraulic and hydrologic model data developed to predict inundation 
areas, depths, and durations for each of the proposed alternatives.  As with the water quality parameters, 
this data was roughly compared to vegetation information available at the Campbell Slough reference site. 
 
The critical production of insects and other invertebrates is a function of direct and indirect input from the 
riparian zone, in addition to substrate composition and stream morphology (pool:riffle ratios).  The 
composition for Post Office Lake is largely an unconsolidated, muddy lakebed and the north channel is a 
relatively short slough and has no pool or riffle characteristics.  Therefore, neither substrate composition 
nor pool or riffle habitat was used to evaluate suitability of rearing habitat, with respect to the production 
of prey for salmonids.  Prey production was then a function of direct inputs, including those terrestrial 
insects which fall into the stream or lake, and indirect inputs of leaf litter from deciduous trees and shrubs 
which provide food and microhabitat for aquatic insects.  These inputs vary with the type and amount of 
vegetation in the riparian zone.  As directed in the original HSI documentation, the following equation 
was used to calculate the vegetation composition within the study area during the summer3

                                                      
3 It was assumed in the original HSI model that deciduous trees and shrubs provide twice the allochthonous input than grasses, 
forbs, and conifers. 

.  The resulting 
index value then determined the associated SI value for each proposed alternative (McMahon 1983).  
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Suitability of habitat relative to vegetation composition increases as the coverage of deciduous vegetation 
increases. 
 
𝑉𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 = 2 (% 𝑑𝑒𝑐𝑖𝑑𝑢𝑜𝑢𝑠 𝑡𝑟𝑒𝑒𝑠 𝑎𝑛𝑑 𝑠ℎ𝑟𝑢𝑏𝑠) + (% 𝑔𝑟𝑎𝑠𝑠 𝑎𝑛𝑑 𝑓𝑜𝑟𝑏𝑠) + (% 𝑐𝑜𝑛𝑖𝑓𝑒𝑟) 
 
Aerial photographs of current conditions at Post Office Lake reveal the landscape is largely dominated by 
herbaceous grasses and forbs, with a band of deciduous riparian cover concentrated along the levee and 
north channel.  Land cover data was collected from LCREP and classified in a GIS environment.  The 
percent cover of several distinct cover classifications was then calculated to determine percent cover of 
deciduous, shrub-scrub, herbaceous, agriculture, mud, sand, urban (impervious) and water.  Of the 
deciduous and herbaceous categories, these included both upland and wetland areas, both tidal, non-tidal 
and diked.  For the purpose of this analysis, all deciduous forest (upland and wetland) and shrub-scrub 
(wetland) habitat was combined into one category: deciduous trees and shrubs.  Likewise, all herbaceous 
(upland and wetland) habitat was combined with agriculture into one category: grass and forbs4

 

.  No 
conifers are currently present within the study area, and for the purposes of this evaluation it is anticipated 
that no conifers will establish naturally within the study area for the duration of the project horizon (50 
years), and none will be introduced as part of the planting plan. 

Using the LCREP data, current and without-project conditions (Alternative 1) at Post Office Lake have a 
base condition of approximately 8.3% deciduous trees and shrub, and 52% grass and forb cover, and zero 
coniferous coverage within the 175 acre project area.  These estimates are consistent with the findings 
from the wetland delineation.  The overall vegetation index for current and without-project conditions 
(Alternative 1) equaled a value of approximately 69.  It was assumed that no changes to the composition 
of riparian coverage would occur in the foreseeable future, as not restorative work is planned under 
without-project conditions, and no additional deciduous trees or shrubs would grow to provide increased 
inputs to the lake system. 
 
Under Alternatives 2-5, as the vegetative communities shift in response to changing wetland types, it was 
reasoned that emergent vegetation would increase.  Likewise, riparian vegetation and coverage along the 
levee and north channel would be enhanced through planting native species.  This will increase the 
allochthonous inputs into the north channel, supporting prey production and salmonid growth.  It was 
calculated that riparian coverage along the levee and north channel would equal approximately 14 acres, 
and this increase would double the coverage of deciduous canopy from current conditions (8.3%) to 
approximately 17.2%.  In addition, it was assumed that herbaceous, emergent vegetation would increase 
by almost 30 acres, resulting in a 9.8% increase in grass and forb cover around the perimeter of the lake 
(from 52% under current conditions to almost 62% following project implementation).  As a result of 
these changes in vegetation communities, and because deciduous coverage doubles, the overall calculated 
index for this vegetation parameter is 96.  It was assumed that changes to shrub and tree cover would be 
functionally evident within the initial 5 years of project implementation, provided adequate suppression of 
invasive species (reed canary grass) and assuming rapid growth of native shrubs.  As such, after 5 years 
there are no expected changes to the estimated percent coverage over the remaining life of the project. 
 
Similar to current and without-project conditions, Alternative 6 will not include any riparian plantings 
along the levee or along the north channel, resulting in no predicted changed in vegetation communities in 
the study area.  While additional shrubs and forbs would be planted adjacent to the floodplain swale from 
the crest of the levee to the lakeshore, this addition to the riparian zone would not provide substantial late-

                                                      
4 The original HSI documentation does not discriminate between the composition of native cover in relation to non-
native/invasive cover.  Habitat types were broadly defined using the LCREP land cover data and while upland areas were distinct 
from wetland areas, this level of detail was not captured in the evaluation describing vegetation composition in the study area. 
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successional vegetation cover to support prey production during the winter when trees and shrubs are not 
leafed out.  The coverage of deciduous shrubs and trees would increase if this parameter was evaluated 
throughout the year.  However, because the time frame relevant for vegetation and prey production is 
during the summer, these additional riparian plants are not likely to provide functional habitat during the 
winter when they will be dormant.  Successional processes will also be limited in the swale such that it 
warranted a conservative approach to estimating future benefits from the swale community.  As a result, it 
was assumed that the vegetation composition for Alternative 6 would mimic the conditions for 
Alternative 1, resulting in an index value of approximately 69.  And similar to Alternatives 2-5, it was 
assumed that there will be no changes to the vegetation communities over time for Alternative 6, resulting 
in a constant variable over the project time horizon (50 years). 
 

Alternatives 1 and 6: Vegetation Index = 68.86, SI = 0.31 
 

Alternatives 2-5: Vegetation Index = 96.20, SI = 0.48 
 
Instream structures, vegetation and large wood all provide suitable cover opportunities, which benefit 
juvenile survival and rearing as a means of escaping predators and seeking cool water refugia as water 
conditions become limiting.  Differences exist between summer and winter cover, as the quality of cover 
habitat relates to changing vegetation stages and varying hydrologic patterns.  These changes are 
proportional to amount of seasonal instream cover. Juvenile salmonids are found in higher densities in 
areas with abundant vegetative cover, near undercut banks and near instream structures like large wood, 
rocks and boulders, debris jams and overstream canopy (McMahon 1983).  McMahon further classifies 
that juvenile production may be limited by the amount of suitable winter habitat.  Deep, quiet, backwater 
habitat provide optimal winter conditions when velocities tend to be higher and there is a greater 
probability of being displaced downstream during high-flow events. 
 
An evaluation of percent summer and winter cover was based on depth profiles and estimates of 
vegetation providing sufficient escape cover, assuming that depth and velocity conditions were suitable to 
the parameters listed in the original HSI models for both coho and Chinook.  Resolution of aerial 
photographs was not of sufficient resolution to identify LWD or other areas of instream structure around 
the lake.  Further, it is unknown what proportion of the lake perimeter contains undercut banks or debris 
jams that are not visible but provide adequate cover and/or protection.  While possible evidence of beaver 
activity was noted during the water quality sampling in September 2011, it is not possible to state with 
certainty that beaver activity or other similar features provide instream cover opportunities for rearing 
juveniles during the winter or summer months.  Project measures may also include additions of large 
wood and cover features to the channel and lake systems.  However, there is insufficient design detail to 
allow inclusion of these features in the overall benefits estimation at this time. 
 
Summer cover opportunities were estimated for the study area from July through November, representing 
low-flow conditions.  Similar to the method for calculating emergent vegetation for lesser scaup, the 
existing lake elevation was used to determine what area corresponded to 1 foot in depth.  Based on 
hydrologic modeling, the normal summer elevation at Post Office Lake is 12 feet, which covers 66.11 
acres.  If emergent vegetation is restricted to 1 foot in depth (elevation 11 feet covering 61.94 acres), and 
it is assumed that vegetation grows in constant densities within that depth band, the area of emergent 
vegetation is 4.2 acres.  This accounts for almost 2.4% of the study area with the potential to provide 
escape cover for rearing juveniles during the summer months.  Under current and without-project 
conditions (Alternative 1), the lake will remain at its current summer elevations and it was assumed no 
additional pieces of large wood would enter the system via levee overtopping events at any time 
throughout the year.  If any large wood does wash over the levee, it was assumed that it would settle out 
on the floodplain before washing down and resting at some location within the lake.  As a result, to 
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account for summer conditions, it was reasoned that instream cover opportunities were limited to the 
existing percent of emergent vegetation found around the perimeter of the lake. 
 
The minimum elevation used to evaluated summer escape cover under Alternatives 2-5 was 9 feet, which 
accounts for over 32 acres.  Hydrologic data models calculated the acreage from 9 to 8 feet (5.7 acres) 
and the subsequent difference in area of providing summer cover was 26.62 acres.  This accounts for just 
over 15% of the study area.  Because it was impossible to estimate the rate and permanence of any pieces 
of large wood washing into the study area from levee overtopping events, it was assumed that no 
additional material would move into the system and provide additional cover opportunity.  While this 
may be an erroneous assumption, to be conservative in the evaluation of cover, it was reasoned that this 
was appropriate for this level of analysis.  It was further assumed that any changes to the vegetative 
community following project implementation would be complete within the initial 5 years of project 
activity and that no changes would occur for the remainder of project life (50 years). 
 

Alternatives 1 and 6: 2.38% summer escape cover = SI of 0.12 
 

Alternatives 2-5: 15.2% summer escape cover = SI of 0.76 
 
The potential cover provided during the winter time period was evaluated from November through July, 
when flows in the Columbia River and overall velocities are higher. Similar to summer conditions, a 1 
foot vegetation band was used as a surrogate for cover opportunity, as large wood and instream structures 
were not visually evident from previous site visits.  The OHW mark (elevation 12 feet) was used as the 
base condition for average winter lake elevations for Alternatives 1 and 6, covering approximately 66 
acres.  Similar to the estimates for emergent vegetation for lesser scaup and summer escape cover for 
juvenile salmonids, the difficulty with estimating areas containing large wood, undercut banks or other 
structure forms of cover reduced the evaluation for winter escape cover to that area around the lake 
providing vegetative cover. 
 
Under current and future without-project conditions (Alternative 1), the OHW mark was considered the 
average extent of elevation.  It was assumed that the band of vegetation from elevation 12 to 11 feet 
around the perimeter of the lake providing a depth of 1 foot was sufficient to provide escape cover.  This 
band accounted for approximately 4.2 acres (2.4%) of the study area.  It was also reasoned that this 
condition would remain constant over time, as the average area of inundation is not expected to change 
with continued erosion of the levee breach.  In addition, this condition was assumed to apply equally to 
Alternative 6 as the area of inundation will not change from current conditions, even with more frequent 
inundation (2-year versus 4.5-year over-topping frequency). 
 
For Alternatives 2-5, following removal of the tide gate, the monthly winter condition is expected to 
increase slightly over the OHW given seasonally high flows on the Columbia River and the tidal pulse.  
Hydrologic data provides the monthly maximum tidal elevation (MTL) as 13 feet.  This should not be 
confused with the mean tidal level that was used as a minimum for depths when calculating scaup 
benefits (which were a limiting factor).  Here, the maximum tidal elevations provide a more reasonable 
reflection of benefits that will be achieved, particularly since values are more reflective of flow conditions 
where refugia habitat would be most beneficial.  Using the same reasoning for emergent vegetation 
providing cover as opposed to areas supporting in-stream structure, the band of vegetation around the 
perimeter of Post Office Lake at 1 foot of depth covers approximately 5.06 acres.  This is roughly 5% of 
the study area providing escape cover for rearing juveniles during the winter (November through July). 
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Alternatives 1 and 6: 2.38% winter cover = SI of 0.24 
 

Alternatives 2-5: 5.07% winter cover = SI of 0.28 
 
Calculating the overall suitability of habitat for salmonids in Post Office Lake is a function of averaging 
the six variables and associated assumptions discussed above.  To reduce the possibility that any one 
variable could govern the overall SI value, the variables were averaged (see equation below); all variables 
were assumed to contribute equally to overall habitat suitability. 
 

𝑆𝐼𝑠𝑎𝑙𝑚𝑜𝑛 =  
𝑆𝐼𝑡𝑒𝑚𝑝 + 𝑆𝐼𝐷𝑂 + 𝑆𝐼𝑐𝑎𝑛𝑜𝑝𝑦 + 𝑆𝐼% 𝑠𝑢𝑚𝑚𝑒𝑟 + 𝑆𝐼% 𝑤𝑖𝑛𝑡𝑒𝑟 + 𝑆𝐼𝑣𝑒𝑔 𝑖𝑛𝑑𝑒𝑥

6
 

 
Unique to the salmonid suitability index, and what was not necessary for either of the waterfowl species, 
is assessing the habitat relative to frequency and duration of access under the two hydrologic flow 
regimes.  Table A-4 shows the suitability of habitat for salmonids (SIsalmon ) if access is assumed to occur 
throughout the year, with no seasonal fish barriers.  What is not captured in the SIsalmon calculation is the 
frequency, extent or duration of inundation.  Subsequently, the frequency with which fish (would) have 
access to the lake and rearing habitat is not reflected in the scores. 
 
While current and without-project conditions show that habitat is relatively suitable, Post Office Lake is 
not currently accessible to migrating juveniles, so suitability should be effectively zero.  The values show 
that if accessibility were equal among alternatives, Alternatives 4 and 5 would provide the most beneficial 
habitat for rearing juveniles.  The increased inundation and flushing action following floodplain 
reconnection and the benefits provided by the riparian plantings along the north channel would slightly 
improve water quality (primarily temperature) conditions, resulting in habitat that is marginally more 
suitable than all other alternatives. 
 
To account for changes to habitat suitability as it relates to access into the lake, the extent and frequency 
of inundation for the two different hydrologic regimes was weighted by frequency of access.  Fish access 
into the lake will be restricted to those times when the lake is hydraulically connected to the Columbia 
River (access and opportunity for waterfowl is not restricted to these specific conditions; therefore, 
habitat units for gadwall and lesser scaup were not weighted relative to extent and frequency of access).  
Under the proposed alternatives, access would occur at two locations:  overflow at the levee breach and 
the tidally connected north channel. 
 
Assuming no fish barriers, the current exceedence interval for overtopping events at the levee breach 
occurs once every 4.5 years (22% exceedence).  It was assumed that once the levee overtops, fish 
ingress/egress would be unrestricted into and out of the lake while the river remains elevated.  While this 
was likely an erroneous assumption, any attempt to correct for the error with regards to egress (juveniles 
moving upslope across the floodplain to the levee crest, to exit the system) was difficult to calculate.  As a 
result, frequency estimates may bias accessibility during overtopping events, but given the duration of 
time at which the river is high enough to overtop the levee, it was reasoned that the bias was minor and 
therefore tolerable.  The corresponding exceedence-duration probability for the overtopping water surface 
elevation (21.0 feet) is approximately 1%.  This also means that while there is an approximately 22% 
chance of an exceedence event occurring, when it does happen the duration of the event relative to the 
rest of the year during which time salmonids could ingress/egress is even smaller.  However, this short 
time period has important ecological implications. 
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Table A-4.  Summary of Salmonid Habitat Variables and SI Scores 

Alt 1 
Temp SITemp DO SIDO Canopy 

(%) SICanopy 
Summer 

Cover 
(%) 

SISummer 
Winter 
Cover 
(%) 

SIWinter 
Veg 

Index SIIndex SISalmon 

TY 0-5 19.33 0.25 7.9 0.98 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.39 
TY 6-15 19.1 0.27 7.9 0.98 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.39 
TY 16-24 18.7 0.30 8.0 1 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.40 
TY 25-50 18.0 0.35 8.0 1 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.41 
Alt 2 
TY 0-5 19.1 0.27 7.9 0.98 28 0.56 15.21 0.76 5.07 0.28 96.20 0.48 0.55 
TY 6-15 18.7 0.30 8.0 1 32 0.66 15.21 0.76 5.07 0.28 96.20 0.48 0.58 
TY 16-24 18.0 0.35 8.0 1 36 0.75 15.21 0.76 5.07 0.28 96.20 0.48 0.60 
TY 25-50 17.5 0.39 8.0 1 40 0.85 15.21 0.76 5.07 0.28 96.20 0.48 0.63 
Alt 3 
TY 0-5 19.1 0.27 7.9 0.98 28 0.56 15.21 0.76 5.07 0.28 96.20 0.48 0.55 
TY 6-15 18.7 0.30 8.0 1 32 0.66 15.21 0.76 5.07 0.28 96.20 0.48 0.58 
TY 16-24 18.0 0.35 8.0 1 36 0.75 15.21 0.76 5.07 0.28 96.20 0.48 0.60 
TY 25-50 17.5 0.39 8.0 1 40 0.85 15.21 0.76 5.07 0.28 96.20 0.48 0.63 
Alt 4 
TY 0-5 19.1 0.27 7.9 0.98 28 0.56 15.21 0.76 5.07 0.28 96.20 0.48 0.55 
TY 6-15 18.7 0.30 8.0 1 32 0.66 15.21 0.76 5.07 0.28 96.20 0.48 0.58 
TY 16-24 17.7 0.37 8.0 1 36 0.75 15.21 0.76 5.07 0.28 96.20 0.48 0.61 
TY 25-50 17.0 0.43 8.0 1 40 0.85 15.21 0.76 5.07 0.28 96.20 0.48 0.63 
Alt 5 
TY 0-5 19.1 0.27 7.9 0.98 28 0.56 15.21 0.76 5.07 0.28 96.20 0.48 0.55 
TY 6-15 18.7 0.30 8.0 1 32 0.66 15.21 0.76 5.07 0.28 96.20 0.48 0.58 
TY 16-24 17.7 0.37 8.0 1 36 0.75 15.21 0.76 5.07 0.28 96.20 0.48 0.61 
TY 25-50 17.0 0.43 8.0 1 40 0.85 15.21 0.76 5.07 0.28 96.20 0.48 0.63 
Alt 6 
TY 0-5 19.33 0.25 7.9 0.98 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.39 
TY 6-15 19.1 0.27 8.0 1 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.39 
TY 16-24 18.7 0.30 8.0 1 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.40 
TY 25-50 18.0 0.35 8.0 1 19 0.43 2.38 0.12 2.38 0.24 68.66 0.31 0.41 

  TY= target year 
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Alternatives 4-6 feature reconnecting the Columbia River to the Post Office Lake floodplain by means of 
lowering the levee prism to elevation 18.72 feet to facilitate more frequent overtopping events at 2-year 
event (50% exceedence).  The access frequency via the levee breach for Alternatives 1-3 was estimated to 
occur for short durations during overtopping events, the probability of which is 3.23% annually.  
Likewise, while the lake would experience more frequent overtopping events (2-year event as opposed to 
the 4.5-year event), the duration of time when the lake would be directly connected to the Columbia River 
during high water would also occur for short time periods.  Table A-5 shows the duration of inundation 
for access into Post Office Lake via levee overtopping during Columbia River high-flow events. 
 
Table A-5.  Frequency of Access (% of year) via Floodplain/Levee Breach 

 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
TY 0-5 0.00 0.01 0.01 0.03 0.03 0.03 

TY 6-15 0.00 0.01 0.01 0.03 0.03 0.03 
TY 16-24 0.00 0.01 0.01 0.03 0.03 0.03 
TY 25-50 0.00 0.01 0.01 0.03 0.03 0.03 

  TY= target year 
 
 
Current fish access via the north channel of Post Office Lake is precluded by the non-functioning tide 
gate, resulting in no access at any time of the year.  Under Alternatives 2-5, the tide gate would be 
removed, granting access to the lake when the Columbia River is high enough to allow tidal waters to ebb 
and flow freely into the lake.  Because the invert of the north channel is slightly higher than the low-flow 
conditions experienced seasonally by the Columbia River, it was reasoned that juvenile salmonids would 
have access into the lake during all but the lowest river stages.  As a result, it was estimated that fish 
would have free access into the lake when tidal elevations flow over the inlet crest between the north 
channel and Post Office Lake.  Using the exceedence-duration probability for elevation 9 feet (what the 
inlet crest will be lowered to), this will occur 70.8% of the year.  Removal of the tide gate and subsequent 
access into the lake via the north channel does not apply to Alternatives 1 and 6, and frequency for these 
two alternatives was therefore considered zero.  It is also notable that if frequency of access to the north 
channel (~7 feet) was included, the percentage of time fish had access to this slough habitat would be 
even higher.  However, for the sake of simplicity these two frequencies were not parsed, and only 
frequency of access to the lake was used in determining habitat units. 
 
Table A-6.  Frequency of Access (% of year) via North Channel After Removal of Tide Gate 

 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
TY 0-5 0.00 0.71 0.71 0.71 0.71 0.00 

TY 6-15 0.00 0.71 0.71 0.71 0.71 0.00 

TY 16-24 0.00 0.71 0.71 0.71 0.71 0.00 
TY 25-50 0.00 0.71 0.71 0.71 0.71 0.00 

  TY= target year 
 
 
Similar to the frequency of inundation, the extent of inundation also impacts the availability of habitat as 
it changes under the two hydrologic regimes.  When the tide gate is removed (Alternatives 2-5), the tidal 
prism will be fully restored to Post Office Lake.  Because fish are present in the Columbia River year-
round and have the opportunity to access the lake, the extent of inundation following removal of the tide 
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gate was evaluated relative to the entire year.  The average monthly mean tidal level from January 
through December is elevation 9.8 feet (MTL), which inundates 51.74 acres of the study area.  Because 
the tide gate will not be removed under Alternatives 1 and 6, these values were considered zero, and 
51.74 was used as the extent of inundation under Alternatives 2-5 (Table A-7). 
 
Table A-7.  Extent of Inundation (acres) via North Channel After Removal of Tide Gate 

 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
TY 0-5 0.00 51.71 51.71 51.71 51.71 0.00 
TY 6-15 0.00 51.71 51.71 51.71 51.71 0.00 
TY 16-24 0.00 51.71 51.71 51.71 51.71 0.00 
TY 25-50 0.00 51.71 51.71 51.71 51.71 0.00 

  TY= target year 
 
 
The target flood stage used to assess the extent of inundation and exchange of nutrients during over-
topping events from the Columbia River was the 2-year event.  This equates to a river elevation of 18.72 
feet, which inundates 133.02 acres of the study area (Table A-8).  Currently, the levee overtops during the 
4.5-year event, which is elevation 21.0 feet inundating 151.99 acres.  However, because fish do not 
currently have access into the lake, it was reasoned that the extent of inundation for current and without-
project conditions (Alternative 1) was a null parameter in calculating the overall suitability of rearing 
habitat. 
 
Table A-8.  Extent of Inundation (acres) via Levee Overtopping Events 

 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
TY 0-5 151.99 151.99 151.99 133.02 133.02 133.02 

TY 6-15 151.99 151.99 151.99 133.02 133.02 133.02 
TY 16-24 151.99 151.99 151.99 133.02 133.02 133.02 
TY 25-50 151.99 151.99 151.99 133.02 133.02 133.02 

  TY= target year 
 
 
In addition to the frequency and extent of inundation for the lake area, the extent of riparian canopy is a 
direct contributor to the quality and quantity of rearing habitat for migrating salmonids.  As the quantity 
of riparian vegetation changes under the different hydrologic regimes, the suitability of habitat also 
changes.  Therefore, the coverage of riparian vegetation was included in the assessment of overall habitat 
suitability for Post Office Lake.  As discussed earlier, the vegetated buffer along the levee provides 
beneficial habitat for juveniles migrating along the shoreline of the Columbia River.  While the riparian 
buffer along the levee area was not included when calculating the extent of cover for salmonids above, it 
was determined relevant for purposes of describing the riparian cover throughout the site, as it provides 
beneficial nutrients and detrital inputs important for juvenile salmon growth and survival. 
 
Current conditions were estimated for the riparian vegetation along the north channel and levee.  The 
north channel was assumed to cover approximately 5 acres with only 70% of this area providing riparian 
coverage (3.64 acres).  The impervious portions of the levee was assumed to cover approximately 2.46 
acres and the riparian area bordering both sides of the levee were then evaluated to cover 4.92 acres.  The 
estimate for current and future, without-project conditions assumed the extent of riparian coverage 
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equaled those portions of the north channel and the riparian buffer along the levee, totaling 8.56 acres 
(Table A-9).  Similar to current conditions, Alternative 6 adds a floodplain swale from the crest of the 
levee to the perimeter of the lake.  The portion of the study area that will be converted to a floodplain 
swale is estimated to cover 2.89 acres.  It was assumed that the extent of vegetation would then be 
equivalent to the current conditions (8.56 acres) in addition to the area covered at the floodplain swale 
(2.89 acres), resulting in a total of 11.45 acres.  However, because vegetation is not anticipated to be 
functional immediately following project implementation, it was assumed that 80% of the riparian 
vegetation would be functional in the initial 5 years (10.87 acres), and 95% in years 6-15 (11.31 acres) 
and 100% (11.45 acres) after 16 years. 
 
Table A-9.  Extent of Riparian Cover (acres) Along North Channel and Levee 

 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 

TY 0-5 8.56 8.10 10.06 10.41 12.38 10.87 
TY 6-15 8.56 9.61 11.95 12.36 14.70 11.31 
TY 16-24 8.56 10.12 12.58 13.01 15.47 11.45 
TY 25-50 8.56 10.12 12.58 13.01 15.47 11.45 

  TY= target year 
 
 
Alternative 2 includes replanting portions of the north channel area following removal of the tide gate, to 
extend the coverage along the entire length of the north channel area and replace vegetation in all 
disturbance areas.  Therefore, it was assumed the extent of riparian cover for this area would total the 
combination of the north channel area and existing conditions along the levee (5.2 + 4.92), resulting in a 
total of 10.12 acres.  Similar to the anticipated changes over time described above for Alternative 6, it was 
assumed that vegetation would be approximately 80% functional (8.10 acres) in years 0-5, 95% (9.61 
acres) in years 6-15, and 100% of the vegetation would reach maturity in years 16-24 with no additional 
changes for the remainder of project life (years 25-50). 
 
Similarly, it is anticipated that Alternative 3 will replant portions of the north channel, but also expand the 
plantings to the levee where the impervious sections of the road will be scarified to facilitate expansion of 
the riparian buffer along the Columbia River.  If the riparian buffer along the levee (4.92) is added to the 
impervious sections (2.46), the total riparian section along the levee will be 7.38.  Adding these acres to 
the 5.2 acres from the north channel results in a total area of riparian cover of approximately 12.6 acres.  
Similar to Alternative 2, it was assumed the vegetation would mature over time, reaching 80% functional 
maturity in years 0-5 (10.06 acres), 95% in years 6-15 (11.95 acres), and 100% in years 16-24 (12.58 
acres).  It was assumed the extent of riparian cover for Alternative 4 would be equal the replanted area 
along the north channel (5.2 acres), the riparian buffer along the levee (4.92) and the swale area (2.89).  
The total, potential area of riparian cover is 13.01 acres. Similar to the change over time used for 
Alternatives 2 and 3, it was assumed that this area would reach maturity and be 80% functional in the 
initial 5 years following project implementation (10.41 acres), 95% in years 6-15 (12.36 acres) and 100% 
after 16 years. 
 
Alternative 5 features replanting portions of the north channel (5.2 acres), scarification and replanting 
along the levee (7.38), in addition to vegetating the floodplain swale (2.89 acres).  The total area that will 
provide riparian cover will be approximately 15.5 acres following project implementation. Similar to the 
calculations described above, this area was assumed to be 80% (12.38 acres) functional after 5 years, 95% 
(14.70 acres) after 15 years and 100% after 16 years. 
 



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Draft Report to NWD August 2012 A-67 

Habitat units for juvenile salmonids and rearing habitat was calculated as a function of the suitability 
index (SIsalmonid) and the weighting factors described above (frequency and extent of inundation, and the 
extent of riparian coverage). 
 

𝐻𝑈𝑠𝑎𝑙𝑚𝑜𝑛𝑖𝑑𝑠 = 𝑆𝐼𝑠𝑎𝑙𝑚𝑜𝑛𝑖𝑑𝑠 ∗ (𝐹𝑙𝑜𝑜𝑑 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 + 𝑆𝑡𝑎𝑔𝑒 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 + 𝑅𝑖𝑝𝑎𝑟𝑖𝑎𝑛 𝐶𝑜𝑣𝑒𝑟) 
 
where, 
Flood Profile = Frequency and duration of inundation at levee breach * extent of inundation at levee breach 
 

Stage Profile = Frequency and duration of inundation via north channel * extent of inundation via north channel 
 
All species are evaluated with respect to the designated variables discussed above.  There could be other 
pressures limiting production/survival which are not captured in model as it is described here.  It is 
assumed only the variables presented here are the controlling influences on habitat suitability. 

A.9. RESULTS AND SCORES 

The results of the HEP model and HSI analysis are provided below.  Adhering to the assumptions and 
discussion of specific variables in earlier sections, the following tables show the suitability indices and the 
habitat units for each alternative, in terms of average annual habitat benefits.  To compare the proposed 
benefits for each alternative, the habitat units calculated for each alternative are evaluated relative to the 
habitat units described under current conditions for each of the focal species (gadwall, lesser scaup, 
Chinook and coho salmon). 
 
Table A-10 summarizes the HSI and HU results for gadwall, showing the change in average annual 
benefits.  The suitability for both the number and area of wetlands and anticipated changes to wetland 
habitats did not change under any of the alternatives.  The suitability of current habitat conditions at Post 
Office Lake is maximized to support brood rearing for gadwall.  While habitats are expected to transition 
from permanent wetlands to semi-permanent/seasonal wetlands, the suitability of these transitions cannot 
exceed current values.  As a result, the anticipated changes to wetland habitats and subsequent HUs are 
not a significant factor in determining the overall impact to Post Office Lake under the different 
alternatives.  That being said, it is important to note that while no alternatives show direct benefits to the 
species/variables, an HU value of 0.00 indicates that there simultaneously are no adverse impacts to brood 
rearing potential even as wetland habitat changes from current conditions. 
 
Table A-11 summarizes the HSI and HU results for lesser scaup.  Current conditions at Post Office Lake 
reveal SI values of 0.83, showing that the current habitat conditions at the lake are highly suitable, but not 
maximized as they are for gadwall (see Table A-10).  Because Alternatives 2-5 open the north channel to 
the Columbia River, it is expected the lake will experience drier conditions.  These drier conditions limit 
potential suitability of the overall habitat for scaup and other diving ducks that prefer deep, open water 
habitats.  As shown below, the suitability of anticipated habitat conditions under Alternatives 2-5 varies 
from 0.54 to 0.58.  The resulting negative HU values do not necessarily mean that the habitat is unsuitable 
under any specific alternative, but rather that it is less suitable than current conditions.  Because 
Alternative 6 features lowering the levee to facilitate increased floodplain connection between Post Office 
Lake and the Columbia River, it was anticipated that habitat benefits will mimic current conditions 
because water will be retained in the lake at similar elevations. 
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Table A-10.  Summary of HUs for Gadwall 

Target Year Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
Suitability Index 

Target Year 0 - 5 (x5) 1.00 1.00 1.00 1.00 1.00 1.00 

Target Year 6 - 15 (x10) 1.00 1.00 1.00 1.00 1.00 1.00 
Target Year 16 - 25 (x10) 1.00 1.00 1.00 1.00 1.00 1.00 
Target Year 26 - 50 (x 25) 1.00 1.00 1.00 1.00 1.00 1.00 

Habitat Units 

Target Year 0 - 5 (x5) 175.00 175.00 175.00 175.00 175.00 175.00 
Target Year 6 - 15 (x10) 175.00 175.00 175.00 175.00 175.00 175.00 
Target Year 16 - 25 (x10) 175.00 175.00 175.00 175.00 175.00 175.00 
Target Year 26 - 50 (x 25) 175.00 175.00 175.00 175.00 175.00 175.00 
Total 8750.00 8750.00 8750.00 8750.00 8750.00 8750.00 
Average Annual Benefits 175.00 175.00 175.00 175.00 175.00 175.00 

Change in Habitat Units 

Target Year 1 - 5 (x5) 0.00 0.00 0.00 0.00 0.00 0.00 

Target Year 6 - 15 (x10) 0.00 0.00 0.00 0.00 0.00 0.00 

Target Year 16 - 25 (x10) 0.00 0.00 0.00 0.00 0.00 0.00 

Target Year 26 - 50 (x 25) 0.00 0.00 0.00 0.00 0.00 0.00 
Change Total 0.00 0.00 0.00 0.00 0.00 0.00 
Change Average Annual Benefits 0.00 0.00 0.00 0.00 0.00 0.00 

 
 
Table A-11.  Summary of HUs for Lesser Scaup 

Target Year Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
Suitability Index 

Target Year 0 - 5 (x5) 0.83 0.54 0.54 0.54 0.54 0.83 
Target Year 6 - 15 (x10) 0.83 0.54 0.58 0.54 0.58 0.83 
Target Year 16 - 25 (x10) 0.83 0.54 0.58 0.54 0.58 0.83 
Target Year 26 - 50 (x 25) 0.83 0.54 0.58 0.54 0.58 0.83 

Habitat Units 
Target Year 0 - 5 (x5) 55.03 32.05 32.05 32.05 32.05 55.03 
Target Year 6 - 15 (x10) 55.03 32.05 34.42 32.05 34.42 55.03 
Target Year 16 - 25 (x10) 55.03 32.05 34.42 32.05 34.42 55.03 
Target Year 26 - 50 (x 25) 55.03 32.05 34.42 32.05 34.42 55.03 
Total 2751.44 1602.45 1709.09 1602.45 1709.09 2751.44 
Average Annual Benefits 55.03 32.05 34.18 32.05 34.18 55.03 

Change in Habitat Units 
Target Year             

Target Year 0 - 5 (x5) 0.00 -22.98 -22.98 -22.98 -22.98 0.00 
Target Year 6 - 15 (x10) 0.00 -22.98 -2061 -22.98 -2061 0.00 
Target Year 16 - 25 (x10) 0.00 -22.98 -20.61 -22.98 -20.61 0.00 
Target Year 26 - 50 (x 25) 0.00 -22.98 -20.61 -22.98 -20.61 0.00 
Change Total 0.00 -1148.99 -1042.35 -1148.99 -1042.35 0.00 
Change Average Annual Benefits 0.00 -22.98 -20.85 -22.98 -20.85 0.00 
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The HSI and HU results for Chinook and coho salmon (Table A-12) show the largest net benefit under the 
various alternatives.  While current conditions at Post Office Lake offer moderate suitability, there is no 
passage or ingress/egress for the lake and the resulting HUs are null.  Alternatives 2-5 all introduce 
passage opportunity into the lake, subsequent HU values are considerably higher than current, without-
project conditions.  While Alternatives 6 increases the frequency of access into the lake, they do not 
provide comparable egress opportunities out of the lake, which reduces the potential HU.  As such, the 
overall change in benefits is amplified following reconnection of the north channel. 
 
Table A-12.  Summary of HUs for Salmonids (juveniles) 

Target Year Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 

Suitability Index 
Target Year 0 - 5 (x5) 0.39 0.55 0.55 0.55 0.55 0.39 
Target Year 6 - 15 (x10) 0.39 0.58 0.58 0.58 0.58 0.39 
Target Year 16 - 25 (x10) 0.40 0.60 0.60 0.61 0.61 0.40 
Target Year 26 - 50 (x 25) 0.41 0.63 0.63 0.63 0.63 0.41 

Habitat Units 
Target Year 0 - 5 (x5) 3.32 25.60 26.69 28.41 29.50 5.88 
Target Year 6 - 15 (x10) 3.35 27.61 28.96 30.80 32.15 6.16 
Target Year 16 - 25 (x10) 3.42 29.08 30.57 32.68 34.17 6.29 
Target Year 26 - 50 (x 25) 3.49 30.19 31.72 34.09 35.65 6.42 
Total 171.57 1449.53 1521.80 1629.12 1701.88 314.4 
Average Annual Benefits 3.43 28.99 30.44 32.58 34.04 6.29 

Change in Habitat Units 
Target Year 0 - 5 (x5) 0.00 22.28 23.37 25.09 26.18 2.56 
Target Year 6 - 15 (x10) 0.00 24.26 25.61 27.45 28.80 2.81 
Target Year 16 - 25 (x10) 0.00 25.66 27.15 29.26 30.75 2.87 
Target Year 26 - 50 (x 25) 0.00 26.69 28.23 30.60 32.15 2.93 
Change Total 0.00 1277.96 1350.23 1457.56 1530.31 142.88 
Change Average Annual Benefits 0.00 25.56 27.00 29.15 30.61 2.86 

 
 
Comparing overall benefits between alternatives is a function of adding the total change for each species, 
per alternative and annualizing this value over the life of the project (50 years).  The resulting overall 
change in average annual benefits (Table A-13) demonstrates the anticipated benefit each alternative 
provides relative to current conditions at Post Office Lake. 
 
Table A-13.  Overall Summary of Combined Species Benefits (HUs) 

Item Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 
Overall Summary Total 11673.01 11801.98 11980.89 11981.58 12160.97 11815.89 

Overall Summary AA Benefits 233.46 236.04 239.62 239.63 243.22 236.32 
Overall Change Total 0.00 128.97 307.88 308.57 487.96 142.88 
Overall Change AA Benefits 0.00 2.58 6.16 6.17 9.76 2.86 

 
 
Alternative 5 (the full suite of measures) maximizes benefits for all three species.  While Alternative 4 
provides direct benefits to salmonids, the habitat becomes less suitable for lesser scaup under this 
alternative, reducing overall suitability for all species.  Likewise with Alternative 2, salmonids benefit 
directly and suitability for scaup is reduced more than in Alternative 3, bringing down the overall benefit 
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for the study area.  Because Alternative 6 does not provide egress opportunities for salmon, they provide 
little additional benefit to salmon.  However, while direct benefits to scaup are not present, they are less 
impacted by implementing Alternative 6 than Alternatives 2-5. 
 
The overall change in average annual (AA) benefits for all alternatives is used to evaluate the incremental 
cost effectiveness of each alternative, as described in the main implementation report.  As mentioned 
throughout the report, there are multiple approaches and assumptions that affect the HSI and HU 
calculations.  Some of the SIs are more sensitive than others, and small changes can result in larger 
effects.  For these reasons, a conservative approach was utilized in estimating benefits, and as much 
explanation and transparency as possible has been provided.  The associated model spreadsheets and 
tables have been provided. 

A.10. ADDITIONAL ISSUES FOR CONSIDERATION 

The Refuge has multiple management strategies for the benefit of migratory birds and other various 
waterfowl.  Some of these plans include maintenance of upland pastures and artificial maintenance of 
wetlands via water control structures.  Not only do these current and future management plans need to be 
taken into consideration during alternatives development and when defining the base condition, but they 
may also provide constraints on the project alternatives as well as numbers and types of habitat units and 
benefits available to the Corps.  One example of this is the plan to create managed pasture for dusky geese 
next to Post Office Lake.  This may not only preclude expansion of additional wetland and riparian areas 
at the lake perimeter, but could also contribute to water quality concerns if there is a large concentration 
of waterfowl upland of the lake without an adequate vegetative buffer.  Mowing of willows by Refuge 
staff is also mentioned in some cases, which could indicate there may be constraints to succession and 
future expectations of benefits.  Regular coordination with and clarification from USFWS will be required 
to meet Refuge as well as Corps’ project goals when developing alternatives. 
 
Though recommendations were made previously in the document, the boundaries from which the Habitat 
Units are determined could be considered from several perspectives.  These could  include other factors 
such as:  all current and potential areas of inundation incorporated by the alternative with the maximum 
extent of geographical change (from the predicted highest measured tide, 100-year flood plain elevation, 
100 (2, 10, 50)-year flood frequency, highest high water event, etc); adjacent riparian areas within XX 
feet of semi-permanent, permanent, lacustrine, palustrine, or riverine water features; any additional areas 
that become hydrologically connected surficial during any part of the year (with additional limitations 
described for the mainstem Columbia, when applicable); and species specific variables like sight distance. 
 
The recommended approach attempts to find a simple, yet defensible method for determining boundaries.  
However, it warrants mention that the effects of the project will not be limited to an easily described 
geographical footprint, as ecosystem functions and biological needs span multiple geographical and 
temporal scales.  This approach to quantifying such habitat and ecosystem functions should not be 
construed as an attempt to fully describe the overall system benefits and effects, nor is it meant to predict 
species presence or abundance. 
 
The approach presented here is simply to provide a replicable way to both qualify and quantify habitat 
types that could be influenced by each alternative and associated measures.  This quantification is 
necessary so that as much as possible, dissimilar species and various habitat types are presented in a 
comparable fashion that allows a more equitable evaluation of the costs and benefits of each alternative. 
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A.11. ADDITIONAL INDICATOR SPECIES CONSIDERED BUT NOT RECOMMENDED 

This section documents species that were considered but ultimately excluded from the model analysis.  
They are captured here to document all considerations and justifications for the final approach 
recommended to calculate ecosystem benefits. 
 
The yellow warbler (Dendroica petechia) was originally considered to represent species groups utilizing 
early successional floodplain and riparian habitats.  Though the willow fly catcher was selected under the 
Refuge CCP as a focal species/priority resource of concern, the yellow warbler was also identified as a 
similar appropriate indicator of habitat quality for a larger suite of species that utilize early successional 
willow habitat (USFWS 2010, pp. F-16 and 4-21).  The yellow warbler is particularly associated with 
deciduous shrub-land and scrub-shrub wetlands (Schroeder 1982).  However, based on input and a request 
from USFWS staff at the Refuge (Chmielewski 2011), the warbler was removed as a representative 
species because it was not thought to be common on the Refuge.  Riparian effects are instead captured by 
the salmonid species and their associated HSIs. 
 
The following additional potentially representative species for emergent wetlands also have HSIs 
available but were not recommended for the following reasons:  (1) northern pintail - relative to 
distribution of the blue winged teal, this population has a wider distribution in Oregon and Washington 
(Ridgley et al. 2003, NatureServe 2010d).  However, the HSI developed has a prairie pothole focus, 
which may be applicable to other areas of the breeding range (Suchy 1987), while the Refuge is more 
likely part of the wintering rang; (2) yellow-headed black bird - though observed on the Refuge, USFWS 
staff indicated that this species is more common east of the Cascade Range.  However, it was also listed 
as a potential focal species in the CCP (USFWS 2010, F-15); (3) wood duck - though in the dabbler duck 
guild, the habitat parameters in the HSI were more focused on characteristics of later successional riparian 
forests with larger tree boles rather than emergent wetland characteristics (Sousa and Farmer 1983); (4) 
red-winged blackbird - is closely associated with emergent wetlands, but does not cover the guild of 
dabbling ducks; and (5) blue winged teal - was removed and replaced with the gadwall per USFWS staff 
recommendations (Chmielewski 2011), as there was thought to be a higher abundance of gadwalls at the 
Refuge. 
 
The indicators for the red-winged black bird warrant additional mention, as they include the presence of 
carp as one of the indices.  Carp were mentioned as a concern and problem several times in the CCP and 
in meetings with USFWS.  The habitat variables for red-winged blackbirds include:  type of emergent 
herbaceous vegetation available in wetland; water regime; abundance of carp in the wetland; abundance 
of larval stages of emergent aquatic insects (order Odonata) in the wetland; percent emergent herbaceous 
canopy; types of foraging sites available outside the wetland; presence of dense, sturdy herbaceous 
vegetation on upland site; and occurrence of disturbances like grazing, mowing, burning, and tilling on 
potential upland nest sites (Short 1985).  These variables may be appropriate change indicators, even 
though the representation would be for song birds rather than dabbling ducks. 
 
The alternative potentially representative species for permanent, deeper wetlands that was listed in the 
CCP as a resource of concern, ring-necked duck, does not have an HSI available.  The following 
additional diving duck species do have a HSI available but were not recommended for the following 
reasons:  (1) canvasback - it appears that populations in Oregon and Washington would be comprised of 
non-breeding residents (Ridgley et al. 2003, NatureServe 2010b) but only a Corps-approved breeding HSI 
is available; (2) an HSI specific to the Canadian sandhill crane was unavailable; and (3) redhead, which 
has an HSI, was considered, but they are less common and the Corps-approved HSI notes that it is most 
applicable to the Gulf Coast (Howard and Kantrud 1983). 
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The cutthroat trout (Oncorhynchus clarkia) was originally considered to represent riverine/instream 
habitats (as with tidally connected Gee Creek and Campbell Slough).  The coastal cutthroat trout was 
selected under the Refuge CCP as a focal species/resource of concern as an appropriate indicator of 
habitat quality for a larger suit of species utilizing tidal instream/riverine habitats, including coho and 
Chinook salmon (USFWS 2010, pp. F-16 and 4-21).  They have been documented at the Refuge in tidally 
connected areas like the Gee Creek system (USFWS 2010).  The cutthroat HSI also appeared to make a 
distinction between lacustrine and riverine habitat, which was somewhat lacking in the salmonid models. 
 
