


compensatory mitigation requirements should be expressed clearly and explicitly in the updated Critical Areas
Ordinance.

Add Section Approaches to Compensatory Mitigation - In a similar manner as Section 14.24.250 (3) was added to
match Ecology’s guidance on Selecting Compensation Sites, it should be equally appropriate to include a Section

to “match” guidance 070.D (Pages A-16 & A-17) in their Sample Wetland Regulations. Additionally, itis appropriate to

add language reflecting the language of Page 28 of the Department of Ecology’s Publication 22-06-014 - Wetlands
Guidance for COA Updates | have pasted this section below and highlighted in “bold” the language from page 28 of
Publication 22-06-014 :

Approaches to Compensatory Mitigation. Mitigation for lost or diminished wetland and buffer functions shall rely
on the approaches listed below: If a proposed project is located within the service area of a Corps-

approve mitigation bank or ILF program, per the 2008 Federal Mitigation Rule, the application must first
consider their use a compensatory mitigation before considering the permittee-responsible mitigation
options."

1. Wetland Mitigation Banks. Credits from a wetland mitigation bank certified under Chapter 173-700 WAC may
be used to compensate forimpacts located within the service area specified in the mitigation bank instrument if
allthe following are met: a. The [Administrator] determines that it would provide appropriate compensation for
the proposed impacts; and b. The proposed use of credits is consistent with the terms and conditions of the
mitigation bank instrument. c. Mitigation ratios are consistent with ratios specified in the mitigation bank
instrument.

2. In-Lieu Fee (ILF) Mitigation: Credits from an approved in-lieu fee program may be used when all the following
apply: a. The [Administrator] determines that it would provide appropriate compensation for the proposed
impacts. b. The proposed use of credits is consistent with the terms and conditions of the approved ILF program
instrument. c. Projects using ILF credits shall have debits associated with the proposed impacts calculated by
the applicant’s qualified wetland professional using the credit assessment method specified in the approved
instrument for the ILF program. d. The impacts are located within the service area specified in the approved ILF
instrument.

3. Permittee-responsible, advance mitigation. Advance mitigation is a form of permittee-responsible mitigation
implemented before a permitted impact takes place. It is designed to compensate for impacts expected to occur
in the future. The applicant proposing the advance mitigation is the only one who can use the credits generated.
Credits cannot be sold or transferred to another applicant. Advance mitigation proposals should be developed in
accordance with state and federal rules and guidance on advance mitigation (Interagency Regulatory Guide:
Advance Permittee-Responsible Mitigation, Ecology Publication #12-06-015, and Chapter 4.2 of Wetland
Mitigation in Washington State—Part 1: Policies and Guidance—Version 2, Ecology Publication #21-06- 003, or as
revised).

4. Permittee-responsible, concurrent mitigation. Concurrent mitigation is a form of permittee-responsible
mitigation implemented at the same time permitted impacts are occurring. The permittee is responsible for
implementation and success of the compensation. Concurrent mitigation may occur at the site of the permitted
impacts or at an off-site location, usually within the same watershed. Permittee-responsible, concurrent
mitigation shall be used only if the applicant’s qualified wetland professional demonstrates to the
[Administrator]’s satisfaction that the proposed approach is ecologically preferable to use of a bank or ILF
program, consistent with the criteria in this Section.

14.24.250 (4) - Innovative Wetland Mitigation Projects - With the inclusion of language similar to Section 070.D in the
Sample Wetland Regulations from the Department of Ecology, it would seem that this Section could be deleted.

Thank you for the consideration of these comments and reccomdations regarding text corrections. Please do not
hesitate to contact me with any questions, comments or concerns



Jeff Poetsch

Clear Valley Environmental Farm
650-207-4994
jeffcp@earthlink.net







Main Listing Information

Listing ID: 6163
Waterbody Name: BIG LAKE
Medium: Water
Parameter: Total Phosphorus
waQl Project: None
Designated Use: Aquatic Life - General

Year Category
2018 2
2012 2
2010 2
2008 2
2004 2
1998 Y
1996 Y

Assessment Unit

Assessment Unit ID: 17110007000662_001_001
Size: 2.17 Square kilometers
Associated Components(s): Reach: 17110007000662, Type: Lakes
County: Skagit
WRIA: Lower Skagit-Samish

Basis Table

See Basis Statement field.

Basis Statement

HISTORICAL INFORMATION
O'Neal et al. (2001) concludes that designated uses are being supported.

In 1999, the mean measured total phosphorus concentration for Big Lake was 18.7. Pending a more thorough study, a tentative total
phosphorus criterion of 20 pug/L was recommended.

Completed Lake Assessment Project in 1978 - Problems Encountered: Blue-green algae, low dissolved oxygen, tributary nutrient inputs. No
control measures were implemented. URS Company, 1977.

Remarks

Assessment Cycle 2018 - A historic Category 2 determination was carried forward from a previous assessment or administrative decision.
See Historic Basis Statement for previous assessment information.

Sumioka and Dion basis removed on 04/10/06. -kk According to O'Neal et al. (2001), shallow depths, dense residential development, and a
location in a relatively large watershed may render Big Lake particularly susceptible to (and may have already caused) human-caused
eutrophication. Future studies may likely recommend lowering the total phosphorus criterion.

Data Sources

No Source Records

Map Link

Map Link (https://apps.ecology.wa.gov/waterqualityatlas/wga/map?Istid=6163),



https://apps.ecology.wa.gov/waterqualityatlas/wqa/map?lstid=6163
https://apps.ecology.wa.gov/waterqualityatlas/wqa/map?lstid=6163

RicHARD R. HORNER, PH.D.
1752 NW MARKET STREET, # 551 TELEPHONE: (206) 605-9775
SEATTLE, WASHINGTON 98107 E-MAIL: rrhornerl@msn.com

November 19, 2024

Friends of Skagit County

P.O. Box 2632

Mount Vernon, Washington 98273-2632
skye@cnw.com

To Whom It May Concern:

I reviewed the Stormwater Site Plan Overlook Crest Plat, Skagit County, Washington, July 2022
(the Stormwater Plan) submitted by the proponent of the Overlook Crest Plat development
(Overlook Crest, the development, or the project) in the Skagit County (the County). | focused on
the proposed system to manage the stormwater runoff from the development and its potential effects
on the waters that would regularly receive the stormwater discharge (Big Lake and its outlet stream).
In addition to the Stormwater Plan, I relied on sources from the literature of the stormwater
management field and internet resources, all cited in footnotes. This letter presents the conclusions
| reached.

In evaluating the Overlook Crest documents, | applied the experience of my 47 years of work in the
stormwater management field and 11 additional years of engineering practice. During this period, I
have performed research, taught, and offered consulting services on all aspects of the subject,
including investigating the sources of pollutants and other causes of aquatic ecological damage,
impacts on organisms in waters receiving urban stormwater drainage, and the full range of methods
of avoiding or reducing these impacts. Attachment A to this letter presents a more complete
description of my background and experience, and Attachment B contains my full curriculum vitae.
The following Table of Contents is a directory of the topics in this letter.
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SUMMARY OF MY CONCLUSIONS AND OPINIONS

Based on my assessment, | have drawn conclusions and formulated opinions as follows:

Big Lake provides habitat for salmonid and other fish and qualifies as a Critical Area under
the County’s Critical Areas Ordinance. Despite this status, it is listed as impaired by several
water pollutants and is in a eutrophic (relatively highly phosphorus-enriched) condition,
with excessive algal and aquatic plant growths degrading its beneficial uses.

The construction phase of the Overlook Crest project poses substantial risk to Big Lake
through soil erosion and the transport of sediments and the phosphorus they carry. This risk
is amplified by the steep slopes on the site and the resulting elevated erosion tendency.

The Stormwater Plan offers almost no detail on how this construction-phase risk will be
countered. There must be a thorough analysis of all the factors contributing to it and, before
development approval, a comprehensive plan presented to employ a range of source control
practices and implement advanced construction runoff treatment to protect the lake.

Based on extensive data collected in the stormwater management field, the finished and
occupied development will generate higher runoff volumes and concentrations and mass
loadings of a number of water pollutants, some not previously of concern, compared to the
current open land. It is my opinion that the Overlook Crest development stormwater
management plan as proposed will result in substantial increase in the discharge of
phosphorus and other pollutants to, and degradation of, Big Lake.

To counter this threat, the Stormwater Plan offers only sketchy pollutant source controls
without commitments. It further proposes to manage runoff in adjacent, downslope golf
course ponds modified to serve both as a detention basin for flow control and a wet pond for
pollutant capture. Based on extensive data collected on wet ponds, it will not sufficiently
reduce phosphorus in the discharge to prevent further eutrophication of Big Lake. It is my
opinion that, given the deficiencies of the construction and post-construction stormwater
management plans proposed for Overlook Crest, the development will aggravate the already
eutrophic and degraded state of Big Lake.

I recommend that, before development approval, the Stormwater Plan be extensively
upgraded to specify and commit to a broad suite of pollutant source controls and supplement
the golf course ponds with either: (1) comprehensive stormwater infiltration based on
additional geotechnical work to identify any localized opportunities for runoff dispersion
and assess deep infiltration via wells; or (2) bioretention units to collect and treat runoff
from the road through the development and any runoff draining onto the road from
residential properties. It is feasible in my opinion to construct these units without
underdrains, except in locations where lateral drainage across the glacial till would cause
some problem.
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e Itis my opinion that the success of any upgraded stormwater management plan for the

Overlook Crest development will require significant inspection, maintenance and repair
efforts which will need a secure funding source.

e The potential environmental harm associated with the development as proposed warrants a
full environmental impact assessment.

The remainder of my letter elaborates on these points and justifies my conclusions and opinions.
THE PROPOSED DEVELOPMENT

The Site and Development Proposal

According to the Stormwater Plan, the proposed development would cover an area of approximately
180 acres east of Big Lake and north and east of the Overlook Golf Course located downslope from
the project site. The project includes phased development of up to 105 residential lots with
associated open space, utilities, and roadways. There will be approximately 59 acres of cluster
development and 118 acres of open space with access via streets dedicated to the public. The
residential lots will be along the slope east of the golf course and range in size from 1/3 acre to 1
acre.

Access will be via an existing private road to be improved to Skagit County standards and made
public. The proposed roadway within the plat will also be public, encompassing approximately 13
acres and to be constructed to Skagit County Road standards within a 60-foot-wide right-of-way. A
second emergency access to the development will be constructed along the northern property line.

The site is currently vegetated with grass, brush, and scattered tree cover. Topography of most of
the site slopes down to the west towards the flat-lying golf course. Site topography at the east end
of the site slopes downward in all directions from a hilltop feature. Site slopes range between 3
percent and 35 percent, with an average slope of approximately 13 percent.!

The Proposed Stormwater Management System

The Stormwater Plan states that the finished development will have two stormwater catchment
areas, which it refers to as Threshold Discharge Areas (TDAs). TDA 1 is the much larger,
encompassing the majority of the area producing stormwater runoff. It also receives run-on
drainage entering from off the site. TDA 1 stormwater will drain to ponds on the golf course. The
access road and associated sidewalk will comprise TDA 2, the runoff from which will disperse
through existing vegetation.

Stormwater flow control and treatment for TDA 1 will be managed in the existing golf course
Ponds 1-4. Pond 1 is the largest and farthest downstream. The ponds will function as both a
detention basin for flow control and wet pond for water quality treatment. They will operate as a

! The Stormwater Plan is inconsistent regarding the average slope, with page 5 citing 13 percent and page 30, under the
Stormwater Modeling Overview, stating 8 percent.
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single system, since they are all have the same bottom elevation. Aqua-Swirl hydrodynamic
separators will be installed at two inlets to the pond system for pre-treatment. The ponds will be
expanded, interconnected, and have a flow control structure added to Pond 1. Berms will be
constructed on the north and south ends of the ponds to create the necessary detention volume.

Water discharging from the golf course pond system travels through a smaller pond that turns into a
channel as it leaves the site. From there it passes through a series of channel, culvert, and pipe
conveyances to Big Lake. This downstream system will be upgraded as part of the project to handle
additional flow. The Stormwater Plan implies that increased flow would result from failure of the
pond control structure and that the upgrades will be designed for the 100-year peak storm discharge.

The Stormwater Plan fails to describe how the drainage at the east end of the site sloping downward
from a hilltop feature will be managed. It is also vague on the dispersal of runoff from TDA 2.
Although these flows may not affect Big Lake, the plan should cover their disposition.

THE BIG LAKE AQUATIC ECOSYSTEM

General Description

Big Lake, at 536 acres in size, is the largest lake in Skagit County. It provides important wildlife
habitat, and offers recreational opportunities, including swimming, fishing, boating, and shoreline-
related activities. The lake has a Washington Department of Fish and Wildlife boat ramp and is
heavily used by both lake residents and the public for recreation. Beneficial uses of the lake have
been severely impacted from dense, prolific growth of invasive aquatic plants.? Big Lake is listed
as an impaired water body for the parameters in Table 1 in the Washington Department of Ecology
(Ecology) Water Quality Assessment under Clean Water Act section 303(d).

Big Lake has existing or potential habitat for the salmonids coastal cutthroat trout, coho salmon,?
bull trout, and Dolly Varden.* Angling opportunities include largemouth bass, yellow perch,
pumpkinseed sunfish, and black crappie, in addition to the cutthroat trout.® Accordingly, Big Lake
qualifies as a Critical Area under the Skagit County Code 14.24 Critical Areas Ordinance. Among
other criteria for this designation, the ordinance lists areas with which endangered, threatened, and
sensitive species and anadromous fish species have a primary association.

Big Lake is tributary to Nookachamps Creek, which hosts Chinook salmon (fall run) rearing and
also has existing or potential habitat for coho salmon (spawning and rearing), bull trout, and Dolly
Varden.* The creek has 303(d) impairment listings in common with Big Lake and some others,

2 https://www.skagitcounty.net/Departments/PublicWorksSurfaceWaterManagement/biglake.htm (accessed November
11, 2024).

3 https://wdfw.wa.gov/fishing/locations/lowland-lakes/big-lake (accessed November 11, 2024).

4 Montgomery Water Group, Inc. 2007. Big Lake Drainage Management Plan, Final Draft. Board of County
Commissioners, Skagit County Public Works Department, Mount VVernon, WA.
https://www.skagitcounty.net/PublicWorksNaturalResourcesManagement/Documents/Big%20L ake%20DMP/Text/Big
%20L ake%20Drainage%20Management%20Plan%20Final%2011%2009%2007.pdf (accessed November 11, 2024).



https://www.skagitcounty.net/Departments/PublicWorksSurfaceWaterManagement/biglake.htm
https://wdfw.wa.gov/fishing/locations/lowland-lakes/big-lake
https://www.skagitcounty.net/PublicWorksNaturalResourcesManagement/Documents/Big%20Lake%20DMP/Text/Big%20Lake%20Drainage%20Management%20Plan%20Final%2011%2009%2007.pdf
https://www.skagitcounty.net/PublicWorksNaturalResourcesManagement/Documents/Big%20Lake%20DMP/Text/Big%20Lake%20Drainage%20Management%20Plan%20Final%2011%2009%2007.pdf
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including dissolved oxygen. That quantity could be affected by conditions in the lake, a subject I
cover later.

Table 1. Big Lake Impairments under Clean Water Act Section 303(d)®

Parameter Medium | Category?
Hexachlorobenzene Tissue 5
Dioxin Tissue 5
Polychlorinated Biphenyls (PCBs) | Tissue 5
Invasive Exotic Species Habitat 4C
Total Phosphorus Water 2
2,3,7,8 TCDD TEQ Tissue 2

& Water bodies are designated as Category 5 if they have: (1) data showing that water quality standards have been
violated for one or more pollutants; (2) no Total Maximum Daily Load (TMDL) or pollution control program in place;
and (3) impaired designated uses, such as for drinking, recreation, aquatic habitat, and industrial use. Category 4C
waters are impaired by causes that cannot be addressed through a TMDL plan, including low water flow, stream
channelization, and dams. In Category 2 are waters of concern based on evidence of problems.

Figure 1 presents annual mean total phosphorus (TP) concentrations measured by Skagit County
Public Works Natural Resources Division at Big Lake’s inlet and outlet since 2008. It may be seen
that the inlet concentrations have been relatively stable around approximately 20 pg/L over those
years. The outlet concentrations, representing those being released from the lake, were also fairly
stable around approximately 30 pg/L through 2020 but then began to climb steeply. The mean
concentration reached 64 pg/L, over twice the usual historic level, in the most recent year.

Figure 1. Mean Annual Total Phosphorus (ug/L) at Big Lake's Inlet and Outlet
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5 https://apps.ecology.wa.gov/waterqualityatlas/wga/map?CustomMap=y&BBox=-14338616,5395963,-
12562831,6503994&RT=0&L ayers=27&Filters=y,n,n,n,n,n (accessed November 11, 2024).



https://apps.ecology.wa.gov/waterqualityatlas/wqa/map?CustomMap=y&BBox=-14338616,5395963,-12562831,6503994&RT=0&Layers=27&Filters=y,n,n,n,n,n
https://apps.ecology.wa.gov/waterqualityatlas/wqa/map?CustomMap=y&BBox=-14338616,5395963,-12562831,6503994&RT=0&Layers=27&Filters=y,n,n,n,n,n
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In 1999, the Department of Ecology established the recommended TP maximum concentration for
Big Lake as 20 ug/L.® This criterion is consistent with WAC 173-201A-230 establishing lake
nutrient criteria.” While that level was exceeded more often than achieved in earlier years, the
differential was not large until 2021 and more than tripled by 2023. Also, the data plotted in Figure
1 are annual means; some individual measurements are higher.

Eutrophication in Big Lake

What Eutrophication Is

Eutrophication is the process by which a body of water becomes enriched in nutrients that stimulate
the growth of photosynthesizing primary producers (algae and plants), usually resulting in negative
effects on the aquatic ecosystem. The growth of an algal cell or plant tends to be controlled by,
more than any other agent, the nutrient in least supply relative to the physiological need, known as
the limiting nutrient. That nutrient is generally either phosphorus (P) or nitrogen (N), but in fresh
waters is more often P. N still can be limiting at times, for example when high algal biomass
incorporates much of the P supply, leaving little available in the water.

Addition of the limiting nutrient not only increases algal abundance but also tends to change the
community from single-celled organisms to filamentous forms, which are less desirable for several
reasons. They are generally an inferior food source for wildlife; clog water intakes, conveyances,
and boat motors; and foul beaches when they wash up on them. Some filamentous blue-green algae
produce toxins that can Kill an animal that drinks directly from the water and must be removed
before distributing to humans.

When the increased masses of algae and plants die, bacteria decomposing them exert a large
demand on the oxygen dissolved in the water and reduce the amount available for aquatic life.
Other sources of organic material issuing from a construction site or urban community supplement
this oxygen demand. It is not unusual for a eutrophic lake to have little or sometimes no oxygen in
the colder waters at the bottom, and reduced oxygen even near the surface.

Oxygen depletion is not only an issue for the lake but also for the outlet stream, Nookachamps
Creek, which is already impaired for dissolved oxygen (DO). DO tends to be lowest in the warmest
months of the year, because as temperature rises the capacity for oxygen to dissolve in water
decreases. In the June-August period of 2023, DO in Nookachamps Creek at the lake discharge
averaged 2.85 mg/L lower than at the lake inlet. It was as low as 6.54 mg/L, well below the 10
mg/L state water quality criterion.2 The salmonids in the stream are particularly sensitive to
reduced oxygen levels. Decomposable algae and plants, as well as low-oxygen water, entering from
the lake are aggravating factors.

6 https://apps.ecology.wa.gov/approvedwqga/approvedpages/viewapprovedlisting.aspx?Listingld=6163 (accessed
November 13, 2024).

7 https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-230&pdf=true (accessed November 13, 2024).

8 Data from Emma Santana, Skagit County, emmas@co.skagit.wa.us.



https://apps.ecology.wa.gov/approvedwqa/approvedpages/viewapprovedlisting.aspx?ListingId=6163
https://app.leg.wa.gov/WAC/default.aspx?cite=173-201A-230&pdf=true
mailto:emmas@co.skagit.wa.us
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An anaerobic condition at the water-sediment interface along the lake bed enables chemical
reactions that release a variety of deleterious pollutants into the water column. One of these
substances is phosphorus itself, which stimulates further algal growth. Thus, eutrophication sets up
a feedback loop compounding the problem. Oxygen depletion at the sediments also releases
ammonia, iron, manganese, other metals that are toxic to fish and invertebrates, hydrogen sulfide,
methane, and other organic compounds.

Another negative effect of eutrophication is increased daytime pH, through heightened extraction of
carbon dioxide during photosynthesis by the abundant algae and plants. Removal of carbon dioxide
from the water raises pH through reduction of bicarbonate, a buffering agent, which chemically
dissociates to replenish the lost carbon dioxide. The rise of water pH also drives ammonia toward
the unionized form (NHs), which is more toxic to aquatic life than ionized ammonia (NH4").

Excessive aquatic plants have several additional negative impacts. They disrupt food chains by
altering habitat availability for fish and block light, making it harder for fish to find food and avoid
predators. Heavy plant growth interferes with navigation and recreational activities such as boating,
swimming, fishing and water-skiing. They also create stagnant water, providing good breeding
ground for mosquitoes.

Assessing Big Lake Eutrophication

Lake trophic state is a measure of the relative amount of primary production through photosynthesis
by algae and plants, and thus the degree of eutrophication. Trophic states are based on lake fertility
and are typically classified as one of the following:

e Oligotrophic—Relatively few nutrients (nitrogen and phosphorus), high levels of dissolved
oxygen, low algal concentrations, clear water;

e Mesotrophic—Medium amount of nutrients, moderately clear water, some algal blooms
mostly in late summer, oxygen depletion at the bottom of the lake as biomass decomposes;

e Eutrophic—Nutrient rich, high level of primary production, reduced clarity, seasonally
deficient in oxygen; or

e Hypereutrophic: Extremely rich in nutrients, highest primary production, poor clarity,
broadly oxygen deficient.

Various systems have been proposed to classify trophic state. Commonly used classifications use
three variables: (1) total phosphorus (TP); (2) chlorophyll a, a pigment in algae and plants that is
most essential for photosynthesis, proportional to and representative of the primary producer
biomass present in a water sample; and (3) Secchi depth, a measure of water clarity, how deep light
can penetrate, determined by lowering a weighted disk on a cord into the water until it's no longer
visible, raising it until it just becomes visible again, and determining its depth below the surface
with a scale marked on the cord.
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The North American Lake Management Society assimilated systems developed by Carlson (1977),°
Vollenweider and Kerekes (1980),° and Carlson and Simpson (1996)*! as the bases for a
recommended classification.*? In addition to the three variables cited above, this system uses a
Trophic State Index (TSI) from Carlson (1977). Carlson actually proposed three TSIs based on the
three key variables. Table 2 shows the classification of Big Lake according to this system. In
addition to the latest mean annual TP concentration presented earlier, there is a 2023 chlorophyll a
value from a Western Washington University monitoring program.*®

Table 2. Classification of Big Lake Trophic Status

Variable Big Lake Criterion Range Containing Big Lake Classification
Value Value
(TTO;‘;" phosphorus | ¢ gl 24-96 pg/L Eutrophic
E:grll?)rophyll a 11.8 pg/L® 7.3-56 pg/L Eutrophic
TSI(TP)P 64 50-70 Eutrophic
TSI(Chl)® 54 50-70 Eutrophic

2 Data from https://diatom.cenv.wwu.edu/?page=singlelake:BIG; the 2023 chlorophyll a concentration was the highest
measured in the most recent 10 years.

b Erom Carlson (1977), TSI(TP) = 14.42 x In(TP) + 4.15; TSI(Chl) = 9.81 x 1n(Chl) + 30.6; where In is the natural
logarithm.

This analysis places Big Lake roughly midway in the eutrophic category, clearly outside the less
enriched mesotrophic zone. It is therefore already relatively advanced in eutrophication and
experiencing the elevated algal and aquatic plant growths characteristic of that state. It is
vulnerable to further deterioration with increase phosphorus input. It is my opinion that the
Overlook Crest development as proposed will result in substantial increase in the phosphorus and
other pollutants reaching Big Lake. | explain the reasons for my judgment and what should be done
to avoid that outcome in the remainder of this letter.

PREFACE TO MY ASSESSMENT

The Overlook Crest development poses multiple threats to the Big Lake ecosystem both during
construction and over the years when occupied by residents. Conventional practice in the
stormwater management field is to counter these risks by measures to prevent the creation of
problems (i.e., excessive runoff and pollutants in that flow) as much as possible and then apply
backup practices to control runoff quantities and recapture pollutants before they can damage

® Carlson, R.E. 1977. A Trophic State Index for Lakes. Limnology and Oceanography 22(2):361-369.

10 vollenweider R.A and J.J. Kerekes. 1980). Background and Summary Results of the DECO Cooperative Program on
Eutrophication. In: Proceedings of the International Symposium on Inland Waters and Lake Restoration. U.S.
Environmental Protection Agency, EPA 440-5-81-010, p. 25-36,
https://nepis.epa.qov/Exe/ZyPDF.cqi/9100Z7H5.PDF?Dockey=9100Z7H5.PDF (accessed November 15, 2024).

11 carlson, R.E. and J. Simpson. 1996. A Coordinator’s Guide to Volunteer Lake Monitoring Methods. North
American Lake Management Society.

12 https://www.nalms.org/secchidipin/monitoring-methods/trophic-state-equations/ (accessed on November 13, 2024).
13 1 have not found any Secchi depth readings for Big Lake.



https://diatom.cenv.wwu.edu/?page=singlelake:BIG
https://nepis.epa.gov/Exe/ZyPDF.cgi/9100Z7H5.PDF?Dockey=9100Z7H5.PDF
http://www.nalms.org/home/publications/free-nalms-publications/free-nalms-publications.cmsx
https://www.nalms.org/secchidipin/monitoring-methods/trophic-state-equations/
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receiving waters. Preventive techniques are called source controls. Flow modulation practices seek
to maintain pre-development discharge volumes and peak flow rates, and treatment controls remove
pollutants before discharge to the receiving water. There are many options in these categories, and
they differ in performance.

In the next several sections of this letter, | evaluate source controls and backup practices put forth
for both the construction and long-term phases of the Overlook Crest development, to the extent
they have been presented. There are many details missing in the available information. In these
circumstances, | critique the proposals that have been issued and offer my opinions regarding the
practices that should be adopted.

ASSESSMENT OF THE CONSTRUCTION PHASE OF THE PROPOSED DEVELOPMENT
Introduction

The Stormwater Plan on page 12 states that a Stormwater Pollution Prevention Plan (SWPPP)
narrative will be provided within the civil site plan drawings. It further declares that this SWPPP
and corresponding Temporary Erosion & Sediment Control Plan (TESC) has been created using the
2019 Manual** to ensure that the BMPs selected will meet Construction General Stormwater
NPDES permit from Ecology. It does not appear that these documents actually have been created.
Because the proposed construction poses formidable problems for managing construction site
pollutants, potentially damaging to the Big Lake ecosystem, they should be produced and presented
to the County and citizens for evaluation before further project consideration. The documents
should fully detail the best management practices (BMPs) that will be used to control pollutants
from all construction-related sources. Next, | detail factors creating the challenges and how they
should be met with effective practices.

Slope Considerations

As | noted above, site slopes range between 3 percent and 35 percent, with an average slope of
approximately 13 percent. These relatively steep slopes pose definite challenges for successfully
managing construction-phase stormwater to comply with the permit’s requirements.

Slope is a leading factor in soil erosion and sediment loss from a construction site. Thus, it is
especially crucial to comprehensively address means of avoiding sediment transport from this site
or, at the very least, holding it to a de minimis level. Achieving this goal requires careful, detailed
analysis and development of a SWPPP incorporating superior BMPs tailored to the site’s
circumstances.

Construction zones cleared of vegetation and not otherwise stabilized yield much more sediment
compared to the original area well covered with plants and to the same area restablized with
vegetative cover following construction. Measurements and estimates using a mathematical model

14 Referring to edition of Ecology’s Stormwater Management Manual for Western Washington issued in 2019. The
manual was updated in 2024, and that edition should be the basis for all aspects of Overlook Crest stormwater
management.
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(Revised Universal Soil Loss Equation Version 2, RUSLE?2) indicate 30 to more than 1000 times as
much soil loss can occur after vegetation clearing compared to before clearing. Therefore, one year
of construction with no or inadequate erosion controls can release into the environment as much
sediment loading as occurred over decades or even centuries before the piece of land had been
cleared. All soils contain phosphorus, and poorly controlled erosion and the resulting sediment
transport would be very damaging to the Big Lake ecosystem.

Going further into the matter of slope as an important determinant of erosion, RUSLE?2 estimates
soil loss potential according to variables representing rainfall characteristics, soils, slope length,
vegetation cover, BMPs, and contributing area, in addition to slope steepness. All other factors
being equal, the equation predicts the approximate increases in soil loss at different slope gradients
given in Table 3. It can be seen that the rate of soil loss escalates greatly with increasing gradient.
Slopes in the upper ranges of Table 3, and even greater, do exist in the areas to be disturbed for the
Overlook Crest development. Even with the average slope on the site, uncontrolled soil loss is
projected to be more than four times as great as on relatively flat ground. Owing to these
circumstances and the related high potential soil loss, before the project moves forward, there
should be full analysis and construction SWPPP development, followed by assessment by the
County and the public.

Soils and Hydrology

Beyond giving insufficient attention to the topographic challenges to limiting sediment export
during construction, the project documents likewise have given little emphasis to the potential
erosiveness of site’s soils. RUSLE2 takes soils and their erosivity property into account with a
variable termed the K Factor, an index that quantifies the relative susceptibility of the soil to sheet
and rill erosion. Values range from about 0.02 for the least erodible soils to 0.64 for the most
erodible.’® Thus, the challenge of erosion on a construction site can vary by more than 30 times
due to soils alone. Soil properties affecting the K Factor include texture, organic matter content,
structure, and saturated hydraulic conductivity. These characteristics must be known for a proper
analysis of erosion potential and effective strategizing to defeat it.

Table 3. Comparison of Estimated Soil Loss as Slope Increases from 3 Percent

Slope (%) | Estimated Soil Loss Compared to 3% Slope?
6 1.8 times
10 3.0 times
14 4.7 times
20 7.0 times
25 8.9 times
30 10.7 times

2 From Table 4-3 of Renard, K.G., G.R. Foster, G.A. Weesies, D.K. McCool, and D.C. Yoder. 1997. Predicting Soil
erosion by Water: A Guide to Conservation Planning with the Revised Universal Soil Loss Equation (RUSLE).

15 Natural Resources Conservation Service. 2001. Revised Universal Soil Loss Equation (RUSLE2) Handbook. U.S.
Department of Agriculture, Washington, DC, https://www.nrcs.usda.gov/sites/default/files/2022-
10/RUSLE2%20Handbook_0.pdf, (accessed November 15, 2024).
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Agricultural Handbook No. 703, U.S. Department of Agriculture, Washington, DC. The example is for a slope 50 ft in
length.

Since this information is not available in comprehensive form, the K factors around the site cannot
be firmly established. Tokul gravelly loam soil predominates on the site according to Figure 3 in
the Stormwater Plan. Loams do not generally have the lowest K values but can be in the moderate
or even higher ranges depending on the controlling characteristics. Without thorough attention to
the exact characteristics of soils that will be disturbed, it is impossible to make a proper assessment
of erosiveness and the BMPs that will be necessary to prevent or mitigate it.