However, most of the variables applicable to Post Office Lake that were discussed in the cutthroat HSI 
(Hickman and Raleigh 1982) were the same or similar to those listed for salmonids.  Further, the 
lacustrine index focuses on the location of the sampling in the water column and is water quality and 
reproduction focused.  If only lacustrine habitat is evaluated, then the HSI is strictly water quality focused 
(Hickman and Raleigh 1982).  Though percent vegetation for allochthonous inputs and erosion control are 
additional variables not found in the salmonid HSIs, the former only applies to streams less than or equal 
to 50 meters wide, and the latter is considered an optional variable (Hickman and Raleigh 1982).  
Therefore, these variables are either not applicable or are not necessary to the calculation for the cutthroat 
HSI.  They also did not inform or discern the analysis beyond that which was accomplished by the 
salmonid variables. 
 
To capture trade-offs that may or may not result from expected habitat conversions, consideration was 
given to selection of an additional appropriate candidate to represent grassland/pasture/wet meadow 
species.  However, the selection of two waterfowl HSIs was determined to be sufficient to capture the 
range of effects to migratory birds and water fowl without unnecessarily complicating the analyses.  
Along a similar vein, consideration was also given to but not forwarded for recommendation with regards 
to inclusion of a representative mammal or other species that relies on later successional riparian areas, 
such as beaver and great blue heron, respectively. 
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Appendix B.   Hydro logy and  Hydrau lics  

B.1. In troduc tion  

This Section 536 ecosystem restoration project presents an opportunity to tidally reconnect Post Office 
Lake to the Lower Columbia River estuary.  The reconnection will be restored to a tidal wetland 
condition, the prevalent environment before the area was reclaimed for agricultural usages, beginning in 
the early 20th century.  The project will also allow juvenile salmonids to reenter the lake during high water 
periods, primarily November thru mid July.  This document presents technical data supporting the 
development and design whereby approximately 80 acres will be reconnected to the lower Columbia 
estuary and a tidal influenced freshwater wetland reestablished.  The proposed plans include: 
 

• Reestablish tidal reconnection to Post Office Lake by removing the existing 30-inch concrete 
connection culvert and non-functioning tide gate and breaching the levee.  The north connection 
channel will also be improved for overall off channel habitat and to facilitate fish passage. 
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• Floodplain reconnection at the existing breach location will promote overall ecosystem habitat 
improvements and will be realized by careful management of existing and developing breaches of 
the existing levee (Columbia levee). 

• Improve riparian habitat principally through the addition of riparian buffer around the north end 
of reconnection channel. 

 
Currently, there is no tidal connection between Post Office Lake and the Columbia River.  The outlet tide 
gate and culvert have become non-functional (blocked).  Historically, the north connection channel outlet 
was exposed to Columbia River tidal influence and offered fish ingress and egress opportunities.  Before 
approximately 1950, the site outlet was open, spanned by a concrete bridge.  In the 1950s, the levee 
opening was filled in and a flap tide gate type connection was installed.  The action was taken to improve 
conditions around Post Office Lake for better agricultural usage.  In the 1990s, a new tide gate was 
installed to correct for existing deficiencies which allowed flooding of the landward side of the levee.  
Existing progressive breaches, first identified in 1996, point to more frequent inundations into the future.  
The adjacent private property owners to the south understand this and have made plans to reduce future 
agricultural uses around the lake, as the effects become more pronounced. 

B.2. Site  Fea tures  

The Post Office Lake study area extends from approximately Columbia river miles (RM) 94.4 to 95.3.  
Figure B-1 shows the project location and vicinity of the study area.  Post Office Lake is bounded to the 
west by the Columbia levee.  Lower River Road (old Highway 501) lies on top of the levee in this 
location.  The eastern boundary of the study area is defined by elevation 18 feet at approximately the 
westerly toe of Highway 501, which is under the administrative jurisdiction of the Washington 
Department of Transportation.  The west-side roadway through this reach is impassable due to erosive 
degradation of the levee and is closed to transportation from the south end of Post Office Lake and north 
past the lake’s north end terminus.  Post Office Lake is located in a topographic depression.  The local 
contributing drainage is relatively small, approximately 230 acres.  Rainwater is the primary water source 
for the lake.  Figure B-2 and Figure B-3 show the topographic setting and elevation gradient at the site.  
Figure B-4 shows the local contributing drainage area. 
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Figure B-1.  Post Office Lake and Vicinity 
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Figure B-2.  Post Office Lake Topographic Area Map 
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Figure B-3.  Post Office Lake Classified Elevations 
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Figure B-4.  Onsite Contributing Drainage Area 

 
Source: http://streamstatsags.cr.usgs.gov/or_ss 
 
 
The bottom of Post Office Lake is at elevation 7.5 feet and the existing ordinary high water mark has been 
defined at elevation 12 feet North American Vertical Datum of 1988 (NAVD88; all elevations are 
reported in NAVD88 unless otherwise noted).  The elevation at toe of levee on the landward (west and 
east side levees) is about 19 to 20 feet.  The top of levee is at elevation 29 to 30 feet.  The existing levee 
has been breached in one spot over a width of about 200 feet as of summer 2011.  Flows overtop at a 
predominant, average elevation of 21 feet.  There are some local high points, remnants for the eroding 
levee at elevation of 26 feet.  The lowest overtopping point occurs at elevation 20.4 feet.  There are 
additional low spots that vary longitudinally between the two bounding intact remnant levee sections to 
the south and north of the breach section.  The predominant average overtopping elevation was used for 
most analysis purposes (21.0 feet).  It should be noted that for some other uses such defining easements, 
the most current surveyed low point (20.4 feet) was used. 

B.3. Levee  

The study area is surrounded by locally constructed relic levee structures that were constructed and 
improved over the years to improve agricultural operations and to provide flood risk management for 
interior areas.  The U.S. Army Corps of Engineers (USACE) has been granted authority of approval of 
alterations to public works projects operated and maintained by non-federal sponsors under Section 408 
of the Rivers and Harbors Act of 1899 and as amended in 1985 to include “public works.”  This authority 
allows the Secretary of the Army to grant permission to alter public works so long as the alteration did not 
impair the usefulness of the project and was not injurious to the public interest.  Additionally, under this 
authority, “public works” are considered works which have been federally authorized by Congress and 
upon which federal monies have been expended for construction.  There is no evidence that the levee 
structures surrounding the study area were federally authorized and funded.  Therefore, the levee 
modifications included as part of this study are not subject to Section 408 approval. 
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The study site is bounded to the west by what is termed the Columbia levee.  Extant but degrading 
Highway 501, Lower River Road, is situated on top of the levee.  Although owned and the responsibility 
of Clark County, the operation of the roadway was abandoned by the Washington Department of 
Transportation in 2006.  There is a small asphalt parking lot that marks the terminus of Lower River 
Road, at approximately milepost 11 south boundary of the Ridgefield National Wildlife Refuge (Refuge). 
 
Clark County conducted an analysis (2006) which determined that the risk to flooding and loss of life was 
low or non-existent.  This was primarily due to the fact that a levee breach would not lead to immediate 
danger to persons in the area.  The nearest permanently occupied residence is located south of the 
breaches at milepost 10.  The low floor elevation is 24.8 feet, approximately 3.8 feet above the existing 
breach overtopping elevation.  It was anticipated that breach inflows would take time to fill Post Office 
Lake and surrounding topographic basin; it was believed that there would be sufficient time to evacuate 
based on the gradual rise of the flood waters and high elevation of the Lower River Road access.  The 
impact to agricultural practices was determined to be outweighed by the cost to repair and maintain the 
levee.  Additionally, the benefits of repair could be offset by future flanking caused by new progressive 
breaches developing nearby (Figure B-5). 
 
Numerous observations, during a range of Columbia River stages, suggest that the main erosion forces 
acting upon the levee prism and natural embankment are wave action and to a lesser extent tractive sheer 
forces from general downstream flow.  The lower Columbia River is a main shipping channel that sees 
regular traffic generating considerable wave action.  Wave action attacks the levee toe and natural 
embankment material during most non-flood stages, creating deep pockets.  When cohesion within the 
soil matrix above these pockets is overcome (saturated soil, etc) large portions of soil fail mechanically in 
a mass wasting of material from the levee prism and natural embankment. 
 
Tractive sheer forces due to Columbia River flow at higher stage levels contribute to both mechanisms.  
Additionally, in areas where only small portions of the levee prism exist, high stages reaching the current 
crest elevation of the levee are causing seepage, direct erosion and other destabilizing actions within the 
sandy loam soils observed within the top portions of the levee.  During site visits in April and May 2011, 
laid down grass, deposited large woody debris, signs of seepage and minor soil failures on the landward 
levee slope, indicating at least one recent overtopping event, were observed (Figure B-6). 
 
While erosion of the Columbia levee prism and underlying natural ground embankment will continue via 
the mechanisms described above, it is not believed that channels deep enough to provide direct and daily 
tidal connection between Post Office Lake and the Columbia River will develop within a time period 
relevant to this study (50 years).  As the breach locations progress through the levee prism and into 
natural ground, it is likely that the vertical nature of the current bank erosion will lessen with the 
embankment beginning to slope and mute or slow the wave action.  During overtopping events, it is 
unlikely that channels to Post Office Lake will quickly form due to the gentle slope of the land and the 
well drained soils present in the area.  As site observations post-overtopping indicate, surface flow is 
quickly spread over a wide area and drained through the soil matrix.  Expected bank conditions can be 
observed in nearby un-levied areas such as Sauvie Island directly across the Columbia River in Oregon. 
 
Figure B-7 shows the bounding levees in the vicinity of the project and as designed in the inundation 
models used to determine potential easement limits, as well as inundations used for certain environmental 
benefit calculations.  Profiles for bounding levees, which control the interior drainage pattern, are shown 
in Figure B-8, Figure B-9, Figure B-10, and Figure B-11. 
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Figure B-5.  Post Office Lake Progressive Breach 

 
 

Notes: Erosion of water side levee, through entire roadway crest, approximately RM 95.1. 
The eroded section spans approximately 200 feet. 
 
 
Figure B-6.  Post Office Lake Overtopping Location 

 
 

Notes: Columbia levee overtopping location; low point is at 20.4 feet NAVD. 
Looking west across to Sauvie Island. 
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Figure B-7.  Levee System 

 
 

Notes:  Elevations in NAVD88. 
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Figure B-8.  Columbia Levee Profile 

 
Notes:  Low point El. = 20.40 feet NAVD88 
 
 
 
Figure B-9.  North Cross Levee Profile 

 
Notes:  Low point El. = 27.00 feet NAVD88. 
 
 
 
Figure B-10.  South Cross Levee Profile 

 
Notes:  Low point El. = 28.94 feet NAVD88. 
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Figure B-11.  Lake River Left Levee Profile 

 
Notes:  Low point El. = 26.10 feet NAVD88. 
 
 
Based on the latest LiDAR information, it is not apparent that a physical separation or low point in a levee 
profile will allow flows to enter the interior.  There have been instances of levee failures to the south of 
the study area, for example in 1964 and 1996; however, it is not likely that a flanking by the Columbia 
River occurs during normal freshet or high-stage periods. 

B.4. Bas is  of Terra in Data  

Topographic and bathymetric data that was required for constructing the hydraulic inundation mapping 
model for this study.  Terrain data used were originally developed in 2010-2011 under the Columbia 
River Treaty 2014 project being conducted by USACE.  The LiDAR topographic data for much of the 
Columbia River Basin was obtained with extents equal to or greater than the standard project flood and/or 
the FEMA 500-year floodplain coverage.  The 1-meter resolution LiDAR was converted to feet and 
modified to an ESRI grid format (raster) with a geographic coordinate system of GCS North American 
1983.  The North American Datum of 1983 (NAD83) is the horizontal control datum for the Columbia 
River Treaty study.  The spatial projection used was the Albers equal-area projection of the conical type, 
“USA Contiguous Albers Equal Area Conic USGS version.”  The vertical datum is NAVD88. 
 
Additional bathymetric cross sections were surveyed in 2011 and supplemented with previous surveys 
and regionally available LiDAR.  The new and previous surveys were merged into the Post Office Lake 
terrain file.  The end product was a combined, continuous terrain layer that included all of the overbank 
data, as well as the bathymetry of the river and lake.  The HEC-RAS cross-section geometry was 
subsequently digitized and imported from ESRI ArcMap using GeoRAS.  The bottom of lake was 
determined from this survey to be NAVD88 elevation 7.5 feet. 
 
The southern portion of the lake is under private ownership.  Lands to the south are separated by a small 
local rise at an elevation of 19 to 20 feet NAVD88, which protects lands from being inundated by minor 
flooding from the north.  Currently, when the breach adjacent to Post Office Lake is overtopped 
(elevation 23.4 feet) from high Columbia River water stages, the entire area will begin to flood. 

B.5. Tida l Influence 

Maximum tidal effects on the Columbia River occur from the coast to about Longview, Washington, at 
approximately RM 66.  Tidal effects progressively fall off proceeding upstream.  The maximum tidal 
range for Post Office Lake (RM 95) is on average 2 to 3 feet, but can range as high as 3 to 4 feet during 
winter.  A typical yearly tidal cycle is shown in Figure B-12 and the typical diurnal tidal cycle for 
December is shown in Figure B-13. 

-2000 0 2000 4000 6000 8000 10000 12000
-10

-5

0

5

10

15

20

25

30

Ridgefield Refuge       Plan: 50YR    4/14/2011 
  

Station (ft)

El
ev

at
io

n 
(f

t)

Legend

Lat Struct

Ground

Bank Sta

Low pt 



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Report (Revised November 2012) B-13 

Figure B-12.  Typical Year-long Tidal Cycle 

 
 
 
Figure B-13.  Diurnal Tidal Cycle 

 
Note:  Stage is water surface elevation in the NAVD88 vertical datum. 
 
 
Figure B-14 graphically summarizes the stage versus frequency (exceedance probability) for the project 
area.  The duration data was based on interpolating National Oceanic and Atmospheric Administration 
(NOAA) stage gages at Saint Helens (#9439201) and Vancouver (#9440422).  The green line represents a 
threshold, the bottom of lake elevation at 7.5 feet.  Note that the dry period (lower than bottom of lake 
elevation 7.5 feet) occurs on average during the months of August to October, although dry periods could 
begin earlier and end later (e.g., June and November, respectively, see Figure B-15). 
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Figure B-14.  Post Office Lake Stage Duration Curve 

 
   Note:  Green line represents a threshold, the bottom of lake elevation at 7.5 feet NAVD88. 
   WSEL = water surface elevations 
 
For analysis purposes, the MHHW and MLLW were determined by taking the mean monthly highest 
MHHW and average of the MLLWs.  The lowest MLLW occurs at Columbia River water surface 
elevation 6.7 feet in September.  However, this is below the invert of the lake bottom; thus, it was 
appropriate to use the average of the monthlies.  Therefore, the MHHW and MLLW are defined for this 
site to be at elevation 13.9 feet and elevation 8.7 feet, respectively. 

B.6. Hydrology 

The climate in the Post Office Lake project area is characterized by mild temperatures, wet winters, and 
relatively dry summers.  The region is dominated by the maritime weather patterns developed in the 
Pacific Ocean located about 55 miles to the west (straight line).  The Coast Range reduces the severity of 
the ocean storms coming inland resulting in a predominantly mild and rainy winter climate at the Refuge.  
Cold ‘snaps’ in the area are infrequent but develop as ‘arctic blasts’ originating from the north and east, 
and funneled west through the Columbia River gorge.  Days with temperatures below 32°F are infrequent 
and are usually associated with the strong east winds from the Columbia gorge (USFWS 2010). 
 
The Columbia freshet (spring snow melt) occurs in May through June.  Annual high water at Post Office 
Lake (RM 95) typically occurs during the freshet period.  Depending upon snow pack and climatic 
conditions (e.g., temperature) in the basin, the freshet may be delayed through early to mid July.  Extreme 
flood events can also result from winter flooding on major tributaries such as the Willamette River (e.g., 
February 1996 flood).  This typically occurs when snow pack and frozen ground conditions that exist 
early in the winter season are melted by warm, moist air masses moving onshore from the ocean 
overtopping cold air from the Columbia gorge.  Rapid snow melt and runoff result.  The moist warm air 
adds volume to the flood deluges in the Columbia River. 
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According to the Refuge’s Comprehensive Conservation Plan (CCP; USFWS 2010), prevailing winds are 
from the northwest from late spring through September.  This cold and relatively dry air becomes warmer 
and drier as it moves inland, resulting in a dry season from late spring to September.  Summer high 
temperatures during July and August are generally around 80°F.  The drier conditions result in only 20% 
of annual precipitation occurring between June 1 and September 30.  Relative humidity is typically high 
in the winter and spring, but can reach single digits in the summer and fall.  Table B-1 summarizes 
climate and basin characteristics of the Post Office Lake area (source http://streamstatsags.cr.usgs.gov). 
 
Table B-1.  Post Office Lake Climate Characteristics 

Parameter Value 
Mean basin elevation, in feet (NAVD88) 12.7 
Mean basin precipitation, in inches. 42 
Maximum 24-hour precipitation that occurs on average once in 2 years equivalent to precipitation 
intensity index, in inches 1.69 

Mean maximum daily January temperature, 1961-1990, in degrees Fahrenheit 45.1 
Mean maximum January temperature, 1971-2000, in degrees Fahrenheit. 45.3 
Mean minimum daily January temperature, 1961-1990, in degrees Fahrenheit 32.5 
Mean minimum January temperature, 1971-2000, in degrees Fahrenheit 33.8 
Average maximum air temperature in degrees Fahrenheit 62.8 
Average minimum air temperature in degrees Fahrenheit 43.2 
Percent of area covered by forest 5.57 
Percent of area covered by impervious surface from NOAA 1 km sprawl impervious surfaces grid 1.01 
Percentage of impervious area determined from National Land Cover Data 2001 impervious dataset 0 
Percentage of urban land cover determined from National Land Cover Data 2001 land cover dataset 0 
Average soil permeability, in inches per hour 3.57 
Available water capacity of the top 60 inches of soil - determined from State Soil Geographic 
(STATSGO) data, in inches 0.14 

 
 
Annual precipitation at the Refuge is approximately 42 inches, the majority (about 80%) falling as rain 
from October through April.  More than half of annual rainfall occurs from November through February, 
and less than 7% of annual precipitation falls during June, July, and August.  On average, precipitation 
greater than 0.50 inches occurs 30 days per year.  The wettest season on record was the winter of 1996-
1997, with 60.13 inches of precipitation between October 1996 and May of 1997.  The wettest year on 
record, 1996, precipitation measured 64.39 inches.  There was widespread flooding in 1996, with the 
highest floods on record for many southwest Washington rivers (see below).  In 2004, the driest year, 
only 25 inches of precipitation was measured.  The driest season was the summer of 1987, with only 1.84 
inches of precipitation.  Snow events are infrequent.  Over the past 30 years, measurable precipitation as 
snow has occurred once every 6 years on average, which contributed to a 30-year average of 2.9 inches 
per year.  A record monthly snowfall of 24.3 inches occurred in January 1980. 

B.7. His toric  Flooding 

Columbia River annual maximum flood levels are associated with the spring snow pack melt in the 
Columbia Basin (USACE 1996).  This occurs in May and June primarily but may extend into July some 
years.  There are 14 major flood control projects providing 39.7 million acre feet of flood offsetting 
storage.  These projects provide significant flood protection from winter rain and the annual spring melt 
runoff, freshet.  This represents approximately 41% of the average annual runoff at the Dalles, Oregon 
(USACE 1991). 

http://streamstatsags.cr.usgs.gov/�
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The average annual river level for the Columbia River is at elevation 10.1 feet NAVD88.  Low summer 
(August through end of October) water levels range from elevation 6 to 7 feet NAVD88.  The historic 
record shows that February and March may also experience water levels as low as elevation 6 to 7 feet 
NAVD88, if local inflows (e.g., Willamette and Cowlitz rivers, etc) are minimal due to an abnormally dry 
Willamette Valley winter.  The lowest water levels experienced are approximately elevation 5 feet 
NAVD88.  Winter (November to February) averages from elevation 11 to 12 feet NAVD88.  The average 
annual high stage associated with the freshet is 13 feet with annual peaks of 15 to 20 feet not being 
uncommon and may be experienced every 2 to 5 years.  Figure B-15 shows the annual monthly averaged 
water levels in the Columbia River at Post Office Lake. 
 
Figure B-15.  Mean Daily and Mean Monthly Water Elevations (RM 95.1) 

 
 
 
During the February 1996 flood, the river crested at just over 30 feet (RM 95).  Overall damage to Clark 
County businesses, residences and infrastructure was estimated to be roughly $25 million.  In the 
February 1996 flood, the Bachelor Island dike was overtopped and breached, inundating the entire island 
and all of its croplands (USFWS 1996).  Water was 15 to 20 feet deep in some fields.  In December 1996, 
mild subtropical moisture once again led to extensive flooding. 
 
While the 1996 floods were devastating, the floods of December 1861 (“Great Flood”), February 1890, 
and December 1964-January 1965 exceeded the 1996 events in terms of velocity and volume of water 
(Clark County 2009).  During the Christmas Flood of 1964, the Columbia River reached 27.6 feet (station 
datum) at Vancouver causing $157 million in damage and the loss of 47 lives in Clark County and the 
Portland metro area.  Major spring floods have also occurred on the Columbia River during years of 
unusually heavy snowpack, followed by heavy spring rains.  In June 1894, the Columbia River reached 
33.6 feet at Vancouver, the highest flood stage ever recorded there.  Actionable stage is 16 feet, beginning 
of flooding is 17 feet, and moderate flood damages result at elevation 20 feet. 
(http://water.weather.gov/ahps2/hydrograph.php?wfo=pqr&gage=shno3&toggles=&view=1,0,1,1,1,1,1,1) 
 
Post Office Lake is located at RM 94.4 to RM 95.3 on the lower Columbia River, far upstream of the 
saline estuary (~ Columbia RM 40), it is still subject to tidal action.  The USACE Northwest Division 

http://water.weather.gov/ahps2/hydrograph.php?wfo=pqr&gage=shno3&toggles=&view=1,0,1,1,1,1,1,1�
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produced combined probability flood profiles for the lower Columbia River (April 9, 2007) based on the 
unsteady flow model results and statistical analysis.  Table B-2 shows the flood frequency elevations. 
 
Table B-2.  Columbia River Combined Probability Flood Elevations 

Event Frequency 
(Annual Chance 
of Exceedance) 

RM 95.3 Upstream 
Water Surface Elevation 

(feet NAVD88) 

RM 95.1 Project Center 
Water Surface Elevation 

(feet NAVD88) 

RM 94.4 Downstream 
Water Surface Elevation 

(feet NAVD88) 
50% (2-year) 18.76 18.72 18.60 
10% (10-year) 23.16 23.11 22.99 
2% (50-year) 26.98 26.93 26.78 
1% (100-year) 28.52 28.48 28.31 
0.2% (500-year) 32.62 32.55 32.30 

Source:  USACE CENWP-PE-HY 
 
 
Flood frequency flows far above the tidal zone at the Dalles Dam (RM 191.5) are given in Table B-3.  
Several large rivers join the Columbia River below The Dalles Dam, including the Willamette, Lewis and 
Cowlitz rivers.  Their contribution to flow is not included in the table.  Regulated discharge flow 
frequency values are taken from a USACE analysis dated June 1987. 
 
Table B-3.  Columbia River Regulated Flood Frequency Flows at The Dalles Dam (RM 191.5) 

Maximum Annual Daily Discharge for Given Frequency x 1,000 cfs 
2-year 10-year 50-year 100-year 500-year 

360 515 635 680 800 

 
 
Analysis of NOAA stage gages at Vancouver (#9440422 at RM 105.1) and Saint Helens (#9439201 at 
RM 85.6) were performed to gain an understanding of the hydraulic conditions including tidal conditions 
at Post Office Lake.  The stations have been collecting 15 minute and hourly interval stage data since 
March 2002, although predicted tidal stage data is available prior to this date.  The difference in water 
surface between the two NOAA gages was determined by linear interpolation based on river mile station 
location. 
 
The Columbia River in the vicinity of Post Office Lake has mixed semidiurnal tides.  The NOAA 
published mean daily and mean monthly values at Saint Helens and Vancouver gages were used to 
estimate Post Office Lake conditions in the Columbia River.  The monthly average water surface 
elevations are shown in Figure B-15 (this data is also based on the two NOAA stage gages). 
 
Stage analysis shows characteristics typical of the regulated lower Columbia River with two distinct 
periods of higher water.  The pattern above reflects a winter period (November through April) caused by 
precipitation (rain and snow) in the lower Columbia Basin and a late spring period caused by snowmelt 
(freshet) from the upper Columbia Basin (typically May through mid July).  Frequently experienced river 
stages at Post Office Lake are related primarily to tidal influence and are also related to flow in the 
Columbia River with typical seasonal effects present. 
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B.8. Floodpla in  

Post Office Lake is completely enclosed in the Federal Emergency Management Agency’s (FEMA) 
regulatory 1% chance exceedance (100-year) floodplain.  The bottom of lake is at elevation 7.5 feet and 
the ordinary high water mark has been defined at elevation 12 feet.  The elevation at toe of levee on the 
landward (west and east side levees) is about 19-20 feet.  The top of levee is at elevation 29-30 feet.  The 
existing levee has been breached in one spot over a width of about 200 feet as of summer 2011, so that 
flows overtop at an predominant elevation of 21 feet.  There are some local high points, remnants of the 
eroding levee at elevation at 26 feet.  The lowest overtopping point occurs at elevation 20.4 feet.  There 
are additional low spots that undulate longitudinally from the current spot and northward. 
 
Post Office Lake is located at RM 95 and is subject to intertidal actions.  The USACE produced combined 
probability flood profiles for the lower Columbia River based on unsteady flow model results.  These data 
describe the possibility of large (peak) flood events occurring over a period of time, along with the 
corresponding water surface elevation.  By definition, it does not include low-flow events or average 
yearly flows as described above.  Table B-4 summarizes the flood frequency elevations computed for Post 
Office Lake. 
 
Table B-4.  Combined Probability Flood Elevations at RM 95.1 

Event Frequency Water Surface Elevation 
(feet NAVD88) 

50%  2-year 18.72 
10%  10-year 23.11 
2%  50-year 26.93 
1%  100-year 28.48 
0.2%  500-year 32.55 

 
 
From this set of elevation-frequency information, the breach-overtopping elevation was determined by 
interpolation, and the frequency was determined to correspond to the 4.5-year return period river stage or 
22% annual exceedence frequency.  The 2-year return interval (50% frequency) is reflected in Figure 
B-16 at 18.7 feet at RM 95. 
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Figure B-16.  Columbia River Flood Profiles (RM 79-100) 
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The base flood elevation, as denoted on FEMA FIRM panels 5300240150C, 5300240260C and 
5300240276B, is at approximately elevation 25.6 feet NGVD1929.  The conversion from NGVD to 
NAVD is approximately +3.2 feet.  Figure B-17 shows the FEMA floodplain limits. 
 
Figure B-17.  FEMA Floodplain in the Post Office Lake Area 
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B.9. Columbia  River Sus pended Sediment 

Since 1990, the U.S. Geological Survey (USGS) has analyzed 158 grab samples taken from the lower 
Columbia River at Beaver Army Terminal (RM 53.8) for suspended sediment concentration.  A plot of 
these values is shown in Figure B-18.  An average concentration of 32 milligrams per liter (mg/l) is 
calculated for all data.  The large spike occurred in the winter of water year 1996 and corresponds with 
flooding experienced in the lower tributaries (Willamette, Cowlitz, Lewis, Sandy and other rivers). 
 
Figure B-18.  Suspended Sediment Concentrations at RM 53.8 

 
 
 
Sediment sampling indicated that sediment transport is relatively low in the lower Columbia River.  This 
is primarily due to the construction of Columbia River dams.  In 1973, Canada completed the last of the 
mainstem dams, Mica Dam on the upper river.  Figure B-18 indicates that the suspended sediment in the 
water column, which will enter Post Office Lake if the tidal reconnection is reestablished, is not likely to 
cause sedimentation problems at the outlet or in the north connection channel.  Channels with suspended 
sediment concentrations less than 1,000 ppm (parts per million) are considered to be relatively sediment 
free. 
 
As indicated by the Beaver Army Terminal turbidity gage, the suspended sediment load in the water 
column is small.  This is the sediment that would be expected to deposit throughout the site.  Any 
connected tidal marsh or wetland will naturally aggrade (accrete) and progress from mudflat to supra-tidal 
over time.  This is not necessarily the load to be concerned with for plugging the north connection 
channel entrance.  During high flow events (~10-year return interval and greater) the bedload may 
become suspended or may travel in much greater concentrations or in waves near the project entrance.  It 
is during these events that excess sand may build up at the project entrance and create a plug.  The big 
events are what naturally cause erosion and deposition, such that there will be a supply of new mudflats. 
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A geomorphic analysis of historic aerial photography for a couple of miles upstream and downstream of a 
project will indicate the likelihood of deposition at the entrance.  If the bank has been stable and bars have 
not formed there is a low risk for entrance plugging or not plug frequently such that it blocks the inlet.  
The exception to this is if the project location coincided with the outside of a bend and the rest of the bend 
is somehow hardened.  As seen in Figure B-19, this is not the case for the Post Office Lake project. 
 
Figure B-19.  Progressive Breach Locations in the Vicinity of Post Office Lake 

 
Note:  Red circles are progressive breach locations. 
 
 
The Project Delivery Team (PDT) identified extensive aerial photos from the early 1920s up to the 
present.  These photos were used to make a qualitative geomorphic assessment of conditions over time.  
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There was no sign of bar formation or sedimentation in the immediate vicinity of the project.  In fact, the 
historic records indicate some shoreline withdrawal and levee erosion.  This is likely caused principally 
by ship wave action caused by increasing larger ships passing near the site. 
 
Multi-beam bathymetry of the Columbia shows a mud flat extending approximately 260 feet from the 
existing beach into the Columbia main channel.  Channel bottom sand waves are located away from the 
entrance and imply high energy and transport does not occur at the entrance.  There are no submerged bar 
formations that appear mobile near the entrance (Figure B-20). 
 
Figure B-20.  Bathymetric Detail in the Vicinity of Post Office Lake 

 
 

B.10. Sedimenta tion  of Propos ed Thermal Refugia  Pool 

The tentatively selected plan includes excavating a thermal refugia pool at the north end of Post Office 
Lake.  The purpose of the pool is to provide refuge for fish not exiting the lake as water levels drop and 
temperatures rise during the summer months, primarily in August and September.  The current 
configuration is for a single refugia pool, 6 foot deep (relative to the sill elevation of 9 feet NAVD88) 
with 5:1 side slopes, with conical pool geometry and a top diameter width of 60 feet.  The final 
configuration is dependent on constructability considerations (e.g. reach of the excavator, 60 feet, etc.) as 
well as the limitation of available room to construct the pool itself, in the narrow confines of the north end 
of lake. 
 
The Refuge was concerned with the potential for the refugia pool to fill with sediment from incoming 
sediment laden flows and/or from the redistribution of lake bed fines by tidal actions (there is a 3 to 4 foot 
tidal range at CRM 95.1).  The Refuge was concerned with the rate at which it could occlude and what the 
source and mechanism of the deposition might be.  Ultimately USFWS personnel were concerned with 
the likely frequency of filling and the implications for maintenance. NOAA, National Maritime Fisheries 
Service (NMFS) was also concerned that sedimentation of the in lake pool would reduce the intended 
function of the pool. 
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The mostly likely potential mechanisms for filling up the refugia pool over time were considered and 
were: 
 
1. Turbid inflow from the Columbia River. 
2. Sediment transported into the lake and the pool from the local surrounding area. 
3. Bed sediment in the lake movement into the pool via tidal action. 
 
The first two mechanisms were considered unlikely.  The Columbia River is relatively sediment free as 
shown in Figure B-18, 35 mg/l – ppm, average. The prospect of sediments being washed off the 
surrounding fields into the lake and pool was also considered unlikely because the surrounding area is 
heavily vegetated with reed canary grass and other plants which effectively hold soils in place and prevent 
large scale local erosion.  It seems unlikely that future Refuge management will alter this condition. There 
is also no inflow creek/stream which would transport sediment directly to the site.  In short there is 
limited offsite sediment sources which could adversely impact the site. 
 
Although the Columbia River may experience a flood event on the order of the February 1996 event, it is 
noteworthy that even though Post Office Lake was completely inundated by Columbia River flood 
waters, the lake and surrounding floodplain lakes (Campbell Lake for example) did not occlude with 
sediment.  This is based on comparisons of historic aerial photos of the February 1996 event and when the 
lake was pumped dry in the summer (July) of 1973, the only known time this was done, for agricultural 
purposes.  
 
The most likely mechanism for the pool filling is by adjacent lake bed material being moved over and into 
the pool by the intertidal flux.  Hydraulic modeling in the channel and at the north end of Post Office 
Lake, the vicinity of the proposed pool, indicate that the average maximum velocities for these daily 
flows range from approximately 2 to 3 fps.  However during extreme flow events, velocities may locally 
exceed these values.  “Extreme” events are considered for discussion purposes, to be greater than 2-year 
annual expected probability (AEP) event (360 kcfs and greater and stage of 18.6 feet NAVD88 and higher 
at CRM 94.4).   
 
For the purposes of this feasibility study an ‘allowable’ velocity analysis was set up to estimate the 
potential for the lake bed material to mobilize and potentially move into the refugia pool. The simplifying 
assumption was made that tidal flows in an out of Post Office Lake, near the north lake entrance, were 
hydraulically analogous to a sustained, shallow depth flow on a bare earth channel bed (not channel 
sides).  This was done because data is more readily available to estimate channel bed stability than for 
tidally influenced lake beds.  The “allowable velocity” procedure was derived from work done by the 
USDA, Soil Conservation Service, SCS, in 1977. SCS is now the Natural Resource Conservation Service 
(NRCS).  
 
The input for this analysis came from hydraulic calculations for the connecting North Channel and lake 
entrance and on sediment samples collected by the Corps on 15 May 2012.  The Corps collected sediment 
sampling at 3 locations in Post Office Lake. The sampling locations coincided with the north, middle and 
south areas of the lake.  The sampling occurred in the top 8 inches of the lake bed.  Lab results found that 
the bed material was an elastic silt (USCS group symbol, MH) with a D50 of 13 micro-meters and D85 of 
approximately 36 micro-meters. The following table and figures summarize lab findings below.  
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Table B-5.  Post Office Lake Bed Sediment Information 

 

 
 

 
 
Figure B-21.  Post Office Lake Bed Sediment Grain Size Distribution 

 

 
 
The figures used for the allowable velocity analysis are shown below.  
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Figure B-22.  Allowable velocities for unprotected earth channels 
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The analysis for MH, sediment free flow conditions, high frequency of occurrence (F = 1.0), 1 foot water 
depth average (F = 0.95) and high plasticity index (55.9), indicated that the basic allowable velocity for 
the lake bed silt material, exposed to inflow/outflow, was approximately 3.3 fps.  That is 0.95*3.5 fps.  
 
The conclusion based on this “approximate method” sediment assessment is that the expected velocities 
in the range of 2-3 fps due to average tidal conditions, with potential higher velocities possible during the 
extreme events, could result in movement of lake fines into the refuge pool (i.e. fill the pool).  Because 
the mobilizing velocity is so close to the expected velocities, it is conceivable that the bed material could 
be moved within the lake and into the refugia hole at an annual more frequent level of occurrence. 

B.11. Campbell Lake  Reference S ite  

The reference site for feasibility analysis and design conditions was Campbell Lake, located directly north 
of Post Office Lake (Figure B-21 and Figure B-22).  Campbell Lake is also connected to the Columbia 
River at a north connection channel/slough.  The Campbell Lake slough is 13,000 feet versus 1,000 feet 
for Post Office Lake.  Campbell Lake is close to the project area with driving river stages considered 
equivalent between the two areas.  A qualitative survey of historic aerial photos and previous survey 
information was performed by USACE personnel.  Bare earth LiDAR is available; however, bathymetry 
at Campbell Lake was not available.  Refuge personnel have indicated that Campbell Lake is also 
relatively shallow similar to Post Office Lake.  Google Earth photos taken during different times of the 
year have shown that Campbell Lake goes dry in late summer, typically August and September.  Refuge 
personnel have indicated that the lake area goes dry forming Tule marsh land.  The qualitative survey was 
used to identify potential changes in Post Office Lake should the lake be reconnected to the Columbia 
River. 
 
The Campbell Lake connection channel is subtidal and long as compared to the Post Office Lake 
connection channel.  The downstream interface between this channel and the reference marsh is a mudflat 
delta.  The highest elevations in this mudflat are 6.0 to 6.5 feet NAVD88. 
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Figure B-23.  Topographic Map of Campbell Lake 
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Figure B-24.  Photo of Campbell Lake Reference Site 

 
Source:  Google Earth 2012 
 

B.12. Channel S izing 

Literature research on the topic of hydrology and hydraulic geometry of intertidal marshes yields a body 
of work on west coast marshes.  Philip Williams & Associates (PWA 1995) and Williams and others 
(2002) provide design methodology and case studies of three youthful channel systems in San Francisco 
Bay.  The data set used to develop the design methodology consisted of San Francisco Bay coastal 
marshes ranging in size from 2 to 5,700 hectares.  San Francisco Bay has mixed semidiurnal tides with 
the average diurnal tide ranging between 4.9 and 9.8 feet.  
 
Williams and others (2002) present two sets of equilibrium hydraulic geometry relationships.  One set of 
relationships is based on contributing watershed area and the other is based on diurnal tidal prism.  The 
channel dimensions related are channel depth related to mean higher high water (MHHW), channel top 
width and cross sectional area.  Contributing watershed area is defined as the area extending to the tidal 
drainage divides.  Diurnal tidal prism is the volume of water between MHHW and mean lower low water 
(MLLW).  Calculations have been made using both sets of relationships at cross sections along the north 
connection channel to Post Office Lake.  Topographic and bathymetric data was available making tidal 
prism calculations possible. 
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B.13. HEC-RAS Modeling  

The model HEC-RAS 4.2 April 2011 beta, supplied by the USACE Hydrologic Engineering Center 
(HEC), was used to calculate the inundation limits within the study boundaries (Figure B-23).  The 
starting point for modeling was the HEC-RAS model developed by HEC. 
 
Figure B-25.  Lower Columbia HEC-RAS Model Schematic 

 
Source:  USACE February 2011. 
 
 
The model geometry was truncated by deleting the reaches below the Lewis River (RM 87.14) and just 
upstream of the Interstate 5 crossing (RM 107.9).  The Columbia Slough and non-relevant Sauvie Island 
storage areas were also eliminated from the model.  Figure B-24 graphically illustrates the Post Office 
Lake HEC-RAS model extents and geometry. 
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Figure B-26.  Post Office Lake HEC-RAS Model Schematic 
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The tailwater boundary condition was the Columbia River stage at the Lewis River (RM 87.14) as 
determined from the Portland District’s Columbia River flood profiles.  The elevations were also back 
checked against the FEMA Flood Insurance Study for the Lewis River and found to agree well. 
 
The model was run in unsteady flow mode using an idealized triangular hydrograph with the peak 
corresponding to the target chance flood event.  Some variation was made to the peak if the resulting peak 
water surface elevations at the site did not compare well to the Portland District’s flood profile at the river 
mile in question (usually RM 95).  The resulting flood results were mapped using HEC’s RAS mapper 
that is part of the HEC-RAS software package.  The delta inundations were calculated using RAS and 
inundation files created using RAS mapper. 

B.14. With-Projec t Condition 

The tidal reconnection associated with the removal of the culvert and tide gate alternatives will change the 
frequency of inundation at the site.  The without-project condition (no action) is defined as the existing 
condition, non-tidally connected Post Office Lake with a progressively eroding/breaching Columbia River 
levee.  Inundation begins when the Columbia River stage is sufficient to overtop the most eroded and 
lowest portions of the adjacent levee.  Currently, that is at approximately elevation 21 feet.  This 
corresponds a 4.5-year return interval frequency flood stage on the Columbia River.  The existing Post 
Office Lake shoreline is seasonably stable over the year and remarkably consistent.  The normal shoreline 
is approximately equal to the OHW mark and normally fluctuates between elevations 10 to 12 feet.  The 
exact OHW was determined to be elevation 12 feet (see wetland delineation report in Appendix E). 
 
In the with-project condition (proposed action), there is one low flow (elevation 7.0 feet) opening at the 
north connection channel confluence with the Columbia River.  It is the primary instrument of tidal 
reconnection to the Columbia River.  The connection allows Columbia River stages to translate into Post 
Office Lake, thereby increasing the frequency of inundation relative to that experienced currently.  
Therefore, yearly inundations will become more frequent between ordinary high water (OHW) and the 
overtopping event, 5-year frequency.  Fazio lands are directly south of the Refuge and part of Post Office 
Lake, and Anderson lands are directly south of the Fazio lands.  Other than the U.S. Fish and Wildlife 
Service (USFWS), these lands will be inundated more frequently by Columbia River flood levels in the 
with-project condition (proposed action).  Because the Fazio and Andersen lands will be more frequently 
inundated with the proposed action, either a flowage or conservation easement will likely be required. 
 
There were no significant changes to channel roughness or storage areas in the with-project condition 
hydraulic modeling. The project sought to minimize (i.e., no net) impacts to floodplain.  Refer to the 
proposed plan layouts in the main report for layout specifics.  Therefore, n values were not changed nor 
was storage volumes or cross sectional geometry altered substantially. 
 
The new vegetative succession resulting from the project will be from the existing non-connected wetland 
prairie/grass to tidal wetland, and was deemed to be similar enough to not necessitate a change to the 
roughness values.  In addition, the proposed riparian areas correspond to the existing stands of trees or 
existing vegetation with basically equivalent roughness.  The new stand of trees proposed in the 
southwest corner of the project will be developed with densities and diameters that will not adversely 
impact regulatory floodplain hydraulics.  This will be further developed during design and 
implementation. 
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The primary change in the with-out project condition was removal of the existing 30-inch culvert (i.e., 
new ingress point for inflows into the lake area) and lowering of the levee at the point of floodplain 
reconnection (elevation 23 feet to 18.7 feet NAVD88), and was represented in lowering of overtopping 
model elevations.  The model was used primary to quantify the response of the lake area to these new 
inflows (i.e., the RAS storage in representing the lake and surrounding area). 
 
Figure B-25 depicts the inundation footprint caused by reconnecting the Columbia River to Post Office 
Lake in the proposed action.  The reconnection would occur via the historic north connection channel 
entrance.  In addition, the floodplain reconnection piece would add river flows at stages above elevation 
18.7 feet (i.e., a 50% chance exceedance, 2-year overtopping event, Columbia River profiles). 
 
For the proposed action, Fazio lands will see increased flooding starting at the OHW to the approximately 
the 4.5-year overtopping flow.  Due to topographic divide (~ elevation 20 feet NAVD88), the Andersen 
parcels will not experience increased flooding compared to the existing condition, 4.5-year return interval.  
Beyond the 4.5-year event inundation, there is no in effect no substantial difference between the no action 
and proposed action flooding limits. 
 
Figure B-25 shows the “delta” inundation between the no action and with-project (proposed action) 
conditions.  Of special note is the hatched area.  This represents the Fazio lands that are primarily affected 
by flooding.  The local high point divide (~ elevation 21 feet NAVD88) is the point at which inundation 
begins on the Fazio and Andersen properties to the south. 
 
HEC-RAS was used to model expected velocities in the north connection channel resulting from normal 
seasonal and diurnal cycles at the project site.  A long term HEC-RAS simulation was run for WY 1973-
2010.  Statistical analysis was performed using HEC-SSP to determine the maximum (mean) channel 
velocity and associated frequency.  Table B-5 summarizes the results.  The results indicate that the 
velocities resulting from daily tidal inflows generally would not have a negative impact on fish passage, 
etc.  Channel stability is also not expected to be an issue at the site. 
 
Table B-6.  North Connection Channel Expected Maximum Velocities and Roughness Values 

North Connection Channel Velocity Thresholds Channel n = 0.025 
Overbank n =0.06 

Maximum Absolute Channel Velocity (ft/sec) 2.2 
1.0% of Data Exceeds an Absolute Channel Velocity (ft/sec) of: 3.1 
% of Data where Absolute Chanel Velocities Exceed 2.0 ft/sec: 0 

 
  



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Report (Revised November 2012) B-34 

Figure B-27.  Post Office Lake Delta Flood Limits 
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Appendix C.   Conceptua l P lan  Formula tion  

C.1. PROBLEMS AND OPPORTUNITIES 

The primary problem at the Post Office Lake site is the tidal and fish passage blockage imposed by a 30-
inch culvert and tide gate (tideflex duckbill check valve) installed at the entrance to the lake’s historic 
connection channel(a channel at the north end of the lake).  These structures were installed in the 1990s to 
prevent backwater from the Columbia into the pastures lands around the lake.  Subsequent degradation to 
the culvert and tide gate has further degraded the connection to the river.  If these structures are removed, 
Post Office Lake immediately offers approximately 80-100 acres of potential winter and freshet refugia 
for salmonids, specifically coho and Chinook juveniles.  In conjunction to the removal of the obstruction, 
ecosystem restoration measures can be implemented to substantially improve overall ecosystem habitat in 
the Post Office Lake vicinity without negatively impacting overall Ridgefield National Wildlife Refuge 
(Refuge) mandated waterfowl management goals and objectives. 