Producing a truly site-specific SWPPP will require hydrologic modeling of flows to be generated
during construction; passed through on-site conveyances; probably held the golf course ponds for a
time; and then discharged. This modeling should be performed with the current version of the
Western Washington Hydrologic Model (WWHM2012). Resource protection demands that flows
are estimated as well as possible to avoid erosion of conveyance channels, to size equipment
correctly, and to protect the receiving waters from high discharges during construction.

It is clear from the project documents that this essential hydrologic modeling has not occurred.
Approval of the project should not move further with this project until these construction-phase
soils and hydrology assessments occur. They must then be incorporated in a project-specific
SWPPP, along with the topographic considerations, for proper judgment of the construction-phase
stormwater management plan.

The Importance of Effective Construction-Phase BMPs

Contaminants from a poorly controlled construction site include sediments, the pollutants for which
they are a transport medium, and a host of harmful substances associated with construction
materials, wastes, and equipment. Fueling of vehicles, other equipment, or both almost always
occurs on large construction sites. Maintenance and cleaning also sometimes take place. Careless
operations release petroleum products, which are then picked up and transported in runoff. Paint,
solvents, cleaners, and other chemicals used in construction are sources of toxic organics.

The Stormwater Plan’s program to mitigate these pollutants is insufficient for me even to develop a
critique. While there are some specific BMPs mentioned on page 9 of the Subsurface Exploration,
Geologic Hazard, Infiltration Feasibility, and Preliminary Geotechnical Engineering Report (the
Geotechnical Report) in the Appendix, there is no expressed commitment to use them. Also, there
is no indication of how the construction runoff will ultimately be treated and discharged. I can
speculate that the topography and flow patterns on the site will direct it into the golf course ponds,
but that is not stated. If it is the case, will the ponds be in their present form or modified to the final
configuration? In either case, there appears to be no assessment if they will be adequate for the
purpose of minimizing sediment export to Big Lake. If in their final form, collection of
construction sediments could reduce their volume, and hence their future effectiveness, unless those
sediments are removed when construction is complete.

It is important that sediment addition to Big Lake be de minimis given that eroded soils transport
phosphorus, which is generally present in soils and to which the lake is sensitive and already
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degraded. As pointed out above, the prevalent slopes on the site complicate achieving this goal. In
this situation the best available erosion and sediment controls must be employed. Because the
Stormwater Plan is so sketchy regarding construction-phase stormwater management and it is so
crucial, I have made the effort to outline a program to which the development applicant should
commit and the County should demand, as follows.

Recommended Construction-Phase BMPs

Construction Management Practices

The program | recommend starts with source controls to prevent or reduce to the greatest extent
possible soil erosion and sediment transport from the site. The first measures to consider and make
maximum use of are construction management measures such as:

Maintain existing vegetation cover, if it exists, to the greatest extent technically feasible.

Perform ground-disturbing work in the dry season, with the smaller risk of erosion, and
work off disturbed ground in the higher risk wet season.

Limit ground disturbance to the amount that can be effectively controlled temporarily in the
event of rain.

Use natural depressions and plan excavations to drain runoff internally and isolate areas of
potential sediment and other pollutant generation from draining off the site, so long as safe
in large storms.

Schedule and coordinate rough grading, finish grading and erosion control applications to be
completed in the shortest possible time over-all and with the shortest possible lag between
these work activities.

Soil Stabilization Practices

An effective construction-phase BMP plan continues with stabilizing exposed soil with a cover
appropriate to the site conditions, season and future work plans; for example:

Rapidly stabilize disturbed areas that could drain off the site and will not be worked again,
with permanent vegetation supplemented with highly effective temporary erosion control
measures until at least 90 percent vegetative soil cover is achieved.

Rapidly stabilize disturbed areas that could drain off the site and will not be worked again
for more than three days, with highly effective temporary erosion control measures.

If 0.1 inch of rain or more is predicted with a probability of 40 percent or greater, before the
rain falls, stabilize or isolate disturbed areas that could drain off the site, and that are being
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actively worked or will be within three days, with measures that will prevent or minimize to
the greatest extent technically feasible the transport of sediment off the property.

Additional Erosion and Sediment Transport Reduction Practices

Additional source control measures that should be employed as appropriate to the site and
conditions are:

e Specify emergency stabilization and/or runoff collection procedures (e.g., using temporary
depressions) for areas of active work when rain is forecast.

e If runoff can enter storm drains, use a perimeter control strategy as a backup where some
soil exposure will still occur, even with the best possible erosion control (the above
measures).

e Specify flow control BMPs to prevent or minimize to the greatest extent technically feasible

the following:

o Flow of relatively clean off-site water over bare soil or potentially contaminated areas;

o Flow of relatively clean intercepted groundwater over bare soil or potentially
contaminated areas;

o High velocities of flow over relatively steep and/or long slopes, in excess of what
erosion control coverings can withstand; and

o Erosion of channels by concentrated flows either by using channel lining, velocity

control, or both.

e Minimize the number of construction entrances. Specify stabilization of construction
entrance and exit areas, provision of a nearby tire, undercarriage, and chassis wash for dirty
vehicles leaving the site with a wash water sediment trap, and a sweeping plan.

e Stabilize construction roads with crushed rock.

Construction-Site Stormwater Runoff Treatment Practices

All of the above BMPs are source controls, designed to prevent or minimize erosion and sediment
transport. They are essential and excellent measures to employ but are unlikely to be preventive
enough for the protection of Big Lake during a large construction project on relatively steep slopes
in its watershed. They must be backed by effective sediment capture. As | speculated earlier, the
Overlook Crest construction-phase stormwater runoff will flow to the golf course ponds. For that
purpose, | do not consider those ponds, in whatever configuration, to be adequate for capturing the
transported sediments and keeping them out of Big Lake.
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Ecology’s Stormwater Management Manual for Western Washington states, under the topic BMP
C250, that a sediment pond is effective at removing larger particulate matter by gravity settling, but
ineffective at capturing smaller particulates and may not be adequate to ensure compliance with the
water quality standards in the receiving water. It advises that BMPs C250 (chemical treatment) and
C251 (filtration) can reliably provide exceptional reductions of turbidity and associated pollutants,
which includes phosphorus. These practices have been employed at hundreds of construction
projects in Washington over many years. It is my strong opinion that an appropriate selection of
treatment elements among these technologies is essential to protect Big Lake from negative impacts
caused by Overlook Crest construction.

The advanced treatments employed at Washington construction sites generally involve filtration
assisted either by chemical polymer addition or electrostatic coagulation. For years, chitosan, a bio-
polymer derived from crab and shrimp shells, has performed extremely well at construction sites in
reducing sediment loadings through particle flocculation and subsequent filtration, as well as in
reducing metallic and organic pollutants in contaminated groundwater exposed in dewatering
construction sites. The polymer is generally employed in a chitosan-enhanced sand filtration
(CESF) configuration. Testing and experience have shown CESF capable of greatly reducing
concentrations of a range of pollutants, including TSS, zinc, other metals, petroleum derivatives,
and nutrients (phosphorus and nitrogen) to levels far below the regulatory limits.®

Chemical polymer alternatives to chitosan yield even better results for some runoff streams. The
optimum polymer is typically identified by conducting bench tests on several alternatives using the
actual runoff from the site at issue to determine which one maximizes flocculation.

An alternative to chemical polymer coagulation is electrocoagulation. In an electrocoagulation cell,
multiple reactions take place simultaneously. First, a metal ion is driven into the water from the
anode (positive pole). Meanwhile, electrons flow from the cathode (negative pole) to destabilize
surface charges on suspended solids and emulsified oils. As the reaction continues, flocculation
occurs, forming large masses that entrain suspended solids, heavy metals, emulsified oils, and other
contaminants. Finally, the masses are removed from the water in downstream solids separation and
filtration process steps. Like CESF, electrocoagulation is now in industrial stormwater application.
Testing and experience have also shown electrocoagulation to have performance capability
equivalent to CESF, including decreasing the same range of pollutants, to levels far below the
specified limits.!” Another similarity with CESF is that the equipment is modular and flexible.

16 Crini, G., N. Morin-Crini, N. Fatin-Rouge, S. Deon, and P. Fievet. 2017. Metal removal from aqueous media by
polymer-assisted ultrafiltration with chitosan. Arabian Journal of Chemistry, 10(2):S3826-S3839; see
http://www.waterworld.com/articles/uwm/articles/print/volume-2/issue-1/features/biopolymer-offers-biodegradable-
alternative-in-water-treatment.html (last accessed on April 25, 2023) and DMRs submitted by Industrial Stormwater
General Permit holders using CESF in Washington state.

17 Sahu, O., B. Mazumdar, and P.K. Chaudhari. 2014. Treatment of Wastewater by Electrocoagulation: a Review.
Environmental Science Pollution Research 21:2397-2413.

Herrera Environmental Consultants. 2011. Literature Review of Existing Treatment Technologies for Industrial
Stormwater. Washington Department of Ecology, Northwest Regional Office, Bellevue, Washington.
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Several companies'® market advanced treatment systems using such media. Treatment units can be
installed flexibly where space exists, and vendors offer units in a modular form that can be moved
onto a site quickly and even shifted around to different positions if circumstances change.

Control of Other Construction-Site Pollutants

The preceding discussion has emphasized the sediment that may issue from the construction site
and compromise receiving water quality. Just as the Stormwater Plan is incomplete in covering this
area, it is equally vague on management of construction site pollutants besides sediments. These
sources include construction materials; wastes produced; and pollutants associated with vehicles
and other mechanized equipment, such as fuels, lubricants, and cleaning materials. These
substances can introduce toxic pollutants to storm runoff, such as heavy metals, petroleum products,
and organic chemicals derived from fossil fuels. A SWPPP should be produced and evaluated
before further project consideration, and it should fully detail the BMPs that will be used to control
pollutants from all sources.

The construction site should be managed to avoid the release of these contaminants by preventing
contact between rainfall or runoff and potentially polluting construction materials, processes,
wastes, and vehicle and equipment fluids by such measures as enclosures, covers, and containments,
as well as berming to direct runoff. Construction vehicles larger than pick-up trucks parked for
more than two days should be located so that any fluid leaks cannot contaminate stormwater runoff.
The best way of preventing contamination is to park in a location that cannot drain into any
stormwater conveyance leaving the site. If a selected location could drain away, it should be
modified by slightly recessing the parking spots to prevent draining out. An alternative if such a
location cannot be found, is to place leakage collection trays under the vehicles. Any vehicle
observed to be leaking any significant quantity of a fluid should be repaired immediately.

Inspection and Maintenance

All areas disturbed by construction activities, all BMPs, and all stormwater discharge points must
be inspected at least once every calendar week and within 24 hours of any discharge from the site.
All BMPs must be maintained and repaired as needed to ensure continued performance of their
intended function.

POTENTIAL POST-CONSTRUCTION STORMWATER POLLUTANT DISCHARGES

Water Pollutants of Concern and Their Sources

Hundreds of water pollutants are associated with urban development and its human facilities and
activities. These pollutants fall into the categories of: (1) solid particles, which create their own
negative impacts and also transport pollutants in the other categories; (2) nutrients, particularly
phosphorus and nitrogen, which as I have discussed over-enrich receiving waters and cause harmful
algae and plant growths; (3) oxygen-demanding materials, which deplete dissolved oxygen needed

18 For example, WaterTectonics, Inc., Everett, Washington; Clear Water Services, Everett, Washington; Clear Creek
Systems, Pacific, Washington.
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by aerobic life; (4) metals, some of which, like copper and zinc, are toxic to aquatic life; (5)
petroleum products, which have toxic and nuisance effects in receiving waters; (6) organic
chemicals, including pesticides and numerous other household and commercial chemicals, again
many of them toxic to aquatic organisms as well as humans and wildlife; and (7) pathogenic
(disease-causing) organisms. | further report on the negative impacts of these pollutants below
under the topic heading Environmental Harm Associated with Stormwater Pollutants of Concern for
the Big Lake Ecosystem.

After a development is occupied, human activities such as vehicular transportation, lawn care, and
pet keeping introduce pollutants from several of the categories listed above. Pollutants in all seven
categories listed above issue from a site such as Overlook Crest.

Quantification of Residential Land Use Pollutant Releases

Table 4 gives the concentrations of common stormwater pollutants associated with activities
occurring during construction and occupation of a residential community in comparison to drainage
from open (undeveloped) land, such as the present forested site. With the exceptions of total
suspended solids, nitrate + nitrite-nitrogen, and total phosphorus, concentrations in flows from the
developed land use range from 190 to 260 percent higher than in open land runoff. Total
phosphorus concentration is 20 percent higher in runoff from the residential land use compared to
open land.

In addition to concentration (mass/unit volume of water), pollutant mass loading (mass/unit time) is
instrumental in water quality. Concentration represents exposure to the contaminant at a point in
time and thus is the major factor in acute effects on receptor organisms. Mass loading represents a
cumulative exposure over time, creating a chronic stress on life forms and aggregate contaminant
collection in a repository such as the aquatic sediments. Loading is the multiplication product of
concentration times flow volume over the time period and can be expressed on the basis of unit area
(kg/ha-year) or total catchment (kg/year). With the construction of impervious surfaces and lawns
in place of native landscapes, urbanization increases runoff volume. Table 4 shows that it generally
also increases concentrations. Therefore, we would anticipate seeing substantially elevated
pollutant mass loadings in developed versus undeveloped runoff.

Table 5 shows that expectation to be borne out. Loadings from the developed compared to
undeveloped land uses are generally about 50-400 percent greater, although ranging much higher
for TSS, total phosphorus, and total lead. Mass loading of phosphorus, the particularly critical
pollutant in the Big Lake case, is projected to be 10 times (1000 percent) as high. The ultimate,
long-term burden of unmitigated urban stormwater runoff on water quality is thus a function of both
hydrologic modification and release of chemical, physical, and biological agents by urban
inhabitants and their possessions and activities.
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Table 4. Median Pollutant Concentrations in Stormwater Runoff from Two Land Use Types from
the National Stormwater Quality Database!®

Pollutant Unit Open Space | Residential
Total suspended solids (TSS) mg/L 51 48
Total phosphorus ug/L 25 30
Total Kjeldahl nitrogen? ug/L 60 140
Nitrate + nitrite-nitrogen pg/L 60 60
Biochemical oxygen demand (BOD mg/L 4.2 9.0
Chemical oxygen demand (COD) mg/L 21 55
Total copper ug/L 5 12
Total lead pg/L 5 12
Total zinc pg/L 39 73
Fecal coliform bacteria No./100 mL 3100 7750

@ Nitrogen in the organic plus inorganic ammonia and ammonium forms.

Table 5. Pollutant Loadings in Storm Runoff from Three Land Use Types as Reported in the
Stormwater Literature?