C.2. PROJ ECT GOALS 

This Section 536 ecosystem restoration project seeks to restore and improve important habitat functions 
on and in the immediate vicinity of Post Office Lake, by restoring tidal and floodplain reconnection to the 
Columbia River providing refugia and rearing opportunity for migrating juvenile salmonids and to a 
lesser extent adult salmonids. 

C.3. PROJ ECT OBJ ECTIVES 

Within the framework and constraints of the Section 536 and Refuge objectives, the following project 
objectives were established: 
 

• To re-establish yearly tidal influence to water bodies in the project area above elevation 7 feet 
NGVD88. 

• To provide maximum access to Post Office Lake allowing ingress and egress for rearing juvenile 
salmonids (coho and Chinook salmon), while minimizing the risk of stranding. 

• To restore more natural floodplain connectivity and to improve floodplain functions. 
• To increase and improve backwater, off-channel habitat quantity and quality for rearing juvenile 

salmonids for both in-basin and out-of-basin fish stocks. 
• To increase and improve riparian function and canopy cover, where feasible. 
• To increase and diversify native floodplain and riparian vegetation, where feasible. 
• To remove and manage invasive plant species, such as Himalayan blackberry (Rubus 

armeniacus), reed canarygrass (Phalaris arundinacea), and others, where practical. 
• To minimize depredation of juveniles via increased habitat complexity and placement of natural 

cover and structure where appropriate in the channel and the lake. 

C.4. PLANNING CRITERIA 

The following planning criteria were used in formulating and evaluating restoration measures and 
alternatives examined in this report. 
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C.4.1. Genera l Crite ria  

• The Recommended Plan achieves the goals and objectives of the project and is sustainable over 
the long term (more than 50 years). 

• The Recommended Plan is compatible with the Refuge management objectives for migratory 
waterfowl. 

• The Recommended Plan is compatible with other habitat restoration efforts in the lower 
Columbia River and estuary by federal, state and local agencies, and private organizations. 

• The Recommended Plan will be selected based on analyses of environmental benefits and costs in 
accordance with Corps regulations to ensure that the plan is viable and cost effective. 

• The Recommended Plan protects public health, safety, and well being. 

C.4.2. Technical Crite ria  

• Technical analysis shall conform to USACE guidance found in Engineer Regulations (ER) and 
Engineering Technical Letter (ETL): ER 1110-2-1150 Engineering and Design for Civil Works 
Projects, ER 1105-2-100, and ETL 1110-2-573; Construction Cost Estimating Guide for Civil 
Work. 

• The project location is centered at Columbia River Mile 95. This portion of the reach is 
characterized as a hydraulic transition zone between tidal dominated flow patterns and terrestrial 
flood flows.  Therefore the hydrologic and hydraulic analysis should incorporate metrics which 
address tidal variability (tidal prism) as well as flood stage (annual expected probability) flows.  

• Hydraulic analysis shall incorporate official NWP “Columbia River Combines Probability Flood 
Profiles 9 April 2007”. 

• This project is located within the FEMA regulatory floodplain.  Therefore, this project shall 
adhere to all applicable floodplain ordinances.  

• Size and capacity of channels shall be based on acreage, depth of excavation and flood tide 
elevation. 

C.4.3. Environmenta l Crite ria  

• Maintain habitat for dusky Canada geese, sandhill crane and other waterfowl, for which the 
Refuge is mandated to provide, by ensuring the restored tidal and floodplain connections do not 
result in significant, adverse effects.  The ecosystem restoration actions will not substantially 
change the Refuge’s 15-year land-use planning horizon goals (i.e., no reduction in pasture areas 
for wintering birds, etc) that benefit waterfowl management. 

• The restoration will not, for example, provide riparian plantings around the lake itself; 
segmentation of the pasture land will be avoided by limiting the number of ingress points from 
the river to a single breach location and shallow swale through current pasture lands; and 
plantings that may affect sight distance preferences for waterfowl will be avoided in the pasture.  
All measures have been considered in collaboration with USFWS refuge personnel (including 
avian biologists). 

• The Corps will rely on Refuge staff and Refuge monitoring protocols to determine if and how 
these criteria are being met.  Restoration actions were developed to avoid negative impacts to 
waterfowl along with development of riparian canopies in limited locations and potential 
conversion of wetlands due to the re-introduced hydroperiod. 

• Restore hydrology and hydrologic exchange via passage of the full tidal prism and allow fisheries 
ingress/egress to the lake; improve access and opportunity. 
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• The Corps will assume that a self-sustaining outlet and stable North Channel, along with a stable, 
self-sustaining breach and swale section will meet these criteria.  If the ingress/egress points 
remain open and the hydraulics and hydrology criteria are met, the Corps will assume full 
hydrologic exchange towards these criteria. 

• Simple presence/absence surveys will determine salmonid use of the lake and channel.  Criteria 
will be met with the presence of salmonids. 

• Restore and improve off-channel rearing/foraging habitat for listed salmonids and other native 
fish species; increase habitat complexity and quality. 

• Achievement of other criteria will contribute towards successfully meeting these criteria.  Habitat 
improvements towards meeting criteria will be partially gauged on whether or not increases in 
canopy structure and development have occurred in those areas where it is not limited due to 
maintenance of sight distances.  Increases in percentages of native composition relative to current 
non-native percentages will also be considered an improvement in quality.  Water quality 
parameters will be measured to determine if they fall within the range of Suitability Indices 
scores for salmonids with respect to dissolved oxygen and temperature.  Criteria will be met when 
water quality conditions improve and/or parameters in deeper portions of the lake are maintained 
within non-lethal ranges during the spring and fall periods. 

• Restore and improve riparian habitat for salmonids and maintain appropriate habitat 
characteristics for migratory birds; increase potential for complex canopy and large wood 
recruitment to increase habitat benefits. 

• Limited removal of infestations of invasive species like Himalayan blackberry, reed canarygrass, 
and others. 

• Reestablish regular floodplain reconnection and more frequent inundation, mixing and hydrologic 
exchange. 
 

Besides the criteria above, the Corps along with NMFS, USFWS, and Washington Department of Fish 
and Wildlife (WDFW) have given much consideration regarding how to minimize risk of stranding 
juveniles when water levels are low, and how to protect any potential rearing fish that do not egress with 
the ebb tide in the warmer summer months.  To address these concerns, the elevation of the invert at the 
outlet of the lake would be designed in order to maximize fish passage and retain some water to maintain 
moisture levels for pelecypods.  Careful deliberation was also given to excavation of a deeper hole at the 
outlet of the lake in order to provide thermal refugia via stratification of the lake.  There was concern that 
this would not be a sustainable habitat feature due to the bottom substrate in the pond and the potential 
migration of fines back into the hole.  This adaptive management measure is being considered further and 
simple sedimentation accretion models would help predict the potential rate of infill should additional 
deepening measures be required.  A deeper hole is also a large construction cost, and the unknown burden 
of maintenance this could impose on the Refuge in the future is a further risk.  A series of smaller 
holes/pocket pools would be excavated at the head of the lake near the outlet in order to minimize costs, 
wetland impacts, and future maintenance, while also providing pockets of depth and thermal refugia.  In 
order to further reduce the risks to salmonids and protect any over-summering juveniles, the Corps would 
implement an adaptive management approach that is triggered should monitoring of post-project site 
conditions and fish use indicate a risk of stranding.  Close coordination would continue with the resource 
agencies in order to determine the appropriate response for this the unlikely event. 
 

C.4.4. Soc ia l Crite ria  

The primary public usages of the Post Office Lake area are waterfowl hunting, bird watching, hiking and 
biking (on remnants of Highway 501).  According to the Refuge’s 2010 Comprehensive Conservation 
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Plan (CCP), waterfowl hunting, along with protection of migration and wintering habitat for waterfowl, 
was made a Refuge purpose in 1964.  At the time of Refuge establishment, the State Department of Game 
provided for fishing and hunting on its Shillapoo Game Refuge on Vancouver Lake and on a tract that 
included the present-day Ridgeport Dairy Unit and a portion of the Roth Unit; thus, most of Post Office 
Lake and half of Campbell Lake could be hunted.  The Project Delivery Team (PDT) developed criteria 
affecting Refuge’s social objectives.  They were: 
 

• Maintain adjacent landowners’ current water usage and other usages such as hunting, etc. 
• Continue restriction of public access. 

C.5. PROJ ECT CONSTRAINTS 

The following project constraints were identified by the PDT. 
 

• Maintain compatibility with other habitat and wildlife, in particular the wintering habitat for 
dusky Canada geese and other waterfowl regulated by the Refuge.  No planting of transitional 
wetland vegetation and riparian vegetation around the perimeter of the lake was included due to 
concerns of detrimental impacts of Refuge-managed waterfowl. 

• Provide a hydrologic regime that does not adversely impact adjacent landowners. 
• Continue restriction of public access to Post Office Lake and adjacent Refuge lands (Ridgefield 

Diary Unit) as mandated under the current regulations and described in the 2010 CCP. 
• Maintain current Refuge operation and maintenance (O&M) activities, in particular mowing of 

the west side of Post Office Lake for waterfowl management purposes.  This occurs twice a year 
and movement of mowing equipment is via the north end.  Refuge equipment is moved over the 
north connection channel near the toe of levee to access the west side of the lake.  The proposed 
alternatives may eliminate such access when the levee section and culvert are completely 
removed and the channel section is opened up.  The PDT was required to replace the equipment 
access function so that future O&M is not unduly hindered.  This would be accomplished via 
construction of a bridge spanning the channel near the existing toe of levee. 

• Maintain water management operations at the Refuge (e.g., Dusky Lake).  Currently, the Refuge 
pumps from Lake River near the south end of Campbell Lake during the months of August and 
September.  The water is pumped to Dusky Lake, as well as to Hillocks and the Fingers that are 
areas located to the north and east of Post Office Lake.  Excess flows that fill up Dusky Lake may 
overflow through a water control riser structure located at the south end of the lake.  The pumps 
incorporate fish screens. 

• Eliminate any adverse water usage impacts to adjacent landowners due to project. 
• Balance the goals and objectives in order that third party land owners are supportive and in 

agreement with planning objectives. 

C.6. PROPOSED RESTORATION MEASURES 

Several possible conceptual restoration measures were considered for Post Office Lake.  The proposed 
measures were selected based on their ability to meet the project objectives; limit constraint impacts and 
had sufficient employment opportunity (e.g., available areas in which to implement the measure). 

C.6.1. Tida l Reconnec tion  and  Fis h  Pas s age  

Several methods of tidal reconnection were evaluated for the restoration project.  They included versions 
of reconnecting to Lake River and Campbell Lake to the north.  These were subsequently screened out 
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because for the Lake River connection, there was fear that the known suboptimal water quality in Lake 
River would adversely impact Post Office Lake and that the bulrush invasive would be spread by more 
frequent inundation.  The Campbell Lake reconnection measure was eliminated because reconnection did 
not gain additional advantages over a direct and closer reconnection to the Columbia River via the north 
connection channel.  The north reconnection was seen as the most feasible and economic reconnection 
option.  This option included removal of the tide gate/30-inch culvert structure and bounding levee as 
well as improvements to the ditch geometry, side slopes as well as channel bottom.  These improvements 
were necessary to mitigate for degradation occurring from the lack of tidal flux, as well as the dredged 
material dumped adjacent to the ditch and into it. 

C.6.2. Riparian  Habita t Improvement 

Potential riparian habitat improvements were limited.  The areas around the lake which have historically 
been wooded were to be reserved as goose pasture under current as well as future Refuge management 
policy.  Opportunities identified were around the north connection channel as well as along the levee.  
Subsequent refinements led to a concept of a 50-foot riparian buffer around the north connection channel, 
with some expansion at the northwest corner, where the buffer would reconnect to a stand of existing 
willows and cottonwood.  On the levee, it was decided that scarification of the existing pavement and 
establishment of trees to supplement existing cottonwood and alders would be appropriate towards 
improving riparian habitat.  Scrub willow could be planted at locations within the pasture area adjacent to 
the lake.  The scrub was chosen to minimize impact to waterfowl sensitivities for sight distance. 

C.6.3. Floodpla in  Reconnection  

There are four existing progressive breach points within the Post Office Lake study area.  Of these, one 
has completely eroded the levee prism.  However, because the landward side of the levee is elevated with 
respect to Post Office Lake, a permanent tidal connection was not established.  The PDT evaluated 
multiple and single breach points reconnection options.  The reconnections would only be available 
during high flow periods, unless a deep channel was excavated, reconnecting the water bodies.  
Subsequent discussions with U.S. Fish and Wildlife Service (USFWS) staff concluded that deep channels 
would likely be unstable over time and that operation and maintenance was a concern.  It was concluded 
that a high-stage floodplain reconnection was more appropriate for these locations.  The question of 
multiple versus single (breach point) floodplain reconnections was decided by a desire to not segment the 
grass pasture areas around the lake.  Therefore, the site of the greatest breach erosion was chosen as the 
location for a high stage floodplain reconnection.  Mimicking historic patterns, the reconnection would 
allow woody debris and other beneficial material to wash onto the floodplain, providing complexity and 
nutrient advantages.  Table C-1 summarizes the list of measures evaluated and the final determinations.  
Highlighted measures were those deemed adequate to form study’s array of alternatives. 

C.7. FINAL LIST OF MEASURES 

C.7.1. Meas ure  1 - Remove  Culvert and  Tide  Ga te  P lug  a t Outle t o f North  
Connec tion  Channe l to  Res tore  Tida l Reconnec tion  and  Fis h  Acces s  

Measure 1 includes removal of existing connection channel drainage structure including inlet screens, 
culvert, tideflex tide gate, all concrete associated with the tide box and culvert and levee prism overbuild 
(Figure C-1).  The levee in the area of the drainage structure would be “notched” subsequently serving as 
a channel inlet.  Currently, the invert elevation of the drainage structure is 7 feet NAVD88.  This was 
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chosen as the invert of the levee notch as it would not significantly alter existing summer drainage 
conditions and Refuge operations.  Levee crown elevation in this vicinity is 28 feet NAVD88. 
 
A low flow channel section is included as part of the levee notch cross-section to accommodate a smaller 
summer tidal prism flow, provide opportunity for edge habitat to form and to reduce overall notch width.  
This low flow channel section would be approximately rectangular in shape, 15-feet wide and 3-feet deep.  
The remainder of the levee notch will consist of 4 horizontal to 1 vertical side slopes.  This should allow 
for emergent and riparian vegetation to establish and maintain itself naturally, while allowing for a 
moderate level of erosion protection. 
 
It should be noted that no replacement crossing is provided as part of this alternative.  Currently, the 
Refuge and county do not allow for general public access to the refuge area not the levee crown so 
provisions allowing for pedestrian crossing of the levee notch is not required as a component of this 
measure.  Considering the deteriorating condition of the levee prism in general, it was determined that the 
levee in this area would not be used by the Refuge as a means of accessing the southwest portions of the 
Post Office Lake area. 
  



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Draft Report to NWD August 2012 C-7 

Table C-1.  Preliminary Suite of Conceptual Measures 
Measure 

Description 
Project Objectives 

Fulfilled Determination 

Remove existing outlet 
structure and levee 

Tidal reconnection and fish 
passage 

Contingent upon maintaining O&M access to the west side of the lake 
in order to mow, apply herbicides and remove undesirable vegetation.  
Likely to be provided by a bridge crossing over north connection 
channel.  Agreement with the south property owner to allow Refuge 
access via the south end of the lake was explored but found infeasible 
due to owner’s future plans.  New bridge considered an 
implementation cost for formulation purposes. 

Repair existing outlet structure Tidal reconnection Screened out.  This measure did not meet the fish passage objective. 
Replace existing tide gate with 
upgraded tide gate 

Tidal reconnection and fish 
passage 

Screened out.  Over a 50-year planning horizon, structure likely would be 
‘short circuited’ by progressive breaches flanking this location; measure 
was deemed ineffectual. 

Single ‘large’ controlled 
breach 

Tidal/floodplain 
reconnection and fish 
passage 

Final measure is in form of floodplain reconnection.  The overtopping 
elevation would be set at 18.7 feet allowing for higher river stage 
overtopping. 

Multiple controlled breaches 
Tidal/floodplain 
reconnection, and fish 
passage 

Screened out.  Refuge did not want waterfowl pasture areas segmented. 

Terracing of portion of Post 
Office Lake Increase habitat quality 

Screened out.  Insufficient benefits for fish.  Some concern as to whether 
the terracing would hold up over time, based on percent fines soils in and 
around the lake and the wave/tidal actions. 

Deepen north end of Post 
Office Lake/south end of the 
channel 

Increase fish habitat 
quality, tidal reconnection, 
provide fish ingress/egress 

Involves lowering elevation of a sill at channel connection to lake to 
increase connectivity into the lake while allowing lake to store some 
water during summer, low-flow season when Columbia is below the 
inlet.  Habitat features such as large wood would be included to 
provide complexity and cover.  Deeper pocket pools would also be 
excavated near the outlet to provide thermal refugia for fish that 
might not egress with the tide during low-water conditions. 

Reconnect Campbell Lake area 
Tidal and floodplain 
reconnection, provide fish 
ingress/egress 

Screened out.  Objectives could be met by simpler/less expensive 
reconnection via north connection channel to the Columbia River.  Also, 
longer connection distance away from the Columbia River via Campbell 
Lake would adversely impact ERTG project score compared to direct 
north connection. 

Create/restore riparian buffer 
zone (along north channel, 
floodplain swale and levee) 

Increase habitat quality Note the geese pasture areas were excluded as potential riparian 
improvement zones. 

Provide limited aquatic, 
emergent and upland invasive 
species control 

Increase habitat quality Primary invasive to control is Himalayan blackberry. 

Creation of adjacent wetland 
pockets Increase habitat quality Screened out.  Insufficient opportunity, minimal benefits. 

Connect Post Office Lake to 
Lake River Tidal and fish passage 

Screened out.  Poor water quality in Lake River could further degrade 
water quality in Post Office Lake.  Also, measure did not provide 
sufficient fish ingress and egress; simpler measures accomplished same 
objective.  High potential for spread of ricefield bulrush if area inundated. 

Improve existing 
north channel Increase habitat quality 

Measure includes dredging channel bottom to remove fish passage 
barriers and improving banks to create a two-stage channel to pass 
full tidal prism and facilitate fish passage into lake.  Habitat features 
such as large wood would be included to provide complexity and 
cover. 

Stabilize or correct progressive 
breaches 

Mitigation for potential 
flooding impacts 

Screened out.  Measure is technically impractical and cost prohibitive.  
Also, the County decided to not repair the levee as of 2006. 
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Figure C-1.  Measure 1 Plan 
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C.7.2. Meas ure  2 - Crea te  Contro lled  Floodpla in  Reconnec tion  a t Wors t 
Progres s ive  Breach  Loca tion  (~RM 95.1) 

Due to low gradients in the area, it was determined that a second tidal connection channel (in addition to 
the existing connection channel) would not provide a significant increase in benefit to the Post Office 
Lake habitat.  On the other hand, increasing general floodplain connectivity during moderate to high 
Columbia River stages could provide benefits that the connection channel cannot.  Such benefits include 
deposition of river sediment as well as large wood on the floodplain as well as an additional pathway to 
calm water refugia during high flow events.  In order to achieve these functions, a high elevation notch or 
lowering of the levee prism, along with lightly excavated swale to provide for a slightly deeper water 
column to the lake could be employed.  This would allow for increased access for aquatic species, as well 
as increased conveyance of large woody debris in comparison to simple overland sheet flow. 
 
The largest existing breech area was chosen as the entrance location of this floodplain reconnection swale 
for a number of reasons.  This southern most existing breach location happens to be the longest in length 
and most extensive, thus requiring the least amount of additional excavation.  This breach is occurring at 
the head of an existing topographic depression leading to the lake that can serve as a pathway for the 
excavated swale, further reducing the amount of excavation required.  Additionally, the Refuge wanted to 
avoid, or at least minimize, any dissection of existing pasture areas for migrating and over-wintering 
waterfowl.  The location of the existing breach and swale pathway bisects the existing pasture area 
approximately in the middle, eliminating creation of a small, isolated pasture area in the future. 
 
The entrance elevation of the breach point would be set at the 2-year Columbia River stage of 18.7 feet 
NAVD88 and would be extended approximately 225 to 250 feet in width along the existing breach area.  
Existing overtopping is 20.4 feet NAVD88, 4-year overtopping frequency requiring excavation of 
approximately 2 feet of material across the remaining levee prism.  From this breach point the connection 
swale would be graded in, connecting the breach to the lake.  The invert of the swale would be gently 
graded to meet the breach profile and then excavated down in depth by 0.5 to 0.75 feet into the floodplain 
surface, generally conforming to the existing depression.  For purposes of construction, a typical swale 
profile will have a 60-foot wide bottom with 1 vertical to 120 horizontal side slopes. 
 
In order to further train flow, provide some hard point controls for the swale, break up sheet flow, provide 
soft anchor points for large woody debris and provide additional habitat and sources of wood, the margins 
of the constructed swale will include vegetation.  While large woody species and a general riparian 
vegetation community would be preferred, the Refuge suggested that avian sight distance requirements be 
met by limiting vegetation height.  As such, the suggested plantings included scrub willow and dogwood 
communities.  Figure C-2 shows the location of floodplain reconnection point, swale, and revegetation 
areas, as well as a typical cross-section for the swale. 
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Figure C-2.  Measure 2 Plan 

 
  



Post Office Lake Section 536 Ecosystem Restoration Project 
 
 

Final Draft Report to NWD August 2012 C-11 

C.7.3. Meas ure  3a  - Improve  North  Connec tion  Channe l Configura tion  for 
Be tte r Fis h  Acces s  

When combined with Measure 1, restoring tidal connection, the connection channel provides conveyance 
of the tidal prism and aquatic species into and out of Post Office Lake.  Currently, the connection channel 
is primarily rectangular in cross section with vertical banks and legacy overbuild areas of dredge material.  
In this configuration, channel banks are likely to be unstable when exposed to the tidal prism risking 
failure and filling of the channel.  Additionally, in its current condition the steep banks are vegetated with 
reed canary grass, blackberry and other non-desirable species making it impossible for a native emergent 
community to develop.  This measure would include channel improvements that address channel 
instability, potential fish passage barriers and lack of emergent edge habitat. 
 
In an effort to provide for tidal prism access during low stage periods in the Columbia River, a low flow 
channel will be excavated to an invert elevation of approximately 7 feet NAVD88 in elevation along the 
entire length.  This low flow section will be 15-feet wide and 3-feet deep.  At an elevation of 10 feet 
NAVD88, the channel banks will be set back to a slope of 1 vertical to 4 horizontal in order to remove 
legacy dredge material overbuild, stabilize channel and provide for emergent wetland and riparian plant 
communities to develop.  Where feasible, any additional stabilization required within the connection 
channel would be by eco friendly methods. 
 
Figure C-3 outlines the extent of the connection channel improvements and provides a typical channel 
cross section. 

C.7.4. Meas ure  3b  - Crea te  Riparian  Buffe r in  Vic in ity of North  Channe l 

The goal of this measure if to provide the benefits of riparian vegetation, which was prevalent along the 
Connection channel in the past.  These benefits include shading, stabilizing effect of root structure, and a 
long term source of large wood and other habitat structure along with many other benefits.  While a large 
buffer is desirable, large riparian areas consisting of tall trees are in conflict with the current Refuge 
management for waterfowl and other avian species.  In order to satisfy the need for riparian area along the 
channel and accommodate the refuge management and goal, a buffer width 50 feet from edge of bank was 
agreed upon.  The riparian buffer included in this measure extends from the north end of Post Office Lake 
to the landward toe of the levee, tying into existing stands of cottonwood and other trees.  As part of the 
measure, vegetation including willow and cottonwood will be planted. 
 
Figure C-4 outlines the extent of the riparian buffer that makes up Measure 3b. 
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Figure C-3.  Measure 3a Plan 
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Figure C-4.  Measure 3b Plan 
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C.7.5. Meas ure  4 - Deepen  North  End of Pos t Office  Lake /South  End of Ditch  

The north end of Post Office Lake contains a high ground ‘knob’ that is currently at elevation 10 feet 
NAVD88.  This high point holds water in the lake to elevation 10 feet, but will block fish passage at 
lower stages.  In order to extend the period during which the tidal prism can access the lake, and to reduce 
the fish passage barrier, this measure will deepen the lake at the north end to elevation 9 feet NAVD88 
(note that the deepest elevation of lake is 7.5 feet NAVD88). 
 
Generally, the current configuration of the lake bed in this area includes a steep eastern shoreline with 
nearby deep area that gently slopes up to the eastern shoreline with a much shorter steepened bank 
section.  The exception to this is the localized higher elevation ‘knob’ between the north end of the lake 
and the connection channel.  This knob can be seen in Figure C-5. 
 
Measure 4 will excavate the north end of the lake down by 1 to 1.5 feet in depth while approximately 
maintaining the existing cross sectional profile.  Additionally, the ‘knob’ located at the lake outlet will be 
excavated in a manner that gradually transitions between the connection channel and lake cross sectional 
profiles with a minimum elevation of 9 feet NAVD88 to allow for tidal prism access, fish passage, and 1 
to 1.5 feet of ponding in Post Office Lake during low stage periods.  Figure C-5 depicts the areas of 
excavation included in Measure 4. 

C.7.6. Meas ure  5 - Riparian  Res tora tion  Along Levee  and  Remova l of As pha lt 

Measure 5 includes scarification and partial removal of remnant road grade, removal of undesirable 
vegetation, and replanting riparian area.  In the case of removal, subsequent decompaction and 
revegetation would occur with a mixture of native riparian species along the entire levee crown in the 
project area.  The landward levee slope also will see removal of all undesirable vegetation (i.e., 
blackberry) and subsequent revegetation with a mixture of native riparian species.  An additional 
expansion area for riparian plantings has been indentified beginning at the south boundary parking lot 
(terminus of River Road, milepost 11).  This area is currently not heavily used by waterfowl and other 
large migratory birds, allowing for the planting of large tree and shrub vegetation. 
 
Figure C-6 shows the work areas included in Measure 5. 
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Figure C-5.  Measure 4 Plan 
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Figure C-6.  Measure 5 Plan 
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C.8. ARRAY OF ALTERNATIVES 

The conceptual restoration measures were further developed and in some cases combined in order to meet 
all of the objectives and constraints.  Combination of conceptual measures was based on the 
determination that a set of measures was necessary to meet minimal benefit objectives.  For example, a 
suite of measures at the north connection channel was necessary to meet the objective of tidal 
reconnection and fish passage.  That is, the removal of the tide gate and culvert would need to be 
combined with the ditch channel improvements to adequately facilitate fish passage.  Creating an 
alternative with a single conceptual measure would not have resulted in sufficient benefit (i.e., at best 
negligible fish passage).  The resulting alternatives are described below. 
 
Alternative 1.  No Action.  No habitat restoration actions would be implemented at Post Office Lake.  
Current Refuge management practices would not substantially change.  The dike would continue to 
progressively erode.  No permanent or substantive repairs would be performed, which have been 
identified as part of the Refuge’s long-term management/contingency strategy. 
 
Alternative 2.  North channel tidal reconnection/fish access + improve north channel 
configuration/create riparian buffer + deepen north end of lake (measures 1+3a+3b+4).  Remove 
tide gate (across the north channel entrance, in the event that an access easement cannot be obtained) for 
operation and maintenance access purposes, improve north channel configuration, add riparian buffer, 
improve lake at its north end to minimize fish stranding. 
 
Alternative 3.  North channel tidal reconnection/fish access + improve north channel 
configuration/create riparian buffer + deepen north end of lake + riparian restoration/asphalt 
scarification along levee (measures 1+3a+3b+4+5).  This alternative does not include the floodplain 
reconnection (measure 2). 
 
Alternative 4.  North channel tidal reconnection/fish access + floodplain reconnection + improve 
north channel configuration/create riparian buffer + deepen north end of lake (measures 
1+2+3a+3b+4).  This alternative does not include riparian restoration/asphalt scarification along the levee 
(measure 5). 
 
Alternative 5.  North channel tidal reconnection/fish access + floodplain reconnection + improve 
north channel configuration/create riparian buffer + deepen north end of lake + riparian 
restoration/asphalt removal along levee (measures 1+2+3a+3b+4+5).  This alternative includes the 
full suite of restoration measures. 
 
Alternative 6.  Floodplain reconnection at worst progressive breach, RM 95.1 (measure 2).  Create 
controlled floodplain reconnection at worst progressive breach location, ~ RM 95.1.  The entrance 
elevation of the breach point would be set at 2-year elevation 18.7 feet.  Existing overtopping is at 
elevation 20 to 21 feet, 4.8-year overtopping frequency.  A connection swale will be graded in from the 
breach to the lake.  Only allowable plantings will be scrub willow, dogwood or similar appropriate low-
growing species (low height vegetation for bird sight distance considerations). 
 
Alternative 7.  Reconnection at worst progressive breach (RM 95.1) + riparian restoration/asphalt 
scarification along levee (measures 2 +5).  This alternative does not include the north channel 
reconnection/fish access (measure 1), improving north channel configuration/create riparian buffer 
(measure 3a + 3b), and deepening north end of lake to minimize fish stranding (measure 4). 
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C.9. RECOMMENDED PLAN 

Evaluation and selection of the recommended plan components are discussed in depth within Sections 
2.10 and 3.1 of the main feasibility report.  The recommended plan (proposed action) is Alternative 5, 
north channel tidal reconnection/fish access + floodplain reconnection + improve north channel 
configuration/create riparian buffer + deepen north end of lake + riparian restoration/asphalt removal 
along levee (measures 1+2+3a+3b+4+5).  Alternative 5 features include: 
 

• Removal of the existing tide gate (tideflex rubberized aperture), 170 feet of concrete encased 30-
inch steel culvert and adjacent levee segment, restoring tidal connection to Post Office Lake. 

• Create controlled floodplain reconnection at the worst progressive breach location at 
approximately RM 95.1.  The entrance elevation of the breach point would be set at the 2-year 
Columbia River stage of 18.7 feet.  The approximate width of the expanded breach will be 
between 225 to 250 feet.  Existing overtopping is at 20.4 feet, 4-year overtopping frequency.  A 
connection swale would be graded in with a typical bottom width of 60 feet and 1 vertical to 120 
horizontal side slopes, connecting the breach to the lake.  The swale would facilitate controlled 
overland flows and provide some passage opportunity for fish ingress from the river during the 
high stage events.  The allowed plantings were scrub willow and dogwood to meet the sight 
distance requirements for birds. 

• Improve north connection channel configuration for better fish access.  Create a two-stage 
channel that passes the full tidal prism.  Stabilize the side slopes, terrace and or flatten side 
slopes.  Remove 'high points’ along ditch which may impede fish passage.  Where feasible, any 
required stabilization would be by eco-friendly bioengineering methods. 

• Creation of 50-foot riparian buffer (approximately 1,000 linear feet) on either side of the north 
connection channel.  Tree plantings from west end of channel to existing willow/cottonwood 
stands at north end of the lake.  Extend plantings on north end to the existing willow/cottonwood 
stands adjacent to the Columbia River.  Remove localized patches of invasive species in order to 
ensure successful establishment of native plantings. 

• Deepen north end of Post Office Lake/south end of ditch.  Deepen the lake at the north end from 
10 feet to 9 feet in order to improve fish survivability during the summer months. 

• Riparian restoration along the levee.  Scarify remnant asphalt thereby facilitating expansion of 
riparian vegetation. 

 
Figure C-7 depicts the components of Alternative 5, the recommended plan. 

C.10. IMPLEMENTATION CONSIDERATIONS 

Post Office Lake is located within a complex and diverse wildlife habitat, one that is actively managed 
under varying goals and strategies by the Refuge.  Three main implementation considerations were 
identified during development of the conceptual design.  These include operation and maintenance access, 
construction access and issues, and a pumping contingency for Post Office Lake.  These considerations 
are discussed below. 
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Figure C-7.  Recommended Plan for Post Office Lake 
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C.10.1. Opera tions  and  Main tenance  Acces s  

The Refuge currently performs annual maintenance around the entire Post Office Lake area including use 
of a John Deere 7610 tractor with brush hog attachment and a tracked excavator with a 14-foot overall 
track width.  Access to all area of the project site by this equipment must be maintained post-construction 
of any restoration actions included as part of this project.  These needs are discussed in detail in Section 
2.6 of the main feasibility report.  The recommended plan would effectively remove the current Refuge 
access route to the pasture areas to the southwest of Post Office Lake.  Alternative access to the south of 
Post Office Lake, across private property, is expected as part of a mutual flowage easement or perpetual 
road easement secured as part of this project. 

C.10.2. Cons truc tion  Acces s  and  Is s ues  

The recommended plan involves construction activities within sensitive wetland and waterfowl habitat 
areas, as well as in and around waters with species listed on the Endangered Species Act.  Careful 
coordination and construction considerations will be required for this project.  Additionally, being located 
within a wildlife refuge, roadways suitable for general earthwork and other construction equipment are 
generally not available. 
 
The old Highway 501 roadway on top of the Columbia levee is in a neglected and severely deteriorating 
state and is not suitable for construction traffic.  If work areas included in the recommended plan are to be 
accessed via the south and west sides of the lake, a temporary construction road and/or pads will be 
required, at a length of approximately 1 mile, to access the north connection channel and lake outlet areas.  
Access from the north would have to occur along an unimproved jeep trail from the Refuge shop located 
near Campbell Lake.  This path would require temporary road improvement for a distance of 
approximately 3 miles. 
 
Disposal sites for excavated and demolished materials, as well as waste from invasive vegetation removal, 
will need to be identified.  The Refuge has tentatively expressed interest in on-site disposal of excavated 
material within the Refuge boundaries.  Lastly, the construction schedule will be highly impacted by 
various in-water work requirements and the need for seasonal work activities.  As a result, a phased 
approach to construction will need to be employed.  Details of many of these restrictions are discussed 
within Section 3.2 of the main feasibility report. 

C.10.3. Pos t Office  Lake Pumping  Contingenc y 

Opening Post Office Lake to the Columbia River tidal cycle creates the possibility of the lake draining 
during extreme drought years when the Columbia River stage remains at low tide levels below the invert 
of the lake outlet for extended periods.  The Refuge would like to be able to prevent Post Office Lake 
going completely dry during a severe drought year (with a frequency of about 3-5 years).  Should the lake 
evaporate/percolate and go dry, the Refuge requested that as a contingency the ability to fill the lake via 
using a 50 horsepower pump (about 10 or 14 acres).  This would be a contingency action only and not an 
annual practice.  These needs are discussed in detail in Section 2.6 of the main feasibility report. 
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United States Department of the Interior 
FISH AND Wll..DLIFE SERVICE 

In Reply Refer To: 
FWS/ARW/RE-RM 

Memorandum 

911 N.E. 11th Avenue 
Portland,~egon 97232-4181 

To: Regional Director, Fish and Wildlife Service 
Region 1, Portland, Oregon 

Through: Assistant Regional Director, Fish and Wildlife Enhancement 
Region 1, Portland, Oregon 

From: Assistant Regional Director, Refuges and Wildlife 
Region 1, Portland, Oregon 

Subject: Level 1 Contaminant Survey Approval 

The Regional Director has been delegated authority to approve Level 1 contaminant 
surveys. Your approval is requested for the attached contaminant survey. 

Attachment 

Concur: 

fJeI1 A 
Date 



~ ,,;" ::; 'f ' 

Level :I Survey: 
contaminant Survey Checklist 

of Proposed Real Estate Acquisitions 

Attachment 1 

:INSTRUCT:IONS: Check for each category. Explain briefly where 
something other than "No," "None," or "Not Applicable" is checked. 
Discuss whether a Level :I:I or :I:I:I Survey will be recommended. 

'Describe the distance if nearby is checked and whether there is a 
known potential pathway for contamination on site. Attach a legal 
description of the real estate property covered by this Survey. 

A; Background Information 

Bureau Name U sewS <R'2~£<gy? iit-U-JL 

sit.e Name :R,2(315.£cM2-T 'J?A.,'h) County ...;Ct..Mu==::;..... ___ ,state w-A-

Date of Survey .....:..t,4(fJ.'h!:::. o/I':{o'fl<?I5.Z-___ ,,"--

ONS:ITE NEARBY NONE 

B. Site :Inspection Screen: On-site and nearby 

1. Dumps, especially with drums, containers 
(Read labels if possible; do not open or 
handle I :If no labels, note identifying 
characteristic~ 

2. ?ther debris: yus~,~ 
londustrial was e .. 

3. Fills: possible cover for dumps 
4. U a chemical odors 
5 • to e ta pe~t~r~o~lc!:e~um--p-r-o-d-:-u-c-:-t"""s 

pes clodes, etc. ~ e.(lD~,,", --0--_ 
6. Buildings: Chemic or equipmen 
€",~,o n s ' .... usE 'BMNS 

7. Structures -- evi 0 estos 
sprayed fire proofing, acoustical 
plaster 

s. Vegetation different from surrounding 
for no apparent reason, e.g. bare 
ground· 

9. "Sterile" or modified water bodies 
10. Oil.seeps, stained ground, discolored 

stream banks 
11. Oil slicks on water, unusual colors 

in water 
12. Spray operation base: air strip, 

equipment parking area 
13. Machinery repair areas-A~ ~~ 
14. Pipelines; major electrical equipment 
15. Oi ed or formerl oiled roads 
16. ectric transmission 1 ne : ~ 

ounted ransformers ad mounted 
transformers -- evidence of leakage 

'?~ ~ L4-R-. 

, l,; ," '~'. , 

-



C. Recor4 Searches (Coor4inate with Realty, 
title search, others as appropriate.) 

1. Past uses which might in4icate po~ential 
problems of site (CIRCLE any that 
are applicable.) 

Manufacturinq, service stations, 
4ry cleaning, air strip, pipelines, 

'rail lines, facilities with large 
electrical transformers or pumping 
equipment, petroleum pr04uction, 
lan4fills, scrap metal, auto, or 
battery recycling, military, labs, 

",w09'i preserving, other 4escribe ______ _ None X-
,2. Nearby lan4 uses, 

orupgradient, or 
waste to 4ump at 

I4entify: 

especially upstream 
that might have had 
site (see list under 

None .x..... 
,3. Known contaminant sites in vicinity: 

NPL, state sites, candidate sites 
. (check with EPA; State EPA 
counterpart) 

4. In erviews on past use:(~wner~ 
eighbors County agents and any 

appropr ate Federal authorities: 
Problems? 

'5. Agricultural drainage history:~aCli:l 
subsurface 4rains. ~~ ~ 

D. In acquiring land from another Federal 
agency, that agency has notified the 
Department of the past or current presence 
of a hazardous substance under section 
120 (h) o,f CERCLA (Superfund). 

Not Applicable L 
E. Has a non-Federal entity i4entifie4 any 

hazar40usmaterials problems on or near 
the site surveye4? 

F. A Level II study is recommended. 
,A Level III study is recommen4ed. 

2 

Past Uses) 

Yes NolL 

Yes No-lL 

Yes .:lL. 

Yes No_ 

Yes Noi 

Yes NoL 
Yes No~ 



G. certification 

I hereby certify that to the best of my knowledqe no contaminants 
are present on this real estate, and there are no obvious siqns of 
any effects of contamination. 

Siqne~ /t~ Print Name An%E W,'iE':01AtJ 

Date P!/90 Title 'R~6ff 1J1411tA f ER 
, 

On the basis of the information collected to complete this form it 
is possible to reasonably conclude that there is a potential for 
contaminants, or the effects of contaminants, to be present on this 
real estate." 

Siqned 

Date 

print Name ______________________ _ 

Title ______________________ __ 

The surveyed real estate, or a portion thereof, contains 
contaminants. The owner of that real estate has/will cleanup the 
contaminants to bureau specifications. A Level II or Level III 
Survey is not required. 
Siqned ________________ __ Print Name ______________________ _ 

Date Title 

H. Approvinq Official 

with ~~au~$-=recommendation. 

Print Name WIl,.UAM I;:. MARTIIIt 

Date ______________ ~~--- ,\<:l$R .• I D' Title :\l'G' eg,ona rrector 
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RECE!'n} 
United States Department of the Inte ior-~- "J 

FISH AND WILDLIFE SERVICE I C;f:P ? lj :989 
1002 N.\!. HOlLADAY S1REIIT 

PORTLAND, OREGON 97232-4181 

, , . 

September 27, 1989 

Memorandum 

To: Assistant Regional Director-Refuges and Wildlife 
Region 1, Portland, Oregon 

From: ~~stant Regional Director-Fish and Wildlife Enhancement 
Region I, Portland, Oregon 

Subject: Pre-Acquisition Contaminant Survey for Additions to 
Ridgefield National Wildlife Refuge (Ridgeport Dairy) 

Our office has completed the pre-acquisition contaminant survey of land to be 
acquired for additions to the Ridgefield National Wildlife Refuge. An on-site 
review of the 234-acre parcel known as the Ridgeport Dairy was conducted on 
September 22, 19B9, with Ridgefield National Wildlife Refuge staff. A review 
was also conducted on the 274-acre parcel located adjacent to the Ridgeport 
Dairy property that will be considered for acquisition if the Washington 
Department of Wildlife cannot purchase this property. 

The 234-acre parcel was an active dairy farm that has not been in operation 
for at least the last 15 years. Several abandoned buildings and refuse are 
associated with this area, but no evidence was found of stored hazardous 
substances. Two abov~round gasoline tanks were found on the property, but 
they do not appear to have had recent use. Electrical powerlines cross the 
property and could represent an electrocution or striking hazard to birds. 
Consideration should be given to removal of the abandoned buildings, 
associated refuse, and some or all of the electrical powerlines located on the 
234-acre parcel. Two sites on the refuge were used for dredge spoil disposal 
areas and are only sparsely vegetated. We were also unable to examine several 
buildings associated with a house still occupied near the abandoned dairy 
farm. Thus, we cannot be certain that these buildings do not contain 
hazardous substances. 

The 274-acre parcel presently supports active farming operations that produce 
row crops, and probably include regular applications of pesticides. However, 
it should not present a hazardous threat to fish and wildlife if the Fish and 
Wildlife Service (Service) decides to proceed with acquiring this parcel. No 
storage or occupied buildings occur on this property. 

Overall, we believe that this property will not pose any contaminant threat to 
fish Bnd wildlife or be a liability to the Service. No evidence of 
significant pollution sources or contaminant damage was found on the 50B-acre 

-;: 
.. ,",-



tract, nor does historical information indicate any significant exposure to 
hazardous materials. This property should be a valuable addition to 
Ridgefield National Wildlife Refuge. 

Attachment 

cc: Dick Stroud, AFWE·EC 
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CHECKLIST FOR CONSIDERATION OF CONTAMINANT ISSUES 

ON PROPERTIES CONSIDERED FOR FEE ACQUISITION OR EASEMENTS 

Part A. History 

1. Location and description of property considered (include an 
identification number): 

The property is located along the Columbia River on the southern end of 
the Ridgefield National Wildlife Refuge in southwest Washington. The 
Service proposes to acquire 234 acres of a SOS-acre tract. The 
Washington Department of Wildlife plans to acquire the remaining 274 
acres of the SOS-acre tract. This parcel is located south of the 
Service's parcel. If the Washington Department of Wildlife is unable to 
acquire this parcel, the Service will pursue acquisition of the entire 
50S-acre tract. 

The property consists of lowland riparian habitat, consisting of 
cottonwood, willow/ash overstory, shrub understory, and meadows of 
grasses and sedges. Some of the area is currently used for livestock 
grazing. Many of the pasturelands appear overgrazed and are being taken 
over by thistles. There are two lakes located on the 50S-acre parcel, 
but only a portion of Campbell lake is located on the 234-acre parcel 
the Service is considering. 

2. Review available records for previous use and describe briefly type of 
activities, major crops, irrigation practices, etc.: 

The majority of the 234-acre parcel was used by the Ridgeport Dairy 
operation. Several abandoned buildings associated with the dairy 
operations are still standing. The property was used for grazing of 
dairy cattle and possibly some hay production. The property does not 
appear to have been irrigated. Much of this area is now used for 
grazing livestock. One house and 1-2 outbuildings are still occupied on 
the property. Numerous powerlines cross the property including a 
powerline that crosses Campbell Lake. 

The southern 274-acre parcel is similar to the other parcel, but has 
been used for crop production, including row crops. Crops presently 
grown on these properties include cauliflower and broccoli. These crops 
and other row crops generally require irrigat·on and treatment with 
pesticides. 

3. Describe intended use or wildlife value if property or easement is 
obtained: 

.~~_~r-------------------------------------~ 

The nearby Ridgefield National wi)Ccfl:lfe Refuge supports over 180 species 
of birds, 37 species of mammals, -19 species of fish, and lS spec~es of 
reptiles and amphibians. The refuge provides important wintering 
habitat for waterfowl and is used by migratory shorebirds, marshbirds, 



and songbirds during the fall and spring migrations. The refuge is also 
used as a roosting area for tundra swans and lesser sandhill cranes. 
Bald eagles are known to use the refuge and peregrine falcons are 
occasionally sighted. Expansion of this refuge to include the 234-acre 
and possibly the 274-acre parcels will increase the area available to 
wildlife using the Refuge. Improvements of the property through Refuge 
management practices should greatly increase its usability to fish and 
wildlife. 