Pollutant Unit Undeveloped® Residential®

Total suspended solids (TSS) kg/ha-year 3 250
Total phosphorus kg/ha-year 0.03 0.3
Total Kjeldahl nitrogen kg/ha-year . 2.5
Nitrate + nitrite-nitrogen kg/ha-year 2.5 as total nitrogen™ 1.4
Biochemical oxygen demand (BOD) | kg/ha-year NAC 27
Chemical oxygen demand (COD) kg/ha-year NAC 50
Total copper kg/ha-year 0.01** 0.03
Total lead kg/ha-year 0.005 0.05
Total zinc kg/ha-year 0.03** 0.10
Fecal coliform bacteria*** No./ ha-year 1.0 x 10%° 3.8 x 100

4Source: Burton, G.A., Jr. and R.E. Pitt. 2002. Stormwater Effects Handbook: A Toolbox for Watershed Managers,
Scientists, and Engineers. Lewis Publishers, Boca Raton, FL (Table 2.5), except:
* Beaulac, M.N. and K.H. Reckhow. 1982. An Examination of Land Use - Nutrient Export Relationships. Journal
of the American Water Resources Association 18:1013-1024.
** Wanielista, M.P. and Y.A. Yousef. 1993. Stormwater Management. John Wiley and Sons, Inc., New York,
New York, USA (Table 5.19).
*** Shaver, E., R. Horner, J. Skupien, C. May, and G. Ridley. 2007. Fundamentals of Urban Runoff Management:
Technical and Institutional Issues, 2" Ed. North American Lake Management Society, Madison, Wisconsin, USA
(Table 3-13).
b «Woodland” for total copper and total zinc; “parks” for total suspended solids, total phosphorus, and total lead;
“forest” for remaining pollutants (Note: Multiple sources were consulted for the undeveloped category since data for
the various pollutants were not reported in consistent land use terms.).
¢ Medium-density residential (approximately 20 percent impervious).

4 Not available.

19 Shaver, E., R. Horner, J. Skupien, C. May, and G. Ridley. 2007. Fundamentals of Urban Runoff Management:
Technical and Institutional Issues, 2nd Ed. North American Lake Management Society, Madison, Wisconsin, USA.
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ASSESSMENT OF THE PROPOSED POST-CONSTRUCTION STORMWATER
MANAGEMENT PRACTICES

Pollution Source Controls

Introduction

Effective stormwater management begins with controls implemented to prevent or reduce the
release of pollutants in the first place. Source controls can be 100 percent effective if they fully
isolate potential contaminant sources from contact with rainfall or runoff. In contrast, conventional
stormwater treatment systems are not nearly 100 percent efficient. Even the best available do not
achieve that performance level. There are two categories of source controls: (1) operational, which
are procedures that reduce the potential for exposure of pollutants; and (2) structural, which
physically separate contaminants from rainfall and runoff.

In this section of my letter I list the source controls proposed in the Stormwater Plan and assess
each with respect its potential to accomplish the goal of pollutant isolation. In following sections |
present my opinions of the Stormwater Plan’s proposals to treat runoff over the long term in the
finished development.

My Assessment of Proposed Source Controls

The Stormwater Plan makes the following claims, which | present in summary form with page
number references and then critique each.

Pagel0: The proposed plat development is not expected to create new pollutant sources.
Tables 4 and 5 above demonstrate that this claim is fatuous.
Pagel0: No sources of bacteria are known to exist onsite or are proposed.

There is no plan to prohibit pets or impervious surfaces, which collect and concentrate bird
and other wildlife droppings. Again Tables 4 and 5 refute this claim.

Pagel0: Chemicals for grounds and landscape maintenance, including detergents, cleaning
products, and fertilizers will be stored indoors to prevent contact with stormwater.

They may be stored in indoors, but they will be spread outdoors through lawn and garden
work and vehicle, pavement, and structure washing.

Pages 12-13: Pollutant sources for residential plat and road projects include vehicular traffic,
fertilizers, and other detergents or chemicals typical to residential building and road maintenance
activities. Pollution will be controlled at the source to the maximum extent possible.
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The passage names ten source control BMPs from the 2019 Manual that have been reviewed
for this project but goes no farther to reveal which, if any, will go beyond review to
implementation.

Specific source controls should be formulated in all of these categories and detailed in the
Stormwater Plan.

Assessment of Proposed Post-Construction Stormwater Treatment and Recommendations for
Improvement

Critique of the Pond Proposal

As described earlier, the proposal is to use revised golf course ponds to serve for both stormwater
flow control and treatment. The size to which the ponds are to be revised was determined with
Ecology’s Western Washington Hydrologic Model (2012 version). Like all mathematical models
intended to represent natural conditions, it has simplifications. One is having only three categories
of slopes: 0-5 percent, flat; 5-15 percent, moderate; and 15+ percent, steep. In contrast to the
earlier characterization of the average site slope at 13 percent, the Stormwater Plan states in the
modeling section that the average is 8 percent and that the site was modeled as moderate in slope.
That choice tends to underestimate runoff production and hence the pond volume necessary to
control flow and reduce pollutants to the regulatory requirements. A superior approach would be to
divide the site into the three slope categories by the respective areas, model them separately, and
rout the combined flow to the ponds.

While my recommended modeling alteration would tend to improve pond performance, | do not
consider any wet pond configuration as the lone stormwater treatment to be sufficiently protective
of Big Lake. The International Stormwater BMP Database summarizes the results of 75 studies
performed on wet ponds and reports the median total phosphorus concentration discharged as 120
ug/L, with a maximum of 129 and minimum of 104 pg/L.%° It is clear from this extensive database
and relatively consistent performance that a wet pond cannot be expected to discharge phosphorus
at less than about double the current Big Lake concentration. The Aqua-Swirl pre-treatment devices
at the two pond inlets, while approved for some purposes under Ecology’s TAPE BMP assessment
program, are not recognized for phosphorus as a target pollutant and will offer essentially no benefit
in that regard. The wet pond must either be replaced or supplemented by another stormwater
management practice to protect the lake. | see two options for doing so, which | discuss in the
following paragraphs. The Stormwater Plan must be updated with an improved treatment system
and submitted for County and citizen assessment before further consideration of the development
proposal.

Consideration of Infiltration
On page 15, the Stormwater Plan says that native soils do not infiltrate and infiltration systems are

infeasible for use at this site. There are inconsistencies in the evidence regarding this point. Pages
5-6 state, “Tokul gravelly loam, the predominate soil on the site, consists of volcanic ash

20 https://www.waterrf.org/system/files/resource/2020-11/DRPT-4968_0.pdf, Table 4.3 (accessed November 15, 2024).
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mixed with loess over glacial till and is classified as hydrologic group ‘B’. Hydrologic group ‘B’
soils have moderate infiltration rates when thoroughly wetted.” Figure 3, in fact, shows the Tokul
soil to cover 85 percent of the site. The infiltration characteristics of the site should be investigated
more broadly and thoroughly. There may be localized areas that could infiltrate sufficiently to
disperse roof, driveway, and/or lawn runoff.

It is true that the Tokul soil is generally underlain by Vashon lodgement till, which is restrictive to
percolation. In these circumstances, there is still the possible option of deep infiltration, which uses
wells to discharge water below the restrictive layer. The Geotechnical Report states that
investigation of deeper stormwater infiltration strategies was outside of the scope of the
investigation and proposes additional work. That work should be conducted to determine its
feasibility. The Manual offers BMP T7.50, Drywells, to accomplish deep infiltration.

The advantage of infiltration is that it would prevent or minimize the discharge of any runoff and
the accompanying pollutant loading from the areas draining to the wells or dispersion areas. If
analysis determines that stormwater from even the largest storms would infiltrate in the deep wells
and by dispersion, the lake would be spared increased pollutant discharges. In that case, the golf
course ponds need not be modified in any way. If there could still be discharge from the
development in relatively large storms, the golf course ponds would be altered only as necessary to
control the rate of flows released downstream.

The Bioretention Alternative

The second option is installing bioretention systems within the development. Bioretention is a
stormwater management practice that uses the chemical, biological, and physical properties of
plants, soil microbes, and the mineral aggregate and organic matter in soils to transform, remove, or
retain pollutants from stormwater runoff. Bioretention BMPs are:

e Shallow landscaped depressions with a designed soil mix and plants adapted to the local
climate and soil moisture conditions;

e Designed to mimic natural forested conditions, where healthy soil structure and vegetation
promote the infiltration, storage, filtration, and slow release of stormwater flows; and

e Typically, small- to medium-scale, dispersed, and integrated into the site as a landscape
amenity.

In my concept there would likely be a set of several units placed to receive all of the runoff from the
new road extended through the development, the greatest pollutant source, and any stormwater that
flows onto the road from the residential properties. Designing the development to keep as much
runoff as possible from entering the road would reduce the size and therefore the cost of
bioretention.

Bioretention should be designed, constructed, and maintained as specified by BMP T7.30 in the
2024 Stormwater Management Manual for Western Washington. This updated specification
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incorporates new high performance bioretention soil mixes based on recent research. The mix that
best captures phosphorus, as well as the other pollutants of concern, and improves vegetation
success for enhanced pollutant removal, labeled Type 3, includes a 2-inch compost surface layer
over a primary layer and, below it, a polishing layer. The 18-inch primary layer contains 70 percent
sand, 20 percent coir, and 10 percent high carbon wood ash (biochar) by volume. The 12-inch
polishing layer has 90 percent sand, 7.5 percent activated alumina, and 2.5 percent iron aggregate
by volume. It is very important that this specific medium be specified, because it has been
expressly formulated and verified to be the best choice for reducing phosphorus.

According to Manual page 902, bioretention can be used, with or without an underdrain, near
phosphorus-sensitive waterbodies. Constructing without an underdrain is the better configuration,
because it offers the opportunity to reduce the quantity of surface discharge that would still contain
some contaminants, if some infiltration occurs even if it is not complete. It should be carefully
determined what portions of the site can host bioretention without underdrains and what areas must
have them. With the relatively steep slopes, there are probably areas where flow across the till layer
could surface at locations causing problems such as slope instability and basement wetting.

With this alternative, | envision that the golf course ponds would still be converted to a combined
detention/wet pond system, generally as laid out in the Stormwater Plan. They probably would not
have to be enlarged as much, or perhaps not at all, because bioretention would reduce runoff
quantity. How much depends on the water loss that accrues from infiltration and
evapotranspiration. There would still have to be an outlet structure for discharge flow control.

The Importance of BMP Maintenance

Wet ponds and bioretention units require regular inspection and maintenance to retain effectiveness.
Bioretention and wet pond maintenance specifications are on Manual pages 934-935 and 1016,
respectively. The U.S. Environmental Protection Agency has also produced maintenance guidance
for bioretention?! and wet ponds.??> The Overlook Crest developer must develop detailed
maintenance instructions consistent with these specifications and set up mechanisms to ensure that
they are funded and regularly and thoroughly implemented.

21 Stormwater Best Management Practice Bioretention (Rain Gardens), EPA-832-F-21-031L,
https://www.epa.gov/system/files/documents/2021-11/bmp-bioretention-rain-gardens.pdf; and

Operation and Maintenance of Green Infrastructure Receiving Runoff from Roads and Parking Lots, Technical
Memorandum, https://www.epa.gov/sites/default/files/2016-11/documents/final_gi_maintenance 508.pdf (both
accessed November 15, 2024).

22 Stormwater Wet Pond and Wetland Management Guidebook, EPA 833-B-09-001
https://www3.epa.gov/npdes/pubs/pondmgmtquide.pdf (accessed November 15, 2024).
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ENVIRONMENTAL HARM ASSOCIATED WITH STORMWATER POLLUTANTS OF
CONCERN FOR THE BIG LAKE ECOSYSTEM

Phosphorus

As | covered extensively above, phosphorus is a pollutant of particular concern for Big Lake, a
discussion | do not repeat here. The deficiencies of the construction and post-construction
stormwater management plans that | have described will aggravate the already eutrophic state in my
opinion. The improvements | recommend are crucial for any chance to avoid exacerbating that
condition in the face of such a major land use change in the lake’s watershed.

Particulates

Solid particles discharged to water (measured as TSS and turbidity) have a number of potential
negative ecological effects, regardless of their specific physical or chemical nature, including:

e Changing the structure and chemical characteristics of the lake’s bed, thus altering the
optimum habitat for benthic invertebrates and bottom-dwelling fish;

e Reducing visibility, making it harder for fish to find food and avoid predators;
e Reducing light penetration to underwater plants and algae;
e Abrading the soft tissues of fish and juvenile amphibians, especially gills; and

e Transporting other pollutants, such as phosphorus and the metals sourced from lubricants
and wear of vehicle components.

As | have demonstrated, construction and occupancy of the development as planned will increase
particulate input to the lake. Only excellent mitigation measures such as | have proposed offer the
opportunity avoid that outcome.

Decomposable Organics

Organic residues decompose over time from their original complex formulations to their constituent
compounds and, ultimately, chemical elements. The breakdown begins in surface deposits as a
physical deconstruction, with reduction of larger pieces to smaller particles and, less visibly, to very
small dust particles. Simultaneously, a biochemical process begins in which heterotrophic bacteria
and fungi exploit the wood material as a carbon source to support their growth. This process
advances the particle size reduction. When the particles flow with stormwater runoff into a water
body, the decomposition process continues. The microorganisms consume oxygen taken from the
water, thus exerting what is termed an “oxygen demand.” BOD and COD are commonly used
measures of oxygen depletion potential associated with biological decomposition. Organics already
broken down into relatively small particulates degrade more rapidly and, consequently, exert more
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oxygen demand than a larger piece of equivalent mass.?®> Oxygen dissolves from the atmosphere
into water bodies, but the oxygen demand exerted by decomposing microorganisms can exceed the
rate of oxygen dissolution with a large supply of degradable organics.

Aerobic aquatic life, including fish and their invertebrate food sources, require sufficient oxygen to
support their physiological processes. Highly depleted dissolved oxygen is fatal, at somewhat
different levels depending on species. Salmonids, including threatened and endangered salmon, are
the most sensitive fish in this respect. Even if not drawn down to a lethal level, somewhat depleted
oxygen interferes with such processes as feeding, avoiding predators, and growth.

As | pointed out above, Nookachamps Creek downstream of Big Lake is impaired by low dissolved
oxygen. If organic matter input rises, both from the development upslope and excessive algal and
plant growth in the lake, the increase will worsen this situation.

Reducing organic sources and transport is necessary to avoid these impacts. The Stormwater Plan
does not provide sufficient source controls and treatment to do so effectively and must be upgraded
as | have proposed.

Metals

Both copper and zinc are toxic to fish and other aquatic life, much more so than to mammals. There
is a large body of literature on the specific lethal and negative sublethal effects of these metals on
fish and other aquatic life. Particularly in the dissolved forms, they are toxic to aquatic organisms
in relatively low concentrations. Equivalent concentrations and higher are often measured in urban
stormwater. The effects of both metals on aquatic organisms can be directly lethal or sublethal but
detrimental to such life cycle functions as migration, reproduction, rearing, feeding, growth, disease
resistance, and predator avoidance.

Copper, especially, has received a great deal of attention for its inhibition of various salmonid
physiological processes, to the detriment of migration, feeding, reproduction, and rearing. The
mechanisms bringing about these adverse effects include fraying of gills, diminishing their
physiological processes, and reduction of olfactory ability (sense of smell).2* The onset of negative
consequences depends on species and water pH, dissolved organic carbon, and hardness but begins
as low as approximately 5 pg/L or even less.

Baldwin et al. (2003)% used coho salmon olfactory capacity, a reliable indicator of sublethal
toxicity, in a series of studies. Exposure to 10 ug/L of copper for 30 minutes reduced responses to
three odorants by 35-67 percent, and the reduced olfactory function persisted for hours. Impairment
was evident within 10 minutes for exposures ranging from 2 to 20 pg/L. The researchers defined

2 E.g., Rex J., S. Dubé, P. Krauskopf, and S. Berch. 2016. Investigating Potential Toxicity of Leachate from Wood
Chip Piles Generated by Roadside Biomass Operations. Forests, 7, 40.

24 Solomon, F. 2009. Impacts of Copper on Aquatic Ecosystems and Human Health. MINING.com, January 2009, pp.
25-28.

% Baldwin, D.H., J.F. Sandahl, J.S. Labenia, and N.L. Scholz. 2003. Sublethal effects of copper on coho salmon:
Impacts on nonoverlapping receptor pathways in the peripheral olfactory nervous system. Environmental Toxicology
and Chemistry 22(10):2266-2274.
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the threshold for sublethal, copper-induced coho neurotoxicity to be 25 percent reduction in
olfactory responses. They found the threshold to be 2.3-3.0 ug/L (depending on odorant) above the
3.0 pg/L background in source water; i.e., the presence of approximately 5-6 pg/L of copper
reduced olfactory function by 25 percent.