Management of these parcels will be an extension of practices used on 
Ridgefield National Wildlife Refuge. The intent would be to improve the 
property to increases its ability to support migratory birds. A system 
of trails will also be created for public access. 

Part B. Site Visitation 

1. Evidence of farm chemical, automotive 
industrial or domestic waste dumping, 
ex-drums and cans, batteries, etc. 

YES x NO ___ _ 

2. Evidence of storage buildings containing 
unused fertilizers, pesticides, petroleum 
products, solvents, etc. 

YES _-"X~_ NO 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Evidence of above or underground storage 
tanks, oil stained ground, oil seeps, 
oiled or otherwise "treated" roads, etc. 

Unusual "chemical" odors. 

Modified or unhealthy vegetation 
including patches of bare ground. 

Machinery repair areas, parking or 
landing strips for aircraft. 

Old electrical equipment, especially 
transformers. 

Evidence of chemical laboratory 
equipment (aethamphetamine laboratory). 

Any fill areas visible. 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

10. Are sterile or low production water YES 
bodies, stream courses, etc. present? 

11 . Are birds and small· mammals present YES 
and exhibiting abnormal activity behaviors? 

12. Are any of the above items evident on YES 
adjacent properties? 

_-,-X-,--_ NO 

NO _-"X __ 

NO _-"X __ 

NO _-,-X,,--_ 

x NO ___ _ 

NO _-,-X,,--_ 

_ .... X'-_ NO 

NO _-'-X"--_ 

NO _-'X'-_ 

NO _-'-X'-_ 



If 12 is yes, is it upgradient or 
downgradient? 

13. other (describe). 

N/A 

14. Explain any "yes" answers in Part B. 

Several buildings (5-10) remain standing on the 234-acre parcel. Many 
of the buildings are abandoned and no evidence was found of containers 
containing hazardous substances. However, a couple of the buildings and 
a house are still occupied and could not be examined. No buildings are 
located on the 274-acre parcel. 

Two above ground gasoline tanks are located on the 234-acre parcel. One 
tank is approximately 2,000 gallons and the other is 500 gallons. 
Neither tank appears to have had recent use. 

Several electrical powerlines cross the property and one line crosses 
Campbell Lake. The lines of this powerline hang low over the lake and 
would be a likely area for bird mortality from electrocutions or from 
striking the lines. Sandhill cranes use the north end of the lake and 
could easily hit the lines when flying to and from Campbell Lake. 

Two areas on the 234-acre parcel were used as fill areas for dredging 
spoils. At least one of the areas appeared to have been wetlands 
probably dominated by sedges and grasses. Both fill areas are only 
sparsely vegetated. 

Part C. Interviews 

List name and characterize familiarity with site for all persons interviewed 
about past events. Request recollections of previous activities, major events 
(such as die offs, spills, etc.) and potential for future development in area. 
Inquire about past wildlife and fish abundance in area and possible reasons 
for decline. 

11 Bruce Wiseman USFWS. Ridgefield NWR 
NAME AFFILIATION 

COHMEHTS: 

Bruce Wiseman was present during the site visit for this pre-acquisition 
survey. He is familiar with this property through his management 
efforts on Ridgefield National Wildlife Refuge located next to the 
property under consideration. He stated that the dairy operations have 
not been active for at least 15 year~possibly longer. He has seen no 
evidence of hazardous substances or contaminated areas. Bruce believes 
the overgrazed condition of the 234-acre parcel cpuld be greatly 



decreased by mowing and reducing grazing; thereby, expanding property on 
the Refuge available to migratory aquatic birds. 

Comments by Environmental Contaminants Specialist: 

The 234-acre parcel is a habitat type similar to that of Ridgefield 
National Wildlife Refuge. The property would be substantially improved 
by current management practices used on the Refuge. The sand spoils 
located on this parcel is fairly unusable in its present condition. 
However, this area could be improved by removing and/or revegetating the 
sand spoils. Examination of the abandoned buildings on the property 
revealed no evidence of hazardous substances or contaminated areas. 
Removal of these buildings and associated waste materials will require 
some expense and expenditure of time. The powerlines that cross the 
property present a electrocution or striking hazard to birds, and 
Refuges should consider removing some of these lines. If all lines can 
not be removed than bright objects should be placed on the lines to make 
them more visible to flying birds, particularly on the lines hanging 
over Campbell Lake. I was unable to examine the buildings associated 
with the still occupied house near the abandoned dairy barns. Thus, I 
was unable to determine if hazardous substances occur on these 
properties. 

If the Service decides to proceed with purchasing the additional 274-
acre parcel, it is unlikely to present any contaminant concerns. No 
storage or occupied buildings occur on this property. Some of the 
property is actively farmed with row crops, thus, it is likely to be 
exposed to a regime of pesticide applications. However, the pesticides 
used and the applications are probably not much different than that used 
on most agriculture areas in western Oregon. If these properties are 
continued to be farmed, the Refuge should consider crops that require 
low use of pesticides. 
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Ag   Silver 
As   Arsenic 
Cd   Cadmium  
CoC   Contaminate of concern 
Cr   Chromium 
CRM   Columbia River Mile 
Cu   Copper 
DMEF   Dredge Material Evaluation Framework  
EPA    Environmental Protection Agency 
FNC   Federal Navigation Channel 
Hg   Mercury 
J   Laboratory estimated value detected between MRL & MDL 
MDL    Method Detection Limit 
MLLW   Mean Lower Low Water 
MRL   Method Reporting Limit  
ND   Non-detected at MRL or MDL 
NSM   New Surface Material - Exposed Surface after dredging 
Ni   Nickel 
PAH   Polynuclear Aromatic Hydrocarbon 
Pb   Lead 
PCB   Polychlorinated Biphenyl  
PQL   Practical Quantitation Limit 
QA/QC   Quality Assurance/Quality Control 
RMT   Regional Management Team 
Sb   Antimony 
SL   Screening Level 
Tier II   Physical (a) & Chemical (b) analyses 
Tier III   Bioassay & Bioaccumulation analyses 
TOC   Total Organic Carbon 
TVS   Total Volatile Solids 
U   Laboratory non-detect at MRL 
USFWS   U. S. Fish & Wildlife Service 
WDNR   Washington Department of Natural Resources 
Zn   Zinc 
∑   Total     value (i.e. DDT + DDE + DDD) 
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ABSTRACT 
 
The Shillapoo Wildlife Area is located within the floodplain of the Columbia River in 
Clark County, Washington at Columbia River Mile 98.  The 2,370-acre wildlife area was 
established in 1952 for habitat protection and bird hunting purposes.  Annual flooding and 
scouring, which formed the area’s topography, has been substantially reduced due to 
hydropower, irrigation and flood control projects throughout the Columbia River basin, 
and localized floodplain disconnection due to diking and filling activities which have cut 
off tidal and high flow connection with the mainstem Columbia River.   
 
The area is currently a mix of agricultural land and developed pasture intermixed with 
fragmented pieces of natural habitat of varying quality.  Sharecrop and grazing agreements 
with local farmers and ranchers have been used to maintain cropped forage for migrating 
and wintering waterfowl and Sandhill cranes. Corn and small grains are left standing for 
this purpose.  The Shillapoo Lake property is divided into several parcels of land.  Only the 
parcels owned by the State of Washington are included in this restoration project. 
 
Post Office Lake is located on the north bank of the Columbia River at RM 95 in Clark 
County, Washington.  The subject lake is located east of Sauvie Island, south of the City of 
Ridgefield and northwest of the City of Vancouver, Washington. The lake is situated south 
of Campbell Lake and immediately west of Green Lake on the southern portion of 
Ridgefield National Wildlife Refuge.   
 
Post Office Lake was historically connected to the Columbia River naturally, and 
eventually connected with a tidegate.  The tidegate was used to regulate flows of water to 
manage the Lake for agriculture uses.  The tidegate has collapsed and no longer functions 
properly to allow tidal flows into Post Office Lake.  A Corps levee was constructed in the 
1950’s to help protect the agricultural/grazing activities in the vicinity of Post Office Lake.  
The levee has been de-authorized and is close to failure in many places.  The USFWS is 
concerned the levee poses a safety hazard to pedestrians using the unmaintained road on 
the levee.  The road belongs to Clark County.  The County has indicated that they don’t 
intend to maintain the levee or the road.  Portions of the road on the levee have washed 
away.   
 
The existing condition within Post Office Lake is a freshwater wetland with summer 
ponding in the lower elevations.  The site has extensive reed canary grass and Himalayan 
blackberries on the outer edges that is regularly mowed to provide foraging habitat for 
geese that frequent the Ridgefield Wildlife Refuge.  A small channel exists where the 
tidegate once connected the lake to the Columbia River.  The upland portions of the Post 
Office Lake property have historically been used for farming (on the southwestern 
portion), a dairy operation (on the northwestern portion) and, most recently, as a foraging 
area for geese.   
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Three locations at the Post Office Lake project and three locations at the Shillapoo Lake 
project were selected for sampling based on past site use and potential future project 
conditions. Two samples, a surface and subsurface sample, were collected from each 
location using a shovel in June 2011.  All of the samples were submitted for physical and 
chemical analysis.  
 
The purpose of the Section 536 Ridgefield Wildlife Refuge, Post Office Lake project and 
the Shillapoo Wildlife Area Restoration project is to restore salmonid passage, improve 
tidally-influenced habitat, and develop streamside riparian habitat. This project would 
benefit a multitude of fish and wildlife species that use the lower Columbia River estuary. 
 
INTRODUCTION 
 
This report describes the collection and analysis of the sediment/soil within the project 
boundaries at the Shillapoo Lake and Post Office Lake properties for the purposes a 
baseline characterization of the surface and subsurface material at the projects.  This data 
will be used to make informed decisions about the future use of the material at the project.  
This report outlines the procedures used to accomplish these objectives.   
 
Sampling and Analysis Objectives 
 
 

• Collect, handle and analyze representative sediment from the Shillapoo and Post 
Office Lake projects in accordance with protocols and Quality Assurance/Quality 
Control (QA/QC) requirements. 

 
• Characterize soils/sediments at each property to determine baseline conditions prior 

to selection of preferred restoration alternatives.  Additional samples may be 
collected and analyzed if contaminants are detected above SEF screening levels and 
prior to any onsite construction activities.  

 
• Analyze for full suite of physical and chemical parameters as outlined in the SEF 

2009.  SEF – Table 6-1 (Appendix C of this report) contains the list of analytes and 
methods of analysis. 
 

  
PREVIOUS STUDIES 
 
A Phase I Environmental Site Assessment was completed for the Egger Farms Parcel of 
the Shillapoo property in 1991.  The Egger Farms property encompassed 454 acres that are 
located adjacent to the north of Buckmire Slough.  The contractor used “thin layer 
chromatography” to test for “long-chain and short-wave hydrocarbons”.  All results were 
negative for TPH contamination. However, the report speculated that, because the 
Shillapoo property is in the same storm water basin as Vancouver Lake, a property with 
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known sediment and water quality issues, there is a potential for contamination during high 
water events. 
 
A Phase I Environmental Site Assessment was completed for the Wilson Parcels of the 
Shillapoo Property in 1993. The Wilson Parcels are located at the center of the current 
wildlife area.  The contractor used thin layer chromatography to test for TPH and dug test 
holes for “sensory detection of unusual odors or colors of soil sediments”.  One TPH 
sample location on an adjacent property to the southwest of the Wilson Parcel indicated the 
presence of 2500 ppm petroleum contamination. The contractor concluded that because the 
location was isolated and did not have other obvious signs of contamination that the TPH 
was the result of a minor spill.  
 
No sediment sampling has been identified for the Post Office Lake property. 
 
CURRENT SAMPLING EVENT DISCUSSION (2011) 
 
Six samples were collected from three locations on the eastern side of the Shillapoo Lake 
property, between State Highway 501 to the east and private property to the west, on June 
23, 2011. Six samples were collected from three locations the western side of the Post 
Office Lake property between the lake to the east and the levee to the west on June 28, 
2011.  All sediment samples were submitted for physical and chemical analyses.   
 

Table 1: Sample Coordinates (NAD 83, Oregon State Plane North) 

Location Sample ID Latitude/Longitude 

Shillapoo Lake  
South Wetland SHL-G-01 45.69803 / -122.73668 
Ditch Confluence SHL-G-02 45.70591 / -122.72976 
Cow Pasture SHL-G-03 45.70158  -122.73423 

Post Office Lake 
Outfall POL-G-04 45.75425 / -122.75733 
Disposal Site POL-G-05 45.75258 / 122.75676 
Former field POL-G-06 45.74357 / -122.75657 
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RESULTS 
 
Physical-Grain-size (ASTM D422) 
Six samples were submitted for physical analysis from each project.  Grain size data is 
presented in Table 2.   
 
The Shillapoo material was classified as silt, with an average of 5% sand and 95% fines.  
The Post Office Lake material was classified as silty sand (G-04), poorly graded sand (G-
05), and silt with sand (G-06) with an average of 21% sand and 79% fines.  
 
Metals (EPA method 6020/7471), Total Organic Carbon (EPA method 9060)   
Six samples from each project were submitted for metals and TOC testing, with data 
presented in Table 3.   
 
Total organic carbon (TOC) averaged 1.1% in samples collected from the Shillapoo Lake 
project and 0.685% at the Post Office Lake project.  Levels of metals did not approach the 
SEF screening levels (SLs).   
 
Pesticides/PCBs (EPA method 8081/8082) 
Six samples from each project were submitted for pesticides/PCBs, with data presented in 
Table 4 and 5.   
 
No PCBs were detected in any of the Shillapoo or Post Office Lake samples above the 
laboratory method reporting limits.  Very low levels of DDT were detected in the A layers 
of samples but were found to be lower in the Z layer samples.  All method reporting limits 
(MRLs) were well below the SEF screening levels.   
 
Chlorinated Hydrocarbons, Phenols, Phthalates and Miscellaneous Extractables (EPA 
method 8270)   
Six samples from each project were submitted for chlorinated hydrocarbons, phenols, 
phthalates and miscellaneous extractables, with data presented in Tables 6-9.   
 
No chlorinated hydrocarbons were detected above MRLs in any of the Shillapoo or Post 
Office Lake samples. Slightly elevated MRLs were reported for phenol, 2,4-
dimethylphenol, and benzoic acid.  The MRLs were below the SEF marine SLs with the 
exception of 2.4-dimethylphenol; which were slightly above the marine SL of 29 ug/kg.  
The lack of other detected semivolatile organic compounds and the low laboratory 
detection limits (5.5 ug/kg) make it highly unlikely that 2,4-dimethylphenol would be 
detected in any sample between 29 ug/kg and the non-detect levels of 34-40 ug/kg.  
 
Polynuclear Aromatic Hydrocarbons (PAHs) (EPA method 8270C)   
Six samples from each project were submitted for low and high molecular weight PAHs, 
with data presented in Table 10 and 11.  
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Only very low concentrations of LPAHs and HPAHs were detected in the Shillapoo and 
Post Office Lake samples above the MRLs. All detected values and MRLs were low and 
well below SEF screening levels. 
 
Total Petroleum Hydrocarbons (TPHs) (NWTPH Method)   
Six samples from each project were submitted for hydrocarbon identification. No gasoline-
, diesel-, or residual-range organics were detected in any of the samples.  Data is presented 
in Table 12.   
 
Butyl Tins (TBT) (Krone 1998 SIM Method)   
Three samples collected from the Shillapoo project and submitted for TBT analysis and all 
were found to be non-detect for butyltin ions. Data is presented in Table 13. 
 
CONCLUSION 
 
This evaluation was conducted following procedures set forth in the Sediment Evaluation 
Framework 2009 (SEF 2009) which is consistent with the federal guidance in the Ocean 
Testing Manual and Inland Testing Manual.  The SEF 2009 was developed jointly with 
regional federal and state agencies to address environmental issues associated with 
dredging and sediment management.   
 
Six samples were collected from three locations on the eastern side of the Shillapoo Lake 
property, between State Highway 501 to the east and private property to the west, on June 
23, 2011. Six samples were collected from three locations the western side of the Post 
Office Lake property between the lake to the east and the levee to the west on June 28, 
2011.  All sediment samples were submitted for physical and chemical analyses. 
 
The Shillapoo material was classified as silt, with an average of 5% sand and 95% fines.  
The Post Office Lake material was classified as silty sand (G-04), poorly graded sand (G-
05), and silt with sand (G-06) with an average of 21% sand and 79% fines.  
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Table 2: Physical – Grain Size 

Location Sample ID 
Gravel Sand Fines 

% 

Shillapoo Lake  

South Wetland SHL-G-01A 0 10.2 89.8 
SHL-G-01Z 0 7.8 92.4 

Ditch Confluence SHL-G-02A 0 5.3 94.6 
SHL-G-02Z 0 4.4 95.5 

Cow Pasture SHL-G-03A 0 2.9 97 
SHL-G-03Z 0 2 98 

 Average  0 5.4 94.5 

Post Office Lake 

Outfall POL-G-04A 1.8 50.3 48 
POL-G-04Z 0 60.9 38.9 

Disposal Site POL-G-05A 2.7 86.5 10.9 
POL-G-05Z 0.2 96.2 3.6 

Former field POL-G-06A 0.1 27.8 72.1 
POL-G-06Z 0.1 21.2 78.9 

Average  0.8 57.1 42.1 
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Table 3: Inorganic Metals and Total Organic Carbon 

Sample I.D. 
As Sb Cd Cr Cu Pb Hg Ni Ag Zn TOC 

mg/kg (ppm) % 
SHL-G-01A 2.57 0.195 0.337 13.4 15.9 17.6 0.038 10.5 0.111 52.0 1.41 

SHL-G-01Z 3.64 0.169 0.340 13.2 17.0 16.5 0.048 10.6 0.109 49.0 0.777 
SHL-G-02A 2.27 0.142 0.227 18.9 22.7 9.94 0.032 17.7 0.122 54.8 0.642 
SHL-G-02Z 2.03 0.120 0.590 17.5 25.3 9.03 0.029 18.1 0.129 50.5 0.738 
SHL-G-03A 12.1 0.320 0.809 18.3 32.8 37.0 0.097 18.6 0.229 115 1.93 
SHL-G-03Z 9.56 0.405 0.526 19.3 31.3 26.8 0.079 17.2 0.246 93.1 1.52 
POL-G-04A 5.50 0.75 0.966 14.9 21.9 25.3 0.076 14.7 0.112 118 0.885 
POL-G-04Z 3.60 1.090 1.100 14.7 22.8 25.3 0.053 14.0 0.125 129 0.441 
POL-G-05A 1.67 0.06 0.145 4.70 7.12 5.340 0.015J 5.75 0.019 26.5 0.473 
POL-G-05Z 1.60 0.03J 0.125 3.66 5.13 2.06 0.012J 5.00 0.009J 19.3 0.049J 
POL-G-06A 5.37 0.53 0.984 14.9 23.7 20.7 0.054 14.2 0.111 109 1.34 
POL-G-06Z 6.68 0.66 1.130 16.7 28.4 25.4 0.060 15.9 0.112 125 0.923 

2006 Freshwater SL 20 -- 1.1 95 80 340 0.28 60 2.0 130 -- 
 -- = SL not established.   
 (<) = Non-detect (ND) at the value listed (MRL). 
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Table 4: Chlorinated Pesticides  

Sample I.D. 
4,4’- 
DDD 

4,4’- 
DDE 

4,4’- 
DDT Aldrin 

Chlordane 
Dieldrin Heptachlor gamma- 

BHC Alpha Gamma* 
ug/kg (ppb) 

SHL-G-01A <0.80 0.16J <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 <0.80 

SHL-G-01Z <0.67 <0.67 <0.67 <0.67 <0.67 <0.67 <0.67 <0.67 <0.67 

SHL-G-02A <0.78 0.19J <0.78 <0.78 <0.78 <0.78 <0.78 <0.78 <0.78 
SHL-G-02Z 0.16J 0.27J <0.76 <0.76 <0.76 <0.76 <0.76 <0.76 <0.76 
SHL-G-03A <0.70 0.23J <0.70 <0.70 <0.70 <0.70 <0.70 <0.70 <0.70 
SHL-G-03Z <0.79 0.14J <0.79 <0.79 <0.79 <0.79 <0.79 <0.79 <0.79 
POL-G-04A <0.73 0.16J 0.26J <0.73 <0.73 <0.73 <0.73 <0.73 <0.73 

POL-G-04Z <0.71 <0.71 <0.71 <0.71 <0.71 <0.71 <0.71 <0.71 <0.71 
POL-G-05A <0.64 <0.64 0.19J <0.64 <0.64 <0.64 <0.64 <0.64 <0.64 
POL-G-05Z <0.64 <0.64 <0.64 <0.64 <0.64 <0.64 <0.64 <0.64 <0.64 
POL-G-06A <0.63 0.17J <0.63 <0.63 <0.63 <0.63 <0.63 <0.63 <0.63 
POL-G-06Z <0.63 0.22J <0.63 <0.63 <0.63 <0.63 <0.63 <0.63 <0.63 
Marine SL** 16 9.0 12 9.5 2.8 1.9 1.5 -- 

* Gamma-chlordane may also be called beta-chlordane or trans-chlordane 
** Marine SLs were used when freshwater SLs are not available 
J == The estimated concentration is less than the established MRL. 
-- SL not established. 
 (<) = Non-detect (ND) at the value listed (MRL).  
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Table 5: Polychlorinated Biphenyl (PCBs) 

Sample I.D. 
Aroclor  

1016 
Aroclor  

1221 
Aroclor  

1232 
Aroclor  

1242 
Aroclor  

1248 
Aroclor  

1254 
Aroclor  

1260 Total 

ug/kg (ppb) 
SHL-G-01A <5.0 <10 <5.0 <5.0 <5.0 <5.0 <5.0 ND 
SHL-G-01Z <5.0 <10 <5.0 <5.0 <5.0 <5.0 <5.0 ND 
SHL-G-02A <5.0 <10 <5.0 <5.0 <5.0 <5.0 <5.0 ND 
SHL-G-02Z <5.0 <10 <5.0 <5.0 <5.0 <5.0 <5.0 ND 
SHL-G-03A <5.0 <10 <5.0 <5.0 <5.0 <5.0 <5.0 ND 
SHL-G-03Z <5.0 <10 <5.0 <5.0 <5.0 <5.0 <5.0 ND 
POL-G-04A <7.3 <15 <7.3 <7.3 <7.3 <7.3 <7.3 ND 
POL-G-04Z <7.1 <15 <7.1 <7.1 <7.1 <7.1 <7.1 ND 
POL-G-05A <6.4 <13 <6.4 <6.4 <6.4 <6.4 <6.4 ND 
POL-G-05Z <6.4 <13 <6.4 <6.4 <6.4 <6.4 <6.4 ND 
POL-G-06A <6.3 <13 <6.3 <6.3 <6.3 <6.3 <6.3 ND 
POL-G-06Z <6.3 <13 <6.3 <6.3 <6.3 <6.3 <6.3 ND 

2006 Freshwater SL  60 
Symbol (<) = Non-detect (ND) at the value listed (MRL).  
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Table 6: Chlorinated Hydrocarbons  

Sample I.D. 
Hexachlorobenzene 1,2,4-Trichlorobenzene 1,2-Dichlorobenzene 1,4-Dichlorobenzene 

ug/kg (ppb) 
SHL-G-01A <7.9 <7.9 <7.9 <7.9 
SHL-G-01Z <6.7 <6.7 <6.7 <6.7 
SHL-G-02A <7.7 <7.7 <7.7 <7.7 
SHL-G-02Z <7.7 <7.7 <7.7 <7.7 
SHL-G-03A <6.9 <6.9 <6.9 <6.9 
SHL-G-03Z <7.8 <7.8 <7.8 <7.8 
POL-G-04A <7.3 <7.3 <7.3 <7.3 
POL-G-04Z <7.1 <7.1 <7.1 <7.1 
POL-G-05A <6.4 <6.4 <6.4 <6.4 
POL-G-05Z <6.4 <6.4 <6.4 <6.4 
POL-G-06A <6.3 <6.3 <6.3 <6.3 
POL-G-06Z <6.3 <6.3 <6.3 <6.3 
Marine SL 22 31 35 110 

Symbol (<) = Non-detect (ND) at the value listed (MRL). 
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Table 7: Phthalates 

Sample I.D. 

bis(2-
ethylhexyl) 
Phthalate 

Butyl Benzyl 
Phthalate 

Di-n- 
butyl Phthalate 

Di-n-octyl 
Phthalate 

Diethyl Phthalate Dimethyl 
Phthalate 

ug/kg (ppb) 
SHL-G-01A 8.2J <7.9 <16 <7.9 1.3J 3.4J 
SHL-G-01Z <67 <6.7 <14 <6.7 <6.7 1.7J 
SHL-G-02A <77 <7.7 <16 <7.7 <7.7 2.5J 
SHL-G-02Z <77 <7.7 <16 <7.7 <7.7 2.7J 
SHL-G-03A <69 <6.9 <14 <6.9 <6.9 2.2J 
SHL-G-03Z <78 <7.8 <16 <7.8 <7.8 1.4J 
POL-G-04A 25J <7.3 <15 <7.3 <7.3 1.5J 
POL-G-04Z 23J <7.1 <15 <7.1 1.5J 1.1J 
POL-G-05A 16J <6.4 <13 <6.4 1.3J <6.4 
POL-G-05Z <64 <6.4 <13 <6.4 <6.4 <6.4 
POL-G-06A 19J <6.3 <13 <6.3 <6.3 <6.3 
POL-G-06Z 17J <6.3 <13 <6.3 <6.3 1.0J 
Marine SL 1,300 63 1,400 6,200 200 71 

Symbol (<) = Non-detect (ND) at the value listed (MRL).  
J= The estimated concentration is less than the established MRL. 
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Table 8: Phenols  

Sample I.D. 
Phenol 2-Methyl 

phenol 
Pentachloro 

phenol 
4-Methyl 
phenol 

2,4-Dimethyl 
phenol 

ug/kg (ppb) 
SHL-G-01A 20J <7.9 <79 37 <40 
SHL-G-01Z <21 <6.7 <67 <6.7 <34 
SHL-G-02A <24 <7.7 <77 <7.7 <39 
SHL-G-02Z <23 <7.7 <77 14 <39 
SHL-G-03A <21 <6.9 <69 <6.9 <35 
SHL-G-03Z <24 <7.8 <78 <7.8 <39 
POL-G-04A <22 <7.3 <73 <7.3 <37 
POL-G-04Z 3.4J <7.1 <71 33 <36 
POL-G-05A 2.9J <6.4 <64 <6.4 <32 
POL-G-05Z <19 <6.4 <64 <6.4 <32 
POL-G-06A <19 <6.3 <63 <6.3 <32 
POL-G-06Z <19 <6.3 <63 <6.3 <32 
Marine SL 420 63 400 670 29 

Symbol (<) = Non-detect (ND) at the value listed (MRL). 
J= The estimated concentration is less than the established MRL. 
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Table 9: Miscellaneous Extractables 
 

Sample I.D. 
Hexachloro-

butadiene Benzoic Acid Benzyl Alcohol Dibenzofuran N-Nitroso 
diphenylamine 

ug/kg (ppb) 
SHL-G-01A <7.9 160J <16 <7.9 <7.9 
SHL-G-01Z <6.7 <140 <14 <6.7 <6.7 
SHL-G-02A <7.7 <160 <16 <7.7 <7.7 
SHL-G-02Z <7.7 <160 <16 <7.7 <7.7 
SHL-G-03A <6.9 <140 <14 <6.9 <6.9 
SHL-G-03Z <7.8 <160 <16 <7.8 <7.8 
POL-G-04A <7.3 <150 <15 <7.3 <7.3 
POL-G-04Z <7.1 <150 <15 <7.1 <7.1 
POL-G-05A <6.4 <130 <13 <6.4 <6.4 
POL-G-05Z <6.4 <130 <13 <6.4 <6.4 
POL-G-06A <6.3 <130 <13 <6.3 <6.3 
POL-G-06Z <6.3 <130 <13 <6.3 <6.3 
Marine SL 11 650 57 540 28 

Symbol (<) = Non-detect (ND) at the value listed (MRL). 
J = The estimated concentration is less than the laboratory MRL but greater than ND. 
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Table 10: Polynuclear Aromatic Hydrocarbons (PAHs), Low Molecular Weight Analytes 

 

Sample I.D. 
Acenaph-

thene 
Acenaph-
thylene 

Anthracene 
 Fluorene 2-Methyl 

naphthalene Naphthalene Phen-
anthrene 

Total Low 
PAHs 

ug/kg (ppb) 

SHL-G-01A <2.0 <2.0 0.96J 0.63J <2.0 1.0J 5.7 8.29 
SHL-G-01Z <1.7 <1.7 <1.7 <1.7 <1.7 0.65J 2.5 3.15 
SHL-G-02A <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 ND 
SHL-G-02Z <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 ND 
SHL-G-03A <1.8 <1.8 1.1J <1.8 0.66J 1.0J 4.8 7.56 
SHL-G-03Z <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 1.6J 1.6 
POL-G-04A <7.3 4.3J 3.4J <7.3 <7.3 <7.3 6.7J 14.4 
POL-G-04Z <7.1 5.4J 5.7J <7.1 <7.1 <7.1 12 23.1 
POL-G-05A <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 2.9J 2.9 
POL-G-05Z <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 ND 
POL-G-06A <6.3 3.0J 2.8J <6.3 <6.3 2.4J 9.6 17.8 
POL-G-06Z <6.3 4.0J 3.5J <6.3 <6.3 <6.3 11 18.5 

2006 Freshwater SL 1100 1100 1200 1000 470 500 6100 6600 
Symbol (<) = Non-detect (ND) at the value listed (MRL) 
J = The estimated concentration is less than the laboratory MRL but greater than ND. 
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Table 11: Polynuclear Aromatic Hydrocarbons (PAHs), High Molecular Weight Analytes 

Sample I.D. 
 

Benzo(a)-
anthracene 

Benzo(b) 
fluor-

anthene 

Benzo(k) 
fluor-

anthene 

Benzo-
(g,h,i)-

perylene 
Chrysene Pyrene Benzo(a)

pyrene 
Dibenz(a,h)
anthracene 

Indeno-
(1,2,3-
cd)-

pyrene 

Fluor-
anthene 

Total 
High 
PAHs 

ug/kg (ppb) 
SHL-G-01A 4.6 9.7 3.0 7.4 7.8 11 7.8 1.1J 5.8 8.9 67.1 
SHL-G-01Z 3.8 7.2 2.3 5.7 5.3 9.2 6.2 0.89J 5.1 6.2 51.89 
SHL-G-02A <2.0 <2.0 <2.0 <2.0 <2.0 0.93J <2.0 <2.0 <2.0 <2.0 0.93 
SHL-G-02Z <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 ND 
SHL-G-03A 6.2 12 3.6 11 9.0 16 9.7 1.5J 8.2 12 89.2 
SHL-G-03Z 2.0 3.5 1.1J 3.2 2.9 5.2 3.1 <2.0 2.3 3.7 27 
POL-G-04A 14 25 7.1J 26 18 31 25 4.5J 21 21 192.6 
POL-G-04Z 20 29 11 28 28 46 33 4.1J 24 35 258.1 
POL-G-05A 5.6J 8.9 3.2J 9.1 8.3 11 8.7 1.8J 7.2 7.8 71.6 
POL-G-05Z <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 <6.4 ND 
POL-G-06A 18 24 8.9 23 21 38 27 3.4J 20 28 211.3 
POL-G-06Z 22 36 11 19 29 46 36 5.5J 29 32 265.5 

2006 Freshwater SL 4300 b + k = 600 4000 5900 8800 3300 800 4100 11000 31000 
Symbol (<) = Non-detect (ND) at the value listed (MRL). 
J = The estimated concentration is less than the laboratory MRL but greater than ND. 
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Table 12:  Total Petroleum Hydrocarbons (NWTPH-HCID) 

Sample I.D. 
Gasoline Range 

Organics Diesel Range Organics Residual Range 
Organics 

mg/kg (ppm) 
SHL-G-01A <20 <50 <100 
SHL-G-01Z <20 <50 <100 
SHL-G-02A <20 <50 <100 
SHL-G-02Z <20 <50 <100 
SHL-G-03A <20 <50 <100 
SHL-G-03Z <20 <50 <100 
POL-G-04A <20 <50 <100 
POL-G-04Z <20 <50 <100 
POL-G-05A <20 <50 <100 
POL-G-05Z <20 <50 <100 
POL-G-06A <20 <50 <100 
POL-G-06Z <20 <50 <100 

Symbol (<) = Non-detect (ND) at the value listed (MRL). 
 

Table 13:  Butyl Tins (Krone 1988 SIM GC/MS) 

Sample I.D. Tributyltin Dibutyltin Tetrabutyltin 
ug/kg (ppb) 

SHL-G-01A <0.13 <0.13 <0.13 
SHL-G-02A <0.22 <0.22 <0.22 
SHL-G-02Z <0.15 <0.15 <0.15 

Symbol (<) = Non-detect (ND) at the value listed (MRL). 
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Figure 1: Post Office Lake Sampling Stations – June 2011  
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Figure 2: Shillapoo Lake Sampling Stations – June 2011 
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Ag   Silver 
As   Arsenic 
Cd   Cadmium  
CoC   Contaminate of concern 
CF   conversion factor 
CCC Criterion Continuous Concentration (EPA) 
CMC Criterion Maximum Concentration (EPA) 
Cr Chromium 
Cu Copper 
DDD Dichlorodiphenyldichloroethane 
DDE Dichlorodiphenyldichloroethylene 
DDT Dichlorodiphenyltrichloroethane 
DO Dissolved Oxygen 
DOC Dissolved Organic Carbon 
EPA  U.S. Environmental Protection Agency 
GC Gas Chromatography 
Hg   Mercury 
i   MRL/MDL or LOQ/LOD is elevated due to matrix 

interference 
J   Laboratory estimated value detected between MRL & 

MDL (aka LOQ) 
LOD    Limit of Detection (used by DoD)  
LOQ    Limit of Quantitation (used by DoD) 
MDL    Method Detection Limit (EPA’s)) 
MRL   Method Reporting Limit (EPA’s) 
ND   Non-detected at MRL (aka LOQ) or MDL (aka LOD) 
Ni   Nickel 
NTUs Nephelometric Turbidity Units 
OR Oregon 
ORP Oxygen Reduction Potential 
Pb   Lead 
PCB   Polychlorinated Biphenyl  
POL   Post Office Lake 
QA/QC   Quality Assurance/Quality Control 
Sb   Antimony 
TKN Total Kjeldahl Nitrogen 
TOC   Total Organic Carbon 
U                                    Laboratory non-detect, per DoD-QSM 4.1-less than LOD 
USFWS   U. S. Fish & Wildlife Service 
WDNR   Washington Department of Natural Resources 
Zn   Zinc 
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ABSTRACT 
 
Post Office Lake (POL) is located on the east bank of the Columbia River at RM 95 in 
Clark County, Washington.  The subject lake is located east of Sauvie Island, south of the 
City of Ridgefield and northwest of the City of Vancouver, Washington. The lake is 
situated south of Campbell Lake and immediately west of Green Lake on the southern 
portion of Ridgefield National Wildlife Refuge.   
 
The purpose of the Section 536 Ridgefield Wildlife Refuge, Post Office Lake project is to 
restore salmonid passage, improve tidally-influenced habitat, and develop streamside 
riparian habitat. This project would benefit a multitude of fish and wildlife species that use 
the lower Columbia River estuary. 
 
Post Office Lake was historically connected to the Columbia River naturally, and 
eventually connected with a tidegate.  The tidegate was used to regulate flows of water to 
manage the Lake for agriculture uses.  The tidegate has collapsed and no longer functions 
properly to allow tidal flows into Post Office Lake.  A Corps levee was constructed in the 
1950’s to help protect the agricultural/grazing activities in the vicinity of Post Office Lake.  
The levee has been de-authorized and is close to failure in many places.  The USFWS is 
concerned the levee poses a safety hazard to pedestrians using the unmaintained road on 
the levee.  The road belongs to Clark County.  The County has indicated that they don’t 
intend to maintain the levee or the road.  Portions of the road on the levee have washed 
away.   
 
The existing condition within Post Office Lake is a freshwater wetland with summer 
ponding in the lower elevations.  The site has extensive reed canary grass and Himalayan 
blackberries on the outer edges that are regularly mowed to provide foraging habitat for 
geese that frequent the Ridgefield Wildlife Refuge.  A small channel exists where the 
tidegate once connected the lake to the Columbia River.  The upland portions of the Post 
Office Lake property have historically been used for farming (on the southwestern 
portion), a dairy operation (on the northwestern portion) and, most recently, as a foraging 
area for geese.   
 
Five locations at the Post Office Lake project were selected for measuring water quality 
conditions based on length of lake, depth, and potential future project conditions.  In 
addition, two sample locations were chosen to collect surface water which was submitted 
for chemical analysis.  
 
INTRODUCTION 
 
This report describes the collection and analysis of water quality samples within the project 
boundaries at the Post Office Lake property that was conducted to form a baseline 
characterization of the surface and subsurface waters and establish current conditions.  
Resulting data will be used to make informed decisions about the future use of the lake at 
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the project.  The procedures used to accomplish these objectives are also outlined within 
this report.   
Sampling and Analysis Objectives 
 

• Collect and analyze representative water samples from the Post Office Lake project 
in accordance with protocols and Quality Assurance/Quality Control (QA/QC) 
requirements. 

• Characterize water samples collected to determine baseline conditions prior to 
selection of preferred restoration alternatives.  Additional water quality samples 
may be collected during different seasons to compare temperature profiles and pH 
of the lake conditions.  
 

SAMPLING AND ANALYTICAL PROCEDURES 
 
Station Descriptions 
 
Water sampling at Post Office Lake took place around noon on September 20, 2011, which 
was a sunny and calm day with air temperatures in the low 70-degree Fahrenheit range.  
The lake was accessed by using a two-person inflatable raft.  During the time of the 
sampling period (fall) the lake was overall very shallow (2 to 3 feet deep) and thick with 
aquatic vegetation believed to be milfoil, except for portions of the deeper sections of the 
lake.  The deepest location found was about 5.5 feet towards the north central portion of 
the lake.  Five water quality sampling locations were selected in POL based on the length 
and depth of the lake.  Two of these five locations, at the far south and north end of the 
lake, were also used to collect surface water samples which were submitted for chemical 
lab analysis.  The sample identification names, descriptions, and coordinates of the 
sampling locations at that were selected during the September trip are summarized in Table 
1.  The Post Office Lake sample site locations are included in an aerial photograph in 
Figure 1.   
 
For sites POL_WQLab-01 and POL_WQ-0, surface water samples and in-situ data was 
collected near the southwest end of Post Office Lake, north of the boundary fence of the 
Fazio property (Figure 2).  These sites were very shallow, approximately two feet deep, 
and included dense aquatic vegetation (milfoil) which made it difficult to paddle the 
watercraft.  The sites where water quality conditions were measured for samples 
POL_WQ-02 and POL_WQ-03 were deeper (about 4 feet) and located in the south and 
central portion of the lake, respectively (Figure 3and Figure 4).  The vegetation was not 
quite as dense in the most central site of these two locations.  The lake was the deepest at 
the northern central portion of Post Office Lake (about 5.5 feet) where sample POL_WQ-
04 was measured for water quality conditions (Figure 5).  This site also had less vegetation 
compared to the sites further south.  At the far north end of the lake, in the outlet channel 
to the Columbia River, water was collected and measured for sample POL_WQ-05 and 
POL_WQLab-02 (Figure 6).  The channel was about 3.5 feet deep at the sample location, 
and had a fair amount of vegetation, but not as dense as the southern sample sites.   



Post Office Lake 
Water Quality Evaluation Report 

Sampled September 2011 
 

   
 
3 

Table 1. Site Information for Water Quality Sample Locations, Post Office Lake, September 
20, 2011 (NAD 83, Oregon State Plane North) 

Site Identifier Description of Location Site Coordinates 
(degrees minutes seconds) 

Samples for CAS Lab:   
POL_WQLab-01  Southwest end, near Fazio boundary 45o 44' 30" N / 122o 45' 22" W 
POL_WQLab-02  North end, at outlet to Columbia R. 45o 45' 12" N / 122o 45' 20" W 
Samples from Hydrolab:    
POL_WQ-01  Southwest end, near Fazio boundary 45o 44' 30" N / 122o 45' 6" W 
POL_WQ-02  South central 45o 44' 37" N / 122o 45' 6" W 
POL_WQ-03  Central 45o 44' 43" N / 122o 45' 8" W 
POL_WQ-04  North central  45o 45' 51" N / 122o 45' 13" W 
POL_WQ-05  North end, at outlet to Columbia R. 45o 45' 12" N / 122o 45' 20" W 
 
 
Figure 1. Water Quality Sample Locations for Post Office Lake near the East Bank of the 
Columbia River in Clark County, Washington. 
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Figure 2. Post Office Lake Water Quality Sample Locations POL_WQLab-01 and POL_WQ-01 
Facing South Towards the Boundary Fence. 

 
 

 

 

 

Figure 3. Post Office Lake Water Quality Sample Location POL_WQ-02 Facing West in the 
South Central Portion of Lake. 
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Figure 4. Post Office Lake Water Quality Sample Location POL_WQ-03 Facing Northwest in 
the Central Portion of Lake. 

 
 
 
 
 
Figure 5. Post Office Lake Water Quality Sample Location POL_WQ-04 Facing West in the 
North Central Portion of Lake. 
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Figure 6.  Post Office Lake Water Quality Sample Locations POL_WQ-05 and POL_WQLab-
02 Facing North in the Northern Outlet to the Columbia River. 

 
 
 
Water Quality Procedures 
 
In-situ water quality conditions were measured using a Hydrolab DS5 multi-parameter 
instrument.  Prior to deployment, the Hydrolab instrument was calibrated for all 
parameters according to the manufacturer’s standards.  In-situ water quality measurements 
were taken for temperature (° F), depth (ft), pH (units), specific conductivity (µS/cm), 
dissolved oxygen (µg/L), oxygen reduction potential (ORP) and turbidity (NTUs).  Water 
samples for lab analyses were collected according to 2005 American Public Health 
Association standards for the following analyses: Total and dissolved metals, 
organochlorine pesticides, polychlorinated biphenyls, Organophosphorus pesticides, 
nutrients, pH, dissolved organic carbon, and diesel and residual organics and 
hydrocarbons.  Immediately following collection, these water samples were packed in 
coolers with ice and delivered to Columbia Analytical Services Laboratory (CAS).  The 
analytical methods used by CAS lab are provided below in Table 2. 
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Table 2. Analytical Methods Used by CAS Laboratory for Water Quality Samples, Post Office 
Lake Project, September 20, 2011 

Analysis for Water Analytical Method Used 
Metals, Total and Dissolved* EPA200.8/245.1 
Organochlorine Pesticides SW-8081B  
Organophosphorus Pesticides SW-8141B 
Aroclor PCB (0.01 ìg/L - 4 ìg/kg )  SW-8082A 
Diesel/Motor Oil Range Hydrocarbons 
with Ac/Silica cleanup (SEF)  

NWTPH-HCID 

Nutrients   
Ammonia as N SM 4500-NH3 E 
Nitrogen - NO2+NO3 EPA 353.2 
Total Kjeldahl Nitrogen (TKN) ASTM D1426-93B 
Orthophosphate as P/Total P EPA 365.3 
Total Sulfide SM 4500-S2-D 
pH SM 4500-H+B 
Dissolved Organic Carbon (DOC) SM 5310C 

  
*As, Sb, Cd, Cr, Cu, Pb, Ni, Ag, Zn, Hg 
   
   

RESULTS 
 

In-Situ Measurements 
 

In-situ water quality conditions measured at sites POL_WQ-01 through POL_WQ-05 are 
listed in Table 3 and discussed in the paragraphs below. For each collection site some of 
the redundant readings at the same depth were omitted from the table as the instrument 
reached equilibrium. An average value for each parameter is provided over the depth of the 
measurements taken at that station. This approach is slightly different from what was 
presented in the preliminary water quality data report provided in October, 2011, which 
included these additional values. The overall average temperature for Post Office Lake was 
about 66.1o F with average Dissolved Oxygen at 7.4 mg/L.  
 

Water Temperature 
 
Water temperatures influence the general processes and productivity of lakes, streams and 
ponds and play a vital role in the overall health of aquatic organisms by controlling 
activities such as growth rates, nutrient releases and chemical reactions.   
 
On September 20, 2011, water temperatures were measured in Post Office Lake at sites 
POL_WQ-01 through POL_WQ-05 using a Hydrolab DS5 multi-parameter instrument.  
September surface water temperatures were expectantly warm on this calm sunny day; 
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however, below depths of about two feet the temperatures dropped quickly from about 69° 
F to as cool as 60° F at about four feet deep.  A temperature decrease of nearly 9o F within 
a two feet drop in depth indicates the lake was stratified with a distinct thermocline 
beginning two feet below the surface.  The average water temperature measured at the five 
sites, POL_WQ-01 through POL_WQ-05, from depths ranging between two to six feet 
was 69.0° F, 65.4° F, 65.9° F, 64.5° F, and 66.0° F, respectively (see Table 3).  The North 
Central station, POL_WQ-04, was the deepest site sampled (~ 5.5 feet) with temperatures 
as cool as 61.8o F.  However, the coolest temperatures detected were 60.2o F and 60.7o F 
which were found in the central portion of the lake at depths of about four feet.   