Zinc concentrations as low as 93 pg/L have been found to be lethal to 50 percent of juvenile
rainbow trout in 96 hours of exposure.?® Sublethal effects at even lower concentrations include
avoidance of rearing habitat and inhibited immune response.?” Such negative effects interfere with
growth, ability to avoid predators, and resistance to disease.

The negative effects of metal toxins are not necessarily limited to short-term, acute lethal or
medium-term sublethal impacts. Over time an organism can accumulate metals in tissue, a process
known as bioaccumulation. When predators consume organisms with bioaccumulated metals, they
concentrate them in their tissues. The top predator in an aquatic ecosystem tends to have the
highest concentrations, through biomagnification up the food chain. Fish and their food sources in
the benthic macroinvertebrate community are subject to these impacts.

Aguatic sediments become repositories for particulate metals through gravity settling and for
dissolved metals through various adsorption and ion exchange processes. In addition to their
toxicity to bottom-dwelling organisms, these captured metals can become remobilized into the
water column by disturbance and dissolution, and thus harm pelagic aquatic life long after their
initial release.

As with the other sources of environmental harm, stormwater management as currently conceived
for the development will not control metals sufficiently to avoid adding to the toxic burden on life
in the Big Lake ecosystem. It must be improved in the ways | have recommended.

Bacteria

As Tables 4 and 5 demonstrate, development increases bacteria in stormwater. Sources include
pets, leaking recreational vehicles, and concentration of wildlife droppings on impervious surfaces.
According to WAC 173-201A-600, as a water of the state not named in Table 602, Big Lake is to be
protected for primary contact recreation. Controls counteracting the sources and runoff treatment
supplementary to the golf course ponds are needed to comply.

Petroleum Derivatives

Crude oil and its derivatives contain numerous chemicals, certain ones (e.g., many in the
polyaromatic hydrocarbon group) of which are toxic to aquatic life. They produce harmful
sublethal, if not immediately lethal, reactions negatively affecting reproduction, development, and
behavior. These materials decompose relatively slowly and tend to accumulate in the aquatic

% Chapman, G.A. 1978. Toxicities of Cadmium, Copper, and Zinc to Four Juvenile Stages of Chinook Salmon and
Steelhead. Transactions of the American Fisheries Society 107: 841-847.

2" Price, M.H.H. 2013. Sub-lethal Metal Toxicity Effects on Salmonids: A Review. Report prepared for Skeenawild
Conservation Trust. Smithers, BC.
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environment. The gradual decomposition reduces the oxygen supply needed by aerobic water life,
from fish to the microorganisms responsible for the breakdown themselves. This oxygen demand
aggravates that created by biodegradable particles.

Tire Rubber Additive

Recently, an obscure additive to tire rubber was identified as instrumental in coho salmon pre-
spawn mortality, previously unexplained acute mortality when adult salmon migrate to creeks to
reproduce and are exposed to stormwater flows. The compound is the quinone transformation
product of N-(1,3-dimethylbutyl)-N’-phenyl-p-phenylenediamine (6PPD), a globally ubiquitous tire
rubber antiozonant (preventive of deterioration by ozone) and antioxidant. 6PPD is mobile within
the rubber and slowly “blooms” to the tire surface where it forms a scavenger-protective film,
reacting with the ozone more quickly that the ozone can react with the rubber.?® This process
forms 6PPD-quinone, among other products.?®

Analysis of representative roadway runoff and stormwater-affected creeks of the U.S. West Coast
indicated widespread occurrence of 6PPD-quinone (< 0.3 to 19 pg/L) at toxic concentrations
(median lethal concentration, LCso, of 0.8 + 0.16 pug/L).3° More recent work has set the LCso for
juvenile coho salmon even lower, at 95 ng/L (0.095 pg/L).*!

Developing Overlook Crest will substantially increase automotive traffic in the Big Lake watershed,
and the Stormwater Plan gives no attention to mitigating its negative consequences. Based on
research by Spromberg et al. (2016),%? Ecology has rated bioretention such as | have recommended
to have a “high” level of effectiveness in removing 6PPD-Q from stormwater runoff.3® This BMP
also performs relatively well among the available alternatives in capturing petroleum derivatives;
metals; and particulates; and, with the appropriate soil, nutrients as well. The Stormwater Plan
should make maximum use of it.

28 |_attimer, R.P., E.R. Hooser, R.W. Layer, and C.K. Rhee. 1983. Mechanisms of Ozonation of N-(1,3-
Dimethylbutyl)-N’-Phenyl-p-Phenylenediamine. Rubber Chemistry and Technology 56(2):431-439.

2 Seiwert, B., M. Nihemaiti, M. Troussier, S. Weyrauch, and T. Reemtsma. 2022. Abiotic Oxidative Transformation
of 6-PPD and 6-PPD Quinone from Tires and Occurrence of their Products in Snow from Urban Roads and in
Municipal Wastewater. Water Research 212:118122.

%0 Tian, Z. etal. 2020. A Ubiquitous Tire Rubber-Derived Chemical Induces Acute Mortality in Coho Salmon.
Science 371(6525):185-189.

31 Tian, Z., M. Gonzalez, C.A. Rideout, H.N. Zhao, X. Hu, J. Wetzel, E. Mudrock, C.A. James, J.K. Mclntyre, and E.P.
Kolodziej. 2022. 6PPD-Quinone: Revised Toxicity Assessment and Quantification with a Commercial Standard.
Environmental Science & Technology Letters 9(2):140-146.

32 Spromberg, J. A., Baldwin, D. H., Damm, S. E., Mcintyre, J. K., Huff, M., Sloan, C. A., Anulacion, B. F., Davis, J.
W., & Scholz, N. L. (2016). EDITOR’S CHOICE: Coho salmon spawner mortality in western US urban watersheds:
Bioinfiltration prevents lethal storm water impacts. Journal of Applied Ecology, 53(2), 398-407.
https://doi.org/10.1111/1365-2664.12534 (accessed November 14, 2024).

33 Environmental Assessment and Water Quality Programs. 2022. 6PPD in Road Runoff, Assessment and Mitigation
Strategies, Publication 22-03-020. Washington State Department of Ecology Olympia, Washington,
https://apps.ecology.wa.gov/publications/documents/2203020.pdf (accessed November 15, 2024).
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A FINAL WORD

In this letter | have described a number of potential negative impacts consequential to the Big Lake
ecosystem. | further pointed out major shortcomings in the development proponent’s plans for
construction and post-construction stormwater management, making it highly probable that those
problems will occur. For these reasons, the proposed development should be subjected to a full
environmental impact assessment.

I would be pleased to answer any questions you may have and invite you to contact me if you wish.

Sincerely,

Rihe LR, Aforwr—

Richard R. Horner

Attachments: Attachment A; Background and Experience; Richard R. Horner, Ph.D.
Attachment B; Curriculum Vitae




ATTACHMENT A

BACKGROUND AND EXPERIENCE

RicHARD R. HORNER, PH.D.

| have 57 years of professional experience, 44 teaching and performing research at the college
and university level. For the last 46 years | have specialized in research, teaching, and
consulting in the area of stormwater runoff and surface water management.

| received a Ph.D. in Civil and Environmental Engineering from the University of Washington in
1978, following two Mechanical Engineering degrees from the University of Pennsylvania in
1965 and 1966. Although my degrees are all in engineering, | have had substantial course work
and practical experience in aquatic biology and chemistry.

For 12 years beginning in 1981, | was a full-time research professor in the University of
Washington’s Department of Civil and Environmental Engineering. From 1993 until 2011, I
served half time in that position and had adjunct appointments in two additional departments
(Landscape Architecture and the College of the Environment’s Center for Urban Horticulture). I
spent the remainder of my time in private consulting through a sole proprietorship. My
appointment became emeritus in late 2011, but | have participated in some research and teaching
since then while maintaining my consulting practice.

My research, teaching, and consulting embrace all aspects of stormwater management, including
determination of pollutant sources; their transport and fate in the environment; physical,
chemical, and ecological impacts; and solutions to these problems through better structural and
non-structural management practices.

I have conducted numerous research investigations and consulting projects on these subjects.
Serving as a principal or co-principal investigator on more than 40 research studies, my work has
produced three books, approximately 30 papers in the peer-reviewed literature, and over 20
reviewed papers in conference proceedings. | have also authored or co-authored more than 80
scientific or technical reports.

In addition to graduate and undergraduate teaching, I have taught many continuing education
short courses to professionals in practice. My consulting clients include federal, state, and local
government agencies; citizens’ environmental groups; and private firms that work for these
entities, primarily on the West Coast of the United States and Canada but in some instances
elsewhere in the nation.

Over a 17-year period beginning in 1986 | spent a major share of my time as the principal
investigator on two extended research projects concerning the ecological responses of freshwater
resources to urban conditions and the urbanization process. | led an interdisciplinary team for 11
years in studying the effects of human activities on freshwater wetlands of the Puget Sound
lowlands. This work led to a comprehensive set of management guidelines to reduce negative



effects and a published book detailing the study and its results. The second effort involved an
analogous investigation over 10 years of human effects on Puget Sound’s salmon spawning and
rearing streams. These two research programs had broad sponsorship, including the U.S.
Environmental Protection Agency, the Washington Department of Ecology, and a number of
local governments.

Nationally, I conducted research sponsored by the National Science Foundation, U.S.
Environmental Protection Agency, Water Environment Research Foundation, Transportation
Research Board, and Electric Power Research Institute. In Washington, I have performed
research for the Washington State Department of Transportation, Washington Department of
Ecology, City of Seattle Public Utilities, King County Water and Land Resources Division and
its predecessor Municipality of Metropolitan Seattle, King County Roads Division, and
Washington Sea Grant.

I now serve or have served on technical advisory panels concerning stormwater issues for
Seattle-Tacoma International Airport and King County Water and Land Resources Division. |
was one of 14 signatories from the scientific community of a 2006 letter to the Puget Sound
Partnership giving recommendations for improving water quality and aquatic and human
ecosystems through improved stormwater runoff management
(https://special.seattletimes.com/s/ABPub/2008/05/10/2004406008.pdf).

| have helped to develop stormwater management programs in Washington State, California, and
British Columbia and studied such programs around the nation. | was one of four principal
participants in a U.S. Environmental Protection Agency-sponsored assessment of 32 state,
regional, and local programs spread among 14 states in arid, semi-arid, and humid areas of the
West and Southwest, as well as the Midwest, Northeast, and Southeast. This evaluation led to
the 1997 publication of “Institutional Aspects of Urban Runoff Management: A Guide for
Program Development and Implementation” (subtitled “A Comprehensive Review of the
Institutional Framework of Successful Urban Runoff Management Programs™).

In California | have been a federal court-appointed overseer of stormwater program development
and implementation at the city and county level and for two California Department of
Transportation districts. | was directly involved in the process of developing the 13 volumes of
Los Angeles County’s Stormwater Program Implementation Manual, working under the terms of
a settlement agreement in federal court as the plaintiffs’ technical representative. My role was to
provide quality-control review of multiple drafts of each volume and contribute to bringing the
program and all of its elements to an adequate level. | have also evaluated and contributed in
various ways to the stormwater programs in Los Angeles, San Diego, Orange, Riverside, San
Bernardino, Ventura, Santa Barbara, San Luis Obispo, and Monterey Counties, as well as a
regional program for the San Francisco Bay Area. At the recommendation of San Diego
Baykeeper, | have been a consultant on stormwater issues to the City of San Diego, the San
Diego Unified Port District, and the San Diego County Regional Airport Authority.

Over the past 30 years | have been a consultant to and expert witness for the U.S. Department of
Justice and a number of national and regional environmental organizations in Clean Water Act
cases. They include Natural Resources Defense Council, Earthjustice, Center for Biological



Diversity, and members of the Waterkeeper Alliance in the states of Washington, Oregon, and
California.

| have been a member of the science team for Salmon-Safe, Inc. for 20 years. Salmon-Safe
recognizes landowners who meet prescribed standards for aiding salmon protection and
recovery. My role is to assess candidates’ programs and performance, mainly concentrating on
stormwater, and participate with other members of the team in certification decisions.

| was a member of the National Academy of Sciences-National Research Council (“NAS-NRC”)
committee on Reducing Stormwater Discharge Contributions to Water Pollution. NAS-NRC
committees bring together experts to address broad national issues and give unbiased advice to
the federal government. The present panel was the first ever to be appointed on the subject of
stormwater. Its broad goals were to understand better the links between stormwater discharges
and impacts on water resources, to assess the state of the science of stormwater management, and
to apply the findings to make policy recommendations to the U.S. Environmental Protection
Agency relative to municipal, industrial, and construction stormwater permitting. My principal
contribution to the committee’s final report, issued in October 2008, was the chapter presenting
the committee’s recommendations for broadly revamping the nation’s stormwater program.
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HORNER, Richard Ray
230 NW 55th Street University of Washington:
Seattle, WA 98107 Emeritus Research Associate Professor,
Telephone: (206) 782-7400 Departments of Landscape Architecture and Civil
E-mail: rrhornerl@msn.com and Environmental Engineering and
rrhorner@u.washington.edu Sole Proprietor Consultant

EDUCATION
1976 - 1978  Univ

1965 - 1966  Univ

ersity of Washington, Seattle, Washington; Ph.D. (Civil Engineering)

ersity of Pennsylvania, Philadelphia, Pennsylvania; M.S. (Mechanical

Engineering)

1961 - 1965 Univ

ersity of Pennsylvania, Philadelphia, Pennsylvania; B.S. Cum Laude

(Mechanical Engineering)

HONORS AND AWARDS

Augustus Trask Ashton Scholarship, University of Pennsylvania, 1961 - 65
Annual Academic Honors, University of Pennsylvania, 1961 - 65

Tau Beta Pi National Engineering Honor Society

National Science Foundation Traineeship, University of Pennsylvania, 1965 - 66

EMPLOYMENT

1986 - Present

2011 - Present

1981 - 2011

1986 - 1990

1969 - 1981

Richard R. Horner, Sole Proprietor (offering services in environmental
engineering and science)

University of Washington, Seattle, Washington
Emeritus Research Associate Professor

University of Washington, Seattle, Washington
Research Associate Professor

King County, Seattle, Washington
Coordinator of Puget Sound Wetland and Stormwater Management Research
Program (part-time; continued under contract to University of Washington)

Northampton Community College, Bethlehem, Pennsylvania
Engineering Department (Coordinator, 1971 - 73 and 1978 - 79)
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Environmental Studies Department (Co-coordinator, 1973 - 76 and 1978 -
1981)

Professor, 1978 - 1981; Associate Professor, 1973 - 78;

Assistant Professor, 1969 - 73,

Leave of Absence, 1977 - 78; Sabbatical Leave, 1976 - 77

1977 - 1978 University of Washington, Seattle, Washington
Department of Civil Engineering
Research Engineer, Highway Runoff Water Quality Project

1976 - 1977 University of Washington, Seattle, Washington
Department of Civil Engineering and Institute for Environmental Studies
Research Assistant and Teaching Assistant

1966 - 1969 Exxon Research and Engineering Company, Florham Park, New Jersey;
Project Engineer

1965 - 1966 University of Pennsylvania, Philadelphia Pennsylvania
Department of Mechanical Engineering; Research Assistant

NATIONAL COMMITTEES

National Academy of Sciences Panel on Reducing Stormwater Discharge Contributions to Water
Pollution, 2007-2008.

Technical Advisory Panel for Water Environment Federation projects on Decentralized
Stormwater Controls for Urban Retrofit and Combined Sewer Overflow Reduction, 2005-2007.

Co-chair, Engineering Foundation Conference on Effects of Watershed Development and
Management on Aquatic Ecosystems, 1996.

National Academy of Sciences Panel on Costs of Damage by Highway Ice Control, 1990-91.
U.S. Environmental Protection Agency National Wetland Research Planning Panel, 1988, 1991.

RESEARCH PROJECTS

* Principal Investigator.
** Co-Principal Investigator. (Where undesignated, | was a member of the faculty investigation
team without principal investigator status).

Effects of Waterfront Stormwater Solutions Prototypes on Water Quality Runoff in Puget Sound
near Pomeroy Park - Manchester Beach; Washington Sea Grant; $148,838; 2015-17.



Development of a Stormwater Retrofit Plan for Water Resources Inventory Area (WRIA) 9 and
Estimation of Costs for Retrofitting all Developed Lands of Puget Sound; U.S.
Environmental Protection Agency and King County (WA); $243,619; 2010-13.

Ultra-Urban Stormwater Management; Seattle Public Utilities; $1,130,000; 1999-2008.*

Roadside Vegetation Management Study; Washington State Department of Transportation;
$50,000; 2004-05.

The Ecological Response of Small Streams to Stormwater and Stormwater Controls; U. S.
Environmental Protection Agency, cooperating with Watershed Management Institute
(Crawfordsville, FL); $579,117; 1995-2003.*

Vegetated Stormwater Facility Maintenance; Washington State Department of Transportation;
$86,000; 1998-2000.*

Roadside Drainage System Management for Water Quality Improvement; King and Snohomish
(WA) Counties; $70,000; 1997-2000.*

Standardization of Wet Weather Protocols for Stream Impact and Treatment Technology
Performance Assessments; Water Environment Research Foundation, cooperating with
Water Research Center (Huntington Valley, Pennsylvania) and University of Illinois;
$125,000; 1996-97.

Road Shoulder Treatments for Water Quality Protection; Washington State Department of
Transportation and King County Roads Division; $90,000; 1995-96.**

Control of Nuisance Filamentous Algae in Streams by Invertebrate Grazing; National Science
Foundation; $193,691; 1994-96.

Criteria for Protection of Urban Stream Ecosystems; Washington Department of Ecology;
$230,000; 1994-96.

Region-Specific Time-Scale Toxicity in Aquatic Ecosystems; Water Environment Research
Foundation, cooperating with Water Research Center (Huntington Valley, Pennsylvania)
and University of Illinois; $670,000; 1994-96.

Establishing Reference Conditions for Freshwater Wetlands Restoration; U. S. Environmental
Protection Agency; $75,000; 1993-97.

Stormwater Management Technical Assistance to Local Governments; Washington Department
of Ecology; $115,000; 1992-93.*

Center for Urban Water Resources Management; Washington Department of Ecology; $336,490;
plus $157,400 matching support from seven local governments; 1990-93.*



University of Washington Cooperative Unit for Wetlands and Water Quality Research; King
County, Washington; amount varied by year; 1987-95.*

Assessment of Portage Bay Combined Sewer Overflows; City of Seattle; $132,676; 1990-91.*

Velocity-Related Critical Phosphorus Concentrations in Flowing Water, Phase 3; National
Science Foundation; $108,332; 1988-90.**

Design of Monitoring Programs for Determining Shellfish Bed Bacterial Contamination
Problems; Washington Department of Ecology; $12,000;
1988-89.*

Puget Sound Protocols Development; Tetra Tech, Inc. and Puget Sound Estuary Program;
$10,144; 1988.*

Improving the Cost Effectiveness of Highway Construction Site Erosion/
Pollution Control, Phase 2; Washington State Department of Transportation; $97,000;
1987-89.*

Wetland Mitigation Project Analysis; Washington State Department of Transportation; $74,985;
1987-89.*

Lake Chelan Water Quality Assessment; Harper-Owes, consultant to Washington State
Department of Ecology; $42,977; 1986-88.

Quality of Management of Silver Lake; City of Everett; $67,463; 1986-88.

Effectiveness of WSDOT Wetlands Creation Projects; Washington State Department of
Transportation; $42,308; 1986-87.*

Improving the Cost Effectiveness of Highway Construction Site Erosion/Pollution Control;
Washington State Department of Transportation; $41,608; 1986-87.*

Management Significance of Bioavailable Phosphorus in Urban Runoff; State of Washington
Water Research Center and Municipality of Metropolitan Seattle; $32,738; 1986-87.**

Environmental Monitoring and Evaluation of Calcium Magnesium Acetate (CMA);
Transportation Research Board of National Academy of Sciences; $199,943; 1985-87.*

Conceptual Design of Monitoring Programs for Determination of Water Quality and Ecological
Change Resulting from Nonpoint Source Discharges; Washington State Department of
Ecology; $49,994; 1985-86.**

Development of an Integrated Land Treatment Approach for Improving the Quality of
Metalliferous Mining Wastewaters; Washington Mining and Mineral Resources Research
Institute; $4,000; 1985-86.*



Preliminary Investigation of Sewage Sludge Utilization on Roadsides; Washington State
Department of Transportation; $6,664; 1984-85.*

Source Control of Transit Base Runoff Pollutants; Municipality of Metropolitan Seattle;
$26,867; 1984-85.**

Lake Sammamish Future Water Quality; Municipality of Metropolitan Seattle; $28,500; 1984-
85.

Implementation of Highway Runoff Water Quality Research Results; Washington State
Department of Transportation; $13,998; 1984-85.*

Performance Evaluation of a Detention Basin and Coalescing Plate Oil Separator for Treating
Urban stormwater Runoff; Washington State Water Research Center; 1984-85; $11,724.**

Velocity-Related Critical Phosphorus Concentrations in Flowing Water, Phase 2; National
Science Foundation; $99,088; 1983-85.**

Development of a Biological Overland Flow System for Treating Mining Wastewaters;
Washington Mining and Mineral Resources Research Institute; $6,030; 1983-84.*

Nutrient Contributions of Agricultural Sites to the Moses Lake System; Moses Lake
Conservation District; $15,039; 1982-84.*

Planning Implementation of Runoff Water Quality Research Findings; Washington State
Department of Transportation; $12,735; 1982-83.**

Transport of Agricultural Nutrients to Moses Lake; Brown and Caldwell Engineers; $22,725;
1982-83.**

Investigation of Toxicant Concentration and Loading Effects on Aquatic Macroinvertebrates;
University of Washington Graduate School Research Fund; $3,788; 1982.*

Sampling Design for Aquatic Ecological Monitoring; Electric Power Research Institute;
$542,008; 1981-86.

Velocity-Related Critical Phosphorus Concentrations in Flowing Water; National Science
Foundation; $70,310; 1980-82.

Highway Runoff Water Quality; Washington State Department of Transportation; $461,176;
1977-82.
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Department of Transportation, 1982,

Wang, T.S., D.E. Spyridakis, B.W. Mar, and R.R. Horner. Transport, Deposition, and Control of
Heavy Metals in Highway Runoff, FHWA WA-RD-39.10. Report to Washington State
Department of Transportation, 1982.

Chui, T.W., B.W. Mar, and R.R. Horner. Highway Runoff in Washington State: Model
Validation and Statistical Analysis, FHWA WA-RD-39.12. Report to Washington State
Department of Transportation, 1981.

Mar, B.W., J.F. Ferguson, D.E. Spyridakis, E.B. Welch, and R.R. Horner. Year 4, Runoff Water
Quality, August 1980-August 1981, FHWA WA-RD-39.13. Report to Washington State
Department of Transportation, 1981.

Horner, R.R. and S.M. Grason. An Ecological Study of the Monocacy Creek and its
Groundwater Sources in the Vicinity of Camels Hump. Report to the Monocacy Creek
Watershed Association, Bethlehem, Pennsylvania, 1981.

Horner, R.R. and E.B. Welch. Background Conditions in the Lower Pilchuck River Prior to SR-
2 Construction. Report to Washington State Department of Transportation, 1979.

Horner, R.R. and B.W. Mar. Highway Runoff Monitoring: The Initial Year, FHWA WA-RD-
39.3. Report to Washington State Department of Transportation, 1979.

Horner, R.R. and E.B. Welch. Effects of Velocity and Nutrient Alterations on Stream Primary
Producers and Associated Organisms, FHWA WA-RD-39.2. Report to Washington State
Department of Transportation, 1978.

Horner, R.R., T.J. Waddle, and S.J. Burges. Review of the Literature on Water Quality Impacts
of Highway Operations and Maintenance. Report to Washington State Department of
Transportation, 1977.

Horner, R.R. A Method of Defining Urban Ecosystem Relationships Through Consideration of
Water Resources. U.S. Man and the Biosphere Project 11 Report, 1977.

Horner, R.R. and R. Gilliom. Bear Lake: Current Status and the Consequences of Residential

Development. Report to Bear Lake Residents' Association, Kitsap County, Washington,
1977.
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PRESENTATIONS AND DISCUSSIONS

*Presented by a co-author. In all other cases, | presented the paper.

Stormwater Runoff Flow Control Benefits of Urban Drainage System Reconstruction According
to Natural Principles. Puget Sound/Georgia Strait Research Meeting; Vancouver, British
Columbia; April 2003.

Structural and Non-Structural Best Management Practices (BMPs) for Protecting Streams.
Invited presentation at the Engineering Foundation Conference on Linking Stormwater
BMP Designs and Performance to Receiving Water Impact Mitigation; Snowmass,
Colorado; August 2001.

Performance of a Perimeter (“Delaware”) Sand Filter in Treating Stormwater Runoff from a
Barge Loading Terminal. Invited presentation at the Comprehensive Stormwater and
Agquatic Ecosystem Management Conf.; Auckland, New Zealand; February 1999.

Regional Study Supports Natural Land Cover Protection as Leading Best Management Practice
for Maintaining Stream Ecological Integrity. Invited presentation at the Comprehensive
Stormwater and Aquatic Ecosystem Management Conf.; Auckland, New Zealand;
February 1999.

Watershed Determinants of Ecosystem Functioning. Invited presentation at the Engineering
Foundation Conference on Effects of Watershed Development on Aquatic
EcosystemsUrban Runoff and Receiving Systems; Snowbird, Utah; August 1996.

Overview of the Puget Sound Wetlands and Stormwater Management Research Program. Puget
Sound Water Quality Authority Research Meeting; Seattle, Washington; January 1995.

Guidelines for Managing Urban Wetlands. Puget Sound Water Quality Authority Research
Meeting; Seattle, Washington; January 1995.

Urbanization Effects on Wetland Hydrology and Water Quality. Puget Sound Water Quality
Authority Research Meeting; Seattle, Washington; January 1995 (prepared with B. Taylor
and K. Ludwa).*

Constructed Wetlands for Urban Runoff Water Quality Control. Invited presentation at National
Conf. on Urban Runoff Management; Chicago, Illinois; March 1993.

Training for Construction Site Erosion Control and Stormwater Facility Inspection. Invited
presentation at National Conf. on Urban Runoff Management; Chicago, Illinois; March
1993.

Toward Ecologically Based Urban Runoff Management. Invited presentation at The

Engineering Foundation Conference on Urban Runoff and Receiving Systems; Crested
Butte, Colorado; August 1991.
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How Stormwater Harms Shellfish. Invited presentation at the Pacific Rim Shellfish Sanitation
Conference; Seattle, Washington; May 1991.

Environmental Evaluation of Calcium Magnesium Acetate for Highway Deicing Applications.
Invited presentation at Conference on Calcium Magnesium Acetate, An Emerging
Chemical for Environmental Applications; Boston, Massachusetts; May 1991.

Issues in Stormwater Management. Statement to State Senate Environment and Natural
Resources Committee; Olympia, Washington; January 1991.

Urban Stormwater Impacts on the Hydrology and Water Quality of Palustrine Wetlands in the
Puget Sound Region. Invited presentation at Puget Sound Water Quality Authority
Research Meeting; Seattle, Washington; January 1991 (prepared with L.E. Reinelt).

The Impact of Nonpoint Source Pollution on River Ecosystems. Invited presentation at the
Northwest Rivers Conference; Seattle, Washington; November 1990.

Research Program Overview and Discussion of Hydrologic and Water Quality Studies.
Presented at the Puget Sound Wetlands and Stormwater Management Research Program
Workshop; Seattle, Washington; October 1990.

Control of Urban Runoff Water Quality. Invited presentations at American Society of Civil
Engineers Urban Stormwater Short Courses; Bellevue, Washington; April, 1990; Portland,
Oregon; July 1990.

Various Aspects of Erosion Prevention and Control. Invited presentations at University of
Wisconsin Erosion Control Short Course; Seattle, Washington; July 1990.

Examination of the Hydrology and Water Quality of Wetlands Affected by Urban Stormwater.
Presented at the Society of Wetland Scientists Annual Meeting; Breckenridge, Colorado,
June 1990 (prepared with L.E. Reinelt).*

Analysis of Plant Communities of Wetlands Affected by Urban Stormwater. Presented at the
Society of Wetland Scientists Annual Meeting; Breckenridge, Colorado; June 1990
(prepared with S.S. Cooke).*

Environmental Evaluation of Calcium Magnesium Acetate. Invited presentation at the
Symposium on the Environmental Impact of Highway Deicing; Davis, California; October
1989.

Application of Wetland Science Principles in the Classroom and Community. Invited

presentation at the Annual Meeting of the Association of Collegiate Schools of Planning;
Portland, Oregon; October 1989.
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Structural Controls for Urban Storm Runoff Water Quality. Invited presentation at the
Northwest Regional Meeting of the North American Lake Management Society; Seattle,
Washington; September 1989.

The Puget Sound Wetlands and Stormwater Management Research Program. Invited
presentation at the U.S. Environmental Protection Agency Workshop on Wetlands and
Stormwater; Seattle, Washington; September 19809.

An Overview of Storm Runoff Water Quality Control. Invited presentation at the American
Water Resources Association Workshop on Forest Conversion; LaGrande, Washington;
November 1988.

Progress in Wetlands Research. Invited presentation at the Pacific Northwest Pollution Control
Association Annual Meeting; Coeur d'Alene, Idaho; October 1988.

Long-Term Effects of Urban Stormwater on Wetlands. Invited presentation at the Engineering
Foundation Conference on Urban Stormwater; Potosi, Missouri; July 1988.

Highway Construction Site Erosion and Pollution Control: Recent Research Results. Invited
presentation at the 39th Annual Road Builders' Clinic; Moscow, Idaho; March 1988.

Urban Stormwater and Puget Trough Wetlands. Presented at the 1st Annual Puget Sound Water
Quality Authority Research Meeting; Seattle, Washington; March 1988 (prepared with
F.B. Gutermuth, L.L. Conquest, and A.W. Johnson).

Preliminary Comparative Risk Assessment for Hanford Waste Sites. Presented at Waste
Management 88; Tucson, Arizona; February 1988 (prepared with R.F. Weiner and J.
Kettman).*

What Goes on at the Hanford Nuclear Reservation? Invited presentation at the Northwest
Association for Environmental Studies Annual Meeting; Western Washington University,
Bellingham, WA; November 1987.

The Puget Sound Wetlands and Stormwater Management Research Program. Invited
presentation at the Pacific Northwest Pollution Control Association Annual Meeting;
Spokane, Washington; October 1987.

Design of Cost-Effective Monitoring Programs for Nonpoint Source Water Pollution Problems.
Invited presentation at the American Water Resources Association, Puget Sound Chapter,
Annual Meeting; Bellevue, Washington; November 1986.

A Review of Wetland Water Quality Functions. Invited plenary presentation at the Conference

on Wetland Functions, Rehabilitation, and Creation in the Pacific Northwest: The State of
Our Understanding; Port Townsend, Washington; May 1986.
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Nonpoint Discharge and Runoff session leader. American Society of Civil Engineers Spring
Convention; Seattle, Washington; April 1986.