 
Table 3 Water Quality Data, Post Office Lake, September 20, 2011 

 
 

Sample Site Time Depth Temp DO pH Conductivity ORP Turbidity
POL_WQ-01 feet øF mg/L Units mS/cm mV NTU
(Southwest) 12:13 1.7 69.1 8.9 8.9 0.000 382 26.2

12:14 1.7 68.9 8.9 10.6 0.000 246 7.8
Average: 1.7 69.0 8.9 9.8 0.000 314 17.0

POL_WQ-02 12:18 1.8 69.1 9.3 8.5 0.000 323 ---
(South-Central) 12:19 3.8 60.2 4.8 8.5 0.203 356 16.3

12:20 1.8 68.1 7.2 9.0 0.194 135 17.4
12:25 2.3 64.0 10.0 9.1 0.197 280 12.1

Average: 2.1 65.4 7.8 8.8 0.148 274 15.3

POL_WQ-03 12:30 1.7 68.4 9.5 --- 0.000 151 8.0
(Central) 12:31 1.8 69.6 9.2 10.2 0.000 224 7.6

12:32 2.0 69.7 9.3 9.3 0.188 332 4.9
12:33 2.6 66.1 9.3 9.3 0.186 322 3.2
12:34 4.1 60.7 4.4 9.0 0.191 327 3.2
12:35 3.3 60.7 3.8 9.0 0.191 322 40.5

Average: 2.5 65.9 7.6 9.3 0.126 280 11.2

POL_WQ-04 12:45 2.3 69.8 11.4 9.3 0.202 285 3.2
(North Central) 12:46 4.1 63.0 6.1 8.8 0.205 306 3.5

12:47 5.5 61.8 1.2 8.4 0.207 326 6.8
12:48 2.9 63.3 4.8 8.6 0.206 294 4.7

Average: 3.3 64.5 5.9 8.8 0.205 303 4.6

POL_WQ-05 13:14 2.0 68.7 7.0 8.2 0.210 330 24.7
(North Outlet) 13:15 3.6 61.9 1.3 7.3 0.217 328 ---

13:16 1.7 66.1 9.1 7.9 0.000 252 2.9
13:17 1.7 67.1 9.2 8.4 0.000 244 3.1

Average: 2.2 66.0 6.7 8.0 0.107 289 10.2
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Dissolved Oxygen 
 
Dissolved oxygen (DO) is the amount of oxygen dissolved in water. This oxygen comes 
from sources such as the atmosphere, aeration, and photosynthesis.  Due to photosynthesis 
DO generally follows a diurnal pattern rising and falling during daytime and nighttime 
processes.  In general, aquatic life depends on DO concentrations of greater than 5.0 mg/L.  
Prolonged periods of low DO levels can stress aquatic organisms and eventually cause fish 
kills.   

As shown in Table 3, average DO concentrations measured at sites POL_WQ-01 through 
05, ranged between 5.9 and 8.9 mg/L, above the critical levels.  DO values were 
expectantly higher near the surface of the lake where photosynthesis occurs, with an 
overall average of 9.0 mg/L (ranges between 7 to 11 mg/L).  In contrast, DO levels were 
lower near the bottom of the deeper north central and north outlet sites of POL, ranging 
from 1.2 to 4.5 mg/L.  These low DO levels could be contributed to the following factors:  
deeper and heavily vegetated water columns can make photosynthesis more difficult or 
non-existent at these depths; DO levels may have dropped near the lake bottom after the 
Hydrolab instrument stirred up the sediment layers mixing the anoxic layer into the water 
column; had sampling occurred on a windy day instead of a calm day, DO results may 
have been higher due to mixing in the water column.   
 

pH 

pH is used to indicate the acidity of water and is based on a scale of 0-14.  Values of less 
than 7 means the water is acidic or has a higher concentration of Hydrogen ions.  A reading 
of higher than 7 means the water is basic or alkaline and has a higher ability to neutralize 
acids.  A reduction in pH, or acidification, has a negative effect on the reproduction of 
many aquatic organisms, such as mollusks, zooplankton and fish species. Aquatic species 
have different tolerances for life in low pH conditions, and although conditions may not 
lead to death for an individual, it may mean reduced ability to reproduce or grow.  

pH data measured in September at all of the Post Office Lake sampling sites was above 
neutral with a higher ability to neutralize acids.  The average pH measured at sites 
POL_WQ-01 through 05, ranged between 8.0 and 9.7 Units, with an overall average of 
about 8.9 Units (see Table 3).  The lowest average pH value of 8.0 Units was detected at 
the site near the North outlet to the Columbia River.  These pH measurements should not 
negatively affect aquatic organisms, fish, or wildlife. 

Specific Conductivity 
 
Specific conductance is the measure of the ability of water to conduct an electrical current 
and is related to the amount of ions and the approximate dissolved solids within that water.  
It is often used to indicate the presence of inorganic substances in surface and ground 
waters. 
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Specific conductance in freshwater systems ranges from 0 to 1.3 mS/cm (0 to 1,300 
µS/cm) and can be influenced by local geology and anthropogenic activities such as 
agriculture, mining, and storm water run-off.  The average specific conductivity measured 
at sites POL_WQ-01 through 05, ranged between 0.107 to 0.205 mS/cm (see Table 3), 
with an overall average of 0.117 mS/cm or 117 µS/cm.  These low conductivity 
measurements indicate little influence from the geology and anthropogenic activities in the 
area. 

Oxidation Reduction Potential  
 

Oxidation Reduction Potential (ORP) is a measure of water’s capacity to either release or 
gain electrons in chemical reactions.  It is a useful, yet non-specific measurement, and 
should be used more for monitoring changes in a system or tracking metallic pollution 
rather than determining absolute values.  That said, the ORP values above 400 mV are 
generally harmful to aquatic life while low ORP values are associated with reducing 
conditions and low dissolved oxygen concentrations.   

As shown in Table 3, average ORP concentrations measured at sites POL_WQ-01 through 
05, ranged between 274 and 314 mV, below the harmful levels.  The highest individual 
ORP value sampled was 382 mV, from site POL-WQ-01, but still well below the critical 
level of 400 mV. 

Turbidity 
 
Turbidity is a measure of the clarity of water and can provide an estimate of total 
suspended solids and sediments in water such as clay, silt, organic matter, and plankton.  
Turbidity levels of greater than 10 NTUs (Nephelometric Turbidity Units) may lead to 
stress of aquatic life while turbidity levels of greater than 100 NTUs are considered unsafe 
levels for most aquatic life. 

Average turbidity measurements at sites POL_WQ-01 through 05, ranged between 4.6 to 
17.0 NTUs. The most southern site, POL_WQ-01, had the highest average of all five sites 
and POL_WQ-03 had the single highest value of 40.5 NTU (Table 3); however, both of 
these sites could include false readings due to the possibility of the Hydrolab instrument 
stirring up the bottom sediment.  Overall, most of the turbidity values were at safe levels, 
under 10 NTUs, except at the southern end of Post Office Lake where the vegetation was 
the densest.   

Analytical Results 
 
The CAS laboratory analytical results are presented in the paragraphs and Table 4 through 
Table 9 below.  The DoD QSM 4.2 (DoD Quality Systems Manual for Environmental 
Laboratories,version 4.2, Appendix E) requires laboratory procedures use detections 
reported to the Method Detection Limit (MDL).  Values greater than the MDL and less 
than the Limit of Quantitation (LOQ) were flagged as estimates with data qualifier J.  
Values less than the Limit of Detection (LOD) (similar to MDL) were reported as non-
detect (ND) and were flagged with the data qualifier U.  
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Where applicable, water sample results were compared to the EPA freshwater criterion 
maximum concentrations (CMC 1) and the freshwater criterion continuous concentrations 
(CCC 2

Total and Dissolved Metals (Method EPA200.8/245.1) 

) listed in the National Recommended Water Quality Criteria: 2002 (EPA-822-R-
02-047).  Although considered protective of aquatic life, these criteria often do not account 
for the bioaccumulation of contaminants, which may cause a major impact on wildlife 
using wetland resources.  Except for the criteria for PCBs, DDT, selenium and mercury, 
wildlife have not been included during the development of the national aquatic life criteria.  
However, these criteria are designed to be protective of aquatic life for surface waters and 
are generally applicable to wildlife and most wetlands. 
 

 
Metals occur naturally in the environment, but human activities (such as industrial 
processes, mining, and storm run-off) can dramatically alter their distribution. When 
metals are released into the environment in higher than natural concentrations they can be 
highly toxic and cause major disruptions of aquatic ecosystems and decrease a waterbody's 
suitability for industrial and domestic uses.  
 
Heavy metal water quality criteria may be expressed as total or dissolved metal. Although 
dissolved metal is the most toxic form in the water column, the original toxicity studies 
used by EPA to establish water quality criteria were performed using total metals.  EPA 
changed the policy and now recommends dissolved metals concentrations for water quality 
standards (U.S. EPA 1999a. National Recommended Water Quality Criteria. EPA 822- Z-
99-001).   
 
Post Office Lake water samples were tested for both total and dissolved metals and 
compared to the freshwater CMC and CCC as listed in Table 4, below.  Total metal 
freshwater water quality criteria, from the “gold book” or U.S. EPA Quality Criteria for 
Water 1986. EPA 440/5-86-001, were used as the chronic and acute criteria to compare 
total metal concentrations.  Dissolved metal freshwater water quality criteria, from the 
National Recommended Water Quality Criteria: 2002 table (EPA-822-R-02-047), were 
used as the chronic (CCC) and acute (CMC) criteria to compare dissolved metal 
concentrations (preferred criteria for water quality standards).  Freshwater water quality 
dissolved metal criteria were calculated using the previous 304(a) aquatic life total metal 
criteria and multiplying it by a conversion factor (CF)3

                                                 
1 The criteria maximum concentration (CMC) is defined as an estimate of the highest concentration of a 
material in surface water to which an aquatic community can be exposed briefly without resulting in an 
unacceptable effect (or “acute concentration”). 

 (Appendix A).  All EPA's 

2 The criterion continuous concentration (CCC) is an estimate of the highest concentration of a material in 
surface water to which an aquatic community can be exposed indefinitely without resulting in an 
unacceptable effect (or “chronic concentration”). 
3 See Appendix A - Conversion factors for dissolved metals and the parameters specified in Appendix B are 
hardness-dependent. 
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freshwater metals' criteria are expressed as hardness dependent values because water 
quality characteristics such as hardness influence the toxicity of metals on aquatic 
organisms.  The freshwater criteria flagged with two asterisks in Table 4, are values that 
correspond to a hardness of 100 mg/L in the water column.   
 
Laboratory test results found total and dissolved heavy metals in water samples collected 
in Post Office Lake at both sites presented in Table 4.  All total metal concentrations 
detected were at levels below acute or chronic criteria. Mercury was not detected.  Also, all 
dissolved metal concentrations detected were at levels below acute or chronic criteria for 
both sample sites and should have no adverse impacts on aquatic organisms.  The 
dissolved metals, mercury and silver (site 2 only), were not detected and are reported as 
less than the LOD value. 
 
Table 4. Total Metals (µg/L) Analyzed from Water Samples, Post Office Lake, September 20, 
2011 

Total Metals (µg/L)  STATIONS 
Analyte, µg/L Freshwater 

CMC,  µg/L 
Freshwater 
CCC,  µg/L 

POL_WQLab-01 POL_WQLab-02 

Total Metals (µg/L) 
Antimony 9,000* 1,600* 0.28 0.12 
Arsenic 360 190 3.75 3.49 

Cadmium 3.9** 1.1** 0.056 0.02 J 
Chromium 1,700** 210** 0.77 0.49 

Copper 16** 12** 1.28 0.71 
Lead 62** 3.2** 1.09 0.606 

Mercury 2.4 0.012 0.05 U 0.05 U 
Nickel 1,400** 160** 1.91 1.66 
Silver 4.1** 0.12 0.023 J 0.005 J 
Zinc 120** 110** 5.59 2.77 

Dissolved Metals (µg/L) 
Antimony - - 0.21 0.14 
Arsenic 340 150 2.03 2.48 

Cadmium 2.0** 0.25** 0.008 J 0.004 J 
Chromium 16** 11** 0.5 0.47 

Copper 13** 9.0 1.77 1.51 
Lead 65** 2.5** 0.666 0.442 

Mercury 1.4 0.77 0.05 U 0.05 U 
Nickel 470** 52** 1.62 1.65 
Silver 3.2** - 0.013 J 0.010 U 
Zinc 120** 120** 1.14 1.38 

Concentrations in bold are considered detected. 
Qualifier Codes: 
U = Analyte was not detected and is reported as less than the LOD or as defined by the 
project. Detection limit is adjusted for dilution (per DoD-QSM 4.1 definition). 
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J = The result is an estimated concentration that is less than the MRL but greater than or 
equal to the MDL. 
* = Insufficient data to develop criteria.  Value presented is the Lowest Observed Effect 
Level (L.O.E.L) 
** = The freshwater criterion for this dissolved metal is expressed as a function of 
hardness (mg/L) in the water column. The value given here corresponds to a hardness of 
100 mg/L.  

 
 

Organochlorine Pesticides (Method SW-8081B) 

Even though the majority of organochlorine pesticides have been banned for use within the 
United States they are still found in soils and waters country wide due to their persistence 
and lengthy half-life.  From the two samples collected at Post Office Lake, small amounts 
of the pesticide 2,4’-DDE was found in sample at the south end of the lake, however, no 
other pesticides were detected as listed in Table 5.  Bolded tabular results represent 
detectable (measurable) concentrations in µg/L, while non-bolded results represent “non-
detects” or results less than the LOD.  EPA freshwater water quality criteria have been 
published for about 50% of the compounds found in Table 5.  These criteria are listed 
under the columns Freshwater CMC, µg/L, representing freshwater aquatic acute criteria 
and Freshwater CCC, µg/L, representing freshwater aquatic chronic criteria.   

A low level of the organochlorine pesticide 2,4’-DDE was detected in the water sample 
site POL_WQLab-01, at a concentration of 0.00069 µg/L, which is well below the EPA 
acute and chronic criteria for DDT and its metabolites.  The remaining organochlorine 
pesticides listed in Table 5 below detection limits in the samples collected at Post Office 
Lake.   

Table 5. Organochlorine Pesticides (µg/L) Analyzed from Water Samples, Post Office Lake, 
September 20, 2011 

Organochlorine Pesticides STATIONS 

Analyte,  µg/L Freshwater 
CMC,  µg/L 

Freshwater 
CCC,  µg/L 

POL_WQLab-01 POL_WQLab-02 

Aldrin 3.0  0.0005 U 0.0005 U 
gamma-Chlordane 2.4 0.0043 0.0005 U 0.0005 U 
alpha-Chlordane 2.4 0.0043 0.0005 U 0.0005 U 

Dieldrin 0.24 0.056 0.0005 U 0.0005 U 
Lindane (gamma-BHC) 0.95  0.0005 U 0.0005 U 

Heptachlor 0.52 0.0038 0.00049 U 0.00049 U 
2,4’-DDE - - 0.00069 P 0.00049 U 
2,4’-DDD - - 0.00049 U 0.00049 U 
2,4’-DDT - - 0.00049 U 0.002 Ui 
4,4’-DDE  

1.1* 
 

0.001* 
0.0005 U 0.0005 U 

4,4’-DDD 0.0005 U 0.0005 U 
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4,4’-DDT  0.0005 U 0.0005 U 
Concentrations in bold are considered detected. 
Qualifier Codes: 
U = Analyte was not detected and is reported as less than the LOD or as defined by the project. 
Detection limit is adjusted for dilution (per DoD-QSM 4.1 definition). 
P = The GC or HPLC confirmation criteria was exceeded.  The relative percent difference is 
greater than 40% between the two analytical results (25% for CLP Pesticides). 
i = The MRL/MDL has been elevated due to a chromatographic interference. 
* This criterion applies to DDT and its metabolites (i.e., the total concentration of DDT and its 
metabolites should not exceed this value). 
 
 

Organophosphorus Pesticides (Method SW-8141B) 
 

The term organophosphates is used often to describe virtually any organic phosphorus 
containing compound, especially when dealing with neurotoxic compounds.  
Organophosphorus pesticides degrade rapidly by hydrolysis on exposure to sunlight, air, 
and soil, although small amounts can be detected in food and drinking water. Their ability 
to degrade made them an attractive alternative to the persistent organochloride pesticides, 
such as DDT.  Although organophosphates degrade faster than the organochlorides, they 
have greater acute toxicity, posing risks to people who may be exposed to large amounts.  
 
Malathion is one of the most commonly used Organophosphorus pesticides and has been 
registered for use since 1956. The EPA banned most residential uses of organophosphates 
in 2001, but malathion is used in agriculture, residential gardens, public recreation areas, 
and in public health pest control programs. When applied in accordance with the rate of 
application and safety precautions specified on the label, malathion can be used to kill 
mosquitoes without posing unreasonable risks to human health or the environment (EPA, 
2008). 
 
The laboratory analytical results for all twenty-four Organophosphorus Pesticides tested in 
Table 6 show that none were detected and are reported as less than the LOD levels for the 
two samples collected at Post Office Lake.  EPA’s freshwater water quality criterion has 
not been published for Organophosphorus Pesticides.  
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Table 6. Organophosphorus Pesticides (µg/L) Analyzed from Water Samples, Post Office 
Lake, September 20, 2011 

Organophosphorus Pesticides STATIONS 

Analyte,  µg/L POL_WQLab-01 POL_WQLab-02 
Dichlorvos (DDVP) 0.5 U 0.49 U 
Mevinphos 0.5 U 0.49 U 
Demeton 2 U 2 U 
Ethoprop 0.2 U 0.2 U 
Phorate 0.5 U 0.49 U 
Sulfotepp 0.2 U 0.2 U 
Diazinon 0.2 U 0.2 U 
Disulfoton (Di-Syston) 0.99 U 0.97 U 
Dimethoate 0.5 U 0.49 U 
Ronnel 0.2 U 0.2 U 
Merphos (1 & 2) 0.2 U 0.2 U 
Fenthion 0.5 U 0.49 U 
Chlorpyriphos 0.2 U 0.2 U 
Trichloronate 0.2 U 0.2 U 
Methyl Parathion 0.5 U 0.49 U 
Malathion 0.2 U 0.2 U 
Tokuthion 0.2 U 0.2 U 
Parathion 0.5 U 0.49 U 
Stirofos 0.2U 0.2 U 
Bolstar (Sulprofos) 0.5 U 0.49 U 
Fensulfothion 0.5 U 0.49 U 
EPN 0.2 U 0.2 U 
Azinphos (Guthion) 0.99 U 0.97 U 
Coumaphos 0.99 U 0.97 U 
Concentrations in bold are considered detected. 
Qualifier Codes: 
U = Analyte was not detected and is reported as less than the LOD or as defined 
by the project. Detection limit is adjusted for dilution (per DoD-QSM 4.1 
definition). 
 
 

Polychlorinated Biphenyls (Method SW-8082A)    
 
Historically, Polychlorinated Biphenyls (PCBs) were used in hundreds of industrial and 
commercial applications including electrical, heat transfer, and hydraulic equipment; as 
plasticizers in paints, plastics and rubber products; in pigments, dyes and carbonless copy 
paper and many other applications.  Prior to the late 1970s when the production of PCBs 
was banned more than 1.5 billion pounds of PCBs were manufactured in the United States 
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alone.  No PCBs were detected in any of the water samples collected for the two Post 
Office Lake sample sites (Table 7). 
 
Table 7. Polychlorinated Biphenyls (PCBs) (µg/L) Analyzed from Water Samples, Post Office 
Lake, September 20, 2011 

Polychlorinated Biphenyls (µg/L) STATIONS 
Analyte,  

µg/L 
Freshwater 
CMC,  µg/L 

Freshwater 
CCC,  µg/L 

POL_WQLab-01 POL_WQLab-02 

PCB-1016 -  
 
 

0.014* 

0.0049 U 0.0049 U 
PCB-1221 - 0.01 U 0.01 U 
PCB-1232 - 0.0049 U 0.0049 U 
PCB-1242 - 0.0049 U 0.0049 U 
PCB-1248 - 0.0049 U 0.0049 U 
PCB-1254 - 0.0049 U 0.0049 U 
PCB-1260 - 0.0049 U 0.0049 U 

Concentrations in bold are considered detected. 
Qualifier Codes: 
U = Analyte was not detected and is reported as less than the LOD or as defined by the 
project. Detection limit is adjusted for dilution (per DoD-QSM 4.1 definition). 
* This criterion applies to total PCBs, (e.g., the sum of all congener or all isomer or 
homolog or Aroclor analyses.)   
 
 

Nutrients, pH, and Dissolved Organic Carbon (DOC) (Methods, See Table 2) 
 
Nutrients like nitrogen and phosphorus are necessary for healthy waters, but at high levels, 
can cause a number of problems and can harm water quality, aquatic life, wildlife, and 
humans.  Two Post Office Lake water sample sites were analyzed for the following 
nutrients: ammonia, nitrate + nitrite, total Kjeldahl nitrogen (TKN), orthophosphate, and 
total sulfide, along with pH and DOC, which are presented in Table 8.  Total sulfide was 
below the lab detection limits.  In general the Post Office Lake sites were somewhat 
nutrient rich in TKN and had high amounts of DOC, but not at levels that negatively 
impact wildlife.   
 
The EPA’s freshwater ammonium criteria are calculated based on fish species and life 
stage, pH, and temperature (see equations in Appendix C).  Since fish are not found in the 
waters within Post Office Lake, the EPA freshwater acute and chronic criteria for ammonia 
were not calculated.  Low levels of ammonia nitrogen was detected in both Post Office 
Lake sites and ranged from 0.024 mg/L in sample POL_WQLab-02 to 0.24 mg/L in 
sample POL_WQLab-01.   
 
Nitrates and nitrites and by-products generated by the oxidization of ammonia compounds.  
Nitrate levels from 0 – 40 ug/L are generally safe for fish but levels greater than 80 ug/L 
can be toxic.  Nitrite levels above 7.5 mg/L in water can cause stress in fish while nitrite 
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levels greater than 50 mg/L can be toxic.  The EPA drinking water criteria for nitrate + 
nitrite is 10 mg/L (total).  Very low levels of nitrate + nitrite concentrations were identified 
in samples POL_WQLab-01 and POL_WQLab-02 at 0.009 mg/L and 0.086 mg/L, 
respectively.   
 
TKN is the sum of organic nitrogen and ammonia nutrients and was detected in both POL 
water samples.  Concentrations were detected at sites POL_WQLab-01 and POL_WQLab-
02, at 1.64 and 1.94 mg/L, respectively, which are within the range characteristic of 
eutrophic lake conditions (Wetzel, 1983).  Freshwater water criteria for TKN was not 
identified, however the detected levels were above the MDL lab detection limits of 0.16 
mg/L. 
 
Orthophosphate is sometimes referred to as "reactive phosphorus” and is the form of 
phosphorous used by plants.  Phosphates are not toxic to people or animals unless they are 
present in very high levels.  Orthophosphate was detected at sites POL_WQLab-01 and 
POL_WQLab-02, at 0.015 mg/L, and 0.031 mg/L, respectively. These levels were above 
the lab detection limits, including the MDL of 0.004 mg/L; however freshwater criteria are 
not identified for orthophosphate. 
 
Phosphorus is one of the key elements necessary for growth of plants and animals and in 
lake ecosystems it tends to be the growth limiting nutrient.  However, total phosphorus was 
not analyzed for the two samples collected due to an error during the lab’s project set up, 
resulting in project hold time expiring.   
 
PH is used to indicate the acidity of water and is based on a scale of 0-14.  The EPA 
freshwater chronic criteria range for pH is 6.5-9 (EPA, 1976).  The pH data measured in 
the Post Office Lake water samples were near neutral for the most southern site, and more 
basic at the northern site.  The POL_WQLab-01 water sample had a pH of 7.46 and the 
POL_WQLab-02 water sample had a pH of 8.9 (Table 8).   
 
Dissolved organic carbon (DOC) is broken down organic material from plants and animals 
that can alter a waterbody’s pH in weakly buffered freshwaters.  DOC was detected at 
levels of 8.73 mg/L at POL_WQLab-01 and 13.2 mg/L at site POL_WQLab-02 (Table 8).  
These levels were quite high compared to the lab’s detection limits of 0.07 mg/L for MDL 
and 0.50 mg/L for LOQ.  The north site, POL_WQLab-02, had a much higher level of 
DOC compared to the south site which was possibly due to more decaying organic matter 
or “muck” in the north outlet. 
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Table 8. Nutrients (mg/L), pH (units), Dissolved Organic Carbon (DOC) (mg/L), Analyzed 
from Water Samples, Post Office Lake, September 20, 2011 

Nutrients (mg/L), pH (units), 
and DOC (mg/L) 

Site Identifiers 

Analyte POL_WQLab-01 POL_WQLab-02 
Ammonia as Nitrogen 0.24 0.024 J 

Nitrate+Nitrite as Nitrogen 0.009 J 0.086 
Total Kjeldahl Nitrogen 1.64 1.94 

Orthophosphate as Phosphorous 0.015 0.031 
Total Sulfide 0.05 U 0.05 U 

pH 7.46 8.9 
Dissolved Organic Carbon 8.73 13.2 

Concentrations in bold are considered detected. 
Qualifier Codes: 
U = Analyte was not detected and is reported as less than the LOD or as 
defined by the project. Detection limit is adjusted for dilution (per DoD-
QSM 4.1 definition). 
J = The result is an estimated concentration that is less than the MRL but 
greater than or equal to the MDL. 

 
 

Total Petroleum Hydrocarbons (TPHs) (NWTPH-HCID Method) 
 
No diesel and residual range organics or hydrocarbons were detected at either of the two 
water samples collected in the Post Office Lake (Table 9). 
 
Table 9. Diesel and Residual Range Organics and Hydrocarbons (µg/L) Analyzed from Water 
Samples, Post Office Lake, September 20, 2011 

Diesel and Residual Range 
Organics and 
Hydrocarbons  

(µg/L) 

STATIONS 

Analyte POL_WQLab-01 POL_WQLab-02 
DIESEL 630 U 630 U 

RESIDUAL 630 U 630 U 
GASOLINE 250 U 250 U 

Qualifier Codes: 
U = Analyte was not detected and is reported as less than the LOD or as 
defined by the project. Detection limit is adjusted for dilution (per DoD-QSM 
4.1 definition). 

 

 



Post Office Lake 
Water Quality Evaluation Report 

Sampled September 2011 
 

   
 

19 

CONCLUSION 
 
Water quality sampling analyses were completed in Post Office Lake (POL) to characterize 
physical and chemical lake attributes in order to assess current site conditions prior to 
proceeding with ecosystem restoration plans.  Water sampling took place at POL on 
September 20, 2011 by using the Hydrolab to collect in-situ water profiles at five locations 
and collecting surface samples from two locations for chemical analyses at the CAS 
laboratory.   
 
Post Office Lake is shallow with very dense aquatic vegetation that appeared to be milfoil; 
however, the deeper north central portions of the lake had less vegetation.  The in-situ 
water quality data, which included depth, temperature, dissolved oxygen (DO), pH, 
specific conductivity, turbidity, and ORP, were measured at “safe” levels for aquatic 
organisms, waterfowl, and terrestrial wildlife, with the exception of some low DO readings 
at deeper sites.  DO was detected as low as 1.2 mg/L at the bottom of the deeper north 
section of the lake.  The overall average temperature and DO of the lake was 66.1o F and 
7.4 mg/L, respectively.  Below the surface waters in the “deeper” portions of the lake, 
temperatures dropped as much as 9oF within two feet, indicating stratification within the 
lake and a definite thermocline beginning about two feet below the surface.  The coolest 
temperatures measured were about 61o F at depths ranging from three to almost six feet 
deep, while temperatures within two feet from the surface were about 69o F.   
 
The laboratory analyses for POL included results for total and dissolved metals, 
organochlorine pesticides, polychlorinated biphenyls, Organophosphorus pesticides, 
nutrients, pH, dissolved organic carbon, and diesel and residual organics and 
hydrocarbons, resulting in the identification of small amounts of metals, contaminants, and 
nutrients in the water samples.  Total and dissolved heavy metals were detected in both 
POL water sample sites; however, mercury and silver (site 2) were not detected.  No 
metals were detected above the EPA acute or chronic criteria.  The DDT metabolite 2,4’-
DDE, was the only pesticide contaminant found in POL at the south sampling site, with 
levels detected at 0.00069 µg/L, which is well below the EPA acute and chronic criteria.  
No PCBs or diesel and residual organics and hydrocarbons were detected in either of the 
POL sample sites.  The nutrient total kjeldahl nitrogen (TKN) was detected at levels high 
enough to categorize sites as eutrophic water bodies.  The nutrient levels found in POL 
should not negatively impact waterfowl or wildlife 
 
Even though there was evidence of oxygen deficiency towards the bottom of the lake 
which is typical of eutrophic lakes, aquatic plant and phytoplankton production of DO is 
evident by higher surface DO and pH, which indicates oxygen concentrations are not a 
problem.  In addition, once there is connectivity established between the more oxygenated 
Columbia River and Post Office Lake, it should alleviate any low oxygen issues in the 
lake.  
 
In September Post Office Lake was found to be stratified with a definite temperature 
thermocline and low DO levels in some deeper portions of the lake.  No winter sampling 
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has been conducted at this time so it is unknown what the temperature and DO profiles 
might be during the wetter winter season.  For this reason, a winter sampling study is 
recommended to capture additional water quality profiles during high water 
conditions.  It is expected that the lake may become well mixed in the winter with 
temperatures and DO levels more consistent throughout the water columns.   
 
Overall, the Post Office Lake Wetland Restoration Project has the potential to improve 
water quality conditions throughout the proposed site by creating a potential depth refuge 
for salmonids and larger wetlands to filter out pollutants from nearby agricultural areas, 
after being reconnected to the Columbia River.  After the restoration project has been 
completed for Post Office Lake, it is required that continued water quality monitoring 
occurs to observe the effects on temperature, dissolved oxygen and pH in the lake, for a 
minimum of two years.   
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APPENDIX A – CONVERSION FACTORS FOR DISSOLVED METALS 
 

Metal 
Conversion Factor 

freshwater CMC freshwater CCC saltwater 
CMC 

saltwater 
CCC1 

Arsenic 1.000 1.000 1.000 1.000 

Cadmium 1.136672-[(ln 
hardness)(0.041838)] 

1.101672-[(ln 
hardness)(0.041838)] 0.994 0.994 

Chromium 
III 0.316  0.860  — — 

Chromium 
VI 0.982 0.962 0.993 0.993 

Copper 0.960 0.960 0.83 0.83 

Lead 1.46203-[(ln 
hardness)(0.145712)] 

1.46203-[(ln 
hardness)(0.145712)] 0.951 0.951 

Mercury 0.85 0.85 0.85 0.85 
Nickel 0.998 0.997 0.990 0.990 
Selenium — — 0.998 0.998 
Silver 0.85 — 0.85 — 
Zinc 0.978 0.986 0.946 0.946 
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APPENDIX B - CALCULATION OF FRESHWATER AMMONIA CRITERION 

1. The one-hour average concentration of total ammonia nitrogen (in mg N/L) does 
not exceed, more than once every three years on the average, the CMC (acute 
criterion) calculated using the following equations: 

o Where salmonid fish are present:  
 CMC = (0.275/(1 + 107.204-pH)) + (39.0/(1 + 10pH-7.204))  

o Or where salmonid fish are not present:  
 CMC = (0.411/(1 + 107.204-pH)) + (58.4/(1 + 10pH-7.204))  

2.  
A. The thirty-day average concentration of total ammonia nitrogen (in mg 

N/L) does not exceed, more than once every three years on the average, 
the CCC (chronic criterion) calculated using the following equations: 

 When fish early life stages are present:  
 CCC = ((0.0577/(1 + 107.688-pH)) + (2.487/(1 + 10pH-7.688))) x 

MIN (2.85, 1.45·100.028·(25-T))  
 When fish early life stages are absent:  

 CCC = ((0.0577/(1 + 107.688-pH)) + (2.487/(1 + 10pH-7.688))) x 
1.45·100.028·(25-MAX(T,7))  

B. In addition, the highest four-day average within the 30-day period should 
not exceed 2.5 times the CCC. 
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A) BACKGROUND 

Purpose 

The U.S. Army Corps of Engineers (USACE), Portland District (District) is considering alternatives which 
will restore a more natural tidal hydrologic regime to the Post Office Lake area along the east bank of the 
Columbia River in Ridgefield, Washington. Post Office Lake (POL) was historically connected to the 
Columbia River until a levee and tidegate were constructed in the 1950s to protect agricultural interests. Both 
the tidegate and levee are no longer functioning properly; the tidegate has collapsed and the levee has been 
de-authorized.  

The Post Office Lake Section 536 Feasibility Study has been undertaken to identify potential restoration 
opportunities and alternatives. It is the goal of the study to select a preferred alternative for restoring tidal 
hydrologic regimes between the Columbia River and POL for the purpose of improving fish access to the 
off-channel rearing and refuge habitat available within the lake. The District requires a delineation of wetlands 
and non-wetland waters of the U.S., as well as a wetland rating (using Hruby 2004) and classification (using 
both hydrogeomorphic [HGM] and Cowardin classification systems). The purpose of this information is to 
meet environmental compliance obligations and to calculate current and potential environmental conditions 
and benefits from the proposed restoration project. This wetland and other waters of the U.S. delineation was 
undertaken to document the extent of wetlands and waters in the area of possible project impact. The 
existence and location of wetlands will influence the final alignment of the proposed restoration project and 
will help to determine calculation of environmental baseline and potential project benefits. 

Landscape Setting and Land Use 

The study area is located on the east bank of the Columbia River at approximately River Mile (RM) 95, east of 
Sauvie Island, south of the City of Ridgefield and northwest of the City of Vancouver in Clark County, 
Washington (Appendix A, Figure 1). In general, the survey area extends from the Columbia River on the 
western boundary (and not included in the survey area) east to an existing berm. The northern boundary is 
also partially demarcated by a berm, and the southern boundary is adjacent to private property (Appendix A, 
Figure 2). The study area is within the Ridgeport Dairy Unit of the Ridgefield National Wildlife Refuge 
(Refuge), south of Campbell Lake and immediately west of Lake River and Green Lake. Latitude and 
longitude coordinates are centered approximately at 45.7473° N and -122.7543° W.  Public access to the 
study area is provided by traveling north on Hwy 501 to a terminus parking area at the southwest corner of 
the area of investigation. North of the parking area, Hwy 501 has lost structural integrity and is being 
undermined by flows from the Columbia River (Appendix C, Photo 13). 

The study area is characterized by remnants of Hwy 501 to the west, Post Office Lake (POL) in the central 
eastern portion, a channel to the north that links POL to the Columbia River, and a berm to the east. Hwy 
501 runs along the top of the levee separating the Columbia River from lowlands to the east. The channel on 
the north end of POL provides a partial hydrologic connection between the lake and the Columbia River. A 
concrete box culvert with a tidegate connects beneath the levee to the channel, although the tidegate no 
longer provides its intended function (Appendix C, Photo 5). The survey area ranges in elevation from the 
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Columbia River to approximately 28 feet at the top of the western levee, 16 to 20 feet at the northern berm, 
and 20 to 22 feet at the eastern berm (USACE 2010a).  

The majority of the study area is characterized by disturbed agricultural and pastureland that is primarily 
vegetated with various grass species (Poaceae) and small patches of blackberry (Rubus spp.) on the outer 
edges. Aerial photographs from 1938 suggest that the area has been continually mowed and grazed for at least 
the past 73 years (see Appendix A, Figures 5A, 5B, 5C, and 5D). POL is an open water lake with a band of 
freshwater emergent wetland fringing between the open water and the adjacent pasture. Emergent wetland 
plants and some stands of trees are also present between the pasture and the Columbia River levee and 
riverward of the crown of the levee.  The Refuge is home to migrating and resident birds and a popular spot 
for birding and hunting.  

State (Oregon and Washington) and fedeal listed threatened and endangered species are known to occur on 
the Refuge (USFWS 2010). Special status bird species include1 Aleutian Canada goose (T/WA), American 
white pelican (E/WA), bald eagle (T/OR/WA), American peregrine falcon (E/OR), and sandhill crane 
(E/WA), streaked horned lark (E/WA). Special status mammals include Columbian white-tailed deer 
(E/Federal/WA), Mazama (Western) pocket gopher (T/OR), and Western gray squirrel (T/WA). Special 
status fishes include bull trout (T/Federal), Chinook salmon (T/Federal), chum salmon (T/Federal), coho 
salmon (T/Federal; E/OR), sockeye salmon (E/Federal), steelhead trout (T/Federal), and Pacific smelt 
(T/Federal). Special status plants include Bradshaw’s desert parsley (E/Federal/OR/WA), golden paintbrush 
(T/Federal; E/OR/WA), Nelson’s checkermallow (T/Federal/OR; E/WA), pale larkspur (E/OR/WA), and 
water howellia (T/Federal/WA). 

Site Alterations 

Several land use alterations have occurred in the survey area. Agricultural use, cattle grazing, and mowing 
have resulted in ground disturbance from heavy machinery and an overall transition to mostly non-native 
plant species (e.g. reed canary grass). Other activities such as plowing, construction of levees, and installation 
of the culvert and tidegate, have overturned and mixed soils and introduced other materials (i.e. rock) into 
some areas. To some extent, agricultural activities have also modified the topography making the expanse 
between levees flatter, altering the natural drainage patterns and hydrology. The construction of the levees 
and installation of the culvert and tidegate, although currently not functioning properly, further altered the 
hydrology. Historic aerials from 1938, 1961, 1970, and 2005 are provided in Appendix A, Figures 5A, 5B, 5C, 
and 5D. These aerials illustrate how farming likely increased in the area over time, converting the natural 
floodplain into active agricultural land.  

                                                      

 

1 T = threatened; E = endangered; OR = Oregon; WA = Washington 
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Precipitation Data and Analysis 

Precipitation data was obtained from the National Oceanographic and Atmospheric Administration (NOAA) 
- National Weather Service website (NOAA-NWFSO 2011) for Scappoose, Oregon and the Natural 
Resource Conservation Service (NRCS) WETS Station in Battle Ground, Washington (NRCS 2002). These 
are the closest and most comparable precipitation gage stations to the wetland delineation survey area.  

Field work for the wetland delineation was conducted on October 7, 10, and 12, 2011 following a wetter than 
normal spring followed by a dryer than normal summer (Table 1). Precipitation totals are reported for the 
three months preceding the field work and range from 0.05 inches in August to 1.13 inches in July. Although 
July had slightly more precipitation than normal, August, September, and October were substantially below 
average. Precipitation during the days of the field survey ranged between 0.04 inches (October 7th) and 0.34 
inches (October 10th); no precipitation occurred on October 12th.   

 

Table 1. Monthly precipitation (inches) summary and comparison for Scappoose, Oregon, and Battle Ground, 
Washington.     

Month of Delineation Preceding Months 

October September August July 

2011 Normal 2011 Normal 2011 Normal 2011 Normal 

1.86/1 4.02/2 0.71/1 2.47/2 0.05/1 1.15/2 1.13/1 1.00/2 
/1 NOAA-NWFSO 2011  
/2 NRCS 2002 

B) METHODS 

Field Guidance 

This wetland delineation was conducted via field investigations following the 1987 Corps of Engineers 
Wetland Delineation Manual (USACE 1987), the Regional Supplement to the Corps of Engineers Wetland 
Delineation Manual: Western Mountains, Valleys, and Coast Region (Version 2.0) (regional supplement) 
(USACE 2010b), Washington State Wetlands Identification and Delineation Manual (Ecology 1997), and the 
rating system and forms provided in the most current version of Western Washington publication #04-06-
025 (Hruby 2004). Additional resources included the Munsell Soil Color Charts (Munsell 2009), Flora of the 
Pacific Northwest (Hitchcock and Cronquist 1976), Wetland Plants of Western Washington and 
Northwestern Oregon (Cooke 1997), Wetland Plants of Oregon and Washington (Guard 2010), Pocket 
Guide to Hydric Soil Field Indicators (WTI 2008), and Plants of the Pacific Northwest Coast (Pojar and 
MacKinnon 2004). Wetland plant indicator status was provided by the U.S. Army Corps of Engineers North 
American Digital Flora database (Lichvar and Kartesz 2009), based on Reed (1987, 1993). Tetra Tech Inc. 
biologists Toni Pennington, Jeff Barna, Sara Townsend, and David Munro conducted all field surveys.  

Background Information 

U.S. Fish and Wildlife Service (USFWS) National Wetland Inventory (NWI) maps were reviewed to 
determine if wetlands had been previously mapped in the study area (USFWS 2011). NWI maps indicated 
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wetland areas to the north and south of the lake (PEMC; freshwater emergent, seasonally flooded) (Appendix 
A, Figure 3). Soil surveys for Clark County were reviewed to identify mapped soils and their characteristics 
(NRCS 2011) (Appendix A, Figure 4). 

Field Methods 

The 174 acre (70 hectare) study area was surveyed using a total of 16 transects running west to east. Transects 
were approximately 980 feet (300 meters) apart and in-sight of one another. In addition, the strip of land 
located between the Columbia River and the top of the existing levee was surveyed during a low tide. Sample 
points along each transect were positioned to characterize each distinct plant community type and to 
determine specifically the wetland and upland areas, then to determine the boundary. Additional sample plots 
were located to occur as close to the transitional zone between wetland and upland. The boundary 
determination plots were located close to each other, usually within 6.5 feet (2 meters) of one another. 

At each sample plot, indicators of vegetation, hydrology, and soils were documented. Tree canopy and 
sapling/shrub plots were approximately 10 feet (3 meters) in diameter, while herbaceous and woody vine 
surveys were approximately 6.5 feet (2 meters) in diameter. Percent cover was estimated for all plants 
identified in each stratum. Percent cover for each plant species was estimated and dominants were calculated 
based on the total percent cover in each stratum. The majority of soil pits were dug to a standard depth of 20 
inches for determination of both wetland hydrology and hydric soil indicators. If present, standing water 
depth or depth to saturated soil or high water table was measured. Soil horizons and textures were identified 
for each plot and soil matrix and mottle colors, if present, were determined using Munsell color charts 
(Munsell 2009).  

Determination of Ordinary High Water 

The ordinary high water mark (OHWM) of the permanent water bodies in the survey area (POL and the 
Columbia River) were determined using USCAE regulations written for purposes of the Clean Water Act 
lateral jurisdiction (33 CFR 328.3[e]) (USACE 2005) where “…ordinary high water mark (is defined as the) line on 
the shore established by the fluctuations of water and indicated by physical characteristics such as a clear, natural line impressed 
on the bank, shelving, changes in the character of soil, destruction of terrestrial vegetation, the presence of litter and debris, or other 
appropriate means that consider the characteristics of the surrounding areas.”.  

Indicators of OHWMs for POL and the Columbia River were evaluated and documented in the field 
October 7, 10, and 12, 2011. The OHWM was determined using field indicators described in USACE (2005) 
and Olson and Stockdale (2010). Observed field indicators included shelving, compromised terrestrial 
vegetation (e.g., exposed roots), presence of litter and debris, matted down vegetation, scour, and change in 
plant community (Appendix C, Photo 14). 

The elevations of the OWHM were determined using a Trimble GeoXH 6000 with sub-meter accuracy and 
cross checked against recent LIDAR contour maps (USACE 2010a). In October, the OHW of the Columbia 
River in the vicinity of the study areas was estimated between 12 and 14 feet NAVD 88 and the OHW of 
POL was estimated at 12 feet NAVD 88.  On November 9, 2011 the elevation of OHWM indicators for the 
Columbia River was measured using previously described methods in tandem with the survey crew and the 
OHWM was measured at 12 feet NAVD 88 (Appendix A, Figure 6). This level of accuracy is appropriate for 
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wetland determinations, however; it is not intended to be survey-grade for purposes of identifying property 
boundaries. Property boundary determinations should be made by a Professional Land Surveyor. Remnant 
debris (e.g., branches and small logs) from spring 2011 flood events were observed, but not considered an 
indicator for OHW. 

Mapping and Classification 

All wetlands and OHWMs were mapped using a Trimble GeoXH 6000 with sub-meter accuracy. All 
elevation data are reported in the NAVD 88 vertical datum and the location of sample plots are reported in 
World Geodetic System 1984 (WGS84). Wetland classifications are based on the Washington State Wetland 
Rating System for Western Washington (Hruby 2004) which was also used to determine hydrogeomorphic 
(HGM) classifications, and Cowardin et al. (1979) was used to determine the Cowardin classifications. 

Soil, vegetation, and hydrology indicators that were evaluated to determine the presence of wetlands are 
described under the relevant sections below.   

C) RESULTS 

A total of 96 sample plots were evaluated at the survey area during the wetland delineation. Copies of all 
wetland determination data forms are provided in Appendix B. The majority of the survey area was found to 
be non-wetland including most of the pasture grassland, all levees, and a strip of land lying between the 
OHWM of the Columbia River and the top of the adjacent levee.  

Wetlands and other waters of the U.S. were identified within the survey area. Six wetlands in total were 
delineated; one surrounding POL (Wetland 1), two found north of POL and east of the drainage canal 
(Wetland 2 and Wetland 3), and three found below the OHWM of the Columbia River ([Below OHW 
Wetland] BOHWW 1, BOHWW 2, and BOHWW 3) (Appendix A, Figure 6). Other waters of the U.S. 
include POL and the eastern edge of the Columbia River.   

Vegetation 

The majority of the survey area is dominated by reed canary grass (Phalaris arundinaceae) with Himalayan 
blackberry (Rubus armeniacus) typically forming hedges along the base and top of the levees and surrounding 
the channel on the northern end of POL. Most of the land surrounding POL is reed canary grass-dominated 
grassland, which is maintained through mowing and cattle grazing. Patches of trees are also interspersed 
within the grassland and primarily include species such as black cottonwood (Populus balsamifera) and Pacific 
willow (Salix lucida). The levee spanning the Columbia River shore hosts a mix of disturbance-adapted species 
with many being common to riparian corridors found west of the Cascades. Tree species in this area includes 
various willows (Salix spp.), black cottonwood, black locust (Robinia pseudoacacia), red alder (Alnus rubra), red 
osier dogwood (Cornus sericea), and Oregon ash (Fraxinus latifolia). Common woody vines and shrubs include 
Himalayan blackberry and sandbar willow (Salix sessilifolia). Herbaceous species include soft brome (Bromus 
hordeaceus), bull thistle (Cirsium vulgare), Queen Anne's-lace (Daucus carota), perennial pea (Lathyrus latifolius), 
common tansy (Tanacetum vulgare), and Canadian thistle (Cirsium arvense). Emergent vegetation surrounds POL 
and is present on a few low benches below the OHWM of the Columbia River. Species found around POL 
include broadleaf cattail (Typha latifolia) and reed canary grass. North of POL and east of the drainage canal, 
swamp smartweed (Persicaria hydropiperoides), and pointed rush (Juncus oxymeris) are common in low depressions. 
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The benches along the Columbia River host patches of various densities of reed canary grass, water horsetail 
(Equisetum fluviatile), and needle spike-rush (Eleocharis acicularis). 

Dense growth of the submersed aquatic plants Eurasian watermilfoil (Myriophyllum spicatum) and coontail 
(Ceratophyllum demersum) were observed growing in POL. In Region 8 (which includes Clark County), Eurasian 
watermilfoil is a Class B noxious weed in all areas except within 200 feet of the Columbia River (Washington 
State Noxious Weed Control Board 2011). With the exception of the channel that drains POL into the 
Columbia River, POL is more than 200 feet away from the Columbia River. Class B Noxious Weeds are non-
native species that are either absent from or limited in distribution in some portions of the state but very 
abundant in other areas (Washington State Noxious Weed Control Board 2011). The goals for Class B 
Noxious Weeds are to contain the plants where they are already widespread and prevent their spread into new 
areas. Eurasian watermilfoil is known to provide poor fish habitat. Coontail is considered native to the area. 

Soils 

The Soil Resource Report for Clark County (NRCS 2011a) indicates that there are four soil types within the 
survey area (Appendix A, Figure 4); none have been identified as hydric (NRCS 2011b). These include: 

 Newberg silt loam, 3 to 8 percent slopes, (Map Unit NbB): This soil type is mapped over 
approximately 26 percent of the study area. It is a well-drained soil associated with floodplains and 
derived from alluvial parent material. The soil transitions from a silt loam in the upper 7 inches, to a 
fine sandy loam down to 52 inches. This soil has been classified as non-hydric (NRCS 2011b).  

 Sauvie silt loam, 0 to 3 percent slopes, (Map Unit SmA): This soil type is mapped over 
approximately 28 percent of the study area. It is a moderately well drained soil associated with 
floodplains and derived from alluvial parent material. The soil transitions from a silt loam in the 
upper 15 inches, to a silty clay loam from 15 to 36 inches. This soil has been classified as non-hydric 
(NRCS 2011b).  

 Sauvie silt loam, 3 to 8 percent slopes, (Map Unit SmB): This soil type is mapped over 
approximately 9 percent of the study area and its characteristics differ from SmA primarily in slope. 
It is a moderately well drained soil associated with floodplains and derived from alluvial parent 
material. The soil transitions from a silt loam in the upper 15 inches, to a silty clay loam from 15 to 
36 inches. This soil has been classified as non-hydric (NRCS 2011b).  

 Sauvie silty clay loam, 0 to 8 percent slopes, (Map Unit SpB): This soil type is mapped over 
approximately 4 percent of the study area. It is a somewhat poorly drained soil associated with 
floodplains and derived from alluvium parent material. The soil is comprised of a silty clay loam from 
0 to 36 inches. This soil has been classified as non-hydric (NRCS 2011b).  

Results from field sampling found that soils generally had two to three horizons with the first being organic 
matter or root mass and the second and third, if present, having moderately-low chroma and generally silty 
loam texture. All hydric soil characteristics, if present, were observed above 12 inches. Although the level of 
historic disturbance to the soils is unknown, they generally appeared not to have been recently disturbed. 
Substantial soil disturbance was apparent, however, along the strip of land between the Columbia River and 
the adjacent levee. Flooding as well as other water movements along the shore have substantially eroded and 
undercut the riverbank in various areas (Appendix C, Photo 11). Wave action from passing watercraft and 
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commercial ships has likely greatly increased the erosion rate and level of disturbance of the native soils. To 
reduce this erosion, much of the shoreline along the river in the survey area was heavily fortified with rip rap 
and no native soil was apparent.   

Hydrology 

Hydrology proved to be one of the most definitive wetland indicators in the survey area. In general, the 
survey area appeared to be well-drained with the majority of the land sloping towards POL. All areas of 
wetland had moderate to strong hydrology indicators, although differences were more apparent in some 
areas. Common primary hydrology indicators included high water table and saturation to the soil surface, 
recent drift deposits (e.g., algae and Lemna sp.), and in some sample plots, standing water (see data sheets in 
Appendix B for details). Secondary indicators were also present and included drainage patterns, dry-season 
water table, and geomorphic position. All wetland hydrology indicators, if present, were observed above 12 
inches.    

The groundwater table in the study area appeared to be influenced by the Columbia River and Lake River, 
which are hydrologically connected to one another. The Columbia River is tidally influenced in this area and 
the surface water elevation fluctuates with outflow volume and tidal influences (USFWS 2010). The OHW 
elevation of the Columbia River and POL were both estimated at 12 feet (NAVD88) suggesting these two 
waterbodies have a groundwater hydrologic connection (see USFWS 2010).  

Surface water sources in the survey area likely only include precipitation; no evidence of irrigation or water 
flow from outside the area was observed. The southern portion of POL, which falls outside of the survey 
area and is on private land, is also lacustrine with no observable inlet or outlet. The relatively flat topography 
and lack of inlets into POL causes only the precipitation that falls in the immediate area to runoff or infiltrate 
into the survey area (USFWS 2010). Any runoff around POL, however, likely penetrates quickly into the soil 
due to its high permeability (NRCS 2011b) or drains to the Columbia River. In general, water flows through 
POL to the north where the lake abruptly narrows to a channel, turns to the west and drains through a 
culvert that empties into the Columbia River. During the survey, the outlet of the culvert was observed to be 
perched approximately two feet above the surface water elevation of the river during low tide (Appendix C, 
Photo 5) and was submerged during high tide.  

It was initially assumed that the well-drained soils throughout the study area (see NRCS 2011) allow the water 
surface elevation of the Columbia River to determine the water table elevation in the surrounding relic 
floodplain, including POL. The difference in height between mean higher high water (MHHW) and mean 
lower low water (MLLW) of the Columbia River in the vicinity of the survey area is 3.3 feet (NOAA 2011). 
The water surface elevation of POL, however, does not appear to fluctuate to this magnitude or on a similar 
temporal pattern as the Columbia, suggesting the subsurface connection is likely attenuated by the soils 
between POL and the Columbia River. In fact, POL is situated in a low topographic area with an OHW 
elevation of approximately 12 feet NAVD 88 (based on field indicators) and, while LiDAR data indicate a 
maximum depth of 11.7 feet (USACE 2010a), field measurements indicated a maximum depth of only 5 to 6 
feet (USACE personal communication). This suggests the surface elevation of POL is determined less by the 
Columbia River than previously considered (USFWS 2010).  

Two topographic depressions were found north of POL and to the east of the outlet channel of the lake. 
These depressions were approximately 1 to 2 feet above OHW for the Columbia River and POL yet showed 
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evidence of limited ponding during the last day of the survey and the day after a precipitation event. Although 
the soil type associated to these features was not mapped as hydric (see NRCS 2011a, 2011b), it displayed the 
primary hydrology indicator of ponding water, which was not evident elsewhere in the survey area. The soil 
texture was silt clay loam (compared to silt loam in all surrounding areas) suggesting the presence of an 
aquatard. The higher elevation of the depressions than the surface water of POL and Columbia River suggest 
hydrology found in this area to function relatively independent of groundwater and is likely driven more by 
precipitation. Further evidence was present in the emergent vegetation which was dominated by species that 
are more seasonal (e.g., swamp smartweed) than those surrounding POL, and in the presences of drift 
deposits found at different elevations suggesting frequent changes in surface water elevation when ponded 
water is present.     

The hydrology associated with vegetated benches found below the OHWM adjacent to the Columbia River is 
solely driven by fluctuations in the river elevation. Tidal influence, Columbia River outflows, and waves from 
passing boats and ships all directly influence the hydrology in this area (field observations; USFWS 2010).  

Sample Plots  

Three generalized wetland classes were observed in the survey area; lacustrine-fringe, closed depression, and riverine. 
Within each generalized wetland class, paired wetland and non-wetland sample plots tended to maintain 
mostly consistent characteristics. Representative sample plots for each generalized wetland class are discussed 
below.  

Lacustrine-Fringe  

Wetland sample plots in the lacustrine-fringe wetland were located on the fringe of POL and were used to 
characterize Wetland 1. Although the majority of the grassland surrounding the lake was mowed and grazed, 
vegetation alterations appeared to be mostly absent in areas of the lacustrine-fringe wetland. Abiotic features in 
this area were mostly uniform including topography, soils, and hydrology. All lacustrine-fringe wetland sample 
plots fell below the 14 foot NAVD 88 contour line. The most robust indicator was hydrology which was 
consistently present in lacustrine-fringe wetland sample plots and was likely closely associated to the surface 
water elevation of POL and the Columbia River. In all lacustrine-fringe wetland sample plots, high water table 
and soil saturation above 12 inches were apparent, and standing water and hydrogen sulfide odor were 
present in most areas.  

Vegetation in these sample plots was strongly hydrophytic and most met the rapid test for hydrophytic 
vegetation. The first few inches of soil were typically roots followed by marginal coloration and structure 
often with a matrix color of 10 YR 4/1 down to at least 12 inches. In some cases, color alone did not meet 
hydric indicator requirements; however, the presence of hydrogen sulfide odor (along with strong hydrology 
and hydrophytic vegetation indicators) provided strong evidence that the soils were hydric. Other lacustrine-
fringe wetland sample plots such as T1-6 had the same hydrology and vegetation indicators as the others, but 
instead had either gleyed soils (F2) or a depleted matrix (F3) and no hydrogen sulfide odor. Sample plot T6-6 
is a typical example of a lacustrine-fringe wetland sample plot (Appendix B).     

Non-wetland sample plots adjacent to the lacustrine-fringe wetland were very consistent in their characteristics. 
They had no hydrology, no hydrogen sulfide odor and soils usually had a matrix color of 10 YR 4/2 with no 
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redox indicators. However, in some non-wetland sample plots, soils were found to be hydric and meet the 
criteria for the F6 indicator. These plots were determined to all fall very near the wetland/non-wetland 
boundary. Invasive reed canary grass was the most common dominant species and met the hydrophytic 
vegetation indicator; however, it is also known to commonly grow in upland areas. Sample plot T6-5 is a type 
example of a non-wetland sample plot (Appendix B).  

Closed Depression 

Two closed depression wetlands were located north of POL and east of the drainage channel. Sample plots T15-5 
and T16-7 were used to characterize Wetland 2 and Wetland 3 (Appendix B). This area appeared to be the 
northern extent of POL at one time but is now separated from the lake by a berm. Although the majority of 
the grassland surrounding the depressions was mowed and grazed, vegetation alterations appeared to be 
mostly absent in the areas of closed depression wetland.  

All closed depression wetland sample plots fell above the approximate 14 foot contour line (and above the 
surface water elevation of POL and the Columbia River). The most robust indicator was vegetation which 
formed a clear break at the wetland boundary. Vegetation in these sample plots was hydrophytic and 
composed of swamp smartweed, reed canary grass, and poison-hemlock (Conium maculatum). Evidence of 
ponding from a precipitation event that occurred the day prior to the survey was apparent. Other evidence of 
wetland hydrology in closed depression wetland sample plots included soil saturation, water marks, drift deposits, 
algal mat, sparsely vegetated concave surface, stunted plant growth, drainage patterns, and geomorphic 
position. The first few inches of soil were roots followed by hydric coloration and structure of 10 YR 4/1 
matrix color (80 percent) with concentrations of 10YR 3/6 (20 percent) to 20 inches in depth and a clay silt 
loam texture that suggested the presences of an aquatard. These conditions met the indicator for presence of 
a depleted matrix (F3).  

Non-wetland sample plots adjacent to the closed depressions were similar to the other non-wetland sample plots 
documented in the grassland. They had no hydrology and soils with a matrix color of 10YR 4/1 with no 
mottling. Although vegetation in some non-wetland sample plots was hydrophytic, reed canary grass was the 
dominant species and is known to commonly grow in upland areas. Sample plots T15-4 and T16-8 are the 
only two non-wetland sample plots adjacent to the closed depressions (Appendix B).     

Riverine   

The wetland sample plot in the riverine wetlands were located on eroded benches lying between the Columbia 
River and the adjacent OHWM, and fell within an area identified as other waters of the U.S. The wetland 
sample plot in riverine wetlands was used to delineate BOHWW 1, BOHWW 2, and BOHWW 3. These 
wetlands have virtually identical characteristics including being small and frequently disturbed by the water 
movements of the river including changes in surface water elevation from flooding and tides, as well as from 
waves produced from passing vessels.  

All riverine wetlands fell approximately below 12 to 14 feet NAVD 88. All indicators were hydric; however, 
hydric soil characteristics were once again somewhat difficult to discern. Two horizons were present and the 
sample was silt loam throughout. The first horizon from 0 to 1 inch had a soil matrix color of 10 YR 3/3 
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followed by a matrix color of 10 YR 3/1 extending to 20 inches. Although the matrix color was not hydric, 
extensive organic streaking was also present below 2 inches.  

Vegetation in the riverine wetland sample plot met the criteria for the rapid test for hydrophytic vegetation and 
was dominated by reed canary grass, needle spike-rush (Eleocharis acicularis), and water horsetail (Equisetum 
fluviatile). Hydrology was determined by the surface water elevation of the Columbia River and included 
characteristics such as soil saturation, standing water, and high water table. Sample plot POL-D is the riverine 
wetland sample plot exemplary of conditions in all the BOHWWs (Appendix B). The strong indicators of 
hydrology and vegetation provide a preponderance of evidence that the plots were within a wetland, as well as 
lying below OHW.      

The non-wetland sample plot adjacent to the riverine wetlands was located above OHW but below the crown 
of the levee. It had no hydrology indicators and the soil matrix color was 10YR 3/2. Although vegetation was 
hydrophytic, most of the species found in this sample plot were disturbance adapted and grow vigorously in 
disturbed riparian corridors including the two dominants; sandbar willow (Salix sessilifolia) and water horsetail. 
Sample plot POL-C is the non-wetland sample plot adjacent to the riverine wetlands (Appendix B).     

Other Waters of the U.S.  

Post Office Lake dominates much of the eastern portion of the study area and has a surface area of 63.7 acres 
(Appendix A, Figure 6; Table 2). It is open water (Cowardin et al. 1979) fringed by emergent vegetation (see 
Wetland 1 above). Maximum water depth is 5 to 6 feet (USACE, personal communication). As previously 
mentioned, dense growth of the submersed aquatic plants Eurasian watermilfoil and coontail (were observed 
growing in POL. The Columbia River is the dominant hydrologic feature to the west of, but outside, the 
study area.  

Wetland Boundary Determination 

Wetland boundaries were identified when indicators for all wetland parameters were lost in the survey plots. 
The wetland boundaries were delineated primarily by hydrology indicators and topography and secondarily by 
vegetation and soil indicators. Soil pits were dug and surface features were cataloged to determine where 
hydrology indicators and other wetland indicators disappeared within the survey area.  

Indicators used to delineate the six wetlands identified during this survey differed by wetland type. Lacustrine-
fringe wetland was determined primarily by the presence of wetland hydrology. When present, other indicators 
such as obligate (OBL) wetland plant species and hydrogen sulfide odor were also used to determine the 
boundary of the Lacustrine-fringe wetland, which corresponded closely to the 14-foot elevation contour line. 
The presence of wetland hydrology also provided the most robust indicator to delineate Riverine/Freshwater 
Tidal wetlands; however, in this case, hydrology and the wetland boundary were located below the OHWM of 
the Columbia River. Closed Depressional/Flats wetlands were determined by the presence of hydrophytic 
vegetation, hydric soil conditions, and hydrology, although the wetland boundaries were delineated primarily 
along on a clear break in vegetation. Non-wetland areas adjacent to Closed Depressional/Flats wetlands were 
similar to the other non-wetland sample plots documented around POL which had no hydrology or hydric 
soils. Vegetation; however, was dominated by reed canary grass, an invasive facultative wetland (FACW) 
species known to grow well in non-wetland and wetland areas.         
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Wetlands and wetland types identified in the survey area are summarized in Table 2. A total of 19.0 acres of 
wetland and 63.7 acres of other waters of the U.S. were identified in the survey area. All Riverine/Freshwater 
Tidal wetlands; BOHWW 1, BOHWW 2, and BOHWW 3, totaling 0.37 acres, were found below the OHWM 
adjacent to the Columbia River and could alternatively be considered other waters of the U.S.  

The altered state of the survey area makes applying standard wetland classifications somewhat difficult; 
however, Wetland 1 can be classified as Lacustrine-Fringe (Hruby 2004). Alternatively, according to Cowardin 
et al. (1979), Wetland 1 may be classified as Palustrine: Emergent, Persistent, seasonally flooded/saturated 
(PEM1E). Wetland 2 and Wetland 3 can be classified as Closed Depressional/Flats2 (Hruby 2004). Alternatively, 
according to Cowardin et al. (1979) Wetland 2 and Wetland 3 may be classified as Palustrine: Emergent, 
Persistent, seasonally flooded (PEM1C). BOHWW 1, BOHWW 2, and BOHWW 3 can be classified as 
Riverine/Freshwater Tidal3 (Hruby 2004) or Palustrine: Emergent, Persistent; temporarily flooded-tidal (PEM1S) 
according to Cowardin et al. (1979). The area of other waters of the U.S. consisted solely of POL and can be 
classified as Lacustrine: Littoral, Open Water; permanently flooded (L2OWH) (Cowardin et al. 1979). 
Wetland ratings (Hruby 2004) were calculated for each wetland identified by this delineation and are available 
on request; their categorical scores are included in Table 2. 

Based on historic aerial photography, it was initially thought a large portion of the study area had been 
previously farmed. Under the Clean Water Act (CWA), USACE regulations for wetlands converted to 
agriculture lands prior to 1985 (commonly referred to as “prior converted croplands”) are exempt from CWA 
jurisdictions if the land remains in farmland and is subject to tilling and crop production at least 1 year out of 
every 5 years. Designated prior converted croplands are not considered wetlands and subject to CWA Section 
404 regulation because the soils have been substantially altered and considered to be of low ecological value. 
During the site POL site visit, there was evidence of mowing, but no evidence of continued and/or recent 
farming activities. Thus, it is presumed that the wetlands delineated in this report are subject to CWA 
regulation. 

 

                                                      

 
2 According to Hruby et al. (2004) and subsequent guidance in the Wetland Rating Form – Western Washington, if the 
wetland in question is classified as “Flats”, the forms for “Depressional” should be used.  
 
3 According to Hruby et al. (2004) and subsequent guidance in the Wetland Rating Form – Western Washington, if the 
wetland in question is classified as “Freshwater Tidal Fringe”, the forms for “Riverine” should be used. 
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Table 2. Acreages and classification of wetlands and other waters of the U.S. found in the survey area. 

Wetland/Waters 
Type 

HGM Classification/1 
Cowardin 

Classification/2 Acres Category/1 

Wetlands    

Wetland 1 Lacustrine-Fringe PEM1E 18.03 III 

Wetland 2 Closed Depressional/Flats PEM1C 0.03 IV 

Wetland 3 Closed Depressional/Flats PEM1C 0.58 IV 

Wetlands Below OHW    

BOHWW 1 Riverine/Freshwater Tidal PEM1S 0.005 IV 

BOHWW 2 Riverine/Freshwater Tidal PEM1S 0.30 IV 

BOHWW 3 Riverine/Freshwater Tidal PEM1S 0.06 IV 

Other Waters of the U.S.    

Post Office Lake NA L2OWH 63.65 NA 
/1 Hruby 2004 
/2 Cowardin et al. 1979   

D) CONCLUSIONS 

According to USACE 1987 and implementing guidance, there must be positive indicators of each parameter 
(hydrophytic vegetation, hydrology, and hydric soils) present to make a wetland determination. Wetland 
sample plots varied in the combination of indicators present across wetland types. Lacustrine-Fringe and Riverine 
wetlands had clear wetland hydrology indicators but vegetation and soil indicators were more ambiguous. 
Closed Depression wetlands had clear wetland indicators for hydrology, soils, and vegetation. Riverine wetlands, 
although delineated as “wetland”, fall below the OHWM adjacent to the Columbia River and could be 
considered other waters of the U.S. 

The altered nature of the survey area has caused the wetlands identified by this survey to be of low quality 
(see associated wetland ratings; Table 2). Artificially disrupted hydrology, mechanical maintenance and grazing 
of vegetation, and past topographical manipulations have resulted in all wetlands in the survey area to have 
moderate to poor function in the existing ecosystem. In contrast, POL appeared to be largely unchanged 
from the earliest available aerial taken in 1938, suggesting it may not be fundamentally altered beyond its 
surface water flow being artificially disconnected from the Columbia River.  

E) DISCLAIMER 

This report documents the investigation, best professional judgment, and conclusions of the investigators. It 
should be considered a Preliminary Jurisdictional Determination and used at your own risk until it has been 
approved in writing by the reviewing agency/agencies. OHWM indicators identified in this report do not 
amend or change the methods by which licensed surveyors make determinations concerning property 
boundaries and ownership under state law. That is, the regulatory OHWM may or may not have any relation 
to the OHWM or other property boundaries determined for purposes of land ownership (Olsen and 
Stockdale 2010). 
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Photo 1: Looking northeast from south end of the project area. PO Lake and Wetland 1 are in the 
background with typical mowed upland area in the foreground. 

 

 
 
 

Photo 2: Looking north at emergent vegetation along western edge of Wetland 1 and mowed pasture 
further west of lake. 

 

 
 



Photo 3: Looking east, up the canal that drains PO Lake to the Columbia River. Culvert connecting the 
canal and river is under foot. 

 

 
 
 

Photo 4: Looking southwest at outlet of canal at low tide. Columbia River in the background.   
 

 
 



Photo 5: Looking east at outlet of canal at low tide. The Columbia River is directly behind the 
photographer.   

 

 
 
 

Photo 6: Looking east from western edge of Wetland 2. 
 

 



Photo 7: Looking west from eastern edge of Wetland 3. 
 

 
 
 

Photo 8: Looking southwest from northeast of project area. PO Lake in background. 

 
 
 



Photo 9:  Looking north from southeast side of the project area.  PO Lake and emergent vegetation of 
Wetland 1 on left side of photo. 

 

 
 
 

Photo 10: Looking north from the southeast corner of the project area at emergent vegetation of 
Wetland 1. 

 

 
 
 



Photo 11: Typical view of eroded NW Lower River Rd/Hwy 501; looking north from the near the 
southwest corner of the project area.  

 
 
 

Photo 12: Looking southeast at BOHWW 2; wetlands indicated to the right of the white line. 
 

 
 
 



Photo 13: Looking south from the central portion of the project area along the Columbia River; typical 
view of eroded NW Lower River Rd/Hwy 501. 

 
 

Photo 14: Looking NW at OHWM along Columbia River just west of the study area. 
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Work to facilitate habitat restoration may occur in isolation from flowing waters or in flowing 
water depending on site conditions to minimize impacts to salmonids. 
 
If bull trout or other listed salmonids could be present in the vicinity of the project use the 
following dichotomous key to determine which dewatering protocol and timing window you 
need to implement for your project.  This key references information within the �������	
��	�
�
�����������	������������	��������������
��������������	��	����������������������	���������� 
(USFWS 2004a; USFWS 2004b), and the �������	
��	�
������������	������ ������	��������
��
������������	��	���������������� (USFWS 2002).  
http://www.fws.gov/pacific/bulltrout/recovery.html.  If you have questions, contact the USFWS. 
 
 

1.� Is the project located within a documented or potential bull trout Local Population 
Area that is excluded from coverage under this programmatic consultation (see 
Table 11)?  

a.� Yes – Dewatering in a documented or potential bull trout Local Population 
Area in eastern Washington is not covered under this programmatic 
consultation.  Complete an individual section 7 consultation for the 
project. 

b.� No – go to 2 
 

2.� Is the project located within a water body where any listed salmonids are likely to 
be present?  For specific bull trout areas where projects are permitted see Table 
12. 

a.� Yes – go to 3  
b.�  No - use “Protocol for Dewatering Outside High Likelihood Listed Fish 

Areas”;  
 

3.� Is the stream flow at the time of project construction anticipated to be greater than 
or equal to 5 cubic feet per second 
�� is the dewatered stream length (not 
including the culvert and plunge pool length, if present) greater than or equal to 
33 ft?  

a.� No - use “Protocol II for Dewatering Outside High Likelihood Listed Fish 
Areas” (see below);  

b.� Yes - use “Protocol I Dewatering Within High Likelihood Listed Fish 
Areas”; and consult with a USFWS bull trout biologist staff on appropriate 
timing window. 
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���#		
(Listed in order of WRIA number) 
 
$
�
��"���	��	
����%��&	'���	

����	���
	 ��
�����	
��	��
����	���
�	 �������		
(��	��)�
���	���*	��	���"�����	��	�����	
��
�+	

   
Umatilla-Walla 
Walla River Basin 

,
��
	,
��
	����	
���
	
,�-�	./ 

Mill Creek and tributaries 
Wolf Fork above Coates Creek 
N Fk Touchet and tributaries upstream of Wolf Fk confluence 
S Fk Touchet River and tributaries above Griffin Creek 

   
Snake River Basin 
 

������	����*			 N Fk Asotin Creek including Charley and Cougar Creeks – above 
confluence with Charley Cr 

���
����	��%��		
	
,�-�	.0	

Tucannon River from confluence with Little Tucannon 
Upper Tucannon River and tributaries above confluence with 
Hixon Creek 
Cummings Creek  

   
Middle Columbia 
River Basin 
 

1
*�"
	��%��	����	
���
		
 

,�-�	.2		
N and MFk Ahtanum Creek - above the confluence of S Fk 
S Fk Ahtanum Creek – above confluence with N Fk Ahtanum 
,�-�	.#		
Rattlesnake Creek – upstream of confluence with Naches River 
,�-�	.3	
Taneum Creek – upstream of Taneum Campground 
Upper Yakima – upstream of Lake Easton Dam 
Cle Elum River – upstream of confluence with Yakima River 
N Fk Teanaway – upstream of confluence with Yakima River  

   
Upper Columbia 
River Basin 

,��
�����	��%��	����	
���
		
,�-�	40	

Upper Wenatchee and tributaries above confluence with the 
Chiwawa, including Nason Cr, Little Wenatchee, White and the 
Chiwawa Rivers 
Chiwaukum Creek and Icicle Creek– upstream from confluence 
with the Wenatchee River 
Ingalls Creek- upstream of confluence with Peshastin Creek 

 ���
�	��%��	����	
���
	
,�-�	45 

Entiat River – above confluence with the Mad River 
Mad River – above confluence with Entiat River  

$�����	��%��	����	
���
	
,�-�	4# 

Upper Methow tributaries - Lost River, Early Winters Cr, W Fk 
Methow, Goat Cr, and Wolf Cr  
Chewack River – upstream of Twentymile Cr 
Twisp River and tributaries above confluence of, and including, 
Little Bridge Creek 
Gold Cr – upstream of confluence with Methow River  

	 	 	
Northeast ����	6������	��%��		 Le Clerc Creek – upstream of mouth 

                                                 
8 Spawning and rearing areas on lands administered by the U.S. Forest Service,  National Park Service, or Bureau of 
Land Management are not listed because these lands are not included in this Programmatic 
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Washington  ,�-�	5/  
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���	�/		7���	�!	����
"�	
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����	
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�	��
�	�"����
��	!��	����	�����	����%��&	�����	��)
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$
�
��"���	'��� ����	�����	���
� 

6�&"���	��������
	)	
$
����	

Hood Canal and independent tributaries 

Strait of Juan de Fuca and independent tributaries (includes Bell, Morse, Ennis, 
Siebert Creeks) 

Pacific Ocean and independent coastal tributaries (includes Goodman, 
Mosquito, Cedar, Steamboat, Kalaloch and Joe Creeks, Raft, Moclips and 
Copalis Rivers) 

Lower Chehalis River/Grays Harbor and independent Tributaries (includes 
Humptulips, Wishkah, Wynoochee and Satsop Rivers) 

6�&"���	��������
	)	
������
���	

���������	��%�� – mouth to RM 10 

�*�*�"���	��%�� – mouth to head of Cushman Reservoir 

8��	��%�� – mouth to National Park boundary 

9�����	��%�� – mouth to National Park boundary 

9���
���	��%�� -  mouth to National Forest boundary 

	  

�����	�����	)	$
����	 All marine shorelines including North Puget Sound, Main Basin, Whidbey 
Basin, and South Puget Sound 

�����	�����	)	
������
���	

Samish River, Whatcom Creek, Squalicum Creek, Duwamish and lower Green 
River, and Lower Nisqually River including the Nisqually River estuary and 
McAllister Creek (FMO areas outside of core areas) 

7
*�	,
�������� including the following:  lower Cedar River; Sammamish 
River; Lakes Washington, Sammamish, and Union; and Ship Canal 

:��*�
�*	��%�� – mouth to National Forest boundary (North and South Forks) 

�*
���	��%�� – mouth to National Forest boundary 

�����
��
"���	��%�� – mouth to headwaters of N Fork; Deer Creek – mouth to 
National Forest boundary; S Fork and Canyon Cr – mouth to National Forest 
boundary 

�����"���;�*&*�"���	– mouth to confluence of Skykomish and Snoqualmie 
Rivers; Pilchuck River; Snoqualmie River to falls; Tolt River; Skykomish River 
– mouth to National Forest boundary, including Sultan River, Woods Creek and 
Wallace River; S Fk Skykomish to National Forest boundary 

��&
����	��%�� – mouth, including Mowich River, to National Park boundary; 
�
����	��%�� – mouth to National Forest boundary;  

,����	��%�� – mouth to National Forest boundary 
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7����	����"��
		 7����	��%�� – mouth to RM 75 (Upper Falls), including Swift, Yale, and 
Mervin Reservoirs 

<���*��
�	��%�� – mouth to confluence of W FK Klickitat 

	 Mainstems of the Columbia, Snake, Walla Walla, Pend Oreille, and Grande 
Ronde Rivers 

$�����	����"��
	��%��	
�
��� 

���
��"	����* – mouth to confluence of N and S Forks 

:
����	��%�� – mouth to confluence of Little Naches and Bumping River 

������	��%�� – mouth to Rimrock Lake 

1
*�"
	��%�� – mouth to Easton (RM 203) and Teanaway River 

'����	����"��
	��%��	
�
��� 

,��
�����	��%�� – mouth to confluence of the Chiwawa; ����
����	�� – 
mouth to confluence of Ingalls Cr; ����
�*	��%�� – confluence with 
Wenatchee to RM 20; ��
%��	�� – mouth to Blue Buck Cr  

 ���
�	��%�� – mouth to confluence with Mad River 

$�����	��%�� – mouth to confluence of Lost River 
:�����
��	,
��������	
����	6������	��%��	

����	6������	��%��; �
��"
	�� -  mouth to Little Tacoma; �"
��	����* – 
mouth to forks; �����%
�	����* to and including Sullivan Lake 

,
��
	,
��
		��%��	
�
��� 

�������	��%�� – mouth to forks;  

�	�*	�������	��%�� – to confluence of Griffin Cr 

:	�*	������� to Wolf Fork; ,��!	���* to confluence of Coates Cr 

$���	����* and tributaries 

��
*�	��%��	�
���	 Mainstem ��
*�	
��	=�
���	�����	��%���;  

������	����* – mouth to confluence of N Fk Asotin and Charley Cr;  

���
����	��%�� – mouth to confluence of Hixon Cr 
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1.� Fish Capture Methods 
a.� Minnow traps.  Optional.  Traps may be left in place prior to dewatering and may 

be used in conjunction with seining.  Once dewatering starts, minnow traps should 
only be used if there is someone present to check the traps every few hours, and 
remove the traps once the water level becomes too low. 

b.� Seining.  Required.  Use seine with mesh of a size to ensure entrapment of the 
residing ESA-listed fish and age classes. 

c.� Sanctuary dip nets.  Required.  Use in conjunction with other methods as area is 
dewatered. 
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d.� Electrofishing.  Optional.  Use electrofishing only after other means of fish 
capture have been exhausted or where other means of fish capture are not be 
feasible.  Applicants shall adhere to NMFS Backpack Electrofishing Guidelines 
(NMFS 2000). 

 
2.� Fish capture operations will be conducted by or under the supervision of a fishery 

biologist experienced in such efforts and all staff working with the capture operation 
must have the necessary knowledge, skills, and abilities to ensure the safe handling of all 
ESA-listed fish. 

 
3.� The applicant must obtain any other Federal, State and local permits and authorizations 

necessary for the conduct of fish capture activities. 
 

4.� A description of any capture and release effort will be included in a post-project report, 
including the name and address of the supervisory fish biologist, methods used to isolate 
the work area and minimize disturbances to ESA-listed species, stream conditions before 
and following placement and removal of barriers; the means of fish removal; the number 
and size of fish removed by species and age class; condition upon release of all fish 
handled; and any incidence of observed injury or mortality. 

 
5.� Storage and Release.  ESA-listed fish must be handled with extreme care and kept in 

water at all times during transfer procedures.  The transfer of ESA-listed fish must be 
conducted using a sanctuary net that holds water during transfer, whenever necessary to 
prevent the added stress of an out-of-water transfer.  A healthy environment for non-ESA 
listed fish shall be provided by large buckets (five gallon minimum to prevent 
overcrowding) and minimal handling of fish.  The water temperature in the transfer 
buckets shall not exceed the temperature of cold pool water in the subject stream.  Retain 
fish the minimum time possible to ensure that stress is minimized, temperatures do not 
rise, and dissolved oxygen remains suitable.  Release fish as near as possible to the 
isolated reach in a pool or area that provides cover and flow refuge. 
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Fish screen.  Except for gravity diversions that have gradual and small outfall drops directly into 
water, all water intake structures must have a fish screen installed, operated, and maintained in 
accordance with NMFS Guidelines (NMFS 1997; Chapter 11 in NMFS 2008). 
 
The sequence for stream flow diversion will be: 
Note:  this sequence will take one 24-hour period prior to construction to complete (of which 12 
hours are for staged dewatering with 6 hours overnight).  We suggest you start in the morning the 
day before project construction is scheduled and leave the reach dewatered overnight according 
to instruction below. 

1.� Install flow conveyance devices (pumps, discharge lines, gravity drain lines, conduits, 
and channels), but do not divert flow. 

2.� Install upstream barrier.  Allow water to flow over upstream barrier. 
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3.� Install block net at upstream end of work area.  Block nets will be checked every 4 hours, 
24 hours a day.  If any fish are impinged or killed on the nets they will be checked 
hourly. 

4.� Reduce flow over upstream barrier by one-third for a minimum of 6 hours. 
5.� Inspect as discharge is diminishing and in dewatered areas for stranded and trapped fish 

and remove them with sanctuary dip nets. 
6.� Reduce flow over upstream barrier by an additional one-third for a minimum of 6 hours. 
7.� Again, inspect dewatered areas for stranded and trapped fish and remove them with 

sanctuary dip nets. 
8.� Leave the project area in a stable, low flow (one third of flow) condition, overnight, 

allowing fish to leave the area volitionally. 
9.� In the morning, remove any remaining fish from the area to be dewatered using seines 

and/or hand held sanctuary dip-nets.  
10.�Divert upstream flow completely. 
11.�Install downstream barrier if necessary (only in low gradient, backwatered reaches). 
12.�If water remains within the work area; seine, dip net, and lastly electrofish (if using this 

technique), the project area until catch rates have reached no fish for 3 consecutive 
passes.  Move rocks as needed to flush fish and effectively electrofish the work area. 

13.�If needed, pump water out of isolated pools within the project area to a temporary storage 
and treatment site or into upland areas and filter through vegetation prior to reentering the 
stream channel.  Continue to seine, dip net and electrofish while pumping. 

14.�If fish continue to be captured, shut pump off before average water depths reach one foot.  
Continue to seine, dip net and electrofish until no fish are caught for 3 consecutive 
passes. 

15.�Pump dry and check substrate for remaining fish. 
16.�Continue to pump water from the project area as needed for the duration of the project. 
 

The diversion structure is typically a temporary dam built just upstream of the project site with 
sand bags that are filled with clean gravel or stream/floodplain rock and covered with plastic 
sheeting.  A portable bladder dam or other non-erosive diversion technologies may be used to 
contain stream flow.  Mining of stream or floodplain rock can be used for diversion dam 
construction if it does not result in significant additional floodplain or stream disturbance.  Often 
gravel has to be moved to key in logs in which case it makes sense to use this gravel for the 
diversion structure. 
 
The temporary bypass system must consist of non-erosive techniques, such as a pipe or a plastic-
lined channel, both of which must be sized large enough to accommodate the predicted peak 
flow rate during construction.  In cases of channel rerouting, water can be diverted to one side of 
the existing channel. 
 
Dissipate flow at the outfall of the bypass system to diffuse erosive energy of the flow.  Place the 
outflow in an area that minimizes or prevents damage to riparian vegetation.  If the diversion 
inlet is a gravity diversion and is not screened to allow for downstream passage of fish, place 
diversion outlet in a location that facilitates gradual and safe reentry of fish into the stream 
channel. 
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Remove stream diversion and restore stream flow.  Heavy machinery operating from the bank 
may be used to aid in removal of diversion structures.  Slowly re-water the construction site to 
prevent loss of surface water downstream as the construction site streambed absorbs water and to 
prevent a sudden increase in stream turbidity.  Look downstream during re-watering to prevent 
stranding of aquatic organisms below the construction site. 
 
All stream diversion devices, equipment, pipe, and conduits will be removed and disturbed soil 
and vegetation will be restored after the diversion is no longer needed. 
 
��������	--	)	���
������	6������	8���	7�*�������	7�����	����	���
�	
	
If bull trout or other listed salmonids are captured at any time during the dewatering process, 
immediately notify a USFWS bull trout biologist or NMFS biologist and obtain guidance to 
either continue to dewater and remove fish or stop activities and re-water the project site. 
 
Normal guidance: 

1.� If you encounter listed fish at or prior to step 3 switch to Protocol I 
2.� If you encounter listed fish after step 3, continue to dewater and remove fish, paying 

close attention to presence of additional listed salmonids. 
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1.� Fish Capture Methods 
a.� Minnow traps.  Optional.  Traps may be left in place prior to dewatering and may 

be used in conjunction with seining.  Once dewatering starts, minnow traps should 
only be used if there is someone present to check the traps every few hours, and 
remove the traps once the water level becomes too low. 

b.� Seining.  Required.  Use seine with mesh of such a size to ensure entrapment of 
the residing ESA-listed fish and age classes. 

c.� Sanctuary dip nets.  Required.  Use in conjunction with other methods as area is 
dewatered. 

d.� Electrofishing.  Optional.  Use electrofishing only after other means of fish 
capture have been exhausted or where other means of fish capture are not be 
feasible.  Applicants shall adhere to NMFS Backpack Electrofishing Guidelines. 

 
2.  Fish capture operations will be conducted by or under the supervision of a fishery biologist 
experienced in such efforts and all staff working with the seining operation must have the 
necessary knowledge, skills, and abilities to ensure the safe handling of all ESA-listed fish. 
 
3.  The applicant must obtain any other Federal, State and local permits and authorizations 
necessary for the conduct of fish capture activities. 
 
4.  A description of any seine and release effort will be included in a post-project report, 
including the name and address of the supervisory fish biologist, methods used to isolate the 
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work area and minimize disturbances to ESA-listed species, stream conditions before and 
following placement and removal of barriers; the means of fish removal; the number and size of 
fish removed by species; conditions upon release of all fish handled; and any incidence of 
observed injury or mortality. 
 
5.  Storage and Release.  Fish must be handled with extreme care and kept in water to the 
maximum extent possible during transfer procedures.  A healthy environment for the stressed 
fish shall be provided by large buckets (five gallon minimum to prevent overcrowding) and 
minimal handling of fish.  The temperature of the water shall not exceed the temperature in large 
deep holding pools of the subject system.  The transfer of any ESA-listed fish must be conducted 
using a sanctuary net that holds water during transfer, to prevent the added stress of an out-of-
water transfer.  Retain fish the minimum time possible to ensure that stress is minimized, 
temperatures do not rise, and dissolved oxygen remains suitable.  Release fish as near as possible 
to the isolated reach in a pool or area that provides cover and flow refuge. 
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Fish screen.  Except for gravity diversions that have gradual and small outfall drops directly into 
water, all water intake structures must have a fish screen installed, operated, and maintained in 
accordance with the NMFS Guidelines (NMFS 1997; Chapter 11 in NMFS 2008). 
 
The sequence for stream flow diversion would be as follows: 
 
1.� Install flow conveyance devices (pumps, discharge lines, gravity drain lines, 

conduits, and channels), but do not divert flow. 
2.� Install block net at upstream end or work area. 
3.� Seine and dip net through the entire project area in a downstream direction, starting 

at the upstream end; thereby moving fish out of the project area.  Then, if necessary 
electrofish. 

4.� Install upstream barrier and divert upstream flow completely. 
5.� Capture any remaining fish using hand held dip-nets. 
6.� Install downstream barrier if necessary (only in low gradient backwatered reaches). 
7.� If water remains within the work area; seine and dip net, if necessary electrofish the 

project area until catch rates have reached no fish for 3 consecutive passes. 
8.� Pump water out of isolated pools within the project area to a temporary storage and 

treatment site or into upland areas and filter through vegetation prior to re-entering 
the stream channel.  Continue to seine, dip net, or electrofish while pumping. 

9.� If fish continue to be captured, shut pump off before average water depths reach 
one foot.  Continue to seine, dip net, or electrofish until no fish are caught for 3 
consecutive passes. 

10.� Pump dry and check substrate for remaining fish and remove them. 
11.� Continue to pump water from the project area as needed for the duration of the 

project. 
 
The diversion structure is typically a temporary dam built just upstream of the project site with 
sand bags that are filled with clean gravel or stream/floodplain rock and covered with plastic 
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sheeting.  A portable bladder dam or other non-erosive diversion technologies may be used to 
contain stream flow.  Mining of stream or floodplain rock can be used for diversion dam 
construction if it does not result in significant additional floodplain or stream disturbance.  Often 
gravel has to be moved to key in logs in which case it makes sense to use this gravel for the 
diversion structure. 
 
The temporary bypass system must consist of non-erosive techniques, such as a pipe or a plastic-
lined channel, both of which must be sized large enough to accommodate the predicted peak 
flow rate during construction.  In cases of channel rerouting, water can be diverted to one side of 
the existing channel. 
 
Dissipate flow at the outfall of the bypass system to diffuse erosive energy of the flow.  Place the 
outflow in an area that minimizes or prevents damage to riparian vegetation.  If the diversion 
inlet is a gravity diversion and is not screened to allow for downstream passage of fish, place 
diversion outlet in a location that facilitates gradual and safe reentry of fish into the stream 
channel. 
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Remove stream diversion and restore stream flow.  Heavy machinery operating from the bank 
may be used to aid in removal of diversion structures.  Slowly re-water the construction site to 
prevent loss of surface water downstream as the construction site streambed absorbs water and to 
prevent a sudden increase in stream turbidity.  Look downstream during re-watering to prevent 
stranding of aquatic organisms below the construction site. 
 