Prevention of Lake Sammamish Degradation from Future Development. Invited presentation at
the American Society of Civil Engineers Spring Convention; Seattle, Washington; April
1986.

Design of Monitoring Programs for Nonpoint Source Water Pollution Problems. Invited
presentation at the American Society of Civil Engineers Spring Convention; Seattle,
Washington, April 1986 (prepared with L.E. Reinelt, B.W. Mar, and J.S. Richey).*

Nonpoint Pollution Control Strategies for Moses Lake, Washington. Presented at the Fifth
Annual Meeting of the North American Lake Management Society; Lake Geneva,
Wisconsin; November 1985 (prepared with R.C. Bain, Jr., and L. Nelson).

Response of Lake Sammamish to Urban Runoff Control. Presented at the Fifth Annual Meeting
of the North American Lake Management Society; Lake Geneva, Wisconsin; November
1985 (prepared with J.I. Shuster, E.B. Welch, and D.E. Spyridakis).*

A General Approach to Designing Environmental Monitoring Programs. Invited presentation at
the Pacific Section AAAS Symposium on Biomonitors, Bioindicators, and Bioassays of
Environmental Quality; Missoula, Montana; June 1985 (prepared with J.S. Richey and
B.W. Mar).

Panel Discussion on the Planning Process for Non-point Pollution Abatement Programs. Non-
point Pollution Abatement Symposium; Milwaukee, Wisconsin; April 1985.

Nutrient Transport Processes in an Agricultural Watershed. Presented at the Fourth Annual
Meeting of the North American Lake Management Society; McAfee, New Jersey; October
1984 (prepared with E.B. Welch, M.M. Wineman, M.J. Adolfson, and R.C. Bain Jr.).*

Nutrient Transport Processes in an Agricultural Watershed. Presented at the American Society
of Limnology and Oceanography Annual Meeting; VVancouver, British Columbia; June
1984 (prepared with M.M. Wineman, M.J. Adolfson, and R.C. Bain, Jr.).

Factors Affecting Periphytic Algal Biomass in Six Swedish Streams. Presented at the American
Society of Limnology and Oceanography Annual Meeting; Vancouver, British Columbia;
June 1984 (prepared with J.M. Jacoby and E.B. Welch).*

A Conceptual Framework to Guide Aquatic Monitoring Program Design for Thermal Electric
Power Plants. Presented at the American Society for Testing and Materials Symposium on
Rationale for Sampling and Interpretation of Ecological Data in the Assessment of
Freshwater Ecosystems; Philadelphia, Pennsylvania; November 1983 (prepared with J.S.
Richey, and G.L. Thomas).
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Panel Discussion. Public Forum: Perspectives on Cumulative Effects; Institute for
Environmental Studies; University of Washington; Seattle, Washington; August 1983.

A Guide for Assessing the Water Quality Impacts of Highway Operations and Maintenance.
Presented at the Transportation Research Board Annual Meeting; Washington, D.C.;
January 1983 (prepared with B.W. Mar).

Assessment of Pollutant Loadings and Concentrations in Highway Stormwater Runoff.
Presented at the Pacific Northwest Pollution Control Association Annual Meeting;
Vancouver, British Columbia; November 1982 (prepared with B.W. Mar and L.M. Little).

Phosphorus and Velocity as Determinants of Nuisance Periphytic Biomass. Presented at the
International Workshop on Freshwater Periphyton (SIL); Vaxjo, Sweden; September 1982
(prepared with E.B. Welch and R.B. Veenstra).*

The Development of Nuisance Periphytic Algae in Laboratory Streams in Relation to
Enrichment and Velocity. Presented at the American Society of Limnology and
Oceanography Annual Meeting; Raleigh, North Carolina; June 1982 (prepared with R.B.
Veenstra and E.B. Welch).

A Predictive Model for Highway Runoff Pollutant Concentrations and Loadings. Presented at
the Stormwater and Water Quality Model Users' Group Meeting; Alexandria, Virginia;
March 1982 (prepared with B.W. Mar).

Stream Periphyton Development in Relation to Current Velocity and Nutrients. Presented at
American Society of Limnology and Oceanography Winter Meeting; Corpus Christi,
Texas; January 1979 (prepared with E.B. Welch).

A Comparison of Discrete Versus Composite Sampling of Storm Runoff. Presented at the
Northwest Pollution Control Association Annual Meeting; Victoria, British Columbia;
October 1978 (prepared with B.W. Mar and J.F. Ferguson).*

A Method of Defining Urban Ecosystem Relationships Through Consideration of Water
Resources. Presented at UNESCO International Man and the Biosphere Project 11
Conference; Poznan, Poland; September 1977.

GRADUATE AND UNDERGRADUATE COURSES TAUGHT (University of Washington)

Civil and Environmental Engineering 552, Environmental Regulations; 8 quarters.
Landscape Architecture 590, Urban Water Resources Seminar; 3 quarters.
Landscape Architecture 522/523, Watershed Analysis and Design; 15 quarters.

Engineering 260, Thermodynamics; 1 quarter.
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Engineering 210, Engineering Statics; 2 quarters.
Civil Engineering/Water and Air Resources 453, Water and Wastewater Treatment; 1 quarter.
Civil Engineering/Water and Air Resources 599, Analyzing Urbanizing Watersheds; 1 quarter.

CONTINUING EDUCATION SHORT COURSES TAUGHT (University of Washington;
multiple offerings)

Infiltration Facilities for Stormwater Quality Control

Wetlands Ecology, Protection, and Restoration

Storm and Surface Water Monitoring

Fundamentals of Urban Surface Water Management

Applied Stormwater Pollution Prevention Planning Techniques
Construction Site Erosion and Pollution Control Problems and Planning
Construction Site Erosion and Pollution Control Practices

Construction Site Erosion and Sediment Control Inspector Training
Inspection and Maintenance of Permanent Stormwater Management Facilities
Biofiltration for Stormwater Runoff Quality Control

Constructed Wetlands for Stormwater Runoff Quality Control

LOCAL COMMITTEES

Stormwater Panel advising Puget Sound Partnership, 2007.
Technical Advisory Committee, City of Seattle Environmental Priorities Project, 1990-91.

Environmental Toxicology Graduate Program Planning Committee, University of Washington,
1990.

Habitat Modification Technical Work Group, Puget Sound Water Quality Authority, 1987.

Underground Injection Control of Stormwater Work Group, Washington State Department of
Ecology, 1987.

Nonpoint Source Pollution Conference Advisory Committee, 1986-87.
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Puget Sound Wetlands and Stormwater Management Research Committee, 1986-90.
Accreditation Review, University of Washington Department of Landscape Architecture, 1986.

Planning Committee for University of Washington Institute for Environmental Studies Forum on
Perspectives on Cumulative Environmental Effects, 1983.

CONSULTING

Equity Legal Services, Inc., Fairview Heights, Illinois; Technical assistance in a legal case
seeking injunctive relief and damages for repeated, widespread neighborhood flooding;
2023-2024.

U.S. Department of Justice; Technical assistance in Clean Water Act legal cases; 2017-2018 and
2022-2024.

Food and Water Watch, Washington, D.C.; development of a water quality monitoring program
for confined animal feeding operations; 2022.

Brinnon Group, Brinnon, Washington; development of a water quality and aquatic ecological
monitoring program for the local watershed and marine waters; 2021-2022.

Kampmeier & Knutsen PLLC, Portland, Oregon; Technical assistance in Clean Water Act legal
cases; 2017 and 2021-2023.

Chesapeake Legal Alliance; Annapolis, Maryland; Assessment of and comment on Maryland’s
draft Municipal Separate Storm Sewer Discharge Permits and Accounting for Stormwater
Wasteload Allocations and Impervious Acres Treated; 2020-2021.

Gonzaga University Legal Assistance; Spokane, Washington; Review of technical documents
supporting a proposal for a PCB water quality variance for the Spokane River; 2020.

City of Monrovia, California; Recommendations for improving a watershed management plan;
2020.

Columbia Riverkeeper; Portland Oregon; Assessment of a port industrial development; 2020.
Columbia Riverkeeper and Northwest Environmental Defense Center; Portland Oregon;
Assessment of Oregon Department of Environmental Quality’s actions regarding setting

Water Quality-Based Effluent Limits; 2020.

Coast Law Group, Encinitas, California; Technical assistance in Clean Water Act legal cases and
assessments of submissions required by consent decrees; 2019-present.
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Monterey County District Attorney, Monterey, California; Assessment of pollution issues at two
construction company yards; 2019-2020.

Seneca Lake Guardian, Seneca Falls, New York; Assessment of potential water quality problems
associated with an industrial plant; 2019.

Endangered Habitats League, Los Angeles, California; Assessment of stormwater management
systems proposed for a large residential development; 2018-20109.

Ziontz Chestnut Law Firm, Seattle, Washington; Assistance with implementation of a court order
on a settled case; 2018.

Black Warrior Riverkeeper, Birmingham, Alabama; Review and comment on a total maximum
daily load assessment for the Black Warrior River; 2017.

King County, Washington, Seattle, Washington; Participant in a regional stormwater
infrastructure assessment project; member of technical advisory committees for
stormwater hydrologic and water quality modeling studies; 2012-present.

DeLano and DeLano, Escondido, California; Assessment of stormwater management systems
proposed for residential and commercial developments; 2012-present.

Salmon-Safe, Inc.; assessment of sites for possible certification representing practices that
protect salmon; 2004-present.

Puget Soundkeeper Alliance and Smith and Lowney, PLC, Seattle, Washington; Technical
assistance in Clean Water Act legal cases and expert testimony; 1996, 2002-present.

Natural Resources Defense Council, Los Angeles, California; Technical and program analysis
and expert testimony on legal cases involving municipal and industrial stormwater NPDES
permit compliance and assistance in reacting to California municipal stormwater permits;
1993-present.

Santa Monica Baykeeper (now Los Angeles Waterkeeper); Technical and program analysis and
expert testimony on legal cases involving municipal and industrial stormwater NPDES
permit compliance; 1993-present.

Orange County Coastkeeper; Assistance with legal cases involving industrial and construction
site pollution control and monitoring and expert testimony; 2001-present.

Lawyers for Clean Water and successor Sycamore Law; Assistance with legal cases involving
stormwater discharges and expert testimony; 2004-present.

Earthjustice; Report and testimony regarding Washington state municipal stormwater permit

before Pollution Control Hearing Board; 2008, 2013; assessment of Washington, DC
combined sewer overflow control plan; 2015.
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Tulane Environmental Law Clinic; Assessment and declaration on a legal case involving
discharge under an industrial stormwater permit and expert testimony; 2015.

San Diego Coastkeeper, San Diego, California; Technical and program analysis and expert
testimony on potential legal cases involving municipal and industrial stormwater NPDES
permit compliance; liaison with City of San Diego; 1996-2011 and 2019-present.

Stillwater Science and Washington Department of Ecology; Water quality modeling for Puget
Sound Characterization, Phase 2; 2010-2011.

City of Seattle Public Utilities; Analysis of technical aspects of stormwater management
program; 2000-2008.

Ventura Coastkeeper; Technical and program analysis and expert testimony on legal cases
involving municipal and industrial stormwater NPDES permit compliance; 2010-2015.

San Diego Airport Authority; Peer review of consultant products, training; 2004-2006.

U. S. Federal Court, Central District of California; Special master in Clean Water Act case;
2001-2002.

Storm Water Pollution Prevention Program, City of San Diego; Advising on response to
municipal stormwater NPDES program; 2001-2002.

Kerr Wood Leidel, North Vancouver, B.C.; subconsultant for Stanley Park (Vancouver, B.C.)
Stormwater Constructed Wetland Design; 1997-1998.

Clean South Bay, Palo Alto, California; Technical and program analysis and expert testimony on
potential legal cases involving municipal and industrial stormwater NPDES permit
compliance; 1996.

Resource Planning Associates, Seattle, Washington; Assistance with various aspects of
monitoring under Seattle-Tacoma International Airport’s stormwater NPDES permit;
1995-1997.

Watershed Management Institute, Crawfordsville, Florida; Writing certain chapters of guides for
stormwater program development and implementation and maintenance of stormwater
facilities; 1995-2003.

King County Roads Division, Seattle, Washington; Teaching two courses on construction
erosion and sediment control; 1995.

Snohomish County Roads Division, Seattle, Washington; Teaching a course on construction
erosion and sediment control; 1995.
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Alaska Marine Lines, Seattle, Washington; Performance test of a sand filter stormwater
treatment system; 1994-95.

Economic and Engineering Services, Inc., Bellevue, Washington; Assessment of the potential for
water quality benefits through modifying existing stormwater ponds; technical advice on
remedying operating problems at infiltration ponds; 1994-96.

Washington State Department of Transportation, Olympia, Washington; Teaching courses on
construction erosion and sediment control; 1994.

City of Bellevue, Washington; Peer review of documents on potential erosion associated with a
road project; analysis of stormwater quality data; 1993-95.

City of Kelowna, B. C., Canada; Teaching short courses on constructed wetlands and erosion and
sediment control; 1993.

Oregon Department of Environmental Quality, Portland, Oregon; Technical review of
Willamette River Basin Water Quality Study reports; 1992-93.

Whatcom County, Bellingham, Washington; Mediation on lakeshore development moratorium
among county, water district, and local community representatives; 1993.

Boeing Commercial Airplane Company, Renton, Washington and Sverdrup Corporation,
Kirkland, Washington (at request of City of Renton); Review of stormwater control system
design; design of performance monitoring study for system; 1992-94.

Golder Associates, Redmond, Washington; Technical advisor for study of stormwater
infiltration; 1992.

Smith, Smart, Hancock, Tabler, and Schwensen Attorneys, Seattle, Washington; Technical
advice on a legal case involving a stormwater detention pond; 1992.

PIPE, Inc., Tacoma, Washington; Teaching a course on the stormwater NPDES permit; 1992.

CH2M-Hill, Inc., Bellevue, Washington and Portland, Oregon; Technical seminar on
constructing wetlands for wastewater treatment; literature review on toxicant cycling in
arid-region wetlands constructed for waterwater treatment; literature and data review on
lake nutrient input reduction; expert panel on TMDL analysis for Chehalis River; 1989-
1995.

Kramer, Chin and Mayo, Inc., Seattle, Washington; Watershed analysis in Washington County
and Lake Oswego, Oregon; literature review in preparation for stormwater infiltration
system design; literature review and contribution to design of constructed wetland for
municipal wastewater treatment; 1989-1995.
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Woodward-Clyde Consultants, Portland, Oregon and Oakland, California; Analysis of wetland
capabilities for receiving urban stormwater; design of a constructed wetland for urban
stormwater treatment; technical advisor on Washington Department of Ecology and City
of Portland stormwater manual updates; 1989-1995.

R.W. Beck and Associates, Seattle, Washington; Assessment of pollutant loadings and their
reduction for one master drainage planning and two watershed planning efforts; 1989-92.

Boeing Computer Services Corporation, Bellevue, Washington; mediation among Boeing,
citizens’ group, and City of Bellevue on stormwater control system design; 1990.

Parametrix, Inc., Bellevue, Washington; Review of Kitsap County Drainage Ordinance; 1990.

U.S. Environmental Protection Agency, Duluth Laboratory; Review of certain provisions of
WET 2.0 wetland functional assessment model; 1989.

King County Council, Seattle, Washington; Review of King County Surface Water Design
Manual; 1989.

Port of Tacoma, Washington; Assessment of stormwater control strategies; 1989.

Municipality of Metropolitan Seattle, Seattle, Washington; Assessment of land treatment systems
for controlling urban storm runoff water quality; 1988-1992.

Impact Assessment, Inc., La Jolla, California (contractor to Washington State Department of
Ecology); Socioeconomic impact assessment of the proposed high-level nuclear waste
repository at Hanford, Washington; 1987.