All stream diversion devices, equipment, pipe, and conduits will be removed and disturbed soil 
and vegetation will be restored after the diversion is no longer needed. 
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$��-: 	�:�	 ��'��-: �	,�� ��	
   
SPECIFIC AREA :6	-:,�� �	,6�< ALLOWABLE INWATER 

WORK 

Marine Waters (including 
Puget Sound) 2  

/;�5	�������	2;�0 7/16 through 2/15 

Duwamish Waterway /;�5	�������	3;.A 10/1 through 2/15 
1   estuaries may be provided separate windows in the future 
2   marine water timing may change in the future  
 
7�< 	':-6: �:� �8-�	��:�7 
    
SPECIFIC AREA :6 -:,�� �	,6�< ALLOWABLE INWATER 

WORK 

Ship Canal (from the 
Chittenden Locks to the east 
end of the Mountlake cut)  

4;�5	�������	3;.A 10/1 through 4/15 

Lake Union 4;�5	�������	3;.A 10/1 through 4/15 
 
7�< 	,��8-:=�6:          
   
SPECIFIC AREA :6	-:,�� �	,6�< ALLOWABLE INWATER 

WORK 

South of I-90 within 1 mile 
Mercer Slough or Cedar River 

�;�)2;�0	
��	#;�)��;�0 7/16 through 7/31and 11/16 
through 12/31 

South of I-90 further than 1 
mile from Mercer Slough or 
Cedar River 

�;�	�������	2;�0 7/16 through 12/31 

Between I-90 and SR 520   0;�	�������	2;�0 7/16 through 4/30 

North of SR 520, between SR 
520 and a line drawn due west 
from Arrowhead Point   

.;�5	�������	2;�0 7/16 through 3/15 

North of SR 520, north of a 
line drawn due west from 
Arrowhead Point 

/;/	�������	2;�0	
��	#;�	
�������	��;�0 

7/16 through 7/31 and 11/16 
through 2/1 
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SPECIFIC AREA :6	-:,�� �	,6�< ALLOWABLE INWATER	

WORK 

Mainstem Sammamish River ������	�	)	:�%�"���	�0	

�� /;/	�������	2;�0 

7/16 through 7/31 and 11/16 
through 2/1 

Lake Sammamish - further 
than ½ mile from Issaquah 
Creek 

B
��
�&	�	�������	B��&	�0 7/16 through 12/31 

Lake Sammamish - within ½ 
mile of Issaquah  Creek 

������	�	)	:�%�"���	�0	

��	B
��
�&	�	)	B��&	�0 

7/16 through 7/31 and 11/16 
through 12/31 

Issaquah Creek   	  ������	�	�������	B���	�4 June 15 through July 31 

Lower Cedar River   B��&	�	�������	������	.� Sept. 1 through June 30 
 
�67'$�-�	�-C �	(�����
�+	 June 1 to October 31	
	
FWS work windows for bull trout (different from Gold and Fish)  
6/20/08  

Waterbody 

Inwater work 
window for bull 

trout 
<���	�����&	   
White River (10.0031) JUL 16 - AUG 15
West Fork Foss River (07.1573)  JUL 16- AUG 31 
������	�����&	   
Puyallup River (10.0021)  Upstream of PSE Electron Powerhouse 
Outfall  JUL 16 - AUG 15
White River (10.0031) JUL 16 - AUG 15
Carbon River (10.0413) JUL 16 - AUG 15
Huckleberry Creek (10.0253) JUL 16 - AUG 15
West Fork White River (10.0186) JUL 16 - AUG 15
�����"���	�����&	   
Deer Creek (05.0173) - Upstream of stream mile 0.5 of Skykomish 
River AUG 1 - AUG 31 
,�
���"	�����&	   

Baker River (04.0435) -Mouth of Blum Creek to Nat'l Park Boundary 
JULY 16- AUG 
15 

	
6�8 ��	
Use the WDFW work windows	unless we have new information. 
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Appendix F. Real Es ta te  P lan  

F.1. INTRODUCTION 

This Real Estate Plan (REP) is developed in support of the Post Office Lake Section 536 Ecosystem 
Restoration Feasibility Study, Ridgefield National Wildlife Refuge (Refuge), Clark County, Washington. 
The REP identifies and describes the Lands, Easements, and Rights-of-Way (LER) required for right of 
way for construction, operation, and maintenance of the proposed project.  
 
Section 536 was authorized by the Water Resources Development Act of 2000,  Pub. L. No. 106- 541. 
The Section 536 Program authorizes the Corps to conduct studies and implement ecosystem restoration 
projects on the lower Columbia River and Estuary necessary to protect, monitor, and restore fish and 
wildlife habitat. Efforts under the authority have been cooperative and include input from the National 
Estuary Program, six state agencies from Oregon and Washington, four federal agencies, recreation, ports, 
industry, agriculture, labor, commercial fishing, environmental interests, and private citizens. The Post 
Office Lake study and proposed project complies with all the requirements of Section 536. The project 
will provide an opportunity within the Columbia River estuary for protecting and restoring fish and 
wildlife habitat. In so doing, pursuant to Section 536(c)(2), it will neither affect the water related needs of 
the estuary (navigation, recreation, water supply), nor will it adversely affect private property rights. 
 
The U.S. Fish and Wildlife Service (USFWS) has administrative jurisdiction over the Ridgefield National 
Wildlife Refuge and with the exception of the State of Washington Department of Natural Resources, will 
provide all LER required for the project. USFWS provided lands will be used for ecosystem restoration 
purposes that will allow the tidal reconnection of Post Office Lake and the Columbia River. Local 
representatives of the USFWS have been approached and are willing to act as the sponsor for the project. 
 
In accordance with Section 536, projects constructed on federal lands will be constructed at 100% federal 
expense. Estimated LER costs will not be included as part of Total Project Costs. USFWS will not receive 
reimbursement for their costs associated with acquisition and/or certification of real property interests 
required for the project. 

F.1.1. Genera l Pro jec t Des crip tion  

Post Office Lake is located within the Ridgefield National Wildlife Refuge in Clark County Washington. 
The lake is situated adjacent to the Columbia River on the east bank, centered approximately at river mile 
(RM) 95. Post Office Lake is located east of Sauvie Island (located on the Oregon side of the Columbia 
River), south of the City of Ridgefield and northwest of the City of Vancouver, Washington. The lake is 
in the southern portion of the Refuge.  
 
Post Office Lake is a 75-acre former tidal wetland that is now separated from the Columbia River by the 
deteriorating Columbia Levee. Post Office Lake was historically connected to the Columbia River and 
provided habitat for a variety of native species such as anadromous fish. The previous connection 
between the Columbia River and the lake through the existing levee was via a small open channel located 
on the north end of the lake. In the past, flows were conveyed past Highway 501 (Lower River Road) and 
a small concrete bridge. The bridge was removed and replaced with a culvert with a tidegate to regulate 
flows between the water bodies. The tide gate no longer functions and the culvert is blocked. As a result, 
Post Office Lake is not presently tidally connected to the Columbia River which prevents drainage of the 
lake during dry seasons.  
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During the 1996 flood event, progressive breaches were observed forming at points along the Columbia 
Levee, Lower River Road adjacent to Post Office Lake. The existing levee is currently deteriorating and 
has become completely breached in some areas. Two distinct progressive breach sites are evident and one 
complete breach occurred approximately 1300 feet north of USFWS’ south parking lot.  The USFWS 
believes the progressive breach points will fail completely in the near term should the Columbia River 
experience repeated high freshets as occurred in 2011. Although the levee will eventually deteriorate and 
erode on its own, current and future breaches will not result in a permanent tidal reconnection between the 
Columbia River and Post Office Lake. The need for the Post Office Lake ecosystem restoration project 
derives from the requirement to offset significant loss of off-channel rearing, tidal slough and tidal 
wetland habitats along the Columbia River. The project footprint is currently a disturbed ecosystem that 
has been altered by diking and agricultural use. Post Office Lake offers an opportunity to regain lost 
habitat that has been severely diminished in the lower Columbia River mainstem channel. 
 
The Post Office Lake study area extends from Columbia RM 94.4 to 95.3. Post Office Lake is bounded to 
the west by the Columbia Levee. Lower River Road (old Highway 501) lies on top of the levee in this 
location. The owners of the (west) degrading Columbia Levee, (Clark County), are not contemplating 
repair to the levee due to extensive erosion and previous determination of minimal risks due to a high 
flow breach event. In planning studies which contemplate change of ownership to the Refuge, the 
USFWS has determined that they can manage for future breaching within the context of the current and 
future management plan of the Post Office Lake area. Clark County and the USFWS are in agreement that 
complete levee restoration is not feasible. 
 
The eastern boundary of the study area is defined by a local topographic divide, a rise corresponding to 
elevation 18 feet. It also corresponds to approximately the westerly edge of the current Washington 
Department of Transportation’s right-of-way (east Highway 501). The east 501 roadway is undeveloped, 
impassable, and unused. 
 
Within the framework and constraints of the Section 536 program and Refuge objectives, the following 
project objectives were established: 
 

• To re-establish yearly tidal influence to water bodies in the project area above elevation 7 feet 
NAVD88. 

• To provide maximum access to Post Office Lake allowing ingress and egress for rearing juvenile 
salmonids (coho and Chinook salmon), while minimizing the risk of stranding. 

• To restore more natural floodplain connectivity and to improve floodplain functions. 
• To increase and improve backwater, off-channel habitat quantity and quality for rearing juvenile 

salmonids for both in-basin and out-of-basin fish stocks. 
• To increase and improve riparian function and canopy cover, where feasible. 
• To increase and diversify native floodplain and riparian vegetation, where feasible. 
• To remove and manage invasive plant species, such as Himalayan blackberry, reed canarygrass, 

and others, where practical. 
• To minimize depredation of juveniles via increased habitat complexity and placement of natural 

cover and structure where appropriate in the channel and the lake. 
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The proposed project footprint encompasses 254.2 acres of agricultural, riparian and aquatic lands within 
the 5,300 acre Refuge and 18.41 acres along the SR 501 (Lower River Road) right of way. The Post 
Office Lake study area extends from Columbia RM 94 to RM 95.3. Project Measures include: 

 
 

• Measure 1. Remove culvert and the tide gate ‘plug’ at outlet of the north connection 
channel, restoring tidal reconnection and fish access. Remove tide gate and culvert as well as 
the adjacent levee segment over the culvert. A bridge will be built over the north channel in order 
for USFWS to gain access from the west side of the lake for O&M activities. 
 

• Measure 2. Create controlled floodplain reconnection at the worst progressive breach 
location, approximately RM 95.1. The entrance elevation of the breach point would be set at the 
2-year Columbia River stage of 18.7 feet. The approximate width of the expanded breach would 
be 250 feet. A connection swale will be graded in, connecting the breach to the lake. The swale 
would facilitate controlled overland flows and provide some passage opportunity for fish ingress 
from the river during the high stage events. The allowed plantings will be scrub willow and 
dogwood to meet the Refuge sight distance requirements for birds. 
 

• Measure 3a. Improve north connection channel configuration for better fish access. Create a two-
stage channel that passes the full tidal prism. Stabilize the side slopes, terrace and or flatten side 
slopes. Remove 'high points’ along the ditch which may impede fish passage. USFW has 
preliminarily agreed to handle the 42,000 cubic yards of the residual material and dispose of it 
within the Refuge. 
 

• Measure 3b. Create riparian buffer in vicinity of the north channel. Enhance the native 
riparian buffer and allow late successional development within 50 feet of bankfull width. Extend 
plantings on north end to the existing willow/cottonwood stands adjacent to the Columbia River. 
Remove localized patches of invasive species in order to ensure successful establishment of 
native plantings. 
 

• Measure 4. Deepen north end of Post Office Lake/south end of the channel. Deepen the  lake 
at the north end to elevation 9 feet. Remove the high ground knob at the north outlet of lake, 
which is currently at elevation 10 feet. This high point holds water in the lake to elevation 10 feet, 
but would block fish passage at lower stages. Note that the deepest elevation of lake is 7.5 feet. 
Habitat features such as large wood and rootwads would be included to add immediate 
complexity and cover, and is expected to increase over time as energy and wood move through 
the system. Deeper pocket pools also would be excavated near the outlet to provide thermal 
refugia for fish that might not egress with the tide during low-water conditions. 

 
• Measure 5. Riparian restoration along the levee including removal of asphalt. Remove or 

scarify remnant asphalt thereby facilitating expansion of riparian vegetation. Scarification would 
be selected over removal in areas where it is determined to be less impactful to existing, mature 
woody riparian vegetation. An additional area for riparian plantings has been indentified 
beginning at the south boundary parking lot (terminus of River Road, milepost 11). Remove 
localized patches of invasive species in order to ensure successful establishment of native 
plantings. 
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F.1.2. Previous  S tudies  

The proposed project addresses some of the fish and wildlife needs identified in the 2002 Lower 
Columbia River and Columbia River Sub-basin Summary prepared by the Columbia Basin Fish and 
Wildlife Authority for the Northwest Power and Conservation Council:  
(http://www.cbfwa.org/FWProgram/ReviewCycle/fy2003ce/workplan/020517LowerColEstuary.pdf). The 
proposed project is consistent with and will help achieve the Northwest Power and Conservation 
Council’s biological objectives outlined in their 2000 Columbia Basin Fish and Wildlife Program 
(http://www.nwcouncil.org/library/2000/2000-19/default.htm). 
Proposed actions are also congruent with those described in the 2011 Columbia River Estuary 
Endangered Species Act Recovery Plan Module for Salmon and Steelhead developed by the National 
Oceanic and Atmospheric Administration’s National Marine Fisheries Service. 
Federal Columbia River Power System Biological Opinions (FCRPS), NMFS Biological Opinions, 1992 
and 2000, 2004, and 2008.  
Vancouver Lowlands Shillapoo Wildlife Area, Washington Department of  Fish and Wildlife, 1995 
Ridgefield National Wildlife Refuge Comprehensive Conservation Plan and Environmental Assessment 
(USFWS 2010b). 

F.1.3. Federa l Pro jec ts , Lands , and  Other Pro jec ts  in  or Near the  S tudy Area  

Other than the federal lands that make up the Ridgefield National Wildlife Refuge, there are no federal 
civil works projects in the study area. None of the proposed project lands in the aquatic restoration area 
were purchased for nor were they a part of any federal civil works project.  

F.2. PROJ ECT LOCATION 

Post Office Lake is located within the Ridgefield National Wildlife Refuge, Clark County, Washington 
(Clark County Parcels #191068000 and Parcel #190964000 NE ¼ Sec13 Township 3, Range 1W, River 
Mile Reach 94.4 – 95.3). Post Office Lake is in a rural area and lies in a 100 year flood plain. The United 
States owns the Refuge lands in fee. The lake is situated adjacent to the Columbia River on the east bank 
approximately centered at river mile (RM) 95. Post Office Lake is bounded to the west by the Columbia 
Levee. Lower River Road (SR 501) lies on top of the levee. The roadway is impassable due to erosive 
degradation of the levee and is closed to transportation from the south end to the north end of Post Office 
Lake. There is also a strip of land that bisects the privately owned land directly to the south that was at 
one time proposed for a Secondary State Route 501 highway. The State of Washington never developed 
the highway and has no plans to develop it as of this writing. 

F.3. ACCESS 

Primary access to the construction areas of the project can be gained from the parking lot at the south end 
of the Refuge or from the north end using Lower River Road. There will be a 0.4 acre staging area located 
at the south Refuge parking lot and a 2.2 acre staging area to support the north channel construction area. 
Staging areas will be located within the project footprint and adjacent to the access road on lands owned 
in fee by USFWS. Access for operation and maintenance will be gained via a bridge that will be 
constructed over the north channel.  

http://www.cbfwa.org/FWProgram/ReviewCycle/fy2003ce/workplan/020517LowerColEstuary.pdf�
http://www.nwcouncil.org/library/2000/2000-19/default.htm�
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F.4. DESCRIPTION OF LAND EASEMENTS AND RIGHTS-OF-WAY 

The U.S. Army Corps of Engineers, Portland District and the project partner, U.S. Fish and Wildlife 
Service, propose to restore tidal flow and fisheries access to Post Office Lake and to restore native 
riparian habitat on the Ridgefield National Wildlife Refuge. The project footprint includes two contiguous 
parcels owned in fee by the Refuge.  
 
All north channel measures will be executed on USFW’s parcel #190964000. The connection swale will 
be graded in and approximately 18.43 acres of vegetative material and or trees will be planted in the 
floodplain between Post Office Lake and the Columbia Levee on parcel #191068000.  Both parcels are 
owned in fee by USFW (See Exhibit A Real Estate Map, for the location and approximate acreages of all 
proposed project measures).  
 
The proposed project measures acreages do not add up to the acreages noted in the Real Estate Map’s 
Construction Acreage Column because of overlaps in acreage between the measures. As examples, 
Measure #2 trees will be planted within the Measure 2 swale area; a portion of Measure 3a channel 
improvement acreage overlaps the Measure 4 channel deepening lands. Estimated acreages were 
calculated from GIS mapping data by NWS Cadastral personnel). 
 
Washington Department of Natural Resources (WDNR)’s jurisdictional limits lie below the Ordinary 
High Water Mark elevation 12.0 feet NAVD88. The proposed work associated with the tide gate removal 
would occur within the beds and banks of the Columbia River, which is under the jurisdiction of the 
WDNR.  WDNR has fee interest in those aquatic lands located below the Ordinary Highwater Mark 
(OHW). All other work within the north connection channels and the proposed re-vegetation efforts 
landward of the tide gate would notoccur on USFW lands. WDNR will act as a project co-sponsor for the 
sole purpose of providing the affected aquatic lands available for the project.  
 
There is a right of way deed to Clark County for Lower River Road which as previously mentioned is 
atop the non-federally owned Columbia Levee. The USFWS believes progressive breach points along the 
levee will fail completely in the near term should the Columbia River experience repeatedly high freshets, as 
occurred in 2011. Although the levee will eventually deteriorate and erode on its own, the current and 
future breaches will not result in a permanent tidal reconnection between the Columbia River and Post 
Office Lake due to the high banks along this reach of the Columbia River.  
 
The County and the State of Washington Department of Transportation (WSDOT) agreed that WSDOT 
would assume jurisdiction over Lower River Road for the purpose of developing it as part of Highway SR 
501 which would be located both to the west and to the east of Post Office Lake. However, in July 2005, 
WSDOT closed Lower River Road in the vicinity of the lake due to road failure and in January 2006, 
WSDOT transferred jurisdiction of SR501to Clark County from milepost 11.40 to 12.72 which is just 
north of Post Office Lake (source: WSDOT January 3, 2006 letter to Clark County). It is possible that 
WSDOT  may not have formally transferred jurisdiction of the remaining portion of Lower River Road 
back to the County as it crosses the Refuge west of Post Office Lake. Nevertheless, Clark County 
assumed responsibility for  Lower River Road, including the levee, and determined in 2006 that it was not 
cost effective to repair the progressive breaches threatening the integrity of the levee and roadway 
(source: September 28, 2006, Clark County Interoffice Memorandum).  
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Parcel Number Owner Approx Project 
Construction Acres 

Total Parcel 
Acres Estate 

190964000 US Fish and Wildlife 9.25 117.89 Fee 
191068000 US Fish and Wildlife 18.43 189.50 Fee 
SR501 ROW 
aka. Lower 
River Road 

Clark County 18.41 18.41 ROW 

N/A WDNR  submerged aquatic 
lands 

1.0 N/A Fee 

Note:  Gross Appraisal Valuations were not secured because there will be no LERRD crediting for this fully federally funded 
project.   

F.5. REAL ESTATE MAP 

The real estate map was produced by Seattle District’s Technical Resources Branch. A copy of the map is 
attached as Exhibit A. A copy of the real estate map will be provided to the USFWS. 

F.6. ESTATES (S TANDARD AND NON-STANDARD) 

Non-standard estates will NOT be required for this project. USFWS will be required to certify appropriate 
real estate interest(s) in Ridgefield Refuge lands needed for the proposed project. ER 405-1-12, paragraph 
12-9b requires fee title be obtained for ecosystem restoration projects unless a lesser estate is appropriate 
based on the extent of interests required for operation and maintenance of the project. (See Exhibit A for 
project lands in which Fee title is held by USFW). 

F.7. ESTATES: 

The minimum interest in real property necessary to support the proposed ecosystem restoration project is 
fee simple.  
 
Fee Simple 
 
The fee simple title to the lands described in Exhibit A; subject however, to existing easements for public 
roads and highways, public utilities, railroads and pipelines. 

F.8. NAVIGATION SERVITUDE 

Navigational servitude will not be exercised as there is an insufficient nexus between the proposed project 
and navigation.  

F.9. INDUCED FLOODING  

USACE studied the possibility of induced flooding of lands as a result of the proposed restoration project. 
Under the tentatively selected with-project condition, the existing tidegate and the culvert are to be 
removed and Post Office Lake area will once again be (tidally) connected to the Columbia River. The 
lake and interior will respond naturally to Columbia River water surface fluctuations and the site will 
experience more frequent inundation during the freshet and winter months (roughly November though 
mid June/July) and lower water levels during the drier summer months (approximately late July through 
beginning of November). During high water events that exceed the existing overtopping elevation (20.4 
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feet NAVD88), occurring at approximately the 5-year recurrence interval, there is no difference in flood 
limits between the pre and post project conditions.  
 
The additional inundation area affects approximately 93.7 acres to the south. The inundation is based on 
the predominant amount of additional area inundated up to the overtopping elevation of around 20 feet 
NAVD 88. This affects approximately 87.63 acres of private ownership and approximately 6.07 acres of 
the WSDOT (east) SR501 strip. Flood depth within the inundation area will range from 0 to 8 feet 
depending on the topography. 
 
A takings analysis was prepared by Seattle District’s Office of Counsel in October 2011. At that time, it 
was concluded that the Government could not rule out the possibility of a taking without more 
information as to the impact flooding would have on adjacent property value/ use. As a result, NWS 
engaged a staff appraiser to examine the flood effect on property use and value. The appraiser’s report 
was reviewed and approved by the NWD, Chief Appraiser. 
 
Hydraulic modeling suggests flood inundation as follows: 
 

1) 87.63 acres of the adjoining 236.15 acre privately owned parcel located directly to the south of 
the proposed project. 

2) 6.07 acres of the 15.42 acre undeveloped State Highway 501 right-of-way (ROW) on the east side 
of the Refuge.   

 
The appraiser considered all relevant information and concluded the highest and best use of these parcels 
in the pre-project condition is agricultural and wildlife management and this use will not change as a 
result of induced flooding. The use of the property and income potential for waterfowl hunting will 
actually be increased.  
 
  Based on the information contained in the appraisal, the takings analysis was revised in July of 2012 to 
conclude that no taking would result from the induced flooding and subject property rights would not be 
adversely impacted. Consequently, no additional lands or additional real estate interest acquisitions will 
be required as there are no value or use Damages to the properties. 

F.10. PUBLIC LAW 91-646 AND LERRD ACQUISITION: 

The acquisition of additional real estate for the Project is not anticipated. Consequently, the requirements 
of Public Law 91-646 will not apply.  

F.11. MINERAL/TIMBER ACTIVITY 

There are no current or anticipated mineral or timber activities within the vicinity of the proposed project 
that will affect construction, operation, or maintenance of the proposed project. Mineral rights have not 
been severed from the fee ownership.  

F.12. ZONING ORDINANCES ENACTED 

The proposed project is consistent with local zoning. There will be no zoning changes per Clark County’s 
Planning Department.  
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F.13. UTILITIES RELOCATIONS 

No public or private utilities have been identified for relocation as of this writing.  However, an easement 
was granted to the now defunct Pacific Power and Light Services Company in December 1937 on Refuge 
lands. A check with Clark County’s Public Works (Construction Services) Department yielded 
incomplete information regarding the exact locations of the buried conduits named in the easement. Exact 
power line locations should be secured during Construction phase via a local utility LOCATE service.  
The necessity of any utility relocations can be determined during that phase. 
 
 Any conclusion or categorization contained in this Real Estate Plan, or elsewhere in this project 
report, that an item is a utility or facility relocation to be performed by the USFWS as part of its 
LERRD responsibilities is preliminary only. The USACE and USFWS will make a final determination 
of the relocations necessary for the construction, operation, or maintenance of the project after further 
analysis and completion and approval of final attorney’s opinions of compensability for each of the 
impacted utilities and facilities.  

F.14. PRESENCE OF CONTAMINANTS 

A preliminary assessment for HTRW was completed and it was determined that there are no unacceptable 
levels of contaminants located in, on, under, or adjacent to the proposed project sites. Monitoring for 
evidence of contamination will be conducted during construction activities where excavation occurs. 
Excavated materials will be reutilized within the project footprint. Any unsuitable materials will be 
transported to a commercial disposal facility. 

F.15. LANDOWNER VIEWS/PUBLIC OPPOSITION 

There is property to the south that will be subject to induced flooding as a result of the project.  This 
property consists of two parcels, one in private ownership and the other in public ownership by WSDOT,  
the undeveloped SR501 right of way which bisects the private ownership and extends north along the east 
side of the wildlife refuge.   Induced flooding in this northern section of the SR501 right of way is not 
anticipated based on hydraulic modeling.  In the southern portion of the SR501 right of way and on the 
adjoining private property the induced flooding is not expected to have an adverse effect on highest and 
best use and/or value according to an appraisal that was done by Seattle District in July of 2012.  The 
results of that appraisal were incorporated into a revised takings analysis by Seattle District Office of 
Counsel with the conclusion that no taking from the operation of the project would occur on either the 
private property or the SR501 right of way. Consequently, additional real estate would not be required for 
the project.   However, should any new information be discovered which would change the assumptions 
and the value conclusions in the appraisal, the takings analysis will have to be re-evaluated.   
 
The local community, neighborhood residents and other public stakeholders are supportive of the 
proposed project.  Property owners adjacent to the project lands will be given an informational written 
document describing the project and its possible impacts.  The document must in no way be binding to 
USFWS or the Corps.  Coordination and communication with adjoining and adjacent private property 
owners will be continued throughout the project.    
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F.16. OUTSTANDING THIRD P ARTY INTERESTS 

SR 501 (Lower River Road) is considered a third party interest which must be released. The release of 
Lower River Road will be accomplished by a road vacation by Clark County. Title to the area will then 
revert to USFW as a matter of state law. NWS-RE will continue to work with Clark County and the 
USFWS to secure the vacation of the Lower River Road. No difficulties are expected as Clark County has 
repeatedly expressed their intent to abandon the road because of lack of funds to maintain it. All property 
interests acquired in support of the proposed project must take priority over any third party interests that 
could defeat or impair the USFWS’s title to the property or interfere with construction, operation and 
maintenance of the project. Private utilities and easements that could interfere with construction, 
operation and maintenance of the project will need to be relocated and/or extinguished.    

F.17. RISKS ASSOCIATED WITH ADVANCE LAND ACQUISITION 

No advanced land or real estate interest acquisition is anticipated for this project.  

F.18. BASELINE COST ESTIMATE 

The real estate for the proposed project is federally owned. There will be no cost-sharing or LERRD 
credits. Therefore, no baseline cost estimate is required. 

F.19. SCHEDULE  

LERR certification will be required by USFW and DNR. NWS is currently working with Clark County to 
complete their Vacation of Right of Way Application on USFW’s behalf.  The formal Clark County 
Vacation of Right of Way Application process will begin in earnest once project approval has been 
secured from NWD. NWS is also working with DNR to secure withdrawal of necessary aquatic lands. 
Once the MOA is fully executed, the final LERR Certification schedule will be determined. LERR 
certification must be complete prior to the scheduled January 1, 2013 contract advertisement date.   

F.20. OTHER REAL ESTATE ISSUES 

USFW has fee interest in Refuge property that will allow them to grant USACE temporary work area 
easements acres for staging areas and the acreage needed to construct all project features.  
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Survival Benefit Units -- CALCULATOR -- Short Version - RECOMMENDED PLAN
3/5/2012

Calculated By: Keith Duffy 2/15/2012
BASIC TABLE

Project

Description CRE
Total Possible 
Acres/Miles

Total Possible 
Survival Benefit 

Units: Ocean

Total Possible 
Survival Benefit 

Units: Stream
Project 

Goal
Proportion of 

Goal

Proportion of 
Certainty of 

Success

Proportion of 
Potential 
Access/ 

Opportunity

Proportion of 
Potential 
Habitat 
Capacity

Weighting 
Factor Ocean

Weighting 
Factor 
Stream Ocean Stream

Protect and restore riparian 
areas

1.4 28 2.00 2.00 0 0.2 0.2 0 0

Dredged material beneficial 
use demonstration projects, 
including the notching and 
scrape-down for habitat 
creation

6.2 100 0.30 0.15 0 not defined not defined n/a n/a

Disposal of dredged materials 
using beneficial techniques 

6.3 500 1.50 0.75 0 not defined not defined n/a n/a

Piling removal 8.2 not defined 5.00 5.00 not defined not defined n/a n/a
Restore degraded off-channel 
habitat

9.4 6000 6.00 4.00 0 16.7 16.7 0 0

Breach dikes 10.1 5000 13.00 4.00 0 6.3 6.3 0 0
Remove tide gates 10.2 2000 3.00 1.20 0 5.6 5.6 0 0

Upgrade tide gates or culverts 10.3 1000 2.00 0.80 0 4.0 4.0 0 0

Control invasives 15.3 10000 1.00 1.00 0 1.0 1.0 0 0

Project Working Tables

Project CRE
Total Possible 
Acres/Miles

Total Possible 
Survival Benefit 

Units: Ocean

Total Possible 
Survival Benefit 

Units: Stream
Project 

Goal
Proportion of 

Goal

Proportion of 
Certainty of 

Success

Proportion of 
Potential 
Access/ 

Opportunity

Proportion of 
Potential 
Habitat 
Capacity

Weighting 
Factor Ocean

Weighting 
Factor 
Stream Ocean Stream

Protect and restore riparian 
areas

1.4 28 2.00 2.00 1.2 0.04 0.66 0.80 0.69 0.2 0.2 0.01 0.01

Restore degraded off-channel 
habitat

9.4 6000 6.00 4.00 0.46 0.00 0.74 0.80 0.69 16.7 16.7 0.003 0.002

Breach dikes 10.1 5000 13.00 4.00 130.6 0.03 0.74 0.80 0.71 6.3 6.3 0.90 0.28

TOTAL DRAFT PO Lake 0.91 0.28

Step 1: Identify the applicable CREs and, for a given CRE, copy/paste columns B-N from the Basic Table above.
Step 2: Insert project and scoring data in the yellow highlighted boxes.
Step 3: View the Calculated SBU results in the purple highlighted boxes.

Module Values Calculator Variables Calculated ASU



Recommended Plan - CRE 1.4 Riparian Restoration
Probability of Success Best Worst Comment on Score

5 4 3 2 1

Natural processes 1  

North Channel, floodplain swale, and Columbia Mainstem plantings will experience restored tidal and flood hydro-
periods and disturbance regimes and will complement Refuge management goals for native plant communities; 
Benefits will derive from restored native communities via increased diversity in species type and age class, a more 
diverse and well developed canopy structure, and more sustainable likelihood of success as a native seed and 
recruitment source for large wood.  Scarification or asphalt removal along jetty will further improve establishment 
success; All riparian plantings are adjacent to or in immediate proximity of mainstem Columbia River.  Historic 
photos indicate area had previous riparian canopy. Probability of success is high; though some invasive species 
management will be required.   Succession and expansion into adjacent pastures is limited per request of the 
Refuge in accordance with its sight distance management goals for waterfowl, as is succession in the floodplain 
swale.  There may also be contingency pumping during 3-5 year drought intervals per request of the Refuge so 

Restoration method  1  

Riparian plantings, restoration of more natural hydro periods and hydrologic processes, and asphalt 
removal/scarification are widely used and accepted methods of riparian restoration.  Scarification may be used in 
lieu of asphalt removal in order to retain mature native vegetation that would otherwise be unintentionally lost due 
to size and limited mobility of the asphalt removing equipment.  It is anticipated that the USFWS MOA will include 
adequate provision for maintenance, monitoring, and invasive species control but there is some uncertainty at 
feasibility stage.  

Self maintenance  1  

Initial O&M will be required to ensure successful establishment and to address the current crop of invasive species.  
Presence of beaver activity may contribute to initial establishment challenges.  This measure can not be assumed 
to be totally self maintaining in the short term, (2-5 years), therefore this aspect was downgraded; however, a 
native, self-sustaining riparian community is expected over the long-term.

Risks 1

No risks to salmon are assumed to result from riparian restoration.  The project is within a wildlife refuge adjacent 
to the Columbia R; therefore, actions will have a direct benefit to habitat complexity and will be immediately 
accessible by juveniles.  There are no adjacent structures that require protection.  Without appropriate O&M, there 
is risk that newly established native plant community will be overrun by adjacent crop of invasive species.  

Project complexity  1
This proposed planting concept is not complex.  Some initial and periodic invasive species management will be 
required.

Certainty for fish 1  

Restoration of riparian communities will provide direct benefits to salmon via improved habitat complexity, 
improved water quality, and improved allochthonous inputs.  Proposed plantings are along the Columbia mainstem, 
in the adjacent floodplain, and along an immediately adjacent backwater channel.  All of these areas provide 
important habitat for salmon, including migration corridors, refugia, and feeding grounds for juvenile salmonids.  
Some riparian vegetation is currently present, but is of insufficient width for sustained recruitment and is of low 
diversity.

Exotic/invasives 1  

Current species composition in adjacent areas includes a high concentration of invasive species that are managed 
under the Refuge's Integrated Pest Management Implementation Plan.  Some maintenance will likely be required.  
There is also the chance of some colonization by Asian carp, though the restored hydro-periods may reduce their 
success.

Sum 0 4 1 2 0
Weighted sum 0 16 3 4 0

Maximum possible 35
Weighted sum/maximum 0.66

Success score 3

Access/Opportunity Best Worst
5 4 3 2 1

Connectivity 1  

j      p       p        g y  
event.  Connectivity will be higher in the Preferred plan due to increased flows through the inlet and  breach and 
with the increased planting and scarification areas.  Riparian plantings are along the Columbia mainstem, in the 
adjacent floodplain, and along the backwater channel.  All of these areas provide important refugia and feeding 
grounds for juvenile salmonids.  Measures will allow access throughout the year, except for some limitations during 
the summer when the lake invert remains above the Columbia R low-flow water elevation;  vegetation at the top of 
the levee will have year-round indirect benefits, though and will allow direct access during extreme high flooding 
events.

Species, pops, life-hist types 1  

All species and life history types will have access to North Channel and levee vegetation along the base and sides 
during most tidal and more frequent flood stages.  Species will have access to the crest vegetation at the breach 
during the 2-year event.  Wood recruitment, detrital export, and allochthonous inputs will also benefit life histories 
that emigrate past the site.

Location 1  

Measures are located on the mainstem Columbia, its adjacent floodplain, and a backwater tributary and lake 
directly connected to the mainstem.  Riparian habitat blends with existing coverages and does not negatively 
impact pasture areas (birds) etc.

Access  1  

Two potential hydrologic access points will be created that include vegetative components.   Access to the North 
channel and lake will occur via passage of the full tidal prism on a nearly year-round basis.  The only encumbrance 
will occur naturally when the elevations of the river fall below the elevation of the lake and its inlet during summer 
low flows.  There may be a small sill at the outlet of the lake that retains some water in this low flow event.  Access 
will be enhanced at the breach location via a vegetated shallow swale that provides concentrated rather than sheet 
flow in the event that fish ingress via the breach.  These components include riparian plantings that will be 
somewhat directly accessible by fish, and will contribute directly and indirectly to habitat complexity, food input, 
and wood recruitment.  Plantings along the levee and the top of the levee will have direct connection with the 
mainstem Columbia, and will contribute to habitat improvements for all life histories in the larger system. 

Sum 0 4 0 0 0
Weighted sum 0 16 0 0 0

Maximum possible 20
Weighted sum/maximum 0.80

Access/Opportunity 
score 4

Habitat Capacity/Quality Best Worst
5 4 3 2 1

Ecological complexity 1  

Riparian plantings along the levee, the tidal channel, and in the floodplain contribute benefits by increasing species 
diversity, age class diversity, vertical complexity, and native plant coverage while ensuring sustainable wood and 
native plant recruitment.   The restored function of the riparian zones will also provide both terrestrial and aquatic 
habitat structural diversity.  Per request of the Refuge, successional species will be limited along the floodplain 
swale to maintain waterfowl nesting and sight distance.  There also remains some threat of invasives from adjacent 
areas.

Disturbance regime & 
functions  1  

Native plant communities are expected to benefit from more natural hydro-periods and restored disturbance 
regimes via restored tidal and flood regimes. The 2-stage channel will allow full passage of the tidal prism and 
accommodate fluvial passage of wood and detrital export through the system.  Some remaining portions of the 
levee will be in place, and there may be some retention or pumping of water during the lowest flow seasons when 
the Columbia river levels fall below the lake elevation.   Pumping is expected to occur as a contingency only during 
the 3-5 year drought frequency per the request of the USFW Refuge.  

Channel, edge, wood  1  

Measures improves channel, edge, and floodplain habitats including mainstem and backwater channels.  Increased 
vegetative age class and species diversity also contributes to sustainable wood recruitment.  Increased access to 
and improvement of riparian zones along the mainstem, in the floodplain, and in the backwater channel benefit fish 
habitat via increased and improved structural complexity, access to refugia, and increased food inputs.

Prey production/export  1  

Plantings along the base and tops of the levee, in the floodplain swale, and along the backwater channel all 
increase the productive areas for allochthonous inputs.   Prey resources are likely to increase, along with detrital 
export as the vegetative communities evolve successionally forming an increasingly diverse canopy and 
composition.  Restored hydrologic disturbance regimes will benefit establishment and maintenance of native plant 
communities and allow improved access to increased riparian benefits and wetland edge habitat.

Invasive/nuisance spp. 1  

The Refuge actively manages for invasives, and there is a current infestation of Himalayan blackberry and reed 
canary grass.  There is also the potential for Asian carp to enter the site, though drying of the lake along with the 
more natural flow regimes should help control these problems.  Local removal of invasives will occur, but will be 
limited to planting sites and will not address the larger pasture areas.  Restored hydrology will create hydro-periods 
and disturbance regimes more conducive to native plant establishment.

Water quality 1  

Increased and improved riparian structure is likely to improve water quality, as the canopy evolves and more 
vertical complexity develops.  Improved vegetation along the levee, in the swale, and along the North Channel will 
reduce erosion and provide additional shade, stormwater infiltration, and filtration components in backwater and 
mainstem areas.  Project constraints limit provision of a vegetative canopy around the lake, which limits shade and 
infiltration benefits.  The lake currently shows some stratification, with possible temperature limitations in the late 
summer months.  

Site size 1  

The percentage of project area with riparian habitat improvement is relatively small in terms of acreage (~10-15 
acres), but somewhat more significant in terms of linear feet (approximately 1.2 miles) along the mainstem 
Columbia, in the floodplain swale, and along the North Channel.  Riparian plantings around the lake were limited at 
the request of the Refuge to maintain sight distance and open nesting habitat for waterfowl.  The overall project 
site is roughly 175 acres of openwater, wetlands, riparian areas, and pastures.  

Sum 0 4 2 1 0
Weighted sum 0 16 6 2 0

Maximum possible 35
Weighted sum/maximum 0.69
Capacity/Quality score 3



NER Plan - CRE 1.4 Riparian Restoration
Probability of Success Best Worst Comment on Score

5 4 3 2 1

Natural processes 1  

North Channel plantings will experience restored tidal and flood hydro-periods and will complement Refuge 
management goals for native plant communities; restoration of riparian vegetation will improve age class, species 
diversity, more sustainable native plant communities, and some wood recruitment in the North Channel; all riparian 
plantings are on backwater tributary in immediate proximity of mainstem Columbia River.  Historic photos indicate 
area had previous riparian canopy. Probability of success is high; though some invasive species management will 
be required.  Succession and expansion into adjacent pastures is limited per request of the Refuge in accordance 
with its sight distance management goals for waterfowl.  There may also be contingency pumping during 3-5 year 
drought intervals per request of the Refuge so that the lake remains somewhat wetted.

Restoration method  1  

Riparian plantings and restoration of more natural hydro-periods and hydrologic processes are a widely used and 
accepted methods of riparian restoration.  It is anticipated that the USFWS MOA will include adequate provision for 
maintenance, monitoring, and invasive species control but there is some uncertainty at feasibility stage.

Self maintenance  1  

Initial O&M will be required to ensure successful establishment and to address the current crop of invasive species.  
Presence of beaver activity may contribute to initial establishment challenges.  This measure can not be assumed 
to be totally self maintaining in the short term, (2-5 years), therefore this aspect was downgraded; however, a 
native, self-sustaining riparian community is expected over the long-term.

Risks 1

No risks to salmon are assumed to result from riparian restoration.  The project is within a wildlife refuge adjacent 
to the Columbia R; therefore, actions will have a direct benefit to habitat complexity and will be immediately 
accessible by juveniles.   There are no adjacent structures that require protection.  Without appropriate O&M, there 
is risk that newly established native plant community will be overrun by adjacent crop of invasive species.  

Project complexity  1
This proposed planting concept is not complex.  Some initial and periodic invasive species management will be 
required.

Certainty for fish 1  

Restoration of riparian communities will provide direct benefits to salmon via improved habitat complexity, 
improved water quality, and improved allochthonous inputs.  Proposed plantings are along an immediately adjacent 
backwater channel which provide important habitat for salmon, including refugia, and feeding grounds for rearing 
juvenile salmonids.

Exotic/invasives 1  

Current species composition includes a high concentration of invasive species that are managed under the Refuge's 
Integrated Pest Management Implementation Plan.  Some maintenance will likely be required.  There is also the 
chance of some colonization by Asian carp, though the restored hydro-periods may reduce their success.  Local 
removal of invasives will occur, but will be limited to planting sites and will not address the larger pasture areas.  

Sum 0 2 3 2 0
Weighted sum 0 8 9 4 0

Maximum possible 35
Weighted sum/maximum 0.60

Success score 3

Access/Opportunity Best Worst
5 4 3 2 1

Connectivity 1  

This project seeks to restore the full tidal prism to the lake via the North Channel. Riparian plantings are along an 
immediately adjacent backwater channel.  These areas provide important refugia and feeding grounds for juvenile 
salmonids. Measures will allow access throughout the year, except for some limitations during the summer when 
the lake invert remains above the Columbia R low-flow water elevation.

Species, pops, life-hist types 1  

All species and life history types will have access to North Channel during most tidal and flood stages, though only 
specific juvenile life history strategies are likely to ingress.  Wood recruitment and allochthonous inputs will benefit 
life histories that use the site.

Location 1  Location of measure is a backwater tributary and lake directly connected to the mainstem

Access  1  

Access to the North channel and lake will occur via passage of the full tidal prism on a nearly year-round basis.  
The only encumbrance will occur naturally when the elevations of the river fall below the elevation of the lake and 
its inlet during summer low flows.  There may be a small sill at the outlet of the lake that retains some water in this 
low flow event.  Components include riparian plantings that will be somewhat directly accessible by fish, and will 
contribute directly and indirectly to habitat complexity, food input, and wood recruitment.  

Sum 0 2 2 0 0
Weighted sum 0 8 6 0 0

Maximum possible 20
Weighted sum/maximum 0.70

Access/Opportunity 
score 4

Habitat Capacity/Quality Best Worst
5 4 3 2 1

Ecological complexity 1  

Riparian plantings along the tidal channel contribute to overall habitat complexity by increasing species diversity 
and native plant coverage while ensuring some sustainable wood recruitment.  Restored riparian zones improve the 
diversity of habitat structures including increased vertical complexity, age class diversity, and species types.  It also 
provides increased detrital and allochothonous food inputs.

Disturbance regime & 
functions  1  

Both tidal and some flood regimes will be restored to the site almost in their entirety.  The levee will remain in 
place, and there may be some retention or pumping of water during the lowest flow seasons when the Columbia 
river levels fall below the lake elevation.   Pumping is expected to occur as a contingency only during the 3-5 year 
drought frequency per the request of the USFW Refuge.  Native plant communities are expected to benefit from 
more natural hydro-periods and restored disturbance regimes.

Channel, edge, wood  1  

Measure improves channel, edge and floodplain habitats including mainstem and backwater channels.  Increased 
vegetative age class and species diversity also contributes to sustainable wood recruitment.  Increased access to 
and improvement of riparian zones along the mainstem, in the floodplain, and in the backwater channel benefit fish 
habitat via increased and improved structural complexity, access to refugia, and increased food inputs.

Prey production/export  1  

Plantings along the backwater channel increase the productive areas for allochthonous inputs.   Prey resources are 
likely to increase, along with detrital export as the vegetative communities evolve successionally forming an 
increasingly diverse canopy and composition.  

Invasive/nuisance spp. 1  

The Refuge actively manages for invasives, and there is a current infestation of Himalayan blackberry and reed 
canary grass.  There is also the potential for Asian carp to enter the site, though drying of the lake along with the 
more natural flow regimes should help control this problem.  

Water quality 1  

Increased and improved riparian structure is likely to improve water quality, as the canopy evolves and more 
vertical complexity develops.  Improved along the North Channel will reduce erosion and provide additional shade, 
infiltration, and filtration components.  Project constraints limit provision of a vegetative canopy around the lake, 
which limits shade and infiltration benefits.

Site size 1  

The percentage of project area with riparian habitat improvement is relatively small in terms of acreage, but 
somewhat more significant in terms of linear feet along the mainstem Columbia, in the floodplain swale, and along 
the North Channel.  Riparian plantings around the lake were limited at the request of the Refuge to maintain sight 
distance and open nesting habitat for waterfowl.  The overall project site is roughly 175 acres of openwater, 
wetlands, riparian areas, and pastures.  