Technical Resources, Inc., Rockville, Maryland (contractor to U. S. Environmental Protection
Agency); assessment of water treatment waste disposal at pulp and paper plants; 1987-88.

Dames and Moore, Seattle, Washington; analysis of the consequences of a development to
Martha Lake; 1987.

Harper-Owes, Seattle, Washington; project oversight, data analysis, and review of limnological
aspects for Lake Chelan Water Quality Assessment Study; 1986-88.

URS Corporation, Seattle, Washington and Columbus, Ohio; presentation of a workshop on
nonpoint source water pollution monitoring program design; analysis of innovative and
alternative wastewater treatment for Columbus; development of a stormwater utility for
Puyallup, Washington; watershed analysis for Edmonds, Washington; 1986-88.

Entranco Engineers, Bellevue, Washington; environmental impact assessment of proposed

highway construction; technical review of Lake Sammamish watershed management
project; technical review of Capital Lake wetland development; 1981-82; 1987-88; 1990.
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Washington State Department of Ecology, Olympia, Washington; review of literature on wetland
water quality, preparation of conference plenary paper, and leading discussion group at
conference; analysis in preparation for a Shoreline Hearing Board case; 1986-87.

Richard C. Bain, Jr., Engineering Consultant, Vashon Island, Washington; analysis of watershed
data and development of a policy for septic tank usage near Moses Lake, Washington;
1984-87.

University of Washington Friday Harbor Laboratory; analysis of adjacent port development and
preparation of testimony for Shoreline Hearing Board; 1986.

Washington State Department of Transportation and Morrison-Knudsen Company, Inc./H.W.
Lochner, Inc., Joint Venture, Mercer Island, Washington; environmental assessment of
disposal of excavated material by capping a marine dredge spoil dumping site; 1984.

Foster, Pepper, and Riviera Attorneys, Seattle, Washington; analysis and testimony on provisions
to reduce pollutants in stormwater runoff from a site proposed for development; 1983.

Williams, Lanza, Kastner, and Gibbs Attorneys, Seattle, Washington; collection and analysis of
water quality data to support a legal case and preparation of testimony; 1982.

Herrera Environmental Consultants, Seattle, Washington; lake data analysis and report
preparation; 1982-83.

Brown and Caldwell Engineers, Seattle, Washington; data collection and analysis for watershed
study; 1982-83.

City of Marysville, Washington; environmental impact assessment of proposed bridge
construction; 1982-83.

F.X. Browne Associates, Inc., Lansdale, Pennsylvania; contributions to manual on lake
restoration for U.S. Environmental Protection Agency; preparation of funding proposals
and permits for lake restoration; lake data analysis; literature reviews and analysis of septic
tank contributions to lake nutrient loading and availability of different forms of nutrients;
1980-83.

Reston Division of Prentice-Hall, Inc., Reston, Virginia; review of and contributions to texts on
environmental technology; 1978-79.

Butterfield, Joachim, Brodt, and Hemphill Attorneys, Bethlehem, Pennsylvania; analysis of
environmental impact statements; expert witness; 1973.
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RE: Critical Area Ordinance Update

Supplement to Comments Dated May 2, 2025 with 2 attachments (Ecology CWA 303 Listing
History for Big Lake/Total Phosphorous & Opinion of Dr. Richard Horner)

Submitted May 4, 2025 for May 6, 2025 Planning Commission Hearing.
Submitted By:

Jan M. Edelstein

17173 West Big Lake Blvd.
Mt. Vernon, WA 98274
208-720-0709
jmeten@comcast.net

Supplement: Revisions to Critical Area Ordinance — Best Available Science

Best Available Science demonstrates the failure of the Skagit County’s development standards
to protect anadromous fish habitat/critical areas, such as that provided by Big Lake, from the
pollutants contained in stormwater runoff from individual new development activities and from
the cumulative effects thereof. [See SCC 14.080 Standard critical areas review and site
assessment procedures.]

SCC 14.24.080, as written and implemented, limits the County’s requirement of the Applicant to
provide a critical area site-assessment by a qualified professional to only off-site impacts on
those critical areas that are within 200’ of the boundary of the project.

Further, with respect to stormwater, the site-assessment requirement is for “consideration of
impacts to drainage alterations.” (c)(v). No information is required regarding the pollutant load
to leave the site in the stormwater and to be discharged to the receiving “critical area” body of
water.

Finally, Skagit County appears to believe that the functions and values of critical areas which
receive stormwater runoff will be protected by mere compliance with Ecology’s then current
Stormwater Manual.

BAS 1: With Skagit County operating as described above, Big Lake water quality has
deteriorated over the past 25 years of growing development around Big Lake. [Small cabins
have been replaced with large homes with paved areas, treed lots around the lake have been
cleared and ‘filled in” with houses, and houses have ‘marched up’ the hillsides.]

As acknowledged by the Planning Commission over 20 years ago (0200300012), “Big Lake is
located in a fragile watershed,” with higher density residential development creating

“the potential for an environmental and public health hazard regarding the Lake’s water
quality.”



In 1999, Ecology had reported the Total Phosphorous reading as 18.7 ug/L and established a
standard of 20 ug/L for TP. [See attached Ecology Water Quality Assessment Listing for Big
Lake/Total Phosphorous.]

Ecology also reports: “According to O’Neal et al. (2001), shallow depths, dense residential
development, and a location in a relatively large watershed may render Big Lake particularly
susceptible to (and may have already caused) human-caused eutrophication. Future studies
may likely recommend lowering the total phosphorus criterion.”

In 2004, Ecology lists Big Lake as a “water of concern” for Total Phosphorous.

Since that time Ecology, receiving no new data, simply “carried forward” the “water of concern”
listing.

During this time, Skagit County water quality monitoring program collected water quality data
at the inlet and outlet of Big Lake. This data shows significant increases in Total Phosphorus to
almost 3 times the water quality standard of 20ug/L.

Total Phosphorous drives algal blooms and growth of invasive aquatic plants, all of which is
deleterious to fish population and human uses of the Lake.
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Most recently, Richard R. Horner, Ph. D., professor emeritus of University of Washington and
expert in stormwater runoff and surface water management, reports that Big Lake is in a
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“relatively advanced in eutrophication and experiencing the elevated algal and aquatic plant
growths characteristic of that state.” [See Dr. Horner Opinion pg. 9]

BAS Example 2: A 100+ lot development on 100+ acres of hillside above Big Lake began
development in 2006 with clearing of logs to convert to residential use. Over its almost 20- year
history, this development has been subjected to 4 SEPA reviews for 4 separate permits, the last
permit being approved in August, 2024.

With the stormwater discharge point on the project approximately 800 feet from Big Lake, at no
time did the County ask for, nor did the Applicant provide, a critical areas site assessment
regarding the project’s impact on Big Lake.

The County conditioned the 4 permit approvals on compliance with the then current Ecology
Stormwater Manual. This compliance goes only to using Best Management Practices to
minimize flow and pollutants to Big Lake. At no time does it produce an analysis of the
pollutants to remain in the runoff when it leaves the project site, or an analysis of those
pollutants on Big Lake when discharged thereto.

To prepare for possible further appeals of the 4t permit, the citizen Appellants with Friends of
Skagit County secured a critical areas site assessment from a qualified professional regarding
the impact of the proposed project’s stormwater runoff on Big Lake.

The assessment by Dr. Richard Horner is attached. His bio begins at page 28. As far as this
writer knows, his analysis was the first of its kind to be submitted to Skagit County.

Dr. Horner’s opinion includes an analysis of the type and amount pollutant loading expected in
stormwater, how various Best Management Practices do and do not reduce the loading, the
current state of Big Lake’s aquatic habitat, and the expected impact of new pollutants loading
on that habitat.

Dr. Horner’s conclusions are clear — the proposed project’s stormwater plan which had been
approved four times does NOT protect the existing functions and values of Big Lake nor does it
preserve or enhance anadromous fisheries. Instead, it would cause further degradation of
those functions and values.

CONCLUSION: Best available science demonstrates that the County’s current code is not up to
the task of protecting critical areas from stormwater pollution.

To protect the functions and values of critical areas that provide anadromous fish habitat, the
Skagit County Critical Areas Ordinance must be revised. Eliminate the 200’/300’ restriction, and
require the site assessment to identify the type and amount of pollutant loading in the
stormwater and the impact of that loading on the critical area receiving body of water.
Recognize that compliance with the Ecology Manual is not evidence that the functions and
values of the receiving body of water will be protected.



CRITICAL AREA ORDINANCE

REVISE TO PROTECT CRITICAL AREAS
FROM STORMWATER POLLUTION

RCW 36.70A — Critical Areas

“...development regulations
must preserve the existing
functions and values of
critical areas ...

“shall give special
consideration to
conservation or protection
measures necessary to
preserve or enhance
anadromous fisheries.




Newly recognized Threat to Fishery: 6PPD — tire chemical washed from roadways.

“Polluted stormwater
runoff is the leading
pollution threat to our
lakes, rivers, streams,
and Puget Sound.”

Department of Ecology,
Washington State.



Big Lake Watershed -- 22 Square Miles
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“Lake Creek connects two lakes in Skagit
County, Big Lake to the north and Lake
McMurray to the south. Lake Creek has a
fantastic coho run.”


https://srp.rco.wa.gov/project/280/11816
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Big Lake Trees & Evenf’s‘

Lake Creek Wetland Complex Protection
Lake Creek Fish Passage Improvement https://srp.rco.wa.gov/project/280/40070

https://srp.rco.wa.gov/project/280/11816 “...permanently protect steelhead habitat on the West Fork of
“Lake Creek connects two lakes in Skagit the Nookachamps River...steelhead spawning area just upstream

County, Big Lake to the north and Lake of the project area... one of the largest intact functioning
McMurray to the south. Lake Creek has a wetlands in this section of the west fork of the Nookachamps,
fantastic coho run.” and potentially significant juvenile rearing habitat.” (67acres)


https://srp.rco.wa.gov/project/280/40070
https://srp.rco.wa.gov/project/280/11816

Big Lake — Critical A?rea 5
Important-Salmon T2
_Habitat Vi e o 3

(SR
SRR MONFQORNE\;~ ~ N

»

S

(KT r‘

Big Lake Trees & Events ' R

{

& ,f,_ ..,_.z;
i

Lake Creek Wetland Complex Protection Lanting - Gribble Cr - R18
Lake Creek Fish Passage Improvement https://srp.rco.wa.gov/project/280/40070 https://srp.rco.wa.gov/project/280/87782

https://srp.rco.wa.gov/project/280/11816 “...permanently protect steelhead habitat on the West Fork of “A barrier culvert on Gribble Creek will be
“Lake Creek connects two lakes in Skagit the Nookachamps River...steelhead spawning area just upstream replaced with a fish passable structure,

County, Big Lake to the north and Lake of the project area... one of the largest intact functioning restoring access to 0.12 miles of habitat for
McMurray to the south. Lake Creek has a wetlands in this section of the west fork of the Nookachamps, coho, steelhead, dolly varden/bull trout, and
fantastic coho run.” and potentially significant juvenile rearing habitat.” sea-run cutthroat trout.”


https://srp.rco.wa.gov/project/280/87782
https://srp.rco.wa.gov/project/280/40070
https://srp.rco.wa.gov/project/280/11816
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Planning & Development Services

Critical Areas Checklist
ﬁ%ﬁ:ﬁ? Pursuant to Skagit County Code 14.24.080

X
]

Section Township Range Parcel Number Related Permit:
Site Address:
Proposed uses:

Please answer the following questions concerning Critical Area indicators located on or within 300 feet of
the project area.




Best Available Science - 1

20 years of current review standards have failed to protect the
functions and values of Big Lake, a critical area, from cumulative
impact of development

TP* Standard 20ug/L
1999 - 18.7 ug/L

2021-2023 - 50-60 ug/L

Aug 2024: Sworn
testimony of many
users regarding
degrading of
swim/fish/aesthetic
uses.

*Total Phosphorous



4 SEPA Reviews over 20 Years

No Assessment Impact of Stormwater Pollutants On Big Lake

Big Lake
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Best Available Science - 2
Qualified Professional Opinion: Pollutants in Stormwater Runoff will
degrade the functions and values of Big Lake, a critical area.

Opinion of Dr. Richard R. Horner dated November 19, 2024, pgs. 3-4:

Big Lake, [a critical areal]...is in a eutrophic (relatively highly phosphorus-enriched) condition with excessive
algal and aquatic plant growths degrading its beneficial uses.

Based on extensive data collected in the stormwater management field, the finished and occupied
development [of 105 homes approximately 900’ from Big Lake] will generate higher runoff volumes and
concentrations and mass loadings of a number of water pollutants, some not previously of concern, compared
to the current open land.

It is my opinion that the ... development stormwater management plan as proposed will result in
substantial increase in the discharge of phosphorous and other pollutants to, and degradation of, Big Lake.



Stevens County - Critical Areas Ordinance

2011 — Washington Appellate Court found Stevens County CAO did not protect Critical
Areas. [Stevens County v. E. Wash. Growth Mgmt. Hearings Bd. 163 Wn. App. 680]

Stevens County Critical Areas Ordinance (2022):

Title 13: If the Administrator determines that the proposed project is within, adjacent
to, or is likely to impact a critical area, the Administrator shall... require a critical area
report...

Minimum report contents: ...Sufficient information to assess potential stormwater
effects, ....




Proposed Revision of SCC 14.24.080(4)(b)

...If a site inspection does not indicate a critical area on or within 200
feet of the subject property, no additional critical area assessment will be
required.













Skagit County Code 14.24 Critical Areas
Amendments Needed to Protect Critical Areas
as required by the Washington Growth Management Act

May 6, 2025

SECOND SUPPLEMENTAL COMMENT: Public Comment — May 6, 2025 Planning Commission
Hearing on Critical Areas Ordinance Update.

SUBMITTED BY:

Jan M. Edelstein

17173 West Big Lake Blvd.
Mt. Vernon, WA 98274
jmeten@comcast.net

More resources regarding “Best Available Science.”

1. Ecology’s 2024 Stormwater Management Manual for Western Washington in general and
with particular focus on pollutants carried by stormwater, and generated by construction, in
residential areas.

2. Washington State University Extension Study by Chaker-Scott: “Potential Contaminants in
Residential Rain Barrel Water.”
https://rex.libraries.wsu.edu/esploro/outputs/report/Potential-contaminants-in-residential-
rain-barrel/99900924141301842 and related studies.

3. Ecology’s Focus on: Best Management Practices for 6PPD-q.
https://apps.ecology.wa.gov/publications/documents/2310001.pdf and related studies.

4. Ecology’s and others Puget Sound and related Watershed Management studies.

5. “Effects of Artificial Lighting at Night on Predator Density and Salmonid Predation”
https://onlinelibrary.wiley.com/doi/10.1002/tafs.10286

6. USGS webpage on the adverse impact of Artificial Light at Night (ALAN) on salmon fisheries.
Webpage lists a number of studies. https://www.usgs.gov/centers/western-fisheries-
research-center/news/shedding-some-light-issue-investigating-how
1. placing the word “may” with “shall” in the first sentence.



https://rex.libraries.wsu.edu/esploro/outputs/report/Potential-contaminants-in-residential-rain-barrel/99900924141301842
https://rex.libraries.wsu.edu/esploro/outputs/report/Potential-contaminants-in-residential-rain-barrel/99900924141301842
https://apps.ecology.wa.gov/publications/documents/2310001.pdf
https://onlinelibrary.wiley.com/doi/10.1002/tafs.10286
https://www.usgs.gov/centers/western-fisheries-research-center/news/shedding-some-light-issue-investigating-how
https://www.usgs.gov/centers/western-fisheries-research-center/news/shedding-some-light-issue-investigating-how