Sum 0 0 5 2 0
Weighted sum 0 0 15 4 0

Maximum possible 35
Weighted sum/maximum 0.54
Capacity/Quality score 3



Recommended Plan - CRE 9.4 Off-Channel Improvements
Probability of Success Best Worst Comment on Score

5 4 3 2 1

Natural processes 1

The North channel will be stable and open to exchange the full tidal prism and to accommodate associated natural channel forming 
processes; expanded levee breach will allow full floodplain inundation at the 2 year event to accommodate associated floodplain processes 
and fish ingress.  Actions facilitate restoration of a more natural disturbance regime.  There may be some pumping during the 3-5 year 
drought interval per request by the Refuge in order to maintain some wetted area in the lake.  The floodplain swale will provide some 
ingress opportunity into the lake at 2-year water levels, otherwise access for fish is not predicted to evolve within the 50-yr timeframe 
analyzed by the project except during extreme flood events .

Restoration method  1
Levee breach and tide gate removal are effective, easily implementable, common restoration practices. No significant issues are anticipated 
when implementing this measure.  Pumping contingencies will have artificial inputs on a 3-5 year event.  

Self maintenance  1

  p   p     g   p j       p     g  
channel to accommodate flow volumes and fluvial wood. Historic information also demonstrates channel stability over time.  Levee breach, 
floodplain swale, and floodplain restoration are expected to be self-maintaining because they are being implemented in a location that 
currently experiences some overtopping at a much more limited interval.  Swale vegetation and large wood are expected to provide 
sufficient energy dissipation in the swale to maintain areas of concentrated flow into the lake during an exceedence event.  Some remaining 
portions of the levee will be in place, and per the request of the USFW Refuge there may be some retention or pumping of water during the 
lowest flow seasons when the Columbia river levels fall below the lake elevation.   Pumping is expected to occur as a contingency only 
during the 3-5 year drought frequency.  

Risks  1

Minimal risks are predicted because the project is restoring hydrology to a channel that appears historically stable, and contemporary 
management of the Columbia River and at the site will not significantly alter restored hydrologic and hydraulic conditions incorporated into 
the project design.  The levee is currently failing and will continue to do so regardless of the project, however at a much slower rate and 
smaller prism of degradation.   Detrimental impacts to salmonids are minimal, and project design concepts will minimize or avoid any 
potential for stranding and depredation, as fish will have nearly year-round passage at the North Channel inlet, along with a restored tidal 
and flood signal.

Project complexity  1

The measures include removal of a flow control structure, re-contouring an existing channel along its current profile to accommodate the 
full tidal prism, restoring banks to pre-dredging conditions, and removing a levee segment.  These are considered relatively low in 
complexity with regards to design and construction implementation.

Certainty for fish 1

These measures improves fish passage and access to backwater, wetland fringe, and floodplain habitat immediately off the Mainstem 
Columbia.  The North channel improvements provides nearly year-round tidal access; and the levee breach provides floodplain access 
during the two-year flood event.  Measures will allow access for all species and life histories.

Exotic/invasives 1

Restored hydrology and disturbance regimes helps improve and restore native riparian plant communities, and the Refuge implements some 
management of noxious and invasive species.  Invasives will be removed in several locations and replaced with native plantings.  Full 
access for all species and life histories could allow invasion of Asian carp into the lake.  

Sum 0 5 2 0 0
Weighted sum 0 20 6 0 0

Maximum possible 35
Weighted sum/maximum 0.74

Success score 4

Access/Opportunity Best Worst
5 4 3 2 1

Connectivity 1  

Project restores the full tidal prism and floodplain access at the 2-yr event. The connection occurs between off-channel openwater and 
wetland habitat and the mainstem Columbia.  Connectivity will be improved via increased flood inundation frequency and volume of flows 
through the breach in addition to the restored tidal channel.  These areas provide important refugia and feeding grounds for juvenile 
salmonids. Measures will allow access throughout most of the year, except for some limitations during the summer when the lake bottom 
and invert remain above the Columbia R low-flow water elevation. Floodplain storage will also provide energy dissipation benefits to help 
maintain habitat structures and channel forming processes downstream.  Some pumping may occur during 3-5 year drought period.  
Natural sill will be lowered but still may retain water during low-flow period

Species, pops, life-hist types 1  

All species and life history types will have almost year-round access during most tidal stages to the lake and backwater slough through the 
North Channel, and ingress will be possible over the breach during the 2-yr flood stage. Benefit all life histories, improving access to and 
habitat along backwater, floodplain, wetland fringe, and mainstem locations providing refugia, feeding, structure, and migration benefits.  

Location 1  
Measures provide hydrologic connectivity between the mainstem Columbia, its adjacent floodplain, and a backwater tributary and lake 
directly connected to the mainstem.

Access 1  

Two potential access points will be created.   Species access to the North channel and lake will occur via passage of the full tidal prism on a 
nearly year-round basis.  The only encumbrance will occur naturally when the elevations of the river fall below the elevation of the lake and 
its inlet during summer low flows.  There may be a small sill at the outlet of the lake that retains some water in this low flow event.  
Floodplain access and inundation frequency will be increased via lowering of the levee elevation along an expanded portion of its prism.   
Access will be further enhanced at the breach location via a vegetated shallow swale providing concentrated rather than sheet flow in the 
event that fish ingress via the breach.  

Sum 0 4 0 0 0
Weighted sum 0 16 0 0 0

Maximum possible 20
Weighted sum/maximum 0.80

Access/Opportunity 
score 4

Habitat Capacity/Quality Best Worst
5 4 3 2 1

Ecological complexity  1  

Restoration of hydrology to the site via full passage of the tidal prism through the improved backwater slough channel, the increased flood 
inundation frequency, and the floodplain swale contribute to overall habitat complexity by increasing flow and habitat diversity, introducing 
more natural hydro-periods, and restoring disturbance regimes which improve potential for more complex and dynamic habitat 
development.   Per request of the Refuge, successional species will be limited along the floodplain swale to maintain waterfowl nesting and 
sight distance and pumping contingencies may be put into effect during 3-5-year droughts.

Disturbance regime & 
functions  1  

Both tidal and flood regimes will be restored to the site almost in their entirety via the full tidal prism and 2-yr flood event, thus 
reintroducing a more natural hydrologic disturbance regime.  Some remaining portions of the levee will be in place, and per the request of 
the USFW Refuge there may be some retention or pumping of water during the lowest flow seasons when the Columbia river levels fall 
below the lake elevation.   Pumping is expected to occur as a contingency only during the 3-5 year drought frequency.  

Channel, edge, wood  1  

Measures improve quality of and access to off channel, backwater, wetland fringe, and floodplain habitat along the Columbia and in 
adjacent floodplain and off-channel locations.  Restored tidal and flood flow regimes contribute to improved habitat and diversity.  Increased 
access to and improvement of riparian zones along the mainstem, in the floodplain, and in the backwater channel benefit fish habitat via 
increased and improved structural complexity, access to refugia, and increased food inputs.

Prey production/export  1  

Restored tidal flows and increased frequency and volume of floodplain inundation all increase the productive areas for allochthonous inputs.  
Prey resources are likely to increase, along with detrital export as the vegetative communities evolve and restored hydrology transports 
energy through the system.  

Invasive/nuisance spp. 1  

The Refuge actively manages for invasives, and there is a current infestation of Himalayan blackberry and reed canary grass.  There is also 
the potential for Asian carp to enter the site, though drying of the lake along with the more natural flow regimes should help control this 
problem.  Restored hydrology will create hydro-periods and disturbance regimes more conducive to native plant establishment and will 
reduce habitat available for spawning carp.

Water quality 1  

Restored tidal flows and increased frequency and volume of floodplain inundation all increase hydrologic exchange within the system.  This 
reduces temperatures in the lake by allowing deeper, faster moving mainstem flows to mix with the shallower, less dynamic lake water daily 
via the tidal regime, and on a larger flushing scale during 2-year events. The pumping contingency requested by USFW may entail Lake 
River as a source supply.  Lake River is water quality limited and may be of poorer quality relative to Post Office and the Columbia.

Site size 1  

The overall study site is about 175 acres adjacent to the Columbia mainstem.  The lake inundation area during a 2-yr flood is about 130 
acres, and a total of about 20 acres of fringe, depressional, and riverine adjacent wetlands.  The hydrologic flood storage capacity, habitat 
potential, and area of backwater and wetland edge habitat is significant.

Sum 0 4 2 1 0
Weighted sum 0 16 6 2 0

Maximum possible 35
Weighted sum/maximum 0.69
Capacity/Quality score 3

NER - CRE 9.4 Off-Channel Improvements
Probability of Success Best Worst Comment on Score

5 4 3 2 1

Natural processes 1

The North channel will be stable and open to exchange the full tidal prism and associated natural channel forming processes; such actions 
will facilitate restoration of a more natural disturbance regime.  There may be some pumping during the 3-5 year drought interval per 
request by the Refuge in order to maintain some wetted area in the lake.  

Restoration method  1
Tide gate removal is effective, easily implementable, common restoration practices. No significant issues are anticipated when implementing 
this measure.

Self maintenance  1

North channel improvements are expected to be self maintaining because the project will restore the full tidal prism via a sufficient 2-stage 
channel to accommodate flow volumes and fluvial wood. Historic information also demonstrates channel stability over time. Per the request 
of the USFW Refuge there may be some retention or pumping of water during the lowest flow seasons when the Columbia river levels fall 
below the lake elevation.   Pumping is expected to occur as a contingency only during the 3-5 year drought frequency.  

Risks  1

Minimal risks are predicted because the project is restoring hydrology to a channel that appears to be historically stable, and contemporary 
management of the Columbia River and at the site will not significantly alter restored hydrologic and hydraulic conditions incorporated into 
the project design.  Detrimental impacts to salmonids are minimal, and project design concepts will minimize or avoid any potential for 
stranding, as fish will have nearly year-round passage at the North Channel inlet, along with a restored tidal signal.

Project complexity  1

The measures proposed for restoration include removal of a flow control structure, re-contouring an existing channel along its current 
profile in order to accommodate the full tidal prism and restore banks to pre-dredging conditions.  These are considered relatively low in 
complexity with regards to design and construction implementation.

Certainty for fish 1
These measures improves fish passage and access to backwater habitat.  The North channel improvements provides nearly year-round 
access.  

Exotic/invasives 1

Restored hydrology helps improve and restore native riparian plant communities, and the Refuge implements some management of noxious 
and invasive species.  Invasives will be removed in several locations and replaced with native species.  Full access for all species and life 
histories could allow invasion of Asian carp into the lake.  



Sum 0 4 3 0 0
Weighted sum 0 16 9 0 0

Maximum possible 35
Weighted sum/maximum 0.71

Success score 4

Access/Opportunity Best Worst
5 4 3 2 1

Connectivity 1  

Project restores the full tidal prism . The connection between off-channel openwater and wetland habitat and the mainstem Columbia will be 
restored and improved the restored tidal channel.  These areas provide important refugia and feeding grounds for juvenile salmonids. 
Measures will allow access throughout most of the year, except for some limitations during the summer when the lake bottom and invert 
remain above the Columbia R low-flow water elevation. 

Species, pops, life-hist types 1  

All species and life history types will have almost year-round access to the lake and backwater slough through the North Channel during 
most tidal stages .  This will benefit several life histories, as it will improve habitat along backwater locations providing refugia, feeding, 
habitat structure benefits.  

Location 1  
Measures provide hydrologic connectivity between the mainstem Columbia and a backwater tributary and lake directly connected to the 
mainstem.

Access 1  

Species access to the North channel and lake will occur via passage of the full tidal prism on a nearly year-round basis.  The only 
encumbrance will occur naturally when the elevations of the river fall below the elevation of the lake and its inlet during summer low flows.  
There may be a small sill at the outlet of the lake that retains some water in this low flow event. 

Sum 0 2 2 0 0
Weighted sum 0 8 6 0 0

Maximum possible 20
Weighted sum/maximum 0.70

Access/Opportunity 
score 4

Habitat Capacity/Quality Best Worst
5 4 3 2 1

Ecological complexity  1  

Restoration of hydrology to the site via full passage of the tidal prism through the improved backwater slough channel which contributes to 
overall habitat complexity by increasing flow and habitat diversity, introducing more natural hydro-periods, and restoring disturbance 
regimes which improve potential for more complex and dynamic habitat development.   Per request of the Refuge, successional species will 
be limited beyond the channel margins to maintain waterfowl nesting and sight distance and pumping contingency may be implemented 
during 3-5 year drought cycle.

Disturbance regime & 
functions  1  

Both tidal and partial flood regimes will be restored to the site via the full tidal prism thus reintroducing a more natural hydrologic 
disturbance regime.  Some remaining portions of the levee will be in place, and per the request of the USFW Refuge there may be some 
retention or pumping of water during the lowest flow seasons when the Columbia river levels fall below the lake elevation.   Pumping is 
expected to occur as a contingency only during the 3-5 year drought frequency.  

Channel, edge, wood  1  

Measures improve quality of and access to off channel, backwater habitat.  This increases the backwater channel habitat available along the 
Columbia, as well as access to wetland edge and lacustrine habitats.   Restored tidal and limited flood flow regimes contribute to improved 
habitat and diversity.  Increased access to and improvement of riparian zones in the backwater channel benefit fish habitat via increased 
and improved structural complexity, access to refugia, and increased food inputs.

Prey production/export  1  
Restored tidal flows increase the productive areas for allochthonous inputs.  Prey resources are likely to increase, along with detrital export 
as the vegetative communities evolve and restored hydrology transports energy through the system .  

Invasive/nuisance spp. 1  

The Refuge actively manages for invasives, and there is a current infestation of Himalayan blackberry and reed canary grass.  There is also 
the potential for Asian carp to enter the site, though drying of the lake along with the more natural flow regimes should help control this 
problem.  Restored hydrology will create hydro-periods and disturbance regimes more conducive to native plant establishment and will 
reduce habitat available for spawning carp.

Water quality 1  

Restored tidal flows increase hydrologic exchange within the system.  This reduces temperatures in the lake by allowing deeper, faster 
moving mainstem flows to mix with the shallower, less dynamic lake water daily via the tidal regime.    The pumping contingency requested 
by USFW may entail Lake River as a source supply.  Lake River is water quality limited and may be of poorer quality relative to Post Office 
and the Columbia.

Site size 1  

The overall study site is about 175 acres adjacent to the Columbia mainstem.  The lake inundation area during a 2-yr flood is about 130 
acres, and a total of about 20 acres of fringe, depressional, and riverine adjacent wetlands.  The hydrologic flood storage capacity, habitat 
potential, and area of backwater and wetland edge habitat is significant.

Sum 0 0 5 2 0
Weighted sum 0 0 15 4 0

Maximum possible 35
Weighted sum/maximum 0.54
Capacity/Quality score 3



Recommended Plan - CRE 10.1 Levee Breach (tide gate removal and levee breach)
Probability of Success Best Worst Comment on Score

5 4 3 2 1

Natural processes 1  

The North channel will be stable and open to exchange the full tidal prism and to accommodate the associated 
natural channel forming processes; expanded levee breach will allow full floodplain inundation at the 2 year 
event to accommodate associated floodplain processes fish ingress.  Actions will facilitate restoration of a more 
natural disturbance and hydrologic regimes.  There may be some pumping during the 3-5 year drought interval 
per request by the Refuge in order to maintain some wetted area in the lake.  The floodplain swale will provide 
some ingress opportunity into the lake at lower water levels, otherwise access for fish is not predicted to evolve 
within the 50-yr timeframe analyzed by the project except during extreme flood events .

Restoration method  1  

Levee breach and tide gate removal are effective, easily implementable, common restoration practices. Inherent 
uncertainty in opening the channel and lowering the levee to river levels contributes some level of unknown risk 
for in-filling or some other unanticipated hydrogeomorphic process.  The risk of stranding juveniles will be 
eliminated by setting the inlet/outlet location such that fish will have egress ability throughout most of the year.

Self maintenance  1  

North channel improvements are expected to be self maintaining because the project will restore the full tidal 
prism via a sufficient 2-stage channel to accommodate flow volumes and fluvial wood. Historic information also 
demonstrates channel stability over time.  Levee breach, floodplain swale, and floodplain restoration are 
expected to be self-maintaining because they are being implemented in a location that currently experiences 
some overtopping at a much more limited interval.  Swale vegetation and large wood are expected to provide 
sufficient energy dissipation in the swale to maintain areas of concentrated flow into the lake during an 
exceedence event.  Some remaining portions of the levee will be in place, and per the request of the USFW 
Refuge there may be some retention or pumping of water during the lowest flow seasons when the Columbia 
river levels fall below the lake elevation.   Pumping is expected to occur as a contingency only during the 3-5 
year drought frequency.  Sediment issues are felt to be minimal, Columbia River sediment transport is minimal 
based on Beaver Island data, and the contributing areas to Post Office Lake is local and small. If there is a 
danger to plugging at the north channel entrance, it would likely by gravel occluding the entrance, during 

Risks  1

Minimal risks are predicted because the project is restoring hydrology to a channel that appears to be 
historically stable, and contemporary management of the Columbia River and at the site will not significantly 
alter restored hydrologic and hydraulic conditions incorporated into the project design.  The levee is currently 
failing and will continue to do so regardless of the project, however at a much slower rate and smaller prism of 
degradation.   Detrimental impacts to salmonids are minimal, and project design concepts will minimize or avoid 
any potential for stranding, as fish will have nearly year-round passage at the North Channel inlet, along with a 
restored tidal and flood signal.  The levee is adjacent to a wildlife refuge and pastures, and any risk to 
landowners will be properly addressed through real estate actions like flowage easements, etc.

Project complexity  1

The measures proposed for restoration include removal/lowering of a levee segment, excavation of a shallow 
swale into the lake, and riparian revegetation.  These actions are occurring concurrent with North Channel tidal 
restoration.  These are considered relatively low in complexity with regards to design and construction 
implementation.

Certainty for fish 1  

High likelihood that fish will enter and use the lake as refugia during the cool winter and freshet times 
(November-July).  Measures improves fish passage and access to backwater, wetland edge, and floodplain 
habitat.  The North channel improvements provides nearly year-round access; and the levee breach provides 
floodplain access during the two-year flood event.  

Exotic/invasives 1  

Restored hydrology helps improve and restore native riparian plant communities, and the Refuge implements 
some management of noxious and invasive species.  Invasives will be removed in several locations and 
replaced with riparian plantings.  Full access for all species and life histories could allow invasion of Asian carp 
into the lake.  

Sum 0 5 2 0 0
Weighted sum 0 20 6 0 0

Maximum possible 35
Weighted sum/maximum 0.74

Success score 4

Access/Opportunity Best Worst
5 4 3 2 1

Connectivity 1  

Project restores the full tidal prism and floodplain access at 2-yr event. Connection occurs between off-channel 
openwater and wetland habitat and the mainstem Columbia.  Connectivity will be improved via increased flood 
inundation frequency and volume of flows through the breach in addition to the restored tidal channel.  Areas 
provide important refugia and feeding grounds for juvenile salmonids. Measures allow access throughout most 
of the year, except for some limitations during the summer when the lake bottom and sill invert remain above 
the Columbia R low-flow water elevation. Floodplain storage will also provide energy dissipation benefits to help 
maintain habitat structures and channel forming processes downstream.

Species, pops, life-hist types 1  

All species and life history types will have almost year-round access during most tidal stages to the lake and 
backwater slough through the North Channel, and ingress will be possible over the breach during the 2-yr flood 
stages.  This will benefit all life histories, as it will improve habitat along backwater, floodplain, and mainstem 
locations providing refugia, feeding, structure, and migration benefits.  

Location 1  
Measures provide hydrologic connectivity between the mainstem Columbia, its adjacent floodplain, wetland 
edge habitat, and a backwater tributary and lake directly connected to the mainstem.

Access  1  

Access will be increased from 0 to ~9 months out of the year. Two potential access points will be created.  
Access to the North channel and lake will occur via passage of the full tidal prism on a nearly year-round basis.  
The only encumbrance will occur naturally when the elevations of the river fall below the elevation of the lake 
and its inlet during summer low flows.  There may be a small sill at the outlet of the lake that retains some 
water in this low flow event.  Floodplain access and inundation frequency will be increased via lowering of the 
levee elevation along and expanded portion of its prism.   Access will be further enhanced at the breach location 
via a vegetated shallow swale providing concentrated rather than sheet flow in the event that fish ingress via 
the breach.  

Sum 0 4 0 0 0
Weighted sum 0 16 0 0 0

Maximum possible 20
Weighted sum/maximum 0.80

Access/Opportunity 
score 4

Habitat Capacity/Quality Best Worst
5 4 3 2 1

Ecological complexity  1  

Restoration of hydrology to the site via full passage of the tidal prism through the improved backwater slough 
channel, the increased flood inundation frequency, and the floodplain swale contribute to overall habitat 
complexity by increasing flow and habitat diversity, introducing more natural hydro-periods, and restoring 
disturbance regimes.  These factors improve potential for more complex and dynamic habitat development. Per 
request of the Refuge, successional species will be limited along the floodplain swale to maintain waterfowl 
nesting and sight distance along with pumping contingency during the 3-5 yr drought.

Disturbance regime & 
functions  1  

Both tidal and flood regimes will be restored to the site almost in their entirety via the full tidal prism and 2-yr 
flood event, thus reintroducing a more natural hydrologic disturbance regime.  Some remaining portions of the 
levee will be in place, and per the request of the USFW Refuge there may be some retention or pumping of 
water during the lowest flow seasons when the Columbia river levels fall below the lake elevation.   Pumping is 
expected to occur as a contingency only during the 3-5 year drought frequency.  

Channel, edge, wood  1  

Measures improve quality of and access to backwater channel habitat available along the Columbia, as well as 
access to wetland edge, lacustrine, and adjacent floodplain habitats.   Restored tidal and flood flow regimes 
contribute to improved habitat and diversity.  Increased access to and improvement of riparian zones along the 
mainstem, in the floodplain, and in the backwater channel benefit fish habitat via increased and improved 
structural complexity, access to refugia, and increased food inputs. Increased flood frequency and inundation 
will improve nutrient and detrital input and transport throughout the system.

Prey production/export  1  

Restored tidal flows and increased frequency and volume of floodplain inundation all increase the productive 
areas for allochthonous inputs.  Prey resources are likely to increase, along with detrital export as the 
vegetative communities evolve and restored hydrology transports energy through the system.  Access to feed 
within these currently unavailable off-channel habitats will also be increased via tidal and floodplain 
reconnection.

Invasive/nuisance spp. 1  

The Refuge actively manages for invasives, and there is a current infestation of Himalayan blackberry and reed 
canary grass.  There is also the potential for Asian carp to enter the site, though drying of the lake along with 
the more natural flow regimes should help control this problem.  Restored hydrology will create hydro-periods 
and disturbance regimes more conducive to native plant establishment and will reduce habitat available for 
spawning carp.

Water quality 1  

Restored tidal flows and increased frequency and volume of floodplain inundation all increase hydrologic 
exchange within the system.  This reduces temperatures in the lake by allowing deeper, faster moving 
mainstem flows to mix with the shallower, less dynamic lake water daily via the tidal regime, and on a larger 
flushing scale during 2-year events.    The pumping contingency requested by USFW may entail Lake River as a 
source supply.  Lake River is water quality limited and may be of poorer quality relative to Post Office and the 
Columbia.

Site size 1  

The overall study site is about 175 acres adjacent to the Columbia mainstem.  The lake inundation area during 
a 2-yr flood is about 130 acres, and a total of about 20 acres of fringe, depressional, and riverine adjacent 
wetlands. The hydrologic flood storage capacity, habitat potential, and area of backwater and wetland edge 
habitat is significant.

Sum 0 5 1 1 0
Weighted sum 0 20 3 2 0

Maximum possible 35
Weighted sum/maximum 0.71
Capacity/Quality score 4



NER - CRE 10.1 Levee 
Breach (tide gate 
removal only)
Probability of Success Best Worst Comment on Score

5 4 3 2 1

Natural processes 1  

The North channel will be stable and open to exchange the full tidal prism and associated natural channel 
forming processes. Actions facilitate restoration of a more natural disturbance and hydrologic regimes.  There 
may be some pumping during the 3-5 year drought interval per request by the Refuge in order to maintain 
some wetted area in the lake.  

Restoration method  1  

Tide gate removal is an effective, easily implementable, common restoration practices. Inherent uncertainty in 
opening the channel to river levels contributes some level of unknown risk for in-filling or some other 
unanticipated hydrogeomorphic process.  The risk of stranding juveniles will be eliminated by setting the 
inlet/outlet location such that fish will have egress ability throughout most of the year.

Self maintenance  1  

North channel improvements are expected to be self maintaining because the project will restore the full tidal 
prism via a sufficient 2-stage channel to accommodate flow volumes and fluvial wood. Historic information also 
demonstrates channel stability over time.  Per the request of the USFW Refuge there may be some retention or 
pumping of water during the lowest flow seasons when the Columbia river levels fall below the lake elevation.   
Pumping is expected to occur as a contingency only during the 3-5 year drought frequency when fish are 
unlikely to use the site.  Minimal sediment issues are predicted because Columbia River sediment transport is 
minimal based on Beaver Island data, and the contributing areas to Post Office Lake is local and small.  There 
could be some risk of gravel occluding the north channel entrance during higher flows on the Columbia, though 
this likelihood is not indicated in historic photos. If plugging becomes problematic, options such as a submerged 
spur dike could be constructed to produce a scour hole at the entrance.

Risks  1

Minimal risks are predicted because the project is restoring hydrology to a channel that appears to be 
historically stable, and contemporary management of the Columbia River and at the site will not significantly 
alter restored hydrologic and hydraulic conditions incorporated into the project design.  The levee is currently 
failing at the location of the expanded breach and will continue to do so regardless of the project, however at a 
much slower rate and smaller prism of degradation.  Detrimental impacts to salmonids are minimal, and project 
design concepts will minimize or avoid any potential for stranding, as fish will have nearly year-round tidal 
passage at the North Channel inlet, along with a restored tidal and flood signal.  The levee is adjacent to a 
wildlife refuge and pastures, and any risk to landowners will be properly addressed through real estate actions 
like flowage easements, etc.

Project complexity  1

The measures proposed for restoration include removal of  a tide gate and improvement of the backwater 
channel into the lake, and riparian revegetation.   These are considered relatively low in complexity with 
regards to design and construction implementation.

Certainty for fish 1  

High likelihood that fish will enter and use the lake as refugia during the cool winter and freshet times 
(November-July).  The North channel improvements and tide gate removal provides nearly year-round access 
to and improved quality of backwater and wetland edge habitat. 

Exotic/invasives 1  

Restored hydrology helps improve and restore native riparian plant communities, and the Refuge implements 
some management of noxious and invasive species.  Invasives will be removed in several locations and 
replaced with riparian plantings.  Full access for all species and life histories could allow invasion of Asian carp 
into the lake.  

Sum 0 4 3 0 0
Weighted sum 0 16 9 0 0

Maximum possible 35
Weighted sum/maximum 0.71

Success score 4

Access/Opportunity Best Worst
5 4 3 2 1

Connectivity 1  

Project restores the full tidal prism and limited floodplain access through the backwater channel. The 
connection occurs between off-channel openwater and wetland habitat and the mainstem Columbia.  
Connectivity will be improved via increased frequency and volume of flows through the restored tidal channel.  
These areas provide important refugia and feeding grounds for juvenile salmonids. Measures will allow access 
throughout most of the year, except for some limitations during the summer when the lake bottom and invert 
remain above the Columbia R low-flow water elevation.

Species, pops, life-hist types 1  

All species and life history types will have almost year-round access during most tidal stages to the lake and 
backwater slough through the North Channel.  This will benefit most early life histories, as it will improve 
habitat along backwater, floodplain, and mainstem locations providing refugia, feeding, and  structure benefits.  

Location 1  
Measures provide hydrologic connectivity between the mainstem Columbia, wetland edge habitat, and a 
backwater tributary and lake directly connected to the mainstem.

Access  1  

Access will be increased from 0 to ~9 months out of the year.  Species access to the North channel and lake 
will occur via passage of the full tidal prism on a nearly year-round basis.  The only encumbrance will occur 
naturally when the elevations of the river fall below the elevation of the lake and its inlet during summer low 
flows.  There may be a small sill at the outlet of the lake that retains some water in this low flow event.  

Sum 0 2 2 0 0
Weighted sum 0 8 6 0 0

Maximum possible 20
Weighted sum/maximum 0.70

Access/Opportunity 
score 4

Habitat Capacity/Quality Best Worst
5 4 3 2 1

Ecological complexity  1  

Restoration of hydrology to the site via full passage of the tidal prism through the improved backwater slough 
channel contribute to overall habitat complexity by increasing flow and habitat diversity, introducing more 
natural hydro-periods, and restoring disturbance regimes which improve potential for more complex and 
dynamic habitat development.

Disturbance regime & 
functions  1  

Both tidal and partial flood regimes will be restored to the site almost in their entirety via the full tidal prism, 
thus reintroducing a more natural hydrologic disturbance regime.  Some remaining portions of the levee will be 
in place, and per the request of the USFW Refuge there may be some retention or pumping of water during the 
lowest flow seasons when the Columbia river levels fall below the lake elevation.   Pumping is expected to occur 
as a contingency only during the 3-5 year drought frequency.  

Channel, edge, wood  1  

Measures improve quality of and access to backwater channel habitat available adjacent to the Columbia, as 
well as access to wetland edge, lacustrine, and some adjacent floodplain habitats.   Restored tidal regimes 
contribute to improved habitat and diversity.  Increased access to and improvement of riparian zones in the 
backwater channel benefit fish habitat via increased and improved structural complexity, access to refugia, and 
increased food inputs. 

Prey production/export  1  

Restored tidal flows increase the productive areas available for allochthonous inputs.  Prey resources are likely 
to increase, along with detrital export as the vegetative communities evolve and restored hydrology transports 
energy through the system .  

Invasive/nuisance spp. 1  

The Refuge actively manages for invasives, and there is a current infestation of Himalayan blackberry and reed 
canary grass.  There is also the potential for Asian carp to enter the site, though drying of the lake along with 
the more natural flow regimes should help control this problem.  Restored hydrology will create hydro-periods 
and disturbance regimes more conducive to native plant establishment and will reduce habitat available for 
spawning carp.  Pumping to keep the lake wet in 3-5 year drought periods somewhat alters the natural 
disturbance and drying regime.

Water quality 1  

Restored tidal flows increase hydrologic exchange within the system.  This reduces temperatures in the lake by 
allowing deeper, faster moving mainstem flows to mix with the shallower, less dynamic lake water daily via the 
tidal regime. The pumping contingency requested by USFW may entail Lake River as a source supply.  Lake 
River is water quality limited and may be of poorer quality relative to Post Office and the Columbia.

Site size 1  

The overall study site is about 175 acres adjacent to the Columbia mainstem.  The lake inundation area during 
a 2-yr flood is about 130 acres, and a total of about 20 acres of fringe, depressional, and riverine adjacent 
wetlands.  The habitat potential and area of backwater and wetland edge habitat is significant.   The measure 
opens up approximately 2/3 of the project areas to fish use during the high water months.

Sum 0 1 4 2 0
Weighted sum 0 4 12 4 0

Maximum possible 35
Weighted sum/maximum 0.57
Capacity/Quality score 3
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A 50% Annual Exceedance Probability Stage Approach for Calculating the 
Survival Benefit Units Profile for Lower Columbia River Estuary 
(Supersedes Water Surface Elevations for Calculating ERTG Survival Benefit Units (SBU), 
dated 4 November 2011) 

Introduction and Purpose:  A number of Federal, state, and local agencies and non-governmental 
organizations are actively restoring habitat for juvenile salmon in the Lower Columbia River Estuary 
(LCRE) ecosystem.  The Bonneville Power Administration (BPA) and U.S. Army Corps of 
Engineers (USACE) are jointly committed to completing restoration projects in the lower Columbia 
River that generate Survival Benefit Units (SBUs) which measure the expected increased 
survivability of juvenile salmon under the 2008 Federal Columbia River Power System Biological 
Opinion. 

All SBUs are measured using habitat “lift” (pre-project vs. post-project) generated by the restoration 
work.  A primary metric used for calculating SBU is a determination of the total possible acreage or 
mileage of improvement possible by an action.  It was recognized that the water level for which 
wetted area is measured needs to be standardized.  The Expert Regional Technical Group (ERTG) 
provided this guidance in ERTG Doc# 2001-01_Feedback, 10/7/11.  The analysis and information 
below quantifies the ERTG guidance into a water surface profile for the lower Columbia River using 
approved USACE products and procedures. 

Approach:  The tidally influenced region of the Columbia River and its tributaries is a wildly 
complex hydrologic and hydraulic system.  Water stages in the tidal region are influenced by main 
stem Columbia flows, tributary flows, astronomical tides, oceanic storm surge and other factors.  
These factors are independent in some cases and partially correlated in others.  Intermeshed with the 
natural complexity are the significant anthropogenic modifiers of main stem and tributary regulation 
and reduction in floodplain area and storage capacity.  Reduction of main stem freshet peak flows 
due to regulation has resulted in a condition where peak annual stages in the Columbia are 
frequently driven by winter storm events in the Cascades.  Reduction of this overall complexity for 
analysis is problematic. 

The water level or elevation at which sub-actions areas for SBU calculations are measured was 
clarified in Section 2, ERTG Document 2011-01_Feedback thusly; “Use the 2-year flood elevation or 
EHHW (mean highest monthly tide), whichever is higher.”  EHHW is an acronym for Extreme Higher High 
Water. 

In an effort to quantify this guidance, the USACE has calculated the 50% Annual Expected 
Probability (AEP) stage for the LCRE.  This was done by determining maximum water surface 
elevations along the reach annually for the period of complete main stem regulation and performing 
statistics on the annual dataset to determine a 50% AEP stage.  EHHW can be argued to be 
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equivalent to 50% AEP stage if the period over which the calculation is being performed is expected 
annual. 

The 50% AEP stage profile was produced utilizing USACE approved programs, procedures and 
products.  HEC-RAS, HEC-DSS and HEC-SSP are all on the USACE’s Science and Engineering 
Technology Initiative (SET) approved software list.  The HEC-RAS model was produced and 
calibrated with best available data.  The procedure used to calculate AEP follows Engineering 
Manual 1110-2-1415. 

Digital Surface of LCRE:  A digital surface of the Columbia River and its 500 year floodplain 
(without levees) from Bonneville to the mouth (Buoy Number 7) is stored on the NWP LAN as a 
37 terabyte (Tb) ArcGIS Terrain Dataset residing in a File Geodatabase.  Major tributaries of the 
LCRE, including the Cowlitz River to Tower Road and the Willamette River to Willamette Falls are 
included in the digital surface. The topographic features of the Terrain are built from 2009-2011 
LiDAR data, while the bathymetric surfaces of the Terrain are constructed from single- and multi-
beam sonar data from 1997 through 2009.  An important component of the surface model is that all 
levees of the LCRE and its major tributaries are incorporated in the Terrain using alignment and 
crest elevation data from the NWP levee Geodatabase.   CENWP EC-TG (GIS and Mapping 
Section) considers the terrain to be the most complete and best available geospatial dataset of the 
LCRE, and the surface has been approved for both Corp-wide and public  distribution. 

HEC-RAS 1-D Unsteady Model:  A detailed one-dimensional model of the LCRE is available to 
EC-HY.   The HEC-RAS Geometry dataset was extracted from the NWP Terrain described above; 
and was created for dual functionality; 1) to run long-term, unsteady simulations for a wide range of 
flow conditions, and 2) to fully map model generated results - notably water surface 
elevation/depth, stream power, and velocities over a digital surface.   Model cross-sections and 
storage areas extend across the entire 500-year floodplains of the LCRE and major tributaries like 
the Cowlitz and Willamette Rivers.  As with the Terrain Dataset, all levees on the LCRE are 
included in the HEC-RAS Geometry Dataset, and any and all levees can be set to breach during a 
simulation or breached before a simulated period begins.  The LCRE HEC-RAS model has been 
calibrated along its entire length from Bonneville to the mouth for high-average discharges and high 
flow conditions. 

HEC-DSS Data Storage and Management:   Associated with the HEC-RAS model are Data 
Storage System (DSS) files with period of record stage, and stage and flow data for all extant gages 
of the LCRE, including but not limited to Astoria/ Tongue Point (River Mile (RM) 17.5), 
Skamokawa (RM 33.8) Beaver Army Terminal (RM 55), Longview, WA. (RM 66.4), St Helen, OR. 
(RM 86.1), Vancouver (RM 106.5) and Bonneville Dam (RM ~145).    

HEC-SSP Statistical Software Package:   HEC-SSP is designed to perform statistical analyses of 
hydrologic data.  The components of HEC-SSP are listed below: 
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 Flow Frequency Analysis (Bulletin 17B) – This component of the software allows the user to perform 
annual peak flow frequency analyses. The software implements procedures in Bulletin 17B, 
Guidelines for Determining Flood Flow Frequency, by the Interagency Advisory Committee on 
Water Data.  

General Frequency Analysis – This component of the software allows the user to perform annual peak 
flow frequency analyses by various methods. Additionally the user can perform frequency analysis of 
variables other than peak flows, such as stage and precipitation data.  

Volume Frequency Analysis – This component of the software allows the user to perform a volume 
frequency analyses on daily flow or stage data.  

Duration Analysis – This component of the software allows the user to perform a duration analysis on 
any type of data recorded at regular intervals. The duration analysis can be used to show the percent 
of time that a hydrologic variable is likely to equal or exceed some specific value of interest.  

Coincident Frequency Analysis – This component of the software assists the user in computing the 
exceedance frequency relationship for a variable that is a function of two other variables.  

Curve Combination Analysis – This component provides a tool for combining frequency curves from 
multiple sources into one frequency curve.  

Application of Tools and Development of Profile:  Using the LCRE HEC-RAS model in 
unsteady model, EC-HY simulated conditions downstream of Bonneville from Water Year (WY) 
1973 through WY 2010 using period of record tide and flow data.   Calculated WSE (stages) were 
uploaded to DSS and compared with observed values at five gage stations of the LCRE with an 
established terrestrial datum (NAVD 88);  Tongue Point, Skamokawa, Longview, Saint Helens, and 
Vancouver.    With respect to hydrodynamic regimes only, Tongue Point gage is in the tidally 
dominated zone of the LCRE, Vancouver gage is in the discharge-controlled reach of the LCRE, 
and Longview gage is within the transition zone of the river-estuary.  Observed and calculated WSE 
at these three locations are presented in tables and on graphs below  

Observed and model-calculated stages at these three stations are shown graphically in the following 
figures.  For comparison, the paired sets are plotted against a 1:1 line (shown as a dashed red line).  
The tight scatter of the points on either side of the 1:1 line are indicative of the robustness and lack 
of bias in the calibration, as none of the paired sets at any of the stations  plot uniformly above or 
below the 45-degree line.  

Maximum WSE by water year were exported to HEC-SSP, and an analyst used the general frequency 
analysis functionality of the program to compute expected annual exceedance probability (AEP) stages 
of the LCRE.   The statistical model is log-Pearson Type III (LPIII).   The total number of events is 
38, and system statistics are reported in HEC-SSP output files.   From downstream of RM 84 (near 
Saint Helens) to RM 42 at Wauna, the February 1996 flood stages are treated as high-outliers (the 
program sets these values as a maximum threshold).   
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The derived SBU profile is the 50-percent AEP WSE from Bonneville Dam (tailwater) to the end of 
the MCR North Jetty (buoy 7) is illustrated on the figure below.   The associated table of 
longitudinal distance (river mile) and WSE are also shown below.    As the average distance between 
cross-sections of the LCRE HEC-RAS model is 2000 feet, the theoretical maximum resolution for 
an AEP-WSE is every 0.4 miles. 

 

     
Vancouver- RM 106.5 
WSE in feet NAVD 

Water 
Year 

Calc 
WSE 

Obs 
WSE 

2003 19.71 19.4 0.31 
2004 16.38 15.65 0.73 
2005 16.56 
2006 21.14 20.44 0.70 
2007 17.13 17.30 -0.17 
2008 22.36 20.06 2.30 
2009 19.91 19.13 0.78 
2010 20.76 19.98 0.78 

1996 32.60 32.48 0.12 
1997 28.20 27.83 0.37 
1999 19.96 20.28 -0.32 
2000 16.91 17.60 -0.69 

 
Longview - RM 66.4 
WSE in feet NAVD 

Water 
Year 

Calc 
WSE 

Obs 
WSE 

2003 14.60 14.92 -0.32 
2004 12.73 13.08 -0.35 
2005 12.69 12.59 0.10 
2006 15.83 15.87 -0.04 
2007 13.64 14.22 -0.59 
2008 15.80 15.23 0.57 
2009 15.33 15.68 -0.35 
2010 13.88 14.60 -0.72 

1974 18.13 18.90 -0.77 
1978 16.10 16.50 -0.40 
1986 15.70 15.50 0.20 
1996 21.71 20.90 0.81 

Tongue Point (Astoria) - RM 17.5  
WSE in feet NAVD 

Water 
Year 

Calc 
WSE 

Obs 
WSE 

1973 12.18 12.37 -0.19 
1974 12.08 12.06 0.02 
1975 10.50 10.70 -0.20 
1976 11.33 11.68 -0.35 
1977 10.88 10.90 -0.02 
1978 12.24 12.23 0.01 
1979 10.98 10.83 0.15 
1980 11.14 11.45 -0.31 
1981 11.22 11.06 0.16 
1982 12.38 12.22 0.16 
1983 12.53 12.58 -0.05 
1984 10.99 10.84 0.15 
1985 10.85 11.13 -0.28 
1986 11.16 10.99 0.17 
1987 11.61 11.61 0.00 
1988 11.28 11.37 -0.09 
1989 11.71 11.78 -0.07 
1990 11.87 11.70 0.17 
1991 11.56 11.49 0.07 
1992 11.07 11.23 -0.16 
1993 11.21 11.38 -0.17 
1994 11.43 11.59 -0.16 
1995 11.43 11.59 -0.16 
1996 12.47 12.17 0.30 
1997 12.27 12.09 0.18 
1998 11.72 11.71 0.01 
1999 12.20 12.21 -0.01 
2000 11.34 11.48 -0.14 
2001 10.99 11.33 -0.34 
2002 12.05 11.99 0.06 
2003 11.98 12.09 -0.12 
2004 11.93 12.25 -0.32 
2005 11.46 11.54 -0.08 
2006 12.78 12.57 0.21 
2007 11.68 11.68 0.00 
2008 11.36 11.22 0.14 
2009 11.49 11.50 -0.01 
2010 11.63 11.89 -0.26 
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River Miles 1

DRAFT  Lower Columbia River
50% Annual Exceedance Probability Stage Profile for Survival Benefit Unit Calculation 

Expected Probability

5‐Percent CL

95‐Percent CL

Tongue Point

Longview

St Helens

Skamokawa

Vancouver

CENWP‐EC‐HY developed this stage profile for the Lower 

Columbia River to support restoration activities within the reach.  

The following process was followed: 

 An unsteady‐state HEC‐RAS model was developed and 

calibrated to observed annual high water marks. 

 The model was run with best available boundary conditions for 

the regulated period from water year 1973 to 2010. 

 Annual maximum water surface profiles were extracted for 

each water year. 

 HEC‐SSP was used to following guidance in EM 1110‐2‐1415 to 

determine expected 50% AEP stage values along the reach. 

Confidence limits are calculated values determined from model 

output and do not represent uncertainty limits. 

1  River Miles are based on a River Schematic developed for the 

Columbia River Treaty 2014 study and may not match USGS 

quarter quads or other sources.  A shape file of river miles 

applicable to this study is available from CENWP‐EC‐HY upon 

request. 
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Water Surface Elevation, feet NAVD 

RM 1 
Expected 

Probability 
5-Percent 

CL 
95-Percent 

CL 
145.87 28.7 30.1 27.4 
142.04 25.6 26.9 24.4 
140.15 25.4 26.6 24.2 
136.05 24.9 26.2 23.7 
132.13 24.3 25.6 23.2 
128.19 23.7 24.9 22.5 
123.99 23.0 24.2 21.9 
120.07 21.7 22.9 20.6 
115.93 21.0 22.2 19.9 
112.10 20.3 21.5 19.2 
107.86 19.7 20.8 18.6 
104.06 19.4 20.6 18.4 
100.00 19.1 20.2 18.0 
96.06 18.5 19.6 17.5 
92.06 18.0 19.0 17.0 
88.04 17.4 18.3 16.4 
83.92 16.8 17.7 15.9 
80.65 16.3 17.2 15.5 
75.98 15.7 16.5 14.9 
72.12 15.3 16.1 14.6 
68.15 14.8 15.4 14.1 
63.99 14.0 14.6 13.5 
60.41 13.5 14.0 13.0 
55.84 13.0 13.4 12.6 
51.85 12.7 13.0 12.4 
47.70 12.5 12.7 12.2 
44.06 12.4 12.6 12.2 
40.24 12.2 12.4 12.1 
36.35 12.1 12.3 11.9 
31.89 11.9 12.1 11.8 
28.07 11.8 12.0 11.7 
23.76 11.7 11.8 11.6 
20.24 11.6 11.8 11.5 
16.35 11.5 11.7 11.4 
12.18 11.4 11.6 11.3 
8.47 11.4 11.5 11.2 
4.65 11.4 11.6 11.3 
1.70 11.5 11.7 11.4 
0.15 11.6 11.7 11.5 

 

1. River Miles are based on a River Schematic developed for the Columbia River Treaty 2014 study and 
may not match those on USGS quarter quads or other sources.  A shape file of river miles applicable 
to this study is available from CENWP-EC-HY upon request. 
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